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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 — 6–8 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). 

T a b l e  

Morphometric characteristics and germination indices of seeds  
of Centaurea bipinnatifida of different collection years 

Parameters of quality  
of seed material 

Collection year 
2014 2015 2016 2017 2018 

Length, mm 7.4 ± 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 3.2 ± 0.2 3.3 ± 0.1 3.0 ± 0.2 3.3 ± 0.4 
Mass of 1000 seeds, g 15.9 ± 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 ± 2.4 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 4th day after sowing germ roots appeared with desiccation from root hairs. On 7th day a hy-
pocotyl appeared, which made a bend and on 9–10th 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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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 300–400 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. өсімдігінің онтогенезін  
Қарағанды қаласының дақылдық жағдайында зерттеу 

Мақалада салалы гүлкекіре өсімдігінің Қарағанды қаласына жерсіндіру жағдайындағы онтогенезін 
зерттеу нəтижелері көрсетілген. Берілген түрді дақылға енгізуге, биологиялық белсенді заттар алу 
үшін оны сақтау жəне көбейту қажеттігі себеп болып отыр. Өсірудің 4 жастық кезеңі (латентті, 
виргинильді, генеративті жəне сенильді) жəне 9 жастық күйі (өскіндер, ювенильді, имматурлық, 
ересек вегетативті, жас генеративті, орта жас генеративті, қартайған генеративті, субсенильді жəне 
сенильді) айқындалған. Əр кезеңнің жəне күйінің морфологиялық ерекшеліктері, жерүсті жəне 
жерасты мүшелерінің даму дəрежесі анықталған. Салалы гүлкекіренің дақылдағы онтогенезінің кіші 
айналымының ұзақтығы 3–4 жылды, табиғатта — 6–8 жылды құрады. Дақылдағы өсімдіктердің 
табиғаттағы өсімдіктерге қарағанда габитусы үлкендеу болды. Онтогенез фазалары дақылда  табиғи 
жағдайға қарағанда тез өтеді деген тұжырым жасалды. 

Кілт сөздер: салалы гүлкекіре, онтогенез, жастық кезең, жастық күйі, ұзақтығы, жерсіндіру. 
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Изучение онтогенеза Centaurea bipinnatifida (Trautv.) Tzvel.  
в условиях культуры города Караганды 

В статье представлены результаты исследования онтогенеза василька двоякоперистого в условиях ин-
тродукции города Караганды. Введение в культуру данного вида обусловлено необходимостью его 
сохранения и размножения для получения биологически активных веществ. Выявлены 4 возрастных 
периода (латентный, виргинильный, генеративный и сенильный) и 9 возрастных состояний (про-
ростки, ювенильное, имматурное, взрослое вегетативное, молодое генеративное, средневозрастное ге-
неративное, старое генеративное, субсенильное и сенильное). Определены морфологические особен-
ности каждого периода и состояния, степень развития надземных и подземных органов. Продолжи-
тельность малого цикла онтогенеза в культуре василька двоякоперистого составила  
3–4 года, в природе — 6–8 лет. Отмечено превышение культурных растений над дикорастущими осо-
бями по габитусу. Сделан вывод о том, что фазы онтогенеза в культуре проходят быстрее, чем в при-
родных условиях. 

Ключевые слова: василек двоякоперистый, онтогенез, возрастной период, возрастное состояние, про-
должительность, интродукция. 
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