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Summary

Introduction: Achillea millefolium L. is used in official medicine of many countries. One of important 
diagnostic features of A. millefolium raw material is the ultrastructure of the leaf epidermis, which can be 
used for distinguishing A. millefolium from closely related species.

Objective: The purpose of this article is to present the results of an original study of the leaf surface 
ultrastructure of six related species of Achillea and to identify additional diagnostic features.

Methods: From each taxon, 20 samples of middle cauline leaves were taken and analysed with light (LM) or 
scanning electron (SEM) microscopy.

Results: The studied species differ in the degree of sinuosity of anticlinal walls of basic epidermal cells and 
their projections, the type and presence of epicuticular wax, the type of relief of the leaf surface and the 
type of cuticle. On both surfaces of the leaf lamina, there is a complex pubescence formed by uniseriate 
non-glandular and biseriate glandular trichomes; their structure is similar, but the size and localization are 
sometimes different.
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INTRODUCTION

The genus Achillea is represented in the flora  of 
Ukraine by 27 taxa, according to the recent nomen
clatural overview [1]. Views of researchers regarding 
the species status of some representatives of the 
genus remain debatable, because some of these taxa 
have only a few morphological features that can 
be used as diagnostic ones. In particular, in some 
databases Achillea pannonica Scheele is listed as 
a synonym of A. seidlii J.Presl & C.Presl [2], or A. 
stricta Schleich. ex Gremli is treated as a subspecies 
A. distans subsp. stricta (Gremli) Janch. [3-5]. The 
micromorphological features of the epidermis of 
these taxa in this article are analysed in the context 
of their conventional recognition as separate species.
	 The biologically active compounds of the genus 
Achillea have been identified for 14 species of the 
Ukrainian flora, and they are used or can be used as 
medicinal plants [6, 7]. The main biologically active 
substances of these Achillea species are volatile oils 
(sesquiterpenes and monoterpenes), flavonoids  (as 
cynaroside, cosmosiin, luteolin, apigenin etc.), lig
nans, amino acid derivatives, fatty acids, and other 
components [6, 8, 9]. Species of Achillea are widely 
used in the official and traditional herbal medicines 
of various countries as hemostatic, analgesic, wound-
healing, antibacterial, antiviral, choleretic, diuretic, 
antispasmodic, antipyretic, and anti-inflammatory 
agents. Many of these therapeutic properties have 
been confirmed by modern medical research [9]. 
According to the State Pharmacopoeia of Ukraine, 
the raw material of only one wild species of yarrow, 
A. millefolium L. (Millefolii herba), is standardized 
and allowed for the use in official medicine [10]. The 
raw material of other species contains biologically 
active substances similar to those of A. millefolium, 
but at present they are not standardized, so cannot 
be used in official medicine. However, the geographic 
ranges for most of these species overlap, and there 
are known cases of collecting of other neighbouring 
or co-occurring species. Such mixed raw material 
may erroneously get into production of medicines 

at pharmaceutical companies. Therefore, the iden
tification of species-specific morphological features 
of these taxa is necessary for the authentication of 
raw materials of the most common Achillea species 
occurring in Ukraine and adjacent countries of 
Eastern and Central Europe.
	 Most of the species of the genus Achillea are 
characterized by their significant variability of ma
cro- and micromorphological characters, that are 
genetically and ecologically determined [11–14], 
so there are difficulties in distinguishing species 
of the genus both for taxonomic purposes and 
for the identifications of medicinal raw materials. 
Literature reviews show that most of anatomical and 
morphological studies were devoted to A. millefolium, 
even if the species is accepted in a rather wide sense 
(sensu lato). The characteristics of macro- and micro
morphological features of raw material of this species 
are given in pharmacopoeias [10, 15, 16] and other 
pharmaceutical publications and documents [17, 18].
	 Fragmentary studies of the anatomical structure 
of vegetative and generative organs of some yarrow 
species are known [12, 19–22]. In recent years, there has 
been growing interest to Achillea species of Ukraine as 
medicinal plants, and the morphological and anatomical 
features of a number of species (A. ochroleuca Ehrh., A. 
micranthoides Klokov, A. stricta, A. carpatica Blocki ex 
Dubovik, and A. distans Waldst. & Kit. ex Willd.) have 
been investigated [23–27].
	 The identification of yarrow raw materials  is 
based on the analysis of morphological and ana
tomical features of vegetative (stems, leaves) and ge
nerative (inflorescences, flowers) organs. Features of 
the ultrastructure of the leaf surface are important 
diagnostic criteria for the differentiation of taxa and 
for detecting impurities in medicinal raw materials 
[21, 22]. 
	 The purpose of our research was to identify the 
features of ultrastructure of the leaf epidermis of 
six species of the genus Achillea most commonly 
occurring in Ukraine and adjacent countries of 
Eastern and Central Europe, and to identify their 
additional diagnostic features.

Conclusion: It is possible to clearly distinguish the raw materials of any of the studied Achillea species from 
other taxa only with the help of the whole complex of the analysed species-specific micromorphological 
features of the leaf epidermis. This study is aimed at facilitating the identification of yarrow raw materials and 
can be used in the future for the development of regulatory documents for this herbal medicinal material, at 
least within the limits of the territory of Ukraine and adjacent territories.
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MATERIALS AND METHODS

The objects of the study were six related species of 
the genus Achillea: A. millefolium, A. collina Becker 
ex Rchb., A. nobilis L., A. pannonica, A. setacea 
Waldst. & Kit. and A. stricta. The nomenclature of 
the studied species of the genus is given according to 
Vascular Plants of Ukraine, a nomenclatural check
list [1].
	 Herbarium specimens of the studied species 
of genus Achillea were taken from the National 
Herbarium of Ukraine (herbarium of the M.G. 
Kholodny Institute of Botany, National Academy 
of Sciences of Ukraine – KW) and fresh samples of 
Achillea were collected from different localities of 
Ukraine during the period from July 2019 to August 
2020 and identified according to the reference 
collections at KW (tab. 1).
	 In order to study the ultrastructure of the surface 
of sheet leaves by scanning, electron microscope 
was used. The leaves were dehydrated in silica gel 
for 2–3 days. Dried samples of leaves for scanning 
electron microscope research (SEM) (JSM-6060 
LA; JEOL) were processed according to standard 
method: dehydrated fragments of leaves were 
fixed on brass tables and sprayed with a thin layer 
of a mixture of gold and platinum in the vacuum 
chamber. 
	 For studies of the epidermal tissue of leaves in the 
paradermal plane by method of light microscope, 
the objects were fixed in a mixture of 70% ethanol–
acetic acid–formalin followed by tissue maceration. 
Maceration of plant tissues was carried out in a 
macerating solution (hydrogen peroxide–glacial 
acetic acid-water), pieces of leaf lamina were kept at 
25ºС for 3 to 7 days to dissecting the upper (adaxial) 
and lower (abaxial) epidermis. Two epidermal layers 
were stripped and stained with 1% hematoxylin 
solution. Slides were observed by using Olympus 
CX23 light microscope (LM) with a Levenhuk 
M 1000 Plus digital camera and Levenhuk Lite 
software. 
	 The quantitative parameters (length and width 
of stomata, length of glandular trichomes (glands) 
along the major and minor axes, length of distal cell 
of non-glandular trichomes (hairs) was calculated 
using Levenhuk Lite and AxioVision 4.8 software.
The sample size for calculating the density of 
glandular and non-glandular trichomes was 20 for 
the adaxial and abaxial epidermis of each species. 
To determine the morphometric parameters of 
glandular and non-glandular trichomes and stomata 
(the length of the distal cell of the non-glandular 
trichome, the length of the glandular trichome along 

the major and minor axes, the length and width of 
the stomata) – in a 50-fold repetition were made. 
Data analysis was carried out in the STATISTICA 
10.0 program, the results were presented as the 
mean ± confidence interval with an accepted level 
of significance (p<0.05). 
	 We determined the type of epicuticular wax based 
on W. Barthlott’s work [28, 29], the types of relief are 
described in C. Chakrabarty’s and P.  Mukherjee’s 
work [30]. To describe outlines of cells and their 
projection onto the plane we used S. Zakharevich’s 
terminology [31]. The types of cuticle are determined 
based on C. Jeffree’s work [32].

	 Ethical approval: The research conducted is not 
related to either human or animal use.

RESULTS AND DISCUSSION

The observed morphological characters of the 
epidermis of model Achillea species are listed in 
Table 2, 3 and illustrated in figures 1–5. Generally, the 
main diagnostic descriptions of the leaf epidermis 
of Achillea were described as follows:
	 Adaxial surface of the leaf lamina. The type of 
relief of the adaxial epidermis of the leaf lamina of 
almost all studied species (except A. pannonica) is 
colliculate-spinous (periclinal walls are unevenly 
convex, anticlinal walls of epidermal cells are lower 
than periclinal ones) (tab. 2, fig. 1a). The adaxial 
surface of the leaf lamina A. pannonica is colliculate 
(periclinal walls are evenly convex, anticlinal walls 
of epidermal cells are lower than periclinal ones) 
(fig. 1b). Cuticle of most species is well expressed 
in all studied specimens, but it is not uniform in 
structure of some species (tab. 2). Thus, cuticle of 
the main epidermal cells of A. stricta is smooth, 
and the surrounding stomatal cells have a striated 
cuticle (fig. 1с). In studied specimens of A. setacea, 
the smooth (fig. 1d) and striate cuticle of epidermal 
cells were found. In other four species, the cuticle 
is striated (tab. 3, fig. 1e). The films and plates of 
epicuticular wax are present at the adaxial epidermis 
of A. stricta and A. pannonica (fig. 1f, g); while in 
A. setacea and A. nobilis only wax films were found 
(fig. 1h, i) and it is absent at the adaxial surface of 
A. collina and A. millefolium (tab. 2). The projections 
of epidermal cells of most species above the 
mesophyll are flattened (according to Zakharevich 
[31], the cell projection is considered to be flattened 
with complex cell outlines (the lines of the walls of 
each side are different in length and curvature of 
the arc), under the condition that the longer axis is 
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Table 1.

Specimens of the Achillea species analyzed in the study

Species

Achillea 
millefolium

A.collina

A. nobilis

A. pannonica

A. setacea

A. stricta

Locality

Kyiv region, Makariv district, near the village 
of Mykolaivka, the abandoned fields 

Poltava region, Lokhvytsya district, near the 
village of Pisky, meadow 

Kyiv region, Obukhiv district, near the village 
of Kozyn, the floodplain meadow of Kozynka 
river 

Kyiv region, Makariv district, near the village 
of Mykolaivka, weakly turfed dry sandy slopes 

Chernigov region, Novgorod-Seversky district, 
village Putivsk, meadow on the banks of the 
Desna

Chernigiv region, Talalaiv district, village 
Lavirkove, on the side of the road

The city of Odessa, dry slopes over the sea 
below the botanical garden

Kherson region, Beryslav district, near the 
village of Kochkarivka, sandy-rocky slopes 

Dnipro region, Synelnykove district, near the 
village of Pavlivka, the slopes on the bank of 
the Kamianske reservoir

Crimean region, Arabat arrow, sand-rocky 
steppe 

Kirovograd region, Svetlovodsk, sands on the 
bank of the Kremenchug reservoir 

Kherson region, Beryslav district, near the 
village of Kochkarivka, sandy-rocky slopes 

Mykolaiv region, Mykolaiv district, near the 
village of M. Korenikha, slopes on the right 
bank of the Bug estuary 

The city of Kyiv, Poznyaky, the roadsides 

The city of Odessa, the slope below the 
botanical garden

Transcarpathian region, Tyachiv district, near 
the of village Ruska Mokra 

Ivano-Frankivsk region, Yaremche district, 
near the village of Yablunytsya, Yablunytskyi 
passage, 940 m a. s. l.

Transcarpathian region, Rakhiv district, 
Carpathian Biosphere Reserve

Collecting Date

15.06.2012

31.07.2013

14.07.2019

15.07.2000

07.07.1982

5.09.1978

4.08.2004

15.06.2013

11.08.2020

07.03.1976

09.08.1978

15.06.2013

25.07.1976.

03.07.2019

12.07.2019

13.08.2009

6.07.2019

24.07.2019

Collectors, Herbarium code

Minarchenko V.M., Solomakha 
T.D., Tymchenko I.A., KW 155683

Olshansky I.G., Dvirna T.S., KW № 
155693

Tymchenko I.A., KW 155684

Minarchenko V.M., KW 155682

Krytska L.I., KW 017786

Krytska L.I., Akopyants N.S., KW 
017779

Tsarenko O.M., Krytska L.I., KW 
041299

Solomakha T.D., KW 155685

Glushchenko L.A., KW 155686

Androschuk A.F., Krytskaya L.I., 
Ilyinskaya A.F., KW 00105407

Krytskaya L.I., Akopyants N.S., 
KW 001055406

Solomakha T.D., KW 155687 

Krytska L.I., Ilyinska A.P., 
Androschuk A.F., KW 019576

Minarchenko V.M., KW 155689

Tsarenko O.M., KW 155688 

Minarchenko V.M., KW 155690

Minarchenko V.M., KW 155691

Klimovych N.B., KW 155692
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approximately equal to the transverse) (tab. 2, fig. 
2a). In A. setacea, flattened and elongated epidermal 
cells were found (tab. 2, fig. 2b, c). The anticlinal 
walls of epidermal cells of the adaxial surface are 
characterized by varying degrees of sinuosity. The 
outlines of cells of A. millefolium, A. pannonica and 
A. setacea have round-sinuous outlines (fig. 2d), 
A. collina – slightly sinuous (fig. 2e), A. nobilis and 
A. stricta – sinuous (fig. 2f). 
	 An important diagnostic feature of the 
epidermis of yarrow leaves is pubescence by non-
glandular and glandular trichomes. In our study, it 
was established that the structure of glandular and 
non-glandular trichomes of the selected species is 
generally similar, but quantitative parameters, such 
as size of glandular and non-glandular trichomes 

and their density differ one from another. The data 
we obtained on the density and size of trichomes 
differ slightly from those previously published ones 
[12, 13] which can be related to environmental 
conditions.
	 The structure of non-glandular trichomes is 
similar in all studied species: they consist by 1–2 
rounded or trapezoidal basal cells that have a well-
defined striated cuticle, 4–7 isodiametric cells and a 
long distal cell (fig. 2m, n). The highest density of non-
glandular trichomes was found on the adaxial surface 
of A. pannonica (64.53±1.34 tr./1 mm2) (tab. 3, fig. 3d). 
This value is almost twice as small in A. nobilis (tab. 
3, fig. 3c) and the density of non-glandular trichomes 
on the epidermis of A. collina and A. setacea is almost 
the same (tab. 3, fig. 3a, e). The adaxial epidermis of 

I. Tymchenko, V. Minarchenko, O. Futorna, T. Dvirna

Figure 1.

Variation of type of relief, cuticle and epicuticular wax of adaxial surface of leaf lamina of some Achillea species (SEM)
Type of relief: A – colliculate-spinous (A. millefolium), B – colliculate (A. pannonica); type of cuticle: C – striate cuticle of 
subsidiary cells and smooth cuticle of the main epidermal cells (A. stricta), D – smooth (A. setacea), E – striate (A. nobilis); 
type of epicuticular wax: F – films and plates (A. stricta), G – films and plates (A. pannonica), H – films (A. nobilis), I –

films (A. setacea)
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Figure 2.

Variation of projections and outlines of epidermal cells over the mesophyll of leaf lamina of some Achillea species, 
glandular and non-glandular trichome, stomata (LM)

Adaxial surface, projections of epidermal cells: A – flattened (A. millefolium), B – elongated (A. setacea), C – flattened (A. 
setacea); outlines of epidermal cells: D – round-winding (A. pannonica), E – slightly sinuous (A. collina), F – sinuous (A. 
stricta); abaxial surface, projections of epidermal cells: G – elongated (A. setacea), H – flattened and elongated (A. collina), 
outlines of epidermal cells: I – sinuous (A. stricta); J – finely sinuous (A. millefolium), K – round sinuous (A. nobilis); 
trichomes: L – glandular (A. setacea), M – non-glandular (A. nobilis), N – base of non-glandular trichome (A. stricta);

O – anomocytic stomata (A. setacea)
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Figure 3.

Glandular and non-glandular trichomes of the adaxial surface of leaf lamina of Achillea species 
A – A. collina, B – A. millefolium, C – A. nobilis, D – A. pannonica, E – A. setacea, F – A. stricta

Table 2.

Peculiarities of the ultrastructure of the leaf epidermis of Achillea species

Name of species A. collina A. millefolium A. nobilis A. pannonica

Type of stomatal 
apparatus

anomocytic

Adaxial surface

Type of relief colliculate-spinous colliculate

Type of cuticle striate

Outlines of epidermal 
cells above mesophyll

slightly sinuous round sinuous sinuous або sinuous round- sinuous

Projections of epidermal 
cells above mesophyll
Polygonal irregular

flattened

Epicuticular wax absent films

Abaxial surface

Type of relief colliculate-spinous colliculate

Type of cuticle striate

Outlines of epidermal 
cells above mesophyll

sinuous finely sinuous round sinuous

Projections of epidermal 
cells above mesophyll

flattened and elongated elongated flattened and elongated elongated

Epicuticular wax films and plates films, plates, 
sometimes crusts

films and plates
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Figure 4.

The glandular and non-glandular trichomes of the abaxial surface of leaf lamina of some Achillea species 
A – A. collina, B – A. millefolium, C – A. nobilis, D – A. pannonica, E – A. setacea, F – A. stricta

A. setacea A. stricta

colliculate-spinous

from smooth to striate

sinuous

elongated and flattened flattened

films and plates

colliculate-spinous

sinuous

films films, plates, sometimes 
crusts

A. millefolium and A. stricta is the least pubescent in 
our study (tab. 3, fig. 3b, f).
	 The length of the distal cell of non-glandular 
trichomes above the leaf mesophyll also has signs of 
species specificity. The longest terminal cells of non-
glandular trichomes were found in A. stricta, they 
are slightly smaller in A. pannonica and the shortest 
in A. collina (tab. 3). The length of the distal cell of 
the trichomes located above the veins is significantly 
longer than above mesophyll in all studied species, 
except for A. nobilis, which has almost the same 
parameters of the trichomes on the adaxial surface 
(tab. 3).
	 Glandular trichomes of the investigated Achillea 
species are double-rowed, formed by 2 rows of 3–5 
cells in each, forming a short stem and a head (fig. 1c, 
2l). The glands are elliptical in horizontal projection 
and are oriented with their longer axis along the 
veins of the leaf (fig. 1a, 3a-f). The highest density of 
glands on the adaxial surface of the leaf was found 
in A. nobilis (tab. 3). According to the decrease of 
this indicator, the studied species can be placed 
in the following order: A. nobilis→ A. collina→ A. 
pannonica→ A. setacea → A. stricta → A. millefolium. 
The density of glands in all analysed specimens is 
significantly higher on the adaxial surface than 
on the abaxial surface (tab. 3). A. setacea has the 
smallest glandular trichomes, and A. stricta has the 
largest ones (tab. 3, fig. 2l, 3e, f).
	 All studied species of the genus Achillea are 
characterized by an amphistomatic leaf, stomata 
are located on both surfaces of the leaf. Stomata are 
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anomocytic, from rounded to oval (ratio of stomata 
length to width varies within 1.17–1.55: 1) (tab. 
3, fig. 2a, c-h, o). Stomata with their longer axis 
oriented along the veins and are located at the same 
level as the basic epidermal cells (fig. 2o). It is known 
that the size of stomata in Achillea taxa significantly 
depends on the level of ploidy, stage of ontogenesis 
and environmental conditions [12, 13]. Therefore, 
their diagnostic role is insignificant. In our study, 
the largest stomata were found in A. millefolium and 

Table 3.

Quantitative data of the leaf surface characteristics of some Achillea species

Name of species A. collina A. millefolium A. nobilis

Epidermis adaxial abaxial adaxial abaxial adaxial abaxial

Glandular trichomes

Number of trichomes per 
1 mm2

24.07±0.78 5.47±0.97 11.57±0.67 2.97±0.45 39.83±1.34 11.95±0.39

Ratio of trichome 
number on adaxial/
abaxial sides

4.40:1 3.90:1 3.33:1

Length of trichomes 
along the major axis 
[µm]

68.12±2.09 63.90±2.76 73.20±1.99 63.98±2.13 73.5±3.01 73.1±3.89 

Length of trichomes 
along the minor axis 
[µm]

42.70±2.01 38.50±1.34 41.2±2.31 36±1.92 36.4±1.26 31.5±1.65

Non-glandular trichomes

Number of trichomes per 
1 mm2

23.16±1.34 60.29±2.12 9.94±0.34 22.07±0.34 30.12±1.56 84.14±2.56

Ratio of trichome 
number on abaxial/
adaxial sides

2.60:1 2.22:1 2.79:1

Length of the distal cell 
of trichomes located 
above veins [µm]

216±5.12 275±6.89 439±9.87 576±10.4 217±13.09 549±12.9

length of the distal cell of 
trichomes located above 
mesophyll [µm]

133±2.60 179±2.39 259±3.83 337±8.78 215±8.35 410±7.96

Stomata

Length [µm] 30.32 ±0.99 33.75±1.25 31.62±1.12 31.54±2.15 28.11±1.35 22.53±1.35

Width [µm] 21.25±0.56 21.47±0.67 20.51±1.02 19.46±0.98 21.28±0.87 19.52±079

A. stricta, the smallest in A. nobilis and A. setacea 
(tab. 3).
	 Abaxial surface. The abaxial surface of the 
leaves of the studied yarrow species has a number 
of different features from the adaxial surface. In 
particular, in most species, the abaxial epidermis 
is more pubescent than the adaxial one, with the 
exception of A. pannonica, the leaves of which have 
almost the same pubescence on both sides (tab. 3, 
fig. 3d, 4d). Distal cells of non-glandular trichomes 
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A. pannonica A. setacea A. stricta 

adaxial abaxial adaxial abaxial adaxial abaxial

21.05±1.09 3.04±0.12 18.31±0.99 6.36±0.87 14.03±0.45 2.10±0.32

6.92:1 2.88:1 6.68:1

76.9±2.76 76.8±2.54 61.76±3.97 64.32±4.01 91.35±3.01 80±3.54

37.5±1.25 35.5±2.01 31.6±1.45 30.5±1.55 46.5±2.35 36±1.45

64.53±1.34 69.15±2.90 25.29±0.34 59.06±2.78 8.96±0.97 25.52±0.34

1.07:1 2.34:1 2.85:1

654±10.3 667±10.36 625±9.98 675±8.34 703±10.20 987±15.90

415±10.32 450±5.65 230±5.12 295±7.35 430±2.54 615±3.15

30.18±1.43 30.46±2.60 24.53±1.87 25.68±3.12 33.72±1.34 34.5±2.01

24.9±1.02 21.45±1.23 17.44±1.08 18.65±0.23 24.05±1.67 22.45±1.56

of the abaxial epidermis are longer than those on 
the adaxial surface in all species (tab. 3). The ratio of 
the number of glandular trichomes on the adaxial/
abaxial sides is also different, although in general, 
in all samples, the density of glands on the adaxial 
surface is 3-6 times higher than that on the abaxial 
surface (tab. 3, fig. 3a-f, 4a-f). The smallest density 
of glands is found on the abaxial epidermis of 
A. stricta, but they exceed those of other species in 
size (tab. 3).

	 The projections of epidermal cells of the abaxial 
surface of most studied species are elongated (fig. 
2g), only cells of A. nobilis, A. collina have flattened 
and elongated projections (fig. 2h). Epidermal cells 
above the mesophyll of A. collina, A. setacea and 
A.  stricta have sinuous outlines (fig. 2i), while in 
A. millefolium they are finely sinuous (fig. 2j), and in 
A. nobilis and A. pannonica round-sinuous (fig. 2k).
	 We did not find a clear difference in the size of the 
stomata on the adaxial/abaxial surface of the leaves 
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of the studied species (tab. 3). Only in A. nobilis 
the length of stomata on the abaxial epidermis is 
clearly shorter than that on the adaxial one. This 
may be related to environmental conditions, so it 
is impossible to assert the diagnostic value of this 
characteristic.
	 The relief of the abaxial surface of the A. nobilis 
and A. pannonica leaf lamina is colliculate (fig. 5a), 
in other species it is colliculate-spinous (fig. 5b). The 
cuticle of epidermal cells is striated and well-defined 
in all examined samples (fig. 5c). The epicuticular 
wax is better expressed on the abaxial surface of the 
leaf lamina of all studied species and represented by 
plates, films, sometimes crusts (tab. 2, fig. 5d-f).

CONCLUSIONS

With the general similarity of Achillea species, a 
number of species-specific features are inherent 
in the ultrastructure of the surface of leaves. Raw 
material (leaves) of any of the studied Achillea 
species can be clearly distinguished from other 
related species only through the use of the whole 
complex of species-specific micromorphological 
characteristics. Complex include the following 
features: the degree of tortuosity of the anticlinal 
walls of the main cells of the epidermis and their 
protrusions, the type and presence of epicuticular 
wax, type of relief of the leaf surface, type of 

cuticle, dimension of glandular trichomes, ratio 
of number on abaxial/adaxial sides glandular and 
non-glandular trichomes and the length of non-
glandular trichomes distal cells. This study is aimed 
at facilitating the identification of Achillea species 
and might be further used for the development of 
standard on this herbal raw material.

ACKNOWLEDGEMENTS

Thanks are due to the Director of M. G. Kholodny 
Institute of Botany of National Academy of Science 
of Ukraine, Prof., Dr. Biol. Sci. Sergey L. Mosyakin 
for scientific consultations and encouragement. This 
research was partly supported by the Ministry of 
Health of Ukraine (grant No. 012U001306).

Conflict of interest: Authors declare no conflict of 
interest.

REFERENCES

1.	 Mosyakin SL, Fedoronchuk MM. Vascular 
plants of Ukraine. A nomenclatural checklist. 
Kiev, 1999, xxiii + 345 pp. 

2.	 Compositae Working Group (CWG). Global 
Compositae Database. Achillea pannonica Sche

Figure 5.

Variation of type of relief, cuticle and epicuticular wax of abaxial surface of leaf lamina of some Achillea species (SEM)
Type of relief: A – colliculate (A. pannonica), B – colliculate-spinous (A. setacea); type of cuticle: C – striate (A. nobilis); 
type of epicuticular wax: D – films and plates (A. collina), E – films, plates and crusts (A. stricta), F – films (A. setacea)



Vol. 69 No. 4 2023

21

ele, 2022; https://www.compositae.org/aphia.
php?p=taxdetails&id=1188000

3.	 Greuter W. Achillea distans subsp. stricta 
Compositae (pro parte majore). In: Greuter 
W, Raab-Straube E. von, eds. Compositae. 
Euro+Med Plantbase – the information resource 
for Euro-Mediterranean plant diversity. 2006; 
https://www.europlusmed.org/cdm_dataportal/
taxon

4.	 Compositae Working Group (CWG). Global 
Compositae Database. Achillea stricta Schleich. 
ex Gremli, 2022; https://www.compositae.org/
aphia.php?p=taxdetails&id=1241634

5.	 Achillea stricta Schleich. ex Gremli in GBIF Se
cretariat (). GBIF Backbone Taxonomy. Checklist 
dataset, 2021; https://doi.org/10.15468/39omei

6.	 Minarchenko VM. Likarski sudynni roslyny 
Ukrainy (medychne ta resursne znachennya) 
[Medicinal vascular plants of Ukraine (me
dicinal and resource significance]. Кyiv. Phyto
sociocentre, 2005:143–145.

7.	 Bozin B, Mimica-Dukic N, Bogavac M, Suvajdzic 
L, Simin N, Samojlik I, Couladis M. Chemical 
composition, antioxidant and antibacterial 
properties of Achillea collina Becker ex Heimerl 
s.l. and A. pannonica Scheele essential oils. 
Molecules 2008; 13(9):2058–2068. doi: https://
dx.doi.org/10.3390/molecules13092058

8.	 Herba Millefolii. In: WHO monographs on 
medicinal commonly used in the Newly In
dependent States (NIS)]. Geneva. WHO press, 
2010:271–283.

9.	 Saeidnia S, Gohari AR, Saeidnia S, Mokhber-
Dezfuli N, Kiuchi F. A review on phytochemistry 
and medicinal properties of the genus Achillea. 
DARU 2011; 19 (3):173–186.

10.	 Derzhavna Farmakopeya Ukrainy [State 
Pharmacopoeia of Ukraine.] Vol. 3. 2nd ed. 
Kharkiv. State Enterprise “Ukrainian Scientific 
Pharmacopoeial Center for Quality of Medi
cines”, 2014:296–298.

11.	 Sytnik KM, Androshchuk AF, Klokov MV, 
Kritskaya LI, Lebedeva TS, Ziman SN et al. 
Tysyachelistniki. Kiev. Naukova dumka, 1984: 
272.

12.	 Ilyinska AP. Anatomicheskoe issledovanie 
tysyachelistnikov Ukrainy [Anatomical study 

of yarrows of Ukraine] In: Sytnik KM, ed., 
Tysyachelistniki [Yarrows]. Kyiv. Naukova 
dumka, 1984:20–48.

13.	 Ilyinska AP, Androschuk AF. Anatomichna 
budova epidermisu lystkiv Achillea nobilis L. 
zalezhno vid umov mistsezrostannya roslyn 
[Anatomical structure of Achillea nobilis L. 
leaves epidermis depending on conditions of 
plant habitat]. Ukr Bot J 1979; 36(4):302–307.

14.	 Baltisberger M, Widmer A. Chromosome num
bers and karyotypes within the genus Achillea 
(Asteraceae: Anthemideae). Willdenowia 2016; 
46(1):121–135. doi: https://dx.doi.org/10.3372/
wi.46.46110

15.	 Yarrow Millefolii herba. In: European pharma
copoeia 8.0. Vol. 1. Strasbourg. Council of 
Europe, 2013:1425–1426.

16.	 Achillea millefolium L., Yarrow Aerial Parts, Herba 
Millefolii. In: American Herbal Pharmacopoeia. 
Botanical pharmacognosy – microscopic cha
racterization of botanical medicines. Upton R, 
Graff A, Jolliffe G, Länger R, Williamson E, eds. 
Boca Raton. CRC Press, 2011:209–212. https://
doi.org/10.1201/b10413

17.	 Gregio SJD, Moscheta IS. Anatomia de raiz, caule 
e folha e identificação de estruturas secretoras 
de Achillea millefolium L. (Asteraceae). Acta 
Sci Biol Sc Maringá 2006; 28(4):327–334. doi: 
https://dx.doi.org/10.4025/actascibiolsci.163

18.	 Shaheen S, Ramzan S, Khan F, Ahmad M. 
Marketed Herbal Plants in Pakistan: Case 
Studies. In: Adulteration in Herbal Drugs: A 
Burning Issue. Cham. Springer, 2019:85-139. doi: 
https://dx.doi.org/10.1007/978-3-030-28034-5_8

19.	 Sulborska A, Weryszko-Chmielewska E. Mor
phology, anatomy and ultrastructure of yarrow 
(Achillea millefolium L.) floral nectaries. Acta 
Agrobotanica 2006; 59(1):17–28. doi: https://
dx.doi.org/10.5586/aa.2006.002

20.	 Akcin TA, Akcin A. Achene micromorphology 
of  seven taxa of Achillea L. (Asteraceae) from 
Turkey. Bangladesh Journal of Plant Taxonomy 
2014; 21(1):19–25. https://dx.doi.org/10.3329/
bjpt.v21i1.19253

21.	 Adedeji O, Jewoola OA. Importance of leaf 
epidermal characters in the Asteraceae family. 
Not Bot Hort Agrobo Cluj 2008; 36(2):7–16.

Ultrastructure of leaf epidermis in some species of Achillea (Asteraceae)‑

https://www.compositae.org/aphia.php?p=taxdetails&id=1188000
https://www.compositae.org/aphia.php?p=taxdetails&id=1188000
https://www.europlusmed.org/cdm_dataportal/taxon
https://www.europlusmed.org/cdm_dataportal/taxon
https://www.compositae.org/aphia.php?p=taxdetails&id=1241634
https://www.compositae.org/aphia.php?p=taxdetails&id=1241634
https://doi.org/10.15468/39omei
https://dx.doi.org/10.3390/molecules13092058
https://dx.doi.org/10.3390/molecules13092058
https://dx.doi.org/10.3372/wi.46.46110
https://dx.doi.org/10.3372/wi.46.46110
https://doi.org/10.1201/b10413
https://doi.org/10.1201/b10413
https://dx.doi.org/10.4025/actascibiolsci.163 
https://dx.doi.org/10.1007/978-3-030-28034-5_8 
https://dx.doi.org/10.5586/aa.2006.002
https://dx.doi.org/10.5586/aa.2006.002
https://dx.doi.org/10.3329/bjpt.v21i1.19253
https://dx.doi.org/10.3329/bjpt.v21i1.19253


22

22.	 Ramzan S, Shaheen S, Hussain K, Khan 
MA, Sohail J, Khan F. Significance of  leaf 
morphoanatomical markers for the authenti
cation of adultered drugs sold in herbal markets 
of district Lahore, Pakistan. Microsc Res Tech 
2019; 82(11):1911–1921. doi: https://dx.doi.
org/10.1002/jemt.23359

23.	 Grytsyk AR, Neiko OV, Melnyk MV. Mor
phological-anatomical study of Achillea L. 
species in western region of Ukraine. Pharma 
Innovation 2016; 5(1):71–73.

24.	 Smoilovska HP, Yerenko OK, Khortetska 
TV, Duiun IF, Mazulin OV. Mikroskopichni 
doslidzhennya likarskoi roslynnoi syrovyny 
dereviyu blido-zhovtoho [Microscopic research 
of medicinal plant raw material of Achillea 
ochroleuca Ehrh.]. Current issues in pharmacy and 
medicine: science and practice 2019; 12(1):25–
30. doi: https://dx.doi.org/10.14739/2409-2932. 
2019.1.158984

25.	 Duyun F, Mazulin OV, Oproshanska TV. 
Doslidzhennya anatomichnoi budovy nad
zemnykh orhaniv Achillea micranthoides Klok. et 
Krytzka [Study of the anatomical structure of the 
herbal raw materials of Achillea micranthoides 
Klok. et Krytzka]. Current issues in pharmacy and 
medicine: science and practice 2020; 13(1):72–
77. doi: http://dx.doi.org/10.14739/2409-2932. 
2020.1.198137

26.	 Mozul VI, Denysenko OM, Tsykalo TO. 
Morfoloho-anatomichne doslidzhennya lystkiv 
ta kvitok dereviyu stysnutoho [Morphological 
and anatomical study of leaves and flowers of 
compressed yarrow]. In: Science and Civiliza
tion – 2017: Materials of the XIII International 
scientific and practical Conference; 2017 30 Jan 
30–07 Feb; Sheffield. 2017:56–60.

27.	 Neiko OV. Farmakohnostychne doslidzhennya 
roslyn rodu dereviy ta stvorennya fitozasobiv 
na yikh osnovi: avtoref. dys… nauk. stup. kand. 
farm. nauk: spets. 15.00.02 «Farmatsevtychna 
khimiya ta farmakohnoziya» [Pharmacognostic 
investigation of species of the yarrow genus and 
the creation of phytoplanes on their basis – On 
the rights of the manuscript. Dissertation for 
a candidate degree in pharmaceutical sciences 
(Doctor of Philosophy) with the speciality 
15.00.02 – Pharmaceutical Chemistry and phar
macognosy]. Lviv. 2018:26

28.	 Barthlott W, Neinhuis C, Cutler D, Ditsch F, 
	 Meusel I, Theisen I et al. Classification and 

terminology of plant epicuticular waxes. Bo
tanical  Journal of the Linnean Society 1998; 
126:237–260. doi: https://dx.doi.org/10.1111/ 
j.1095-8339.1998.tb02529.x

29.	 Barthlott W. Epidermal and seed surface 
characters of plants: systematic applicability 
and some evolutionary aspects. Nord J Bot 
1981; 1:1345-1355. doi: https://dx.doi.org/10. 
1111/j.1756-1051.1981.tb00704.x

30.	 Chakrabarty C, Mukherjee PK. Studies on 
Bupleurum L. (Umbelliferae) in India. II. SEM 
observations of leaf surfaces. Feddes Repert 
1986; 97(7-8):489–496.

31.	 Zakharevich SF. K metodyke opysanyya 
epydermysa lysta [To the technique of 
describing the epidermis of leaf]. Bulletin of the 
Leningrad University 1954; 2(4):65–75. 

32. Jeffree CE. Structure and ontogeny of plant 
cuticles. In: Plant Cuticles an Integrated 
Functional Approach. BIOS Scientific publi
shers, Oxford, 1996:33-82. 

I. Tymchenko, V. Minarchenko, O. Futorna, T. Dvirna

https://dx.doi.org/10.1002/jemt.23359
https://dx.doi.org/10.1002/jemt.23359
https://dx.doi.org/10.14739/2409-2932.2019.1.158984 
https://dx.doi.org/10.14739/2409-2932.2019.1.158984 
http://dx.doi.org/10.14739/2409-2932.2020.1.198137
http://dx.doi.org/10.14739/2409-2932.2020.1.198137
https://dx.doi.org/10.1111/j.1095-8339.1998.tb02529.x
https://dx.doi.org/10.1111/j.1095-8339.1998.tb02529.x
https://dx.doi.org/10.1111/j.1756-1051.1981.tb00704.x
https://dx.doi.org/10.1111/j.1756-1051.1981.tb00704.x

