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Abstract
The genus Allium is comprised of more than 800 species, and although previous studies have been useful in identifying
the species, there is a paucity of easy-to-observe morphological characters with which to distinguish them. Thus, we
determined the micromorphological characteristics of the leaf epidermis of 43 species of Allium from Central Asia using
light microscopy and evaluated their taxonomic significance. Our study examined variability in epidermal cell shape and
size and the stomatal apparatus. The stomatal apparatus is ellipsoid, anomocytic and amphistomatic. The shape (rectangular
or rhomboid) of epidermal cells, pattern (straight or arched) of anticlinal walls, and stomatal index are stable within a
species, while there are differences among species that allow for species delimitation. Based on the shape and pattern of
anticlinal walls of leaf epidermal cells, the 43 sampled species could be divided into three distinct types of epidermal cells:
type 1, rhomboid cell shape and straight anticlinal walls; type 2, rhomboid cell shape and arched anticlinal walls; and type 3,
rectangular cell shape and straight anticlinal walls. These leaf epidermal micromorphological characters prove to be the
taxonomic significance in distinguishing and delimitating species in Allium.
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Introduction
Allium L. is a widely distributed genus comprised
of more than 800 species that occurs mainly in
seasonally dry regions in the Northern Hemisphere,
including Europe, Asia and North America, and in
South Africa (Stearn, 1980; Xu & Kamelin, 2000;
Friesen et al., 2006; Fritsch et al., 2010). Central Asia
is the main center of distribution and diversity of this
genus, and it is rich in species of Allium (Fritsch &
Friesen, 2002; Friesen et al., 2006).
Based on morphological characters, the traditional
taxonomic system placed Allium in the Liliaceae (Krause,
1930). However, modern taxonomic treatments have
placed the genus in the Alliaceae (Dahlgren et al., 1985;
Hanelt et al., 1992; Takhtajan, 1997; APG II, 2003) or in
the Amaryllidaceae (APG III, 2009) based on
morphological, anatomical, cytological and molecular
data. Infrageneric classification of the genus Allium is
problematic because of proliferation of synonyms and
lack of good and consistent taxonomic characters,
resulting in disagreements on which ones to use for taxon
boundaries (Xu, 1980; Wu et al., 2003). Several
characters have been used in taxonomic classification of
Allium, and some of them have proved to be useful at the
subgeneric and sectional levels. Vvedensky (1935), Xu
(1980) and Stearn (1980) divided the species of Allium
from Russia, China and Europe into 10, 9 and 13 sections,
respectively, based on morphological characters of the
rhizome, bulb, leaf and flower. Hanelt et al. (1992)
divided the genus into six subgenera and 50 sections and
Friesen et al. (2006) and Nguyen et al. (2008) into 15
subgenera and 56 sections using information on anatomy,
cytogeography and DNA ITS sequences.

Morphological characters of leaf epidermal cells, i.e.
shape of anticlinal walls and the distribution, density and
type of stomata and trichomes, are of potential
taxonomic significance and have been widely used for
the classification of taxa in various plant families (Stace,
1984; Baranova, 1992; Ahmad et al., 2010; Nurit-Silva
& De Fátima Agra, 2011; Al-Edany & Al-Saadi, 2012).
For example, in Lycoris (Amaryllidaceae) the shape of
cells and distribution of stomata were used for species
identification (Deng & Zhou, 2005), and in Smilacina
(Liliaceae) stomatal and other epidermal features can be
used to distinguish species (Tang et al., 2007). Krahulec
(1980), Tanker & Kurucu (1981), Fritsch (1988), Uysal
(1999), Choi & Oh (2011) found that characters of leaf
anatomy in Allium taxa as well as papillae, laticifers and
vascular bundles were important characters in relation to
taxonomy. Gregory (1996) divided 22 species of sect.
Allium into two distinct groups based on number of
stomata, height of guard cells and vascular bundles
arrangement. Yousaf et al. (2008) documented variation
in size and shape of stomatal cells, trichomes, silica
bodies and dimensions of nonstomatal cells of 18
species of Allium from Pakistan. Thus, various authors
have concluded that leaf epidermal anatomy can provide
a significant tool for resolution of the taxonomic
confusion of Allium species.
We tested the hypothesis that characteristics of leaf
epidermal cells of Allium species have strong taxonomic
significance. Forty-three species of Allium were collected
in Xinjiang Province of northwest China, one of the
diversity centers of this genus in Central Asia. The
material was used to answer the following questions. (1)
Which leaf epidermal characters are stable within a
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species, and which differ between species? (2) Do leaf
epidermal characters provide useful information for a
better understanding of both infrageneric and species
delimitation?
Materials and Methods
Leaf material was collected from living plants of the
43 Allium species in the field or from dried specimens in
the herbaria of Xinjiang Agriculture University (XJA);
Xinjiang Ecology and Geography Research Institute,
Chinese Academy of Sciences (XJBI); Xinjiang
University (XJUG); and Shihezi University (SHI). We
followed Xu & Kamelin (2000) and The Plant List (2013)
for identification of these species. A list of voucher
specimens used in this study is given in Table 1. One fully
expanded leaf was taken from the middle of the stem of
five mature individuals of each species. Further, the
middle portion of each sampled leaf was used for the
micromorphological observations, following Deng &
Zhou (2005). Samples of leaf epidermis from living plants
were fixed immediately after collection in formalin acetic
acid for a minimum of 24 h and then submerged and
washed with distilled water for 2 h (Yousaf et al., 2008).
Leaves from herbarium specimens were fully rehydrated,
following Nurit-Silva & De Fátima Agra (2011). Portions
of leaf epidermis from living or herbarium material were
stained with a solution of 1% safranin (in 50% ethanol)
before they were mounted on slides with Canada balsam.
The preparation procedure followed that of Ellis (1979).
A minimum of five slides was prepared for each section
of an individual leaf.
Leaf epidermis cells were examined using an
Olympus BH-2 light microscope. Descriptive
terminology of the leaf epidermal cells follows Dilcher
(1974), Charlton (1988) and Croxdale (1998, 2000), and
trichome description and classification follow Theobald
et al. (1979). The following characteristics were
described/determined: (1) shape and pattern of the
anticlinal walls of epidermal cells: rhomboid,
rectangular, straight and arched; (2) length and width of
epidermal cells; (3) density of epidermal cells; (4)
stomatal apparatus: guard cell length and width and (5)
stomatal index (I) using the formula:
I = [S/ (E+S)] × 100
where S is number of stomata per unit area (mm2) and E
the number of epidermal cells in the same area.
Results
Epidermal cells: Under light microscopy, epidermal
cells and stomatal apparatus characters occurred
consistently on both adaxial and abaxial blade surfaces
from the center section of each leaf of each Allium
species. That is, within a species, the shape of the
epidermal cells was the same on the adaxial and
abaxial side of the leaf. Thus, only characteristics of

the adaxial leaf epidermis for the 43 species of Allium
are summarized in Table 2 and Figs. 1-43. All Allium
species examined had long epidermal cells, and the
long axis of the cells was parallel with the veins. Thirty
species had rhomboid cells and 13 rectangular cells
(Table 2).
Epidermal cells of 36 species had straight anticlinal
walls, and the remaining five, A. altaicum (Fig. 26), A.
fistulosum (Fig. 27), A. cepa (Fig. 28), A. galanthum
(Fig. 29) and A. schoenoprasum (Fig. 32) arched walls.
The pattern of the anticlinal walls of epidermal cells was
stable within a species, but there are differences between
species. Cell size varied greatly between species. The
largest cells, in A. porrum (Fig. 39), were 589.24 μm in
length and 37.57 μm in width, while the smallest ones,
in A. atrosanguineum (Fig. 31), were 141.21 μm in
length and 29.74 μm in width. Average cell length
ranged from 589.24 μm (A. porrum) to 141.21 μm (A.
atrosanguineum), and average cell width from 56.67 μm
(A. roborowskianum) to 13.62 μm (A. tekesicola).
All 43 species had long epidermal cells, and the
following ones also had short epidermal cells that varied
in length and width, respectively: 42.53 and 23.42 μm, A.
obliquum (Fig. 17); 74.7 and 21.4 μm, A. tuberosum (Fig.
1); 44.0 and 17.8 μm, A. hymenorrhizum (Fig. 18); 37.0
and 20.8 μm, A. strictum (Fig. 5); 53.2 and 22.1 μm, A.
pallasii (Fig. 36); 135.8 and 22.9 μm, A. caeruleum (Fig.
37); 68.5 and 23.4 μm, A. ceasium (Fig. 38) and 67.7
and 16.2 μm, A. delicatulum (Fig. 34). Thus, long and
short epidermal cells as opposed to having only long
epidermal cells are distinctive features with taxonomic
significance.
Average density of epidermal cells differed among
the 43 species examined and ranged from 33.66 / mm2
(A. roborowskianum) to 310.91/ mm2 (A. tekesicola).
Stomata: Stomata in the 43 Allium species occurred on
both adaxial and abaxial surfaces of the leaf, and they
were located between the veins in linear aggregations in
longitudinal cell profile. Orientation of the guard cells
was parallel with the long axis of the leaf blade. The
stomatal apparatus is ellipsoid and consists of guard
cells only.
The stomatal apparatus varied in size among the 43
taxa. Average stomata size ranged from 26.13 µm in
length and 17.92 µm in width in A. tekesicola (Fig. 8) to
68.56 µm in length and 49.50 µm in width in A.
przewalskianum (Fig. 7). The stomatal index ranged
from 59.62 % in A. semenovii (Fig. 30) with the stomata
being densely distributed to 28.28 % in A.
atrosanguineum (Fig. 31) with the stomata being
sparsely distributed.
Trichomes: Trichomes were found only in A. grisellum
(Fig. 33), and there were several trichomes on both the
adaxial and abaxial surfaces of the leaf. These trichomes
were straight, multicellular without branches, papillae
and tuberculate, and gradually narrowed from the
flattened basal part to the tip.
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Figs. 1-16. Characteristics of adaxial epidermal cells in Allium. Scale bar = 40 μm.
1. A. tuberosum, 2. A. ramosum, 3. A. oreoprasum, 4. A. lineare, 5. A. strictum, 6. A. flavidum, 7. A. przewalskianum, 8. A. tekesicola,
9. A. mongolicum, 10. A. caespitosum, 11. A. polyrhizum, 12. A. Bidentatum, 13. A. anisopodium, 14. A. weschniakowii, 15. A.
senescens, 16. A. nutans

LEAF EPIDERMAL MICROMORPHOLOGICAL CHARACTERS OF ALLIUM

1985

Figs. 17-32. Characteristics of adaxial epidermal cells in Allium. Scale bar = 40 μm.
17. A. obliquum, 18. A. hymenorhizum, 19. A. carolinianum, 20. A. platyspathum, 21. A. saxatile, 22. A. caricoides, 23. A.
tianschanicum, 24. A. setifolium, 25. A. subtilissimum, 26. A. altaicum, 27. A. fistulosum, 28. A. cepa, 29. A. galanthum, 30. A.
semenovii, 31. A. atrosanguineum, 32. A. schoenoprasum.
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Figs. 33-43. Characteristics of adaxial epidermal cells in Allium. Scale bar = 40 μm.
33. A. grisellum, 34. A. delicatulum, 35. A. glomeratum, 36. A. Pallasii, 37. A. caeruleum, 38. A. ceasium, 39. A. porrum, 40. A.
sativum, 41. A. roborowskianum, 42. A. robustum, 43. A. fetisowii

Discussion
Leaf epidermal cells of Allium are usually rectangular
to linear in shape, with straight anticlinal walls, and the
stomatal apparatus is amphistomatic and anomocytic with
stomata being more or less raised from the epidermal
surface (Choi et al., 2004; Choi & Cota-Sanchez, 2010),
and the taxonomic significance of these characters was
recognized by Krahulec (1980), Tanker & Kurucu (1981)
and Uysal (1999). Our observations on leaf epidermal
cells of 43 Allium species showed that each species had its
own unique combination of morphological features,

including shape, size and density of cells; pattern of
anticlinal walls; size of guard cells; and stomatal index.
The shape of epidermal cells, pattern of anticlinal walls
and stomatal index are stable within a taxon, but these
characters differ among species and thus are useful for
delimitation of species.
Gregory (1996) regarded the width and length of
guard cells in 22 species of Allium sect. Allium to be of
significant taxonomic value and thus divided this section
into two subsections: Oenoprason and Scordoprason
based on guard cells being about half the width of
epidermal cells and shorter than half the length of the
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epidermal cells, respectively. However, the width and
length of guard cells in the 43 species we studied did not
allow us to divide the species into sections or groups.
Anomocytic stomata apparatus appears to be a consistent
character for Allium, i. e. the stomatal index is stable
within a species but can differ between species.
Trichomes have important morphological/taxonomic
value in Allium. Yousaf et al. (2008) found that trichomes
were present in eight of 20 species of Allium from Pakistan,
i.e. A. barszczewksi, A. borszczowii, A. micranthum, A.
lamondae, A. miserbile, A. longicollum, A. gilli and A.
dolichostylum, and they could be used for the resolution of
taxonomic confusion of these species. However, in our
study trichomes were found on the leaf epidermis of only A.
grisellum. This character previously has not been recorded
for Allium in the Flora of China (Xu & Kamelin, 2000).
Epidermal characters can provide useful information
for a better infrageneric resolution of Allium. As a result,
some taxonomic information at the species level can be
obtained from four main qualitative characters: rectangular
vs. rhomboid shape of leaf epidermal cells and straight vs.
arched pattern of the anticlinal walls. Our 43 study species
can be divided into three distinct types based on shape and
pattern of anticlinal walls of leaf epidermal cells: type 1,
rhomboid cell shape and straight anticlinal walls, i.e., A.
tuberosum, A. ramosum, A. oreoprasum, A. lineare, A.
strictum, A. flavidum, A. caespitosum, A. polyrrhizum, A.
anisopodium, A. weschniakowii, A. senescens, A. nutans, A.
obliquum, A. hymenorrhizum, A. carolinianum, A.
tianschanicum, A. setifolium, A. delicatulum, A. caeruleum,
A. ceasium, A. porrum, A. sativum, A. roborowskianum, A.
robustum, A. fetissowii; type 2, rhomboid cell shape and
arched anticlinal walls, i.e., A. altaicum, A. fistulosum, A.
cepa, A. galanthum, A. schoenoprasum; and type 3,
rectangular cell shape and straight anticlinal walls, i.e., A.
przewalskianum, A. tekesicola, A. mongolicum, A.
bidentatum, A. platyspathum, A. saxatile, A. caricoides, A.
subtilissimum, A. semenovii, A. atrosanguineum, A.
grisellum, A. glomeratum, A. pallasii.
Using the Allium classification system of Vvedensky
(1935) and Xu (1980), the 43 studied species belong to six
sections
(Rhiziridium,
Haplostemon,
Porrum,
Schoenoprasum, Molium, Cepa) based on morphological
characters; however, these species belong to three types
based on leaf epidermis characters of their. Type 1 includes
sections Rhiziridium (17 species), Haplostemon (3 species),
Porrum (2 species) and Molium (3 species); type 2 sections
Cepa (2 species) and Schoenoprasum (3 species); and type
3 sections Rhiziridium (9 species), Schoenoprasum (1
species) and Haplostemon (3 species). Thus, our type 1
includes species from four sections, type 2 species from
four sections, and type 3 species from three sections. In the
Allium classification systems of Friesen et al. (2006) and of
Li et al. (2010), which are based on analyses of DNA ITS
sequences, our study species can be divided into six
subgenera and 14 sections (Friesen et al., 2006) and seven
subgenera and 20 sections (Li et al., 2010), respectively.
Type 1 includes subgenera Butomissa (3 species),
Reticulatobulbosa (3 species), Rhizirideum (5 species),
Polyprason (5 species), Allium (5 species) and
Melanocrommyum (3 species); type 2 sections Cepa (5
species); and type 3 sections Rhizirideum (3 species),
Reticulatobulbosa (1 species), Polyprason (4 species),
Cepa (3 species) and Allium (2 species). Thus, type 1 in our
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study includes species from six subgenera, type 2 species
from one subgenus and type 3 species from five subgenera.
All 43 species in our study belong to different sections
based on morphological characters and to different
subgenera based on DNA characters. However, leaf micromorphological characters do not completely support the
sectional and subgeneric classification of Allium based on
morphological and DNA molecular studies.
Some morphological leaf epidermal characters of
Allium can be modified by environmental conditions. For
example, leaves hairy, xerophytic stomata (Uysal, 1999),
and papillae’s shape shows the taxonomic and ecological
relationships of the plant (Krahulec, 1980). These
characters may be adaptations to local habitat factors. Also,
convergent evolution can lead to similarity of leaf
epidermal pattern characters in taxonomically different
species, and such a case was reported by Krahulec (1980).
Further, many other micromorphological characters of the
seed coat, pollen grains, bulb coats and floral structures are
diagnostically important and commonly used in species
descriptions and have greatly improved the taxonomy of
the genus (Namin et al., 2009a, 2009b; Choi & Oh, 2011;
Choi et al., 2011, 2012; Celep et al., 2012; Rola, 2014).
In our study, the main differences in leaf epidermal
micromorphological characters were at the species level;
specific characters for only a few subgenera were
identified. Thus, we conclude that these characters are
useful in helping to distinguish species of Allium.
Consequently, leaf epidermal micromorphological traits
need to be considered along with information from studies
of morphology and anatomy, palynology, cytology and
molecular biology in the on-going attempt to obtain a full
understanding the taxonomy, systematic position and
phylogenetic relationships of Allium species.
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