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Summary. Using a scanning electron microscope, the fruit micromorphology of the family Apiaceae of Siberia 
was studied. In total, the study covered 97 species of wild, adventive, and the most important cultivated plants. Within 
one fruit, micromorphology is heterogeneous; the most informative is the surface of the grooves and the rib bases. 
Exocarp cells are described (relative position, shape, size, nature of the boundaries between cells, outer walls, and fine 
relief of the cell wall). Characters most consistent within the species, for example, outgrowths on cell surface and a 
thin relief of cell wall, are noted. The characteristics of the ridges of the ribs, stomata (their presence, position on the 
surface of the fruit, and cuticle on the cells adjacent to the stomata), and epicuticular wax are also given. 25 species 
have hairs, scales, spines or warts on the surface; the shape of these structures and their fine relief are described. The 
importance of micromorphology for species identification and taxonomy is shown. The wide distribution of parallel 
variability in the family is noted.
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Аннотация. С применением сканирующего электронного микроскопа изучена микроморфология плодов 
97 видов дикорастущих, заносных и основных культурных растений семейства Apiaceae Сибири. В пределах 
одного плода микроморфология неоднородна; наиболее информативна поверхность ложбинок и оснований 
ребер. Описаны клетки экзокарпа (взаимное расположение, форма, размеры, характер границ между клетка-
ми, наружные стенки, тонкий рельеф клеточной стенки). Отмечены признаки, которые наиболее константны 
в пределах вида, например, выросты на поверхности клеток и тонкий рельеф клеточной стенки. Дана также 
характеристика гребней ребер, устьиц (наличие, положение на поверхности плода, кутикула на прилегающих 
к устьицам клетках), эпикутикулярного воска. 25 видов имеют на поверхности волоски, чешуи, шипы или 
бородавки; описана форма этих структур и их тонкий рельеф. Показано значение микроморфологии для опре-
деления видов и систематики семейства. Отмечено широкое распространение параллельной изменчивости в 
семействе. 
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Introduction

The study of the taxonomy of the family Apiaceae 
(Carrot family) faces considerable difficulties 
especially connected to the demarcation of genera 
in the subfamily Apioideae. As Plunkett et al. (2019) 
noted, the use of morphological and molecular 
methods does not yet allow for the creation of a 
satisfactory family system.

In the search for characters that are useful in 
taxonomy, the micromorphology of fruits is being 
studied; scanning electron microscopy data is 
becoming an important element in the description of 
new species (for example, Wang et al., 2013; Duran 
et al., 2015; Yildiri, Duman, 2017).

Examination of fruits at high magnification 
sometimes reveals traits that can later be discernible 
using a stereomicroscope at 20–40× magnification. 
For example, the species of Torilis Adans. differ in 
the shape of the glochidia apices (straight versus 
anchor-shaped), and large convex cells of the 
exocarp, characteristic of some genera of the family, 
create a shiny granular surface. We use this data 
in keys to identify species (Pimenov, Ostroumova, 
2012; Plunkett et al., 2019). To establish the 
relationship of the food and medicinal plant of India, 
Seseli diffusum (Roxb. ex Sm.) Santapau et Wagh, 
the peculiar T-shaped hairs on the fruits played an 
important role (Pimenov et al., 2019, 2021).

Despite examples of the use of 
micromorphological characters in taxonomy, it 
is not enough known about the meaning of these 
characters. Many publications on micromorphology 
do not indicate the number of samples studied and 
do not mention intraspecific variability. We believe 
that the description of the fruit micromorphology of 
all species in a large region will make it possible 
to better assess the advantages and disadvantages of 
this method rather than using a small number of the 
most expressive examples. We follow the method of 
N. N. Kaden (1965), who tested his original fruit 
classification. He applied it to describe the fruits of 
all flowering plants in Central Russia, which made 
it possible to assess the scientific significance of his 
classification. 

The micromorphology of the fruits of all the 
species of the Russian Apiaceae was studied. An 
analysis of the traits of species in the Russian Far 
East was recently published (Ostroumova, 2018), 
as well as illustrations of the micromorphological 
details of some species of Siberia (Kljuykov et al., 
2016; Ostroumova, 2020). An atlas of fruits of the 
European part of Russia containing information on 

micromorphology has been published (Kljuykov et 
al., 2018).

Now we describe the micromorphology of all 
species of the Carrot family in Siberia; for each 
species, all character states found are listed. The 
assessment of the characters variability within 
the genera and species was carried out. Data are 
presented for 97 species of wild, adventive, and main 
cultivated plants including endemic ones: Bupleurum 
atargense, Bupleurum martjanovii. Aegopodium 
latifolium, and Peucedanum puberulum. The 
species belong to 54 genera including Bupleurum 
(10 species studied), Angelica (7), and Seseli (6).

Material and methods

The surface of some Siberian species has already 
been described in the article concerned with the Far 
East (Ostroumova, 2018): 

Aegopodium alpestre Ledeb., Angelica 
anomala Avé-Lall., Angelica czernaevia (Fisch. 
et C. A. Mey.) Kitag., Angelica dahurica (Fisch. 
ex Hoffm.) Benth. et Hook. f., Angelica saxatilis 
Turcz., Anthriscus sylvestris (L.) Hoffm., 
Bupleurum longeradiatum Turcz., Bupleurum 
scorzonerifolium Willd., Bupleurum sibiricum 
Vest, Bupleurum triradiatum Adams ex Hoffm., 
Cicuta virosa L., Cnidium cnidiifolium (Turcz.) 
Schischk., Cnidium dauricum (Jacq.) Turcz. ex 
Fisch. et C. A. Mey., Cnidium monnieri (L.) Cusson 
ex Jussieu, Heracleum dissectum Ledeb., Kitagawia 
terebinthacea (Fisch. ex Trev.) Pimenov, Oenanthe 
javanica (Blume) DC., Osmorhiza aristata 
(Thunb.) Rydb., Ostericum tenuifolium (Pall. ex 
Spreng.) Chu YouChang, Ostericum viridiflorum 
(Turcz.) Kitag., Pachypleurum alpinum Ledeb., 
Phlojodicarpus sibiricus (Fisch. ex Spreng.) Koso-
Pol., Phlojodicarpus villosus (Turcz. ex Fisch. et  
C. A. Mey.) Ledeb., Pimpinella thellungiana 
H. Wolff, Pleurospermum uralense Hoffm., 
Saposhnikovia divaricata (Turcz.) Schischk., 
Schulzia crinita (Pall.) Spreng., Seseli condensatum 
(L.) Rchb.f, Seseli seseloides (Fisch. et C. A. 
Mey. ex Turcz.) M. Hiroe, Sium suave Walter, 
Sphallerocarpus gracilis (Besser ex Trev.) Koso-
Pol., Tilingia ajanensis Regel et Tiling.

The following samples were used to study the 
micromorphology of the remaining Siberian species. 
The material for the study was collected at the site 
of Apiaceae taxonomy in the Botanical Garden of 
M. V. Lomonosov Moscow State University (BG 
MSU), in the carpological collection of the Botanical 
Garden (CARP), obtained from the herbarium of 



122 Ostroumova T. A.  
Fruit micromorphology in Apiaceae

MSU (Seregin, 2021. URL: https://plant.depo.msu.
ru/) and some other herbaria, acronyms according 
to Thiers (2008+. URL: http://sweetgum.nybg.org/
science/ih). 

The origin of the material used in 2018 is not 
given here. The nomenclature follows the book 
“Umbelliferae of Russia” (Pimenov, Ostroumova, 
2012). 97 species of Siberian flora were studied 
including alien and most popular cultivated plants. 

Aegopodium latifolium Turcz.: “Irkutsk Region, 
51º28ʹ59ʺN, 104º14ʹ42ʺE. 7 VIII 2006. M. M. 
Ivanova” (IRK). “Irkutsk Region, 51º29ʹ49ʺN, 
104º14ʹ31ʺ E. 11 VII 2013. A. V. Verkhozina” (IRK).

Aegopodium podagraria L.: BG MSU, wild.
Anethum graveolens L.: Fruits from market. 
Angelica anomala Avé-Lall.: Additional 

specimens: “Primorye Territory. 16 VIII 1968.  
M. G. Pimenov, 161” (MHA). “Primorye Territory. 
04 VIII 1978. T. I. Nechaeva” (MHA).

Angelica archangelica L.: BG MSU, 1994-018 
(Moscow Region).

Angelica decurrens (Ledeb.) B. Fedtsch.: BG 
MSU 2004-020 (Altai Territory).

Angelica sylvestris L.: CARP, “E Kazakhstan, 
Altai Mts., Severnoe. 25 VIII 1972. M. G. Pimenov 
et al.”.

Apium graveolens L.: MW0858859 (Kyrghyz-
stan).

Aulacospermum anomalum (Ledeb.) Ledeb.: 
BG MSU 1998-668 (Altai Territory).

Aulacospermum multifidum (Sm.) Meinsh. 
CARP: “Chelyabinsk Region, Miass, 20 IX 1979. 
E. V. Kljuykov”.

Bupleurum bicaule Helm: MW0106664 (Re-
public of Altai). 

Bupleurum krylovianum Schischk.: 
MW0106570 (E Kazakhstan).

Bupleurum longifolium L. subsp. aureum 
(Fisch. ex Hoffm.) Soó: BG MSU, Taxonomic col-
lection.

Bupleurum martjanovii Krylov: MW0106501 
(Krasnoyarsk Territory, Sayan Mts.).

Bupleurum multinerve DC. CARP: “Altai Ter-
ritory, 51º29ʹN, 83º18ʹE. 24 VIII 2003. T. A. Ostrou-
mova”. 

Bupleurum rotundifolium L.: MW0698649 
(Republic of Georgia). MW0698666 (Azerbaijan). 
BG MSU 1989-740 (Republic of Сrimea). CARP 
“Turkey, valley of Porsuk River. 08 IX 2008. M. G. 
Pimenov et al., 145”.

Carum buriaticum Turcz.: BG MSU 2004-033 
(Republic of Buryatia). MW0105882 (Republic of 
Buryatia). CARP “Republic of Buryatia, Podko-

vochnaya Pad, 28 VIII 1998. M. G. Pimenov, E. V. 
Kljuykov”.

Carum carvi L.: BG MSU 1974-451.
Caucalis platycarpos L.: BG MSU 1993-826 

(Georgia); CARP: “Turkey, Bozdag Mts. 01 VII 
2007. Pimenov and Kljuykov”.

Cenolophium denudatum (Fisch. ex Hornem) 
Tutin: BS MSU 1976-456 (Ryazan Region). 

Chaerophyllum prescottii DC.: CARP “Ka-
zakhstan 18 VII 1977. M. E. Pimenova, 46”. CARP 
“Kazakhstan, Tarbagatai Mts. 28 VIII 1979. E. V. 
Kljuykov”.

Cnidium dauricum (Jacq.) Turcz. ex Fisch. et  
C. A. Mey.: “Primorye Territory. 10 IX 1965. V. N. 
Voroshilov, 12559” (MHA).

Cnidium monnieri (L.) Cusson ex Jussieu: “Pri-
morye Territory. 13 IX 1960. I. A. Schreter, M. G. 
Pimenov” (MHA). “Khabarovsk Territory. 03 IX 
1966. S. D. Schlothauer, 1074” (MHA). “Primo-
rye Territory. 20 IX 1950. V. N. Voroshilov, 5018” 
(MHA).

Conioselinum longifolium Turcz.: “Republic of 
Buryatia. 18 VIII 1968. Ayanskaya et al.” (MHA).

Conioselinum tataricum Hoffm.: BG MSU 
1974-262 (Kazakhstan). 

Conium maculatum L.: CARP “Kazakh-
stan, Dzungarian Alatau Mts. 18 IX 1980. E. V. 
Kljuykov”. CARP “Rostov Region. 17 VIII 2006. 
M. G. Pimenov”.

Coriandrum sativum L.: Fruits from market.
Daucus carota L..: “Turkey. 10 VIII 2008 M. G. 

Pimenov et al.” (MW).
Eryngium planum L.: CARP “Altai Territory, 

51.49ºN, 83.30ºE. 24 VIII 2003. T. A. Ostroumova”. 
BG MSU 2007-019 (Altai Territory). MW0107321 
(E Kazakhstan).

Falcaria vulgaris Bernh.: CARP “Kazakhstan, 
Akmola reg., Astrakhanovka. 13 IX 1979.  
E. V. Kljuykov”. MW0858918 (W Kazakhstan, 
Manghyshlak). 

Ferula caspica M. Bieb.: CARP “Kazakhstan, 
Buran. 01 IX 1979. E. V. Kljuykov”. CARP “E 
Kazakhstan, Kostanai reg., Sherubainura river. 21 
VI 1991”.

Ferula soongarica Pall. ex Spreng.: BG MSU 
1989-670 (Altai Territory).

Ferula tatarica Fisch. ex Spreng.: CARP 
“Voronezh Region 1977. M. G. Pimenov et al.”. 
“W Kazakhstan, Bokey Orda District. 16 VIII 1952. 
G. N. Nepli 428” (MHA). “Bashkortostan. 10 VIII 
1980. E. E. Gogina and A. E. Matsenko” (MHA). 

Ferulopsis hystrix (Bunge) Pimenov: CARP 
“Republic of Altai, 10 VIII 1990. M. G. Pimenov et  
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M. G.Vasilieva, 124”. CARP “Irkutsk Region. 
53º24ʹN, 107º25ʹE. 31 VII 2018. A. D. Dubrovskaya”.

Haloselinum falcaria (Turcz.) Pimenov: CARP 
“Altai Republic. 10 VIII 1990. M. G. Pimenov and 
M. G. Vasilieva, 104”. “Altai Rep., Chuyskaya 
steppe. 18 VIII 1962. V. Kuvaev, 205-5” (VILR). 

Hansenia mongolica Turcz.: BG MSU 1992-
005 (Republic of Buryatia); MW0118690 (Republic 
of Buryatia).

Heracleum sibiricum L.: CARP “Kostroma 
Region. 22 VII 2012. U. A. Ukrainskaya”.

Kadenia dubia (Schkuhr) Lavrova et V. N. 
Tikhom.: BG MSU 2004-012 (Altai Territory); 
CARP “E Kazakhstan. 04 IX 1979. E. V. Kljuykov, 
366”.

Kadenia salina (Turcz.) Lavrova et V. N. 
Tikhom.: CARP “Republic of Buryatia. 28 VII 
2003. M. G. Pimenov”. 

Kitagawia baicalensis (Redow. ex Willd.) 
Pimenov: CARP “Novosibirsk Region. 31 VIII 
1972. Pimenov et al.” BG MSU 2019-026 (Irkutsk 
Region).

Kitagawia terebinthacea (Fisch. ex Trev.) 
Pimenov: “Primorye Territory, 11 IX 1965.  
V. N. Voroshilov, 12566” (MHA) – as Peucedanum 
formosanum.

Lithosciadium multicaule Turcz.: “Herb. Meyer, 
Cult. in Hb. Petrop. 1839” (LE). MW0118857 
(Republic of Buryatia). 

Oenanthe aquatica (L.) Poir: MW0456810 
(Tver Region).

Oenanthe javanica (Blume) DC.: “Sakhalin 
Region. 08 X 1967. A. K. Skvortsov” (MHA).

Ostericum palustre (Besser) Besser: BG MSU 
1993-012 (Republic of Mordovia).

Ostericum tenuifolium (Pall. ex Spreng.) Chu 
YakChang: “Republic of Altai. 05 IX 1994. A. I. 
Shmakov et al.” (ALTB). “Republic of Tuva. 28 
VIII 1999. A. I. Shmakov et al.” (ALTB). 

Palimbia turgaica Lipsky ex Woronow: “W 
Kazakhstan, Kushum river” (LE).

Pastinaca sativa L.: BG MSU 2005-069 (from 
market).

Petroselinum crispum (Mill.) Fuss: Fruits from 
market.

Peucedanum morisonii Besser ex Schult.: 
CARP “Altai Territory, 83º03ʹN, 51º21ʹE. 23 VIII 
2003. T. A. Ostroumova”. CARP “Altai Territory. 
12 IX 1989. M. G. Pimenov”. 

Peucedanum puberulum (Turcz.) Schischk.: 
“Baical. 25 VIII 1951. Popov et Bardunov” (LE). 
[Russia], “Dahuria 1831. Turcz.” (LE). “Republic 
of Sakha. 25 VIII 1925. V. Drobov, A. Tarabunin” 
(LE). 

Peucedanum vaginatum Ledeb.: CARP 
“Republic of Altai, Uluta 09 VIII 1990. M. G. 
Pimenov, M. G. Vasilieva”. MW0117208 (Republic 
of Khakassia).

Phlojodicarpus sibiricus (Fisch. ex Spreng.) 
Koso-Pol.: CARP “Republic of Buryatia. 23 VIII 
2003. M. G. Pimenov”.

Phlojodicarpus villosus (Turcz. ex Fisch. et  
C. A. Mey.) Ledeb.: “W Chukchi Peninsula. 13 VIII 
1958. Levichev et al.” (LE).

Pimpinella saxifraga L.: MW0699473 
(Azerbaijan). “Kaluga Region. 21 VIII 1987. V. D. 
Bochkin” (MHA).

Pimpinella thellungiana H. Wolff: “Primorye 
Territory, M. Schischkin, 2578” (VLA).

Prangos pubescens (Pall. ex Spreng.) Pimenov 
et Kljuykov: “E Kazakhstan, the mouth of Bukon 
river. 15 VI 1863. Potanin, 211” (LE). [Russia] 
“Altai. 30 VI 2006. A. N. Kupriyanov et al.” (KUZ). 
CARP “Kazakhstan, Zaisan depression. 30 VII 
1972. M. G. Pimenov et al., 259”. “Kazakhstan. 17 
VII 1972. Stepanova” (AA). 

Sajanella monstrosa (Willd. ex Spreng.) Soják: 
MW0105512 (E Kazakhstan). “Republic of Tuva. 
10 VIII 1980. M. Danilov, P. Ens, 132” (MHA). 
“Republic of Tuva. 17 VIII 1979. V. Khanminchun 
et al.” (MHA).

Sanicula europaea L. CARP Fruit from JB Caen 
98-298. CARP “Republic of Abkhasia., Gagra. 
2019”. 

Sanicula giraldii H. Wolff: MW “China. 13 IX 
1998. Pimenov et al., 120”.

Selinum carvifolia (L.) L.: MW0457690 
(Tambov Region). MW0457694 (Kursk Region). 
MW0457701 (Nizhniy Novgorod Region).

Seseli buchtormense (Spreng.) W. D. J. 
Koch: CARP “Altai Territory. 24 VIII 2003. T. A 
Ostroumova”.

Seseli ledebourii G. Don: CARP “E Kazakhstan. 
06 IX 1979. E. V. Kljuykov”. “Altai Territory. 28 
VII 1998. Zhogol and Khrustaleva” (ALTB).

Seseli libanotis (L.) W. D. J. Koch: CARP “Tula 
Region. 04 VIII 1999. T. A. Ostroumova”.

Seseli strictum Ledeb.: CARP “Altai Territory, 
Kolyvanskoye lake. 25 VIII 2003. T. A. Ostroumova”. 
CARP “Altai Territory, Zmeinogorsk. 30 VIII 1972. 
Pimenov et al.” MW0860921 (E Kazakhstan).

Silaum silaus (L.) Schinz et Thell.: BG MSU 
1974-298 (Republic of Moldova); MW0105089 
(Kurgan Region).

Sium latifolium L.: MW0455875 (Voronezh 
Region). MW0455759 (Vladimir Region).

Sium sisaroideum DC.: BG MSU 1993-001. 
MW0105612 (E Kazakhstan). 
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Stenocoelium athamantoides (M. Bieb.) Ledeb.: 
CARP “Republic of Altai, Sukhor Mt. 02 VIII 1990. 
M. G. Pimenov, M. G. Vasilieva”. “Kazakhstan, 
Saur Mountain Ridge. 28 VII 1914. Senyushkin” 
(TK). “Republic of Altai, Aksai River. 23 VIII 1931. 
B. Shishkin and L. Chilkina” (LE). MW0105202 
(Republic of Altai). “Republic of Altai. 16 VII 1995. 
Kamelin et al.” (ALTB). “Republic of Altai. 11 VII 
1992. Kamelin et al.” (ALTB).

Thysselinum palustre (L.) Hoffm.: “Tver Region, 
Sukholom. 07 XI 1974. E. V. Kljuykov” (MW). BG 
MSIU 1999-018 (Hort. Bot. Oulu – Finland, prov. 
Oulu, Kuivasjari). MW0117187 (Omsk Region).

Trinia ramosissima Ledeb.: MW0858689 (E 
Kazakhstan). CARP “25 VI 1973. A. A. Yanchenko”.

Turgenia latifolia (L.) Hoffm.: BG MSU 1987-
224 (Kazakhstan).

Vicatia atrosanguinea (Kar. et Kir.) P. K. Mukh. 
et Pimenov: BG MSU 1989-013 (Kyrgyzstan).

Xanthoselinum alsaticum (L.) Schur: CARP 
“Rostov Region, 40°47ʹN, 40°26ʹE. 19 VIII 2006. 
M. G. Pimenov”.

SEM studies of fruits were made with a CamScan 
S-2 or Tescan Vega TS5130MM (CamScan MV 
2300), accelerating voltage 15–20 kV and working 
distance up to 56 mm, at the magnification of 13–
3000×. Dry fruits were placed on aluminium stubs 
and sputter-coated with gold or gold-palladium by 
Eiko IB-3 or S150A Sputter Coater to a thickness 
of ca. 25 nm. The same area of the fruit was shot at 
different magnifications, which makes it possible to 
describe different surface details.

A certain difficulty in describing microsculptures 
is connected with the large range of magnifications 
obtained using SEM and the similarity of 
the sculptural elements visible at different 
magnifications. In this regard, the approach of 
Barthlott (1981) was found to be very useful, which 
identified three structural levels of the surface in 
botanical objects: cell shape (primary sculpture), 
fine relief of the cell wall (secondary sculpture), 
and epicuticular secretions (tertiary sculpture). In 
our previous publications (Ostroumova et al., 2010, 
2011) the dictionary for characters and character 
states for the Umbelliferous fruits was compiled. 
Basic points for description of SEM images were 
published by Barthlot et Ehler (1977), Barthlot 
(1981), and Barthlot et al. (1998); for the fine relief 
of the cell wall, palynological terminology was used 
where possible (Hesse et al., 2009). In the fruits of 
the Siberian Apiaceae, several groups of characters 
were described (Table 1):

Indumentum. a – glabrous (Fig. 1A–F); b – with 

simple hairs (Fig. 1G–I); c – multicellular spines 
and bristles (Fig. 1J–L, 2A, B); d – scales (Fig. 1M, 
N); e – multicellular tubercles (Fig. 1O). 

Ridges of dorsal ribs. a – as valleculas; b – 
surface longitudinally sulcate, cell borders indistinct 
(Fig. 3A, lower right corner); c – oblong cells in 
longitudinal rows (Fig. 3B); d – isodiametric cells 
in longitudinal rows (Fig. 3C); e – smooth (Fig. 3D). 

The size of exocarp cells. a – small < 35 μm 
diam. (Fig. 3G, H), oblong cells < 35 μm broad; b – 
large > 35 μm diam. (Fig. 1D, E, 3I). To determine 
the cell size, not only SEM data were used but also 
data from previous anatomical studies.

Visibility of cell borders. a – distinct; b – 
indistinct. We regarded cell borders as distinct 
when we could find an area of 20 or more cells with 
conspicuous borders.

Surface pattern if cell borders are indistinct. a – 
smooth (Fig. 4A); b – longitudinally sulcate (with 
long regularly spaced grooves); c – longitudinally 
rugate, rugae 10–50 μm long (Fig. 4B); d – 
irregularly rugate (Fig. 4C), e – foveate-tuberculate 
(Fig. 4D); f – undulate (Fig. 4E); g – with flattened 
projections (Fig. 4F); h – with acute projections 
(Fig. 4G); i – with dome-like projections Fig. 4H); 
j – papillose (cylindrical papillae); k – with short 
capitate papillae (Fig. 4I).

Cell arrangement. a – at random (Fig. 5A, B, F); 
b – in longitudinal rows (Fig. 5C–E).

Cell outlines. a – isodiametric (Fig. 5A, B); b – 
oblong (length: width > 1.5) – (Fig. 5C–E).

Cell border shape. a – raised (Fig. 5A, D, E); b – 
sunken (Fig. 5B, C, F).

Curvature of outer periclinal walls. a – concave 
(Fig. 8F); b – flat (Fig. 6A, B); c – convex (Fig. 6C); 
d – domed (Fig. 6D); e – with cylindrical papillae 
that are much narrower than epidermal cells (Fig. 
1M, N, 9D); f – with flattened projections (Fig. 6E, 
F); g – with acute projections (Fig. 6G, 9D); h – with 
small hemispherical projections (Fig. 6H).

Fine relief of outer walls (cuticular foldings). a – 
cell wall invisible under thick wax layer (Fig. 7A); 
b – smooth (Fig. 8F); c – sparsely striate (Fig. 7B); d 
– striate, ridges 1–1.5 μm broad (7CD); e – coarsely 
striate, ridges ca. 3 μm (Fig. 7E); f – sparsely 
rugulate (Fig. 1E, 7F); g – rugulate (Fig. 7G); h – 
rugulato-tuberculate (Fig. 2C); i – tuberculate; j – 
striate-knotted (Fig. 7H).

Number of stomata. a – stomata inconspicuous; 
b – 1–3 per 1 square mm; c – > 3.

Level of stomata. a – at the exocarp level (Fig. 
8A, B); b – on the bulges (Fig. 6D).
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Cuticle around stomata. a – usual (Fig. 8A, B); 
b – striate radiating (Fig. 8C).

Epicuticular secretions (“wax”). a – absent or a 
thin film that does not mask wall surface (Fig. 8D); 

Fig. 1. Indumentum of fruits. A, B, C – Haloselinum falcaria. A – glabrous fruit with winged marginal ribs. B – wing 
surface, large isodaimetric cells with raised borders, flat outer periclinal walls, and rugulate fine relief. C – a stoma 
with striate radiating cuticle. D, E, F – Hansenia mongolica. D – glabrous mericarp with five winged ribs (R – rib, 
V – vallecula). E – large cells with sunken borders, convex outer periclinal wall and sparse-rugulate fine relief. F – 
broken exocarp, thickness of outer walls is visible. G, H – Sajanella monstrosa. G – fruit with simple hairs and long 
styles. H – ribbon-like hairs with striate and sparsely rugulate surface; cell borders on the fruit surface indistinct, fruit 
surface undulate, fine relief striate. I – Seseli ledebouri, numerous simple hairs with rugulate surface and acute projec-
tions with striate-knotted surface. J, K, L – Caucalis platycarpos. J – fruit with multicellular hooked spines on four 
secondary ribs (R1 – primary rib, R2 – secondary rib). K – multicellular bristles with large apical cells on primary 
rib. L – tuberculate surface of the apical cell. M, N – Eryngium planum. M – a mericarp with three large calyx teeth 
and numerous scales of the fruit surface. N – scale surface, cell borders sunken, outer periclinal walls convex, domed, 
with acute projections and papillae, fine relief smooth. O – Saposhnikobia divaricata, tubercles with large apical cell 
and rugulate fine relief.
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Fig. 2. Sanicula. A, B, C – S. giraldi. A – a mericarp with two large calyx teeth and numerous hooked spines. B – Spine 
apex with smooth fine relief. C – spine base, cell borders sunken, outer periclinal walls convex and with hemispherical 
projectiobs, fine relief rugulate-tuberculate. D – S. europaea, druses of crystals on commissure.

b – rather thick crust, smooth (Fig. 8B); c – rough 
crust (Fig. 8A); d – with small platelets (Fig. 8A, E).

To describe hairs and emergences (Table 2), the 
following characters were used:

Type. b – simple hairs (Fig. 9A–E, G, H);  
c1 – hooked spines (Fig. 1J, 2A); c2 – anchor-
like glochidia (Fig. 9F); c3 – multicellular straight 
bristles (Fig. 1K); d –scales (Fig. 1M, N); e – 
tubercles (Fig. 1O).

Form of simple hairs. a – ribbon-like (Fig. 9A, B); 
b – subulate (Fig. 4G, 9C); c – hooked (Ostroumova, 
2018, Fig. 1d, f: Anthriscus sylestris).

Density of hairs. a – sparse; b – dense.
Hair length. a – very short (> 0.1 mm); short  

(0.1 – 1.0 mm); long (> 1 mm).
Pedestals. n – absent (Fig. 9B, C, H); y – present 

(Fig. 9D, G).
Tufted hairs. n – absent (Fig. 9B, C); y – present 

(Fig. 9E).

Fine relief (cuticular foldings). a – smooth (Fig. 
2B, 9C); b – sparsely striate (Fig. 9F); c – striate; 
d – sparsely rugulate; e – rugulate (Fig. 9H); f – 
tuberculate (Fig. 1L, 4G, 9B–E).

Results

The fruits of most species of the family 
Apiaceae, when ripe, split into two mericarps. 
Each mericarp has 5 ribs – two marginal and three 
dorsal (one median and two lateral); the ribs contain 
large vascular bundles, and there are valleculas 
(grooves) between the ribs (Fig. 1D, 7I). The 
Sajanella monstrosa mericarps, unlike most of the 
species, have 7 ribs. All the ribs can be similar, or 
the marginal ribs differ from the dorsal ones in size 
and shape. The genera Caucalis L. (Fig. 1J), Daucus 
L., and Turgenia Hoffm. have low primary ribs and 
large secondary ribs with spines.
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With a magnification of 100–3000×, the surface 
of the mericarp is not uniform: the ribs, different 
parts of the valleculas, and the distal parts of the 
wings can have a different appearance. The most 
characteristic features for the species are usually 
confined to the valleculas and to the basal parts of 
the ribs.

The characteristics of the studied species are 
shown in Tables 1 and 2.

The micromorphology of the apex of the mericarp 
(stylopodium, calyx teeth, and adjacent areas of the 
fertile part) differs from the rest of the surface; for 
descriptions, we used the middle and lower parts of 
the mericarp. The traits of cells and fine relief refer 
to the valleculas and rib bases.

The ridges of the dorsal ribs usually differ from 
the valleculas; they are most often longitudinally 
sulcate, and the boundaries of the cells on them are 
indiscernible; sometimes elongated cells are visible 
on the ridges, and cells are rarely isodiametric. If 
the ribs do not have a pronounced ridge, its surface 
is smooth or similar to the surface of valleculas. In 

Fig. 3. Rib ridges and cell size. A – Vicatia atrosanguinea, longitudinally sulcate dorsal rib (lower right corner) and 
undulate surface of vallecula without cell borders, with striate and rugulate fine relief; a stoma is on the fruit level, 
cuticle around the stoma is usual. B – Bupleurum multinerve with oblong cells on the dorsal rib. C – Pachypleurum 
alpinum with isodiametic cells on the dorsal rib. D – Thysselinum palustre with smooth dorsal rib. E – Angelica decur-
rens with longitudinally sulcate edge of marginal rib. F – Peucedanum morisonii with concave cells along the edge 
of marginal rib. G, H – Xanthoselinum alsaticum, cell on the basal part of marginal winged rib: cell borders sunken, 
outer periclinal walls with acute projections, cuticle striate-knotted. I – Ostericum palustre with large exocarp cells, 
borders sunken, outer periclinal walls convex and domed.

species with dorsally compressed fruits and winged 
marginal ribs (genera Anethum, Angelica, Ferula, 
Haloselinum, Heracleum, Peucedanum, Thyseli-
num, and Xanthoselinum), the margin of the wing 
is usually covered with isodiametric cells with con-
cave outer walls (Fig. 3F) and sometimes longitudi-
nally sulcate (Fig. 3E). This trait is found in many 
species and has no diagnostic value.

Epidermal cells in most species are < 35 μm in 
diameter (elongated cells – in width); in Anthriscus 
sylvestris, Apium graveolens, Cnidium cnidiifolium, 
Haloselinum falcaria (on the wing), Phlojodicarpus 
sibiricus, and Xanthoselinum alsaticum, both small 
and large cells are found. 

Large cells (35 μm and more) of the outer epider-
mis (exocarp) with rigid walls, retaining their shape 
during fruit maturation, are rare in the Apiaceae and 
usually characterize all species of any genus. In Si-
beria, these genera are Aulacospermum Ledeb. (Fig. 
6D, H), Hansenia (Fig. 1E, F), Ostericum Hoffm. 
(Fig. 3I, 6C), Pleurospermum Hoffm., and Tilingia 
Regel. The parenchyma of the mesocarp in these 



128 Ostroumova T. A.  
Fruit micromorphology in Apiaceae

makes it possible to determine species without an 
electron microscope.

taxa is partially destroyed, and cavities are formed 
under the epidermis. In a light stereomicroscope, the 
surface of such fruits looks shiny and grainy, which 

Fig. 4. Surface patterns when cell borders indistinct. A – Cenolophium denudatum, surface smooth, fine relief striate, 
usual around a stoma B – Sium sisaroideum, surface longitudinallu rugate, fine relief striate. C – Seseli strictum, sur-
face irregularily rugate. D – Carum carvi, wax removed with diethyl ether, surface foveate-tuberculate. E – Bupleurum 
bicaule, smooth rib, undulate surface of valleculas, numerous wax platelets. F – Angelica anomala, surface with flat-
tened projections. G – Seseli libanotis, surface with acute projections (cuticle striate-knotted) and simple hairs (cuticle 
tuberculate). H – Anthriscus sylvestris, surface with dome-like projections. I – Daucus carota, short capitate papillae 
with rugulate heads.

Fig. 5. Cell arrangement and outlines. A – Coriandrum sativum, cells arranged at random, borders raised, outer wall 
flat, cuticle smooth. B – Bupleurum krylovianum, cells arranged at random, borders sunken, outer walls convex, 
numerous wax platelets. C – Anethum graveolens, oblong cells in longitudinal rows, cuticle striate. D, E – Chaero-
phyllum prescottii, cells in longitudinal rows, on a rib (D) cells elongated longituninally, on a vallecula (E) elongated 
transversely. F – Conioselinum tataricum, cell borders sunken, cell arranged at random, cuticle striate and rugulate.
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It is useful to study the boundaries of cells at 
a magnification of 300–1000x. For example, at a 
magnification of 100x, it seems that some areas of 
the mericarp surface of Kadenia dubia, Oenanthe 
aquatica, and Thyselinum can be described as “re-
ticulated” in the terminology of Stearn (1983). At 
a higher magnification, however, it is impossible to 
outline the cells.

Elongated cells are rare in valleculas and are 
mostly found together with isodiametric cells. Pre-
dominantly long cells are noticed in Aegopodium 
alpestre, in the middle valleculas of Peucedanum 
puberulum, while in Chaerophyllum prescottii, the 
cells in the grooves are elongated in the transverse 
direction (Fig. 5E), and on the ribs, longitudinally 
(Fig. 5D).

Table 2
The characters of hairs and emergences in Siberian Apiaceae

Name of the species

In
du

m
en

tu
m

Fo
rm

 o
f 

si
m

pl
e 

ha
irs

D
en

si
ty

 o
f 

ha
irs

H
ai

r l
en

gt
h

Pe
de

st
al

s

Tu
fte

d 
ha

irs

Fi
ne

 re
lie

f

Angelica anomala immature b a a b n n hi
Anthriscus sylvestris b c b b y n bgi
Caucalis platycarpos c1c3 bi
Conium maculatum b b a a n n g
Daucus carota bc2 b a b yn n bhi
Eryngium planum d bf
Heracleum dsssectum b a a b n n b
Heracleum sibiricum immature b ab a ab n n bfh
Kitagawia terebinthacea b b b a n n gh
Osmorhiza aristata b b a b y dg
Pachypleurum alpinum b b ab ab n n dgh
Phlojodicarpus sibiricus b а h
Phlojodicarpus villosus b a b abc n n bdgh
Sajanella monstrosa b a a ab n n bdf
Sanicula europaea c1 bc
Sanicula giraldii c1 bc
Saposhnikovia divaricata e g
Seseli buchtormense b b b ab n y ghi
Seseli condensatum b ab b abc n n fg
Seseli ledebouri b b b ab n n dgf
Seseli libanotis b b ab ab n n gh
Seseli seseloides b b b ab n n dfh
Stenocoelium athamanthoides b b ab ab ny ny ghi
Trinia ramosissima b b a a ny n fg
Turgenia latifolia bc2 b a ab y y bcfghi

Explanation: character state coding is presented in “Material and methods”.

The cells are arranged in random order or in rows, 
and the rows are observed not only on elongated 
fruits (Chaerophyllum prescottii, Aegopodlium alp-
estre), but on wider fruits (Anethum graveolens –  
Fig. 5C), Ostericum viridiflorum, between dorsal 
ribs in Peucedanum puberulum, in some areas of the 
species Bupleurum and Ferula).

Cell boundaries (anticlinal walls) are sunken or 
raised. The surface of the outer periclinal wall is 
most often flat or concave; it is also convex, dome-
shaped, and sometimes the cells have outgrowths – 
acute, hemispherical, flattened. It should be noted 
that for anatomical studies, the fruits are hydrat-
ed, and the outer walls of exocarp cells on trans-
verse sections always looks flat or slightly convex  
(Ostroumova, Kljuykov, 2015).
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Fig. 6. Curvature of outer periclinal walls. A – Heracleum dissectum (marginal winged rib) and B – Lithosciadium 
multicaule: flat outer walls, raised borders, smooth fine relief. C – Ostericum tenuifolium, convex outer walls, sunked 
borders, rugulate fine relief. D – Aulacospermum multifidum, convex and domed (arrowhead) outer walls, rugulate 
fine relief. E, F – Selinum carvifolia, flattened projections, oriented transversely, cuticle rugulate, E – cell borders 
indistinct, F – cell borders distinct, sunken. G – Ferulopsis hystrix, outer walls flat and with acute projections. H – 
Aulacospermum anomalum, cells with hemispherical projections on a ridge of rib.
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Fig. 7. Fine relief of outer wall. A – Kadenia dubia, wax layer (arrowhead) hides striate relief if cell wall. B – Aegopo-
dium latifolium, sparsely striate relief. C – Angelica archangelica, striate relief. D – Peucedanum morisonii, striate 
relief. E – Ferula caspica, coarsely striate. F – Conioselinum longifolium, sparsely rugulate. G – Kitagawia baicalen-
sis, rugulate. H – J Stenocoelium athamantoides, H – dorsal rib with striate-knotted cuticle. I – immature fruit (R – rib, 
V – vallecula) and J – mature fruit.
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Fig. 8. Stomata and epicuticular wax. A – Ferula soongarica, rough wax layer with platelets, a stoma at fruit level, 
its cuticle usual. B – Palimbia turgaica, remnants of smooth wax layer (arrowhead), a stoma at fruit level, its cuticle 
usual. C – Kadenia salina, cuticle striate radiating around a stoma. D – Kitagawia baicalensis, smooth wax layer (ar-
rowhead). E, F – Bupleurum rotundifolium, E – native fruit, numerous wax platelets. F – wax removed with hot water, 
cell borders raised, outer cell walls concave, cuticle smooth.

The fine relief of the cell wall is most often stri-
ate (on flat and concave cells) or rugulate (usually 
on convex cells), or occasionally smooth; on sharp 
outgrowths, it is striato-knotted. Several relief forms 
are often found on the surface of one mericarp. It 
is one of the least variable micromorphological fea-
tures: almost all species have one or several vari-
ants, which are present in all studied mericarps.

In those cases where the boundaries of the cells 
are indistinguishable, we described the general ap-
pearance of the surface, as it is visible at a mag-
nification of about 30–100x – smooth, undulate, 
irregularly rugate (elongated sinuous elements); 
longitudinally rugate (more or less straight paral-
lel elements), foveate-tuberculate (small elements 
of various shapes), and longitudinally sulcate (long 
parallel grooves). The foveate-tuberculate surface 
probably appears when the thin outer wall is pressed 
against the dry contents of the cell. Kadenia dubia 
and Cnidium monnieri sometimes have transverse 
wrinkles more than one cell in length. On the whole, 
the surface of dry mericarps without cell boundar-
ies is difficult to describe; on the same fruit, usually 
several variants can be seen, and the intraspecific 
variability is great; in many cases different samples 
of the same species do not have any common states 
of this trait. 

On the surface, there are often outgrowths much 
smaller than a cell (sharp, hemispherical, flattened 
projections or papillae). In many species the form of 
outgrowths is a stable feature: flattened in Angelica 

anomala (Fig. 4F), Cnidium cnidiifolium, and Se-
linum carvifolia (Fig. 6E, F), acute in Pachypleu-
rum alpinum, Phlojodicarpus villosus, Seseli buch-
tormense, S. ledebourii (Fig. 1I), S. libanotis (Fig. 
4G), and Stenocoelium athamantoides; hemispheri-
cal in Kitagawia terebinthacea and Turgenia lati-
folia. Acute or hemispherical projections arranged 
in regular rows are an attribute of Anthriscus syl-
vestris. Stenocoelium athamantoides (Fig. 9D) and 
Xanthoselinum alsaticum (Fig. 3GH) carry papillae 
and sharp outgrowths on the surface, regardless of 
whether the cell boundaries are discernible or not; 
the same was noticed in relation to flattened projec-
tions on the fruits of Selinum carvifolia (Fig. 6E, F).

The stomata on mature fruits are not always no-
ticeable and are sparse (1–3 per square mm); they 
are located on the plane of the exocarp or they are 
raised; the cuticle around the stomatal pore is usual 
for this area of the fruit or smooth; in rare cases, 
there are radially diverging cuticular folds.

The diversity of epicuticular secretions (“wax”) 
on the fruits studied is small. Sometimes the wax 
layer is very thin, and the detail of the cell surface 
is clearly visible. A smooth or rough crust, a few 
microns thick, masks surface details: cell boundar-
ies, the shape of anticlinal walls, and the fine relief. 
Granules can be seen on the crust surface, but SEM 
cannot tell us the difference between wax particles 
and dust, so we did not use granules as the character 
state. On some fruits of Aegopodium L., Angelica 
L. (Fig. 3E), Ferula L. (Fig. 8A), Pimpinella L., 
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Fig. 9. Indumentum. A, B – Angelica anomala, immature fruit, ribbon-like hair with tuberculate surface. C – Heracle-
um sibiricum, Immature fruit, ribbon-like hair with smooth surface (arrow) and acicular hairs with tuberculate surface 
(arrowheads). D – Stenocoelium athamantoides, a hair with a pedestal (cuticle rugulate-tuberculate) and numerous 
acute projections and papillae. E – Seseli buchtormense, tufted hairs with tuberculate surface. F – Turgenia latifolia, 
apex of glochidium with sparse striate surface. G – Daucus carota, hairs with pedestals, surface rugulate-tuberculate. 
H – Seseli libanotis, a broken hair.
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Sanicula, and Trinia Hoffm., platelets are occasion-
ally found; however, on the fruits of the genus Bu-
pleurum L., platelets are especially numerous. The 
plates are 1–2 μm in size, located perpendicular or 
at an angle to the surface. Crust is usually absent on 
pubescent fruits and fruits with large, convex exo-
carp cells.

The characters of hairs and emergences are listed 
in Table 2. The longest hairs (1.1 mm) are found in 
Phlojodicarpus villosus and Seseli condensatum. 
The wall thickness of the hairs can be determined by 
stubs: for example, in Seseli libanotis (Fig. 9H) and 
S. seseloides it is about 2 µm, and 1 µm in Phlojo-
ducarpus villosus. It can also be estimated indirectly 
based on hair shape and surface sculpture.

 Among the studied species, ribbon-like, thin-
walled, strongly flattened hairs with a smooth sur-
face were noted only in Heracleum dissectum, and 
in one specimen of Sajanella monstrosa; in these 
species, the ovaries are densely pubescent, and as 
the fruit matures, some hairs fall off. H. sibiricum 
is characterized by glabrous fruits, but sometimes 
there are single ribbon-like smooth hairs and subu-
late hairs with a rugulate and tuberculate surface 
(Fig. 9C). Angelica anomala (Fig. 9B), Phlojodi-
carpus villosus, Sajanella monstrosa (Fig. 1H), and 
Seseli condensatum have long ribbon-like hairs of 
irregular shape, but their fine relief is well-defined – 
striate, rugulate, or tuberculate; the walls of the hairs 
are most likely thicker than those of the hogweed. 
Trinia ramosissima, as well as some specimens of 
Conium maculatum and Kitagawia terebinthacea, 
have very short (20–30 μm) triangular hairs with a 
densely rugulate or tuberculate surface on the fruits. 
In other species with pubescent fruits, the hairs 
are subulate, sharp, with a well-defined fine relief. 
The hairs have multicellular pedestals in Anthris-
cus sylvestris, Daucus carota, Stenocoelium atha-
mantoides (Fig. 9D), Turgenia latifolia, and Trinia 
ramosissima. Most species have solitary hairs, but 
Seseli buchtormense (Fig. 9E), Stenocoelium atha-
mantoides, and Turgenia latifolia have tufted hairs. 
We have already noted in the Far Eastern material 
(Ostroumova, 2018) that the fruits of Pachypleurum 
alpinum, Phlojodicarpus villosus, and Sesel conden-
satum have the entire spectrum of hairs from small 
sharp prickles to ordinary hairs 50–100 μm long. 
The same picture is observed on the fruits of Seseli 
ledebourii (Fig. 1I), Seseli libanotis (Fig. 4G), and 
Stenocoelium athamantoides (Fig. 9D), which are 
common in Siberia.

Zoochoric adaptations are visible on the fruits 
of some species studied. Fruits of Caucalis platy-

carpos (Fig. 1J), Sanicula europaea, and S. giraldii 
(Fig. 2A) have hooked spines; anchor-like glochidia 
are on secondary ribs in Daucus catota and Turge-
nia latifolia. The fruits of Turgenia are especially 
powerfully “armed” – glochidia bear not only an-
chors at the end, but are also covered over the entire 
surface with small, sharp downward-facing prickles 
(Fig. 9F).

As most species of the subfamily Saniculoideae, 
Sanicula europaea (Fig. 2D) and S. giraldii have 
drused of calcium oxalate.

Fruits of Stenocoelium athamanthoides change 
their appearance on the late steps of ontogenesis 
drastically, its ribs inflate and almost hide valleculas 
(Fig. 7I, J).

In general, it should be noted that there 
is a significant intraspecific variability of 
micromorphological characters. In Table 1, 
characters stable within a species are shown in 
capital letters. Lower case letters indicate that this 
condition of the character varies within the species. 
Lower case letters were also used when only one 
sample was studied, and it is not yet possible to 
assess the degree of variability.

Discussion 

When describing the micromorphology of 
botanical objects, the terminology proposed by 
Margarita R. Murley (1951) is often used, which 
was also adopted by Stearn (1983). M. Murley's 
work is a classic study of the seeds of the family 
Cruciferae; all terms are clearly defined and 
illustrated. The work was carried out using an 
optical stereomicroscope with a magnification of up 
to 45×. Many terms are quite applicable to describe 
the surface as it is seen at 50–100× magnification. 
For example, “colliculate” usually corresponds to 
isodiametric cells with sunken borders and convex 
outer walls. “Aculeate” are small sharp outgrowths, 
regardless of whether the cell margins are noticeable 
or not. Compressed outgrowths, characteristic 
of some species of Apiaceae, were not found in 
crucifers, so a term has not been proposed for them. 
“Reticulate” can mean cells with raised borders and 
flat outer walls, but also a coarser mesh with lumina 
significantly larger than one cell. SEM allows us 
to use higher magnifications and describe surface 
details more precisely.

C. Y. Liao et al. (2013) studied the anatomy and 
micromorphology of the fruits of the East Asian 
species Angelica s. l. and performed molecular 
phylogenetic analysis based on the ITS and ETS 
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regions of nuclear DNA and several plastid genes. It 
was shown that the genus Ostericum is not related to 
the rest of Angelica s. l. In terms of micromorphology, 
Ostericum species have large convex, rigid exocarp 
cells, while the rest of Angelica s. l. have smaller 
cells with flat or concave outer walls, or cells that 
are generally indistinguishable. Within the Angelica 
group, micromorphology has no taxonomic 
significance, but it is important as a distinction from 
the genus Ostericum. O. huandongensis is close to  
A. amurensis and Czernaevia laevigata in 
terms of fruit micromorphology and molecular 
characteristics, but the authors did not propose a 
new nomenclature combination for it. Fig. 4 in  
C. Y. Liao et al. (2013) shows elongated cells on the 
surface of Ostericum fruits; however, we observed 
that most cells have an isodiametric shape (Fig. 3I, 
6C; Ostroumova, 2018).

The exocarp of Aulacospermum and 
Pleurospermum consists of large convex cells, 
and the stomata are located on low bulges. The 
taxonomic affinities of these genera are confirmed 
by molecular data; both of them belong to the 
Pleurospermeae clade (Downie et al., 2010). Large 
convex cells are known in phylogenetically distant 
genera: Hansenia belongs to the Pleurospermopsis 
clade, Ostericum belongs to the Selineae clade, and 
Tilingia belongs to the Acronema clade. On the 
fruits of the studied species Hansenia, Ostericum, 
and Tilingia, there are no tubercles, the stomata are 
located on the plane of the exocarp, and stomata are 
extremely rare in Ostericum. The stomata on the 
tubercles are also known in the species of the genus 
Astrantia belonging to the subfamily Saniculoideae 
(Kljuykov et al., 2018).

W. Barthlott et al. (1998) identified 23 types of 
epicuticular wax. A thin waxy film is always present 
on the surface, but it is difficult to see it using SEM. 
It does not mask the sculpture of the cell wall and 
cuticle. The authors indicated that wax platelets 
are widespread in land plants and the Carrot family 
is not an exception. We have observed scattered 
platelets in several species; in the genus Bupleurum, 
platelets are present in almost all species and are 
densely arranged. We also observed smooth and 
rough wax crusts on the fruits of the Apiaceae.

Özcan (2002, 2004) studied 27 Bupleurum 
species, described them in detail and provided 
good illustrations. He identified several types 
of surfaces and compiled a key for identifying 
species by micromorphological characteristics. 
Wax crystalloids were found in almost all studied 
species; according to the author, their location, 

shape (ordinary and membranous plates, and 
rods), and number are important for the diagnosis 
of species. The author overestimates the stability 
of the characters: “the surface characteristics in 
mature fruit specimens are stable features which 
are not effected by environmental conditions” 
(Özcan, 2004, p. 72). For example, he reported that 
B. rotundifolium and B. lancifolium have no wax 
platelets, but we observed (Fig. 8E; Ostroumova, 
Kljuykov, 2015) densely spaced plates in some 
specimens, both solitary and in groups.

Y. Yaşil et al. (2018) studied 26 species of the 
genus Pimpinella from Turkey and identified 9 
micromorphological types. Significant interspecific 
and intraspecific variability of the shape of the fruit 
and its surface, as well as the lack of correlation 
between these groups of characters, was noted. The 
results of cluster analysis based on 28 characteristics 
of the fruit and the general morphology of plants, 
generally correspond to the traditional system 
of the genus. Unfortunately, the authors did not 
mention the fine relief of the hair surface. Judging 
by the illustrations, the relief is tuberculate also 
known among many other representatives of the 
Pimpinelleae clade (Pimenov et al., 2021).

Bani et al. (2016) studied the fruit 
micromorphology of 8 species of the genus 
Grammociadium. A different degree of variability of 
characters was shown. On the one hand, all species 
of the subgenus Caropodium (Stapf et Wettstein) 
Tamamschian et Vinogradova are similar to each 
other in micromorphology, they belong to type 5: 
a longitudinally grooved surface with a striate fine 
relief and without visible cell boundaries; and in 
these characters they differ from the type subgenus. 
On the other hand, the two subspecies G. macrodon 
differ drastically from one another: ssp. nezaketiae 
has tubercles of various sizes on the surface and a 
pronounced striate, rugulate and striato-knotted (in 
our terminology) fine relief, while ssp. macrodon 
has a relatively flat surface and a weakly pronounced 
striate relief.

Features of fine relief are also of taxonomic 
importance in the genus Trinia. For example, in 
T. glauca, a striate and rugulate relief of cells is 
strongly expressed, while in the closely related 
species T. multicaulis, the surface is almost smooth, 
only along the ridges of the ribs is a striated pattern 
noticeable (Fedoronchuk, 1983).

Guo et al. (2017) showed that Chamaesium 
novemjugus is a separate species and not a synonym 
for C. spatuliferum. Among the diagnostic features, 
they cited a fine surface relief – striate (striate 



140 Ostroumova T. A.  
Fruit micromorphology in Apiaceae

and rugulate in the illustrations) in Chamaesium 
novemjugus, in contrast to the smooth relief in the 
second species.

When considering the Far Eastern species, we 
noticed that the genus Kitagawia Pimenov differs in 
micromorphology from the type species of the genus 
Peucedanum – P. officinale (Ostroumova, 2018). In 
the Kitagawia species including the Siberian species 
K. baicalensis, fruits are either pubescent or have 
areas with rugulate cuticles. On the contrary, fruits 
of P. officinale are glabrous, the cell boundaries 
are indistinguishable, and the fine surface relief is 
striate. The Siberian species Peucedanum morisonii 
belongs to the closest relationship of P. officinale; 
it also has indistinguishable cell boundaries on the 
surface of the fruit and a striate cuticle; a significant 
part of the surface is covered with wax. The same 
surface was revealed in P. guvenianum, which was 
recently described in Turkey (Yildiri, Duman, 2017). 
Other Siberian genera, which were previously 
included in Peucedanum s. l., have a peculiar surface 
sculpture and a small amount of wax. Haloselinum 
falcaria has cell groups with sunken borders, flat 
outer walls, striate and rugulate cuticles, and small 
blunt projections. In Thysselinum palustre, the 
cell boundaries are indistinguishable, the cuticle is 
striate and sometimes rugulate. In Xanthoselinum 
alsaticum, cells are visible in some areas, and there 
are small sharp and obtuse projections with a striato-
knotted cuticle; on the rest of the surface, the fine 
relief is striate and densely rugulate.

We have already noted that on the fruits of 
Pachypleurum alpinum, Phlojodicarpus villosus, 
Seseli condensatum, Seseli ledebourii, S. libanotis, 
and Stenocoelium athamantoides, there is a whole 
spectrum of hairs, from small sharp projections to 
the usual hairs 50–100 μm in length. It is probable 
that, as the fruit grows, new hairs develop on it at 
different times. The same picture is observed on the 
fruits of many European Seseli species: S. tortuosum 
L., S. arenarium M. Bieb., S. rigidum Waldstein et 
Kitaibel, Seseli besserianum Stoyanov et Ostr., 
S. dichotomum (Boiss.) Manden., S. gummiferum 
Pall. ex Smith., S. lehmannii Degen, and also  
S. eriocephalum (Pall. ex Spreng.) Schisck. from 
Kazakhstan and the Orenburg Region of Russia 
(Kljuykov et al., 2018; Stoyanov et al., 2020).

Species with secondary ribs have hairs on the 
primary ribs. Caucalis has multicellular setae on 
the primary ribs, with a long apical cell that has a 
tuberculate surface. In this species, the apices of the 
hooks on the secondary ribs are slightly rugulate. 
Daucus carota has smooth, anchor-like glochidia 

on the secondary ribs and tuberculate hairs with 
pedestals on the primary ribs (Fig. 9G). The fruits 
of Turgenia latifolia are covered with glochidia of 
various sizes, and there are single and tufted hairs 
with a rugulate or tuberculate surface on the primary 
ribs.

Klimko (2013a, b) reported that young fruits of 
Heracleum sphondylium ssp. sphondylium are more 
pubescent than mature ones. Different specimens of 
this subspecies have either long, thin-walled, non-
mineralized hairs with a smooth surface (ribbon-
like), or short subulate, mineralized hairs with a 
tuberculate surface. The variety with subulate hairs 
is widespread in Poland. Ssp. sibiricum usually 
produces glabrous fruits, but the subulate variety 
is rarely found. According to our observations 
(Ostroumova, 2018), a closely related species  
H. dissectum also has densely pubescent ovaries and 
slightly pubescent fruits. Heracleum sibiricum in 
Russia has glabrous fruits, and rarely, SEM reveals 
ribbon-like and subulate hairs. 

Like other groups of characters, 
micromorphology does not always provide data 
interesting for taxonomy. For example, a glabrous 
surface with indistinguishable cell boundaries and, 
in addition, covered with a layer of wax, carries little 
information. To find traits useful for distinguishing 
between species and clarifying their relationships, 
it is necessary to study and compare a large amount 
of material in order to identify traits most stable in a 
given group of plants.

Unique characters that characterize one taxon 
and are absent in other species of the family are very 
rare in the Apiaceae. Among positive examples, 
we can name the secondary ribs of the mericarps, 
which are known only in two subtribes of the tribe 
Scandiceae; T-shaped hairs found in only one 
subclade of the tribe Pimpinelleae (Pimenov et 
al., 2019); dome-shaped projections arranged in 
regular rows in the genera Anthriscus, Geocaryum, 
Kozlovia, Krasnovia, Neoconopodium, and Scandix 
in the subtribe of Scandicinae (Engstrand, 1973; 
Spalik, 1997; Spalik, Downie, 2001; Ostroumova, 
2018).

Much more often, similar structures develop 
on the fruits of taxonomically distant genera. For 
example, hooked spines are known in Caucalis 
and Orlaya Hoffm. from the tribe Caucalideae, 
in Bupleurum sintenisii Asch. et Urb. ex Huter 
(peculiar tribe Bupleureae), and many Sanicula 
species belonging to another subfamily, the 
Saniculoideae. The hairs on “pedestals” are known 
in the genera Anthriscus, Heracleum, Laserpitium 
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L., Myrrhys Mill., Pimpinella, Stenocoelium, and 
Torilis, belonging to different tribes of the family. 
Large convex exocarp cells are found in the species 
Aulacospermum, Elaeosticta Fenzl, Halosciastrum 
Koidz., Hansenia, Ligusticum L., Ostericum, 
Pleurospermum, and Taeniopetalum Vis., which 
cannot be considered related. Wax platelets were 
found in genera Bupleurum, Aegopodium, Angelica, 
Ferula, Pimpinella, Sanicula, and Trinia; and, in 
general, they are widespread in terrestrial plants 
(Barhtlott et al., 1998).

We have already considered (Ostroumova, 2019) 
the distribution of anatomical characters in the 
Apioideae subfamily according to the tribes of the 
Drude system (1897–1898) based on morphology 
and according to the clades of the molecular 
tree (Downie et al., 2010). The analysis of the 
distribution of stomata types, the vascular system 
of the petiole, the shape of the endosperm, large rib 
secretory ducts in fruits, and small cyclic ducts was 
carried out. In all subdivisions, parallel series of 
variability of several characters are observed. These 
phenomena have been known for a long time, and 
they are explained within the framework of the law 
of homological series of N. I. Vavilov (1922).

The parallel appearance and disappearance of 
traits in different groups of organisms (in other 
words, homaplasy) is called also the manifestation 
of “silent” genes (Kubizki et al., 1991), as well as 
the “Brownian motion” (Endress, Matthews, 2012) 
or “trait development potential” by Rajakumar et al. 
(2012).

The genotype of a single plant may contain 
mechanisms for the development of different 
morphological structures. For example, among 
the somaclones obtained from one individual 
Onobrychis arenaria (Kit.) DC., individuals 

with taxonomic characters O. viciifolia Scop.,  
O. transcaucasica Grossh., and O. sibirica Turcz. 
ex Bess. were revealed (Rozhanskaya et al., 2016).

The study of the complete genomes of Petunia 
inflata and P. axillaris made it possible to trace the 
details of the evolution of flower color (Bombarely 
et al., 2016). P. inflata has purple flowers and is 
pollinated by bees, while the flowers of P. axillaris 
are white, and the plant is pollinated by night 
moths. Both species have the set of functional genes 
for the synthesis of anthocyanins. In P. axillaris, 
MYB factor AN2, which regulates the synthesis 
of anthocyanins in petals, was inactive. Significant 
changes in petal color have been associated with 
small changes in genotype.

Irrespectively of the mechanisms that govern the 
morphological diversity, the widespread parallelism 
and mosaic distribution of characters complicate the 
taxonomy of the Apiaceae. The use of morphological 
and molecular methods has not yet made it possible 
to create a satisfactory family system. Further 
comprehensive study of the family is required.
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