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Abstract

Micromorphological characters of leaf epidermis were investigated in 69 species of Aspidistra using scan-
ning electron microscopy. Sculpture of epidermis varies from smooth to verrucose and rugose in the
genus. The abaxial epidermis of some species bears papillae, whereas the adaxial surface uniformly lacks
the papillae. Sculpture type of epidermis and density of papillae are generally found to be stable characters
at a species level. The infraspecific variation of epidermis sculpture, where present, ranges from smooth to
verrucose or from verrucose to rugose. Micromorphological characters of leaf epidermis are shown to have
potential taxonomic significance in Aspidistra; in combination with the type of shoot structure, they allow
to subdivide the species into 13 groups. The groups are largely incongruent with floral morphological
traits. An identification key to the studied species of Aspidistra based on vegetative characters (gross leaf

and shoot morphology and characters of leaf epidermis) is presented.
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Introduction

Aspidistra Ker Gawl., belonging to the family Asparagaceae, is a large genus of herba-
ceous plants which inhabits tropical and subtropical forests of Asia. In our estimate,
the genus comprises about 200 species. Aspidistra is remarkable for its extremely di-
verse flower morphology (Tillich 2005, 2008, 2014; Averyanov and Tillich 2012; Til-
lich et al. 2017; Tillich and Averyanov 2018). Floral characters are most important in
taxonomy of Aspidistra, whereas vegetative characters are rarely used for species iden-
tification: most of the species have similar habit and are hardly distinguishable with-
out flowers. The majority of representatives of Aspidistra are characterized by creeping
rhizome without aerial shoots. Only a few species have erect stem (e.g. A. erecta Yan
Liu & C.I Peng and A. globosa Vislobokov & Nuraliev), representing a group easily
recognizable by vegetative morphology (Vislobokov et al. 2016). Another non-floral
character that was shown to have taxonomic significance in Aspidistra is the distribu-
tion of foliage leaves along the shoot (De Wilde and Vogel 2006; Averyanov and Til-
lich 2014). Shoots of Aspidistra consist of repeatedly developing elementary shoots,
each elementary shoot bearing several cataphylls followed by one to several foliage
leaves (Vislobokov et al. 2014, 2017). The species of Aspidistra can be divided into
two groups: the first group is characterized by solitary leaves (i.e., one foliage leaf per
elementary shoot), and in the second group the leaves are arranged in tufts (i.e., 3-5
foliage leaves per elementary shoot). Additionally, these groups of species differ in the
gross morphology of leaf. In most species of the first group, the leaf is divided into
petiole and blade (e.g. A. arnautovii Tillich, A. formosa (Tillich) Aver. & Tillich, A.
subrotata Y.Wan & C.C.Huang), with blade of various shape. By contrast, all species of
the second group have narrowly elliptic or linear leaves lacking a petiole but gradually
tapering towards base (e.g. A. carnosa Tillich, A. hainanensis W.Y.Chun & F.C.How, A.
viridiflora Vislobokov & Nuraliev). The second group is much smaller with respect to
species number than the first one.

Despite the usefulness of the vegetative characters of Aspidistra outlined above,
they are far from being enough for identification to the species level, because numer-
ous species often share the same combination of these characters. Thus, the precise
identification of Aspidistra in non-flowering condition in most cases is impossible at
the current state of knowledge. At the same time, identification of sterile plants of
Aspidistra appears to be highly demandable due to several features of reproductive biol-
ogy of this genus. The flowers in Aspidistra are usually developed at the ground level,
often hidden by leaf litter, and their search requires special efforts (Tillich 2005). The
field recognition of species of Aspidistra is also complicated by their common sympatric
occurrence: three or four (and up to six) species are often recorded in a given forest,
where they sometimes grow side by side forming mixed populations (Nuraliev et al.
2017). Moreover, the flowering takes place only in a particular season, which differs
among the species, so that only a part of individuals of the genus (if any) are usually
observed to produce flowers in a given forest. A widely used technique of specimen
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identification in Aspidistra is collecting sterile living material and obtaining the flow-
ers under cultivation (Averyanov and Tillich 2014, 2015; Vislobokov et al. 2019b).
However, this method requires a preliminary estimation of the number of the species
inhabiting a given area.

Micromorphological characters, including those of vegetative organs, sometimes
appear sufficiently diverse to serve as a useful instrument for taxonomy and species
identification. This approach has already been successfully applied for Dracaena Vand.
ex L., another genus of Asparagaceae (Klimko et al. 2018), as well as for certain genera
of Caryophyllaceae, Lamiaceae and Myrtaceae (Haron and Moore 1996; Mostafavi et
al. 2013; Krawczyk and Glowacka 2015). To date, micromorphology has never been
investigated in Aspidistra. In the present study, we investigated micromorphological
characters of leaf epidermis in this genus. Our goals were (1) to evaluate diversity of
adaxial and abaxial leaf epidermis in Aspidistra including cell sculpture and density
of papillae; (2) to determine infraspecific variation of these characters; (3) to analyze
taxonomic significance of characters of leaf epidermis by delineating species groups on
the basis of these characters; (4) to compile an identification key to the studied species
of Aspidistra based on vegetative features, including leaf and shoot morphology and the
characters of leaf epidermis.

Materials and methods

Specimens

Fully developed foliage leaves were collected from living plants of Aspidistra found in
nature (during fieldwork in China and Vietnam) as well as cultivated in the Botani-
cal Garden Munich-Nymphenburg (BGMN), the Botanical Institute of the Russian
Academy of Sciences (BIN), the Main Botanical Garden of the Russian Academy of
Sciences (MBG) and the Singapore Botanic Gardens (SBG) (Appendix 1). The leaves
were fixed and stored in 70% ethanol. All the studied specimens possessed floral ma-
terial, and identification of the plants used in this study was verified by investigation
of floral structure. In total, 113 specimens representing 69 species of Aspidistra were
involved in the study. Of them, 45 specimens represent type material (including types
and paratypes). Each species was represented by 1 to 8 specimens, and a total of 22
species (ca. 32%) were represented by two or more specimens.

Scanning electron microscopy (SEM)

For SEM, a single fragment ca. 5x5 mm was cut out from the leaf blade by a razor
blade for each specimen. The fragment was taken from the central part of the leaf
blade (equidistant from petiole/leaf base and leaf apex), equidistantly from midvein
and leaf margin, between secondary veins. The dissected material was transferred
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from 70% ethanol to 100% acetone via 80% and 96% ethanol followed by an 1: 1
mixture of ethanol (96%) and acetone (100%). The material was critical-point dried
using an HCP-2 critical point dryer (Hitachi, Japan). Dried samples were divided in
two equal parts by a razor blade, which then were mounted onto stubs with different
sides exposed, using double-sided sticky tape. The mounted specimens were coated
with gold using an Eiko IB-3 ion-coater (Eiko Engineering, Japan) and observed
using a CamScan 4DV (CamScan, UK) scanning electron microscope at Moscow
State University.

Morphological traits

The following traits of leaf epidermis were investigated: (1) size and shape of epider-
mal cells; (2) fine relief of the outer periclinal cell wall: micro-sculpture of epidermis
surface; and (3) curvature of outer periclinal wall: presence and density of papillac on
epidermis. Size of epidermal cells and density of stomata were measured once for each
specimen. Density of papillae was measured by counting number of papillae within a
frame 100x100 pm in at least two repeats in each specimen. Standard terminology of
surface sculpturing patterns mainly follows Barthlott (1981).

The identification key was compiled on the basis of original data on leaf micromor-
phology and data on gross vegetative morphology available from Liang and Tamura
(2000), Li (2004) and the species protologues.

Results

Diversity of micromorphological traits

Leaf epidermis of examined species of Aspidistra consists of elongated tetragonal cells
60-160 pum long and 10-40 pum wide with straight boundaries. The leaves are am-
phistomatic. Stomata are of anomocytic type. Density of stomata is 50-170 per 1 mm?
on abaxial surface, and very low on adaxial side (less than 10 per I mm?). Guard cells
are 25—40 pm long and 5-10 pm wide.

Epidermis surface is smooth or sculptured to various degrees (Figs 1-4). Within
the observed variation, we recognize two types of epidermis sculpture: verrucose and
rugose. Verrucose surface bears rough irregularities, short wide ridges or projections
(e.g. Figs 2e, j, k, 0, 3q, r). Rugose surface has numerous fine narrow tortuous folds
(e.g. Figs 3e-g, 4m).

Epidermis of about a half of the studied specimens is smooth on both surfaces. In
the other specimens, the adaxial and abaxial epidermis is either uniformly or differ-
ently micro-ornamented (or one of the surfaces is smooth). Usually the sculpture is
pronounced to a greater extent on the abaxial surface than on the adaxial one. Verru-
cose sculpture, if present, is usually found on both sides, or only abaxially with smooth
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adaxial epidermis. Rugose epidermis is usually expressed on both leaf sides or rarely
only on the abaxial side, with the adaxial side being verrucose. Thus, only the abaxial
epidermis is illustrated (Figs 1-4).

Adaxial epidermis of foliage leaves of all studied specimens is uniformly epapillate.
Abaxial epidermis of about a half of the studied specimens bears papillae (e.g. Figs 3o,
4n, s). Papillae are hemispherical, 10-30 pm in diameter, with one to several of them
per epidermal cell. Density of papillae varies from 1 to 45.5 papillae per 0.01 mm?.
We recognize three categories of papillae density: low, 1-3.5 papillae per 0.01 mm?
medium, 4-7.5 papillae per 0.01 mm?; high, 8-45.5 papillae per 0.01 mm®.

Additionally, we have found that shape and density of papillae on the secondary
veins (not employed in the main part of our study) is different in some specimens from
those of the epidermis located between the secondary veins.

The main results of investigation of each species (epidermis sculpture and the pres-
ence and density of papillae) are presented in Appendix 1.

Infraspecific variation

Size and shape of epidermal cells of investigated species does not reveal any species-
specific pattern: their infraspecific variation is nearly as broad as interspecific variation.

The micro-sculpture of abaxial and adaxial epidermis is, in contrast, generally con-
stant (fixed) at a species level. These traits show stability in at least 16 out of 22 species
of Aspidistra represented by two or more specimens in the present study. We found that
only in several species the sculpture of at least one leaf side is variable; it varies either
between smooth and verrucose, or between verrucose and rugose. We have not ob-
served any species with variation between smooth and rugose sculpture. For example,
in two investigated specimens of A. arnautovii adaxial epidermis is verrucose, whereas
in the other three specimens (Fig. 4g) the epidermis is smooth (Appendix 1, group X).
Epidermis sculpture of A. formosa also varies from verrucose to rugose at adaxial and
abaxial surface (Fig. 4r). Finally, two studied specimens of A. erosa Aver., Tillich, T.A.Le
& K.S.Nguyen have verrucose adaxial surface but differ in having rugose vs. verrucose
surface of abaxial epidermis (Figs 2j, 3a).

Presence and density of papillae is also stable in 16 out of 22 species of Aspidistra
represented by two or more specimens. Density of papillac on abaxial epidermis varies
only slightly within some species. Appreciable variation was found in A. arnautovii
(47 papillae per 0.01 mm?; Fig. 4g), A. bogneri (38—45.5 papillae per 0.01 mm?; Fig.
4n), A. lutea Tillich (4—6 papillae per 0.01 mm?; Fig. 4b) and A. opaca Tillich (4-5.5
papillae per 0.01 mm? Figs 3q, 4k); nevertheless, each of these species fits a single cat-
egory of papillae density (low, medium or high) proposed above. The most significant
variation of this feature was found in A. connara Tillich (0-5 papillae per 0.01 mm?),
A. hainanensis (0-1.5 papillae per 0.01 mm?* Figs 1b, j), A. oviflora Aver. & Tillich
(0-2.5 papillae per 0.01 mm?; Fig. 1d, 1) and A. subrotata (0—6 papillae per 0.01 mm?
Fig. 2q, 3r, 4e); they are categorized as showing variation from absence of papillae to
low or medium density of papillae.
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Figure 1. SEM images of abaxial leaf epidermis of Aspidistra; morphological groups I (a—g), II (h—m)
and I (n—t) (partly). a A. graminifolia b A. hainanensis (s.n.) ¢ A. linearifolia d A. oviflora (13394) e A.
triradiata £ A. viridiflora g A. yingjiangensis h A. carnosa i A. cylindrica j A. hainanensis (11/1394) k A.
longifolia | A. oviflora (2018.14340.01) m A. larutensis n A. atroviolacea 0 A. clausa p A. claviformis q A.
dolichanthera (2016.12354.01) r A. erecta s A. jingxiensis t A. lurida. Scale bars: 30 pm.
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Figure 2. SEM images of abaxial leaf epidermis of Aspidistra; morphological groups III (a—c) (partly)
and IV (d—t). a A. petiolata b A. renatae ¢ A. sessiliflora d A. basalis e A. lateralis € A. medusa g A. typicah
A. connata (V10490) i A. bella j A. erosa (JLS2972) k A. globosa | A. gracilis m A. laotica (20122018) n A.
mirostigma © A. phanluongii (2015.11347.01) p A. sarcantha (JLS2962) q A. subrotara (2015.11350.01)
v A. sutepensis s A. truongii (2013/2461) t A. vietnamensis. Scale bars: 30 pm.
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Figure 3. SEM images of abaxial leaf epidermis of Aspidistra; morphological groups V (a—g), VI (h-1,
0), VII (m, n, p—r), VIII (s) and IX (t) (partly). @ A. erosa (JLS2906) b A. locii (86-169) ¢ A. lubae d A.
xuansonensis € A. corniculata £ A. foliosa (97/2360) g A. multiflora h A. fungilliformis (2016.12350.02)
i A. geastrum j A. longipetala k A. papillara | A. tillichiana m A. connata (97/2358) n A. semiaperta o A.
bicolor p A. clausa q A. opaca (18035) v A. subrorata (A.s.5) s A. minor t A. hekouensis. Scale bars: 30 pm.
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Figure 4. SEM images of abaxial leaf epidermis of Aspidistra morphological groups IX (a—f) (partly), X
(g-D), XI (m), XII (n—q) and XIII (t—t). @ A. longanensis b A. lutea (96/3126) ¢ A. sinensis d A. stricta e
A. subrotata (20121895) f A. superba g A. arnautovii (18566) h A. connata (96/3119) i A. nutans j A. sub-
rotata (JLS2989) k A. opaca (2013/2460W) | A. subrotata (04/1769) m A. zinaidae n A. bogneri (9311)
o A. grandiflora p A. letreae q A.magnifica v A. formosa (2015.11376.01) s A. jiewhoei (JLS1218) t A.
marasmioides (2015.11354.01). Scale bars: 30 pm.
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Discussion
Combinations of vegetative characters found in Aspidistra

We built a space of logical possibilities for all the studied specimens with regard to
the following characters of vegetative morphology: type of shoot, sculpture of adaxial
and abaxial epidermis, and density (and presence) of papillae. The specimens showed
23 combinations of these traits. Considering infraspecific variation of some traits, we
combined the studied specimens of Aspidistra into 13 groups (Appendix 1) in order to
make specimens of the same species belong to one group. This method allowed catego-
rizing specimens of 62 species, whereas 7 species (A. clausa Vislobokov, A. connata, A.
erosa, A. hainanensis, A. opaca, A. oviflora, A. subrotata) showed too high variation of
traits so that specimens of each species got into several groups. The brief description of
these groups is presented in Table 1.

Some species possess a unique combination of traits, e.g. Aspidistra minor Vislo-
bokov, Nuraliev & M.S.Romanov (Fig. 3s, group VIII) is readily distinguishable from
all other studied species by leaf epidermis finely rugose on both sides bearing abaxially
papillae of low density. Aspidistra zinaidae Aver. & Tillich (Fig. 4m, group XI) likewise
possesses a unique set of traits, which is similar to that of A. minor and differs in me-
dium density of papillae.

We recognized no correlation between the morphological groups of species out-
lined above and geographical distribution of the species.

The availability of recognition of the morphological groups indicates that the char-
acters under study show an infraspecific variation that is narrow enough, and the in-
terspecific diversity that is broad enough to be applied to taxonomy for most of the
studied species of Aspidistra. In other words, the characters possess a taxonomic signal.
The identification key provided below is a reflection of this conclusion.

Table I. Groups of the examined specimens of Aspidistra recognized here, and traits on which the groups
are based.

Group  Type of shoot (leaves  Sculpture of adaxial Sculpture of abaxial ~ Density of papillae on

solitary/tufted) epidermis epidermis abaxial epidermis

I tufted smooth/verrucose smooth/verrucose no papillae
I tufted smooth smooth/verrucose low

I solitary smooth/verrucose smooth no papillae
v solitary smooth/verrucose verrucose no papillae
\% solitary verrucose/rugose rugose no papillae
VI solitary smooth/verrucose smooth low
VII solitary smooth/verrucose verrucose low
VIII solitary rugose rugose low

IX solitary smooth smooth medium
X solitary smooth/verrucose verrucose medium
XI solitary rugose rugose medium
XII solitary smooth smooth high

XIII solitary verrucose/rugose verrucose/rugose high
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Correlations between leaf micromorphology and floral structure

Most of the groups of species outlined here on the basis of vegetative characters do not
show any correlation with floral traits. We were able to recognize only several cases of
such correlation, which are addressed below.

Aspidistra mirostigma Tillich & Skornick., A. phanluongii Vislobokov and A. sarcan-
tha Aver., Tillich, T.A.Le & K.S.Nguyen are similar in floral groundplan and shape: they
share trimerous flowers with urceolate perigone, short style and wide stigma with its mar-
gin adjoined to the wall of perigone tube (Vislobokov et al. 2013; Leong-Skorni¢kova et
al. 2014; Averyanov et al. 2019). These species are demonstrated here to share epapillate
leaf epidermis with verrucose sculpture at adaxial and abaxial surface, all belonging to
group IV (Fig. 2n, o, p). The micromorphological features are thus in concordance with
floral features in this group of species. At the same time, group IV comprises 13 more
species, and the floral diversity of the entire group is remarkable high.

Aspidistra atroviolacea Tillich and A. renatae Briuchler (treated as A. atroviolacea
var. renatae (Briuchler) Tillich & Aver. by Tillich and Averyanov 2018) are similar in
having dark violet campanulate perigone and mushroom-shaped pistil (i.e. with slen-
der style and hemispherical stigma) (Briuchler and Ngoc 2005; Tillich 2005). Both
species have epapillate smooth leaf epidermis (Figs 1n, 2b; belonging to group III),
again in concordance with the floral features.

A group of five species, A. corniculata Vislobokov, A. erosa, A. foliosa Tillich, A.
lubae Aver. & Tillich and A. multiflora Aver. & Tillich, shares trimerous flowers with
mostly reddish-purple campanulate perigone and mostly white mushroom-shaped
pistil (Tillich 2005; Averyanov and Tillich 2014, 2015; Averyanov et al. 2019; Vislo-
bokov et al. 2019a). This group is uniformly characterized by finely rugose surface of
abaxial leaf epidermis and absence of papillae (Figs 3a, ¢, ¢, f, g; group V). On the other
hand, A. locii Arnautov & Bogner (Fig. 3b, group V) and A. xuansonensis Vislobokov
(Fig. 3d; group V) have the same micromorphological traits, but possess distinctly dif-
ferent flowers.

Taxonomically uncertain groups of species in Aspidistra in the light of micro-
morphological data

The general stability of the micromorphological characters at the species level demon-
strated here in Aspidistra allows to discuss taxonomy of complicated groups of species
with employment of the newly obtained data.

Representatives of Aspidistra with tufted leaves (i.e., with several foliage leaves per
elementary shoot) were considered to form a group of closely related species (De Wil-
de and Vogel 2006; Tillich and Averyanov 2012). Various authors proposed different
taxonomic decisions to accommodate the diversity of plants with this morphology. The
entire group was regarded as a single variable species A. longifolia Hook f. s.1. by Phon-
sena and De Wilde (2010). Tillich and Averyanov (2012), in contrast, outlined the SE
Asian part of this group as A. hainanensis species complex comprising several species
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(and excluded A. longifolia s.str. decribed from Assam, India from this complex). Here
we follow the latter viewpoint, as it describes better the floral variation of these plants.
Within our study, the specimens of Aspidistra with tufted leaves form two morphologi-
cal groups (group I and II) which differ from each other in the presence of papillac on
leaf epidermis (absence vs. presence with low density). The leaf epidermis of all these
species is usually smooth but slightly tuberous in some cases. Although both characters
vary within A. hainanensis species complex, we consider the variation not to be very
significant for species delimitation, because it does not exceed the range of infraspecific
variation found in some other species (e.g. A. arnautovii and A. subrotata). Thus, our
data do not contradict the idea of phylogenetic closeness of these species.

Several other taxa with uncertain boundaries form a group here referred to as A.
subrotata species complex. It includes A. subrotata with several described infraspecific
taxa and A. connata with two proposed varieties. Aspidistra connata was recently sug-
gested to be treated as a synonym of A. subrotata, as the absence of any considerable
differences in their floral structure was shown during investigation of extensive mate-
rial (Averyanov et al. 2018). Aspidistra subrotata is one of the most widely distributed
species of the genus: it was originally described from China (Wan and Huang 1987),
and subsequently reported from numerous localities in Vietnam (Tillich 2005, 2014),
Thailand (Phonsena and De Wilde 2010) and Laos (Averyanov and Tillich 2017).
Aspidistra connata is also known from China (Xu et al. 2010) and Vietnam (Tillich
2005; Leong-Skornic¢kovi et al. 2014). Both species inhabit diverse habitats and show
extremely high diversity in size of flowers and leaves, shape of the leaf blade, and shape
and coloration of the stigma (Averyanov and Tillich 2017). In the present study, A.
subrotata and A. connata are expediently treated as distinct species in order to compare
their micromorphological characters. Eight specimens of A. subrotata and four speci-
mens of A. connata were investigated. We demonstrate that both species show very
high diversity of leaf micromorphology. In both species, sculpture of epidermis varies
between smooth and verrucose (but never rugose) adaxially as well as abaxially, and
the abaxial side varies from being completely epapillate to having medium density of
papillae. Accordingly, specimens of each species fall into several morphological groups
(A. subrotata — IV, V1, VIII, IX; A. connata — IV, VI, IX). Thus, features of leaf mi-
cromorphology do not provide any clues for delimitation of A. subrotata complex; on
the other hand, they do not contradict the idea of distinctness of A. subrotata and A.
connata, because the variation found in each species is higher than the variation found
in most other species of Aspidistra.

Key for identification of the studied species of Aspidistra based on epidermis
micromorphology and gross vegetative morphology

1 Leaves grouped on shoot by 3-5 (3—5 foliage leaves per elementary shoot),
sessile; blade narrowly elliptic to linear, 1-5 cm wide, 15-50 times as long as

- Leaves solitary (one leaf per elementary shoot), petiolate or sessile; blade of
VATIOUS SRAPE w.viiiiiiiiiiic e 6
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Adaxial epidermis epapillate; abaxial epidermis with sparse papillae (papillae

density low: 1-3.5 papillae per 0.01 mm?)....ccccooveiiininiiinininieininenens 3
Adaxial and abaxial epidermis epapillate ........cccoevveininiiiinininiiiinc 4
Epidermis smooth adaxially, verrucose abaxially...........ccccocuc... A. larutensis
Epidermis smooth on both sides...........cccccoiiiiiiiiiinniiiiiiccce,
................................. A. carnosa, A. hainanensis, A. longifolia, A. oviflora
Adaxial and abaxial epidermis smooth .......ccccevieiiiniiniiinic
A. graminifolia, A. hainanensis, A. linearifolia, A. oviflora, A. triradiata
Epidermis verrucose at least on one side.........ccceciviiiiiiiiiniiniiiiiie, 5
Epidermis smooth adaxially, verrucose abaxially..............c........ A. viridiflora
Epidermis verrucose on both sides ..........cccccoevivinncccane. A. yingjiangensis
Adaxial and abaxial epidermis smooth and epapillate; leaf petiolate ............ 7
Epidermis sculptured (verrucose or rugose) or papillate at least on one side;
leaf petiolate or SEsSile ....euiniiuiiriiiniiiiricicc s 9
Plant with aerial erect to ascending stem ca. 50 cm high................. A. erecta
Plant without aerial Stem ...........cooeeiiiiininiiiiicc e 8
Blade narrowly lanceolate to narrowly elliptic, 1.5-4.5 cm wide.........ccocune.
......................................................... A. atroviolacea, A. clausa, A. renatae

Blade ovate to elliptic, 5-15 cm wide... A. claviformis, A. dolichanthera, A.
Jingxiensis, A. lurida, A. petiolata, A. sessiliflora

Adaxial and abaxial epidermis epapillate ........ccoovevvevininiinininiininee. 10
Adaxial epidermis epapillate, abaxial epidermis papillate...............c.c.c....... 23
Epidermis verrucose at least on one side (and never rugose)...................... 11
Epidermis finely rugose at least on one side..........cccccevivirinieiininincnnen. 18
Plant With €rect SEM ....viivieeeeirieetiecreeee ettt ettt et ere e 12
Plant WithOUT €reCt STEM .....ecvveeveeerieriereereeeeeetee et e eteeeveeereeee e e eaeeereeere e 14
Aerial stem up to 50 cm high......cccooooiiiiii A. globosa
Aerial stem 3-20 cm high ..o 13
Aerial stem 3—5 cm high, blade 8-16 cm long........ccccccvvvvnennnee. A. laotica
Aerial stem ca. 20 cm high, blade 20-25 cm long...................... A. lateralis
Blade narrowly elliptic to narrowly lanceolate, 8-20 times as long as wide.... 15
Blade elliptic to ovate, 2—7 times as long as wide ........cccoceovriiniiininnns 16
Petiole 3—5 cm 1ong ......ccoveveuiiiiiiiiiiicce A. basalis
Petiole 15-32 cm long ....cocucviiiiiiiiiiiiiicci e
........................................ A. erosa, A. gracilis, A. subrotata var. angustifolia
Epidermis verrucose on both sides....A. bella, A. mirostigma, A. phanluongi,
A. sarcantha, A. subrotata, A. sutepensis, A. truongii, A. vietnamensis

Epidermis verrucose on one side, smooth on the other side.........c.cceucec.. 17
Petiole longer than blade..........cccccoeiiiiiiiiiicce A. medusa
Petiole equal to or shorter than blade...........c..cccc.... A. connata, A. typica
Epidermis finely rugose on both sides .........ccccovviiiiiiniiniiiiiie 19
Epidermis verrucose adaxially, finely rugose abaxially..........ccccccoovvireneee. 20
Blade 1.5-3.7 cm Wide «eeeeeeoeeeeeeeeeeeeeee e A. corniculata, A. foliosa

Blade 4-10 cm wWide ....ooooveiiuiiiiiiiccciee e A. multiflora
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20(18)
21
22

23(9)
24

25
26(23)
27

28

29
30(26)
31

32

33(30)

34

Vislobokov NA et al. / PhytoKeys 185: 65-86 (2021)

Blade elliptic, 5-11 cm wide.....ccoecevenreirinicnnnnnne. A. locii, A. xuansonensis
Blade lanceolate, 1.5—=5 cm Wide ...ooouvviiiiiiieiiiieeeeeeeeeee e eeee e 21
Blade equal to or insignificantly longer than petiole......................... A. erosa
Blade 2—10 times as long as petiole..........cccceiviiiiiiiniiiiiiiiii 22
Blade 12-20 cm long, 4-6 times as long as wide............. A. lubae var. lubae

Blade 20-35 cm long, 8—13 times as long as wide.... A. lubae var. lancifolia
Density of papillae on abaxial epidermis low (1-3.5 papillae per 0.01 mm?....24
Density of papillae on abaxial epidermis medium to high (4-45.5 papillae per

0.0 M) 1ttt ettt ettt e e e et e e e e e et e e e e e ettt e e s eennaaaeeeeas 26
Epidermis finely rugose on both sides.........cccocoeueiiiiinniiiinns A. minor
Epidermis smooth or verrucose on both sides ..........ccccoovvieiininnneaen. 25
Epidermis smooth on both sides............. A. fungilliformis, A. geastrum, A.
longipetala, A. papillata, A. tillichiana var. latifolia

Epidermis verrucose at least on one side.........ccccoeviiiiiiiiiiiiiiiiiii

... A. bicolor, A. clausa, A. connata, A. opaca, A. semiaperta, A. subrotata
Density of papillae on abaxial epidermis medium (4-7.5 papillae per 0.01

ITEINIZ) oeeeeee et e oo ettt e e e e e e e e eeeee et e e e e e seaateeeeeeateeeeeaaarteeesennaarees 27
Density of papillac on abaxial epidermis high (8-45.5 papillae per 0.01
ITEINIZ) ottt e oo ettt e e e e e aeeeeeee et e e e eesaeaateeeeeaaateeeeeeaaraeesseanaarees 30
Epidermis finely rugose on both sides .........ccccoevieiiinnnnnne. A. zinaidae
Epidermis smooth or verrucose on both sides ..........ccccoovvieicinninean. 28
Epidermis verrucose at least on one side.........ccccoeviiiiiiiiiiiiiniiii
.................... A. arnautovii, A. connata, A. nutans, A. opaca, A. subrotata
Epidermis smooth on both sides..........cccoceiiiniiiiiiiiiccie 29

Petiole 2-5 ¢m long, blade 37 times as long as petiole....A. lutea, A. sinensis
Petiole 9-28 cm long, blade equal to or insignificantly longer than petiole ...
............ A. hekouensis, A. longanensis, A. stricta, A. subrotata, A. superba
Epidermis finely rugose (rarely verrucose) on both sides..........cccceueueueneeee. 31
Epidermis smooth on both sides ..........cceceiiiiiiiiiiiiiicie 33
Rhizome with very short internodes (foliage leaves crowded); blade 20-30 x
8.5=13 CIM v A. jiewhoei
Rhizome with long internodes (foliage leaves spaced 8—25 mm apart); blade
10—17 X 5=8 CIM vttt 32
Petiole 10-15 c¢m long, blade 10-12 x 5 cm; epidermis finely rugose on both
SIS .. A. marasmioides
Petiole 15-20 c¢m long, blade 14-17 x 7-8 cm; epidermis finely rugose or
verrucose at least on one side .......cccooeviiiiiiiiiiiiiiii A. formosa
Blade narrowly lanceolate, 1.5-3 cm wide, 23-30 times as long as wide........
...................................................................................................... A. letreae
Blade lanceolate, elliptic or ovate, 5-14 cm wide, 6-9 times as long as wide....34
Petiole absent or inconSpiCuOUS .......cccveuiviiuiiiiiiiiiiiiiciecn A. bogneri
Petiole distinctly present, usually 30 cm long or longer..........ccccoeviiiiinn

....................................................................... A. grandiflora, A. magnifica
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Conclusions

Micromorphological characters of leaf epidermis show sufficiently high diversity in
the genus Aspidistra, and relatively low infraspecific variation in most of its species.
The following variable characters are recognized: sculpture of adaxial and abaxial
epidermis (smooth, verrucose and rugose) and the presence and density of papil-
lae at abaxial side of leaf (absent, with low, medium and high density). Combined
with characters of gross vegetative morphology, they allow recognition of 13 basic
types of vegetative morphology in Aspidistra. We constructed an identification key
for species of Aspidistra in sterile condition on the basis of the newly obtained
micromorphological data and earlier known macromorphological traits. The key
allows to identify a species to a group containing one to eight species. The results
demonstrate considerable taxonomic significance of micromorphological features

in Aspidistra.
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