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The study of ontogenesis of Centaurea bipinnatifida (Trautv.) Tzvel.
in the condition of the city of Karaganda

The results of the study of the ontogenesis of Centaurea bipinnatifida in the conditions of introduction of the
city of Karaganda are presented in the article. The introduction into the culture of this species is due to the
need for its preservation and reproduction in order to obtain biologically active substances. Four age periods
(latent, virgin, generative and senile) and nine age states (seedlings, juvenile, immature, adult vegetative,
young generative, middle age generative, old generative, sub-senile and senile) have been identified. Morpho-
logical features of each period and state, degree of development of above-ground and underground organs are
determined. The duration of the small cycle of ontogenesis in the culture of Centaurea bipinnatifida was
3—4 years, in nature — 68 years. There has been an excess of crop plants over wild-growing individuals in
size. The ontogenesis phases in culture are faster than under natural conditions.
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Introduction

One way to rational use and preserve the natural resources of rare, endangered and endemic plant spe-
cies is to introduce them into culture. Introduction of natural flora species provides extensive material for
scientific research, primarily in the field of ontogenesis rhythms. In ex situ conditions, the researcher is able
to observe the dynamics of the development of individuals in full, recording the change of age states, which
is very difficult to conduct research in the natural condition. The study of ontogenesis makes it possible to
estimate the development of plants in different age phases, to determine the duration of vegetation, to assess
the effects of climate on the development of above-ground and underground organs in the process [1, 2].

In Central Kazakhstan, the interest for introduction is Centaurea bipinnatifida (Trautv.) Tzvel.,
Asteraceae family), which is a narrow local endemic of the Ulytau Mountains (Ulytau District of Karaganda
Region), and can also be sources of biologically active substances [3—5]. This species has a small habitat and
is not suitable for raw material harvesting; there is a need for its introduction.

Thus, on the basis of the above, the aim of the study was to investigate the stages of ontogenesis of
Centaurea bipinnatifida in the conditions of Karaganda city.

Methodology

The research was carried out in 2016-2019 in laboratory conditions and on the collection plots of the
natural flora of JSC «Scientific and Production Center «Phytochemistry». Seed material was gathered from
the mountains of Ulytau (Karaganda region).

Initial stages of ontogenesis were studied under laboratory conditions; further development was ana-
lyzed under field conditions. Experimental divisions measuring 2x3 m were laid on an open untied area; the
soil is light chestnut, strongly sandy, weakly paved. During the growing seasons the necessary care (water-
ing, weeding and loosening) was carried out. Growth and development were regularly observed on 30 model
plants. Periodization of ontogenesis and determination of age states were carried out according to the litera-
ture guidelines [6—9]. Germination of seeds was determined by conventional method [10]. Experiments were
laid down in 4-fold repetition, germination energy was determined on the 6th day, seed germination — on
the 30th day. When analyzing the features of ontogenesis under culture conditions, the data obtained under
nature conditions were taken into account [11].

Results and discussion

In the ontogenesis of Centaurea bipinnatifida have been identified 4 periods and 9 age states:
1) latent, represented by resting seeds;
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2) virgin, or pre-generative, period, represented the states of seedlings, juvenile, immature and adult
vegetative plants;

3) generative period, represented by the states of young, medium-age and old generative plants;

4) senile period, represented by the states of sub-senile and senile plants.

Latent period. The achene of Centaurea bipinnatifida is slightly-clined, pressed, slightly curved, oval
in cross-section. The fruit scar is oval, displaced into the side. The surface is smooth, matte, longitudinally
ribbed. The colour is from light-brown to dark-brown, lighter in the fruit scar. Seeds have serrated turfs of
brown color. The length of the turf is 4 mm (Fig. 1). Period duration of latent period is 2—-3 years.

Figure 1. Outward of seeds of Centaurea bipinnatifida

Pre-generative (virgin) period. Seedlings (p). Seeds of 2012, 2013, 2014, 2015 and 2016 years of col-
lection were used to study morphometric and biological indices of the achenes of Centaurea bipinnatifida.
Morphometric indices of seeds of different collection years do not differ significantly: length on average is
6.8-8.0 mm, thickness — 0.9—1.0 mm, width — 2.7-3.3 mm. The weight of 1000 seeds ranges from 15.9 to
17.2 g (Table).

Table
Morphometric characteristics and germination indices of seeds
of Centaurea bipinnatifida of different collection years
Parameters of quality Collection year
of seed material 2014 2015 2016 2017 2018
Length, mm 74+0.3 6.8+0.2 7.5+0.3 8.0+0.1 7.6+0.2
Thickness, mm 0.9+0.1 1.0+0.1 1.0+0.8 1.2+0.1 1.3+£0.2
Width, mm 2.7+£0.1 32+0.2 3.3+0.1 3.0+£0.2 33+04
Mass of 1000 seeds, g 159+0.2 17.2£0.1 17.1£0.3 16.9+0.2 17.2+0.1
Germination energy, % 0 65+3.2 72+24 62+2.0 16 +0.3
Seed germination, % 0 90 +3.5 90+3.5 82+4.1 20+ 0.5

It was revealed that the seeds of 2014 collection, stored at room temperature, were not viable. Seed ma-
terial of 2015, 2016 and 2017 years of collection turned out to be with high indicators of germination. Seeds
of 2018 collection turned out not to be pre-finished, so germination amounted to 20 %. That is, during stor-
age, seeds are heated during 1-2 years of storage, after which viability has gradually reduced.

The biology of germination of the seeds of Centaurea bipinnatifida of laboratory conditions was stud-
ied (Fig. 2). The results showed that swelling and seed germination started on 2-3 days after sowing on the
Petri dishes. On 4™ day after sowing germ roots appeared with desiccation from root hairs. On 7" day a hy-
pocotyl appeared, which made a bend and on 9—10™ day there appeared embryo leaves. Leaves appeared
complex; opening of embryo leaves took place through 1-2 days. On 15-16-day the seedlings have the first
adult leaves.
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a b
d . Xf\
a — beginning of germination; b — appearance of embryo root; ¢ — appearance and bent of hypocotyl;
d — appearance of embryo leaves; e — expansion of adult leaves; f— appearance of first pair of adult leaves

Figure 2. Biology of germination of the seeds of Centaurea bipinnatifida

The condition of the seedlings of Centaurea bipinnatifida is represented by individuals with a pair of
embryo and a pair of adult leaves. Seedlings height is from 2 to 2.5 cm, diameter is 1-1.6 cm. Duration of
this condition is 30-35 days.

Juvenile individuals (j). Further observations for the plants of Centaurea bipinnatifida were carried out
in ground and field conditions. In the ground conditions, plant seeds were planted into a ground mixture with
peat and mineral fertilizers.

Juvenile plants formed an initial shoots with 2-3 adult leaves (Fig. 3). The sheet shape is oblong, more
often with a whole edge, less — with a paddle. The top of the leaf sheet is pointed, the base is rounded. The
color is green, on the lower side it is weakly extinguished (Fig. 4). The root length is 5-8 cm; additional
roots of the 1* order appear. Duration of this condition is till 1.5 months.

Figure 3. Juvenile plants of Centaurea bipinnatifida in situ condition

im

p — seedlings; j — juvenile plants; im — immature plants; v — adult vegetative plants; g; — young generative
plants; g, — medium-age generative plants; g; — old generative plants; ss — sub-senile plants; s — senile plants

Figure 4. Ontogenetic states of Centaurea bipinnatifida in culture conditions
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Immature plants. 1%, 2™ and 3" adult leaves have a lancet forms; starting from the 4th, the sheet plate is
pinnate-separated from the upper lancet lobe. This aspect characterizes an immature age state. Edges of sheet
plate are coarse-sawing (Fig. 5). During this period, the death of the embryo leaves was observed (Fig. 6).
The height of plants is 10-12 cm, the diameter of the above-ground mass is up to 15 cm, the length of the
root is 10—11 cm. The duration of the state is 40—60 days.

a b c
a — embryo leaf; adult leaves: b — I-st leaf; ¢ — II-nd leaf; d — IlI-rd leaf; e — I'V-th leaf

Figure 5. Types of leaves of Centaurea bipinnatifida during process of development

Figure 6. Die-off of embryo leaves of Centaurea bipinnatifida

Further studies of ontogenesis were carried out at the collection site.

Adult vegetative plants. The transition to this age state is marked by the end of the Ist year of vegeta-
tion. Plants form large rosettes of leaves; all leaves are pinnate-dissected or part of them is bi-pinnate-
dissected with narrow cartilage-sharp-toothed slices. The leaves of adult vegetative individuals are wider and
longer than those of the immature type, up to 10—-16 cm long and up to 4 cm wide. Root system deepens by
15-18 cm, forms multiple lateral roots of the 2nd order. By the end of the first year of life, renewal buds are
formed in the sinuses of the lower leaves of the rosette.

Generative period. Young generative plants. For the second year, Centaurea bipinnatifida change into
a young generative state, its growth comes in middle of April. Leaf deployment takes place by the end of
April. The leaves are bi-pinnate-dissected with narrow cartilage-sprouted slices up to 26 cm long and up to 5
cm wide. Plants form the first generative shoot arising from the upper bud. The height of the first color-
bearing shoot is slightly less than that of medium and old generative individuals. The prolific shoots are ob-
noxious, loosely branching and carry only a few flower baskets. The leaves on the shoots are short-skull. In
the base of generative shoot in sinuses of prunes leaves there are buds of renewal, from which one or two for
the following year give rise to generative shoots. The root system penetrates deep to 25 cm, from the main
root there are lateral, which together with the main root form the main skeleton of the underground part of
the plant. Caudex, 1-3-headed, one-piece is formed in the area of root neck. The duration of the condition is
3—4 years.

Medium-age generative plants. In this state, the plants had a well-developed caudex, from which sever-
al generative shoots depart, reaching an altitude of up to 110 cm. The shoots touch into growth at the end of
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April and continue until the first decade of July. First, second and third order branches are formed on the fe-
tal shoots (Fig. 4). The number of baskets on the shoot is 5—7 pieces, in each on average 69-72 flowers. In
baskets, the first flowers are revealed in the first decade of June, and ends flowering is in the second decade
of July, when the last flowers in baskets on third-order shoots blossom. Basket diameter is 2-2.5 cm. Seed
productivity is 300400 pieces of seeds per plant. The binding ratio of seeds is 40 %. The plant forms a de-
veloped multi-headed caudex, from which 8-12 generative and 5—6 vegetative shoots leave. The diameter of
the root neck increases to 1.2—1.5 cm. The main root deepens to 30 cm. The duration of the condition is
5-6 years.

Old generative plants are characterized by lower growth rates. Individuals are characterized by a sharp
decrease in reproductive function, weakening of processes of beat — and root formation. Death processes are
beginning to prevail over neoplasm processes, and disintegration is increasing. Thus, there is a decrease in
the number of generative shoots to 4—6, vegetative to 2—3 pieces. The number of baskets per shoot is 2—3
pieces. Caudex is divided into 2—3 parts. Plants are in this state for 3—4 years.

Senile period. Sub-senile state. Sub-senile plants of Centaurea bipinnatifida are characterized by ter-
mination of fruiting, reduction of power, strengthening of destructive processes, weakening of connection
between sprout and root systems, possible simplification of life shape, appearance of immature leaves
(Fig. 4). Often parts of the venomous rosettes of leaves remain from the plant. In some individuals there has
been a partial die-off of the upper root and a decay of the caudex; plants are represented only by rosette
forms. Period duration 2—4 years.

Senile state. Senile plants of Centaurea bipinnatifida are characterized by extreme fragility, reduction
of size, at resumption few buds are realized, secondary appearance of some juvenile traits (shape of leaves,
character of shoots, etc.) (Fig. 4). Period duration is 1-3 years.

The study of Centaurea bipinnatifida in culture has shown that its species features are preserved. The
plant is a mountain xerophyte combining xeromorphicity with high plasticity under culture conditions. The
plant has better growth and development rates in culture than natural growth sites.

Periods and states of ontogenesis of the individual of Centaurea bipinnatifida pass under conditions of
culture faster. Thus, under the conditions of nature, plants undergo a complete cycle of ontogenesis for 27—
35 years. Small cycle of plant ontogenesis in culture conditions takes place in 3—4 years, in nature is in
6-8 years.

The experience of introduction of Centaurea bipinnatifida shows the possibility of cultivation and re-
production of this endemic plant.

Conclusion

Thus, the basic periods and states of the ontogenesis of Centaurea bipinnatifida are determined in the
conditions of culture (the city of Karaganda). There are described 4 age periods (latent, virgin, generative
and senile) and 9 age states (seedlings, juvenile, immature, adult vegetative, young generative, middle-age
generative, old generative, sub-senile and senile). The duration of the small cycle of ontogenesis in culture
was 3—4 years, in nature — 6—8 years. The excess of morphological indices in the conditions of culture com-
pared to nature shows the success of the introduction of this species.
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Centaurea bipinnatifida (Trautv.) Tzvel. ecimairinin oHTOreHe3iH
Kaparanabl KajachbIHBIH TaKBUIBIK KaFIaWBIHAA 3epPTTEY

Makanazma cananbl ryjikekipe eciMairiniy Kaparauasl KajgacblHa JKepCiHIIpY JKaFiailbIHAaFbl OHTOTEHE3iH
3epTTey HOTIDKeIepl KepceTiireH. bepiiren Typai makpuFa eHrisyre, OMONOTHSIBIK OEJICeH[i 3arTap aiy
YLIIH OHBI CaKTay >KoHE KeOEeHTy KakerTTiri cebem Oousblm OTBIp. OcipyniH 4 XKacTHIK Ke3eHi (JIaTeHTTi,
BUPTUHWIB/I, TEHEPATUBTI JKOHE CCHWIBMI) KoHE 9 JKacThIK KyHi (eckiHzep, IOBEHWIbI, MMMAaTypIIbIK,
epeceK BEreTaTHBTI, JKaC TeHepaTHBTI, OpPTa jKac I'eHEPaTHBTI, KapTailFaH I'eHEpaTHBTi, CYOCCHHJIbAI KOHE
CCHWIb/I) aWKpIHAAIFaH. Op KEe3eHHIH JKOHE KYHMiHIH MOpP(OJOTHSIBIK EpeKIIeiKTepi, XKEepycTi KoHe
JKePacThl MYILIENepiHiH JaMy aspexeci aHbikranran. Cananbl TYJIKeKipeHiH AaKbUIIarbl OHTOI€HE3iHiH Killi
aifHaNIBIMBIHBIH Y3aKTBIFbI 3—4 JKbUIAbL, Taburarta — 6—8 KbUIABI Kypasasl. JlakbUImarbl ©CIMAIKTEpAiH
TaOUFaTTarbl ©CIMAIKTEpre KaparaHaa rabuTychl yikenaey 6onasl. OHTOreHe3 (asanapsl JaKbuiaa TaOUFU
JKaraiira KaparaHjia Te3 OTei IereH TYKbIPBIM JKacalIbl.

Kinm ce30ep: cananbl TylKeKipe, OHTOTCHE3, JKACTBIK Ke3€H, )KACTHIK KYHi, Y3aKTBIFbL, )KEPCIHAIPY.

I''K. Acanoga, A.Ill. [lononosa, M.1O. Nmmypatosa, B. ITym

N3yuenue ontorenesa Centaurea bipinnatifida (Trautv.) Tzvel.
B YCJIOBHAX KYJBLTYpPbI ropoaa Kaparaunabi

B craTbe npescTaBiaeHsl pe3ynbTaThl HCCIEI0BAHUS OHTOTEHE3a BACUIIbKA JBOSKOIIEPHCTOTO B YCIOBUSAX HH-
Tpoxykimu ropona Kaparannsl. Beenenue B KynbTypy AaHHOTO BHJA OOYCIOBICHO HEOOXOAMMOCTBIO €TI0
COXPAaHEHHs M Pa3MHOXKEHUS IUIsl MOTyYEeHUs] OMOTOTHUECKH aKTHBHBIX BEIIECTB. BhIABIECHBI 4 BO3pacTHBIX
neprosia (JIaTeHTHBIN, BUPTHHWIBHBINA, TCHEPATHBHBIH M CEHWIBHBIH) W 9 BO3PACTHBIX COCTOSHHII (IIpo-
POCTKH, IOBEHWIBHOE, IMMaTypPHOE, B3pOCJIOE BET€TaTHBHOE, MOJIOZ0E TeHEPAaTHBHOE, CPEAHEBO3PACTHOE T'e-
HEpaTUBHOE, CTapoe T'eHepaTHBHOE, CyOCEHMIIbHOE U CeHMIbHOE). Onpenenensl MopgoIornieckiue 0cooeH-
HOCTH Ka)KIOTO HEpHOoJa U COCTOSHHMS, CTENICHb PAa3BUTHUs HAJ3E€MHBIX U IOJ3EMHBIX OpraHoB. I[Ipomomku-
TENTBHOCTh  MajJoOro LUKJIA OHTOT€He3a B  KylIbType BacHIbKa  JBOSKOIEPHCTOrO  COCTaBMIIA
3—4 roga, B mpupoae — 6—8 ser. OTMEeUeHO NPEBBIIEHHE KYJIbTYPHBIX PACTEHHN HaJ JUKOPACTYIIUMH OCO-
OsiMu 1o rabutycy. CzaenaH BBIBOJA O TOM, UTO (ha3bl OHTOTEHE3a B KYJIbType MPOXOAAT OBICTpee, YeM B MpU-
POIHBIX YCIOBHSAX.

Knrouegwvie cnosa: Bacuiex HBOﬂKOHepHCTLIﬁ, OHTOI'CHE3, BO3paCTHOﬁ nepuo, BoO3paCTHOC COCTOAHUEC, ITPO-
JAOJDKUTEIIbHOCTb, HHTPOAYKIIUS.
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