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To improve the human living space in an urbanized environment, there is a growing need to use new species and
forms of ornamental trees and shrubs in urban landscaping. Plants of the genus Liquidambar L. are increasingly
used in the landscapes of large cities and industrial centers. The genus Liquidambar includes 15 species, 3 of which
are found in Ukraine: Liquidambar formosana Hance, L. orientalis Mill,, L. styraciflua L. In the M.M. Gryshko National
Botanical Garden of the National Academy of Sciences of Ukraine National Botanic Garden (NBG), studies of the
distribution of these species were carried out, but the most urgent task of these studies is to determine the species
belonging to plants, which is extremely important for botanical institutions that have a significant assortment of
trees and shrubs that are the most ecologically stable and tested. The morphological structure of fruits and seeds
is one of the most important in determining the species. Morphological studies of infructescences, fruits, and
seeds of the plants of Liquidambar species were conducted at the NBG, and its species affiliation was determined.
The following characteristics were studied: the shape and structure of the infructescence, peduncle, fruit, seed,
and wing; features of the location of the fruits; form of extrafloral structures; shape and size of cells of the seed
coat. By comparing the obtained data with the morphological descriptions of L. orientalis and L. styraciflua, it was
possible to determine the species belonging to the plants of the Liquidambar genus growing in the NBG. Based on
these features, it was determined that an unidentified species, collected in NBG, belong to the species L. styraciflua.
Identifying the species of the genus Liquidambar for the botanical institution provides an opportunity to conduct
research and recommend L. styraciflua for wider use in Ukraine.

Keywords: sweetgum plant, ornamental woody plants, morphological studies, infructescence, fruit, seed, species
identification

Introduction conditions, reducing the anthropogenic influence on

With the development of the urbanized environment, the environment (Levon, 2008). This encourages the
the need for a balanced living space for human existence ~ N€W Plant species used to improve the environment,
increases. Highly productive and viable green spaces ~ Which would meet the complex requirements
can provide people with more comfortable living for Sustainability in megacities. Improvement
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of landscaping techniques and enrichment of
the species composition of urban green spaces,
enrichment of their taxonomic composition with
new plant species and forms is a strategic direction
in the development of the landscape construction
industry (Kohno and Kuznetsov, 2005; Kucheriavyi and
Kucheriavyi, 2020).

Botanical institutions play an extraordinary role in
this process as centers of plant introduction and
conservation (Zaimenko et al., 2022). The collections of
botanical gardens and arboretums in Ukraine now have
an extremely large assortment of trees and shrubs that
are the most tested, decorative, and environmentally
sustainable (Kuznetsov et al, 2013; Kucheriavyi and
Kucheriavyi, 2020).

Determining the species affiliation of plants is essential
for botanical institutions that have collections of
living plants or herbaria. The collections of plants of
the M.M. Gryshko National Botanical Garden of the
National Academy of Sciences of Ukraine (NBG) and
the Botanical Garden of Yuriy Fedkovych Chernivtsi
National University contain plants of the genus
Liquidambar L. that require species identification.

Traditionally, the genus Liquidambar was considered
such as part of the subfamily Altingioideae of the family
Hamamelidaceae (Endress, 1989; Li, 1997; Li and
Donoghue, 1999; Mosyakin and Fedoronchuk, 1999;
Zhiyun et al., 2003) or was distinguished as part of the
subfamily Liquidambaroideae (Bogle, 1986; Ickert-
Bond and Wen, 2006). Some authors, emphasizing
the similarity between Liquidambar and Altingia, have
separated them into a separate family Altingiaceae (Shi
et al, 2001; Ickert-Bond and Wen, 2006). To date, the
unification of these genera into a special taxonomic
group of generic rank based on several morphological
characters is considered quite reasonable and
supported by most researchers (Ickert-Bond et al,
2005; Ickert-Bond and Wen, 2013).

The genus Liquidambarin the world florais represented
by several species that are relics of the Tertiary and
Cretaceous flora such as L. formosana and L. acalycina
Hung T. Chang. They are distributed in East Asia
(central, southern and southwestern China, Taiwan).
Plants of L. styraciflua are distributed in North America
(east coast), and L. orientalis in West Asia (southwest
Asia Minor, Cyprus) (Li and Donoghue, 1999; Kokhno
et al., 2002; Ickert-Bond et al, 2005; Bilous, 2020;
Bulgakova, 2020). Some researchers recognize only
4 species belonging to the genus Liquidambar (Kokhno
etal, 2002; Ouyang et al., 2016).

According to the modern classification, the genus
Liquidambar belongs to class Equisetopsida, subclass
Magnoliidae, order Saxifragales, family Altingiaceae,
and is represented by 15 species: Liquidambar
acalycina H.T.Chang, L. cambodiana (Lecomte) Ickert-
Bond & J.Wen, L. caudata (H.T.Chang) Ickert-Bond
& J.Wen, L. chinensis Champ. ex Benth. L. chingii
(F.P.Metcalf) Ickert-Bond & ].Wen, L. excelsa (Noronha)
Oken, L. formosana Hance, L. gracilipes (Hemsl.) Ickert-
Bond & J.Wen, L. multinervis (W.C.Cheng) Ickert-Bond
& ].Wen, L. obovata (Merr. & Chun) Ickert-Bond &
J].Wen, L. orientalis Mill,, L. poilanei (Tardieu) Ickert-
Bond & ].Wen, L. siamensis (Craib) Ickert-Bond & ].Wen,
L. styraciflua L., L. yunnanensis (Rehder & E.H.Wilson)
Ickert-Bond & ].Wen. These species have native and
introduced distribution.

In Ukraine, scientific studies of individual species of
the genus Liquidambar have only recently been carried
out: L. formosana, L. orientalis, and L. styraciflua. Thus,
the distribution, species composition, form diversity,
decorative  properties, morphological features,
invasion, and pharmacological properties are studied
(Svitylko, 2023; Svitylko, and Smilyanets, 2023;
Svitylko, and Smilyanets, 2024).

To obtain data on all possible species of the Liquidambar
genus that grew in the NBG during its existence, we
conducted a series of archival data studies. Here are
the names of the plants that were obtained from other
botanical gardens and planted on NBG sites.

The data of the NBG Archive were analyzed, namely:
inventory lists of plants of scientific sites, documents
on the organization of the construction of the Botanical
Garden, and stages of development of research on
plants of the genus Liquidambar according to the
publications of scientists. In different years, 2 species
of the Liquidambar genus were planted on the NBG
sites: L. styraciflua and L. orientalis. Thus, it is stated
that in 1951, more than 300 one-year-old seedlings
of L. styraciflua were grown in the NBG, which were
planted on the plots of the dendrology department,
but in the inventory lists of plants of the scientific plots
of the NBG for 1959, plantings of L. orientalis were
recorded, the plants of which were obtained from the
Sukhum Botanical Garden. As indicated in the materials
of the inventory of 1959, they grow well and develop
for 9 years in the conditions of the NBG. 10 plants,
9 years old, about 5 m tall, with a crown diameter of
315 cm and a trunk diameter at the base from 6.5 cm to
12.0 cm were recorded. Later (1962, 1964, 1965) these
plants are also recorded in NBG's inventory lists of
green spaces (Smilyanets and Svitylko, 2020; Svitylko
and Smilyanets, 2023; Svitylko and Smilyanets, 2024).
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The results of these studies confirmed that the species
existing in the NBG may belong to L. styraciflua or
L. orientalis, but they are very similar in the structure
of leaves (Ickert-Bond et al., 2005). Therefore, some
morphological differences can be used to identify the
species.

The morphological structure of the seed is certainly
a reliable diagnostic feature, which, with studies of the
structure of other organs, can help in determining of
the species (Serbin et al., 2015).

Thus, the purpose of the research was to study the main
morphological characteristics of the infructescence,
fruit, and seed and to determine the species of the
unidentified plant Liquidambar genus growing in the
NBG based on their characteristics.

Material and methodology

Study region, weather, and climate conditions

The study was conducted in 2021-2023 in the M.M.
Gryshko National Botanical Garden of the National
Academy of Sciences of Ukraine (NBG) in Kyiv (50°
27 N; 30° 31’ E). The entire area is 130 hectares and
altitudes vary from 100 to 190 m above sea level. The
NBG lies on the right bank of the river Dnipro. High
hills are cut with many valleys and provide suitable
conditions for many introduced plants. The climate
of Kyiv is temperate continental. The average yearly
temperature is +7.4 °C. Mean temperatures in Kyiv
are +20.5 °C for the hottest month (July) and -3.5 °C
for the coldest month (January). The highest recorded
temperature was +39.9 °C and the lowest was -32.2 °C.
The yearly precipitation is about 550-650 mm and the
average total solar radiation is 97-100 kcal-cm™ per
year (Index Seminum, 2019).

Research objects

For the research, an unidentified species of the genus
Liquidambar was used, which is in the area of medicinal
plants of the NBG. According to archival documents, it
may belong to L. styraciflua or L. orientalis.

Genotypes of L. styraciflua were grown in NBG from
seeds of unknown origin in 1951. Genotypes of
L. orientalis were grown from seeds obtained from the
Sukhum Botanical Garden in 1951.

For research descriptive and morphological methods,
micromorphological methods, and photo fixation were
used. Transverse sections of dry seeds were made in
the medial part with a blade by hand without further
staining (Panyuta and Olhovich, 2019). We studied

the dry infructescences, fruits, and mature seeds of
plant collected at the medicinal plant site of the NBG
in 2021-2023. The objects were photographed using
a Canon A 640 camera on a Stemmi-2000 microscope,
Carl Zeiss (Germany) at magnifications from x 6
to x 50. The descriptions are given according to the
generally accepted scheme and terminology (Ziman
et al., 2004; Bojnansky and FargaSova, 2007; Slovnyk,
2012; Pererva, 2019).

Statistical analysis

The results are expressed as mean values of three
replications * standard deviation (SD). Data were
analyzed with the ANOVA test.

Results and discussion

The species composition of the Liquidambar genus
was revised and supplemented in connection with new
phylogenetic and archaeological research. Taxonomic
aspects and phylogenetic analysis of the Liquidambar
genus are covered in detail in the works of scientists
(Endress, 1989; Li, 1997; Li and Donoghue, 1999;
Mosyakin and Fedoronchuk, 1999; Shi et al, 2001;
Zhiyun et al.,, 2003; Ickert-Bond et al., 2005; Ickert-
Bond and Wen, 2006; Ickert-Bond and Wen, 2013).

According to the modern classification, the Liquidambar
genus has 15 species in the world. These species have
native and introduced distribution (Li and Donoghue,
1999; Kokhno et al.,, 2002; Ickert-Bond et al., 2005;
Smilyanets and Svitylko, 2021; Liquidambar, 2024)
(Table 1).

Some of these species are used in gardening as
decorative plants, as the leaves are green in spring and
summer,; and red in autumn, in ecology and agriculture -
to improve the soil structure. Also, species of the genus
Liquidambar are used for medical and cosmetology
purposes, for the extraction of a pigment substance
used in the food industry, and for obtaining wood in
the carpentry and furniture industry. They have good
potential for development due to their medicinal,
economic, ecological, and decorative value (Ouyang et
al,, 2016; El-Readi et al,, 2013; Pozzobon et al,, 2023;
Mancarz et al,, 2019).

In Ukraine, there is no distribution of Liquidambar
species in nature, but some introduced species
are cultivated in parks and botanical gardens
(Kolesnichenko, 2011). These are species: L. formosana,
L. orientalis, L. styraciflua (Table 2).

These species are used in landscape construction to
create groups, alleys, or solitaires in parks, squares,
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Table 1

Species composition and the distribution of species of Liquidambar L. in the world

Species

Native distribution

Introduced distribution

L. acalycina

L. cambodiana
L. caudata

L. chinensis

L. chingii

L. excelsa

L. formosana

China South-Central, China Southeast
Cambodia
China Southeast
China South-Central, China Southeast, Hainan, Vietnam
China South-Central, China Southeast, Vietnam

Assam, Bangladesh, Cambodia, China South-Central, East Himalaya, Jawa,
Laos, Lesser Sunda Is., Malaya, Myanmar, Sumatera, Thailand, Tibet, Vietnam

China North-Central, China South-Central, China Southeast, Hainan, Korea,

Assam, East Himalaya,

gracilipes

multinervis

orientalis

L.
L.
L. obovata
L.
L. poilanei
L.

siamensis

Laos, Taiwan, Vietnam

Hainan
East Aegean Islands, Turkey

Vietnam

India, Ukraine

China Southeast -
China South-Central -

Ukraine

Cambodia, China South-Central, China Southeast, Laos, Thailand, Vietnam -

Alabama, Arkansas, Belize, Connecticut, El Salvador, Florida, Georgia,

Guatemala, Honduras, Illinois, Indiana, Kentucky, Louisiana, Maryland,
Mexico Central, Mexico Gulf, Mexico Northeast, Mexico Southeast, Mexico
Southwest, Mississippi, Missouri, Nicaragua, North Carolina, Oklahoma,

L. styraciflua

Belgium, Italy, New York,
Spain, Ukraine

Pennsylvania, South Carolina, Tennessee, Texas, West Virginia

L. yunnanensis

China South-Central, Vietnam -

Notes: - there is no information

Table 2

Species composition and the distribution of introduced species of Liquidambar L. in Ukraine

Species

Distribution of species in the cities of Ukraine

L. formosana

L. orientalis

L. styraciflua

Yalta, Chernivtsi

Kyiv

Lviv, Uzhgorod, Chernivtsi, Kyiv, Simferopol, Yalta, Uman, Kremenets, Kharkiv, Kryvyi Rih, Dnipro,
Kramatorsk, Bucha, Boryspil, Berezinka, Zhukin

zoos, forest parks, when landscaping streets,
boulevards, squares, residential areas, administrative
buildings, memorial parks, private estates, in

expositions of botanical gardens and arboretums
(Kohno and Kuznetsov, 2005; Kuznetsov et al., 2013;
Kucheriavyi and Kucheriavyi, 2020; Smilyanets
and Svitylko, 2020). Recently, studies of species of
Liquidambar as medicinal raw materials have been
conducted (Lebeda, 2009; Oliinyk et al., 2020; Oliinyk
et al, 2021; Minarchenko et al., 2021; Svitylko, 2023)
and the possibility of plantation cultivation of these
plants to obtain raw resources is even being considered
(Zayachuk et al., 2022).

A study of the distribution of plants of the genus
Liquidambar in the NBG was conducted and
unidentified individuals were found. These are old
trees that are over 70 years old. They have a height of
18 m and a crown diameter of 6 m, which blooms well,

forms fruits, and seeds. Morphological description of
the studied species Liquidambar genus consisted in
studying the infructescences, fruits and seeds structure.

The infructescence of the studied species is
characterized by a spherical shape with outgrowths
formed from the styles. At a young age, they are green
and fleshy, when they mature, they become dry and
woody (Figure 1). The length of infructescences was
23.69-39.88 mm (X = 34.23 mm) and the width was
26.55-42.98 mm (X = 35.76 mm). The ratio of length
and width ranged from 0.89-1.05 (X = 0.95). The length
of peduncles was 35.20-70.01 mm (X = 51.84 mm),
and the width was 0.94-2.20 mm (X = 1.33) (Figure
2). The number of infructescences was from 28 to 49
(X = 30) in individual bilocular fruits. Extrafloral hilly
structures are located between the fruits, which often
break off when drying (Figure 3).
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Figure 1

The fruits are dry bilocular that open with longitudinal
slits when ripe. They are spindle-shaped with 20.2 mm
of height and 7.0 mm of width. The ratio of length and
width ranged 2.8:1. They have a spindle-shaped and
fused for ~2/3 of their total length, and free distally
(Figures 4, 5, and 6). Fruit walls are relatively thin.

The fruit is inlaid with the remains of styles of
various shapes and configurations (hooked, curved,
spirally twisted), which remain on the top of the fruit,
eventually sclerotize, become brittle, and easily break
off. In addition to the sclerotized styles, the fruit
contains the remains of extrafloral structures (8 to
12), located mainly on the dorsal side of the capsules
in the form of various spines, filmy or cone-shaped
outgrowths, and tubercles (Ickert-Bond et al., 2005).
Their interpretation is ambiguous - as brachythera,

General appearance of the infructescence of the studied species of the genus Liquidambar L.

staminodes, calyx lobes or rudimentary styles of
sterile flowers (Bogle, 1986; Pigg et al., 2004; Meyer,
2024).

The seeds are spindle-shaped with a length of
5.36-8.77 mm (X = 7.06 mm) and a width of 1.81-
2.35 mm (X = 2.11 mm). The ratio and length to width
ranged from 2.82 to 4.38 (X = 3.37). Has a translucent
leathery fragile wing in the upper part of the seed.
The tip of the wing is obliquely truncated or rounded,
sometimes barely wider than the seed. The seed is
flattened in the dorsal-ventral plane, 0.63-0.91 mm
thick (Figure 7).

The wing is lighter, brownish-straw, translucent,
fragile. Epidermal cells are rectangular or polygonal,
often prosenchymous, with straight or slightly curved

Figure 2

Infructescence and peduncles of the studied species of the genus Liquidambar L.
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| 10 mm |

Figure 3  Infructescence and extrafloral hilly structures are located between the fruits of the studied species of the genus
Liquidambar L. (scale bar: 10 mm)

Figure 4  Transverse section of the infructescence, and fruits with capitate extrafloral structures between adjacent capsules
of the studied species of the genus Liquidambar L.
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Figure 5

A\

Infructescence, and fruits of the studied species of the genus Liquidambar L. (Scale bar: 10 mm)

Figure 6

tangential anticlinal walls, end walls mostly straight.
Wing had 2.03-3.23 mm (X = 2.66 mm) of length,
1.90-2.76 mm (X = 2.35 mm) of width, and L/W ratio
was 0.84-1.36 (x = 1.14) (Figure 8).

Along the edge of the wing, the thickened outer
periclinal walls of the epidermal cells are dome-shaped
and convex, forming a thin transparent border that is
visible at high magnifications (from x40). This feature
is characteristic of the structure of seeds of L. styraciflua
(Ickert-Bond et al., 2005). The border can be expressed

Fruits, seeds, and extrafloral structures of the studied species of the genus Liquidambar L.

only on the apical part of the wing in the form of a crown
(Figure 9A), or it can encircle the wing from the sides,
but rarely extends to the endosperm (Figure 9B).

Rows of epidermal cells are oriented differently in
different parts of the seed. Above the endosperm, they
are usually oriented along a larger axis, in the wing
area on the ventral side they are arcuate, on the dorsal
side they are fan-shaped, and on the basal part around
the chalazal area they are radially converging.
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Figure 7  Seeds from the dorsal (D) and ventral (V) sides of the studied species of the genus Liquidambar L.

Figure 8  Seed from the lateral side of the studied species of the genus Liquidambar L.
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Seeds with endosperm, formed from anatropic
tenuinucellate seed embryos with two integuments
(Ziman et al., 2004). The dorsal side of the seed is
usually convex, sometimes with wide grooves, and
its outline is broadly wavy in the transverse section
(Figure 10). The ventral side is often concave in the
distal part, tuberculate, elevated in the proximal part,
and bluntly carinated in the transverse section.

Raphe (seed scar) ventral, slit-like, located on a bumpy
elevation almost in the center of the seed, lighter in
color. On the basal part, a spot of chalazion is visible, as
arule, in the form of a rounded depressed impression

formed by small, darkly colored cells. The basal part
of the seed is often horseshoe-shaped along the edge
(Figure 11).

Next to the raphe is a dot-shaped micropyle, in the
area in which exotestinal cells sometimes grow. Along
the ventral side of the raphaeus, several pointed folds
sometimes extend in different directions, the longest of
which, the middle one, can reach the wing and often
entersit;insomeplaces,itislesspronounced; sometimes
the folds are smoothed. The same fold is occasionally
visible on the dorsal side, but only above the wing. The
surface is matte, almost smooth on the dorsum, and

Figure 9

I 0.5 mm

Wing with border on apical part (A) and lateral part (B) of the studied species of the genus Liquidambar L.

Figure 10 Transverse (axial) section of the studied species of the genus Liquidambar L. seeds: ventral side (V), dorsal side

(D), endosperm (1), embryo (2)
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Figure 11 Basal part of Liquidambar L. seed: raphe (1), basal thickening (2), chalazal site (3) of the studied species of the

genus Liquidambar

slightly wavy on the abdomen. The microrelief is finely
tuberculate, formed by epidermal cells of different
sizes and shapes of exotheca. The color is light brown,
grayish brown, with dark brown spots or strokes,
which are most concentrated at the base of the seed.
Such spotting is due to the presence of a subepidermal

layer of thin-walled cells filled with darkly colored
flobaphenes under the epidermis (Foo, and Karchesy,
1989). Obviously, the same flobaphenes can be found
in the epidermal cells, where we found stained cells
(Figure 12).

Figure 12 Epidermal cells of the seed with flobaphenes of the studied species of the genus Liquidambar L.
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The comparative morphological features of the studied
plants of L. orientalis and L. styraciflua are represented

in Table 3.

Our research has established that the infructescence of
the studied species are spherical with a size of 34.23 x
35.76 mm (Figures 1, 2, 3). According to descriptions of
infructescence (Kokhno etal., 1991; Kokhno etal., 2002;
Ickert-Bond et al., 2005) in the species L. styraciflua

(30.34 x 35.76 mm in size), they are larger than in L.
orientalis (17.92 x 17.43 mm), which gives grounds to
characterize the infructescence of the studied species
as L. styraciflua. Also, many researchers (Pigg, Ickert-

Bond & Wen, 2004) claim that the infructescence of L.
styraciflua has larger sizes than L. orientalis.

The peduncles of L. orientalis and L. styraciflua also
differ in size. The significant differences was found in

Table 3 Morphological characteristics of the studied species grown in the NBG of the species Liquidamba orientalis, L.
styraciflua (in mm)
Characters L. orientalis min-max (X) L. styraciflua min-max (X) The studied species min-max (X)
Infructescence
Length (L) 12.20-26.62 (17.92) 19.00-34.62 (30.34) 23.69-39.88 (34.23)
Width (W) 14.45-26.96 (17.43) 20.25-40.87 (31.60) 26.55-42.98 (35.76)
L/W ratio 0.78-1.08:1(0.90:1) 0.84-1.09:1 (0.97:1) 0.89-1.05:1(0.95:1)
infructescence 33-48 34-40 23-49
Peduncle length 13.98-47.48 (29.89) 36.71-55.89 (42.75) 35.20-70.01 (51.84)
Peduncle width 0.88-1.45 (1.20) 0.73-1.10 (0.95) 0.94-2.20 (1.33)
Extrafloral smooth rim bumpy rim bumpy rim
structures
Fruit
Length 6.0 12.4 20.2
Width 2.5 4.3 7.0
L/W ratio 24:1 29:1 28:1
Shape cylindrical to slightly cylindrical to spindle-shaped spindle-shaped

Features of the

wedge-shaped
fused for ~2/3-3/4 of their total

fused for ~2/3-3/4 of their total

fused for ~2/3 of their total

location length, and free distally length, and free distally length, and free distally
Fruits are held together fairly tightly together tightly together tightly
Fruit walls relatively thin relatively thin relatively thin
Seed
Length 4.55-4.85 (4.73) 7.79-8.51 (7.98) 5.36-8.77 (7.06)
Width 1.82-1.87 (1.85) 1.86-2.79 (2.33) 1.81-2.35 (2.11)
L/W ratio 2.43-2.66:1(2.55:1) 2.90-4.24:1(3.43:1) 2.82-4.38:1(3.37:1)
Shape longate elongate elongate
tangentially elongated, tangentially elongated, tangentially elongated, rectangular
Cells of the seed rectangular with thickened rectangular to polygonal with to polygonal with thickened
coat anticlinal walls, and oblique-end thickened anticlinal walls and anticlinal walls and mostly
walls mostly straight-end walls straight-end walls
distal, relatively long; length
Wind distal, relatively short distal, relatively long 2.03-3.23 (2.66); width 1.90-2.76

(2.35); L/W ratio 0.84-1.36: 1
(1.14:1)

The othe features

Characteristic
features

thick, relatively smooth areas
between individual fruits

numerous knob-like extrafloral
structures that have a “braided”
appearance

numerous knob-like structures
that have a “braided” appearance

Note: min, max - minimal and maximal measured values; X - arithmetic mean; L/W ratio - length/width ratio
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the length of the peduncles of L. orientalis - 42.75 mm
and L. styraciflua - 29.89 mm (Ickert-Bond et al,
2005). The studied species has a peduncle length an
average of 51.84 mm (Figure 2), which also allows its
identification as L. styraciflua.

Extrafloral structures of L. styraciflua had a twisted
shape and therefore the area between adjacent fruits is
bumpy. In L. orientalis, this area is smooth (Ickert-Bond
et al,, 2005; Ickert-Bond and Wen, 2013). The studied
species has a bumpy area between adjacent fruits
(Figure 3), which leads us to think it is L. styraciflua.

The morphological characteristics of the fruit of
L. orientalis and L. styraciflua are very similar: this
is the location, and the thickness of the walls, but
some significant differences will also help to identify
the studied species. So, the sizes of the fruit differ
significantly: L. styraciflua has fruits two times larger
(12.4 x 4.3 mm) than L. orientalis (6.0 x 2.5 mm)
(Ickert-Bond et al., 2005). The fruits of the studied
species are even larger (20.2 x 7.0 mm), which can be
explained by the considerable age of the tree and its
massiveness. Therefore, this sign can be interpreted
in favor of L. styraciflua. The ratio of L/W of the fruit
shows that the fruits of L. styraciflua (2.9 : 1) are
more elongated compared to the fruits of L. orientalis
(2.4 : 1). The studied species has a ratio L/W of 2.8 : 1
(Figure 6), which can identify it as an L. styraciflua.

Seeds of species of species Liquidambar are similar in
structure, shape, and color, but there are significant
differences in the size of the seed, wing, and
micromorphology of the seed epidermis (Ickert-Bond
etal, 2005). L. orientalis seed size was 4.73 x 1.85 mm,
L. styraciflua was 7.79 x 2.33 mm, the studied species -
7.06 x 2.11 mm (Figures 7, 8). The L/W ratio shows
that the seed L. styraciflua is more elongated in length
(3.43 : 1) than seeds of L. orientalis (2.55 : 1), which
can also be interpreted as the belonging of the studied
species to the L. styraciflua.

The seed coat cells in L. orientalis are tangentially
elongated and rectangular with thickened anticlinal
walls, and oblique end walls (Ickert-Bond et al.,, 2005).
The seed coat cells of L. styraciflua are tangentially
elongated, rectangular to polygonal with thickened
anticlinal walls and mostly straight end walls. The
studied species have the same cells of the seed coat as
L. styraciflua (Figure 11).

The wing of the seed hp. relatively long (Ickert-Bond et
al,, 2005.), which we observed in the studied species:
length 2.03-3.23 (X = 2.66), width 1.90-2.76 (X = 2.35),
L/W ratio 0.84-1.36:1 (X = 1.14:1) (Figures 7, 8).

Thus, the common features in all three species
(L. orientalis, L. styraciflua, and the studied species)
are the structure of the infructescence, peduncle,
fruit, seed, and wing; and features of the location of
the fruits. Significant differences between L. orientalis
and L. styraciflua this is the size of the infructescence,
peduncle, fruit, seed, and wing; shape and size of cells
of the seed coat; the presence of extrafloral twisted
structures in L. styraciflua. According to these features,
the species under study coincides with L. styraciflua.

Conclusion

A study of the morphological structure of an
unidentified species of the Liquidambar genus, which
grows in the area of medicinal plants of the NBG,
was carried out, namely: the shape and structure of
the infructescence, peduncle, fruit, seed, and wing;
features of the location of the fruits; form of extrafloral
structures; shape and size of cells of the seed coat. It has
been established that it has all the common features of
L. styraciflua. It also differs from L. orientalis by the size
and shape of the infructescence, the peduncle size, and
the shape size of the fruit, seeds, and wings. Therefore,
it can be concluded that the species under study is
L. styraciflua. Thus, the following characteristics:
the size of the infructescence, peduncle, fruit, seed, and
wing; form of extrafloral structures; the shape and size
of the cells of the seed coat can be used to identify some
species of Liquidambar genus.
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