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ABSTRACT: Biomorphological features of the steppe dwarf subshrub Scutellaria przewalskii were revealed. In most of the range,
in petrophytic variants of temperate steppes, this species develops as a monocentric dwarf subshrub with anisotropic generative
shoots. The morphogenesis of S. przewalskii individuals under the conditions of temperate steppes (Aridity index (I) = 17) is
described in detail. A comparative analysis was performed on morphological functions of five steppe dwarf subshrubs from the
genus Scutellaria (S. przewalskii, S. supina, S. grandiflora, S. tuvensis, S. sieversii) was carried out by 14 qualitative and quantitative
indicators. As a result of a comparative analysis of individuals growing in different types of steppe communities: meadow steppes
(I=55), temperate steppes (I=15-17), desert steppes (I =9), common features of the development of individuals of dwarf subshrub
were revealed: the basisympodial growth of the shoot system; the lignification of the shoots’ basal parts; the renewal buds location
above the substrate surface; short monopodial growth of the primary shoot, the presence of the main root during the entire
ontogenesis. Differences between dwarf subshrub are associated with the structural features of shoots and the skeletal axes, their

age, the pregenerative period duration decrease.
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INTRODUCTION

The genus Scutellaria is one of the lagest genera
within Lamiaceae family, comprising about 425 taxa
(Paton, 1990a). This genus is being studied by researchers
from various fields of science, for example, taxonomy
(Paton, 1990a; Ranjbar and Mahmoudi, 2017; Zhao et al.,
2017), phylogeny (Paton, 1990a, Safikhani et al., 2018;
Zhao et al., 2020), natural chemical compounds (Cole et
al., 2008; Shang et al., 2010; Dogan et al., 2019). Many
species are endemic or rare plants (Kochkareva, 1986;
Jackowiak et al., 2007; Paton et al., 2016; Zhao et al.,
2017) that may disappear from the natural flora due to
climate change and increased anthropogenic pressure.
Representatives of the genus Scutellaria are distributed in
a wide ecological range on all continents except
Antarctica (Epling, 1942; Yuzepchuk, 1954; Paton,
1990b; 1992; Li and Hedge, 1994). The species have
mastered various ecological niches from swampy plains
to highlands in Eurasia, America and tropical Africa.
They are the main components and edificators of various
ecosystems (vegetation of rocks, talus and steppes)
(Yuzepczuk, 1954; Peer et al, 2007; Korolyuk and
Makunina, 2009).

The processes of changes in morphological structures
under certain environmental conditions have led to a wide
variety of life forms of species of the genus: annual and
perennial grasses, dwarf subshrubs, dwarf shrubs and
shrubs (Epling, 1942; Yuzepchuk, 1954; Paton, 1990a).
Some structures in the plant body are plastic and change
under the influence of specific ecological-cenotic
conditions. Biomorphological analysis of such
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morphological structures makes it possible to assess the
degree of diversification in the somatic evolution of
species, and the most important information can be
expected when studying closely related taxa (Serebriakov
and Serebriakova, 1969). Similar works have already
been done on the example of some multispecies genera
(Chomicki et al., 2017, Bruy et al., 2018; Anest et al.,
2021; Astashenkov et al, 2021), which show the
transformation of structural units within closely related
groups, depending on changes in habitat conditions.

In this respect, the species of the genus Scutellaria
have not been studied. The spectrum of life forms remains
unclear, and there is practically no information on
ontogeny and features of the morphological structure of
individuals depending on the habitat. Our research
focuses on the biomorphological analysis and
ontogenesis of Scutellaria species growing in meadow,
steppe, and desert regions of Siberia and Central Asia
(Guseva, 2018; Guseva and Cheryomushkina, 2019a;
2000; Cheryomushkina et al, 2020). Previously, we
studied the morphogenesis of 4 species of the dwarf
subshrubs life form widespread in different types of
steppes (S. supina, S. grandiflora (Cheryomushkina and
Guseva, 2015;2017), S. tuvensis, S. sieversii (Guseva and
Cheryomushkina, 2017; 2019b). The life form and
features of the morphological development of individuals
are described for each species.

In this work, we will consider the morphogenesis of
the steppe dwarf subshrub Scutellaria przewalskii in
habiting the stony variants of the temperate steppes, and
we will carry out a comparative analysis of the
morphological features of five species of the genus
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Scutellaria. We expect to identify common features in the
development of steppe dwarf subshrubs and differences
associated with the growth of individuals of the species in
different types of steppe communities: meadow steppe,
temperate steppe, and desert steppe.

MATERIALS AND METHODS

Scutellaria przewalskii is endemic to the Tien Shan
(Yuzepchuk, 1951). The northern border of the
distribution area runs along the northern macroslope of
the Kyrgyz ridge, the southern macroslope of the Kungey
Alatau, and the Ketmen ridge; the southern border
reaches the northeastern macroslope of the Fergana ridge.
In the east, the species’ distribution is limited by the
eastern extremities of the ridges of Ketmen and Terskey
Alatau and, in the west by the central part of the Kyrgyz
ridge and its southern spurs, descending into the Susamyr
valley (Yuzepchuk, 1954; Lazkov, 2016). The specimens
of S. przewalskii are mainly confined to petrophytic
variants of shallow-grass steppes, widespread on dry
clay-stony and sandy open slopes of river terraces, lakes,
and river banks. The species is found in the communities
of the halophytic (solyankovy Salsola) desert of the
Western Issyk-Kul region (Shalpykov and Kartanbaev,
2011), in the Neotrinia splendens (Trin.) M.Nobis,
P.D.Gudkova & A.Nowak formation (Ionov and
Lebedeva, 2013), and Caragana in the western foothills
of the Issyk-Kul Depression (Nikitina, 1962). In the
mountains, S. przewalskii ranges up to 2600 meters above
sea level.

Material for the study of individuals’ development
was collected in 2017 and 2019 in the Kegen Depression
(Kazakhstan), the Issyk-Kul Depression (Kyrgyzstan),
and in the Kochkor and Susamyr valleys (Kyrgyzstan)
(Fig. 1A, B).

Kegen Depression: The second terrace of the Karkara
river. N 42°52215, E079°14421, 1933 meters above sea
level. Dry petrophytic shallow-grass steppe, fescue-
vermouth community (Artemisia frigida Willd., Festuca
valesiaca Schleich. ex Gaudin, Koeleria cristata Pers.,
Thymus seravschanicus Klokov). Species richness - 9
species. The total projective grass cover (TPGC) amounts
to 30%, stony content is up to 40%.

Issyk-Kul Depression: Koi-Sary area. Sandy lake
terrace. N 42°34302, E078°10381, 1577 meters above sea
level. Sandy dry steppe with Calamagrostis epigejos (L.)
Roth, Leymus racemosus (Lam.) Tzvelev, Neotrinia
splendens (Trin.) M.Nobis, P.D.Gudkova & A.Nowak,
3aKycTtapeHHas Berberis heteropoda Schrenk, Caragana
pleiophylla (Regel) Pojark. Species richness - 12 species.
TPGC 15-20%.

Coordinates are set using a Garmin eTrex Vista GPS.

The life form and the shoot system
The life-form characteristics of S. przewalskii are
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given using the eco-morphological classification of the
life-forms developed by I. G. Serebryakov (1962) for
individuals in a middle-aged generative state. The
biomorph type (monocentric and sparse polycentric) was
established in accordance with the phytocenotic
classification based on the spatial distribution features of
shoots, innovation buds, and plant roots (Smirnova, ef al.,
2002). When describing the shoots system, we used the
concepts of shrub and dwarf shrub shoots (Serebryakov,
1962; Mazurenko and Khokhryakov, 1977). The
following concepts were used to describe the structure of
individual:

1. Primary shoot - the basis of the plant's perennial
shoot system, which is formed in the seed.

2. Branch shoot - lateral shoot developing on the
primary or any other shoot. It serves to increase the
vegetative mass of assimilation organs and seed
productivity. They develop from hibernating buds.

3. Formation (renewal) shoot - a perennial shoot
performing the function of rejuvenating the shoot system
of the bush. Morphologically, these are large shoots with
enhanced growth, especially in the first year of life, and
are the basis for the skeletal axis construction. They
develop from a dormant or hibernating bud.

4. Enrichment shoot - a sylleptic annual shoot that
completely dies off at the end of the growing season. It
can be both vegetative and generative.

5. Compound skeletal axis (skeletal axis, axis) - a
perennial formation consisting of a set of basal parts of
formation shoots of different orders.

Ontogenesis

While studying S. przewalskii, the concept of a
discrete ontogenesis description was adopted, which is
based on the identification of stages characterized by
qualitative characteristics in the process of individual
development (Rabotnov, 1950; Uranov, 1975). The
following ontogenetic states have been identified: a
seedling (p), juvenile (j), immature (im),virginal (v),
young generative (gl), mature generative (g2), old
generative (g3) and subsenile (ss); with the stages of
ontogenesis being determined based on structural
indicators: the presence or absence of embryonic,
juvenile or mature morphological characters; the ratio of
living and dead parts of the plant; and the ability of
vegetative reproduction among individuals (Gatzuk et al.,
1980; White, 1985). 25 individuals were taken for the
quantitative characterization of ontogenetic states. The
obtained data were processed statistically, calculated:
arithmetic mean =+ standard errors, minimum and
maximum values of the features using the computer
program Microsoft Excel.

The ontogenetic state duration of the individual and the
age of the compound skeletal axes were determined from
the annual rings on the anatomical section in the basal part
of the root and the axis using a stereomicroscope Carl Zeiss
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Kazakhstan

Fig. 1. A schematic development of Scutellaria przewalskii. A. Collecting sites, B. Habitat in the steppes of the Kyrgyzstan. C. A
schematic development. 1, formation shoot; 2, skeletal axis; 3, particular; 4, decayed site; 5, main root; 6, adventitious root; 7, soil level; p,
j,im, v, g1, g2, g3, ss, ontogenetic states.
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Table 1. Climate data of research sites

Species Average annual Avgrage annual .Aridity
temperature, °C  Rainfall, mm/y  index (1)

S. supina 1.3 656 55

S. grandiflora 0.5 160 15

S. przewalskii -5.4 78 17

S. sieversii 13.1 222 9

S. tuvensis 12.2 202 9

SteREO Discovery.V12 with AxioCam HRc (Germany).
Annual rings are visualized under a microscope very well.
The age of 25 individuals of each ontogenetic state was
calculated.

For a comparative characteristic of morphogenesis
and shrub structure of five steppe dwarf subshrubs, 14
quantitative and qualitative features were selected. They
are: the monopodial growth duration of the primary shoot,
pregenerative period duration, growth duration of the
formation shoot, maximum branching order of the branch
shoot, formation shoot length, skeletal axes number,
skeletal axis length, number of formation shoots (which
are part of the axis), axis life span, bush diameter, root
diameter, presence of vegetative reproduction,
ontogenesis duration. All traits were taken from 25
individuals of all studied species. About 250 individuals
of each species (1250 individuals in total) were analyzed.
The results of the morphological analysis were reported
as mean =+ standard errors. Statistical analysis was
performed using the Statistica 10 software package.

The aridity index was used for comparing the habitats
of the studied species. Climatic data were taken from the
site https://rpS.ru. Climate aridity was characterized by
the de Morton aridity index (I): I = P/(T+10). P - average
annual rainfall, T - the average annual temperature
(Oliver and Fairbridge, 1987). The minimum absolute
value of the index corresponds to the maximum climate
aridity (Table 1).

RESULTS

In most of the area, in petrophytic variants of shallow-
grass temperate steppes, S. przewalskii develops as a
monocentric dwarf subshrub with anisotropic generative
shoots.

Seed germination is aboveground. Seedlings - single-
shoot plants with a pair of oval cotyledonous leaves and
a pair of true green leaves. The main root reaches 2—3 cm,
and many thin lateral roots develop on it. Individuals stay
in the seedling stage from several days to 2 weeks.

Individuals enter the juvenile state in the same year.
The monopodial shoot is orthotropic, its height is 0.7—1
cm. The cotyledonous leaves die off, and the number of
true green leaves increases to 6—14. The main root
elongates to 7 cm and branches out to form lateral roots
of the I1 — IV orders (Fig. 1C).

In the second year of life, the individual passes into
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an immature state. The primary shoot continues to grow
monopodially. The second annual growth consists of
short (2-8) and long (2-5) metameres bearing green
leaves. In this state, the individual branches out. At the
first annual growth, from the buds of the cotyledonous
node, 1-2 orthotropic elongated branch shoots of the II
order, with short metameres in the basal part, develop.
Their length is 2.5-4 cm. 2—4 short branch shoots of the
I order, 0.5—-1 cm long, grow from the buds of the second
annual growth, all unrealized buds become dormant, and
a primary bush is formed. At the end of the second
growing season, the apical bud and several long
metameres of the primary and lateral shoots die off in the
first annual growth. The shoots of the second annual
growth remain and overwinter, while the remaining part
of the bush is lignified. The main root grows up to 10 cm,
and 1-2 of the most powerful lateral roots are preserved
on it.

In the third year, individuals pass into a virginal state.
The bush is formed by lateral shoots of two types: 1)
biennial with the first short annual growth formed in the
immature state, and the second one long; 2) long annual
with short metameres in the basal part; they develop from
hibernating buds on the second annual growth of the
primary shoot.

In the apical part of the branch shoots of the II order,
short enrichment shoots develop. At the end of the
growing season, they die off together with part of the
branch shoot (2/3 of the length remains). In subsequent
years, branch shoots of the II — III order develop in the
bush. Shoots of the II order (1-2) grow from dormant
buds preserved on the primary shoot. Shoots of the III
order develop from hibernating buds on the shoots of the
IT order. They are long and monocyclic. On shoots of the
III order, 1.5-4 cm long enrichment shoots grow from
lateral buds. During the virginal state, the primary shoot
dies off to the basal part, which is 0.9—1.5 cm long and
consists of the first annual growth and short metameres of
the second annual growth. Lateral shoots die off to short
metameres of the basal part. The bases of the primary and
lateral shoots thicken, unrealized buds intensively branch,
and a reserve of buds is formed. These buds will be
realized in subsequent age states. The root system
consists of a main root 9—12 cm long and 1-2 lateral ones.
The diameter of the main root’s base is 0.3-0.4 cm. The
virginal state lasts 3—4 years.

In a young generative state, plagiotropic sympodial
skeletal axes begin to form, consisting of the basal parts
of 24 formation shoots. The first formation shoots
develop from the reserve of dormant buds in the basal part
of the primary bush, and then the formation shoots unfold
from the hibernating buds on the first/second long
metamere of the formation shoot of the previous order. In
a young generative state, the bush is formed by 3—4
skeletal axes extending from the center, they consist of 2—
3 component parts, up to 2 cm long and 0.25-0.3 cm in
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Table 2. Comparative characteristics of ontogenesis and bush structure of steppe dwarf subshrubs of the genus Scutellaria.

Feature Meadow steppe Temperate steppe Desert steppe

S. supina S. grandiflora S. przewalskii ~ S. sieversii S. tuvensis
Monopodial growth duration of the primary shoot, years 1 2 2 2 3
Pregenerative period duration, years 7-9 6-7 6-7 4 34
Growth duration of the formation shoot, years 1 2 2 1 2
Max branching order of the formation shoot I\ I\ 11l 11l ]
Length of formation shoot, cm 25.8+1.2 10.8 £ 0.6 6+0.8 8.4+0.6 8.3+£0.7
Number of skeletal axes in mature generative state, pcs 8-20 4-8 (10) 34 4-6 (8) 6-7(10)
Position of the axes in space orthotropic plagiotropic  plagiotropic  plagiotropic plagiotropic
Length of skeletal axis, cm 6.8+0.5 6.2+0.7 37204 3.6+04 6.1+£0.7
Number of formation shoots included in the axis, pcs 2-4 34 2-8 4-7 5-7
Life span of skeletal axis, years 8.9+0.5 8.6+0.7 8.8+0.6 57+0.2 44+03
Diameter of bush, cm 64.1+29 164113 15.8+1.3 13+12 203+14
Diameter of root, cm 0.8-1 2.5-4 0.6-0.9 0.5-0.7 0.8-1
Presence of vegetative reproduction - - + - -
Ontogenesis duration, years 30 23-28 22-35 17-23 14-24

diameter. Formation shoots in a young generative state
are monocyclic orthotropic elongated generative, 4—6 cm
long with short metameres in the basal part (0.2—-0.4 cm).
The shoot branches out. In the first year of the shoot life,
in its apical part, vegetative enrichment shoots 1-4 cm
long develop. At the end of the growing season, they die
off together with a part of the formation shoot. Most of
the formation shoot, consisting of short metameres and 4—
5 long ones, remains, lodges, lignifies and hibernates. In
the second year, an n+1 formation shoot and n+1 branch
shoots develop from the hibernated buds. They are
monocyclic, generative and elongated, with short
metameres in the basal part. As the buds are realized on
the formation shoot, it dies off at the formation shoot
junction of the next order. The main root is up to 18 cm
long. Individuals stay in a young generative state for up
to 4 years.

In the mature generative state, the skeletal axes
continue to build higher on the lignified basal parts of the
formation shoots. New skeletal axes develop from
dormant buds in the basal part of the bush. Formation
shoots in a mature generative state can be annual and
biennial. Individuals in a mature generative state
represent a bush formed by 3—4 skeletal axes. Their length
is 1.5-4 cm, and they include 2—7 basal parts of the
formation shoots with a supply of dormant buds. The axes
are 0.2-0.6 cm thick. Their lifespan ranges up to 13 years.
In places where the axes touch the soil, a large number of
adventitious roots are formed, 0.1-0.2 cm thick. The
bushes’ diameter of 8-18 cm is achieved due to the
plagiotropic position of the skeletal axes. The base of the
main root continues to grow, with its diameter ranging up
to 1 cm. The duration of the state is 12—18 years.

In the old generative state, the primary bush
particulates. The axes sections rot through. The primary
bush splits into separate bushy particulares, which are not
rejuvenated. In the old generative state, old dormant buds
on the axes are realized. The monocyclic vegetative
branch shoots develop from them, which consist of 8—13
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metameres with scaly leaves. On these shoots, short
vegetative enrichment shoots can develop. Skeletal axes
gradually dry out and break off. The duration of the old
generative state is 2—4 years.

In the subsenile state, from the preserved dormant
buds, annual elongated branch shoots, that are 3—4 cm
high, develop. The subsenile state lasts 2—4 years. The
ontogenesis duration of individuals lasts from 22 to 35
years.

Under conditions of a mobile substrate, covering of
individuals with sand leads to a change in the course of
development. The axes begin to form already in a virginal
state in the second or third year of an individual's life. The
covered basal parts of branch shoots of the II order
become the first link of the sympodially growing skeletal
axis. Reproduction on shoots immersed in the substrate is
shifted higher along the axis. One monocyclic elongated
shoot develops. It is an n+1 order formation shoot. The
formation shoots of the following orders, as in the typical
development, are monocyclic generative anisotropic
elongated with short metameres in the basal part. The
development of the axes also does not differ from that
described above. The length of skeletal axes on sands
grows due to an increase in the length of internodes. The
number of formation shoots included in their composition
does not differ. New skeletal axes develop from dormant
buds on axes located on the surface of the substrate.
Individuals in a mature generative state on a mobile
substrate are represented by a clump consisting of a
primary bush and 3-5 partial bushes (ramets), connected
by a skeletal axis. The axes are 3-8 cm length, and 0.3—
0.8 cm thick. The axes lifespan increases to 21 years.
Adventitious roots form at the points of contact of the
axes with the soil. On a mobile substrate, the number of
adventitious roots is less (3-5), they are strongly
thickened up to 0.3—0.5 cm, and are the place of ramets
fixation. The clump diameter in a mobile substrate is 9—
29 cm, achieved by increasing the axes length and the
anisotropic position of the shoots. In the old generative
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Fig. 2. Comparison morphogenesis of the previous studied steppe dwarf subshrubs A. Scutellaria supine, B. S. grandifiora, C. S.
tuvensis, D. S. sieversii.

state, vegetative reproduction takes place, the clump
splits into separate ramets.

Comparison of S. przewalskii morphogenesis and the
previous studied steppe dwarf subshrubs S. supina, S.
grandiflora, S. tuvensis, and S. sieversii (Fig. 2) was
carried out according to 14 quantitative and qualitative
characters indicated in Table 2. Differences were
observed between individuals in different steppe
communities and were observed as the climate aridized:
meadow steppes (I = 55) — stony temperate steppes (I =
15-17) — desert steppes (I =9).

DISCUSSION

A comparative morphogenesis analysis of 5 species
of steppe dwarf subshrubs of the genus Scutellaria
showed that a common feature being the -early
termination of the monopodial growth of the primary
(main) shoot (Table 2). Aside from that, in different types
of steppe communities, it increases with climate
aridization. Thus, in meadow steppes (I = 55, Table 2),
the growth of the primary shoot of S. supina lasts one year

while, in desert steppes (I= 9), the primary shoot of S.
tuvensis individuals grows for 3 years. On the contrary,
under conditions of climate aridization, the pregenerative
period duration is reduced. The longest pregenerative
period duration was noted in the meadow steppes (I =55)
in S. supina, it amounts to 7-9 years. In stony temperate
steppes (I = 15-17), individuals of S.grandiflora and S.
przewalskii come into bloom for 5-6 years, while
individuals of S. fuvensis and S. sieversii in desert steppes
(I =9) for 3-4 years. By the beginning of flowering, all
species have a fully formed primary bush, the basal areas
of the primary and lateral shoots thicken, dormant buds
branch, their number increases. In the future, the perennial
structure of the bush will be formed from the reserve of
dormant buds formed in the pregenerative period.

The perennial structure of adult individuals of all the
studied dwarf subshrubs is formed by a multiply
repeating branched basisympodially growing compound
skeletal axis (Fig. 3). The same repetitive skeletal axis is
characteristic of dwarf subshrubs of the Thymus L.
(Talovskaya, et al, 2019; Talovskaya, 2020;
Cheryomushkina and Talovskaya, 2019) and Ziziphora L.
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Fig. 3. Schematic structure: |, shoot formation; Il, skeleton axis;
1, shoot formation; 2, branch shoot; 3, enrichment shoot; — — —,
compound skeletal axis.

(Cheryomushkina and Bobokalonov, 2020) genera.
Skeletal axes of different species of the genus
Scutellaria differ in several parameters: space position,
length, lifespan; the number and structure of the
formation shoots included in the axis; monopodial growth
duration of formation shoots.
According to the space position, the studied dwarf
subshrubs have orthotropic and plagiotropic skeletal axes.
Orthotropic axes are found only in meadow steppes in
individuals of S. supina. Plagiotropic axes are found in
species of temperate and desert steppes. The lifespan of
skeletal axes varies considerably - from 3 to 19 years.
There is a tendency to its reduction with an increase in
climate aridization: meadow steppes 8.9 years —
temperate steppes — 8.6—8.8 years — desert steppes 4.3—
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5.7 years (Table 2). The table shows that the number of
formation shoots in the skeletal axis is different. It is the
smallest species growing in meadow steppes (S. supina),
and the highest species under xerophytic conditions (S.
tuvensis, S. sieversii).

The species also differ in the monopodial growth
duration of the formation shoot. It can be annual (S.
supina, S. sieversii), biennial (S.grandiflora, S. tuvensis,
S. przewalskii) and, less often, triennial (S. fuvensis). The
formation shoot structure is of the same type in all studied
species - it is elongated, with short metameres in the basal
part (Fig. 3). The formation shoot is monocarpic (in the
understanding by Serebryakov (1952), Barthélémy and
Caraglio (2007)). With a biennial development, as in
other subshrubs and dwarf subshrubs in arid habitats
(Rachkovskaya, 1957; Bespalova, 1960; Orshan, 1982;
Montserrat-Marti et al., 2011), a shoot with short and long
metameres develops in the first year. In the second years
— a shoot with only long metameres. The formation shoot
branches up to the II — IV orders. From the axillary buds
in the basal part of the shoot, annual or biennial
orthotropic elongated branch shoots are formed,
increasing the vegetative perennial mass of assimilation
organs and the crown of the bush. In the apical part of the
shoot, enrichment shoots develop from sylleptic buds,
completely dying off after fruiting. The formation shoot
dying-off occurs until the last short or first long metamere
bearing renewal buds from which a new formation shoot
of the next order develops.

Most of the studied steppe dwarf subshrubs are not
capable of vegetative reproduction (S. grandiflora, S.
tuvensis, S. supina and S. sieversii). However, in S.
przewalskii, at the end of ontogenesis, a complete
particulation of the bush and the formation of bushing
particles (ramets) with an adventitious root system occurs.
One of the adventitious roots thickens and becomes a
secondary taproot. At the same time, the monocentricity
of the dwarf subshrub is preserved. The formation of a
sparse polycentric dwarf subshrub in individuals of S.
przewalskii occurs on sandy or sandy-loam substrates. In
such ecotopes, new centers of fixation (partial bushes)
with an adventitious root system are formed. Vegetative
reproduction occurs due to the axes destruction. The
presence of vegetative reproduction can also be found in
dwarf subshrubs (4rtemisia taurica Willd., A. pauciflora
Weber ex Stechmann and 4. lercheana Weber ex Stechm.)
growing in the desert steppes of Kazakhstan (Bespalova,
1960).

CONCLUSION

Comparative analysis of the structure and
morphogenesis of steppe dwarf subshrubs of the genus

Scutellaria revealed common features in their
development. They are characterized by: the
basisympodial growth of the shoot system; the
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lignification of the shoots’ basal parts; the renewal buds
location above the substrate surface; short monopodial
growth of the primary shoot; the primary bush formation
before the first flowering; the basal parts thickening
(often accretion) of the primary and lateral shoots, and the
preservation of a large number of dormant viable buds on
them; the presence of the main root during the entire
ontogenesis. The adult individuals’ bush structure of the
studied species consists of branched basisympodially
growing perennial orthotropic and plagiotropic skeletal
axes formed by biennial, less often — annual formation
shoots. At the same time, the studied dwarf subshrubs
differ by the formation shoot structure and shoot types
developing on it, by the number, size, and lifespan of the
axes that form a perennial bush of an adult plant. On
lighter sandy substrates, individuals of some species
shows the polyvariety of ontogenesis, which manifests
itself in the formation of new morphological structures
(clump, partial bush) and the emergence of a new mixed
reproduction modus (seed in combination with
vegetative). With an increase in climate aridization in a
row “meadow steppes - temperate steppes - desert
steppes”, the pregenerative period duration and the
skeletal axes age in dwarf subshrubs decrease, which
leads to frequent changes of the skeletal axes in the
structure of the dwarf subshrub due to the large number
of dormant buds in the basal part of the bush.
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