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Abstract: The basalmost monocot genus Acorus is well-known for its use in traditional oriental
medicine. It comprises the groups of A. calamus and A. gramineus. A recent study recognized three
species in the latter group, A. gramineus, A. macrospadiceus, and A. tatarinowii. The material currently
known as A. tatarinowii has been extensively studied as a source of various chemical compounds
and for producing the first published genome of Acorus, which is important for understanding the
origin and evolution of monocots. Using the data from morphology, anatomy, and biogeography, we
argue that the type material of A. tatarinowii does not match the interpretation of the species name as
adopted in the current literature and herbarium collections (to a taxon of the A. gramineus group from
Southeast Asia) but rather belongs to the A. calamus group. Moreover, the name A. macrospadiceus
also cannot be used because it was invalidly published. Under a narrow species concept, other
appropriate species names should be found or proposed for the plants currently named A. tatarinowii
and A. macrospadiceus. However, we discourage the use of a narrow species concept in the A. gramineus
group as insufficiently justified and suggest recognizing a single polymorphic species, A. gramineus
s.l., at least until a comprehensive taxonomic revision of the group is available. Apart from the
presentation of our revised taxonomic framework, we update the geographical distributions of Acorus
species in Vietnam, Laos, and Thailand.

Keywords: Acorales; Changpu; China; herbal medicine; monocots; nomenclature; nuclear genome;
Shichangpu; Vietnam

1. Introduction

Accurate naming of plant material used in genomic, biochemical, pharmaceutical,
ethnobotanical, and other studies is essential for the replicability of the results and their
proper use. The naming of plant material is regulated by the principle of nomenclatural
priority along with the use of reference specimens called types [1]. Type specimens are plant
collections used by the author while describing a particular plant species and proposing its
scientific name. Such specimens serve as a permanent link between the original publication,
in which a plant name is established, and the biological species as a natural phenomenon.
Due to this link, a plant name remains permanently attached to the species in a certain and
unambiguous way. When some essential information on plant characters is not indicated
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in the original species description (=protologue), the missing information can be obtained
by an examination of its type specimens. This procedure is legally formalised in the
International Code of Nomenclature for algae, fungi, and plants [1], whose rules have a
binding effect.

The basal monocot order Acorales Reveal includes a single family, Acoraceae Marti-
nov, and the only genus, Acorus L. [2,3]. An early phase of taxonomic studies of Acorus
(then classified in Araceae Juss.) culminated in an important monograph by H.W. Schott
published in 1860 that recognized as many as nine species of the genus [4], of which five
were established by Schott as new to science. In a follow-up publication, Schott described
four more species of the genus [5]. Diagnostic characters of species recognized by Schott
mainly included the size and shape of basic organs, such as the leaf, inflorescence (spadix),
and spathe as well as the spathe-to-spadix length ratio. In addition, some seed and ovule
characters were mentioned, but those of ovules provided little differentiation between
species while those of seeds were very inconsistently mentioned. In the next fundamental
monograph of Araceae published in 1905, A. Engler recognized only two species of the
genus, A. calamus L. and A. gramineus Sol. ex Aiton [6]. He considered that the size and
shape parameters used by Schott were not convincing, and concluded that for the most part,
the species proposed by Schott and others cannot be recognised even as varieties. Even
when some subsequent authors recognised more than two species in the genus, Engler’s
idea of two major groups of Acorus was commonly accepted.

The A. gramineus group is native to Japan (except Hokkaido), southern Korea, main-
land China (except its northern and western parts), Hainan, Taiwan, Luzon Island in the
Philippines, Vietnam, Laos, Cambodia, Thailand, Myanmar and northeast India [7–9].
There are also reports of A. gramineus from E Siberia (Russia) [7,8,10,11], but Russian
regional floristic accounts do not support them [12,13] and we were unable to find any
herbarium specimens from Russia. The A. calamus group has a wide native range in tem-
perate N America and in temperate to mountain tropical Asia, extending northwards up to
ca 63◦ N in Yakutia (Russia) [7–9,12–16]. Members of both groups are cultivated in various
parts of the world as medicinal and ornamental plants; as a result of ancient medicinal
use, A. calamus is widely naturalized in Europe [17–21]. This human-assisted dispersal
complicates taxonomic studies of the genus and obscures the natural distribution areas of
its species.

Among the most comprehensive literature sources on plants of Southeast Asia, Flore
générale de l’Indo-Chine [22], Flora of China [7], Flora Malesiana [8], and Flora of Thailand [9]
followed Engler [6] in accepting one polymorphic species in each of the two groups of
Acorus (A. calamus s.l. and A. gramineus s.l.). Some other authorities, most notably in
China, recognized more than one species within the A. gramineus group [10,21,23–29]. For
example, a recent study by Cheng et al. used data on two plastid markers and comparative
metabolomics to support the recognition of three species of the A. gramineus group in China,
namely, A. gramineus, A. tatarinowii Schott, and A. macrospadiceus (Yamam.) F.N. Wei & Y.K.
Li [27]. Unfortunately, Cheng et al. [27] did not cite and discuss an earlier molecular-based
study that revealed a polyphyletic nature of A. tatarinowii [30], a paper that described two
more species of the A. gramineus group from China (A. latifolius Z.Y. Zhu and A. xiangyeus
Z.Y. Zhu) [28], and a morphology-based paper that suggested combining A. macrospadiceus,
A. latifolius and A. tatarinowii as one and the same species [29].

Plants currently assigned to A. tatarinowii [10,23–27] are widely used in Chinese herbal
medicine and have been extensively studied as a source of various chemical compounds
of, for example, pharmacological importance [31–45]. A recent study provided a detailed
analysis of the genome of A. tatarinowii [46]. Being the first published genome of the basal
monocot order Acorales, it is highly important for understanding the origin and evolution
of monocots [46].

Due to the lack of a recent taxonomic revision, the nomenclature of some species
in Acorus accepted in the current literature is problematic and requires clarification. For
example, some publications regard A. gramineus as a synonym or potential synonym of
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A. tatarinowii [43–46], an approach that contradicts the principle of nomenclatural priority
because the species name A. gramineus was published in 1789 [47], long before the publi-
cation of the species name A. tatarinowii in 1859 [48]. Even if considered distinct from A.
gramineus, the use of the name A. tatarinowii is not straightforward because the original
description of A. tatarinowii provided by Schott [48], as well as the description of the species
in his monograph [4], does not include the most important taxonomic character, namely
the presence or absence of a midrib on the leaf blade. Therefore, it is difficult to figure
out based solely on the descriptions whether Schott named a member of the A. calamus
group or a member of the A. gramineus group. The only way of resolving this problem is
a thorough examination of the original (type) material. We traced the type material of A.
tatarinowii in herbarium collections of the Komarov Botanical Institute, St.-Petersburg (LE).
Its detailed analysis and taxonomic identity are provided in the present paper, together
with an updated overview of morphological differences between the two major groups of
the genus Acorus, and the nomenclatural implications of our discoveries.

2. Materials and Methods
2.1. Morphology and Anatomy

Herbarium collections of the Komarov Botanical Institute (LE) and Moscow State
University (MW) were used to study the morphology of Acorus specimens. In addition,
digital herbarium collections (E, L, M, MO, P, PE) were used to verify the geographical
distributions of Acorus in Southeast Asia. For the leaf anatomy, leaf fragments taken from
isotype specimens of A. tatarinowii (LE) were rehydrated in hot water and transferred
into 70% ethanol. Free-hand cross sections were made and observed in glycerol with an
Olympus SZX-4 microscope. In addition, free-hand sections of leaves of A. calamus s.l. and
A. gramineus s.l. were made using material from the spirit collection of the Department of
Higher Plants of Moscow University.

2.2. Nomenclatural Analysis

As the curatorial history of old collections at LE had seldom been described, we
analysed herbarium labels of the original specimens in order to uncover their history
of owning, curatorial handling, and taxonomic studies. This analysis was based on the
published history of herbarium collections [49–54] and the first-hand curatorial experience
and expertise of the authors. On the occasion of the present work, the collections of A.A.
Tatarinov from China were examined and treated by one of us (ANS) in detail in a separate
paper [55]; this treatment was used here as a historical background. The protologue of
A. tatarinowii [48] was analysed and the nomenclatural status of the original herbarium
collections was determined according to the rules of plant nomenclature [1].

3. Morphological Differences between the Acorus calamus Group and the
A. gramineus Group

The A. gramineus group and the A. calamus group are morphologically well-defined.
Although the ranges of their variation overlap, the A. calamus group includes generally taller
plants (with longer leaves) than the A. gramineus group. The leaf length ranges between
45 and 175 cm in the A. calamus group and between 15 and 85 cm in the A. gramineus
group [7,9,19,24].

In the Old World, where their distribution ranges partially overlap, the A. calamus
group can be distinguished from the A. gramineus group by the presence (vs. absence) of a
secondary midrib on its leaf blade (Figures 1 and 2A–E) [6–9,16,22]. The midrib in Acorus
is a more complex structure than just a large vascular bundle and represents a prominent
swelling of the leaf blade with separate vascular bundles (often more than one) on either
side of a leaf [16,56]. The leaf blade of Acorus is ensiform (unifacial) and thus flattened
in a vertical plane. Its midrib is therefore not homologous to that of a typical bifacial
angiosperm leaf. It should be better called a secondary midrib [56].
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Figure 1. Morphological differences between the Acorus gramineus group (A) and the A. calamus group
(B–D). (A) Narrow, yellow anthetic inflorescence and leaves lacking a midrib; N Vietnam, Lao Cai
province, Sa Pa district (Nuraliev and Sokoloff 259; MW: MW0734438). (B) Fruiting inflorescence and
leaves; Russia, Primorsky Krai, Mikhaylovsky district. (C) Broad and green anthetic inflorescence;
Russia, Moscow region, Odintsovky district (naturalized). (D) Leaf blades with midribs; same plant
as in (C). Photos by D.D. Sokoloff.
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Figure 2. Taxonomically useful characters of the leaf blade in Acorus. (A–F) details of leaf blades in
herbarium collections. (A–C) the A. gramineus group: a secondary midrib is absent, marginal swellings
are conspicuous. (A) Japan, Maximowicz s.n. (LE: LE 01193002). (B) N Vietnam, Soviet-Vietnamese
Expedition LX-VN 3883 (LE: LE 01193022). (C) S Vietnam, Averyanov et al. VH 015 (LE: LE 01193215).
(D–F) the A. calamus group. (D) European Russia, Tikhomirov et al. 13833 (MW: MW0281203): a
secondary midrib is present, marginal bundles inconspicuous (such leaves are also common in Asian
plants). (E) Bhutan, Griffith 5941 (LE: LE 01082877): a secondary midrib is present, marginal bundles
conspicuous. (F) Canada, Boivin and Mosquin 10866 (MW: MW0572409, A. americanus): a secondary
midrib is absent, marginal bundles inconspicuous. (G–J) Anatomy of a secondary margin of the leaf
blade. (G,H) Acorus gramineus (spirit collection: Japan, Remizowa et al. s.n., MW). (I) Acorus calamus
s.l. (spirit collection: Russia, Primorsky Krai, Krestov et al. D47, MW). (J) Isotype of A. tatarinowii (LE:
LE 01182327). Scale bars: 5 mm (A–F), 0.2 mm (G,I), 0.1 mm (H,J).
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There is a native North American member of the A. calamus group that apparently
deserves recognition at the rank of species, i.e., A. americanus (Raf.) Raf. [19,57]. The main
diagnostic character of A. americanus is the absence of a secondary midrib (Figure 2F). In
this respect, the species resembles the A. gramineus group, but in spadix morphology (see
below), A. americanus is similar to the Asian members of the A. calamus group. An analysis
based on ample material revealed that the leaf length in A. americanus varies between 45
and 145 cm with a mean value of 94.31 cm [19], which exceeds the maximum leaf length
observed in the A. gramineus group [24]. To our knowledge, the placement of A. americanus
into the A. calamus group has never been questioned in previous studies, and we hereby
support this view. This placement is well justified by molecular phylogenetic data [30].

We revealed an additional leaf character that allows distinguishing members of the
A. gramineus group from those of the A. calamus group, including A. americanus. It was
not mentioned in the latest account on the vegetative anatomy of Acoraceae [58]. In the
A. gramineus group, the leaf blade has prominent marginal swellings (Figure 2A–C). More
precisely, these are swellings of secondary leaf margins, because the leaf blade of Acorus
is ensiform and its margins are not homologous to true leaf margins of bifacial leaves; in
ensiform leaves, one margin is adaxial and the other one is abaxial [56]. Anatomically,
a vascular bundle surrounded by abundant chlorenchyma is present along either leaf
margin (Figure 2G,H). Figure 2I shows a leaf margin of A. calamus s.l. without such a
swelling, for comparison. Note that the presence of a marginal bundle as such has no
taxonomic significance. In this case, it is an amount of parenchymatous (photosynthetic)
tissue surrounding the marginal bundle that has diagnostic value. As shown in illustrations
in our earlier paper (Figure 14 in [16]), the size and arrangement of marginal bundles
vary among specimens belonging to the A. calamus group. The marginal bundles are
either inconspicuous (Figure 2D) or conspicuous but not forming pronounced swellings
(Figure 2E) in the A. calamus group. It is important that the presence or absence of marginal
swellings can be examined using herbarium material without making anatomical sections,
i.e., leaving the specimen intact (Figure 2A–F). The marginal swellings are especially easily
recognisable by running a fingernail toward the edge of the leaf blade. In particular, the
absence of marginal swelling distinguishes the leaf blade of A. americanus from that of A.
gramineus s.l. despite the absence of the secondary midrib (Figure 2F).

The spadix axis is narrower in the A. gramineus group than in the A. calamus group
(Figure 1). Bogner [8] reported the spadix to be 0.6–1.2(–1.5) cm in diameter in A. calamus s.l.
and (0.3–)0.4–0.6(–0.7) cm in diameter in A. gramineus s.l. These measurements apparently
cover both anthetic and postanthetic inflorescences of each species. The spadix diameter
increases after anthesis [16].

A spadix character that is not biased by developmental stages is the number of vertical
rows (orthostichies) of flowers (Figure 1A,C). According to our observations, as few as
5–9(10) vertical rows (orthostichies) of flowers are typically seen in the side view of the
spadix in A. gramineus s.l. (i.e., approximately in a longitudinal half of the spadix). In
contrast, 11 or more vertical rows of flowers are typically observed in the side view of the
spadix in A. calamus s.l. In addition, the anthetic spadix is yellow to white in A. gramineus
and greenish in A. calamus.

4. Nomenclatural Treatment of Acorus tatarinowii
4.1. Formal Nomenclature

Acorus tatarinowii Schott, Oesterr. Bot. Z. 9: 101 (1859).
Type: CHINA. Beijing, Changping District: “in a small river near hot springs in

Tangshan [Xiaotangshan]”, 1840s, A.A. Tatarinov s.n. (holotype LE: LE 01182329!; isotypes
LE: LE 01182325!, 01182326!, 01182327!) Figure 3.
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isotype (LE 01182326); (E) isotype (LE 01182325); (B–E) are four times magnified relative to (A), for 
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rows (orthostichies) of flowers can be recognized in (E) each passing through one of the blue dots. 

Figure 3. Type gathering of Acorus tatarinowii (Tatarinov s.n.). (A–C) holotype (LE 01182329); (D)
isotype (LE 01182326); (E) isotype (LE 01182325); (B–E) are four times magnified relative to (A), for
which a scale is provided. (A) complete specimen. (B) spadix. (C) detail of the leaf blade with a
pronounced midrib. (D) spadix. (E) detail of the leaf blade with a pronounced midrib and detail of
the spadix. Blue dots are added on (D,E) to show centres of individual flowers. About 14 vertical
rows (orthostichies) of flowers can be recognized in (E) each passing through one of the blue dots.
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4.2. Nomenclatural History

Acorus tatarinowii was described by Schott in 1859 [48] on the basis of herbarium mate-
rial collected by Alexander A. Tatarinov (contemporary German spelling ‘Tatarinow’). The
provenance of the material was indicated in the protologue as “China (Pekin)”, implying
that the material was collected in or near Beijing City in China.

As Tatarinov was a Russian collector and Schott’s herbarium of aroid plants was
destroyed in Vienna during the Second World War [59], we searched for the original
material of A. tatarinowii at the Herbarium of the Komarov Botanical Institute (LE), where
the early Russian collections from China are known to be deposited [60]. Four historical
specimens (herbarium sheets) relevant to this species and collected in China near Beijing
were found. Their label information, shown in Figure 4, is transcribed and analysed in
detail in Table 1. This information allowed us to determine the history of these specimens,
their collector’s name, collection locality and period, and their relevance to the typification
of the species name.
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Table 1. Analysis of the label information from the original collections of Acorus tatarinowii at LE.
Handwritings are identified according to Sennikov [55]. For label images, see Figure 4.

Specimen Barcode Script Verbatim Translation or
Transcription

Authority of
Handwriting Notes

LE 01182325

Acorus Calamus L. (кит.
cянъ-пy) Iюнь. близъ
тeплыxъ вoдъ, въ
25 вepcтaxъ oтъ Πeкинa

Acorus Calamus L.
(Changpu in Chinese)
June, near hot springs,
25 versts [=26.5 km]
from Beijing

unknown copyist original label

Kиpилoв P.Ye. Kirilov V.L. Komarov
erroneous collector’s
name, curatorial
annotation

LE 01182326

non remitt[endum] should not be given
away F.J. Ruprecht

curatorial annotation,
applied by Ruprecht to
most important
specimens which cannot
be used for exchange

Acorus Calamus var.? F.J. Ruprecht curatorial annotation

Herb. Acad. Petrop.
Fl. Pekin.
Dr. Tatarinow, acc. 1856.

Herbarium of the
Imperial Academy of
Sciences in
St.-Petersburg
Flora of Beijing
Dr. A.A. Tatarinov,
acquired in 1856

printed curatorial label of
the Botanical Museum,
with collecting area,
collector’s name, and
accession year

LE 01182327

Acorus Calamus L. A.A. Tatarinov taxonomic revision,
identification label

Herb. Acad. Petrop.
Fl. Pekin.
Dr. Tatarinow, acc. 1856.

Herbarium of the
Imperial Academy of
Sciences in
St.-Petersburg
Flora of Beijing
Dr. A.A. Tatarinov,
acquired in 1856

printed curatorial label of
the Botanical Museum,
with collecting area,
collector’s name, and
accession year

cянъ-пy. Iюнь–в p
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The specimens, denoted by their curatorial barcodes, are analysed in detail below. The
history of each specimen is described and interpreted according to the historical analysis of
Tatarinov’s herbarium collection [55]. Based on its history of treatment and handling, the
total collection of Tatarinov was subdivided into three main sets [55], which are represented
in the original material of A. tatarinowii. This history accounts for the striking differences
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observed in the style, handwriting, and even text of the labels in individual specimens,
thus obscuring their attribution and type status [55].

4.3. Original Material

(1) LE 01182329. The specimen bears an original label in Tatarinov’s hand, which
allows its attribution to the first set of his collections as recognized by Sennikov [55]. LE
01182329 also bears a taxonomic annotation written by Schott. The label is annotated curato-
rially to indicate that the specimen belonged to the personal herbarium of F.E.L. von Fischer,
which was incorporated into the Imperial Botanical Garden in St.-Petersburg after Fischer’s
death, thus agreeing with the history of the first set [50,55]. The curatorial annotation,
written by F. Körnicke [55], erroneously assumes that the specimen was probably collected
by Porphyri Ye. Kirilov, a physician at the 11th Russian Orthodox Ecclesiastical Mission in
Beijing, who resided in China during 1830–1840 [51]. The inflorescence of this specimen is
slightly damaged, indicating that its flowers were used by Schott for his taxonomic analysis.

Heinrich Wilhelm Schott, then Director of the Imperial Gardens at Schönbrunn Palace
(Hietzing, Vienna, Austria), received several specimens of various aroids on loan from
the Imperial Botanical Garden in St.-Petersburg, which were cited in his monograph [4].
Three of these specimens, referred to three species newly described by Schott, were cited
as collected from “Pekin” (Beijing). We traced these specimens at LE and realised that,
according to their labels, they all belonged to the same set of Tatarinov’s collection kept
at the Botanical Garden, in agreement with the statement in [51]. Indeed, their original
labels written in the same style were annotated by Körnicke who was an assistant curator
at the Garden under the directorship of E. Regel during 1856–1858 [50]. This fact overturns
the erroneous statement in Schott’s monograph [4] that two of these specimens, including
the material of A. tatarinowii (LE 01182329), were received from the Botanical Museum in
St.-Petersburg; the specimens kept at the Museum were labelled differently [55] and were
actually not sent on loan to Schott.

The first species of Araceae described by Schott from Beijing, Pinellia pedatisecta Schott
dated 1857 [61], was published with the correct statement of the holding institution (Impe-
rial Botanical Garden in St.-Petersburg) but without the collector data, since the collector’s
name was originally absent from the label and was not added to the label curatorially. For
the other two species, Acorus tatarinowii Schott [48] and Arisaema tatarinowii Schott [62],
both published in 1859, the holding institution was omitted but the collector’s name was
indicated correctly, in spite of the erroneous curatorial statement; this correction may
be explained by the follow-up correspondence with St.-Petersburg, most probably from
F. Ruprecht, Director of the Botanical Museum, who was already experienced with the
collections of Tatarinov [55].

(2) LE 01182327. This specimen of A. tatarinowii bears a different label but also in Tatari-
nov’s hand. It belongs to the second set of his collections as recognized by Sennikov [55],
which was handled separately from the first set by Pavel F. Horaninov at the Imperial
Medico-Chirurgical Academy in St.-Petersburg and subsequently sold to the Botanical
Museum of the Imperial Academy of Sciences in St.-Petersburg, most likely in 1856 [55].

(3) LE 01182326 has the same curatorial label as LE 01182327. The lack of original labels
on this specimen indicates that it was curatorially separated from LE 01182327 because of
its exceedingly large amount of plant material, which did not fit a single herbarium sheet.

(4) LE 01182325 was attributed by V.L. Komarov, then Curator at the Botanical Garden,
to P.Ye. Kirilov. This attribution is erroneous, and the specimen actually belongs to the third
set of Tatarinov’s collections as recognized by Sennikov [55], which was labelled differently
in another hand and acquired separately by the Botanical Garden [55]. This specimen was
not available to any researcher during the 19th century, including Schott [55].

4.4. Nomenclatural Discussion

Since the labels of A. tatarinowii, which belong to the first (LE 01182329), second (LE
01182326 and LE 01182327), and third (LE 01182325) sets of Tatarinov’s collections, contain
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the same essential information, we conclude that these plants were collected in the same
place by Tatarinov himself. As the plants and their label data are practically identical, we
assume, in the absence of any counter-evidence, that they were collected at the same time.
This conclusion agrees with the practice of handling herbarium specimens in Tatarinov’s
collections when a single bulk of plants of the same species was subsequently divided into
separate sets with the same label data, which therefore denote parts of the same original
collection [55]. In curatorial practice, such herbarium specimens are called duplicates of
the same gathering. According to the rules of plant nomenclature, such specimens in the
type collection are also duplicates in the nomenclatural sense [1].

As discussed above, only the first set of Tatarinov’s collections, kept at the Imperial
Botanical Garden in St.-Petersburg, was examined by Schott and became the basis of his
new species described from “Pekin”. Based on this analysis, we conclude that the only
specimen examined by Schott for the original description of A. tatarinowii was LE 01182329,
which is necessarily the holotype, whereas its duplicates (LE 01182325, 01182326, 01182327)
are therefore isotypes. This specimen determines the taxonomic application of the species
name A. tatarinowii according to the rules of plant nomenclature [1].

The type locality of A. tatarinowii is a small river near the Xiaotangshan hot springs
[40.175◦ N, 116.39◦ E], ca. 25 km north of Beijing (Figure 5), which was a fashionable resort
at that time. This place is situated close to the road from Beijing to Kiakhta, which was used
by Russian travellers in the 19th century. The plants were repeatedly collected or observed
in the same locality by various botanists starting from Bunge [63].
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Figure 5. Geographical localities of plant material currently (and erroneously) assigned to Acorus
tatarinowii as provided by GBIF (https://www.gbif.org/, accessed 26 November 2022). The map
is based on 106 georeferenced records of ‘A. tatarinowii’, 37 of which were supplied with images
of herbarium specimens. Manual inspection revealed that all 37 specimens in fact belong to the A.
gramineus group. White star indicates the type locality of A. tatarinowii (belonging to the A. calamus
group).

5. Taxonomic Identity of Acorus tatarinowii

The morphology of the holotype and all three isotypes of A. tatarinowii leave no doubt
that they belong to the A. calamus group.

https://www.gbif.org/
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In all four specimens, leaves have a well-defined secondary midrib (Figure 3). This
feature has never been recorded in any member of the A. gramineus group [6–9,22–25,27–30].
Bundles at secondary leaf margins are inconspicuous (Figure 3E) or pronounced (Figure 3C)
when examined in dry specimens, but no marginal swellings were found (Figure 2J). The
leaf margin structure falls within the limits of the variation found in the A. calamus group
(Figure 2D,E). We measured the length of the longest leaves in two specimens of the
type collection, whereas the two other specimens (LE 01182326 and LE 01182329) have
incomplete tips of the longest leaves. The longest leaf is 73 cm long in LE 01182327 and
76 cm long in LE 01182325. These measurements fall into the interval where the ranges of
leaf length variation overlap between the A. calamus group and the A. gramineus group, but
disagree remarkably with the range (20–50 cm) that was indicated for ‘A. tatarinowii’ by
Cheng et al. [27].

The spadix morphology of the holotype and all three isotypes of A. tatarinowii also
supports their placement in the A. calamus group. Inflorescences of the type material of
A. tatarinowii have more than 11 vertical rows of flowers in the side view (Figure 3) as
characteristic of the A. calamus group. Thus, our data unambiguously suggest that the name
A. tatarinowii cannot be applied to any segregate species belonging to the A. gramineus
group.

Apart from the morphological evidence, the geographical locality of the type material
of A. tatarinowii is also instructive. The material was collected in the northern part of
China, near Beijing, and originated from a natural locality rather than from cultivation.
However, according to Flora of China [7], the native occurrence of the A. gramineus group
was not recorded from Beijing or the neighbouring Hebei and Tianjin provinces. The Flora
Reipublicae Popularis Sinicae recognized ‘A. tatarinowii’ as a distinct species within the A.
gramineus group, and described its range as not extending beyond the Yellow River (the
Huang He River) to the north [23]. More recent publications recognizing ‘A. tatarinowii’
also implied that the species occurs south of the Yellow River [64–66]. This distribution
range does not include the actual type locality of A. tatarinowii, indicating a misapplication
of the species’ name (Figure 5).

6. The Concept of Three Narrowly Defined Species in the A. gramineus Group Is Still
Insufficiently Justified

The most recent taxonomic study on Acorus recognized three species of the A. gramineus
group in China: A. gramineus, ‘A. tatarinowii’ and A. macrospadiceus [27]. From a nomencla-
ture standpoint, the current use of both segregate species names is incorrect. In addition to
the misapplication of the name A. tatarinowii discussed above, the name ‘A. macrospadiceus
(Yamam.) F.N. Wei & Y.K. Li’ has not been properly published. Wei and Li [24] intended to
publish a new combination based on ‘A. gramineus var. macrospadiceus Yamam.’, but this
varietal name was proposed by Yamamoto in 1943 [67] without a validating description
or diagnosis in Latin, which was strictly required in 1935–2011. Although Wei and Li in
1985 [24] provided a Latin description for their species, which was technically new at that
time, they did not designate its type as required for the publication of new species names
since 1958. In spite of some use and limited acceptance, the species name ‘A. macrospadiceus’
remains invalidly published and cannot be considered available under the rules of plant
nomenclature [1].

The main morphological character proposed to distinguish the three species of the
A. gramineus group is leaf dimensions, which were stated as 20–30 × <0.7 cm in A.
gramineus s.str., 20–50 × 0.7–1.3 cm in so-called ‘A. tatarinowii’ and 30–85 × 0.7–1.5 cm in ‘A.
macrospadiceus’. The overlapping nature of this character makes its use in the identification
of plant material problematic.

One cannot exclude that molecular and metabolomic data provide a better basis for
recognizing narrowly defined species than can be offered by morphology. However, the
two available molecular phylogenetic studies [27,30] showed contradictory results. The
so-called ‘A. tatarinowii’ is monophyletic according to Cheng et al. [27], but polyphyletic
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according to Zhang [30]. This may be partly explained by differences in the sampling of
plant material. Zhang [30] used some important accessions not employed in the study of
Cheng et al. [27], including those identified as two additional members of the A. gramineus
group, A. latifolius and A. xiangyeus, both described from Sichuan, China [28].

According to the protologue, A. latifolius is characterized by leaves 25–55 cm long and
1.5–2.5 cm wide. The leaf width range indicated for A. latifolius [28,30] is beyond the ranges
of variation of all three species recognized by Cheng et al. [27]. Flora of China [7] treated
A. latifolius as a synonym of A. gramineus s.l., whereas Flora of Thailand [9] placed it in the
synonymy of A. calamus s.l. The photograph provided in the protologue [28] suggests that
A. latifolius belongs to the A. gramineus group. This is further supported by the molecular
phylogenetic data of Zhang [30] based on the material of A. latifolius from locus classicus.
Acorus xiangyeus is described as resembling A. gramineus s.str., but is distinguished by even
narrower leaves (0.2–0.4(0.5) mm wide), shorter spadix and spatha, and the absence of
normally developed fruits [28].

According to Zhang [30], an accession of ‘A. tatarinowii’ from Sichuan was closest to
A. latifolius whereas two other accessions of ‘A. tatarinowii’ (from Hong Kong and Hainan)
were closer to accessions identified as A. gramineus, A. xiangyeus (material from locus
classicus), and ‘A. macrospadiceus’. Cheng et al. [27] did not study any material from Hong
Kong or Hainan. They apparently did not include any sample identified as A. latifolius or
A. xiangyeus. At least, these two names were not mentioned in their paper [27].

A study of leaf morphology and anatomy suggested combining ‘A. macrospadiceus’, A.
latifolius and ‘A. tatarinowii’ as one and the same species [29], but this hypothesis cannot be
properly tested using the molecular data of Cheng et al. [27] because of limited sampling
in the latter study. Based on the above discussion, we conclude that the concept of three
(or more) narrowly defined species of the A. gramineus group [27] is still insufficiently
justified. This conclusion fits well with the ideas of Engler [6], Bogner [8], Boyce [9], and
others who acknowledged the occurrence of a high morphological variation within A.
gramineus s.l., but found it impossible to distinguish narrowly defined species based on this
variation. In the current state of knowledge, the wide species concept is more appropriate
to use, especially because the monophyly of the A. gramineus group has been convincingly
demonstrated [27,30]. We, therefore, suggest that the plant material that was incorrectly
referred to in recent publications as ‘A. tatarinowii’ should be interpreted as belonging to
a single polymorphic species, A. gramineus s.l., at least until a comprehensive taxonomic
revision of the group is available.

7. Distribution of Acorus in Eastern Indochina and Thailand

Both the A. calamus group and the A. gramineus group occur in tropical Southeast Asia,
but details of their distribution require further clarification.

The treatment of Boyce in Flora of Thailand [9] provides detailed morphological and
ecological accounts of A. gramineus s.l. and A. calamus s.l. that fully agree with our
observations on A. gramineus in Vietnam and Japan and A. calamus in Russia. According to
Boyce [9], A. calamus s.l. is locally distributed in northern Thailand (Chiang Rai province)
where it grows in swamps, along pond sides, and in standing water at elevations below
2800 m. It is also cultivated in Thailand [9]. Acorus gramineus s.l. has a wider distribution in
Thailand and tends to occur at lower elevations (below 2600 m) where it grows in dense
forests, moist rocky stream banks, and meadows, often occurring as a rheophyte [9]. Boyce
correctly placed A. tatarinowii in the synonymy of A. calamus under the wide species concept
adopted by him for the genus [9]. However, his view appeared to contradict the treatment
in Flora of China [7] that placed A. tatarinowii in the synonymy of A. gramineus. Boyce also
did not mention that the name A. tatarinowii has been widely used for a member of the A.
gramineus group [9]. The synonymy provided by Boyce has been followed by POWO [68]
and implemented by GBIF [69].

A checklist for the seed plants of Cambodia [70] accepted A. calamus (and separately A.
calamus var. angustatus Besser, another invalidly published name) and A. gramineus. A
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checklist of the vascular plants of Lao PDR [71] listed three species: A. calamus, A. gramineus
and A. verus (L.) Raf. (the latter name is a synonym of A. calamus [9]). An illustrated flora
of Vietnam [25] reported the presence of two native species in the country, A. gramineus
and A. tatarinowii. We studied extensive collections identified as A. tatarinowii in LE and
MW Herbaria and in available digital resources. Our examination demonstrated that
specimens from Thailand, Laos, and Vietnam currently identified as A. tatarinowii belong to
the A. gramineus group, which indicates the same misidentification as in China. Due to the
discrepant interpretations, taxonomic algorithms used in GBIF [69], the greatest aggregator
of biodiversity distribution data in the world, re-classify all specimens originally identified
as A. tatarinowii (and belonging to A. gramineus s.l.) under the wide concept of A. calamus
according to the synonymy from POWO [68]. Therefore, an impression of the abundance
of A. calamus in southeast China and Indochina that comes from the analysis of GBIF data
should be taken with caution.

Herbarium-based data on the distribution of A. calamus s.l. in Eastern Indochina and
Thailand are further biased by incorrectly identified specimens. We re-identified as A.
gramineus s.l. the following specimens originally named as A. calamus.

LAOS. Vientiane province: vicinity of Kasi (Na Mon), undergrowth semi-dense forest,
ca. 450 m, 2 March 1994, J.E. Vidal and B. Svengsuksa 86 (P: P06491951).

THAILAND. Chiang Rai province: Khun Chae National Park, lower montane forest,
nature trail from headquarters, on rocks near streams, 950 m, 16 March 2005, R. Pooma, K.
Phattarahirankanok, S. Sirimongkol, M. Poopath 4845 (E: E00318527; L: L.1408913); [Chiang
Mai province:] Doi Suthep, 500–800 m, 30 December 1904, C.C. Hosseus 286 (M: M-0168505);
Chiang Mai province: Doi Inthanon, evergreen forest, epilithic in a stream, 18◦40′ N
98◦25′ E, 1400 m [mistake?], 3 January 1975, R. Geesink, P.H. Hiepko, C. Phengklai 8053 (L:
L.1408916); Chiang Mai province: [Doi Inthanon National Park], Siriphum waterfall, on
stone along a stream, ca. 1400 m, 25 June 1978, C. Phengklai, M.N. Tamura, C. Niyomdham,
B. Sangkhachand 4095 (L: L.1408915); Chaiyaphum province: Ban Nam Phrom, Chulaborn
dam, the evergreen forest along a stream on sandstone, in streamlet, 15◦40′ N 102◦00′ E
[mistake?], 800 m, 26 May 1974, R. Geesink, T. Hattink, C. Phengklai 7000 (L: L.1408914; P:
P00251691).

VIETNAM. Quang Ninh province: Ha Tu, in the stream, T. Canh 260 (B: B100001586);
Hoa Binh province: the road from Hanoi to Hoa Binh, Muong Thon, swamp at foot of
limestone hill, 15 March 1941, in the stream bed, in the water, P.A. Pételot 7582 (P: P01797767,
P01797768); [Khanh Hoa province:] Nha Trang area, West of Nha Trang, 4 July 1922,
E. Poilane 4352 (L: L.3716329; P: P02074719); Lam Dong province: Don Duong, Ca Do,
2 January 1983, L.V. Averyanov et al. LX-VN 1126 (LE: LE01193210).

All the specimens listed above fit the diagnostic characteristics of the A. gramineus
group as provided in Section 2 of the present paper. When ecology was indicated on
herbarium labels, it was well compatible with the ecological preferences of A. gramineus
mentioned by Boyce [9] (see above) and confirmed by our field observations in Vietnam.
There was, however, an exception. The specimen Pételot 7582, according to the label, was
collected in a habitat that is much more appropriate for A. calamus [9,27]. Re-collection
of the plant from this locality along with detailed ecological observations may clarify the
discrepancy.

For only a few specimens from Laos, Thailand, and Vietnam listed below, we hereby
confirm the identification as A. calamus s.l.

LAOS. Sayaboury [Sainyabuli] province: Sayaboury [Sainyabuli], planted, 300 m,
26 October 1965, J.E. Vidal 4153 (P: P02136600); [Luang Prabang province:] Luang Pra-
bang district, Sangkhalok village, 19◦52.23′ N 102◦06.73′ E, 530 m, 26 January 2000, B.H.
Southavong, D.T. Kien, M.V. Sinh 082 (L: L0406783).

THAILAND. Chiang Rai province: South of Chiang Rai, irrigation-canal, on clayey
soil, ca. 400 m, 2 March 1958, T.J. Sorensen, K. Larsen, B. Hansen 1812 (A: 01634206) (this is
the only specimen from Thailand recorded in a recent checklist [72]); Chiang Mai province:
Fang, ca. 350 m, 28 February 1958, T.J. Sorensen, K. Larsen, B. Hansen 1780 (A: 01634205).
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VIETNAM. Thu Dau Mot [Binh Duong] province: Thu Dau Mot, Annamite gardens,
16 February 1919, A.J.B. Chevalier 39966 (P: P00251665); province unknown: Cochinchina,
cultivated, 1862–1866, C. Thorel 327 (P: P00251664).

Specimens from Vietnam and Laos here confirmed as belonging to A. calamus were
collected from cultivated plants as can be inferred from their labels (Southavong 082 has no
information on ecology, but the collection site is indicated as a village). Among the two
specimens from Thailand, one has no information on ecology and the other was collected
in an anthropogenic habitat (irrigation canal). Therefore, our data show that A. gramineus
s.l. (=A. gramineus group) is the only native member of the genus in Eastern Indochina. The
status of A. calamus s.l. in Thailand requires further clarification.

8. Conclusions

Our data show that the species name A. tatarinowii cannot be applied in the way
adopted in recent publications and herbarium collections from SE Asia, because the type
of this name belongs to the A. calamus group and is clearly distinct from the A. gramineus
group. The material widely identified as A. tatarinowii should in fact be assigned to A.
gramineus when a wide species concept is adopted. Under a narrow species concept, other
appropriate species names should be found or proposed for the plants currently named
A. tatarinowii and A. macrospadiceus (the latter name has not been validly published). We
highlight the danger of merely proposing two new species names, because the names A.
latifolius and A. xiangyeus are properly published and will have a nomenclatural priority
over any newly published name.

However, the concept of three or more narrowly defined species in the A. gramineus
group [24,27,28] is still insufficiently justified. In the current state of knowledge, the wide
species concept is more appropriate to use. The wide species concept has been adopted
in recent accounts on the floras of Japan [73] and northern Vietnam [74]. We, therefore,
suggest that the plant material that was incorrectly referred to in recent publications
as ‘A. tatarinowii’ should be interpreted as belonging, along with other members of the
A. gramineus group, to a single polymorphic species, A. gramineus s.l., at least until a
comprehensive taxonomic revision of the group is available. We further suggest that all
studies of chemical substances extracted from Acorus species should be accompanied by the
preparation of voucher specimens deposited in appropriate Herbarium collections. This
will allow updates of the taxonomic identity of the material along with refinements of the
classification of the genus.

Some plants of A. gramineus (in a wide sense) from Vietnam, Laos, and Thailand have
been sometimes mistaken for A. calamus, which is in fact only known in cultivation in
Vietnam and Laos. The status of A. calamus in Thailand requires further clarification.

Further morphological, molecular, and metabolomic studies of the material from
across its geographical range will be essential for comprehensive conclusions on species
limits and distribution patterns in the A. gramineus group.

Author Contributions: D.D.S., L.V.A. and M.S.N. studied herbarium collections; D.D.S., L.V.A.,
M.S.N. and M.V.R. made field observations and collected plant material; A.N.S. researched the history
and nomenclature; M.V.R. studied the leaf anatomy; D.D.S. and A.N.S. wrote the draft text; D.D.S.,
M.S.N. and A.N.S. developed the final text. All authors have read and agreed to the published version
of the manuscript.

Funding: The study of morphology, taxonomy, and biogeography of Acorus was supported by the
Russian Science Foundation, project 19-14-00055-P.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: High-quality images of the original material of A. tatarinowii are
available through the data portal of the Herbarium of the Komarov Botanical Institute (https://en.
herbariumle.ru/?t=occ, accessed 2 October 2022).

https://en.herbariumle.ru/?t=occ
https://en.herbariumle.ru/?t=occ


Diversity 2023, 15, 176 16 of 18

Acknowledgments: We are grateful to A.E. Grabovskaya-Borodina, A.V. Leostrin, and L.V. Orlova for
facilitating access to collections of the Herbarium of the Komarov Botanical Institute, to K. Kondo, P.V.
Krestov, A.N. Kuznetsov, and S.P. Kuznetsova for their help with field observations in Japan, Russia
(Primorsky Krai), and Vietnam, to A. Kovalchuk for making available useful copies of protologues
at https://www.plantarium.ru/, accessed 1 November 2022 and to three anonymous reviewers for
evaluation of the manuscript and useful suggestions.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Turland, N.J.; Wiersema, J.H.; Barrie, F.R.; Greuter, W.; Hawksworth, D.L.; Herendeen, P.S.; Knapp, S.; Kusber, W.-H.; Li, D.-Z.;

Marhold, K.; et al. International Code of Nomenclature for Algae, Fungi, and Plants (Shenzhen Code): Adopted by the Nineteenth
International Botanical Congress, Shenzhen, China, July 2017; Koeltz Botanical Books: Glashütten, Germany, 2018. [CrossRef]

2. Chase, M.W.; Christenhusz, M.J.M.; Fay, M.F.; Byng, J.W.; Judd, W.S.; Soltis, D.E.; Mabberley, D.J.; Sennikov, A.N.; Soltis, P.S.;
Stevens, P.F.; et al. An update of the Angiosperm Phylogeny Group classification for the orders and families of flowering plants:
APG IV. Bot. J. Linn. Soc. 2016, 181, 1–20. [CrossRef]

3. Bogner, J.; Mayo, S.J. Acoraceae. In The Families and Genera of Vascular Plants; Kubitzki, K., Ed.; Springer: Berlin, Germany, 1998;
Volume 4, pp. 7–11.

4. Schott, H.W. Prodromus Systematis Aroidearum; Typis Congregationis Mechitharisticae: Vienna, Austria, 1860.
5. Schott, H.W. Araceae. Pars altera. Nova genera et species, adiectis quibusdam adnotationibus. Ann. Mus. Bot. Lugduno-Batavi

1864, 1, 278–286.
6. Engler, A. Araceae-Pothoideae. In Das Pflanzenreich, 21 (IV. 23B); Engler, A., Ed.; Engelmann: Leipzig, Germany, 1905; pp. 1–330.
7. Li, H.; Zhu, G.; Bogner, J. Acoraceae. In Flora of China, Volume 2; Wu, Z., Raven, P., Eds.; Science Press: Beijing, China; Missouri

Botanical Garden Press: St. Louis, MO, USA, 2010; pp. 1–2.
8. Bogner, J. Acoraceae. In Flora Malesiana, Series 1: Volume 20; Noteboom, H.P., Ed.; Nationaal Herbarium Nederland: Leiden, The

Netherlands, 2011; pp. 1–13.
9. Boyce, P. Acoraceae. In Flora of Thailand, Volume 11, Part 2; Santisuk, T., Larsen, K., Eds.; The Forest Herbarium, Department of

National Parks, Wildlife and Plant Conservation: Bangkok, Thailand, 2012; pp. 322–325.
10. Ryuk, J.A.; Kim, Y.S.; Lee, H.W.; Ko, B.S. Identification of Acorus gramineus, A. calamus, and A. tatarinowii using sequence

characterized amplified regions (SCAR) primers for monitoring of Acori graminei rhizoma in Korean markets. Int. J. Clin. Exp.
Med. 2014, 7, 2488. [PubMed]

11. Xu, Z.; Chang, L. (Eds.) Acoraceae. In Identification and Control of Common Weeds; Springer: Singapore, 2017; Volume 3, pp.
787–789. [CrossRef]

12. Kovtonyuk, N.K. Araceae. In Flora Sibiriae, Araceae–Orchidaceae; Malyshev, L.I., Peshkova, G.A., Eds.; Nauka: Novosibirsk, Russia,
1987; p. 14. (In Russian)

13. Tzvelev, N.N. Araceae. In Plantae vasculares Orientis Extremi Sovietici, T. 8; Charkevicz, S.S., Ed.; Nauka: St.-Petersburg, Russia,
1996; pp. 357–364. (In Russian)

14. Vinogradova, Y.K. Variability of Acorus calamus L. biological characteristics in natural and invasive populations. Byull. Glavn. Bot.
Sada 2004, 187, 23–31. (In Russian)

15. Chinov, P.S. (Ed.) Atlas of Distribution Ranges and Resources of Medicinal Plants of the USSR; Medgiz: Moscow, Russia, 1983. (In
Russian)

16. Sokoloff, D.D.; Skaptsov, M.V.; Vislobokov, N.A.; Smirnov, S.V.; Shmakov, A.I.; Remizowa, M.V. Morphological characterization of
diploid and triploid Acorus calamus (Acoraceae) from southern Western Siberia, parthenocarpy in sterile plants and occurrence of
aneuploidy. Bot. J. Linn. Soc. 2021, 195, 189–215. [CrossRef]

17. Mücke, M. Über den Bau und die Entwicklung der Früchte und über die Herkunft von Acorus calamus L. Bot. Zeit. 1908, 66, 1–23.
18. Packer, J.G.; Ringius, G.S. The distribution and status of Acorus (Araceae) in Canada. Can. J. Bot. 1984, 62, 2248–2252. [CrossRef]
19. Thompson, S.A. Systematics and biology of the Araceae and Acoraceae of temperate North America. Ph.D. Thesis, University of

Illinois at Urbana-Champaign, Urbana, IL, USA, 1995.
20. Rajput, S.B.; Tonge, M.B.; Karuppayil, S.M. An overview on traditional uses and pharmacological profile of Acorus calamus Linn.

(Sweet flag) and other Acorus species. Phytomedicine 2014, 21, 268–276. [CrossRef]
21. Shu, H.; Zhang, S.; Ji, Y.; Luo, B.; Long, C. Acoraceae plants, potential ornamentals. Sb. Nauchnykh Tr. GNBS 2017, 145, 114–118.
22. Gagnepain, F. Aracées. In Flore Générale de l’Indo-Chine, T. 6; Lecomte, H., Ed.; Masson: Paris, France, 1908; pp. 1075–1196.
23. Li, H. Acorus. In Flora Reipublicae Popularis Sinicae Volume 13, 2; Wu, C., Li, H., Eds.; Science Press: Beijing, China, 1979; pp. 4–9.

(In Chinese)
24. Wei, F.N.; Li, Y.K. A new spice, Acorus macrospadiceus from south China. Guihaia 1985, 5, 179–182. (In Chinese)
25. Ho, P.H. An Illustrated Flora of Vietnam, Volume 3; Nha Xuat Ban Tre: Ho Chi Minh, Vietnam, 2000; pp. 1–1020. (In Vietnamese)
26. Shu, H.; Zhang, S.; Lei, Q.; Zhou, J.; Ji, Y.; Luo, B.; Hong, L.; Li, F.; Liu, B.; Long, C. Ethnobotany of Acorus in China. Acta Soc. Bot.

Polon. 2018, 87, 3585. [CrossRef]

https://www.plantarium.ru/
http://doi.org/10.12705/Code.2018
http://doi.org/10.1111/boj.12385
http://www.ncbi.nlm.nih.gov/pubmed/25356101
http://doi.org/10.1007/978-981-10-5403-7_26
http://doi.org/10.1093/botlinnean/boaa081
http://doi.org/10.1139/b84-305
http://doi.org/10.1016/j.phymed.2013.09.020
http://doi.org/10.5586/asbp.3585


Diversity 2023, 15, 176 17 of 18

27. Cheng, Z.; Shu, H.; Zhang, S.; Luo, B.; Gu, R.; Zhang, R.; Ji, Y.; Li, F.; Long, C. From folk taxonomy to species confirmation of
Acorus (Acoraceae): Evidences based on phylogenetic and metabolomic analyses. Front. Plant Sci. 2020, 11, 965. [CrossRef]
[PubMed]

28. Zhu, Z. Some new taxa of Acorus (Araceae) from Sichuan. Acta Bot. Bor.-Occ. Sinica 1985, 5, 118–121. (In Chinese)
29. Liu, K. The studies of morphological variations and structure of the leaves on the six Acorus species. Acta Sci. Nat. Univ. Norm.

Hunan 1990, 13, 146–152. (In Chinese)
30. Zhang, W. Pharmacognostic study of Acorus—From a phylogenetic perspective. Ph.D. Thesis, Hong Kong Baptist University,

Hong Kong, China, 2005.
31. Yang, R.; Yan, Z.; Chen, C.; Liu, J. Constituents and activities of Acorus tatarinowii. Med. Res. Arch. 2017, 5, 1–14. [CrossRef]
32. Lu, Y.; Xue, Y.; Chen, S.; Zhu, H.; Zhang, J.; Li, X.N.; Wang, J.; Liu, J.; Qi, C.; Du, G.; et al. Antioxidant lignans and neolignans

from Acorus tatarinowii. Sci. Rep. 2016, 6, 22909. [CrossRef]
33. Lu, Y.; Xue, Y.; Liu, J.; Yao, G.; Li, D.; Sun, B.; Zhang, J.; Liu, Y.; Qi, C.; Xiang, M.; et al. (±)-Acortatarinowins A–F, norlignan,

neolignan, and lignan enantiomers from Acorus tatarinowii. J. Nat. Prod. 2015, 78, 2205–2214. [CrossRef]
34. Tong, X.G.; Zhou, L.L.; Wang, Y.H.; Xia, C.; Wang, Y.; Liang, M.; Hou, F.F.; Cheng, Y.X. Acortatarins A and B, two novel

antioxidative spiroalkaloids with a naturally unusual morpholine motif from Acorus tatarinowii. Org. Lett. 2010, 12, 1844–1847.
[CrossRef]

35. Hu, J.; Feng, X. Phenylpropanes from Acorus tatarinowii. Planta Med. 2000, 66, 662–664. [CrossRef]
36. Wang, Z.J.; Zhu, Y.Y.; Yi, X.; Zhou, Z.S.; He, Y.J.; Zhou, Y.; Qi, Z.H.; Jin, D.N.; Zhao, L.X.; Luo, X.D. Bioguided isolation,

identification and activity evaluation of antifungal compounds from Acorus tatarinowii Schott. J. Ethnopharmacol. 2020, 261, 113119.
[CrossRef]

37. Deng, C.; Li, N.; Zhang, X. Rapid determination of essential oil in Acorus tatarinowii Schott. by pressurized hot water extraction
followed by solid-phase microextraction and gas chromatography–mass spectrometry. J. Chromatogr. A 2004, 1059, 149–155.
[CrossRef] [PubMed]

38. Zhu, H.; Ali, I.; Hussain, H.; Hussain, M.; Wang, X.B.; Song, X.; Luo, G.; Zhang, Z.; Wang, Z.; Wang, D. Extraction and purification
of cis/trans asarone from Acorus tatarinowii Schott: Accelerated solvent extraction and silver ion coordination high-speed
counter-current chromatography. J. Chromatogr. A 2021, 1643, 462080. [CrossRef] [PubMed]

39. Gao, E.; Zhou, Z.Q.; Zou, J.; Yu, Y.; Feng, X.L.; Chen, G.D.; He, R.R.; Yao, X.S.; Gao, H. Bioactive asarone-derived phenylpropanoids
from the rhizome of Acorus tatarinowii Schott. J. Nat. Prod. 2017, 80, 2923–2929. [CrossRef] [PubMed]

40. Yan, L.; Mahady, G.; Qian, Y.; Song, P.; Jian, T.; Ding, X.; Guan, F.; Shan, Y.; Wei, M. The essential oil from Acori Tatarinowii
Rhizome (the dried rhizome of Acorus tatarinowii Schott) prevents hydrogen peroxide-induced cell injury in PC12 cells: A signaling
triggered by CREB/PGC-1α activation. Evid. Based Complement. Alternat. Med. 2020, 2020, 4845028. [CrossRef] [PubMed]

41. Jaiswal, Y.; Liang, Z.; Ho, A.; Chen, H.; Zhao, Z. Metabolite profiling of tissues of Acorus calamus and Acorus tatarinowii rhizomes
by using LMD, UHPLC-QTOF MS, and GC-MS. Planta Med. 2015, 81, 333–341. [CrossRef] [PubMed]

42. Ni, G.; Shen, Z.F.; Lu, Y.; Wang, Y.H.; Tang, Y.B.; Chen, R.Y.; Hao, Z.Y.; Yu, D.Q. Glucokinase-activating sesquinlignans from the
rhizomes of Acorus tatarinowii Schott. J. Org. Chem. 2011, 76, 2056–2061. [CrossRef] [PubMed]

43. Wagner, H.; Bauer, R.; Melchart, D.; Xiao, P.-G.; Staudinger, A. (Eds.) Chromatographic fingerprint analysis of herbal medicines.
In Thin-Layer and High Performance Liquid Chromatography of Chinese Drugs; Springer: Vienna, Austria, 2011; Volume 1.

44. Han, P.; Han, T.; Peng, W.; Wang, X.R. Antidepressant-like effects of essential oil and asarone, a major essential oil component
from the rhizome of Acorus tatarinowii. Pharm. Biol. 2013, 51, 589–594. [CrossRef]

45. Liao, W.P.; Chen, L.; Yi, Y.H.; Sun, W.W.; Gao, M.M.; Su, T.; Yang, S.Q. Study of antiepileptic effect of extracts from Acorus
tatarinowii Schott. Epilepsia 2005, 46, 21–24. [CrossRef]

46. Shi, T.; Huneau, C.; Zhang, Y.; Li, Y.; Chen, J.; Salse, J.; Wang, Q. The slow-evolving Acorus tatarinowii genome sheds light on
ancestral monocot evolution. Nature Plants 2022, 8, 764–777. [CrossRef]

47. Aiton, W. Hortus Kewensis, or a Catalogue of the Plants Cultivated in the Royal Botanic Garden at Kew; George Nicol: London, UK,
1789; Volume 1.

48. Schott. Aroideen-Skizzen. Oesterr. Bot. Z. 1859, 9, 98–101. [CrossRef]
49. Ruprecht, F.J. An essay on the history of the Botanical Museum, Imperial Academy of Sciences. Zap. Imp. Akad. Nauk. 1864, 5,

139–162. (In Russian)
50. Trautvetter, R.E. A brief overview of the history of the Imperial Botanical Garden in St.-Petersburg. Tr. Imp. S. Peterbg. Bot. Sada

1873, 2, 145–304. (In Russian)
51. Bretschneider, E. History of European Botanical Discoveries in China; Sampson Low, Marston and Company: London, UK, 1898;

Volumes 1 and 2.
52. Lipsky, V.I. Herbarium of the Imperial Botanical Garden, 2nd ed.; Mattisen: Yuriev, Russia, 1908. (In Russian)
53. Lipsky, V.I. Biographies and publications of botanists employed at and other persons relevant to the Imperial Botanical Garden.

In Imperial Botanical Garden: 200 years of its history (1713–1913); Fischer von Waldheim, A.A., Ed.; Imperial Botanical Garden:
St.-Petersburg, Russia, 1913; Volume 3, pp. 1–378. (In Russian)

54. Lipschitz, S.Y.; Vasilchenko, I.T. The Central Herbarium of the USSR: A Historical Account; Nauka: St.-Petersburg, Russia, 1968.
(In Russian)

http://doi.org/10.3389/fpls.2020.00965
http://www.ncbi.nlm.nih.gov/pubmed/32670345
http://doi.org/10.18103/mra.v5i7.1346
http://doi.org/10.1038/srep22909
http://doi.org/10.1021/acs.jnatprod.5b00328
http://doi.org/10.1021/ol100451p
http://doi.org/10.1055/s-2000-8628
http://doi.org/10.1016/j.jep.2020.113119
http://doi.org/10.1016/j.chroma.2004.10.005
http://www.ncbi.nlm.nih.gov/pubmed/15628135
http://doi.org/10.1016/j.chroma.2021.462080
http://www.ncbi.nlm.nih.gov/pubmed/33799073
http://doi.org/10.1021/acs.jnatprod.7b00457
http://www.ncbi.nlm.nih.gov/pubmed/29116780
http://doi.org/10.1155/2020/4845028
http://www.ncbi.nlm.nih.gov/pubmed/32215040
http://doi.org/10.1055/s-0035-1545694
http://www.ncbi.nlm.nih.gov/pubmed/25760385
http://doi.org/10.1021/jo1022712
http://www.ncbi.nlm.nih.gov/pubmed/21366319
http://doi.org/10.3109/13880209.2012.751616
http://doi.org/10.1111/j.0013-9580.2005.461007.x
http://doi.org/10.1038/s41477-022-01187-x
http://doi.org/10.1007/BF02310393


Diversity 2023, 15, 176 18 of 18

55. Sennikov, A.N. The history and nomenclatural significance of herbarium collections made by Alexander A. Tatarinov in North
China and Mongolia in 1841–1850. Taxon, 2023; submitted.

56. Kaplan, D.R. Comparative foliar histogenesis in Acorus calamus and its bearing on the phyllode theory of monocotyledonous
leaves. Amer. J. Bot. 1970, 57, 331–361. [CrossRef]

57. Thompson, S.A. Acoraceae. In Flora of North America North of Mexico, Volume 22. Magnoliophyta: Alismatidae, Arecidae, Commelinidae
(in Part), and Zingiberidae; Flora of North America Editorial Committee, Ed.; Oxford University Press: New York, NY, USA, 2000;
pp. 124–127.

58. Keating, R.C. The Anatomy of the Monocotyledons: Volume IX: Acoraceae and Araceae; Oxford University Press: Oxford, UK, 2003.
59. Stafleu, F.A.; Cowan, R.S. Taxonomic Literature. A Selective Guide to Botanical Publications and Collections with Dates, Commentaries

and Types, Volume 5; Bohn, Scheltema & Holkema; Dr. W. Junk b.v., Publishers: Utrecht, The Netherlands; The Hague, The
Netherlands; Boston, MA, USA, 1985.

60. Grubov, V.I. Plants of Central Asia, Volume 1; Academy of Sciences of the USSR: St. Petersburg, Russia, 1963. (In Russian)
61. Schott, H.W. Aroideen-Skizzen. Oesterr. Bot. Wochenbl. 1857, 7, 341–342. [CrossRef]
62. Schott, H.W. Aroideenskizzen. Bonplandia 1859, 7, 26–31. [CrossRef]
63. Bunge, A. Enumeratio plantarum quas in China boreali collegit Dr. Al. Bunge. Mém. Acad. Imp. Sci. St. Pétersbourg Divers Savans

1833, 2, 75–148.
64. Ma, L.; Jiang, S.-Z.; Lian, H.; Xiong, Y.-F.; Liu, Z.-J.; Chen, S.-P. The complete chloroplast genome sequence of Acorus tatarinowii

(Araceae) from Fujian, China. Mitochondrial DNA Part B 2020, 5, 3159–3160. [CrossRef]
65. Chen, J.; Hao, W.; Zhang, C.; Cui, M.; Sun, Y.; Zhang, Y.; Wang, J.; Mou, T.T.; Gu, S.; Zhao, T.T.; et al. Explore the therapeutic

composition and mechanism of Schisandra chinensis-Acorus tatarinowii Schott on Alzheimer’s disease by using an integrated
approach on chemical profile, network pharmacology, and UPLC-QTOF/MS-based metabolomics analysis. Oxid. Med. Cell.
Longev. 2022, 2022, 6362617. [CrossRef]

66. Hao, Z.Y.; Ni, G.; Liang, D.; Liu, Y.F.; Zhang, C.L.; Wang, Y.; Zhang, Q.J.; Chen, R.Y.; Yu, D.Q. A New brominated norsesquiterpene
glycoside from the rhizomes of Acorus tatarinowii Schott. Nat. Prod. Commun. 2021, 16, 1–6. [CrossRef]

67. Yamamoto, Y. Contributiones ad floram Kainanensem (‘Kainanensis’) I. Kainan Kaigun Tokumubu Seimukyoku: Taihoku,
Japan, 1943.

68. POWO. Plants of the World Online. Facilitated by the Royal Botanic Gardens, Kew. 2022. Available online: http://www.
plantsoftheworldonline.org/ (accessed on 18 November 2022).

69. GBIF. Global Biodiversity Information Facility. 2022. Available online: https://www.gbif.org/ (accessed on 18 November 2022).
70. Newman, M.; Ketphanh, S.; Svengsuksa, B.; Thomas, P.; Sengdala, K.; Lamxay, V.; Armstrong, K. A Checklist of the Vascular Plants

of Lao PDR; Royal Botanic Garden Edinburgh: Edinburgh, UK, 2007.
71. Cho, S.H.; Chhang, P.; Kim, Y.D. A Checklist for the Seed Plants of Cambodia; National Institute of Biological Resources, Ministry of

Environment: Incheon, Korea, 2016.
72. Ito, M.Y.; Barfod, M.A.S. An updated checklist of aquatic plants of Myanmar and Thailand. Biodivers. Data J. 2014, 2, e1019.

[CrossRef] [PubMed]
73. Murata, J. Acoraceae. In Flora of Japan, Volume IVb; Iwatsuki, K., Boufford, D.E., Ohba, H., Eds.; Kodansha: Tokyo, Japan, 2016;

p. 5.
74. Wei, Y.G.; Do, T.V.; Wen, F. A Checklist to the Plants of Northern Vietnam; China Forestry Publishing House: Beijing, China, 2022.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1002/j.1537-2197.1970.tb09824.x
http://doi.org/10.1007/BF02073787
http://doi.org/10.1007/BF02073269
http://doi.org/10.1080/23802359.2020.1806133
http://doi.org/10.1155/2022/6362617
http://doi.org/10.1177/1934578X21992266
http://www.plantsoftheworldonline.org/
http://www.plantsoftheworldonline.org/
https://www.gbif.org/
http://doi.org/10.3897/BDJ.2.e1019
http://www.ncbi.nlm.nih.gov/pubmed/24723783

