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The aim. To study of the morphological and anatomical features of the structure of inflorescences of Chrysan-

themum × hortorum Bailey, variety Pectoral. 

Materials and methods. The inflorescences of Chrysanthemum × hortorum Bailey, cultivar Pectoral were used 

for the analysis. The raw materials were harvested in the phase of mass flowering of plants in September-

October 2019 at the experimental plots of the department of floral and ornamental plants of the National Botan-

ical Garden named after M.M. Grishko of the National Academy of Sciences of Ukraine in Kyiv. 

Results. The investigated inflorescences are represented by bright orange double baskets, consisting of seated 

semiflorets and disk flowers arranged spirally on a convex bare anthoclinium. The involucrum of Chrysanthe-

mum × hortorum Bailey inflorescences of the Pectoral variety has a dense structure with elongated leathery 

leaves. The marginal flowers of the anthodium are red-orange, pseudo-ligate female; the middle flowers are yel-

low, tubular, bisexual. The apex and edge of the epidermal cells of pseudo-ligate flowers are characterized by 

papillary growth and slight folding of the cuticle; at the base of the corolla lingula there are cells with calcium 

oxalate crystals in the form of small druses. The anatomical structure of tubular flowers is characterized by es-

sential oil glands, typical for the Asteraceae family. The epidermis of the wrapper leaves is represented by oval 

cells with numerous essential oil glands and large surface outgrowths. 

Conclusions. The main diagnostic morphological and anatomical features of the inflorescences of Chrysanthe-

mum × hortorum Bailey cultivar Pectoral have been established, which can be further used in the identification 

of new medicinal plant materials 
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1. Introduction 

The genus Chrysanthemum is represented by an-

nual and perennial species, of which there are many in 

the world flora [1, 2]. Plants of the Chrysanthemum ge-

nus are common in northern, temperate and subtropical 

latitudes of the globe [3]. Garden chrysanthemums are 

divided into subgroups, sections, varieties, individual 

forms (herbaceous, shrub or semi-shrub). In addition, 

there are open and closed chrysanthemums [4]. 

Today there are more than 10,000 different varie-

ties of chrysanthemums in the world [5]. Thus in differ-

ent countries selection has the features. For example, in 

America the most popular varieties with anemone inflo-

rescences, in Germany and Great Britain - with spherical 

and hemispherical, in Japan and China - with the original 

arachnoid and radiant inflorescences. In Europe, many 

chrysanthemums have long been grown in pots, while in 

Ukraine this trend has come relatively recently. And in 

North America, Great Britain and the Netherlands, most 

products are used for sale [3]. 

Representatives of the Chrysanthemum genus 

have a more or less branched rhizome, which forms sto-

lon-shaped underground shoots. Stem annual, erect, 

branched, pubescent, semi-woody, brittle, from 25 to  

150 cm tall, usually dark green, sometimes light green 

with a smoky tinge [5, 6]. Shrubs of various shapes 

(spherical, cone-shaped, etc.), depending on the nature of 

branching and growing conditions [4, 5]. Leaves alter-

nate, simple or pinnately dissected, with stipules, the 

upper side is green, sometimes pubescent, the lower - 

greyish-green, pubescent. Stem leaves of small-flowered 

varieties up to 7 cm long and up to 4 cm wide, large-

flowered – 15 and 8 cm, respectively. Well-marked 

speckled glands emit a characteristic odor of camphor  

[5, 7, 8]. 

The expanded and thickened apex of the flower-

ing stem, surrounded by an involucrum of numerous 

narrow green leaves, forms a perianth on which is locat-

ed an anthodium of peripheral unisexual ligulate flowers, 

forming a variety of brightly colored corollas. Bisexual 

tubular flowers are located in the center of the bed. Terry 

inflorescences are caused by variations of internal tubular 

flowers in the ligulate [4–8]. 

Chrysanthemums are characterized by seven main 

colors of inflorescences: white, cream, red, bronze, green 

and many transitional shades. There are two-color inflo-

rescences, then take into account the color of the outer 

and inner sides of the petals [7, 8]. 

The size of anthodium in small-flowered varieties – 

2–6 cm in diameter, the inflorescences are collected in a 

raceme.  

In large-flowered anthodium size 10–15 cm, 

sometimes up to 35 cm, the inflorescences are single or 

in clusters of 2-10 on one shoot [5–9]. 
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The perennial garden chrysanthemum species 

(Chrysanthemum × hortorum Bailey) is popular in gar-

den and park landscaping and belongs to the autumn-

flowering ornamental plants [2, 3, 10]. In addition, chry-

santhemum is known in folk medicine of the East as an 

antipyretic, analgesic, anti-inflammatory and tonic agent 

[2, 11, 12]. 

 

2. Research planning (methodology) 

The search for new sources of medicinal plant raw 

materials, improving the technology of drug production, 

as well as a comprehensive approach to the use of phar-

macopoeial species of medicinal plants is a topical issue 

in the modern pharmaceutical industry [13]. In this re-

gard, members of the family Asteraceae, in particular 

flower and ornamental species, such as various varieties 

of the genus Chrysanthemum, are of great scientific in-

terest and industrial importance [14, 15]. 

Preliminary studies of the chemical composi-

tion suggest that the raw material of chrysanthemums 

is rich in different classes of biologically active sub-

stances [2]. The leaves and flowers of Chrysanthemum 

× hortorum Bailey contain significant amounts of 

polysaccharides, fatty and organic acids, essential oil, 

carotenoids, chlorophylls, phenolic compounds (tan-

nins, flavonoids, coumarins, hydroxycinnamic acids), 

amino acids and micro acids. their pharmacological 

activity with the prospect of its widespread use in 

medical practice [1, 2, 16–19].  

Therefore, the study of the morphological and an-

atomical structure of terrestrial and subterranean plant 

organs is an integral stage of standardization in the study 

of medicinal plant raw materials. It was important to 

establish macroscopic and microscopic diagnostic fea-

tures of the raw material Chrysanthemum × hortorum 

Bailey of the Pectoral variety, as this information is not 

presented in the available literature sources. 

 

3. Materials and methods 

The objects of the study were perennial garden 

chrysanthemum inflorescences (Chrysanthemum × horto-

rum Bailey). Raw materials were harvested in the phase 

of mass flowering of plants in September-October 2019 

at the research sites of the Department of flower and 

ornamental plants of the National Botanical Garden 

named after M. M. Grishko of the National Academy of 

Sciences of Ukraine in Kyiv. 

The raw materials were dried in the shade under 

tents. Spread a thin layer (2–3 cm) on paper and periodi-

cally flipped. The dried raw materials were packed in 

cloth bags and stored in a dry, protected from direct sun-

light, cool room. 

A magnifying glass and a binocular microscope 

“Granum” were used to study the morphological struc-

ture of the raw material. The anatomical structure of the 

flowers of the studied species was studied according to 

the generally accepted pharmacopoeial methods of mi-

croscopic analysis described in the monographs of SPhU 

[20–24]. Diagnostic microscopic signs were recorded 

using a microscope “Granum” at a magnification of ×40, 

×100, ×400 times. The photos were taken with a Sony 

DSC-W80 camera. 

 

4. Research results 

The studied inflorescences are bright densely terry 

anthodium, consisting of a large number of sessile ligu-

late and tubular flowers on a convex, arranged in a spiral 

on a bare anthoclinium. The inflorescence wrapper is 

dense, formed by tile-like modified leathery leaves of 

oblong-oval shape with a membranous border (Fig. 1). 

 

 
Fig. 1. Chrysanthemum×hortorum Bailey, Pectoral variety 
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Along the edge of the anthodium are red-orange 

zygomorphic false-tongued female flowers. Their corolla 

of the lingual type has only one tooth (Fig. 2), which is 

due to the full growth of the five petals. 

The middle flowers of anthodium are yellow, bi-

sexual, with fused pentamerous tubular corolla. The 

column changes its length: first it is shorter, and then 

longer than the corolla tube. Stigma bilobed, lower ova-

ry. Anthers of five stamens grow into a tube around the 

column. They have four pollen nests, open by a slit in-

side the tube. Pollen ripens earlier than the stigma (di-

chogamy). Achene without a fly. 

The anatomical structure of the false-lingual 

flower is presented in Fig. 3. In Fig. 4, 5 the microscopic 

features of the tubular flower are shown, in Fig. 6 – 

leaves wrapper anthodium. 

 

 

 
a 

 

 
b 

Fig. 2. Fragments of Chrysanthemum × hortorum Bailey flowers of Pectoral variety: a – false-ligulate flower;  

b – tubular flower 

 

 

 
Fig. 3. Fragments of superficial preparations of false ligulate flowers: 1 – epidermis of the upper part of the tongue;  

2 – epidermis of the middle part of the tongue; 3 – veins and epidermis near them; 4 – essential oil glands; 5 – basic part 

of the flower; 6 – cells with small druses 
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Fig. 4. Fragments of surface preparations of the tube of middle flowers: 1 – essential oil glands; 2 – epidermis of the 

tube; 3 – sclerified cells of the basal part of the flower; 4 – spiral vessel of the vein 

 

 
Fig. 5. Fragments of surface preparations of tubular flowers: 1 – epidermis of the limb; 2 – essential oil glands (side and 

top view); 3 – stamen filament; 4 – pollen grains; 5 – outgrowths of pistil style cells 
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Fig. 6. Fragments of surface preparations of anthodium wrapper leaves: 1 – general view of the upper epidermis;  

2 – epidermis with essential oil glands; 3 – multicellular emergencies; 4 – veins 

 

 

5. Discussion 

In world scientific sources there is a tendency to 

study different species of chrysanthemums in terms of 

selection of new ornamental varieties for economic pur-

poses [3–6] or in terms of karyomorphological analysis 

[7–9]. We carried out an original morphological and 

anatomical study of diagnostic signs of raw materials of 

one of the domestic varieties of chrysanthemums. Analy-

sis of literature data and electronic information resources 

does not contain data for comparison. 

The epidermis of the upper part of the lingual co-

rolla without stomata, the basal cells between the thin 

veins are slightly elongated, tortuous, more or less papil-

lary (Fig. 3.1). In the middle part of the epidermis, the 

cells are more elongated, porous, and have thickened 

membranes (Fig. 3.2). Closer to the veins and over them 

are dominated by rectangular cells. Veins often consist of 

one or two thin vessels with spiral thickenings (Fig. 3.3). 

Occasionally there are essential oil glands with a large 

oval 8-cell head (Fig. 3.4). At the base of the flower 

(Fig. 3.5), which is attached to the anthoclinium of an-

thodium, the cells are rectangular, have a thickened ligni-

fied shell. The cells at the border of the corolla and ovary 

contain small drusen (Fig. 3.6). 

The middle flowers of anthodium have a tubular 

corolla with an epidermis rich in essential oil glands, the 

structure of which is typical for most species of aster. 

They are large, oval, more abundant in the epidermis of 

the tube (Fig. 4.1). 

The cells of the epidermis covering the tube are 

elongated, their walls are thin, straight, or tortuous  

(Fig. 4.2). Like marginal flowers, the basal part of the 

flower is strengthened by 2-3 layers of sclerified cells 

(Fig. 4.3). Vessels of veins are thin, spiral (Fig. 4.4). 

The cells of the epidermis of the limb (Fig. 5.1) 

are large, elongated, tortuous, with papillary growths, 

especially on the teeth. The glands often have an elevated 

cuticle, under which is the essential oil (Fig. 5.2). Stamen 

filaments (Fig. 5.3) consist of a columnar row of rectan-

gular thickened cells attached to the inner surface of the 

corolla. Large anthers contain spherical pollen grains 

(Fig. 5.4) with a prickly surface. The snout of pistil is 

hairy, the growths of epidermal cells are thin-walled, of 

different lengths, wide, rounded at the apex, colourless 

(Fig. 5.5). 

The structure of the leaves that make up the wrap-

per is specific (Fig. 6). The epidermis consists of paren-

chymal round cells (Fig. 6.1), a large number of essential 

oil glands (Fig. 6.2) and large emergencies, which occu-

py a significant area. Emergent spherical, have a multi-

cellular and multilayered stand surrounded by a multicel-

lular rosette (Fig. 6.3). The leading system of leaves is 

well developed, branched. The veins are dominated by 

porous vessels (Fig. 6.4). 

Study limitations. The microscopic method of 

analysis is highly reliable in the identification of medici-

nal plant raw materials, but a characteristic diagnostic 

feature of the predominant larger members of the family 
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Asteraceae is the presence of typical essential oil glands, 

which can cause difficulties in diagnosing raw materials 

Chrysanthemum × hortorum Bailey of the Pectoral varie-

ty according to this diagnostic feature. 

Prospects for further research. The prospect of 

further research is to continue the pharmacognostic study 

of plants of the Chrysanthemum genus to develop draft 

methods of quality control for new medicinal raw mate-

rials “Chrysanthemum × hortorum Bailey flower”. 

 

6. Conclusions 

The main diagnostic morphological and anatomi-

cal features of Chrysanthemum × hortorum Bailey flow-

ers of Pectoral variety have been established. 

Morphological features of anthodium inflores-

cences have a slightly convex, tuberous-pitted, bare 

common anthoclinium, fortified with a dense leaf wrap-

per of oval-cylindrical leaves, tiled.  

On a anthoclinium on a spiral sessile flowers are 

placed. The main mass consists of false-tongued female 

flowers, the tongue of which has two, rarely three indis-

tinct teeth or one-toothed. The middle flowers are small, 

bisexual, with a tubular yellow corolla. The leaves of the 

wrapper on the edge of the film. 

Anatomical features of flowers characterize the 

peculiarities of the structure of the epidermis of ligulate 

and tubular flowers, as well as the leaves of the wrapper. 

Epidermis of false ligulate flowers without stomata, 

occasionally essential oil glands. The cells of the upper 

part are slightly elongated, tortuous, the middle part - 

more elongated, porous, have thickened shells, at the 

base – rounded with thickened lignified shells. Cells on 

the border of the tongue and corolla contain small 

drusen. A characteristic feature of the epidermis of tubu-

lar flowers is the presence of a large number of essential 

oil glands. The cells covering the tube are elongated, 

thin-walled, more or less tortuous. The cells of the epi-

dermis of the limb – with papillary growths, which are 

especially abundant on the teeth. The epidermis of the 

leaves of the wrapper consists of rounded cells, a large 

number of essential oil glands and spherical emergencies. 

The established macroscopic and microscopic fea-

tures of Chrysanthemum × hortorum Bailey flowers of 

Pectoral variety can be further used in the identification 

of new medicinal plant raw materials. 
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