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THE ROLE OF MORPHO-ANATOMICAL TRAITS OF THE LEAVES
IN THE TAXONOMY OF KALANCHOIDEAE BERG. SUBFAMILY (CRASSULACEAE DC.)

MyYHAJLO A. CHERNETSKYY

Abstract. The paper presents the results of the analysis of the morphological and anatomical structure of leaves of 35 species of the
genus Kalanchoé Adans. (Crassulaceae DC.) in the taxonomic aspect of the subfamily Kalanchoideae Berg. Based on own studies and
literature analyses of the flower morphology, embryology, karyology, vascular anatomy of stem and molecular genetics, the author
has found that the most appropriate taxonomic system of the subfamily Kalanchoideae assumes existence of one genus Kalanchoé
divided into three sections: Bryophyllum (Salisb.) Boit. & Mann., Eukalanchoé Boit. & Mann. and Kitchingia (Bak.) Boit. & Mann.
Distinguishing three separate genera Bryophyllum Salisb., Kalanchoé Adans. and Kitchingia Bak., as has been the case throughout the

history of the subfamily Kalanchoideae, is hardly possible due to existence of “intermediate” species.
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Introduction

The taxonomy and nomenclature of the
subfamily ~Kalanchoideae Berg. (Crassulaceae
DC.) have not been unquestionably established
(DEscoINGs 2006; CHERNETSKYY 2011). Two
contrasting views have been prevailing throughout
the history of research on the representatives of the
subfamily. Some researchers distinguished separate
genera Bryophyllum Salisb., Kalanchoé Adans. and
Kitchingia Bak. (SALISBURY 1805; ENDLICHER 1839;
BENTHAM & HOOKER 1865; BAKER 1881; BAILLON
1885; SCHONLAND 1891; StAPF 1908; BERGER
1930; TirrsoNn 1940; HUTCHINSON & DALZIEL
1954; AIRY-SHAW 1966; LAUZAK-MARCHAL 1974;
ZEPKOVA 1980; WICKENS 1982; FORSTER 1985;
TOLKEN 1985; ‘T HART 1995; ByarT 2000, 2008 and
oth.), whereas others combined all species of the
subfamily Kalanchoideae into one genus (DALZELL
1852; Hance 1873; HaMEeT 1907, 1908, 1963;
PERRIER DE LA BATHIE 1923, 1928; MAURITZON 1933;
BALDWIN 1938; DECARY 1962; HAMET & MARNIER-
LAPOSTOLLE 1964; JENSEN 1968; FRIEDMANN 1971,
1975; RAADTS 1977; RAUH 1995; GEHRIG et al. 2001;
MOoRT et al. 2001 and oth.) divided into subgenera
(Bryophyllum  (Salisb.) Koorders, Calophygia
Desc., Kalanchoé¢) (DescoiNGgs 2006) or sections
(Bryophyllum (Salisb.) Boit. & Mann., Eukalanchoé
(Kalanchoé) Boit. & Mann., Kitchingia (Bak.) Boit.
& Mann. or Bryophyllum, Kalanchoé) (BOITEAU &
MANNONI 1948-1949; FRIEDMANN 1975; JACOBSEN
1981; BOITEAU & ALLORGE-BOITEAU 1995;
DESCOINGS 2003; CHERNETSKYY 2011).
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The genus Kalanchoé includes approximately
150 species (DEscoiNgs 2006) distributed mainly
in the arid areas of East and South-West Africa and
some of its adjacent islands, and in South-East Asia.
Almost half of all the Kalanchoé species described
occur in the Madagascan flora as endemic species
growing in the diverse climatic conditions of the
island (BOITEAU & ALLORGE-BOITEAU 1995; RAUH
1995; DEScoOINGS 2003).

Numerous papers presenting the structure of
organs of Kalanchoé genus plants focus primarily on
the macro- and microstructure of flowers, stems or
roots. Available reports on the structure of Kalanchoé
leaves present mainly their macromorphology,
including presence of adventitious buds (vivipary).
In contrast, there is little information about the
micromorphology and anatomy of Kalanchoé
leaves. The available data involve only a few and
more common species of the genus. Results of
investigations on the leaf structure may provide
knowledge of essential taxonomic traits that would
be helpful in solving the current problem of the
taxonomy and nomenclature of the subfamily
Kalanchoideae.

Material and methods

The study involved 35 species representing
various life forms, which, according to the
systematic division (JACOBSEN 1981), belong to three
sections: 1) Bryophyllum (K. beauverdii Hamet,
K. daigremontiana Hamet & Perr., K. fedtschenkoi
Hamet & Perr., K. gastonis-bonnieri Hamet & Perr.,
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K. laetivirens Desc., K. laxiflora Bak., K. manginii
Hamet & Perr., K. marnieriana Jacobs., K. pinnata
(Lam.) Pers., K. porphyrocalyx (Bak.) Baill,
K. prolifera (Bowie ex Hook.) Hamet, K. rosei Hamet
& Perr., K. tubiflora (Harv.) Hamet, K. uniflora (Stapf)
Hamet); 2) Eukalanchoé (K. beharensis Drake, K.
bipartita Chiov., K. blossfeldiana v. Poelln., K. crenata
(Andrews) Haw., K. eriophylla Hilst. & Bojer ex
Tulanse, K. hildebrandtii Baill., K. longiflora Schltr.
ex Wood, K. marmorata Bak., K. millotii Hamet &
Perr., K. nyikae Engl., K. orgyalis Bak., K. prittwitzii
Engl., K. pumila Bak., K. rhombopilosa Mann. &
Boit., K. schimperiana A. Rich., K. thyrsiflora Harv.,
K. tomentosa Bak., K. velutina Welw. ex Britten);
3) Kitchingia (K. campanulata (Bak.) Baill,
K. gracilipes (Bak.) Baill., K. peltata (Bak.) Baill.).

The study material was obtained from the
collection of greenhouse plants at the Botanical
Garden of the Maria Curie-Sklodowska University
in Lublin. Investigations of the micromorphology
and anatomy of typical leaves of selected Kalanchoé
species were conducted using stereoscopic
microscopy (SM), light microscopy (LM) and
scanning electron microscopy (SEM).

Results and discussion

The leaves of individual species of the genus
Kalanchoé differ distinctly in terms of their shape,
colour and parameters. They exhibit permanent
species-specific macromorphological traits. The
polymorphism observed in the leaves (simple or
compound, sessile or petiolate) is characteristic
for some species and closely related to changes in
external factors in both artificial growing conditions
and their homeland. A common feature for all taxa
is the succulent leaf structure, which is unequally
manifested due to the diverse habitat conditions.
Leaf vivipary is a typical trait of most representatives
of the section Bryophyllum, while infloral vivipary is
a general feature of the genus Kalanchoé.

In terms of their morpho-anatomical
organization, leaves of the genus Kalanchoé belong
mostly to the bifacial structure type. However, the
anatomical structure in many species reveals the
unifacial petiole structure; hence, the leaf may be
classified as the mixed (unifacial-bifacial) type. The
representatives of the particular sections of the genus
Kalanchoé share the leaf anatomy (Tab. 1), but the
species differ distinctly in terms of appearance (the
type of trichomes, the contours of the anticlinal walls

of epidermal cells, etc.), parameters or numbers, for
instance, the length of the stomata (23-39 um) and
non-glandular (42-1258 um) or glandular trichomes
(28-155 um); the thickness of the epidermis (11-48
um); the number of epidermal cells (159-1075),
stomata (17-97) and non-glandular trichomes
(19-52) per 1 mm?2 of the leaf surface. The epidermis
in Kalanchoé leaves produces papillary structures
composed of highly convex epidermal cells and one
or more stomata. The structure of some Kalanchoé
taxa is characterized by presence of surface calcium
carbonate deposits (K. gastonis-bonnieri, K. pumila,
K. thyrsiflora), papillary marginal cells (K. prolifera),
non-glandular trichomes (K. beharensis, K. orgyalis,
K. eriophylla, K. hildebrandtii, K. rhombopilosa,
K. millotii, K. tomentosa and oth.), glandular
trichomes (K. beharensis, K. gastonis-bonnieri,
K. eriophylla, K. manginii, K. orgyalis and
oth.), angular collenchyma (K. campanulata,
K. daigremontiana, K. laxiflora, K. marnieriana,
K. pinnata, K. prolifera and oth.), tangential
collenchyma (K. beharensis, K. blossfeldiana and
oth.) and stomata in the elongated aggregations
on the petiole (K. pinnata, K. prolifera). The
chlorenchymatous tissue in Kalanchoé leaves is not
differentiated into palisade and spongy mesophyll,
but is divided into small-celled subepidermal
mesophyll and large-celled mesophyll (water
transporting, CAM type). The leaf assimilation
tissue contains pleomorphic chloroplasts. Green
plastids have been detected also in the cytoplasm
of cells: epiderma, stomata, collenchyma, tannin-
bearing and epithem hydathodes.

The details of the microstructure of Kalanchoé
leaves may constitute important taxonomic traits
of the species of the subfamily Kalanchoideae.
The leaf srtructure did not exhibit distinct
differences between the species of the three sections
(Bryophyllum, Eukalanchoé, Kitchingia) of the genus
Kalanchoé. Based on own studies (CHERNETSKYY
2007) and other authors’ investigations concerning
the flower morphology (HaMeT 1907, 1908;
BERGER 1930; BOITEAU & MANNONI 1948-1949 and
oth.), embryology (MauriTZON 1933), karyology
(BALDWIN 1938; UHL, 1948; FRIEDMANN 1971;
ZEPKOVA 1976; RaADTS 1983, 1985, 1989), vascular
anatomy of stem (JENSEN 1968) and molecular
genetics (HAM & 't HART 1998; GEHRIG et al.
2001; MoRrT et al. 2001), it is difficult to distinguish
three genera in the subfamily Kalanchoideae due
to existence of “intermediate” species. DESCOINGS
(2006) suggests a division of the genus Kalanchoé
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Table 1. Morpho-anatomical traits of the leaf structure in the genus Kalanchoé.

Sections
Traits of leaf structure
Bryophyllum Eukalanchoé Kitchingia

polymorphism -+ —+ i
unifacial petiole -+ 4 —+
peltate lamina -+ 4 —+
viviparia + - - - - -
non-glandular trichomes - -+ -
glandular trichomes -+ —+ -
calcium carbonate deposits on the surface -+ -+ -
epithemal hydathodes + - -+ 4
papillary structures of the epidermis ++ ++ ++
amphistomatic ++ ++ ++
lower epidermis producing more stomata + - ++ ++
anisocytic stomata ++ ++ ++
well-developed outer cuticular ledges of stomatal cells ++ ++ ++
epicuticular wax ++ ++ ++
thick-layered cuticle ++ ++ ++
striated cuticle + - 4 - -
smooth cuticle + - + - +-
single-layer epidermis ++ ++ ++
papillary epidermal cells -+ - -
slightly or distinctly convex outer epidermal cell walls + - + - ++
thickened outer walls of epidermal cells ++ ++ ++
the contours of the anticlinal walls in ~ undulating +- +- +-
epidermal cells: straight — 4 _
the cells of the lower epidermis are smaller than the

cells of the upper epidermis M t- t
anthocyanin pigments in epidermal cells + + ++ ++
small-celled, subepidermal mesophyll ++ ++ ++
water transporting mesophyll ++ ++ ++
tannins in some parenchymal cells ++ ++ ++
calcium oxalate crystals in parenchymal cells ++ ++ ++

- — lack of the trait in the species of the section,
+ — characteristic trait for most species of the section,

into three subgenera: Bryophyllum, Kalanchoé and
Calophygia. The author classifies “intermediate”
species between Kalanchoé and Bryophyllum into the
subgenus Calophygia, excluding species that have
common traits of Bryophyllum and Kitchingia. He
introduces a new taxon - the subgenus Calophygia
- to the subfamily Kalanchoideae, and disregards
the genus Bryokalanchoé Res. proposed previously
by E Resende in 1956 (see BOITEAU & ALLORGE-
Bo1TEAU 1995). Generally, this gives no grounds for
distinguishing three separate genera Bryophyllum,
Kalanchoé and Kitchingia in the subfamily

+ + characteristic trait for the species of the section,
-+ characteristic trait for some species of the section.

Kalanchoideae, as has been done throughout the
history of this systematic group.
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