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On the recent record of “Chenopodium badachschanicum”
(Chenopodiaceae) from Iran

CORRESPONDENCE

Sergei L. Mosyakin

M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine, Tereshchenkivska Str. 2, 01004 Kyiv,
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Abstract

Chenopodiastrum badachschanicum (Tzvelev) S. Fuentes, Uotila et Borsch has been
recently reported (as Chenopodium badachschanicum Tzvelev) from Iran in the article
published in Modern Phytomorphology. Unfortunately, the article contains some errors and
outdated information on taxonomy of this species. Most importantly, the image of herbarium
specimens reproduced in the article definitely represents not C. badachschanicum but,
undoubtedly, a species of Spinacia L., most probably S. turkestanica lljin. Judging from its
distribution pattern, C. badachschanicum may be expected in Iran, especially in eastern
mountain areas. However, there is no positive evidence of its occurrence in Iran yet and its
recent record is based on a misidentification.

Keywords: Chenopodiaceae, Chenopodium, Chenopodiastrum, taxonomy, distribution, Iran

Introduction the species, as well as some comments on the

record itself.
In one of the Ilatest issues of Modern

Phytomorphology, Chenopodium badachschanicum

Tzvelev (Chenopodiaceae) was reported from
Iran, supposedly for the first time for the
flora of that country (Keshavarzi et al. 2016).
However, there are some evident problems
with that record and the article itself, which
stimulated the present note, where I provide
corrected and updated information about

Taxonomy of Chenopodiastrum
badachschanicum and related
taxa: a brief overview

Chenopodium badachschanicum was described

by Tzvelev (1960) from the Pamir Mountains
in Tajikistan (holotype, LE: “Tadzhikistania,

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/) freely available on https://phytomorphology.org/ .
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Pamir occidentalis, in declivitate lapidosa paulo
ruderata in valle fl. Murgab 3-4 km intra ostium
fl. Pschart occidentalis, alt. circa 3300 m s. m.,
19 VI 1958, N2 220, N. Tzvelev”; “Taaxukckas
CCP, 3amapnsrit [TaMup, HeCKOABKO 3acOpeHHast
OCBIIb MEAKHX KaMHeHl II0 CKAOHY IIPaBOro
bepera p. Myprab, B 3-4 KM HIKe yCTbs
p. 3amapmert  IImapr, oxoao 3300 M Hap
yp- M., 19 VI 1958, Ne 220, H. Liseaes”). When
discussing his new taxon, Tzvelev did not
mention its affinity to Chenopodium hybridum L.
(now  Chenopodiastrum  hybridum  (L.)
S. Fuentes, Uotila & Borsch: see Fuentes-Bazan
et al.2012b) but instead considered some other
supposedly related taxa of Chenopodium L., viz.
C. bryoniifolium Bunge, C. atripliciforme Murr,
and C. murale L. For some time, this species was
indeed considered a relative of C. bryoniifolium
and/or C. atripliciforme.

Uotila (1993, 1997, 2001) clarified the
taxonomic position and patterns of geographical
distribution of Chenopodium atripliciforme
and C. badachschanicum and demonstrated
the close relationships of C. badachschanicum
and C. hybridum. Later the Chenopodium
hybridum group (including the widespread
but originally probably European - western
Asian C. hybridum s. str, mountain Asian
C. badachschanicum, and North American
C. simplex (Torrey) Raf.) was transferred to a
new genus Chenopodiastrum S. Fuentes, Uotila
& Borsch, and the relevant nomenclatural
combinations have been made for these three
species (Fuentes-Bazan et al. 2012b). These
taxa belong to the Eurasian-North American
section Chenopodiastrum sect. Grossefoveata
(Mosyakin) Mosyakin (see nomenclatural
citations and synonymy in Mosyakin (1993,
2013)). As I noted earlier (Mosyakin 2013),
“This section includes three currently
recognized species, Chenopodiastrum hybridum,
C. badachschanicum (Tzvelev) S. Fuentes, Uotila,
& Borsch (Chenopodium badachschanicum
Tzvelev), C. simplex (Torr.) S. Fuentes, Uotila,
& Borsch (Chenopodium simplex (Torr.) Raf;
C. gigantospermum Aellen), and probably one
yet undescribed East Asian entity (species or
subspecies) discussed by Baranov (1964) and
mentioned by Zhu et al. (2003)” Additional

comments on still problematic and probably
undiscovered taxa of that group are available
from Sukhorukov (2014) and Sukhorukov
& Kushunina (2014). Carpology of taxa of
Chenopodium and related genera (including
the Chenopodiastrum hybridum aggregate) was
recently studied (Sukhorukov & Zhang 2013;
Sukhorukov 2014) in light of new phylogenetic
evidence.

The Iranian record as reported by
Keshavarzi et al. (2016)

Keshavarzi et al. (2016) cited in their article
several rather irrelevant references but failed
to mention and cite the publications directly
relevant to the species under discussion.
For example, they mentioned the molecular
phylogenetic study by Fuentes-Bazan et al.
(2012a), in which the Chenopodium hybridum —
C. murale group was already reported as a clade
separate from Chenopodium s. str., but did not
cite the following article by Fuentes-Bazan et al.
(2012b) with phylogenetic information updated
and a new taxonomic treatment proposed. Some
other important references that were glaringly
missing in Keshavarzi et al. (2016) are cited
here. A simple Google search with the keywords
“Chenopodium badachschanicum” easily brings
most of those publications; many of them are
open access resources.

The text of the article was evidently in
need of considerable editing, both linguistic
and scientific. Some references were also cited
incorrectly. For example, Ubotila is cited as the
author of the treatment of Chenopodiaceae in
Flora Iranica. In fact, he prepared the treatment
of Chenopodium (Uotila 1997), while the whole
treatment of Chenopodiaceae in Flora Iranica
was authored by seven contributors (see Hedge
et al. 1997). There are some other problems,
which are not discussed here for brevity’s sake.

Most importantly, the image of the
herbarium specimen(s) reproduced
in the article definitely represents not
Chenopodiastrum badachschanicum  but,
without any doubt, a species belonging to
a different genus (not Chenopodiastrum and

Modern Phytomorphology 11, 2017
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not Chenopodium), and even to a different
tribe. In my opinion, the plants illustrated on
Fig. 2 (Keshavarzi et al. 2016: 33) belong to
Spinacia turkestanica Iljin, a species previously
known for Iran (Hedge et al. 1997). Other
illustrations (close-ups; Keshavarzi et al. 2016:
34, Fig. 3) most probably also represent parts
of inflorescences of staminate individuals of
that species. My identification of the plants
illustrated in Keshavarzi et al. (2016: 33, Fig. 2)
has been confirmed also by other experts in
Chenopodiaceae, Alexander Sukhorukov and
Pertti Uotila (personal communications, email
messages to Sergei Mosyakin). Of course, our
identification of the specimen from the ALH
herbarium is based on images only. However, the
characters visible on the images are sufficient. In
particular, the characteristic features are: general
branching habit, remnants of the basal leaf
rosette, peculiar hastate leaves with rather long
horizontal basal lobes, and the inflorescence
shape. It is also worth noticing that only
staminate flowers seem to be visible on close-
up images, which is what to be expected if only
staminate plants of a dioecious Spinacia were
studied. Keshavarzi et al. (2016) also did not
report any original information on morphology
of fruits - the most important characters
for distinguishing C. badachschanicum from
C. hybridum and other similar taxa. Instead,
they for some reason provided non-diagnostic
images of the leaf surface and pollen grains.

Following the request by the editor of
Modern  Phytomorphology, Andriy Novikov
(Andrew Novikoff), made already after
the article has been published, the authors
provided some field photographs showing
plants probably indeed belonging to a species of
Chenopodiastrum (personal communication by
the editor). Positive species-level identification
of plants on those images is impossible or at
least highly problematic because no reliable
diagnostic characters are visible (in particular,
fruits: see Uotila (1997, 2001), Sukhorukov
(2014) and references therein), while the
general appearance of plants can be misleading.
By the date of the completion of the present
note the authors did not provide any additional
herbarium specimens or their scanned images,
Modern Phytomorphology 11, 2017

except for the oneillustrated in the article (that of
Spinacia turkestanica). Thus, at present there is
no reliable evidence supporting their claim of
a new country record of C. badachschanicum
and its recent reporting for Iran is based on a
misidentification.

Conclusions

The  article  reporting  “Chenopodium
badachschanicum” from Iran is evidently not
an achievement of the authors, reviewers and
editors. Forthcoming articles submitted to
Modern Phytomorphology, a journal that is
gaining popularity and outreach, should be
prepared for publication with better scientific
and editorial scrutiny. I do hope that this brief
critical note will result in improving future
articles of this journal.

Judging from its distribution pattern,
Chenopodiastrum  badachschanicum may be
indeed expected to be found somewhere in
Iran, especially in the mountain areas of the
eastern part of the country. If a species of
Chenopodiastrum has been indeed found in Iran
by the authors, as they claim, solid evidence on
its identity has to be presented. Probably new
collections and morphological studies will be
needed. However, now we should conclude
that at present there is no positive evidence of
C. badachschanicum occurring in Iran.
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Abstract

Silene (Caryophyllaceae) is a large genus with about 700 species distributed worldwide.
Auriculatae is the largest section of this genus with 21 endemic species represented in
Iran. Seed micromorphology of S. commelinifolia, S. lucida, S. nurensis and S. eremicana
from 18 populations was studied by the light microscopy. As a result, 6 populations were
adopted for further SEM studies. A great variation was observed in seed shape and
size, lateral and peripheral surfaces of seeds, and shape of testa cells edge. Totally, 16
quantitative and qualitative seed features were measured and evaluated. Seed size varied
from 1.28 x 1.43 mm in Alvand population of S. eremicana, to 1.97 x 1.50 mm in Bozghosh
population of S. lucida. PAST and SPSS software was applied to demonstrate the species
relationships. S. eremicana and S. lucida were closely grouped, which is in accordance with
their morphological similarities. Seed micromorphology revealed that the species, which are
similar to S.commelinifolia are clearly separated from each other. Therefore seed morphology
is of taxonomic importance in the studied group.

Keywords: Silene, seed, micromorphology, SEM, Iran

Introduction hermaphrodite, although a few species are
dioecious or gynodioecious (Bari 1973;
Greuter 1995). These are annual, biennial
or perennial herbs. The section Auriculatae
(Boiss.) Schischkin is the largest within this

Silene L. (Caryophyllaceae Juss.) is a large
genus with worldwide distribution, containing
about 700 species. These species are mainly

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/) freely available on https://phytomorphology.org/ .
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Table 1. Voucher details of studied Silene taxa.

Nr  Taxon Locality Code SEM
1 S. commelinifolia West Azerbaijan, Piranshahr to Naghadeh, Gerd Kashaneh, Lik
var. ovatifolia Bin Village, Landi Sheykhan Mountain, 36 41 7.5 N, 45 26 27.1 E,
2400 m, 02.07.2010, A. Gholipour, 890277
2 S. commelinifolia Tehran, Darakeh mountain, 35 49 37.3 N, 51 22 47.3 E, 1925 m, Comi2 *
var. ovatifolia 20.06.2008, A. Gholipour, 8768
3 S. commelinifolia West Azerbaijan, Urmia, Anhar, Marmisho, Solok, 37 29 0.33 N,
var. ovatifolia 44 45 0.22 E, 2327 m, 20.07.2011, A. Gholipour, 900832
4 S. commelinifolia Mazandaran, Baladeh, Kamarbon, Gosfandsarai-e chai khaksar,
var. commelinifolia 36 14 16.1 N, 51 22 17.1E, 2852 m, 07.07.2011, A. Gholipour,
900624
5 S. commelinifolia Tehran, Haraz Road, Polur, 35 48 899 N, 52 01 643 E, 2405 m,
var. commelinifolia 10.06.2007, A. Gholipour, 8637
6 S. commelinifolia West Azerbaijan, Urmia, Anhar, Marmisho, 37 29 03.2 N,
var. commelinifolia 44 36 24.7 E, 3007 m, 02.07.2012, A. Gholipour, 91312
7 S. commelinifolia Hamadan, Alisadr cave, 29.06.2010, A. Gholipour
var. commelinifolia
8 S. commelinifolia Tehran, Touchal, 35 52 572 N, 51 24 131 E, 2700 m, 23.06.2008, Com9 *
var. commelinifolia A. Gholipour, 8771
9 S. commelinifolia Tehran, Dizin, Gajerah, Velayatroud village, 36 03 N, 51 23 E,
var. commelinifolia 2500 m, 15.07.2008, A. Gholipour
10  S.cf. commelinifolia  Ardabil, km 30 Ardabil to Kivi, before Neor lake, 38 00 549 N,
48 55 225 E, 2590 m, 16.07.2011, A. Gholipour, 900701
11 S.cf. commelinifolia  Ardabil, Neor lake, 09.08.2008, A. Gholipour
12 S.cf.commelinifolia  East Azerbaijan, Sarab, Shalgoon Village, Bozqush Mountain, Com3 *
37 4554 N, 47 35 31 E, 2650-3000 m, 08.07.2012, A. Gholipour,
91387
13 S.eremicana Hamadan, Alvand Mountain, Ganjnameh, 34 43 475 N, ere *
48 25 039 E, 2800 m, 26.06.2007, A. Gholipour, 86105
14 S.lucida East Azerbaijan, Sarab, Shalgoon village, Bozqush Mountain, Luc2 *
37 45 54 N, 47 35 31 E, 2650-3000 m, 08.07.2012, A. Gholipour
15 S.lucida Gilan, Kelachay, Rahim Abad, Eshkevarat, Chakol, Boza kuh,
2800-3100 m, 29.06.2007, A. Gholipour, 86139
16  S.lucida Piranshahr to Naghadeh, km 5, Zarkanan and Silveh villages,
Kuh-e Sepiarez, 36 50 59.9 N, 44 58 24.8 E, 2820 m, 01.07.2010,
A. Gholipour, 890257
17 S.nurensis Chaharmahal and Bakhtiari, Farsan, Kuhrang, Zardkuh, Nur1 *
32 18 704 N, 50 08 574 E, 3300—-3400 m, 29.07.2008,
A. Gholipour, 8782
18 S.cf.commelinifolia  Lorestan, Azna, Daretakht, Oshtorankuh, 33 20 522 N,

49 20 427 E, 2535 m, 09.08.2008, A. Gholipour, 8787

genus, representing 21 endemic species in Iran
(Melzheimer 1980).

According to Bittrich (1993), seeds of
Caryophyllaceae are small or very small
(0.4-3 mm long), black, brown or nearly
white, reniform, pyriform, or orbicular, and

mostly laterally compressed. Different seed
morphological studies had revealed the
taxonomic importance of seed characters
in Silene (Yildiz & Cirpici 1998; Hong et al.
1999; Fawzi et al. 2010). Chowdhuri (1957)
found that seeds morphology in Silene is of

Modern Phytomorphology 11, 2017
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Table 2. Qualitative and quantitative characteristics of seed of taxa studied of Silene.

Nr  Character

States / Units

1 seed shape

round-reniform (0), symmetrical-reniform (1), cordate-reniform (2),

asymmetrical-reniform (3), semi-circle reniform (4)

2 peripheral surface of seed

3 lateral surface of seed

4 testa cells edge

5 shape of peripheral cells

6 trichomes at hillum

7 seed Length mm
8 seed Width mm
9 seed length to width ratio

10 testa cell length um
11 testa cell width um
12  testa cell length to width ratio

13  width of peripheral surface mm
14 hilum region length um
15 hilum region width um
16 hilum length to with ratio

flat (0), concave (1), convex (2)

flat (0), concave (1), convex (2)

v-shaped (0), undulate (1), smooth (2), sinuate (3)
elongated polygonal (0), polygonal (1)
determinate (0), indeterminate (1)

taxonomic importance on the section level.
Melzheimer (1987) considered testa cells
shape studied by SEM for Silene species
separation. Seed morphology of some Silene
species in Pakistan was studied by Ghazanfar
(1983). Numerical analysis of seed features
by Zareh (2005) showed that these features
are more diagnostic whenever used with a set
of macromorphological data. Camelia (2011)
studied some Silene and recorded that most
seeds are uniform but testa cells shape is
informative.

Seed morphological studies in this genus
can provide additional taxonomic information
to help taxa distinguishing. This is the first seed
morphological studies for S. commelinifolia
Boiss., S. lucida Chowdh., S. nurensis Boiss. et
Hausskn., and S. eremicana Stapf.

Material and methods

Eighteen populations of 4 Silene (namely
S. commelinifolia, S. lucida, S. nurensis, and
S. eremicana) growing in Iran were studied
at the beginning, and then seeds from 6
Modern Phytomorphology 11, 2017

populations were used for further SEM and
statistic analyses (Tab. 1). The specimens were
collected from nature, and later the vouchers
were deposited at the Herbarium of Shahid
Beheshti University (HSBU) and Payame Nour
University (PNUSH).

Beforehand, the samples were studied by
a Dino-Lite Pro hand stereomicroscope. For
SEM studies, selected samples were directly
transferred by fine pipette to a metallic stub using
double-sided adhesive tape, and then coated
with gold in a sputtering chamber (Sputter
Coater BALTEC, SCDOOS). The coating was
restricted to 100 A. The SEM examination was
carried out on EM32000 KV2S microscope.
The measurements were calculated on the base
of 10-20 readings from each specimen by use of
ImageTool ver. 3.

In general, 16 qualitative and quantitative
seed characteristics were analyzed (Tab. 2). To
reveal species relationships we applied cluster
analysis, principal components analysis (PCA)
and principal coordinate analysis (PCO)
plotting. For multivariate analysis, the mean
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Fig. 1. SEM micrographs of seed surface in Silene cf. commelinifolia (Bozqush population): A — lateral surface;

B — testa cells shape.

var commelinifolia.tochal

24KV 400X 1mm KYKY-EM3200 SN:1325

Fig. 2. SEM micrographs of seed surface in Silene commelinifolia var.

A — lateral surface; B — testa cells shape.
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Fig. 3. SEM micrographs of seed surface in Silene commelinifolia var. ovatifolia (Darake population): A — lateral

surface; B — testa cells shape.
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silens lucida < S 1 e T U Silene lucida {3}

25KV 400X 1mm KYKY-EM3200 SN:0127 23KV 300X 100 um KYKY-EM3200 SN:0127

Fig. 4. SEM micrographs of seed surface in Silene lucida (Bozqush population): A — lateral surface; B — testa cells
shape.
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Fig. 5. SEM micrographs of seed surface in Silene nurensis (Zardkuh population): A — lateral surface; B — testa
cells shape.
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Fig. 6. SEM micrographs of seed surface in Silene eremicana (Alvand population): A — lateral surface; B — testa
cells shape.
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var commelinifolia.tochal

KYKY-EM3200 SN:1327
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'y

25KV 100 X 100 um KYKY-EM3200 SN:0127

'silene nurensis
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Fig. 7. SEM micrographs of seed surface in
peripheral view: A — Bozqush population of Silene
cf. commelinifolia; B — Touchal population of
S. commelinifolia var. commelinifolia; C — Darake
population of S. commelinifolia var. ovatifolia.

silene commelinifolia.alvand

25KV 100X 100 um KYKY-EM3200 SN:0127

Fig. 8. SEM micrographs of seed surface in peripheral
view: A — Bozqush population of Silene lucida;
B — Zardkuh population of S. nurensis; C — Alvand
population of S. eremicana.
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Fig. 9. Cluster analysis by UPGMA based on
seed features: com9 - Silene commelinifolia var.
commelinifolia; com12 — S. commelinifolia var. ovatifolia;
com3 — S. cf. commelinifolia; nurl — S. nurensis;
luc2 — S. lucida; ere — S. eremicana.

of the quantitative characters was used, while
qualitative characters were coded as binary/
multistate characters. Standardized variables
(mean = 0, variance = 1) were applied in the
statistical analysis. The average taxonomic
distances and squared Euclidean distances
were used as dissimilarity coefficients in the
cluster analysis of seed morphological data.
SPSS ver. 20 and PAST (Hammer et al. 2001)
were used for statistical analysis. Cophenetic
correlations were determined to fit the obtained
dendrogram.

Results

Studied populations showed some differences
in seed shape, size, and in lateral and peripheral
surface characteristics. Main differences were
related to such seed features as testa cells size
and shape of their edges. General shape of seeds
was round-reniform, symmetrical-reniform,
cordate-reniform, asymmetrical-reniform and
semi-circle reniform (Figs. 1-6).

Seed size varied from 1.28x1.43 mm
in Alvand population of S. eremicana to
1.97x1.50mm in Bozghosh population of
S. lucida. Lateral seed surface is convex in
Alvand population of S. eremicana, and flat in
other studied populations (S. lucida, S. nurensis,
S. cf. commelinifolia and S. commelinifolia).

Modern Phytomorphology 11, 2017

Peripheral surface of seeds is concave in
Zardkuh population of S. nurensis and Bozghosh
population of S. cf. commelinifolia (Fig. 7) and
convex in Alvand population population of
S. eremicana (Fig. 8).

Testa cells shape in studied populations was
fusiform. The edges of testa cells were v-shaped
in Bozqush population of S. cf. commelinifolia
(Fig. 1 B) and Touchal population of
S. commelinifolia var. commelinifolia (Fig. 2 B),
while it was smooth and undulate in Darakeh
population of S. commelinifolia var. ovatifolia
(Fig. 3 B). Bozqush population of S. lucida
(Fig.4B) and Alvand population of S. eremicana
(Fig. 6 B) showed semi smooth testa cells edges.
In Zardkuh population of S. nurensis testa cells
edges were irregular and sinuate (Fig. 5 B).

UPGMA dendregram (Fig. 9), PCA
(Fig. 10) and PCO (Fig. 11) plots of micro-
morphological characters clearly separated
studied taxa. UPGMA dendrogram showed two
main clusters (Fig. 9). First cluster composed of
two subsets composed of Zardkuh population
of S. nurensis (nurl) and Alvand population of
S. eremicana (ere). Second cluster composed of
two subsets and contained Darakeh population
of S. commelinifoliavar. ovatifolia Melzh. (com12),
Touchal population of S. commelinifolia var.
commelinifolia (com9), Bozqush populations of
S. lucida (luc2) and S. cf. commelinifolia (com3).
Cluster analysis by Ward’s method showed the
same division.

Principal components analysis of seed
micromorphological data revealed that two first
components comprised about 70 % of the total
variance. In the first component with about 46 %
of total variance, seed morphological characters,
including seed shape, testa cells edge, seed
length, seed width, length/width ratio, width
of peripheral surface, hilum region length, testa
cell length, testa cell width and length/width
ratio showed the highest correlation (>0.7). In
the second component with about 24 % of total
variance, lateral and peripheral surface had the
highest correlation (>0.7). PCA indicated that
seed characters (such as seed shape and size,
lateral and peripheral surface, the size and edge
of testa cells) are useful in identification and
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‘com3
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‘com12

‘com9

“nurt

Component 1

Fig. 10. PCA ordination scatter diagram of studied accessions based on seed features: com9 — Silene commelinifolia
var. commelinifolia; com12 — S. commelinifolia var. ovatifolia; com3 — S. cf. commelinifolia; nur1 — S. nurensis;

luc2 — S. lucida; ere — S. eremicana.

‘luc2

‘com3

Coordinate 2

“coms

“comi2

Coordinate 1

Fig. 11. PCO scatter diagram based on seed features in studied taxa. com9 — Silene commelinifolia var.commelinifolia;
comi2 — S. commelinifolia var. ovatifolia; com3 — S. cf. commelinifolia; nur1 — S. nurensis; luc2 — S. lucida;

ere — S. eremicana.

classification of the studied species and varieties
(Fig. 10). Principal coordinate analysis plot
showed taxa relationships and indicated the
clear separation of taxa (Fig. 11). Cluster
analysis, as well as PCA and PCO based on
Silene seed morphology showed more or less
similar outcomes.

Discussion

The results of present study (Figs. 1-6) are
in accordance with several previous works,
reported that the most Silene species have
generally reniform and small seeds (Yildiz &
Cirpici 1998; Zareh 2005; Fawzi et al. 2010).

We found that such micromorphological
features as shape, size, lateral and peripheral
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surface of seeds, the size and edge of testa
cells can be effectively applied for separation
of studied species and varieties. For example,
rounded reniform seed shape with v-shaped
testa cells edge were the seed features for
S. commelinifolia.

Studied taxa are clearly separated, what
confirms previous morphological findings of
Atazadeh et al. (2014). Although species are
separated from each other, there is evident
relationship between S. eremicana and S. lucida.
Both varieties of S. commelinifolia (var. ovatifolia
and var. commelinifolia) showed a high similarity
in their seed features.

Atazadeh ef al. (2014) pointed the unique
position of S. cf. commelinifolia populations
(such as Bozqush population) defined on
the base of morphological and karyotype
studies, and suggested existence there of new
subspecies. The results of present study are in
accordance with that conclusion. Populations
of S. cf. commelinifolia in present study showed
similarity in their seed micromorphology
(i.e. shape, size, lateral and peripheral surface
of seeds, the size and edge of testa cells)
and probably represent new subspecies of
S. commelinifolia.
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Abstract

The types of glandular trichomes and their distribution on the vegetative and reproductive
organs of Lamium orientale (syn. Wiedemannia orientalis) are studied for systematic purposes
in this paper. Two morphologically different types of glandular trichomes (peltate and capitate)
are described. Peltate trichomes are characterized by a short stalk, which is connected with
a large spherical head composed of four cells in a single layer. Capitate glandular trichomes
are subdivided into capitate type A and capitate type B. On the vegetative organs peltate
trichomes are abundant, while on reproductive organs capitate trichomes are numerous and
the peltate trichomes are rare or absent.

Keywords: Lamium orientale, Lamiaceae, trichomes

Introduction on vegetative and reproductive organs
(Werker 2006). These trichomes produce

Lamiaceae Martinov is one of the largest plant
families represented by about 258 genera and
3500 species in the world (Duarte & Lopes
2007). According to Davis (1982), Lamiaceae
family has 45 genera and about 546 species
distributed in Turkey. Turkey is a gene center of
this family to which genus Lamium L. belongs
(Bager 1993).

The most important characteristic of the
Lamiaceae are glandular trichomes distributed

essential oils and their structure has been
studied for systematic purpose (Hanlidou
et al. 1991; Vrachnakis 2003). The commercial
value of these essential oils is recorded in lots
of special studies, as well as in relation with
the morphology, structure and secretion of
trichomes (Amelunxen et al. 1969; Heinrich
et al. 1983; Dudai et al. 1988; Antunes &
Sevinate-Pinto 1991).

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/) freely available on https://phytomorphology.org/ .
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Capitate glandular trichomes

Peltate trichomes

Plant Type A Type B
oA Head cells Stalk cells Base cells Headcell Stalk cells Base cells ((:D:IInter E;T’ispheral
Stem 1 2 2 1 4
2 -
Leaf - - - 1 4
Petiole - - - 1 4
Calyx 1 2 1 1 1 1 1 4
2 1 1 -
2 2 1 -
Corolla 1 2 1 1 2 1 -
1 1 1 1 1 1 -
2 1 1 -
4 1 1 -

Table 1. Glandular trichomes variation in Lamium orientale.

This paper provides first comparative
investigation on glandular trichomes of
L. orientale (Fisch. et C.A. Mey.) E.H.L. Krause
formerly known as Wiedemannia orientalis Fisch.
et C.A. Mey. (Mill 1982) and nested in Lamium
genus on the base of recent phylogenetic studies
(Bendiksby et al. 2011; Atasagun et al. 2015). It
is aimed to evaluate the usefulness of characters
of glandular trichomes for systematic purpose.

Material and methods

Plant material of L. orientale was collected in
Amasya (on roadside between Yedikugular Bird
Paradise protected area and Ortaova village,
500 m, April 2008, 1. Oztiirk Cali 376), which
is a city in the Black Sea region of Turkey. The
speciments were kept as a herbarium material
deposited at Gazi University Herbarium
(GAZI). Flora of Turkey (Davis 1982) was used
for taxonomical description.

The plant material was fixed in 70% alcohol
for trichome evaluation properties. Glandular
trichomes were obtained from transverse and
surface sections of vegetative (stem, leaf blade,
petiole) and reproductive organs (calyx, corolla)
of L. orientale. Gandular trichomes preparations
were made by hand using commercial razor

blades under a Leica ICCS50 HD binocular
light microscope. Sartur reagent was applied
to the sections for investigation of anatomical
tissues (Celebioglu & Baytop 1949). The types
of glandular trichomes and their distribution
were described and classified according to
Metcalfe & Chalk (1972), Payne (1978) and
Navarro & El Oualidi (2000).

Results and discussion

The great diversity of plant trichomes has
interested botanists by their adaptive and
taxonomic values. The morphology and
distribution of glandular trichomes are often
applied as taxonomic characters at subfamiliar
level in Lamiaceae family (El-Gazzar &
Watson 1970; Abu-Asab & Cantino 1987;
Cantino 1990).

There are two different types of glandular
trichomes on vegetative and reproductive organs
of L. orientale — peltate and capitate (Tab. 1).

Peltate glandular trichomes of L. orientale
have a basal epidermal cell, a very short
monocellular stalk and a broad round
multicellular secretory head consisting of four
cells in the single shield (Tab. 1; Fig. 1 A, B).
The anticlinal wall of the stalk cell is cutinized.

Modern Phytomorphology 11, 2017
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Fig. 1. Different types of glandular trichomes of Lamium orientale. Peltate glandular trichomes on the leaf (A, B).
Capitate glandular trichomes type A on calyx (C) and corolla (D). Capitate glandular trichomes type B on corolla (E)
and calyx (F). cc — center cell.

Modern Phytomorphology 11, 2017
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Capitate glandular trichomes

Peltate

Plant organ Type A Type B trichomes

1 stalk cell 2 stalk cells 1 stalk cell 2 stalk cells
Stem + + - - T+
Adaxial leaf - - - - T+
surface
Abaxial leaf - - - - T+
surface
Petiole - - - - +
Calyx +++ + ++ ++ +
Corolla +++ + ++ ++ -

Table 2. Distribution of glandular trichomes on different organs of Lamium orientale. Presence of trichomes:

- — absent; + — low; ++ — moderate; +++ — numerous.

Secretory materials of such trichomes together
with an outer layer of the cell walls are secreted
from the head into a space formed in result of
elevation of their common cuticle (Ozdemir
& Altan 2005). Peltate trichomes of other
Lamiaceae  representatives usually  have
multicellular secretory head consisting of up
to 16 cells, a monocellular stalk and a basal
epidermal cell (Corsi & Bottega 1999; Hallahan
2000; Kamatou et al. 2006, 2007). In this study
it was also found that peltate trichomes are
more abundant on the vegetative organs and
rare on the reproductive organs of L. orientale
(Tab. 2), what confirms some previous findings
for other species (Serrato-Valenti et al. 1997;
Corsi & Bottega 1999).

Capitate glandular trichomes are the most
common in Lamiaceae family, but they are more
variable in stalk length and head shape. Presence
of such trichomes is a significant taxonomic
character playing also important role for
pollination (Navarro & El Oualidi 2000). Such
trichomes are composed of a basal epidermal
cell, unicellular to multicellular stalk and a large
unicellular, bicellular or multicellular secretory
head. Capitate trichomes are subdivided into
two types — capitate type A and capitate type B
(Tab. 1). Capitate type A trichomes have
unicellular, bicellular or multicellular head
and stalk of one to two cells (Fig. 1 C, D).
A high percentage of these trichomes have one
roundish head cell. Capitate type B trichomes

have an oblong unicellular head and a short
unicellular stalk. However, sometimes occur
capitate glandular trichomes of type B with
bicellular stalk (Fig. 1 E, F). This type of capitate
trichomes was only observed on calyx and
corolla (Tab. 2).

Presence of glandular trichomes, especially
on the flowers of L. orientale is noteworthy.
Such trichomes on reproductive organs of
some Lamiaceae (e.g, Salvia L.) have also been
reported by Werker et al. (1985a, 1985b), but
only a small number of Lamiaceae species has
been already studied.

Conclusions

Features of glandular trichomes are useful tool
for distinguishing species in Lamium genus.
Presence of capitate type A, capitate type B, and
peltate glandular trichomes on reproductive
organs of L. orientale can be used for further
taxonomic investigations in Lamium.
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Abstract

The article represents a comparative anatomical analysis of leaves of Rhododendron
makinoi, R. degronianum, R. callimorphum and R. brachycarpum. It was shown that leaves
of R. makinoi have most pronounced xerophytic features. R. degronianum and R. makinoi are
similar by most of morphometric characteristics, while R. callimorphum and R. brachycarpum
are well distinguishable. However, some quantitative parameters of the leaf with statistically
significant difference in R. makinoi and R. degronianum have been detected and can be used
as additional criteria for their taxonomic distinguishing. In general, investigated species differ
mostly by type and number of trichomes. The presence of small idioblasts in the studied
species was ascertained.

Keywords: Rhododendron, Ponticum, leaf, anatomy, morphology, idioblasts

BeTtyn

PopOAGHAPOHH €  HAA3BHYANMHO  I[iHHUMH
ACKOPDATUBHMMHU PpPOCAMHAMHM, IO IIHPOKO
BUKOPHCTOBYIOTbCS B AQHAITAGTHOMY
amsaniHi. OAHMMM 3 HafbOiABII I[iKaBUX €
AOCAIAKEHHSI TaKCOHOMIYHOI Pi3HOMAaHITHOCTI
Ta MiClle3poCcTaHb LHX POCAMH. BupueHHs
mpeAacTaBHUKIB  popy  Rhododendron L.
CKepoBaHe B IIEpIIy Yepry Ha BAOCKOHAAEHHS
arpOTeXHIYHUX IIAXOAIB A0 BHPOIYBaHH:A

IIUX POCAMH Ta AO3BOASE BIPOBAAXYBaTH B
IHTPOAYKIIi¥0 HOBI LIiHHI BUAY Ta COPTH.
AocAipKeHHS 0cOOAUBOCTE OYAOBU ANCTKA,
SK OAHOTO 3 HambiAbmn MOAiQYHKITIOHAABHHX
i IIAQCTMYHUX OpraHiB pPOCAMH AO3BOASIIOTDH
BUSIBUTHU aAQIITALifiHi 0COBAUBOCTI SIK OKpeMUX
BUAIB, Tak i popiB B miaomy. IcHye uymmaso
HAyKOBHMX HAIIPAI[JOBaHb IIOAO aHATOMIiYHUX
0COOAMBOCTEHl  AWCTKiB OKpPEMHUX  BHAIB
poaoaenaponis  (Nilsen & Scheckler 2003;

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
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Bondar 2012; Bondar & Zerkal 2013), opnak
AASL 6araTbOX IPEACTABHUKIB POAY Lie IUTAHHA
BCe Lije 3aAMIIAETHCS BIAKPUTHM.

AAS HaIIoro AOCAiAKeHHS 6yA0 06paH0 4
BUAM popy Rhododendron — R. makinoi Tagg
ex Nakai et Koidz., R. degronianum Carriére,
R. callimorphum Balf. f. & WW. Sm. Ta
R. brachycarpum D. Don ex G. Don., ockiapku
aHATOMiYHa 6YAOBa AMCTKIB IIMX BHAIB B
AiTepaTypi OIMCaHa HEAOCTATHbO. OKpiM TOrO,
ICHYIOTb CYII€pPeYAMBI AQHI B CUCTEMATHIIi IIUX
pocaun. 3okpema, R. makinoi posrasiaaerses
ak camocrifiamit Bup (Chamberlain et al.
1996; Walter & Gillett 1998; Goetsch et al.
2005) a6o miaBup R. yakushimanum subsp.
makinoi (Tagg ex Nakai) D.F. Chamb. (Cullen
et al. 2011), IHKOAM >X HOIO BIAHOCATH AO
ckaapy R. degronianum (Kriisssmann 1978).
AOAATKOBI aHATOMIYHI AOCAIAXKEHHS MOTAM 6
AOIIOMOTI'TH 3’siCyBaTH AaHe utaHHst. OTpuMaHi
A2HI TaKOXX MOXYTb OYTH BHKOPHUCTAaHI AAS
PO3pOOKH peKOMEHAQLIH [OAO BHPOIJyBaHHS
IIJUX POCAMH, a TaKOXX MOXYTb AOIOMOTTHU Y
3’ﬂcyBaHHi IX aAQNTaLliHOTO MOTEHIIiAAY.

MaTtepianu i meToan gocnigxeHb

O6’exramu  pocaipxenns 6Oyan  R. makinoi,
R. degronianum, R. callimorphum Ta
R. brachycarpum 3 cexuii Ponticum G. Don.
niapoay Hymenanthes (Blume) K. Koch.
R. makinoi, R. degronianum ta R. brachycarpum
HaAeXaTb A0 Iipcekuil Pontica Sleumer, a
R. callimorphum — po miacexuii Campylocarpa
Sleumer (Chamberlain et al 1996). 1li
BHAU Y TIPUPOAI POCTYTb y pi3HMX YMOBax.
3oxpema, R. brachycarpum npeacraBaeHuil Ha
KaM SHHUCTHX AlASHKaxX cepea 3MilllaHUX AiCiB
Aasexoro Cxopy Pocii, B Kopei Ta Snomii,
sycrpivaerbcs Ha Kypuaax (Irypyn, Kynammup),
€ piakicamm peaixrom Ilpumopcpkoro xparo.
R. makinoi npeacTaBAeHUIl B TOpax Ha BHUCOTI
200-700 M H.p.M. Ha ocTpoBi XoHucio, fnownis.
R. degronianum popoM 3 MiBHIYHOI YacTHHM
octposa Xoucto (Smomis), Ae mi pocaunHu
3pocrarorp Ha Bucori 6ias 1800 M H.p.M.
BarpkiBmuuoto  R. callimorphum e Kurait
(Zarubenko 2006).

Aast AOCAIAKEHD BUKOPHCTOBYBaAT
AMCTKH OAHOPIYHMX CISHIIB pOAOAGHAPOHIB,
KOTPi 3pOCTalOTh Y KOAEKIIMHMX eKCIIO3MIIiiX
Boraniunoro  caay imeni O.B. Qowmina.
AocAipKeHHS TIPOBOAMAMCH HA OAHOPIYHHX
POCAMHAX, IO Iepe3MMYyBAAM 32 iACHTHYHMX
YMOB B TellAWIi Ta OyAH BHCapXeHi B I'PYHT
HaBecHi. B uepBHI BiAOMpaAu IO ABa AHCTKH
CEPeAHBOTO SIPYCY 3 ILSATH POCAMH KOXHOTO
BUAY (8 3araAbHOMY OYAO IIPOaHAAI30BaHO IIO
10 AMCTKIB AAS KOXKHOTO 3 BI/IAiB). AAs KOXKHOTO
MOP$OMETPHIHOrO [apaMeTpa OYAO IPOBEAEHO
no 10 BumipooBanp Ha Auctok (TO6TO B
3araAbHOMY 0YAO 3pificHeHo 110 100 BuMiproBaHb
AASI KOXKHOTO 3 TIapaMeTpiB KOXXHOTO 3 BHAIB).
AoaarkoBo OyA0 MpoaHaAi30BaHO SIKICHI O3HAKH
AucTkis (B IepIry 4epry TpI/IXOMI/I) Ha AOPOCAHUX
eK3eMIIASIPaX.

AAS  aHATOMIYHHX  AOCAiAXKeHb  6paam
CepeAHI0 YacTHHY AMCTKOBOI IAACTHHKH,
¢ixcyBaam B cymimi PopMaAiH: eTHAOBHI
COMPT :OLTOBA KHCAOTA, 3aAMBaAM 1 B
SKeAATHH (Romeys 1954) Ta 3a AOIIOMOTIOXO
3aMOPOXYIOYOrO  MIKPOTOMAa  BMIOTOBASIAM
nomepeyHi 3pisu  3aBTOBIIKH  15-20 MKM,
sKi 3abapBAIOBaAM cappaHiHOM. AOAATKOBO
AMCTKH MaIlepyBaAH AAS AETAABHOTO BHBYEHHS
apakciaabHOI Ta  abakciaAbHOI emipepMHu.
Ilpu omuci emipepMH AMCTKOBOI IIAQCTHHKH
BUKOPHUCTOBYBaAn  MeTopuku  Zakharevich
(1954) i Baranova (1985). BumiproBanmus
IPOBOAMAU 3a AomoMmoroxo mporpamu Image]
Ta  OKyAdp-MIKpOMeTpa  Ha  MiKpOCKOII

XSP-146TR.

CraructudHy 06pOOKY AQHHX IIPOBOAHAH

3a pomomororp mporpamm  Statistica 8.0,
AOCTOBIPHICTb pe3yAbTaris BU3HAYAAH
3a t-xpurepiem Crpropenra. Dotorpadii

BUTOTOBASIAU 33 AOTIOMOroI0 IIMPpPOBOi KaMepH
Canon Power Shot A630.

Pe3ynbTati Ta ix 06roBopeHHA

OAHOpIUHI AMCTKH AOCAIAXKEHHX BHAIB B
[IAOMy MAIOTh IOAIOHY aHaTOMI4HY OYAOBY:
AOP30BEHTpaAbHi, TiIOCTOMAaTW4Hi, BKPHTIi
OAHOIIAPOBOIO eMiAePMOI0, IPOAUXOBUH anapar
AHOMOIIMTHOTO THITy OTOYEHMI IE€PeBaKHO
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w'arbMa kaituaamu (Puc. 1 A). Ipoauxu pemmo
MPUITAHATI Hap TIOBEPXHEIO eIliACPMH. OGpHCH
€IiAePMAAPHUX KAITHH abakciaapHOI CTOpOHHU
3BUBUCTI Ta 3BUBUCTO-XBHASICTI, 3 aAAKCiaAbHOI
croporn - xsuasActi. Ilpoexmis  maomri
€IiAePMAABHUX KAITHH PO3MAACTAHA.

3a THHDOM TpHXOM Ta iX pO3MilleHHIM
AaHI BHAM iCTOTHO BiApi3HAIOTBCS. AMCTKOBa
naacTuHka R. makinoi 3 abakciaabHoro 6oky
I'YCTO BKPUTa AOBIMMH OAHOKAITMHHUMH Ta
PO3raAy>XeHUMH HEe3aAO3UCTUMH TPHUXOMaMHU
(Puc. 2 A, B), Topl fK 3 apaKcCiaAbHOTO
OOKy Adlle HAa KPYIHHX >KHAKAX MOXKHA
HOOAYUTH OAHOKAITHHHI IIPOCTI TPHXOMIL
Auctku R. degronianum MaroTh OOAMHOKI
OAHOKAITHHHI KOPOTKi TPUXOMH 3 a0aKCiaABHOI
CTOPOHM Ta OKpeMi TPHUXOMH B3AOBX KPYIIHHX
xuaok (Puc. 2 B). Auctku R. callimorphum
BKPHUTI AOBIHMMHU PO3TaAy>KeHHMMH TPHXOMaMHU
3 obox 6okis (Puc. 1 B). Ha amcrkax
R. callimorphum HPHCYTHI 3aA03HUCTI

Modern Phytomorphology 11, 2017

Puc. 1. Enigepma nuctka: A — npoamxu abakcianbHoi
enigepmn Rhododendron degronianum; b — He3anosu-
cta Tpuxoma R. callimorphum; B — 3anosucta Tpuxoma
R. callimorphum.

Fig. 1. Leaf epidermis: A — stomata of the abaxial
epidermis of Rhododendron degronianum; B — non-
glandular trichome of R. callimorphum; B — glandular
trichome of R. callimorphum.

TPUXOMH 3 OAaraTOKAITHMHHOI HDKKOIO Ta
6araTOKAITUHHOIO TOAIBKOIO 3 aAaKCiaAbHOTO
0OKy Ta IO Kpal AMCTKOBOI IIAACTHHKH, B
MeHWIM KiAbKOCTI — 3 abakciaapHOro 60Ky
(Puc. 1 B; Puc. 2 T). Taxi 3aa03ucTi TpUXOMH
XapaKTepHi AUIle AAS AQHOTO BHAY 3-TIOCEpeA
AocCAipKeHHX. 3a AiTepaTypHHME AQHUMH, TaKi
3aA03HMCTi Ta PO3TAAy>KEeHi He3aA03UCTi TPUXOMHU
xapakTepHi BupaM came mipapopy Hymenanthes
(Hyam 2010). Awucrxu R. brachycarpum
BKPUTi AOBTMMH HUTYACTHMHU OAHOKAITUHHMMU
TPUXOMAaMM AUIIE B3AOBX LIEHTPAABHOL XKHMAKU
3 000x 6GOKIB AMCTKA Ta IIO KPalO AMCTKOBOI
maactunku (Puc. 2 A).

BapTo BiAMITHTH, IO Y AOPOCAHUX POCAHMH
IIIABHICTD ~ TPUXOM  AemO 36iAbIlIy€TbC5I
BiAHOCHO OAHOPIYHHMX eK3eMIIASPIB. Har6iapmi
BigaMiHHOCTI BusiBAeHi y R. degronianum, B
AOPOCAOMY Billi iX AMCTKM MarOTh ITOOAMHOKI
AOBIi TPHUXOMH 3 aAaKCiaABHOrO 6OKy Ta
IiABHMI IIOKPUB 3 AOBTMMHU PO3TAAy>KeHHMH Ta



24 | Nuzhyna N.V., Kondratiuk-Stoyan V.V.

Puc. 2. MNMonepeyHuii nepepis nMcTKoBOi nnactuHku: A — Rhododendron makinoi; B — B paloHi LeHTpanbHOI
XWnku R. makinoi; B — R. degronianum, T, T' — R. callimorphum; B4 — R. brachycarpum. 1 — apakcianebHa enigepma;
2 — KyTuKyna ajakcianbHoi enigepmu; 3 — ryéyactui mesodin 3 KnituHamu-igiobnactamu; 4 — crosn4yacTumn
me3ocin; 5 — abakcianbHa enigepma; 6 — KyTukyna abakcianbHoi enigepmu; 7 — npocta Tpuxoma; 8 — 3anosmcra
TPUXOMa; 9 — BKIIOYEHHA OKcanary KanbLito.

Fig. 2. Cross-section through the leaf blade: A — Rhododendron makinoi; B — B paloHi LUeHTpanbHOI XWUKu
R. makinoi; B — R. degronianum, T, T' — R. callimorphum; [ — R. brachycarpum. 1 — adaxial epidermis; 2 — cuticle of
adaxial epidermis; 3 — idioblasts in spongy mesophyll; 4 — palisade mesophyll; 5 — abaxial epidermis; 6 — cuticle of
abaxial epidermis; 7 — simple trichome; 8 — glandular trichome; 9 — inclusion of calcium oxalate.
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HepO3TaAy>KeHUMH TPUXOMaMH 3 abaKciaAbHOTO
6oky. Y aopocaux ekseMrasipiB R. makinoi
ONyIIEHHS AMCTKIB 3 abakciaabHOro 60Ky
TeX 3HAYHO B3OIABIIYETBCA 1 € HAArycTimmm
cepep  posrasHyTux BHAiB.  Taki  3MiHM
BKA3yIOTb HA IIOAIOHiCTb 1mX BuAiB. Immi >x
SKICHI O3HAKM eMAePMU AHUCTKIB AOPOCAHMX
OCOOHMH 3aAMIIAIOTHCS MOAIOHUMH AO TAKHX Y
OAHODIYHUX POCAHH.

Y BcCiX AOCAIAXKEHHX BHAIB CTOBITYAcCTa
IapeHxiMa CKAAAAEThCS 3 2—3 MapiB BUTATHY TUX
xaitun (Puc. 2 A, B, T, A). Y R. makinois obaacri
LIEHTPAABHOI JXHAKM Y AMCTKiB OAHOPIYHHX
POCAMH 3'SBASIETbCS OAMH IIAp TiIOAEPMH 3
HOTOBIEHUMH CTiHKamu. I'yOdacTa mapenxima
CKAAAAETHCS 3 TOHKOCTIHHUX BEAUKHUX KAITHH Ta
PO3MillleHUX TsDKAMU 6iAbII ApiﬁHI/Ix ianiobaacTi
3 MOPUCTHUMH CTIHKaM¥, B 00AACTI IIeHTPAABHOTO
IPOBIAHOTO Iy4Ka Taki iaiobAacTH MicTATH
6iabmre Bkarouens (Puc. 2 B).

Caip Bipmiturn, mo Nilsen & Scheckler
(2003) BuABHAM 0CO6AUBI TiraHTChKi iaiobAacTH
MIPUCYTHI 3Ae01ABIIOrO Y AAAKCHAABHIN YaCTHHI
AMCTKOBOI  IAQCTMHKH Y  INIPEACTaBHHKIB
cexyii Vireya (Blume) H.F. Copel. Oanax
3BUYHI 1Al00AACTH IMMPOKO IOmMUpeHi cepep
PeIITH MpPEeACTaBHUKIB popy. 3oKpeMa, 3a
HAIIMMU AQHUMH, BCi AOCAIAXKEHI BHUAU CEKITil
Ponticum wmatorp  ApibHi iplobaacTm, sxi
posMillleHi IpymaMM-TsDKaMH B ry6qaCTi171
mapenximi. Aocaipxenns Nilsen & Scheckler
(2003) cmpocryBaau QyHKLiOHAABHY DOAb
ialobAacTiB B peryAloBaHHI IIPOHUKHEHHS
CBiTAA Ta MeEXaHi3MiB CKPyJYyBaHHS AHCTKA
AASL TIpeACTaBHMKIB cekuil Vireya, ockiabku
iaiobAacTH B LIUX BUAIB po3MileHi nepeBaxHO
3 AAAKCiaAPHOI CTOPOHM AUCTKQ, TOAL SIK AMCTOK
sakpyuayerbes Aounsy (Nilsen 1991,1992). Taxa
¢isiororiuna 0COOAUBICTb AUCTKIB IO3UTHBHO
KOPEAIOE 3 XOAOAOCTIMKICTIO ILIMX POCAMH
(Nilsen & Tolbert 1993). Takox, iaiobaacTam
AESKUX POAOAGHAPOHIB BAACTHBA CeKpeTOpHa
$ynxuis (Nilsen & Scheckler 2003). Mu
cxuasemocs Ao aymku Orcutt & Nilsen (2000),
3riAHO SIKOI OCHOBHOIO POAAIO iaiobaacTiB Bce
5K TaKU € 3allaCaHHs MOAIMEPHM30BaHUX CIIOAYK
3 MeTo0 GOPMYBAHHSA OGOPOHHOIO MeXaHI3My
Bip TpaBoipHMX TBapuH. HaspaicTs iaiobaacTis
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caMe Ha abakciaabHOMy 601 AMCTKiB (x04a i He B
emipepmi) y pocans cexuii Ponticum He AO3BOASIE
IOBHICTIO BIAKHMAATH MOXAMBICTb 3HaYeHHA
ialo0OAACTIB y CKpyYyBaHHI LIUX AUCTKIB.

Y R. makinoi Tta R. callimorphum B
ry6qaCTi171 HapeHXiMi PUCYTHI APY3U OKCAAaTy
KaABI[IO Yy OiAbmIiil KiABKOCTI, NOpPIBHAHO
3 igmumu ABoma Bupamu (Puc. 2 B, T).
Kpucraau B Apysax posMilleHi IlepeBaXkKHO
paaiaapHO. 3 AiTepaTypHHUX AXepeA BipAOMO,
IO HAaKONWYEHHS KPHUCTAAIB KAABI[IO €
AAANITHBHOIO  BIATIOBIAAIO Ha BTpPaTy BOAM
IIASIXOM PeryAIOBaHHS BHYTPIiIIHbOKAITHHHOIO
pH (Ayala-Cordero et al. 2006). Taxox
HAKOIIMYEHHS OKCAAATy KAABIIO B TKaHMHI
IOpyY 3 IPOAMXaMM Ta B KCHAeMi CIpuseE
3aKpUTTIO INPOAMXIiB IPOTArOM  AHA i,
BIATIOBIAHO, 3HIDKEHHIO TPaHCIipanil (Ruiz &
Mansfield 1994; Monje & Baran 2002). Biabma
KIABKICTb OKCaAaTiB, Ha HAIIy AYMKY, € 3aAATKOM
OiAbII BHIOI OCYXOCTiNKOCTI AAst R. makinoi
taR. callimorphum.

AAS Kpamoro  po3yMiHHA ~ 3AATHOCTI
POAOACHAPOHIB  apanlTyBaTHCA A0  Pi3HHX
KAIMATHYHUX YMOB AOAAQTKOBO OYAO IIPOBEACHO
psia Moppomerpuurux Bumiprosanb (Taba. 1).
Sx BuAHO, 3a GaraTbMa MOPGOMETPUIHHMHU
O3HAKAMH  IPeACTaBHUKU  R. degronianum
ta R. makinoi (mpupopnmii apean 06HABOX
BUAIB — ocTpiB XOHCIO B HHOHﬁ) AOCTOBIpHO
He BIAPI3HAIOTBCA MK cobor, TOAL SK
R.  callimorphum t1a R.  brachycarpum
BIAPI3HAIOTBCS 32 OIABIIICTIO  AOCAIAXKEHUX
o3Hak. Pazom 3 1nuM, OAHOpIUHI AMCTKM
R. degronianum MaoTb TOBIIy  AMCTKOBY
IAACTUHKY 3a PaxyHOK IIOTOBILIEHHs I'y6Odarol
IMapeHXiMM Ta  3HAYHO 6iAbH.Iy TIAOLTY
AAAKCIAAPHMX €MiAepMOLIMTIB ITOPiBHAHO 3
auctkamu R. makinoi. Topl sik octani By>x4i Ta
3HAYHO IiAbHiIlle BKPUTi TPUXOMaMH.

Haii6iapma KiABKICTD IIPOAHXIB IOPSIA
3 BEAUKHMMHM IX pO3MipaMM CIOCTEPiraeTbcs
y R. degronianum, mo Bkadye Ha Kpauly
TPaHCIIiPaIlilo, a OTXKe OXOAOAXKEHHA AMCTKOBOI
maacTuHKM, TOAl sk y  R. callimorphum
HpoAuxiB HaiimeHme, a y R. brachycarpum
iIX posMipu HalMEHIII BOAHOYAC 3 MAAOIO
KiapkicTio. Taki nNoxasHMKM TOpsAA 3
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Ta6n. 1. MopchomeTpuyHi napameTpu NMcTKa AeAknx Buais pogy Rhododendron (M + m).

Table 1. Morphometric parameters of leaf of some Rhododendron species (M + m).

MapameTp R. brachycarpum  R. callimorphum  R.degronianum  R. makinoi
[oB>xwnHa npoanxis, MKM 236 +1,7*% 26,5 +2 254 +2 259 +23
LLnpvHa npoauxis, MKM 20,6 +1,8** 26,72 21,719 21,9+1,9
KinbkicTb npoamxis WT./MM? 449 +9,3* 235+59* 53,7 £6,2 49377
Mnowa apakc. enigepmountie, 1142 + 275 ** 1375 + 220 * 971 + 181 * 598 + 109
MKM?

Mnowa abakc. enigepmouuTia, 727 + 182 *# 619 + 136 649 + 248 534 + 211
MKM?

ToBlMHa apakc. enigepmu, 82+ 12,6 86 + 16,1 85 + 14,2 81 +12,1
MKM

ToBLUMHA 30BHILLHBOT KNITUHHOT 27 + 6,3 *™ 36 +12,5* 46 + 8,7 44 +6,9
CTiHKM agakc. enigepMm, MKM

ToBLWWMHA cTOBNYaCTOI 555 + 99 577 + 123,3 * 525 + 82 480 = 107
napeHximun, MKm

ToBlwmHa rybyacToi napenximm, 713 + 154" 703 £ 112" 848 + 165 * 725 + 87
MKM

ToBlmHa abakc. enigepmu, 80+ 122 75+122* 64 + 8,5 59 +9,1
MKM

ToBLUMHA 30BHILLHBOI KMITUHHOT 25 + 5,4 ** 21 +48 21+78 18 +£4,2
CTiHKM abakc. enigepmm, MKm

ToBLKMHA NIUCTKA, MKM 1453 + 159" 1508 + 152 * 1573 + 158 * 1345 + 141

* — P < 0,05 nopiBHAHO 3 R. makinoi; » — nopiBHAHO 3 R. degronianum; * — nopiBHAHO 3 R. callimorphum.

* — P < 0,05 in comparison with R. makinoi; » — in comparison with R. degronianum; # — in comparison with

R. callimorphum.

BIAHOCHO TOHKOIO 30BHIIIHHOIO KAITHHHOIO
CTIHKOIO €IiAepMH Ta KyTHKYAOK, HMOBIpHO
3YMOBAIOIOTD OiAbllle IIeperpiBaHHsI AUCTKOBOI
MAACTMHKHM B OCTaHHIX ABOX BHAIB, TO6TO
0OYMOBAIOIOTh X HH3BKY CIEKOCTIHKICTb.
Pazom 3 1uM, BeAMKa KiABKICTb BKAIOYEHbD
OKCaAaTa KaAbI[il0 Ta MaAa KIABKiCTb
npoauxis y R. callimorphum e o3naxkamun
IIOCYXOCTiNKOCTI AaHOro BuAy. IlopiBHAHO
TOHKa abakciaapHa emipepMa y R. makinoi
KOMIIEHCYETbCS AyXe TYCTUM OIIyIIeHHAM
AOBIMMM TPHUXOMAaMHM, IO TAaKOX 3HAYHO
3MEHIIy€ HEraTMBHMI BIIAMB TeMIIepaTypu
4y mipBumeHol iHcoasanii. O3HakaMu 6iapmol
kcepodirHocTiR. degronianumrtaR. makinoi
€ Api6Himi emipepMaAbHI KAITHHY, OCOOAUBO 3
AAAKCiaAbHOI CTOPOHH, Ta HAUTOHIIA ANCTKOBA
naactuaka y R. makinoi.

Nilsen & Tolbert (1993) mokasaam,
mo R. brachycarpum (mpupopnumit apeaa
Aanexmit Cxip Pocii, Kypuan, Ilpumopcpkuit
Kpail) HaiGiAbII MOPOBOCTIKMI BHA, INO
BuTpuMye Moposu A0 —-27°C. R. makinoi Ta
R. degronianum aemo MeHII MOPO3OCTIHKi i
BUTPUMYIOTh MOpo3u A0 -24°C. Moxauso
HOCHAEHY MOPO3OCTIiKicTh y R. brachycarpum
3yMOBAIOE IIOTOBIEHHS A0aKCIaABHOI emmipepMu
IOpsiA 3 MAaAMMH pO3MipaMM NPOAMXIB, IO B
CBOIO Y€Pry 3HIDKYE iIHTEHCUBHICTb AMXAHHS Ta,
BIATIOBiAHO, TPaHCHipallii, a OT)Ke, BUCHXaHH:
IIPY HU3bKHX TeMIIepaTypax.

BucHoBKM

Taxum ynHOM, HafibiAbIIe BUpaxeHi kcepodiTHi
O3HAKH BUSIBAEHI y IpeAcTaBHUKIB R. makinoi.
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3a bararbMa MOPPOMETPHUYHHUMH O3HAKAMHE
BUAU, IPUPOAHHM aPEAAOM SIKUX € 0CcTpPiB XOHCIO
(R. degronianum Ta R. makinoi), aoctoBipHO
He BIAPI3HAIOTBCA MiX coboro, mo Moxe
CBIAYMTH IPO CIPSAMOBAHI B OAHOMY HAIpPSMKY
AAANTHUBHI Me€XaHi3MU AQHHX POCAMH, X04a BOHH
1 3pOCTAIOTh Ha Pi3HilM BUCOTI HaA piBHEM MOPSL.
IcHyBaHHST AOCTOBipHOI BiAMIHHOCTI cepep
TaKUX TIOKA3HUKIB, SK TOBIIUHA AHUCTKOBOIL
[IAAQCTHHKY, TOBIJMHA TIyOdYarol IapeHxiMH,
TMAOIIA AAAKCIAAPHUX €ITiACPMOIIMTIB Ta KiAbKICTb
TpUxoM 3 abakciaabHOro 60Ky Moxe OyTH
AOAAQTKOBHUM TaKCOHOMIYHMM KPHUTEPIEM AAS
poamexcyBauus R. makinoi Ta R. degronianum,
X04Ya, MMOBIPHO, He € AOCTaTHbOIO IMIACTAaBOIO
AAg BUAiAeHHsS R. makinoi sx camocTiiiHOrO
BHAY. AAsL 3'ICYBaHHS 1{bOTO ITUTAHHS HEOOXiAHI
AOAAQTKOBI AOCAIAKEHHS.

Hai16iapm CYTTEBO  AOCAIAXKEHI  BUAHM
BIAPISHAIOTHCA 32 THUIIOM Ta KiABKiCTIO TPMXOM.
XapaxrepHoto osHakoro R. callimorphum e
0araTOKAITHHHI 3aA03UCTI TPUXOMH.

BusBaeno, 1m0 AOCAiAXKeHI BHAM  CeKIfil
Ponticum wmaroTp  ipiobaacTm B ry0uariit
MapeHxiMi AUCTKIB.
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Abstract

The Caucasian species, Pyrus demetrii Kuth. has been reported from Turkey for the first
time. The species was collected by the authors from both Georgia and Turkey. Leaf epidermis
characters were studied by scanning electron microscopy to evaluate cuticle ornamentation,

waxes and other relevant features of micromorphology.

Keywords: Pyrus demetrii, new record, epidermis micromorphology, Georgia, Turkey

Introduction

Rosaceae is widespread over the world but
has diversified predominantly in the Northern
Hemisphere; it includes approximately 3000
speciesin 100 genera (Kalkman 2004 ). Pyrus L.
is the genus of woody trees with number
of species vary from 41 to 73 (Robertson
et al. 1991; Browicz 1993). For a long time it
was treated under the subfamily Maloideae
C. Weber (synonym of Malaceae Small),
however according to further phylogenetic
investigations it was nested under the subfamily
Spiraeoideae C. Agardh, supertribe Pyrodae
C.S. Campbell, R.C. Evans, D.R. Morgan &

T.A. Dickinson, tribe Pyreae Baill. subtribe
Pyrinae Dumort. (Campbell et al. 2007; Potter
et al. 2007). Nevertheless, later nomenclatural
changes resulted in priority of Maloideae over
Spiraeoideae and Malinae Reveal over Pyrinae.
Since, it was proposed to consider Pyrus under
subfamily Maloideae, tribe Maleae Small,
subtribe Malinae (Reveal 2012a; 2012b).

Pears are native only for Europe, Asia
and some mountainous regions in North
Africa (Browicz 1993), and Caucasus is one
of remarkable diversity centers for this genus
(Rubtsov 1944). Turkey is an important region
linking Europe and Cauacasus, and several new
taxa of Pyrus have been recently recorded for the

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/) freely available on https://phytomorphology.org/ .
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country (Ugurlu Aydin & Dénmez 2015). In
this paper, P. demetrii Kuth. is reported as new
species for the Turkish flora previously known
from the Caucasian region.

According to Stace (1965), cuticular
ornamentation can be used as important source
of knowledge for taxonomic research. Despite
the importance for taxonomy, only few studies
(Ganeva2009; Ganeva & Uzunova2010; Zamani
et al. 2015) are focused on epidermal structure
of Malaceae and its taxonomic implementation.
Therefore, data on leaf epidermal structure
are presented here to evaluate the taxonomic
relevance of micromorphological characters.

Material and methods

The type specimen and the other specimens of
P. demetriiwere examined at TBI (Herbarium of
Georgian Academy of Science, Thilisi, Georgia)
and LE (V.L. Komarov Botanical Institute, Saint
Petersburg, Russia). All herbarium acronyms
are indicated in text according to Thiers (2017).
Additional specimens of P. demetrii were
collected by authors from Sagaredzho, Georgia,
during field trips in 2012. For SEM studies,
leaves of taxa were washed with 70% alcohol
and coated with a gold-palladium mixture.
SEM photographs were taken with a Zeiss EVO
50 EP electron microscope.

Results and discussion

Pyrus demetrii Kuth., Zametki Sist. Geogr. Rast.
13:25.1947. (Fig. 1)

= Pyrus georgica Kuth. var. glabra Kuth., Zametki
Sist. Geogr. Rast. 8: 16. 1939.

Lectotype: GEORGIA. Gare-Kakhethia.
25.10.1938, S. Kuthatheladze sn. TB11025828!,
(Fig. 1 A). Isolectotype: LE! (lectotype
selected by Ugurlu Aydin & Dénmez (2016) in
Kew Bull. 71 (3): 37).

Description. Tree up to 8 m, crown globose,
stem bark grey; young branches glabrous,
spiny. Leaves (3—) 4-6 x 1.5-2 cm, lanceolate
to oblanceolate, acute and mucronate at apex,

cuneate at base, margin serrate or slightly serrate,
+ undulate, bilaterally tomentose in both side at
flowering stage, finally sparsely pubescent below,
glabrous above, with ciliate margins. Petioles
1.5-2 cm long, glabrous, + thick. Stipules 9-10
x 2 mm, linear-lanceolate, deciduous. Corymb
of 4-10 flowers. Bracts (5-) 8-10 x 0.5—1 mm,
subulate, pubescent, brownish, orange. Pedicels
0.5 (-1) cmlong, * thick. Hypanthium concave,
cupuliform, densely tomentose outside, glabrous
inside. Sepals 3—5 x 1-2 mm, triangular, acute,
reflexed, tomentose outside, whitish pubescent
inside, persistent in fruiting stage. Petals 10—12
X 6—8 mm, white, from oblong-ovate to broadly
ovate, apex rounded or rarely emarginate, with
short claw. Stamens in two rows, 15-20 (-25),
unequal, anthers pink before opening. Styles
3-S5, minutely pubescent at base. Fruits 1.2-1.5
x 1.5-2 cm, yellow, greenish-yellow, globose,
flattened globose or globose-pyriform, with
lenticels, slightly juicy. Seeds 3-6 x 2—4 mm,
ovate, apex acute, pale brown or dark brown.

Flowering and fruiting. From April - May
till August — September.

Distribution. Middle part of Turkey,
Georgia, Armenia.

Ecology. Grows on dry open hills, seldom
on forest edges and in shrubs of lower mountain
belts at altitudes of 800-1300 m a.s.]. Mostly
individually, rarely — in groups.

Specimens examined. TURKEY: Sivas, 3.3 km
from Sincan to Zara, steppe, among deciduous scrub,

39°29'31” N, 037°5507” E, 1275 m asl, 2.10.2012,
AAD 19237 (HUB!) (Fig. 1 B).

Additional specimens examined. GEORGIA:
Sagaredzho, Gare-Kakhetia, Khasmi village, Davidgazejii,
41°4522" N, 045°13'06” E, 845 m asl, 9.8.2012, ZUG
373 — A.A. Dénmez & N. Lachashrili (HUB!) (Fig. 1 C).
ARMENIA: Daralaghez, 6.9.1936, Pojarkova (LE!);
Vayots Dzor distr., 21.9.2007, Tamamyan K., Fayvush G.
s.n. (ERE!).

P. demetrii was collected by both authors
from the type locality in Sagaredzho Georgia
(Fig. 1 C) where it is widespread on steppe
slopes and in open forest areas. It is also widely
distributed in similar habitat conditions in the
inner part of Turkey, so it is not a surprise to find
specimens of P. demetrii there. The new record
is morphologically related to P. georgica, which
is also known from Georgia. Both these species
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Fig. 1. Pyrus demetrii: A — lectotype; B — fruits of AAD 19237; C — leaves of ZUG 373.

are similar in leaf morphology, but P. demetrii
differs from P. georgica in having glabrous leaves
and much shorter pedicels. The newly recorded
species is also well differentiated among Turkish
taxa of Pyrus by its glabrous serrate leaves and
shorter pedicels.

The cuticle of the upper epidermis generally
represents reticulate ornamentation under
SEM. It has weak stria covered with epicuticular
waxes. The lower epidermis is smooth with
granular dispersed waxes. Fine parallel striations
are observed radially to the stomata (Fig.2). The
stomata are densenly distributed only in lower
epidermis. Stomata are generally absent on the
upper surface of leaf in most of Pyrus species
including P. demetrii (Fig. 2 A), and they are
known only for few representatives of the genus
(Zamani et al. 2015).

Regarding micromorphological features,
leaves of P. demetrii have some common
characters with taxa of the related genera such

Modern Phytomorphology 11, 2017

as Malus Mill. and Cydonia Mill. The stomata
are navicular in shape and have thicker stomatal
rims for all mentioned genera (Ganeva 2009;
Ganeva & Uzunova 2010). However, species of
Malus and Cydonia are distinct in having dense
and thicker stria on epidermal surface.

Granular waxes are often observed in
most Pyrus taxa (Zamani et al. 2015), while
reticulated waxes were observed only in subject
of this study. Epicuticular waxes show great
micromorphological diversity and are mostly
correlated with ecological factors (Stace 1965).

In lower leaf epidermis P. demetrii has
roughly striate cuticle ornamentation around
the stomata. Zamani et al. (2015) observed
this feature in xerophytic Pyrus species growing
in dry areas. P. demetrii also prefers such kind
of dry conditions both in Turkey and Georgia.
As a result, P. demetrii has enough features to
be distinctive from the most related genera,
and, in the same time, it shows similar features
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Fig. 2. Leaf micromorphology of Pyrus demetrii (A—-C — ZUG 373; D — Tamamyan K., Fayvush G. s.n.): A — upper
epidermis; B — lower epidermis showing stomata; C-D — stomata.

with xerophytic taxa of the genus. It seems
that micromorphological characters support
intergeneric classification of Pyrus. On the
other side, these characters show variations and
often reflect ecological conditions rather than
taxonomical relationships among Pyrus species.
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Abstract

The upper and the lower epidermises of Artemisia abrotanum introduced in Zhytomyr
Polissya are covered with cuticle. The leaf blades are amphistomatic, with oval anomocytic
stomata. On adaxial and abaxial epidermal surfaces present indumentary trichomes of
various types. In particular, there are located oval multi-cellular glandular trichomes, which
are typical for Asteraceae. Secretory tissues of internal secretion are represented by essential
oil containers. Leaf blade of A. abrotanum has isobilateral structure with collateral vascular
bundles. A. abrotanum reveals certain xeromorphic traits: small and compact leaves, presence
of covering trichomes, more developed palisade parenchyma in comparison with spongy
one, and thick walls of epidermal cells. Investigated secretory structures and non-glandular
trichomes are considered taxonomical characters and can be applied for identification of
pharmaceutical raw material of A. abrotanum.

Keywords: Artemisia abrotanum, introduction, leaf blade, stomatal complex, trichomes, secretory structures

Bupy — A. elatior Klokov ta A. procera Willd.

BeTtyn
(Ostapko et al. 2010). 3ripno 3 Greuter (2017),

Artemisia abrotanum L. (moAuH Aikapcpkuit)
HaAexuTb A0 cexii Abrotanum (Neck.) Besser.
mippopy Artemisia popy Artemisia L. poausn
Asteraceae Bercht. et J. Presl (Minarchenko
2005; Boiko 2011). Cepep cuHOHIMIB 1jbOTO

AO TeTepPOTHIIHMX CHHOHIMIB A. abrotanum
Takoxx Haaexxatb A. herbacea Willd., A. paniculata
Lam. ta A. proceriformis Krasch.

IToamn  Aikapcpkuit HaAEXUTb AO
€BPA3iliCbKOI T'PYNM apeaAiB IiBAEHHO-CXiAHO-

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/) freely available on https://phytomorphology.org/ .
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€BPOIEHChKO-KaBKa3bKO-ipaHO-TYPaHCHKOTO
tury (Boiko 2011) i posnoBcropskenuit o Bciit
Teputopii Ykpainn (Minarchenko 2005). Lle
HaIiBKyII i3 CTPIDKHEBOIO KOPEHEeBO0 CHCTEMOIO
(Boiko 2002). Cre6aa mipsepeni, 60-150 cm
3aBBHUIIKH, B HIDKHIN YaCTHHI 3 6YPOI0 KOPOIO, B
BEPXHIll AIASHIN BKPUTi BOCKOBOIO IIOBOAOKOIO,
roai, posraaysxeni. Cre6AOBi AUCTKH YepeLIKOB,
6e3 BYILIOK IIpK OCHOBI, ABidilipyacTopo3cideHi
3 BY3bKOAIHIHMMH 3arOoCTPEHHMMH KiHIIeBUMH
YacTKaMM; 3BepXy CH3yBaTi, TIoOAi, 3icrmoay
cipyBari Bip ApibHOro omyurenHs. BepxiBkosi
AUCTKM TpiidacTi a60 CyIjiAbHI, By3bKOAIHIMHI.
CmiAbHe CyIBITT BOAOTHCTe, piAKyBaTe,
I'yCTO YyAMCHEHe; KOIIMKM Maibke KyAsCTi,
ApiOHi, OiAbII-MeHII IOHHKAI; OOroprTKa
KOPOTKOBOAOCHCTA, 3OBHIIIHI AMCTOYKH i
AOBIacTO-AQHIIETHI, 3aTOCTpPeHi, 3 IIAIBYACTOIO
006AsIMIBKOIO, BHYTPIllIHi — 06epHEHOSLIeBUAHI,
TYIIi, MarDKe [AKOM IIAiBYacTi, OiAyBaTi, KBITKH
x0BTi. [1aip — cim’staka (Visjulina 1962).

ByaoBa AHMCTKIB 0araTbOX BHAIB PpOAY
Artemisia AeTaAbHO AOCAipAXK€Ha B Ipansax
Hayat et al. (2010) Ta Noorbakhsh et al.
(2008). ITpore BipomocTi moao A. abrotanum
€ ¢parMeHTapHUMH. BipoMo, 1m0 KaiTHHM
BEPXHbOTO 1 HIDKHBOTO €IAEPMICY AMCTKiB
IIbOTO BHAY XapaKTepU3YIOTbCS 3BUBUCTHMHU
obprcaMy, AQHOMOLMTHI IPOAMXH IPHCYTHI
Ha abaKCiaABHIM Ta aAAKCIAABHIMl MOBEPXHIIX,
HasgBHI HecnenudiuHi mapeHxiMHI KAITHMHH 3
edipnoto oniero (Soyunova 2012) Ta 3aro3ucTi
tpuxomu (Suresh et al. 2007).

A. abrotanum - 1je NEPCIEKTHBHA AAS
¢$apMalneBTHYHOI IPOMUCAOBOCTI Ta MEAUIIMHY
$iToHIMAHO-AIKApCBKA edipooaiiiHa
KYABTYypa, IO  MIiCTMTb  Pi3HOMAHITHI
0iOAOTIYHO aKTHMBHI CIOAyKH: eipHY OAilo,
$eHOAKApOOHOBI CIIOAYKM Ta IX IIOXiAHI, a
Takok QaaBoHoigu i kymapumu (Kowalski
et al. 2007; Suresh et al. 2012; Ivashchenko
et al. 2015). PocanHa BUSBASIE CHIA3MOAITHYHY,
TAMCTOTiHHY,  AlypeTH4Hy, = TIeMOCTaTH4HY,
HOTOTiHHY, AHTHQYHIINMAHY, OAKTEPULIUAHY,
PAHO3arolOBAAbHY, a TAKOX 3HEOOAIOBAABHY
Ta npotusanasbny Aii (Cubukcu et al. 1990;
Kowalski et al. 2007; Kovaliova et al. 2011;
Suresh et al. 2012; Ivashchenko et al. 2014;
Ivashchenko 2015). 3aaBHa B HapoaHiit

MeaunuHi A. abrotanum 3acTOCOBYBaAM SIK
3aCif, IO CTHMYAIOE AISABHICTD TpaBHHX
OpraHiB, IpM CyAOMax, TaxiKapail, pHHITI,
IOyXAMHAX IIAYHKAa # IIe9iHKH; 3O0BHINIHbO
- mpu MacTuti, omikax, OOMOpOXXeHHi Ta
dypynkyaax (Sokolov 1993; Remberg ef al.
2004; Minarchenko 2005). Pesyabraru
AOCAIAXKEHD TaKOX CBiAJaTh PO ePpeKTUBHICTD
3acTocyBanHst A. abrotanum nportu 30ypAHHKA
maaspii (Cubukcu ef al. 1990).

B  somi  JKurommpcekoro  IToaiccs
A. abrotanum  He  KyAbTHBYIOTb,  TOMY
IHTPOAYKIJifiHEe BUBYEHHS IIi€l KyABTYPH, B TOMY
YHCAL MOP$OAOrO-aHATOMIYHIX 0COOAMBOCTEH],
3 METOI TOAAABIIOTO BUKODHUCTAaHHS B
¢$apMalleBTHYHIN IIPOMHCAOBOCTi, MeEAMIUHI
Ta mapymepii € akryasbHmM. OKpiM TOTO,
AOCAIAXKEHHSI aHATOMIYHOI OYAOBH AHCTKIB
MalOTh Ba)XAMBE 3HAYeHHA AAS BHABACHHA
AAANTAlifHUX MOXAMBOCTEM BHAY Y PpisHMX
eKOAOTiYHMX YMOBaX, IIpH BU3HAYEHHi Ta
iaeHTHIKAITT AIKAPCBKOI POCAUHHOI CHPOBUHY,
YTOYHEHHi NMTaHb CHCTEMaTHKH, BHBYEHHi
dirorenermunux 3p’s3kis Tomo (Hayat ef al.
2009). Tomy MeTor Hamoi pobotu 6yao
AOCAIAMTH  MOPQOAOro-aHATOMIYHYy  OYAOBY
AUCTKiB A. abrotanum 3a yMOB IHTpOAyKuii B
JKuromupcrpromy IToaicci.

Matepianu i meToamn aocnigpkeHb
O6’eKTOM  AOCAIAXKEHHS

A. abrotanum,
6oTa"idYHOTrO

OyAM  AMCTKH
IHTPOAYKOBAaHOTO B yMOBax

capy JKuromupcrkoro
Hal[iOHAABHOTO arpoeKOAOTiYHOTO
yuisepcurery  (Puc. 1). Buxipnmuit
MaTepiaA IOAMHY AiKapCBPKOTO OTPHUMAAH
is ~ HauionaspHoro  6oraHiyHoro  caay
im. MM. TIpumxa HAH Vkpainm. 36ip
Marepiaay Ta $Oro O06pOOKy IPOBOAUAU Y
nepiop IUBITiHHA. AOCAIAXKEHHS aHATOMIiYHOI
6YAOBI/I AVICTKiB IHTPOAYIIEHTA 3AIMCHIOBAAM
B Incruryri 6oraniku iMm. M.I. XoaoaHoro
HAH VYxpainn. Qikcario 3paskiB IpOBOAUAH
cymimmiro 2,5% TAyTapoBOTO aAbAeTipy Ha
KoKoauaatHoMy Oydepi pH 7,2 3 1% posuurom
mapa¢opMaAbAeriay Ha BOAl. 3HEBOAHEHHS
IPOBOAMAM Yy Cepil CHOHPTIB  3POCTArOYOl

Modern Phytomorphology 11, 2017
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Puc. 1. Artemisia abrotanum: A — 3aranbHui BUrMAA4 pocnuHn; b — BepxHA YacTuHa naroHy (BeretaTvBHa dasa);
B — nuctok cepeanHHoi dhopmadii; I — BepxHA YacTuHa reHepaTMBHOrO naroHy (dasa byToHisadii, x10).

Fig. 1. Artemisia abrotanum: A — general view of plant; B — shoot apex (vegetative stage); B — middle leaf; I' — apex

of generative shoot (budding stage, x10).

KOHIIeHTpanil i B ameToHi. 3aAMBKY y cymim
eTOKCUAHHX CMOA (eIIOH-aPAAAUT) POBOAUAH
3a 3araAbHONpPUIHATON MeTopnkolo (Gayer
1974; Carde 1987). AAst cBiTAOBOI MiKpOCKOMii
BUTOTOBASIAM 3pi3u 3aBTOBmKM 1,5 MM Ha
yasrpamikporomi RMC MT-XL (CIIA), sxi
3apapbosyBasn 0,25% TOAYIAUHOBUM CHHIM.
3pasku BUBYAAU Mip MikpockonoM Axioskop-40
(o6’extuBu dipmu Zeiss, Germany). Anaromo-
MOPQOAOTIYHI  AOCAIAXKEHHS IPOBOAMAHM i3
Modern Phytomorphology 11, 2017

3aCTOCYBAaHHSAM CTAaHAAPTHOI MiKPOCKOIIYHOI
texniku (Barykina et al. 2004).

Dorodikcariio pesyabraTiB  3AiMCHIOBAAU
3a pomoMmorox 1u$posoi porokamepu Canon
DC 8.1 V ta nudposoi poronacapxu Levenhuk
DSOL NG. Onucu npoBOAMAY 3 BUKOPHCTaHHSM
saraapbHONpuitHATOI Tepminoaorii (Esau 1980;
Roshchina & Roshchin 1989; Soropudov et al.
2013; Novikoff & Barabasz-Krasny 2015).
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Puc. 2. ®parmeHTn abakcianbHOi MOBEPXHi NMMCTKOBOI MnacTuHKKM (A, B) Ta yepewka (B) Artemisia abrotanum:
1 — Kputoui TpMxomu; 2 — 3ano3ucTa Tpuxoma; 3 — eHgoreHHe eipooninHe Bmictuwe (x160).

Fig. 2. Fragments of abaxial surface of the leaf blade (A, B) and petiole (B) of Artemisia abrotanum: 1 — covering
trichomes; 2 — glandular trichome; 3 — endogenic essential oil container (x160).

Pe3ynbTati Ta ix 06roBopeHHA

CrebaoBi auctku A. abrotanum Hu30BOI
Ta cepepMHHOI ¢QopMaliiil YeperukoBi, ABidi
MipYacTO-pO3CiveHi 3 AiHIMYaTHUMU CeTMEHTaMHU,
3a KpaeM IiAbHI; BepXiBKOI — Tpildacro-
po3civeni abo LiAbHOKpai; 3eAeHi, 3 abakciaAbHOL
CTOpOHM cipyBari Bip ApibHOro omymeHH:
(Puc. 1B-T; Puc.2 A-B).

EmniaepMaabHi KAITHHI AMCTKOBOI TAQCTHHKY
XapaKTePU3YIOTbCSI 3BUBUCTHMU OOpHCaMH Ta
BUTSATHYTHUMH 400 PO3IIAACTAHIUMH IPOEKITIIMIL
30BHIIIHI CTIHKM KAITHH BEpXHBOTO emiaepmicy
noToBmjeHi i BKpuUTi A0Ope PO3BHHEHOO
KYTHKYAOIO, HIDKHIM emipepMic Mae caabo
Bupaxkeny kyTukyay (Puc. 3 B-T).

AucTkoBa  IAACTMHKAa  aMQicTOMaTHYHA.
IIpopxu  OBaAbHi, aHOMOIMTHOTO  THILY,
poO3MilleHi Ha aAaKCiaAbHIA Ta abaxciaabHil
MOBEPXHAX AUCTKOBOI IAACTUHKH, IpOTe IX
Oiabre Ha HIDKHIM moBepxHi Amcrka. Mix
KAITMHAaMH ~ emiAepMiCy  BHpPa3HO  BHAHO
KAITMHM ~ TIPOAMXiB  OBAAbHOI
$OpMHU 3 XAOPOIAACTAMH, OTOYEHI MOOIYHUMHU
KAITMHaMW, 5Ki He BiAPi3HAIOTHCS Bip OCHOBHMX
emipepmasbHux Kaitun. Hayat et al. (2010)
omucaAn 6 OCHOBHHMX THINB IIPOAUXIB AAS
24 npeactaBHUKIB poay Artemisia. 3okpema,
AQHOMOLIWTHI ITIPOAMXH aBTOPH HABEAU AAL

3aMHKaI0Yi

A. amygdalinaDecne., A. dubia Wall. ex Besser,
A. moorcroftiana Wall. ex DC., A. roxburghiana
Wall.  ex Besser, A. rutifolia  Spreng,
A. tournefortiana Rchb., A. absinthium L.,
A. siversiana Ehrh., A. tangutica Pampanini,
A. scoparia Waldst. et Kit.

PismoTunmi  Kpuioui  TpUXOMHM ~ HaMu
BiAMideHO 3 060X OOKiB AMCTKOBOI IAACTUHKH
A.  abrotanum:  3axpydeni,  T-moaiOHi,
IUAIHADHMYHI, TOAOBYACTI Ta MPOCTI KOHIYHI
BoAockH. J3riamo Hayat et al. (2009), y
IPeACTaBHMKIB poay Artemisia BusBaeHo 16
TUITIB 3aAO3UCTHUX Ta HE3aAO3UCTUX TPI/IXOM.
3okpema, T-mopibHi TpuxoMu XxapakTepHi
Takox Aast A. vulgaris L., A. splendens Wild.,
A. austriaca Jacq., A. haussknechtii Boiss.,
A. persica Boiss., A. absinthium, A. incana (L.)
Druce, A. armeniaca Sam., A. tschernieviana
Besser, A. spicigera C. Koch. Ta A. khorassanica
Podl. (Noorbakhsh et al. 2008).

BipoMo, mo TpuxoMmu BiAirparoTh BaXKAUBY
poAb Y MATPHMaHHI BOAHOIO 6aAchy iB
PEryAIOBaHHI ~TeMIIEpAaTypU AMCTKA, TaKOX
BOHH BI/IKOHYIOTI) 3&XHCHY pOAb, CHPI/ISIIOTI)
3aIIMACHHIO, BIIAMBAIOTh HA POTOCHHTE3 TOILO
(Wagner 1991).

Aast A, abrotanum  xapakTepHa  i30-
biraTepasbHa CTPYKTypa AVICTKOBOI
maacruaku (Puc. 3). HassaicTs maaicapmoi
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6OKiB  AMCTKOBOI

o6ox
MAQCTHHKM — KcepoMopdHa osHaka (Esau
1980). 3rigago 3 Noorbakhsh et al. (2008),

MapeHxiMu 3

isobirarepasbHa CTPYKTypa AMICTKOBOIL
[AACTHHKY [PUTAMaHHA 0ararboM BHAAM POAY
Artemisia: A. chamaemelifolia Vill., A. biennis
Willd., A. annua L., A. splendens, A. austriaca,
A. haussknechtii, A. persica, A. absinthium,
A. incana, A. armeniaca, A. tschernieviana,
A. scoparia, A. marschalina Sprengel, A. deserti
Ktasch.,A.santolinaSchrenk., A. turanicaKrasch.,
A. diffusa Krasch. ex Poljak., A. kopetdaghensis

Modern Phytomorphology 11, 2017

Puc. 3. ®parmeHTM mnonepeyvHoro 3pisdy nucTka
Artemisia abrotanum (B-I' — x400): 1 — KyTukyna;
2 — BepxHii enigepmic; 3 — HWXHIA enigepmic;
4 — nanicagHa napeHxima; 5 — rybyacta napeHxima;
6 — MIKKNITUHHUKK; 7 — LEHTpanbHUA MpOBigHWUA
ny4yok; 8 — Tpuxoma; 9 — npoamxosa LWinuHa.

Fig. 3. Fragments of Artemisia abrotanum leaf in cross-
section (B-I — x400): 1 — cuticle; 2 — upper epidermis;
3 — lower epidermis; 4 — palisade parenchyma;
5 — spongy parenchyma; 6 — intercellular space;
7 — midrib; 8 — trichome; 9 — stomatal pore.

Krasch., A. turcomanica Grand., A. sieberi
Besser, A. olivieriana J. Gay ex DC., A. gypsacea
Poljak., A. khorassanica Podl., A. aucheri Boiss.,
A. ciniformis Krasch et M. Pop. ex Poljak.,
A. fragrans Willd., A. spicigera C. Koch.
IMaricapna  mapenxima A.  abrotanum
CKAAAQAETHCS 3 1-3 psAIB KAITHH LMAIHAPUYHOI,
KOHYCOIIOAIOHO] un rpymonopi6Hoi Gopmu, siki
BiADI3HAIOTHCS 33 PO3MiPAMHM; € MDKKAITHHHHKH.
Kaitnan BUTSATHYTI TEPIEHAMKYASPHO A0
IIOBEPXHI AMCTKA, MICTATh 3HA4YHY KiABKICTb
XAODOIIAACTIB, posramoBaHi BiapHO. I'yGuacra
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IMapeHXiMa CKAAAeHA OKPYTAMMH, OBaAbHHMHU
M KyTacTMMM KAITMHAMM, PO3TaIlOBAHHMHU
HemjiabHO. Y Hif  TakoX  IIPHUCYTHI
MDKKAITMHHUKHA. IlaaicapHa TKaHMHA 6iablme
pO3BUHEHA IIOPiBHSAHO 3 rybYacToro, WO €
03HaKoI  KcepoMopdHocTi. lleHTpaAbHui
IIPOBiAHUM ITy90K KOAAT€PAABHOTO THITY.

Oc06AMBOI yBaru 3aCAyroOByIOTh CEKPETOPHI
CTPYKTYpPH, BUSABA€HI Ha IIperaparax AMCTKa
A. abrotanum. Ix 6yaoBa i posramysaHHs €
AlarHOCTUYHMMU O3HAKAMH i BAKOPUCTOBYIOTHCS
IIpH BHU3HAYeHHi i ipeHTHdikamii Aikapcpkol
pocaunHOi cupouHu. Ha emiaepmici ancrkiB
BHSIBACHO OKPYTAl 0araTOKAITHHHI 3aA03HUCTi
TPUXOMHM, THUIIOBi AAS pPOAMHH Asteraceae.
BupiabHi  TKaHMHHM BHYTpIlIHBOI  ceKpemil
IpeACTaBAeHI  edipOOAIMHIMU  BMiCTHIAMHU
(Puc. 2 B), BMiCT SIKMX SICKpaBO MAaAMHOBOTO 260
Oy pIITHHOBOTO 320apBAEHHSL

AbakciaapHa ~ TIOBepxHS ~ MHOAIGHA A0
AaAAKCiaABPHOI 32 XapakTepoM 1  CKAApOM
ONyIIEHHS, a TAaKOX XapaKTepoM OOpucis
eIiAepPMaAbHUX KAiTHH. Aeski BipMiHHOCTI
CTOCYIOTbCS, TOAOBHMM 4YHHOM, KiAbKiCHHX
nokasHukiB. Tak, 3 HIDKHbOrO OOKY AMCTKiB
6iAbIle HE3aAO3UCTUX TPUXOM i IPOAMXIB.

3riano 3 Soyunova (2012), cepep ocHOBHHX
AHATOMO-AIarHOCTUYHUX O3HAK  AMCTKiB
A. abrotanum, KyAbTUBOBAHHUX y Pi3HHX perioHax
Pocii € amdicTOMATUYHUA  IPOAUXOBHH
arapaT aHOMOIMTHOTO THITy Ta HecrenuQiyHi
mapeHxiMHI KAiTMHE 3 eipHOIO0 OAi€lo, IO,
3araAOM, Y3TOAXKYETHCS 3 Pe3YAbTATUMMU HAIINX
AOCAIAYKEHb.

TaxuM 4yuHOM, BHABAeHI KcepoMopdHi
osHaku A. abrotanum Taxi: ApiGHi i KOMIaKTHI
AWCTKHY, HasIBHICTb TPUXOM, OIABLINI PO3BUTOK
HaAicapHOl TKAHWHU IOPIBHSHO 3 I'y64acTolo,
TOBCTOCTIHHI KAITHHHI OOGOAOHKH eIiAepMHL.
OsHaku KcepoMOpPHOCTI, XapaKTepHi AAs
A. abrotanum, BTIM He 3aBXAU IPHUCYTHI y
IHIMMX TIpeACTaBHUKIB IIOAIMOpJHOro poay
Artemisia, sKi PpO3IOBCIOAXEHI y pisHHX
exoaorivanx ymosax (Haraim 2007). Cepep
HUX € i kcepodity, i rirpoditTu. Bipomo, mpo
€KOAOTiYHi (aKTOpH TaKOX BIAMBAIOTh Ha
AHATOMIYHY OYAOBY AMCTKOBOI IIAQCTHHKH.
30KpeMa, BCTaHOBAGHO, IO 3Pa3KU AMCTKiB
A. absinthium 3 pisHMX Micup 3pOCTaHHS

CYTTEBO BIAPI3HSIOTBCS 32 GYAOBOIO Me30giAy
ta emigepmu (Ochirova et al. 2015). Moxauso
AHAAOTIYHI 3MIHH MOXYTb OYTH BipcTexeHi i
y A. abrotanum, [poTe AAS LbOrO HeOoOXipHI
ITOAQABIII AOCAIAYKEHHS.

BucHoBKMU

B pesyabTaTi mpoBeAeHUX AOCAIAXKEHD OIKCAHO
CTPYKTYPY ACTKOBOI IAACTHHKU A. abrotanum
3a yMmoB iHTpoaykuii B OJKurommpcpkomy
IToaicci. Bepxniit i HIDKHIN emipepMicu BKpUTi
KYTHKYAOIO, TPOAMXOBHM allapaT aHOMOIIMTHOTO
tury. Kpuroui rpuxomu BigMideHni 3 060x 60xis
AVICTKOBOI TIAACTHHKH; CepeA HHX HPHCYTHi
3aKpy4JeHi, T-miopi6Hi, LUAIHAPHWYHI, TOAOBYACTI
Ta TpocTi KOHiuHI Boaocku. CexperopHi
CTPYKTYypH IIPEACTaBACHI OKPYTAUMU
0AaraTOKAITHHHUME 3aAO3HCTUMM TPUXOMAMH
Ta epipooAifiHMMM BMicTHUIIAMH. AAS TTOAUHY
AIKQpCBPKOTO ~ XapakTepHa  i3obiaaTepasbHa
CTPYKTypa AMCTKOBOI ITAQCTMHKH Ta MPOBiAHI
ITy9KH KOAQTEPAABHOTO THITY.

Bipmiveno Taki kcepomopHi  O3HaKU
A. abrotanum: apibHi i KOMIAKTHI AMCTKH,
HasBHICTb TPHXOM, BHPA3HIMI PO3BHTOK
MAAICAAHOI TKAaHWHH, TOBCTOCTIHHI KAITHHHI
00OAOHKH ermiAepMH.

CexpeTopHi CTPYKTypH Ta He3aAO3HUCTi
TPUXOMU MOXYTb CAYI'YBaTH TaKCOHOMIYHMMH
O3HAKAMHM 1  BHMKOPHCTOBYBAaTHUCh  IpPH
BU3HAYEHHI AiKapCchkoi cupoBunu A. abrotanum.
IIpucyTHicTh y 3Ha4HiH KiABKOCTI epipooairiHux
BMICTHI, Ta 3aAO3UCTHX TPHXOM CBiAYMTD
IPO  MOXAMBICTD BHKOPHCTAaHHSA  POCAHH
A. abrotanum sK e$eKTUBHHX IIPOAYLiEHTIB

ediproi oail B ymomax JKurTommpcpkoro
IToaiccs.
MNopaka
ABTOpH  BHCAOBAIOIOTb  INUPY  IIOASKY

A.6.H, mpodecopy, ua.-xop. HAH VYkpainu
€.A. KopaproM 3a AomOMOry B IPOBeA€HHI
AOCAIAXKEHb.
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Abstract

The paper describes morphology of erems, laboratory germination capacity and germination
rate of the of Hyssopus officinalis plants grown under conditions of Zhytomyr Polissya.
The research revealed insignificant differences between investigated hyssop varieties with
respect to external structure, color, mass, and biometric indices of their erems. The mean
mass index of 1000 erems for H. officialis ‘Markiz’ was 1.09 g, for Atlant’ — 1.13 g, and for
‘Vodograj’ — 1.10 g. The length of erems was slightly higher (2.91 + 0.06 mm) in Atlant, while
the width and thickness of erems (1.09 + 0.05 and 0.84 + 0.03 mm respectively) were highest
in ‘Vodograj. Laboratory germination capacity of H. officialis erems showed tendency to
decrease during a storage period of 5 years, however the germination rate was stable for the
first 4 years. ‘Vodograj demonstrated the highest germination rate (84 %) and germination
capacity (98.5%) in general.

Keywords: Hyssopus officinalis, biological features,
germination rate

morphological features, seed, germination capacity,

BeTtyn

Ticon aikapcokmit (Hyssopus officinalis L.) —
niHHa GaraTopiuHa edipooaifiHa, apoMmarHyHA
A AlkapcbKa pOCAMHA, OaTbKIBIIMHA  SIKOI
CepeasemHoMOp’s 1 3axigHa  €Bporma.
B VYkpaini sycrpivaernca y Kpumy, B3pa0BX
BEPXHbOI i cepeaHbOI Tedii AHIIpa, Ha KPyTHX

CTeNOBUX CXMAAX, BUXOAAX MAaTEPUKOBUX IIOPIA
Aomenpkoi obaacti (Rabotiagov et al. 2003;
Boyko et al. 2012; Kotyuk 2016). ¥V aauuit
9acC CHUPOBMHHI peCypcM BHAY HEAOCTATHI
AAS BEAEHHS IIPOMHCAOBOI 3aroTiBAi; ricom
3pOCTaE pPO3CiAHO, XO49a M BHUPOINYETHCS
B KyABTYpi y pisHMX perioHax YkpaiHu
(Minarchenko 2005).

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/) freely available on https://phytomorphology.org/ .



44 | Kotyuk L.A.

IInpoxe BIpOBaAXeHHS i BUKOPHCTAHHS
KYABTYpH IlepeAOadac Iepir 3a BCe BHBYEHHS

1i 6ioAOriYHMX OCOOAMBOCTEl B  YMOBax
iHTpOAyKLil, ocobAMBOCTEll 1 pocry #
PO3MHOMEHHS.

AocuTb IpOCTUM i eKOHOMIYHO BUTIAHHUM
CII0COOOM PO3MHOKEHHS POCAHH € HACIHHEBHIA,
a AKiCTb IOCIBHOTO MaTepiaAy € 3allOpPYKOIO
ycmimuoi  iHTpoaykuil. JKuTTespaTHe Ta
SKiCHe HaciHHA € HeBIAEMHOI YMOBOIO
BIATBOpDEHHS POCAMH, PO3IIMPEHHS IXHbOTO
apeaAy Ta MOXXAMBOCTi BUPOLIyBaHHSA B HOBHX
ymoBax icHyBauus (Rakhmetov et al. 2004).
Ilpu aHaai3i apanmTHBHUX  OCOOAMBOCTEf
IHTPOAYIIEHTIB AOCHTb BaKAMBUM € BHBYEHHSA
Oioaorii mpopocTaHHS Ta 0COOAMBOCTeM
3bepiraHHs HaCiHHS, IO AAQ€ MOXAHBICTD
OIIHMTH  fAKICTb  IIOCIBHOTO  MaTepiaay,
HepeAOaYNTH IIBUAKICTD I APYXKHICTH CXOAIB.
IToxasHMKM SKOCTI HACIHHS € TaKOX OCHOBOIO
AASL PO3PAXyHKY pPallioHaAbHOI HOPMH BHCIiBY
kyabTypu (Totskaya et al. 2013; Aghilian

et al. 2014). Taki TOKa3HUKM HaciHHS,
SK IIBUAKICTD 1 APYXXHICTP TPOPOCTaHHS
AO3BOASIIOTb ~ PO3PaxXyBaTH  pallioOHAAbHY

HOpPMY BHUCIBY KYABTYPH, OIIHUTH 3AATHICTDb
MaiOyTHIX POCAUH KOHKYPYBaTH 3 Oyp siHaMH,
OTPHMATU OAHOPIiAHI BHPIBHAHI CXOAM i, fK
HACAIAOK, AOCATI'TH BHCOKHX i SIKICHUX BpO’KaiB
(Shibko 2011).

Y 3Bs3ky 3 TuM, Io BipoMocTi mpo
0COOAMBOCTI HACIHHOTO PO3MHOXKEHHS TicOIry
AIKapCBKOTO Ay>ke OOMeXeHi, MeTOI HalIuX
AOCAIAKeHD OYAO BHBYMTH SIKiCHI IOKA3HHUKU
HACIHHEBOTO MarTepiany TpbOX HOTO COPTIB
3a yMOB iHTpoaykmii Ha JKurommpcrkomy
IMToaicci. 3o0kpeMa, 3aBAAHHIM AOCAiAKEHHS
0yAO BCTAaHOBHTH MOPPOMETPHYHI MOKA3HUKH
epeMiB, Macy 1000 mTyk, a TakoXX eHepriro
IIPOPOCTAHHA i CXOXKICTb.

Matepianu i meToam aocnipkeHb

Y AOCAiAXKEHHSX  BHKOPHCTAaHO — IOCiBHMIA
MaTepiaA TPbOX COPTiB: CHHbOKBITKOBOTO COPTY
Mapxis (H. officinalis ‘Markiz’), 6iaoxsiTkoBOTO
copry Boaorpait (H. officinalis ‘“Vodograj’) i
poskeBoksiTkoBOTO copry ATAanT (H. officinalis

‘Atlant’) ceaexii HariomaabHOTO 60TaHiYHOTO
capy im. MM. Ipumxa HAH Vkpainu.
IHTpOAYKIiMHI  AOCAIAKEHHS — 3AiMCHIOBaAM
y  OoramiuHomy capy  JKuTommpcbkoro
HaIliOHAABHOTO arpoeKOAOTiYHOTO
yHiBepcuTeTy. HaciHHs BHciBaaM y ocTaHHIO
A€Kapy KBiTHA — IMepIly AeKapy TpaBHS Ha
raubuay 1 oM 3a cxemoro 50 x 30 cm. 36ip
HaCiHHA 3AIFICHIOBAAU Y BEPECHI-KOBTHI.

ITaopu ricomy AiKapcpkoro - LeHOOiI,
dopMmyroTbcsT Y dYameuni  KBiTKH 3
11eHOKAapIHOTO (CHHKAapIHOTO) ABOYAECHHOIO
rifenero, IO € XapaKTePHUM AAS POCAUH
poaunn Lamiaceae. Lleno6iit (cenobium) -
ABOIIAOAOAMCTKOBUH CXi3OKapIiH, y KOXHOMY
IIAOAOAHUCTKY SIKOTO QpOPMYEThCSA BepTUKAAbHA
IICEBAOCENTa,  BHACAIAOK  4Oro  Iicad
AO3DiBaHHA IAiA PO3IAAAETHCA He HA ABa,
Ha YOTUPHU MO3AOBXKHI OAHOHACIHHI CerMeHTH,
axi HasuBawTh epemamu (erem) (Puc. 1 A-B)
(Totskaya et al. 2013; Novikoff & Barabasz-
Krasny 2015; Kotyuk 2015a). Takum 4uHOM,
IIOCIBHOIO OAMHHUIIEIO TiCOIy AiKapChKOTO €

epeMHu.

Bupuenns AKICHUX MOKa3HUKIB
HaCiHHA 3AIFICHIOBAAU YIIPOAOBXK
2008-2014 poxiB: AabopaTopHi — Ha
kadeapi 3araabHOI eKoAorii, IOABOBI -
Ha KOAGKIJiIHUX AIASHKAX 0OTaHIiYHOro
capay JKuromupcpkoro HaIliOHAABHOTO

arpoekoaoriygoro yHiBepcurery. Ilokasuuxu
eHeprili IPOpOCTaHHA Ta CXOXOCTi HaciHHA
BCTAaHOBAIOBAAM 32  3araAbHOIPHHHSATHMU
meropukamu  3riapo ACTY  7160-2010
(DSTU 7160-2010). Hacizus npopomysaau
Ha 3BOAOXKEHOMY ¢iAbTpyBaAbHOMY marmepi
y uvamkax Ilerpi mpu rtemmepatypi 25°C y
4oTHpa3oBiil moBTopHOCTi mo 100 HaciHuH
y koxHii. Macy 1000 mTyk BH3HA4aAU
3BOXXYBAHHAM ABOX mpo6 mo 500 epemis
(Grytsaenko et al. 2003). Cratucruany
006pOOKY AQHHX 3AIFICHIOBAAM 3 BUKOPHUCTAHHAM
nporpamu Microsoft Excel 10.

Makpo- i Mikpomopdoaorito  epemiB
BUBYAAM 32  AONOMOrOK  MiKPOCKOIIB
MBC-10 T1a Bioaam-70. 30BHimHIN BUTASA i
YABTPACTPYKTYPY IOBepXHi HaciHHA QikcyBasu
3a ponomoroxo poroxkamep DSC-W40 i MCDC
Levenhuk D SOL NG.

Modern Phytomorphology 11, 2017



Biomorphological features of Hyssopus officinalis erems | 45

a E
." 4 "

1 Mm /
—— 5 1cm

i

Puc. 1. MopdponoriuHi ocobnusocTi Hyssopus officinalis: A — nnogu; B — okpemi nnogvkn (epemu); B — epemn B
nepepisi; I — nosepxHa epema; A, E — npopocTku.

Fig. 1. Morphological features of Hyssopus officinalis: A — fruits; B — fruitlets (erems); B — erems in cross- and
longitudinal sections; I' —surface of erem; A, E — seedlings.

Pe3yn bTaTu Ta iX OGFOBOpEHHH KBITHS, IIepioA MAOAOHOIIEHHS PO3IIOYMHABCA Y

TPeTiit AeKaAl BepecHs MepIIoro poKy KUTTA Ta
IaTpoAyKIIifiHI  AOCAIA’KEHHS IIOKa3aAHW, IO  TPeTill AeKaai cepIHs — Mepuifi AeKaai BepecHs
IIPU TIOCIBi TiCOITy AiKapChKOTO y TpeTiil AeKapl  APYToOro i HaCTYNHHUX pokiB XHUTT. IIpu womy y

Modern Phytomorphology 11, 2017
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Ta6n. 1. Maca 1000 epewmis Hyssopus officinalis, T.

Table 1. The mass of 1000 erems of Hyssopus officinalis, g.

CopTt 2008 2009 2010 2011 2012 2013 2014 CepepHe
‘Markiz’ 1,17 = 1,12 1,14 = 1,08 = 1,04 = 1,06 + 1,00 = 1,09 =
0,03 0,02 0,25 0,13 0,11 0,11 0,07 0,10
Atlant’ 1,20 + 1,17 = 1,15+ 1,20 + 1,07 = 1,05 1,05+ 1,13+
0,05 0,14 0,04 0,02 0,06 0,06 0,02 0,06
‘Vodograj’ 1,18 + 1,15+ 1,07 £ 1,19 + 1,02 £ 1,05 1,03 1,10 +
0,06 0,14 0,06 0,01 0,01 0,02 0,02 0,05

copTy Boporpaii 1jeit mepioa CIIOBiABHIOBABCS Y
CepeAHDBOMY Ha 7 Al0 y TIOpIiBHSIHHI 3 cOpTaMu
Mapxkiz i Ataant. Ilpm po3piBanHI HaciHHS
CaMOCTIMHO BHCHUIIAAOCDH i3 PO3IMAAHMX ITAOAIB,
oropHyTHx Tpy64acroro sameukoro (Puc. 1 A),
MOIMMPIOIOYUCh  MeXaHOXOpHO. Bxe yepes
14-20 aib6 cmocrepiraau mosiBy cXoaiB, TOOTO,
i3iOAOTiYHUI CIOKIft AAS HaciHHS OyB He
Ayxe TpuBaamit. CaMoCiB Tricomy AikapchbKoro
y 3UMOBHH IIepiop T'MHYB AMIIE 4acTKOBO, IIO
CBIAYMTD IIPO MOXKAMBICTD MIABMMHbBOTO ITOCIBY.
Epemu ricomy AikapchbKoro IpOAOBracTo-
00epHEHOSMIENIOAIOH],  TPUIpaHHi, MalOTbh
BEeHTPaAbHY I'PaHb Ha OKPYTAill moBepxHi. Mix
AODP3aABHOIO i BEHTPAABHOIO IIOBEPXHEIO epeMa
€ Ookpyrae pebpo. BasaspHa wacTmHa epema
OKpYTAa, amikaabHa — 3arocTpeHa. IloBepxms
IOpPCTKA,  TeMHO-6yporo  abo  gopHOro
sabapsaenns (Puc. 1 B-T). ITaoposuit py6umk
cepreropibHol  GOpMH, CBITAO-KOPUYHEBHIL,
3  biayBaruM  OGOPOLIHHCTMM  HAABOTOM,
po3MimmeHnit y 6a3aAbHIl YacTHHI BEHTPaABHOI
HoBepxHi epeMa. Y IeHTpi pybOunKa IIOMITHHI
6ianit rop6oOK i3 TEMHOIO KpPalKOI B LIEHTPi
(Puc. 1 B) (Shibko 2011; Kotyuk 2015b).
Ilepuxapmifi epeMa CKAApA€TbCA 3 €K30-,
Me30- i eHpAoKapmisf. Exsokapmiit yTBOpeHuit
3MEPTBIAUMH KAITHHAMM, IIIABHUM, IIOPCTKUH,
TeMHO-Oyporo a60 dYOpHOro 3abapBAEHHSL
MesokapIiil CKAAAAETBCS 13 ABOX-TPbOX IIapiB
TOHKOCTIHHUX KAITMH 3 MIXKKAITUHHUKAMH,
€HAOKapIIii - 3 i3opAlaMeTpUYHUX
He3pepeB’siHiAMX KaiTuH. COpTOBi BiAMIHHOCTI
y 30BHIIIHIi 6YAOBI i 3ab6apBAeHHI epeMiB ricormry
Aikapcpkoro BiacyTHi. Hacinmam ricomy 6es
enpocniepmy (Abidkulova et al. 2009).

BusiBaeHO, 1m0 3i 36iAbIIEHHAM BiKy POCAUH
Maca 1000 epemiB HeCyTTEBO 3MEHIIYETbCA —
y 1,06-1,07 pasis. MiHiMaAbHy Macy epemis
YCiX AOCAIAKEHHX COPTIB BiAMIiY€HO y BpoxKal
cboMoro poky xurts (2014 p.), MaKCUMaAbHY
— y Bpoxai mepuioro poky skurts (2008 p.)
(Taba. 1). CyrreBux BigMiHHOCTEH y Maci
€peMiB MiXK COPTaMU He BUABAEHO.

Epemu ricomy aikapcbkoro Api6ui (Ta6a. 2).
IIpu 1pOMy IPOCAIAKOBYETbCA 3HIDKEHHSA
pO3MipiB epeMiB i3 30iABIIEHHSM TpPHUBAAOCTI
JKUTTS POCAMH: AOBXHHH B 1,1 pasu y copri
Mapkis Ta Bosorpaitis 1,3 pasuy copry ATAQHT;
a TaKOX TOBIUHU — B 1,4 pasu y copriB Mapkis
Ta ATAaHT i B 1,6 pasiB y copry Boaorpaii
MaxkcumaabHi po3Mmipu epeMiB BipMiueHO Y
Bpoxai 2008 poky, MiHiMaAbHI — MEPeBaXKHO Y
Bpokai 2014 poxy (Taba. 2). OueBupHoO, me
3yMOBAEHO CTapiHHAM POCAMH i 3HMKEHHSIM
iX PE3HCTEHTHOCTI AO HECIPHATAMBHX YMOB
AOBKIAASL.

ITomirHoi  pisHuni y  GioMeTpuYHHX
IapaMeTpax epeMiB MiXK COPTaMU He BHUSABAEHO.
Hait6iaburi IMOKa3HUKH 3a AOBKHHOIO epeMiB
BUSBASIE COPT ATAaHT (2,91 + 0,06 Mm), 3a
IIUPUHOI0 i TOBIMHOIO — copT Boporpai
(1,09 £ 0,05 Ta 0,84 + 0,03 MM BiATIOBiAHO).

Heuuncaenni AaHi npo HaciHHEBe
PO3MHOXEHHS TiCOITy AiKapChKOTO B yMOBax
Ilepearipcpkoi 3omm Kpumy BuCBiTACHO Y
po6orax Shibko (2011) i Kurbatova et al.
(2009). ITpu KyAbTHBYBaHHi CHHbOKBITKOBOTO,
POKEBOKBITKOBOIO i OiAOKBITKOBOrO COpTiB
ricomy aikapcpbkoro B Kpumy, cepepns maca
1000 epemiB ckaapara 1,161 + 0, 2412 1,
AOBXUHA epeMa cTaHOBHAA 2,64 + 0,125 mu,
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Tabn. 2. biomeTpu4Hi napameTpu epemiB Hyssopus officinalis B ymoBax iHTpoAyKLUii, MM.

Table 2. Biometric parameters of erems of Hyssopus officinalis under introduction, mm.

Copt [Mapavmetp 2008 2009 2010 2011 2012 2013 2014 CepepnHe
‘Markiz’ noBxunHa 2,54 + 2,47 + 2,23 2,18 + 2,18 + 2,24 + 2,22 + 2,30 =
0,09 0,12 0,07 0,07 0,06 0,07 0,09 0,08
LwmpuHa 1,08 + 1,03 £ 1,01 = 0,97 + 1,05 + 1,04 + 1,05 + 1,03 +
0,04 0,05 0,05 0,05 0,04 0,03 0,05 0,04
ToBWMHa 0,83 + 0,81 = 0,77 0,72 + 0,64 + 0,60 = 0,59 = 0,71 =
0,03 0,03 0,05 0,05 0,04 0,05 0,03 0,04
Atlant’ noBxunHa 2,91 + 2,88 + 2,28 + 2,24 + 2,22 + 2,20 = 2,16 + 2,46 +
0,06 0,05 0,05 0,04 0,05 0,04 0,05 0,05
LUMpUHa 1,07 = 1,05 = 1,05 = 1,02 = 1,03 + 1,02 + 0,99 + 1,03 +
0,05 0,04 0,04 0,03 0,05 0,04 0,04 0,04
ToBWMHa 0,78 + 0,77 + 0,74 + 0,68 + 0,57 + 0,54 + 0,54 + 0,66 +
0,04 0,05 0,05 0,05 0,04 0,04 0,03 0,04
‘Vodograj poBxuHa 2,58 + 2,51 + 2,41 + 2,39 + 2,38 + 2,34 + 2,28 + 2,41 +
0,07 0,10 0,09 0,08 0,1 0,07 0,09 0,09
LuMpuHa 1,09 = 1,07 = 1,06 = 1,04 = 1,04 = 1,01 = 1,01 = 1,05 =
0,05 0,06 0,06 0,05 0,06 0,05 0,05 0,05
ToBWMHA 0,84 + 0,81 = 0,75 0,70 = 0,61+ 0,57 = 0,54 + 0,69 +
0,03 0,04 0,05 0,042 0,04 0,03 0,04 0,04

mupuna — 1,14 + 0,112 mm (Shibko 2011).
IIpu Bupomrysanni pocann y Kasaxcrami maca
1000 epemiB ricomy AiKapCBKOTO CKAaAdAl
1,10S 1, poBXMHa epeMa CTaHOBHAA 2,72 MM,
a mupuna — 1,16 mm (Kurbatova et al. 2009).
B ymoBax MockoBcbkoi obaacti maca 1000
epemiB cranosuaa 0,9-1,0 r (Bespalyko et al.
2016). Ha Hamy AymKy, He3Ha4Hy BiAMiHHICTH
y OiOMeTpHYHHX NapaMeTpax AOCAIAXKEHOTO
HaCiHHS TiCOITy AIKapChKOTO MOXXHA MOSICHHTH
I‘pyHTOBO-KAiMaTI/I‘IHI/IMI/I yMOBaMH 30HHU
Ioaicca Yxpainm.

B moaboBux ymoBax BiaMiueHO emireasbHe
(HapseMHe) TPOpOCTaHHA HaciHHA —ricomy

Aixapcekoro. IlepmumM — 3'SBASIBCS — KOpiHB,
TiMOKOTHAb TpPHU OCHOBI  BUTArYBaBCA U
BUKPUBASIBCS, a BHpPIBHIOIOYHCH, BHHOCHUB

CiM'SIAOAL Ha mOBepxHIO IpyHTy. Ilepuxapmiit
OmaB, CIM'SAOAI BIAAIASIAMCH OAHA Bip OAHOI i
PO3IPABASIAHUCE.

Y AaboparopHUX yMOBAX IIPU TeMIeparypi
25°C HaciHHA Ticomy AiKapChKOTO ITOYHMHAAO
IPOPOCTAaTH yxe Ha Tperio A00y. 3apopok
pyitHyBaB 060AOHKY epema (mepukapmiit),

Modern Phytomorphology 11, 2017

3'SIBASIBCSI KOPiHB, 4 HA 4eTBEPTY AOOY — CiM SIAOAL
(Puc. 1 A, E).

Bipomo, mo wHacimms H. officinalis mae
BHCOKI ~ IIOKa3HMKHM  CXOXOCTi  YIPOAOBX
HepIIMX TPhOX POKIB 36epirammsa. Ha rTemmnu
IPOPOCTAHHSA HACiHHS, OKPIM ONTHMAaAbHHX
YMOB HAaBKOAUIIHbOTO CepeAOBHINa,
BIAMBAIOTh TAKOX CTPYKTypa i ¢isuko-ximiuni
0CO6ANBOCTI 06OAOHKH, AKTUBHICTh GpepMEHTIB,
SAKi TPU3BOAATD AO BUCHAXXKEHHs  3arlaciB
HOXUBHUX PEYOBHH 32 TPHBAAOTO 30epiraHHs
(Shibko 2011).

3 MeTOoI BCTAaHOBAGHHS ONTHUMAAbHHX
TepMiHiB 30epiraHHsI HaCIHHSATiCOITY AiKap CBKOTO
y 6epesni 2015 poxy BUBYEHO TOKA3HUKY eHeprii
IPOPOCTAaHHS Ta AAOOPATOPHOI  CXOXOCTi
Hacinus, 3ibpaHoro y Bepecui 2008-2014
POKiB, sixe 30epiraau Bia 6 Micsnis A0 6,5 pokis
BiaTIOBipAHO. AoBeaeHO, o 3ibpaHe B yMoOBax
KYABTYPH HACiHHS TiCOIy AiKapCBPKOTO Ma€
BUCOKY JXHTTE3AATHICTD. Tak, yepes 6 Micanis
IiCASI 30MPAHHS yPOXKAI0 AADOPATOPHA CXOXKICTh
HacinHs craHoBmAa 97,5% aast H. officinalis
‘Markiz, 97,3% - aas H. officinalis ‘Atlant’ i
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Puc. 2. CxoxicTb HaciHHA Hyssopus officinalis 3ane><Ho Bif TpMBanocTi 36epiraHHsA i CopTy.

Fig. 2. The germination capacity of erems of Hyssopus officinalis depending from storage duration and cultivar.

100

80

Eneprisn npopocranns, %

70 - I i :
60 - I .
50
40 -
30 -
20 -
10 -
0 T T T
78 66 54 42 30 18

B Markiz wmAtlant = Vodograj

6

Tepmin 30epiranag Ha MOMeHT OIPOPOIYBAHHS, K-Th Micamis

Puc. 3. EHepria npopocTaHHA HaciHHA Hyssopus officinalis 3ane>KHo Bia TpuBanocTi TepMiHy 36epiraHHaA i copTy.

Fig. 3. The germination rate of erems of Hyssopus officinalis depending from storage duration and cultivar.

98,5% — aast H. officinalis “Vodograj), it icroTHO
He 3HIDKYBAaAach YIPOAOBX YOTHPHOX POKiB
30epiranms. AaboparopHa CXOXICTb HACIHHS,
3ibpaHoro 2008 poky, cramoBuaa 74,8% aas
H. officinalis ‘Markiz, 73,8 % — aast H. officinalis

‘Atlant’ i 75,8% — aast H. officinalis “Vodograj,
10670 3HM3MAACH Y 1,3 pasu (Puc. 2). Eneprin
IIPOPOCTAHHSA HACiHHA AOCAIAKYBaHUX COPTIB
YIPOAOBX 6,5 pOKiB 30epiraHHs 3HIDKYBaAacs
y 1,5 pasis, Ipu 4OMy CYTTEBMM 3HIDKEHHIM
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MOKA3HUKA BIAPI3HAAOCH HACIHHS, siKe 30epirasn
4,5 poxu (Puc. 3). HaitBumy aaboparopHy
CXOXICTb 1 eHeprilo MpPOPOCTaHHS HAaCiHHA
BipMideHO B copTy Boaorpaii.

BucHoBKMU

IcroTHNX COpPTOBHX BiAMIHHOCTEH 30BHIIIHBOI
OyAOBH, 3abapBA€HHS, MacH, O0iOMETPHYHHX
mapamMeTpiB  epeMiB  TiCOIly  AiKapCBKOro,
BHPOLIEHOT0 32 YMOB IHTPOAYKIii y 60TaHIIHOMY
caay JKuromupcrpkoro HaI[iOHAABHOTO
arpOeKOAOTIYHOrO YHIBEpCHUTETY He
BwsiBAeHo. Maca 1000 epemis H. officinalis
‘Markiz’ y cepeanpoMy cranoBmaa 1,09 T,
H. officinalis ‘Atlant’ - 1,13 1, a H. officinalis
‘Vodograj’ — 1,10 r.

3ibpaHe B yMOBax IHTPOAYKUil HacCiHHSI
ricomy AIKapCHKOTO XapaKTepPU3yBaAOCh
BHCOKOIO  JKHTTE3parHiCTIO.  AaboparopHa
CXOXICTh HACIHHS AOCAIAXKEHHMX COPTIiB Ha
IIOCTHI MiCSIb 30epiraHHs CTaHOBHAA OiAblre
97 % 11 iCTOTHO He 3MEHIIyBaAaCs YIPOAOBX 4,5
POKiB 30epiraHHsi, CArarodu B cepeAHboMy 84 %.
B roit jxe uyac, eHepris MpopoCTaHHS HaCiHHS
AOCAIAYKEHUX COPTiB depes 6,5 pOKiB 36epiraHus
y cepeAHbOMY 3MEHIIyBaAach Ha 27 %.
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Abstract

Comprehensive investigation on herbarium material was realized and taxonomical structure
of the genus Aconitum in Slovakia has been ascertained on the base of phenetic analysis.
Three new taxa (i.e. A. degenii subsp. degenii, A. moldavicum subsp. hosteanum, and
A. moldavicum nothosubsp. confusum stat. nov.) were rediscovered for this region, and for
one of them the new status was proposed. Morphological variation of A. anthora and its
subdivision onto infraspecific taxa (subsp. anthora and subsp. jacquinii) are discussed. The
new key for identification and maps of distribution are represented.

Keywords: Aconitum, Slovakia, morphology, phenetics, distribution, taxonomy

Introduction

In spite of long history of investigation,
taxonomy of the genus Aconitum L. is still
much discussed and remains unresolved. Many
taxonomic problems arise from the notorious
hybridity within the genus and subsequent
origin of number of putative hybridogenic
taxa, which form a morphological continuum
between the parental taxa (Kadota 1987;
Starmiihler 2001). Another problem is that

different morphological traits of monkshoods
were considered for genus taxonomy by
different authors, and therefore very often
taxonomic ranges vary significantly for the
same taxonomic units (Gotz 1967; Kmetova
1982; Skalicky 1990; Kadota 1987; Voroshilov
1990; Tamura 1995; Tzvelev 2001). Recent
revisions based on morpho-geographical
concept of species (Davis & Haywood 1963)
and concept of infraspecific differentiation
(Skalicky 1982) led to unification and progress

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
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in taxonomy of the genus Aconitum in countries
of Carpathian region (Mitka 2003, 2008a;
Starmiihler & Mitka 2001; Starmiihler 2002;
Mitka & Szajna 2009; Boron 2010; Boron et al.
2011; Novikoff & Mitka 2011; Sutkowska et al.
2013; Mitka et al. 2013, 2016; Novikoff et al.
2016; Waclawska-Cwiertnia & Mitka 2016).

Accordingly to Flora of Slovakia (Kmetové
1982), genus Aconitum here includes 7 taxa
(A. lycoctonum L. em. Koelle, A. moldavicum
Hacq., A. variegatum L., A. lasiocarpum
(Rchb.) Géyer, A. firmum Rchb. subsp.
firmum, A. firmum subsp. moravicum Skalicky,
and A. anthora L.). Kmetova (1982) noted
that in flora of Slovakia four subspecies of
A. lycoctonum (subsp. vulparia (Rchb.) Schinz
et Thell., subsp. puberulum (Ser.) Gayer, subsp.
thalianum (Wall.) Géyer, and subsp. penninum
(Ser.) Gayer) are sometimes distinguished
mostly on the base of variation in pubescence.
For example, subdivision of A. lycoctonum
on subsp. vulparia and subsp. puberulum was
accepted by Domin (1935), and subdivision
of A. lycoctonum on subsp. vulparia, subsp.
puberulum, and subsp. penninum - later by
Dostal (1958). But Kmetova (1982) did not
accept such partition, arguing that considered
traits make a morphological continuum in
A. lycoctonum. She also noted that sometimes
A. lasiostomum Rchb. is reported from
adjacent regions, perhaps this species does
not occur in Slovakia. For A. moldavicum,
Kmetovd (1982) reported var. australe
(Rchb. ex Baumg.) Grint with villous carpels
(“s chlpatymi mechtrikmi”) from Eastern part
of Slovakia. In the same time, she suggested
that A. moldavicum subsp. hosteanum (Schur)
Graebner et P. Graebner in Aschers. et
Graebner most probably does not occur here,
although it was reported for Czechoslovakia by
Domin (1935) and Dostal (1958).

Domin (1935) and Skalicky (1966)
distinguished 3 species of aconites from
Variegatum group (i.e. A. variegatum, A. gracile
Rchb. and A. dominii Sillinger), which also
were accepted by Dostal (1958), however in
range of subspecies — subsp. variegatum, subsp.
gracile (Rchb.) Géyer, and subsp. dominii
(Sillinger) Dostdl. consequently. Moreover,

in Skalicky (1982) only A. variegatum is
mentioned. Kmetova (1982) mentioned
in Flora of Slovakia three subspecies of
A. variegatum (subsp. gracile, subsp. dominii,
and subsp. kotulae), but concluded that they
make morphological intermediations.

Kmetové (1982) alsomentioned thatbesides
of A. firmum, for Slovakia A. tauricum Wulf.
(Domin 1935; Skalicky 1966) or A. napellus L.
subsp. tauricum (Wulf.) Gdyer (Dostal 1958)
are sometimes considered. Finally, she noted
that A. anthora is highly variable taxon and
delimitation of var. jacquinianum G. Beck has
poor taxonomic background.

Starmiihler (2002) published the key for
identification of Slovakian aconites with 14
taxa including 6 hybrids (A. lycoctonum subsp.
lycoctonum, A. moldavicum subsp. moldavicum,
A. anthora subsp. anthora, A. variegatum subsp.
variegatum var. variegatum, A. X pawlowskii
Mitka et Starmiihl, A. lasiocarpum subsp.
kotulae (Pawt.) Starmiihl. et Mitka, A. x lengyelii
Gaéyer nothosubsp. lengyelii (=A. x berdaui
Zapal. nothosubsp. berdaui in accordance to
Mitka (2003)), A. x lengyelii nothosubsp.
walasii Mitka (=A. x berdaui nothosubsp.
walasii (Mitka in Starmiihler et Mitka) Mitka
in accordance to Mitka (2003)), A. firmum
subsp. firmum, A. firmum subsp. moravicum,
A. firmum subsp. maninense (Skalicky)
Starmiihl., A. firmum subsp. firmum x A. firmum
subsp. maninense, A. firmum nothosubsp.
paxii Starmithl,, and A. firmum nothosubsp.
zapalowiczii Starmiihl.). In addition, Mitka
(2003, 2008a) later reported for Slovakia
S more taxa — A. X cammarum L. em. Fries,
A. x triste (Rchb.) Géyer (also mentioned
for Czechoslovakia by Domin (1935)),
A. lasiocarpum subsp. lasiocarpum, A. x gayeri
Starmiihl. and A. x hebegynum DC.

Taking  into  account  mentioned
publications, the genus Aconitum in flora
of Slovakia could be represented at least by
19 taxa. In this paper I provide results of
investigations on morphological variability and
taxonomic structure of this genus in Slovakia
on the base of analysis of herbarium material

and published works.
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Material and methods

Herbarium investigations were conducted
in 2012-2013 in project frames of National
Scholarship Programme of the Slovak Republic
entitled “Taxonomy and chorology of the genus
Aconitum L. (Ranunculaceae) in Slovakian flora”.
Preliminary results of this study (supposed
taxonomic structure of the genus in Slovakia)
were published in 2013 (Novikoff 2013) and
deposited online at http://slovaconitum.
myspecies.info/  (Novikoff ~ 2013-2017).
However, in 2017 obtained data were revised
and reevaluated, all of taxonomic and phenetic
studies were redone.

In general more than 3000 herbarium
vouchers were analyzed from 7 main
repositories (Append. 1): Institute of Botany
SAS (SAV, Bratislava), Comenius University
in Bratislava (SLO), Slovak National Museum
(BRA, Bratislava), Slovak University of
Agriculture in Nitra (NI), Technical University
in Zvolen (ZV), Pavol Jozef Safirik University
(KO, Kogice), and Museum of Tatra National
Park (TNP, Tatranskd Lomnica). From total
number, 970 specimens were included into
chorological database; 450 specimens were
included in phenetic database and tested
with 115 morphological traits (Tab. 1). For
different taxonomic groups (Lycoctonum,
Anthora, Cammarum and Aconitum) inside
the genus, different combinations of treats
were applied for advanced partial analyses
(Tab. 1). Additionaly, main recent literature
sources (Mitka & Starmiithler 2000; Mitka
2003, 2008a) were analyzed for mention of
Aconitum specimens from Slovakia nested in
herbaria abroad. Finally, the maps from Flora
of Slovakia (Kmetova 1982) were digitized
and extracted landmarks were applied in our
research too (Append. 2).

For statistical analysis the Past 3.14 was
used (Hammer et al. 2001). For correlation
statistics linear r (Pearson’s) was applied.
For multivariate analysis UPGMA and
Ward’s clustering methods were applied in
combination with Euclidian index of similarity
and N =100 bootstrap support. For ordination
non-metric multidimensional scaling was
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applied in combination with Euclidian index of
similarity.

Distribution maps were built in QGIS 2.18
(QGIS Development Team 2017) with WGS84
(EPSG: 4326) geographical coordinate system
and after that transformed in J-TSK Krovak
(EPSG: 102065) projection system, which
is commonly applied in Slovakia for better
visualization (Annoni ef al. 2001). Maps from
Kmetova (1982) were imported to QGIS as
independent geotiff layers with Polygonal 1
WGS 84 transformation mode, and after that
separated layers with landmarks corresponding
to points on that maps were generated.

For taxonomic verification IPNI (2017)
and The Plant List (2017) databases were
used. For developing of website, the free CMS
Scratchpads 2.0 wasapplied (Smith et al. 2012).

The raw datasets of treats applied for phenetic
analyses (S20, S21, S22, S23, S24, S25, S26,
$27, S28) and database of analyzed specimens
with generated coordinates of locations (S29
& S30) are freely available in Zenodo and I
kindly welcome researchers to use them for any
investigation purposes.

Results

General analysiswas performed for450 samples
and full dataset of 115 morphological traits
(Tab. 1). Cluster analysis (both UPGMA and
Ward’s methods) showed good delimitation
of main taxonomic groups (i.e. sections and
subgenera) in the genus Aconitum, however
in most cases did not allow discrimination
of taxa on species and subspecies levels, as
well as of some hybrid taxa (Figs. 1 & S1).
Multidimensional ~ scaling showed good
delimitation of group Lycoctonum by first two
axes however did not show any good limits
between this and other groups on second
scatterplot. Groups Anthora, Cammarum,
Acomarum and Aconitum were significantly
overlapped (Fig. S2). Therefore I provided
further statistical analyses on separated
taxonomic groups representing sections with
exclusion of uninformative traits.
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Table 1. Initial set of analyzed morphological traits. For partial analyses: + — analyzed for full set of treats of separated
taxonomic groups; * — analyzed for limited set of traits selected for each of separated taxonomic groups.

Nr  Group of traits ~ Trait Lycoctonum Anthora Cammarum  Aconitum

1 Helmets glabrous +* +* +*

2 sparsely pubescent +* + +

3 moderately pubescent +* + +

4 densely pubescent +* + +

5 with short curved trichomes +* + +*

6 with protruding straight trichomes +* +*

7 with mixed trichomes + +*

8 Carpels glabrous +* +* +*

9 ventral pubescent +*

10 dorsal pubescent +* +* +*

11 sparsely pubescent +* + +

12 densely pubescent +* + +

13 with short curved trichomes +* + +*

14 with protruding straight trichomes +* +

15  Stamens glabrous + + +

16 sparsely pubescent + +

17 densely pubescent + +

18 All pubescent +

19 Part of them pubescent + +

20 Upperpartof  glabrous +* +*
pedicels

21 pubescent only at receptacle

22 sparsely pubescent

23 moderately pubescent +

24 densely pubescent + +

25 with short curved trichomes +*

26 with protruding straight trichomes + + +*

27 with mixed trichomes +

28 Lowerpartof  glabrous +* +*
pedicels

29 sparsely pubescent +

30 moderately pubescent + +

31 densely pubescent +

32 with short curved trichomes + +*

33 with protruding straight + +*

trichomes

34 with mixed trichomes + +

35 Bracteoles glabrous + *

36 ciliate (pubescent along +

margins only)
37 sparsely pubescent + +
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Table 1. Continued.

Nr  Group of traits ~ Trait Lycoctonum Anthora Cammarum  Aconitum

38 Bracteoles moderately pubescent + +

39 densely pubescent + +

40 with short curved trichomes +

41 with protruding straight trichomes + +*

42  Inflorescence  glabrous +* +*
axes

43 sparsely pubescent + +

44 moderately pubescent + +

45 densely pubescent + + +

46 with short curved trichomes + + +*

47 with protruding straight trichomes + +*

48 with mixed trichomes +

49  Stems glabrous + + +

50 sparsely pubescent + + +

51 moderately pubescent + +

52 densely pubescent + + +

53 with short curved trichomes + +

54 with protruding straight trichomes + + +

55 with mixed trichomes +

56  Petioles glabrous + + +

57 sparsely pubescent + +

58 moderately pubescent + + +

59 densely pubescent + +

60 with short curved trichomes + +

61 with protruding straight trichomes + +

62 with mixed trichomes +

63  Adaxial surface glabrous + + +
of leaf laminae

64 pubescent along veins +

65 sparsely pubescent + + +

66 moderately pubescent +

67 densely pubescent +

68 with short curved trichomes + +

69 with protruding straight trichomes + +

70  Abaxial surface glabrous + + +
of leaf laminae

71 pubescent along veins + +

72 sparsely pubescent + +

73 with short curved trichomes +

74 with protruding straight trichomes + +

75  Perianth color  pale yellow +

76 yellow +* +
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Table 1. Continued.

Nr  Group of traits ~ Trait Lycoctonum Cammarum  Aconitum
77  Perianth color  dirty blue +*
78 violet +*
79 blue
80 variegate +
81 Helmetshape bean-shaped
82 crescent *
83 hemispherical +* +*
84 conical * *
85 elongated conical +*
86 cylindrical
87  Nectaries not reaching the top of helmet +*
88 reaching the top of helmet + +
89 spurs ecapitate / capitate
90 spurs semi-spiral /

curvedbackward bent
91 spurs coiled
92 spurs deflected bent
93 claws adjoined +
94 claws outstanding +
95 Carpels 3 + +
96 5 + +
97  Stamens without protuberances +* +
98 part of them with protuberances +* +
99 all of them with protuberances +
100 Bracteoles reaching the receptacle +* +
101 narrower than pedicels + +
102 as wide as pedicels + +
103 wider than pedicels + +
104 entire +
105 divided +
106 Pedicels longer than flowers + +
107 Inflorescences simple + + +
108 condensed compound + + +
109 ramified compound + + +
110  Shoots orthotropic + +
111 semirosulate
112 nonrosulate
113 Leaves leaf to internode index > 3 + +
114 Perianth deciduous after blooming
115  Life forms polycyclic monocarpous
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Lycoctonum group

152 specimens and SO0 morphological traits
selected among total 115 (Tab. 1, pluses) were
analyzed. Neither cluster analysis (Figs. S3 &
$4) nor multidimensional scaling (Fig. SS) did
not show appropriated results, randomly mixing
specimens from A. moldavicum, A. lycoctonum
and A. x triste (A. lycoctonum x A. moldavicum).
This explains by fact that these taxa are mainly
differentiated by color of perianth, which is from
dirty-blue to purple-violet in A. moldavicum,
from whitish to yellow in A. lycoctonum, and
yellowish-bluish in A. x triste (Skalicky 1990;
Mitka 2008a). In all three species, helmet is
usually covered by short curved trichomes.
But density of such pubescence significantly
varies in A. moldavicum, where helmet can
be even entirely glabrous or with only few
sparsely distributed trichomes. While in studied
specimens of A. X triste and A. lycoctonum
helmets were always densely covered by curved
trichomes.

In A. lycoctonum and A. x triste carpels
can be either glabrous or covered by short
curved trichomes. In A. moldavicum character
of carpels’ pubescence plays the key role for
delimitation of subspecies. In A. moldavicum
subsp. moldavicum carpels are glabrous. In
A. moldavicum subsp. hosteanum carpels are
entirely covered by short curved trichomes.

There are also several other hybrids
distinguished on the base of perianth color
and pubescence of carpels. For example, in
A. moldavicum  nothosubsp.  simonkaianum
(Gayer)  Starmiihl.  (A. lasiostomum X
A. moldavicum subsp. hosteanum) carpels are
villous — entirely covered by protruding long
trichomes (Starmiihler 1998; Mitka 2008a).
In A. X porcii Starmiihl. (A. moldavicum subsp.
moldavicum x A. moldavicum nothosubsp.
simonkaianum) helmet is purple-violet; carpels
are with mixed (villous at the base and curved
at upper part) pubescence (Starmiihler 1998;
Mitka 2008a). In A. X baumgartenianum
Simonk. (A. lasianthum Simonk. X
A. moldavicum) helmet is yellowish-bluish,
glandular pilose and eglandular pubescent;
carpels are entirely villous, with long
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protruding trichomes (Mitka 2008a). A hybrid
between A. moldavicum subsp. hosteanum and
A. moldavicum subsp. moldavicum with “carpels
at the backside and/or on the suture pilose” is
also mentioned by Mitka (2008a).

However in recent personal communication,
W. Rottensteiner (formerly W. Starmiihler)
noticed that he unsuccessfully tried to
differentiate subtaxa among A. moldavicum on
the base of carpels pubescence. So he concluded
that “the pubescence of the carpels, which is very
precious in other species, has no taxomonical
value in A. moldavicum”. In particular, he treats
A. moldavicum subsp. hosteanum as an endemic
of Southern Carpathians distributed only in
the highest altitudes and distinguished from
A. moldavicum subsp. moldavicum by different
pubescence of tepals. However, A. moldavicum
subsp. hosteanum was found in Poland and
Ukraine even in lower altitudes of subcarpathian
region and growing in mixed populations with
A. moldavicum subsp. moldavicum (Mitka 2003,
2008a,2008b; Novikoff & Mitka 2011; Novikoff
et al. 2016). Zapalowicz (1908) mentioned
A. hosteanum Schur from Czywczyny and
Gorgany Mts. in Ukraine. Tzvelev (2001)
also applied type of carpels pubescence for
differentiation of A. hosteanum among other
taxa from Lycoctonum group and noted that it is
distributed in Eastern Carpathians. So there is
different understanding of taxonomic limits in
A. moldavicum.

It is important to note that both Starmiihler
(2002) and Mitka (2008a) reported for Slovakia
A. lycoctonum subsp. lycoctonum, although
Kmetovd (1982) and some other researchers
(Domin 193S5; Dostal 1958; Skalicky 1966,
198S; Tutin ef al. 1993) mentioned for this
region A. lycoctonum subsp. vulparia. In
preliminary published results (Novikoff 2013)
I used the name A. lycoctonum subsp. vulparia,
however here for uniformity this taxon is
considered as A. lycoctonum subsp. lycoctonum
following Starmiihler (1997, 2002) and Mitka
(2003, 2008a). Moreover, Starmiihler (1997)
neotypified A. lycoctonum subsp. vulparia and
chose the illustration from Reichenbach (1823-
1827) with straight pubescence of the pedicel
and the tepals. Such straight type of pubescence
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Fig. 2. Ward’s dendrogram in combination with Euclidian distances for Lycoctonum group with dataset of

14 diagnostic traits.

is also seen in Reichenbach (1840), however
contradicts with taxonomic interpretation
of Czech and Slovakian researchers (Domin
1935; Dostal 1958; Skalicky 1966, 1985) as
well as revision of Tzvelev (2001). In particular,
Tzvelev (2001), in opposition to Starmiihler
(1997), characterized A. vulparia by short
curved trichomes covering inflorescence axes
and pedicels, and A. lycoctonum — by straight
trichomes.

Hence, I performed cluster analysis for
14 separated traits mentioned as diagnostic
(Tab. 1, asterisks), which gave good results, but
with low bootstrap support. In case of UPGMA,
cluster moldavicum has been joined with cluster
lycoctonum (Fig. S6), but in case of Ward’s
method of clustering (Fig. 2), the cluster
moldavicum was attached with cluster hosteanum.
Inboth cases, cluster tristewas joined with cluster
lycoctonum, and their samples were mixed on plot
of multidimensional scaling (Fig. S7). Cluster
lycoctonum was divided on two subclasters
different by pubescence of carpels (glabrous
in samples lycoct: 1554 - lycoct: 1556 or curved
pubescent in samples lycoct: 3142 - lycoct: 995),
however with low bootstrap support (Figs. 2

& S6). Cluster moldavicum is subdivided on
several subclusters on the base of intensity of
pubescence of helmet and variation of perianth
color (dirt-blue or violet). Simultaneously,
cluster hosteanum is divided on the base of
variation in helmet and carpels pubescence, and
coloration of perianth too.

At SAV herbarium I found one specimen
of A. moldavicum with carpels covered on
dorsal sides by protruding villous trichomes
and reported also from Romania (Grintescu
1953). Preliminary I identified this specimen
as A. moldavicum nothosubsp. simonkaianum
(Novikoff 2013), however A. moldavicum
nothosubsp. simonkaianum is characterized by
protruding villous pubescence of entire carpels.
Taking into account reports of Grintescu (1953)
and Mitka (2008a) representing diagnostic
features of mentioned taxa, name proposed
by Grintescu (1953), and following current
taxonomic hierarchy in Lycoctonum group, I
believe that this specimen should be described
as A. moldavicum nothosubsp. confusum
(Grint.) A. Novikov. Due its hybrid origin and
low number of analyzed material, this specimen
does not occupy any stabile position neither
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on dendrogram (Figs. 2, S3, S4, S6) nor on the
multidimensional scatterplots (Figs. S5 & S7).

Correlation analysis reveals the only
very strong dependence (Pearson’s r=0.85)
- between yellow coloration of perianth
and dense pubescence of helmet, what
characterizes the most of specimens from
cluster lycoctonum.

Hence, Aconitum subgen. Lycoctonum (DC.)
Peterm. sect. Lycoctonum DC. in flora of Slovakia
is represented by S taxa: A. lycoctonum subsp.
lycoctonum, A. moldavicum subsp. moldavicum,
A.moldavicum subsp. hosteanum, A. moldavicum
nothosubsp. confusum and A. X triste.

A. lycoctonum subsp. lycoctonum is well
represented in herbaria of Slovakia (150
vouchers revealed). It is mostly distributed in
mountain regions in western and central parts
of Slovakia, and also has one documented
location from eastern region near the border
with Ukraine (Fig. 7). A. moldavicum subsp.
moldavicum is represented by 195 herbarium
vouchers. It is scattered predominantly in
eastern and central mountain regions of
Slovakia, however it has also several locations
from western part of country (Fig. 8).
Similarly, A. moldavicum subsp. hosteanum
(74 investigated vouchers) is represented
in eastern and central regions of Slovakia,
however it is not going so far to the west
(Fig. 8). A. moldavicum nothosubsp.
confusum was collected just once and more
than S0 years ago (Spisskd Novd Ves; leg.
Majovsky J.,, 23.08.1955; SAV). Collector
indicated on the label just a city Spi$skd Nova
Ves, which is located in Hornadska Kotlina,
however did not indicate any other details
(Fig. 3).A.x tristewasalso collected only once
in 2005 (Meliata, vlhke lesy; leg. Karasové E.,
16.06.2005; SAV), and it is represented only
by S vouchers in SAV herbarium (Fig. 8).
Before this, A. X triste was reported for Slovakia
by Skalicky (1990) and whereupon by Mitka
(2008a), however without indication of strict
locations. Both hybrids, A. moldavicum
nothosubsp. confusum and A. X triste, seem
to be very rare for Slovakia and require further
field expeditions.
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A. moldavicum nothosubsp. confusum
(Grint.) A. Novikov, stat. nov. (Fig. 3)

(A.  moldavicum  subsp.  hosteanum  x
A. moldavicum subsp. moldavicum)

Basionym: A. moldavicum var. confusum
Grint. in Savulescu, Flora Repub. Pop. Roméne
2: (677), 1953.

Typus: Reg.: Craiova: in pratis ad pagum
Baia de Fier. (Grintescu 1953).

Diagnostic characters: Perianth from
dirty-blue to violet, carpels villous (with long
protruding trichomes) only on dorsal side or/
and suture.

Geographical distribution: In Carpathians
and adjacent regions. Rarely in the Western
Carpathians and slightly often in the Eastern
Carpathians; often in the Malopolska Upland
(Poland), Opillya and Voronyaky (Ukraine)
(Mitka 2008a).

Anthora group

Aconitum subgen. Anthora (DC.) Peterm. sect.
Anthora DC. is represented in flora of Slovakia
by single species, A. anthora, which is however
characterized by high morphological variation.
In general I had analyzed 152 specimens of
A. anthora s.l., from which 66 specimens were
included in further phenetic analysis. Among
115 total features I defined 26, which had
variation for A. anthora and used them for next
data processing (Tab. 1, pluses). Cluster analysis
on the base of Ward’s method revealed two clear
groups — anthora and jacquinii (Fig. S8) with
high bootstrap support. However UPGMA
analysis showed that group anthora is not
homogenous and consists from two main
subclusters — jacquinii 1 and jacquinii 2 (Fig. 4).
Cluster anthora is characterized by curved short
trichomes covered helmet, pedicels, bracteoles,
and inflorescence branches. Cluster jacquinii 1
is represented by samples with protruding
villous trichomes on helmet, bracteoles and
pedicels (in some observations pedicels in
lower part had mixed cover consisting from
curved and protruding trichomes), and
with mixed trichomes on inflorescence axes.
Cluster jacquinii 2 (samples jacquin: 2280
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Fig. 3. A. moldavicum nothosubsp. confusum (Grint.) A. Novikov, stat. nov. in SAV herbarium.
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Jjacquinii 2

anthora

Fig. 4. Ward’s dendrogram in combination with Euclidian distances for Anthora group with full dataset of traits.

and jacquin: 2346) is characterized by mixed
pubescence of helmet and pedicels, protruding
pubescence of bracteoles, and exclusively
curved pubescence of inflorescence axes.
Outstanding position of the cluster jacquinii 2
is also well seen on plot of multidimensional
scaling (Fig. S9).

Correlation analysis revealed that curved
pubescence of helmet is very strongly related to
curved pubescence of pedicels (Pearson’s r=1),
bracteoles (Pearson’s r=1), and inflorescence
axes (Pearson’s r=0.80). In the same time,
protruding pubescence of the helmet is strongly
correlated with protruding pubescence of
pedicels (for pedicels above bracteoles Pearson’s
r=1, and for pedicels below bracteoles Pearson’s
r=0.86), protruding pubescence of bracteoles
(Pearson’s r=0.80), and mixed pubescence
of inflorescence axes (Pearson’s r=1). Mixed
pubescence of helmet is very strongly correlated
with mixed pubescence of pedicels (above
bracteoles Pearson’s r=1, and below bracteoles
Pearson’s r=0.81). Pubescence type of carpels,
stems and petioles do not show any (even
moderate) correlations, as well as the shape
of helmet, colour (yellow or pale yellow) of
perianth and structure of inflorescence.
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Therefore, I can conclude that pubescence
type of helmet, pedicels, bracteoles and
inflorescence are the most significant features
illuminating 3 main morphotypes of A. anthora
in Slovakia, while the shape of helmet and
perianth colour (I do not consider here
A. pseudanthora Blocki ex Pacz. with bluish
or variegate perianth) are uninformative traits.
Moreover, in cluster jacquinii 1 the variation
from entire protruding to mixed pubescence
of pedicels was observed, but there was no
such variation in group anthora with always
and entirely curved pubescent pedicels. Even
on generalized dendrograms (Figs. 1 & S1),
jacquinii samples are well delimited from other
anthora samples with bootstrap support 96
(UPGMA) or 91 (Ward’s method), with only
two samples jacquin: 2280 and jacquin: 2346
occupying intermediate position between two
main groups. Cluster jacquinii 2 (samples
jacquin: 2280 and jacquin: 2346) most probably
represent putative hybrid between A. anthora
subsp. anthora and A. anthora subsp. jacquinii,
which, however, requires detailed studies.

Taking into consideration that these
plants grow in mixed populations (eg,
jacquin: 2280 was collected by ]. Méjovsky in
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19SS together with anthor: 2276, anthor: 2278
and anthor: 2282), they can be considered as
subspecies. Hence, cluster jacquinii 1 can be
recognized as A. anthora subsp. jacquinii, and
cluster anthora — as A. anthora subsp. anthora.
Before, due to the taxonomic confusion,
I erroneously reported for Slovakia A. anthora
subsp. eulophum (Novikoff 2013), which does
not occur here. A. eulophum Rchb. was reported
by Reichenbach (1819, 1820) from Alps region
including Liguria (France) and Helvetia (part
of modern Switzerland), and is also often
mentioned for Ukraine as independent taxon
(Paczoski 1927; Visjulina 1953; Chopyk 1978;
Andrienko & Peregrym 2012) or synonym
of A. anthora (Tzvelev 2001; Didukh et al.
2004). Division of A. anthora onto subspecies
for flora of Czechoslovakia was reported by
Domin (1935), who recognized A. anthora
subsp. eu-anthora and A. anthora subsp. jacquinii
(Rchb.) Domin.

The problemwith classification of A. anthora
and related taxa has a long history starting from
description by Linnaeus (1753). Reichenbach
(1819, 1820, 1838, 1840) recognized several
taxa in section Anthoroideae Rchb. viz
A. anthora, A. jacquinii Rchb., A. decandolii
Rchb., A. anthoroideum Rchb., A. eulophum
Rchb. and A. nemorosum Rchb. He applied
complexmorphological analysis for delimitation
of taxa, including pubescence of floral parts and
shape of helmet. In particular, for Carpathians
Reichenbach (1820) mentioned A. jacquinii,
which, as he noted, differs by unique shape of
helmet with elongated rostrum. In this paper
Reichenbach (1820) also mentioned that
A. jacquinii has glabrous helmets, what is
very unusual for Anthora representatives from
Carpathian region, and what I saw just once, in
isolated refugial population in Stinka (Ukrainian
Carpathians). However later Reichenbach
(1840) published monograph containing
illustration of A. jacquinii with villous helmet
(Lam. LXXVII) and illustration of A. anthora
Y Jacquinianum Rchb. (Lam. C) with glabrous
flowers. Some of later researchers accepted level
of species (Zapalowicz 1908; Paczoski 1927;
Visjulina 1953) or level of subspecies Domin
(1935) for this taxon, but in all cases authors

mentioned plants with helmet covered by
protruding hairs contrasting with A. anthora
(or A. anthora subsp. anthora) having curved
pubescence of helmet. Same division is also
accepted by Tzvelev (2001), who recognized
A. anthora with pedicels and inflorescence axes
covered exclusively by short curved trichomes,
and A. jacquinii — by straight and mixed
trichomes.

In our research, helmet shape showed high
variation, however type of helmet pubescence
seems to be a good discriminative trait for
recognition of infraspecific taxa in Anthora
group.

In general, A. anthora subsp. anthora is
more widely represented in flora of Slovakia.
I found 139 vouchers of A. anthora subsp.
anthora in Slovakian herbaria sparsely collected
from almost all territory of country (Fig. 9).
A. anthora subsp. jacquinii there is represented
only by 9 vouchers and occurs only in two main
sites, one of which (Drevenik, obec Levoca)
it shares with putative hybrid (represented by
only 2 specimens in Slovakian herbaria) and
other parental taxon — A. anthora subsp. anthora

(Fig. 9).
Cammarum group

Aconitum subgen. Aconitum sect. Cammarum
DC. is one of the most diverse group in sense
of morphological variability and taxonomic
representativeness in Slovakia. I used 121
specimens for analysis of 68 morphological
traits (Tab. 1, pluses). UPGMA clustering
did not showed any appropriated results
(Fig. S10). Clustering by Ward’s method
separated two main clusters representing
mostly A. variegatum and A. lasiocarpum
samples. However A. degenii Géyer and
A. x pawlowskii were randomly nested in these
two main clusters (Fig. S11) and scattered on
multidimensional plot (Fig. S12). Therefore
I performed analysis on limited number of
1S traits, which are considered diagnostic for
this group (Tab. 1, asterisks). This allowed
obtaining better results, but some samples of
A. lasiocarpum subsp. lasiocarpum were nested
among A. degenii specimens, while samples of
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Fig. 5. Ward’s dendrogram in combination with Euclidian distances for Cammarum group with dataset of

15 diagnostic traits.

A. x pawlowskii — among A. lasiocarpum subsp.
lasiocarpum (Figs. 5 & S13). On the plot of
multidimensional scaling, A. x pawlowskii was
placed between its parental taxa A. variegatum
and A. lasiocarpum, while A. degenii occupied
marginal position (Fig. S14). The reason
of such divergence of A. degenii samples was
illuminatedlater — only cluster of degen: 1173and
degen: 1175 containing samples from Eastern
part of Slovakia truly represents A. degenii,
while other samples were misidentified and
belong to A. firmum subsp. maninense.
Correlation analysis showed dependence
of glabrous helmet with sutural pubescence of
carpels (very strong, Pearson’sr = 0.94), glabrous
pedicels (strong, Pearson’s r=0.84 for upper
and Pearson’s r=0.75 for lower part of pedicels),
glabrous inflorescence axes (strong, Pearson’s
r=0.65), what is typical for A. variegatum.
There was also moderate positive correlation
(Pearson’s r=0.59) between glabrous helmet
and nectarines not reaching the helmet top, what
also characterizes A. variegatum. A. variegatum
has elongated conical helmet, while the shape
of helmet in A. lasiocarpum varies. In the same
time, A. degenii has often hemispherical or
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slightly elongated helmet and glabrous carpels,
what was reflected in strong positive correlation
(Pearson’s r=0.7) between hemispherical
helmet and glabrous carpels in my analysis too
(Tab. 1).

Sect. Cammarum in flora of Slovakia is
represented by 6 taxa: A. variegatum subsp.
variegatum, A. lasiocarpum subsp. lasiocarpum,
A. lasiocarpum subsp. kotulae, A. x pawlowskii
(A. lasiocarpum x A. variegatum), A. degenii
subsp. degenii and A. x gayeri (A. degenii x
A. lasiocarpum).

A. degenii subsp. degenii is reported
here for the first time for flora of Slovakia.
All other taxa were already reported before
(Mitka & Starmiihler 2000; Starmiihler 2002;
Mitka 2003). Mitka (2003) also reported
A. X hebegynum (A. degenii X A. variegatum)
for flora of Slovakia, however this taxon was
later rediscovered and nested in A. degenii
subsp. degenii as var. intermedium (Zapal.) Mitka
(Tlnicki & Mitka 2011).

In total, I found in Slovakian herbaria 190
specimens of A. variegatum subsp. variegatum
collected mostly from central Slovakia, however
few samples also were collected from eastern
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regions (Fig. 10). A. lasiocarpum subsp.
lasiocarpum is represented by 18 (Fig. 11), and
A. lasiocarpum subsp. kotulae — by 11 vouchers
collected from central and eastern regions of
Slovakia (Fig. 11).A. X pawlowskii was found in
herbaria only twice (Fig. 12). A. degenii subsp.
degenii in analyzed collections is represented
only by 2 vouchers (Fig. 12), and A. x gayeri
- by single specimen hosted in SAV (Fig. 12).
However Mitka (2003) reported 1 more
voucher of A. x gayeri from Bukovske Vrchy,
which is deposited in herbarium of Jagiellonian
University in Krakéw (Rabia Skala, 1150 m,
J. Mitka, P. Bochenek, ]J. Terray, 23.08.1995;
KRA).

A. lasiocarpum, A. x pawlowskii, A. degenii
and A. x gayeri are rare for flora of Slovakia. Last
two taxa are distributed here on the edge of their
natural range.

Acomarum group

Aconitum  subgen.  Aconitum  nothosect.
Acomarum Starmithler in flora of Slovakia
is represented by cultivated intersectional
hybrid A. x cammarum (A. napellus [?] x
A. variegatum). A. X cammarum was reported
for Czechoslovakia by Skalicky (1982), and
also mentioned by Domin (1935) and Dostél
(1958) as A. x stoerckianum (= A. napelus subsp.
neomontanum (Wulfen) Géyer x A. variegatum
subsp. euvariegatum Dostdl). I did not include
this taxon neither in morphological nor in
chorological analyses, because it is ornamental
plant and therefore there is low number of
specimens (only 17 were observed) deposited in
herbaria (Fig. 13). Sometimes A. X cammarum
can be found escaped into the wild nature.

Skalicky  (1966) also reported for
Czechoslovakia A. X exaltatum Bernh. ex Rchb.
(A. plicatum Kohler ex Rchb. subsp. plicatum
X A. variegatum subsp. variegatum), which
is morphologically close to A. x cammarum
(Mitka 2003). However, there are no mentions
of this hybrid exactly from Slovakia.

Starmiihler ~ (2002)  mentioned for
Slovakia two more taxa for this nothosection,
however without details on their distribution
- A. x lengyelii Gayer nothosubsp. lengyelii

(A. firmum subsp. firmum X A. variegatum
subsp. variegatum) and A. X lengyelii nothosubsp.
walasii Mitka (A. firmum subsp. moravicum
X A. variegatum subsp. variegatum). Later
these two nothotaxa were also mentioned
in Starmiihler & Mitka (2001), but only for
territory of Poland and are notlisted for Slovakia.
In personal communication W. Rottensteiner
also noted that these nothotaxa are highly
possible to be find in Slovakia, since both
parental taxa are present there.

In Mitka (2003) A. x lengyelii nothosubsp.
lengyelii and A. x lengyelii nothosubsp.
walasii were rediscovered as A. X berdaui
Zapal. nothosubsp. berdaui and A. X berdaui
nothosubsp. walasii (Mitka in Starmiihler et
Mitka) Mitka, respectively. Mitka (2003 ) listed
only 2 specimens of A. x berdaui nothosubsp.
berdaui from Slovakian Tatra Mts. (Wycieczka
w Tatry Spiskie w r. 1878. Aconitum napellus L.,
Podspady nad Jaworzynka; leg. A. Rogalski,
25.07.1878.) and Slovensky Raj (Plantae
exsiccatae regni Hungariae, Comit. Szepes, in m.
Holléko pr. Sztraczena; G. Lengyel, 01.08.1901;
BP) (Fig. 13). In personal communication
J. Mitka also provided me with two more
recently rediscovered locations — one in Tatras
(Tatras, Javorova Dolina; leg. A. Sutkowska,
18.08.2009; herb. J. Mitka) and other in Mald
Fatra (Mala Fatra, Terchova; leg. J. Mitka,
31.07.2009; KRA 0464764). However,
Mitka (2003) does not mention A. x berdaui
nothosubsp. walasii for Flora of Slovakia.
During our revision of Slovakian herbaria, I did
not find specimens of A. X berdaui, and therefore
this nothospecies is provided here on the base of
reports of Starmiihler (2002) and Mitka (2003)
only. Presence and distribution of A. X berdaui
nothosubsp. walasii in Slovakia still require
confirmation in field.

Aconitum group

I performed cluster analysis for 104 specimens
and 82 morphological treats (Tab. 1, pluses),
which revealed division of Aconitum subgen.
Aconitum sect. Aconitum in flora of Slovakia
on two main clusters — firmum and moravicum
(Figs. S1S & S16). Cluster firmum includes
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Fig. 6. Ward’s dendrogram in combination with Euclidian distances for Aconitum group with dataset of 23 diagnostic

traits.

A. firmum subsp. firmum. Cluster moravicum
consisted mostly from A. firmum subsp.
moravicum samples, but also included randomly
dispersed samples of A. firmum subsp.
maninense, A. firmum nothosubsp. paxii and
A. firmumnothosubsp. zapalowiczii (Fig. S17).
All samples of A. firmum subsp. maninense
had localized position together, which also
confirmed by multidimensional scaling,
however they were nested inside the cluster
moravicum. Therefore, I performed analysis
for limited number of 23 morphological traits
considered as diagnostic for Aconitum group
and obtained trees were better fitting accepted
taxonomic division — there were independent
and clearly distinguished clusters of A. firmum
subsp. firmum, A. firmum subsp. moravicum and
A. firmum subsp. maninense, however hybrids
(A. firmum nothosubsp. paxii and A. firmum
nothosubsp. zapalowiczii) were still overlaped
with other taxa (Figs. 6,518 & S19).

For this limited number of 23 morphological
traits I provided correlation analysis (Tab. 1,
asterisks), which showed very strong positive
correlation between glabrous helmet and
glabrous pedicels (Pearson’s r=0.9 for pedicels
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above bracteoles and Pearson’s r=0.88 for
pedicels below bracteoles), glabrous bracteoles
(Pearson’s r=0.88) and glabrous inflorescence
axes (Pearson’s r=0.88), which are typical for
A. firmum subsp. firmum. Similarly, this analysis
showed very strong positive correlation between
curved pubescent helmet and curved pubescent
pedicels (Pearson’s r=0.93 for pedicels above
bracteoles and Pearson’s r=0.83 for pedicels
below bracteoles), curved pubescent bracteoles
(Pearsons r=0.91) and curved pubescent
inflorescence axes (Pearsons r=0.87), what
characterizes A. firmum subsp. moravicum.
Very strong positive correlation was found also
for pilose pubescence of helmet and pilose
pubescence of pedicels (Pearsons r=1 both
for pedicels above and below the bracteoles),
and pilose pubescence of inflorescence axes
(Pearson’s r=0.86); as well as strong positive
correlation (Pearson’s r=0.64) — for pilose
pubescences of helmet and bracteoles, what
in general characterizes A. firmum subsp.
maninense. Finally, strong positive correlation
(Pearson’s r=0.7) was also shown for mixed
pubescence of helmet and mixed pubescence
of pedicels above the level of bracteoles, what
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identifies A. firmum nothosubsp. paxii. This
analysis did not reveal any strong or even
moderate correlations for shape of helmet,
which can vary from crescent to slightly conical
even in the same inflorescence.

Starmiihler (2002) and Starmiihler &
Mitka (2001) reported for Slovakia also hybrid
between A. firmum subsp. firmum x A. firmum
subsp. maninense with glabrous perianth and
pilose pedicels, discovered on the base of single
specimen deposited in herbarium of Natural
History Museum in Sibiu, Romania (Hungaria,
comitatus Szepes, Montes Bélaenses, in
valle Drechslerhiuschen [Dolina siedmich
prameriov valley] sub monte Stirnberg, alt.
cca. 1400-1500 m, solo calc.; 01.09.1907; leg.
E.G. Nyiarady; SIB). However in Slovakian
herbaria I did not found such specimens.

In total I found and analyzed 152 specimens
of A. firmum in Slovakian herbaria. The most
represented there is collection of A. firmum
subsp. firmum counting 121 herbarium
vouchers mostly from central Slovakia
(Fig. 14). A. firmum subsp. moravicum is
represented by 26 vouchers (Fig. 14). I found
just few herbarium vouchers of A. firmum
subsp. maninense in SLO, SAV and BRA
herbaria (Fig. 14). Six more vouchers of
A. firmum subsp. maninense are mentioned
by Mitka (2003) from Vysoké Tatry and
Strazovské vrchy, and deposited in herbaria SIB
(Natural Histori Museum in Sibiu, Romania),
PRC (Charles University in Prague, Czecz
Republic) and KRA (Jagiellonian University
in Krakéw, Poland). Moreover, Mitka et al.
(2015) noted that A. firmum subsp. maninense
is characterized by high genetic divergence and
probably is a relict taxon isolated from other
representatives of Aconitum group.

Morphologically A. firmum subsp.
maninense is similar to A. degenii subsp. degenii
and can be easily misidentified on the base of
protruding glandular cover of floral parts.

A. firmum nothosubsp. paxii was represented
only by 2 herbarium vouchers, and A. firmum
nothosubsp. zapalowiczii — only by 3 specimens,
one of which is mounted on the same herbarium
sheet with A. firmum subsp. firmum (Fig. 14).
Hence I can conclude that Aconitum subgen.

Aconitum sect. Aconitum in flora of Slovakia is
represented by S A. firmum subspecies and one
unnamed hybrid.

Key for identification

1. Helmet cylindrical, about 2.5-3 times higher
than wide; nectaries do not reach the top of
helmet and have coiled spurs; leaf laminas
incised less than Y5, with very broad segments;
semirosulate plants with rhizomes .................... 2

1*. Helmet from crescent to elongated conical,
but its height does not exceed 2.5 of width;
nectaries reach or not the top of helmet, their
spurs from semi-spiral curved to ecapitate; leaf
laminas incised more than 12, with segments
from broad to narrow linear; nonrosulate plants
WiIth tUDEIS ..coueveereeeeecreeecrececrececreceecnereaees 6

2. Perianth from white-yellowish to yellow;
helmet densely covered by short curved
trichomes; carpels glabrous or pubescent by
short curved trichomes .........cocvrnerinerinerinenens
A. lycoctonum subsp. lycoctonum

2*. Perianth has other coloration .......ccccceuvuuu.. 3

3. Perianth yellowish-bluish; helmet densely
covered by short curved trichomes; carpels
glabrous or pubescent by short curved
trichomes ..., A. X triste

3*. Perianth from dirty-blue to purple-violet;
helmet more or less covered by short curved

trichomes or, rarely, glabrous ........cccccoeuvvvunncec. 4
4. Carpels glabrous ....... A. moldavicum subsp.
moldavicum

4*. Carpels pubescent ........cccuvnrincinicirnninnae S

S. Carpels entirely covered by short curved
trichomes .... A. moldavicum subsp. hosteanum

§*. Carpels have long protruding trichomes
only on dorsal side or/and suture ...........cccovecreneee

A. moldavicum nothosubsp. confusum
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6. Perianth from yellowish to yellow, persists
after blooming; helmet hemispherical or slightly
elongated, sometimes with protruded front
part; nectaries reach the top of helmet, with
semi-spiral curved spurs; leaves deeply incised,
with very narrow linear segments; tubers from
ovate to napiform, sometimes divided............. 7

6*. Perianth usually dark-blue, but sometimes
violet, lilac, white or variegate, deciduous
after blooming; nectaries reach or not the top
of helmet, with spurs from backward bent to
ecapitate; leaves incised near %223, with more
or less broad segments; tubers from ovate to
DAPIFOITIL weovvnrrvercrerenrecrmsecsesesreecresessesessesessesessenes 9

7. Helmet, pedicel, and bracteoles covered by
short curved trichomes; carpels covered by
curved or protruding trichomes; inflorescence
axes covered by short curved trichomes ............
A. anthora subsp. anthora

7*. Pubescence type differs .........ccovurnerinenunne. 8

8. Helmet, pedicel, and bracteoles covered
by protruding trichomes; carpels covered
by protruding trichomes; inflorescence axes
covered by mixed curved and protruding
trichomes .............. A. anthora subsp. jacquinii

8*. Helmet and pedicels covered by mixed
curved and protruding trichomes; bracteoles
and carpels covered by protruding trichomes;
inflorescence axes covered by curved trichomes
........... A. anthora subsp. anthora X A. anthora
subsp. jacquinii

9. Helmet from hemispherical to elongated
conical; nectaries usually do not reach the
top of helmet and have hooked or backward
bent spurs; tubers ovate with short stolones
or napiform; plants usually high with ramified
inflorescences ..., 10

9*. Helmet from crescent to hemispherical;
nectaries reach the top of helmet and have
capitate or ecapitate spurs; tubers napiform;
plants usually low with compact or dense
ramified inflorescences ..........ccoeveeeverververernennnn. 18
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10. Helmet elongated conical, often with
pronounced rostrum; tubers ovate with
stolones ..

10*. Helmet from hemispherical to slightly
elongate; tubers ovate or napiform ................. 14

11. Helmet usually glabrous, rarely covered by
short solitary trichomes; pedicels and brateoles
glabrous; carpels have trichomes only along
ventral sutures; inflorescence axes glabrous ......
A. variegatum subsp. variegatum

11*. Helmet, pedicels (at least above the
bracteoles) and bracteoles covered by
protruding glandular (pilose) trichomes ...... 12

12. Pedicels and bracteoles entirely covered by
protruding glandular trichomes; inflorescence
axes covered by protruding pilose trichomes;
carpels entirely pilose ........cocoveevecneenecrrecrnecreiennes
A. lasiocarpum subsp. lasiocarpum

12*. Pedicels covered by protruding glandular
trichomes only above the bracteoles, below
the bracteoles they are glandular and/or
eglandular pubescent, sparsely glandular
pilose or even glabrous. In very rare cases
pedicels are entirely glabrous. Inflorescence
axes have different cover, from sparsely pilose

to glabrous ... 13
13. Carpels entirely pilose ........ A. lasiocarpum
subsp. kotulae

13*. Carpels have trichomes only along ventral
SULUTES ecveervnscvnsesnsesnsessssasesssananes A. x pawlowskii

14. Helmet glabrous or only sparsely covered
by protruding trichomes; carpels sterile; tubers
DAPIFOIT cevvverrrerirniensecieecreesieessesessasessesessesesnns 15

14*.Helmetentirely covered by short protruding
trichomes; pedicels and bracteoles covered by
short protruding trichomes (sometimes less
covered or glabrous in lower part of pedicels);
tubers ovate ... 17

15. Helmet glabrous; carpels glabrous and
sterile; pedicels have trichomes just near the
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Taxa observed in herbaria Taxa by Kmet'ova (1982)
O A. lycoctonum subsp. lycoctonum <+ A. lycoctonum

Fig. 7. Map of Aconitum lycoctonum distribution in Slovakia.

Taxa observed in herbaria Taxa by Kmet'ova (1982)

@ A. x triste <4 A. moldavicum
O A. moldavicum nothosubsp. confusum Taxa by Mitka (2008)
@ A. moldavicum subsp. hosteanum
O A

: ! @ A. moldavicum subsp. moldavicum
moldavicum subsp. moldavicum

Fig. 8. Map of Aconitum moldavicum and A. x triste distribution in Slovakia.
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Taxa observed in herbaria Taxa by Kmet'ova (1982)

O A. anthora subsp. anthora x A. anthora subsp. jacquinii < A. anthora
O A. anthora subsp. anthora
@ A. anthora subsp. jacquinii

Fig. 9. Map of Aconitum anthora distribution in Slovakia.

Taxa observed in herbaria Taxa by Kmet'ova (1982)
O A. variegatum subsp. variegatum < A. variegatum
Taxa by Mitka (2003)

O A. variegatum subsp. variegatum

Fig. 10. Map of Aconitum variegatum distribution in Slovakia.
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Taxa observed in herbaria Taxa by Kmet'ova (1982)
@ A. lasiocarpum subsp. kotulae <F A. lasiocarpum
O A. lasiocarpum subsp. lasiocarpum Taxa by Mitka & Starmiihler (2000) and Mitka (2003)

@ A. lasiocarpum subsp. kotulae
O A. lasiocarpum subsp. lasiocarpum

Fig. 11. Map of Aconitum lasiocarpum distribution in Slovakia.

N t‘v N

Taxa observed in herbaria Taxa by Mitka & Starmiihler (2000) and Mitka (2003)
@ A. x gayeri B A x gayeri
© A. x pawlowskii @ A. x pawlowskii

O A. degenii subsp. degenii

Fig. 12. Map of Aconitum degenii, A. x gayeri and A. x pawlowskii distribution in Slovakia.

Modern Phytomorphology 11, 2017



Genus Aconitum in Slovakia: a phenetic approach | 73

Taxa observed in herbaria Taxa by Mitka (2003) and personal comm.

O A. x cammarum O A. x cammarum
B A. x berdaui nothosubsp. berdaui

Fig. 13. Map of Aconitum x cammarum and A. x berdaui distribution in Slovakia.

Taxa observed in herbaria Taxa by Kmet'ova (1982)

O A. firmum nothosubsp. paxii %+ A firmum

O A. firmum nothosubsp. zapalowiczii Taxa by Mitka (2003)

© A. firmum subsp. firmum O A. firmum nothosubsp. paxii

@ A. firmum subsp. maninense O A. firmum subsp. firmum x A. firmum subsp. maninese
© A. firmum subsp. moravicum B A firmum subsp. firmum

B A. firmum subsp. maninense
@ A. firmum subsp. moravicum

Fig. 14. Map of Aconitum firmum distribution in Slovakia.
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receptacle; bracteoles glabrous or covered by
solitary trichomes ..........ccccu..... A. X cammarum

15*. Helmet glabrous or only sparsely covered
by protruding trichomes; carpels glabrous or
pilose along ventral sutures, sometimes with
solitary trichomes on dorsal side ...........cc....... 16

16. Helmet, pedicels, bracteoles and
inflorescence axes glabrous .........covccvvcirvvcirnnnn.
A. x berdaui nothosubsp. berdaui

16*. Helmet glabrous or only sparsely covered by
protruding trichomes; pedicels and bracteoles
covered by curved trichomes; inflorescence axes
covered by short curved trichomes or almost
glabrous ...... A. x berdaui nothosubsp. walasii

17. Carpels glabrous ... A. degenii subsp. degenii

17*. Carpels densely covered by protruding

trIChOMES ..coueeveeeereeeeeciceeciecnnees A. x gayeri
18. Helmet glabrous ........occvvvveveiciininnn. 19
18* Helmet covered by trichomes ................. 21

19. Pedicels, bracteoles, and inflorescence axes
glabrous; carpels glabrous or rarely pubescent
on dorsal side ........... A. firmum subsp. firmum

19*. Pedicels covered by trichomes ................ 20

20. Pedicels and bracteoles covered by mixed
curved and protruding trichomes; inflorescence
axes covered by mixed or curved trichomes;
carpels glabrous or slightly pubescent ................
A. firmum nothosubsp. zapalowiczii

20*, Pedicels at least in upper parts are covered
by protruding pilose trichomes; iflorescence
axes glabrous; carpels glabrous or slightly
pubescent on dorsal side ....... A. firmum subsp.
firmum X A. firmum subsp. maninense

21. Helmet, pedicels, bracteoles and
infloresence axes covered by short curved
trichomes; carpels usually glabrouse, rarely
pubescent by solitary curved trichomes ..........
A. firmum subsp. moravicum

21*. Type of pubescence differs .........ccoeceuneee 22

22. Helmet, pedicels, bracteoles and
inflorescence axes covered by protruding pilose
trichomes; carpels usually glabrous, rarely
covered by pilose trichomes .........cccccveuurecumecrenecs

A. firmum subsp. maninense

22*, Helmet, pedicels, and bracteoles covered
by mixed curved and protruding trichomes;
inflorescence axes covered by mixed or
curved trichomes; carpels glabrous or slightly

pubescent ........... A. firmum nothosubsp. paxii
Conclusions
This investigation showed that genus

Aconitum in Slovakia is represented by 21
taxa of species and infraspecific levels, and
probably contains two more unnamed hybrids
belonging in general to 3 subgenera. Three new
taxa for flora of Slovakia (A. degenii subsp.
degenii, A. moldavicum subsp. hosteanum
and A. moldavicum nothosubsp. confusum
stat. nov.) have been ascertained, for one
of which the new taxonomic status has been
proposed. General taxonomic structure of the
genus Aconitum in flora of Slovakia is next:

Subgen. Lycoctonum (DC.) Peterm.
Sect. Lycoctonum DC.
Ser. Lycoctonia Tamura et Lauene
A. lycoctonum L. em. Koelle
subsp. lycoctonum
A. x triste (Rchb.) Gayer
A. moldavicum Hacq.
subsp. moldavicum
subsp. hosteanum (Schur)
Graebner et P. Graebner in
Aschers. et Graebner
nothosubsp. confusum (Grint.)
A. Novikov, stat. nov.
Subgen. Anthora (DC.) Peterm.
Sect. Anthora DC.
A. anthora L.
subsp. anthora
subsp. jacquinii (Rchb.) Domin
subsp. anthora x subsp. jacquinii
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Subgen. Aconitum
Sect. Cammarum DC.
Ser. Variegata Steinberg ex Starmiihl.
A. variegatum L.
subsp. variegatum
Ser. Toxicum (Rchb.) Mucher
A. lasiocarpum (Rchb.) Gayer
subsp. lasiocarpum
subsp. kotulae (Pawl.) Starmiihl.
et Mitka
A. degenii Géyer
subsp. degenii
A. x gayeri Starmiihl.
Nothoser. Toxigata Starmiihl.
A. x pawlowskii Mitka et Starmihl.
Nothosect. Acomarum Starmiihl.
A. X cammarum L. em. Fries
A. x berdaui Zapal.
nothosubsp. berdaui
nothosubsp. walasii (Mitka in
Starmiihler et Mitka) Mitka
Sect. Aconitum
A. firmum Rchb.
subsp. firmum
subsp. moravicum Skalicky
subsp.  maninense  (Skalicky)
Starmiihl.
nothosubsp. zapalowiczii Starmiihl.
nothosubsp. paxii Starmiihl.
subsp. firmum X subsp. maninense
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Appendix 1. Specimens examined in herbaria

Aconitum lycoctonum subsp. lycoctonum

SLOVAKIA: Muransky hrad; leg. Hubova O., Kmetova E., 06.06.1968; (SAV). — Vrch Rie¢ky [Mt. Vrchriecky near
village Litmanové]; leg. Zahradnikové K., 05.07.1972; (SAV). — Povazsky Inovec, Marhat, Aceti-Fagetum; 690 m a.s.1;
leg. Michalko J., Magic D., 03.06.1965; (SAV). — Velka Fatra: Blatnick4 dolina, na svahu SE od Keéerovky [Kacdrové];
700 m a.s.l; leg. Kovacikova, 20.09.1974; (SAV). — Velkd Fatra: Gaderska dolina; leg. Futék J., Jasi¢ova M., 25.06.1963;
(SAV). — Oravsky Podzdmok: vrch Skalka; $30 m a.s.l; leg. Futdk J.,, 08.07.1959; (SAV x 2 vouchers). — Bénovce nad
Bebravou [?], Calamagrostis; 803 m a.sl; leg. Futak J., 12.07.1960; (SAV). — Maninska niZina, pri potoku, vipenec;
350 m asl; leg. Futak J,, 05.06.1958; (SAV x 2 vouchers). — Orava: Podbiel, Biela skala; leg. Futék J., Jasi¢ovd M.,
24.06.1963; (SAV). — Ostry kamen; leg. Maglocky St., 09.08.1967; (SAV). — Lubochiia; leg. Futdk J., Jasi¢ovd M.,
23.06.1963; (SAV). — Velka Fatra: [Krélova studha], svetlina v bucine pod chatou; 1100 m a.s.L; leg. Grebeng¢ikov O,
02.07.1953; (SAV). — Banovce nad Bebravou [?], Fagetum; 750 m a.s.l; leg. Futék J., 15.07.1960; (SAV). — Stubn.
Teplice, Kosteleckd dol., svetliny; leg. Hordk P, 13.07.1942; (SAV). — Smolenice — hreben. Malé¢ Karpaty; leg.
Krippelové T, 21.06.1960; (SAV x 3 vouchers). — Strazovskd hornatina, dolomit, bu¢ina; 540 m a.s.l; leg. Futék J.,
26.07.1961; (SAV x 4 vouchers). — Banovce nad Bebravou [?], Kanisova skala, dolomit; 700 m a.sl; leg. Futék J,,
15.07.1960; (SAV). — Z4ruby, heben; 700 m a.s.1; leg. Horak P,, 07.1923; (SAV). — Tematinske kopce, Modring; leg.
Michalko J., 03.07.1957; (SAV). — pri Jablonici, okraj lesa; leg. Krippelov4 T., 07.1967; (SAV). — Strazovské hornatina;
leg. Futék J.,, Hubové O,, 21.05.1954; (SAV). — Malé Karpaty: vapencovy hrebeni zdpadne od zrticaniny Ostry kamen v
butine; 500 m a.s.l.; leg. Kollar J., Zahradnikové K., 12.06.1968; (SAV). — Stra. vrchy, medzi obcami Mnichova Lehota
a Kostolné Mitice na hrebeni Maikova a Lapkov kamen, v lese pri ceste v bu¢ine; 600 m a.s.l; leg. Schidlay E., 01.08.1950;
(SAV). — VIhké... pod vrcholom Javotiny; leg. 2, 19.07.1911; (SAV). — Reviica [Liptovské Reviice]. Vel. Fatra; 1000 m
a.sl;leg. N4bélek V., 07.1936; (SAV). — Slovensky raj: Sokolia dolina, doln4 ¢ast; 600 m a.s.l.; leg. Hubova O., 16.08.1962;
(SAV). — Stre¢no; leg. Popovi¢, 21.06.1959; (SAV). — Tematinske kopce, pri potoku Kalitia za obcou Modrové; 220 m
asl; leg. 2, 31.05.1957; (SAV). — Lubina: Velka Javorina [Biele Karpaty] - pri turist. chate — prenesené na pokusny
pozemok Bratislava-Patrénka (kultdra 3 roky); leg. Zahradnikov4 K., 16.07.1963; (SAV). — Povazsky Inovec, kopce nad
Tematinskym Podhradim, vipenec, lti¢ina; S00 m a.s.l; leg. Michalko J., Zahradnikova K., 08.07.1959; (SAV). — Rajecké
Teplice, in monte Tlst4 hora, in fageto; 450 m a.s.l; leg. Schidlay E., 10.06.1947; (SAV). — Biele Karpaty, Vrbovce, les nad
zel. stanicou Vrbovce, pod vrchom Stran (550,3 m.m.n.), pri ¢ervenej turistickej znacke (cesta M. Kudeiikové); 550 m
a.sl; leg. Perny M., 12.06.1998; (SAV). — Strdzovska hornatina, Strézov (k. 1240 m), li¢ne porasty pri kéte; 1150 m
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a.sl; leg. Kolldr J., 21.07.1966; (BRA x 2 vouchers). — Pohoii Rokoge: Smrkovy les pod vrcholem Roko$; 950 m a.s.l;
leg. Dvoiék J., 14.06.1979; (BRA). — Pohoti Rokoge: in fageto sub cacumine montis Rokos; 960 m a.s.l; leg. Dvorak J.,
05.06.1975; (BRA). — Povazsky Inovec: dolina Kalistia na V od obce Modrova, pri lesnej ceste v rekr. stredisku; 240 m
a.sl; leg. Mucina L., 26.06.1974; (BRA). — Slovensky raj: Prielom Hornddu, vépence; S50 m a.s.l; leg. Hajduk J.,
11.06.1959; (BRA). — Malé Karpaty: Smolenice, les pod Havrafiou skalou, tmavosivy vépenec; 400 m a.s.l; leg.
Vozarova M., 10.07.1996; (BRA x 2 vouchers). — Strazovské vrchy, dolina medzi V. Mélenicou (909 m) a Rohatinom
(832,4 m), v bucine; 520 m a.s.L; leg. Michalkové V,, 26.05.2001; (BRA). — Liptovskd Osada — Podsuch4; 700 m a.s.l;
leg. ?,16.07.1972; (BRA). — Vel. Fatra: Cierny kamen —; 1400 m a.s.; leg. 2, 21.08.1968; (BRA). — Malé Karpaty: prope
vici Smolenice, montis Z4ruby in iugo, ad terra calcareum; 730 m a.s.l; leg. Michalko J., 08.08.1965; (BRA). — Star4
Lehota — Kitazny vrch; leg. Maglocky St., 13.08.1965; (BRA). — ober Harmanec; leg. ?,09.07.1857; (BRA). — pri obci
Topol¢ianky; leg. Drévlackansky Fr., 19.06.1958; (BRA x 2 vouchers). — Na Nitr. Javorine [Panskd Javorina] miestami;
leg. Holuby J., 07.1864; (BRA). — Malé Karpaty,Trnava: in fageto sub arce Ostry kamer prope pag. Biksard [today
Bukova village]; S00 m a.s.l; leg. Valenta V., 18.07.1940; (BRA x 2 vouchers). — Kremnica, Bartoska; leg. Zechentner, ?;
(BRA). — prope Banskd Stiavnica - in declivibus borealis, orientalians montis Koelberg in fruticetis — solo humoso —
planta sociabilis; leg. Hlava¢ek A., 29.05.1936; (BRA). — Ruzomberok: in saxosis calcareis m. Vysoky gruri supra pag.
Lubochnia; 650 m a.s.l; leg. Valenta V., 16.06.1971; (BRA). — Ilava: in convalle inter pagos Beluga et Mojtin; 340 m a.s.l;
leg. Valenta V,, 29.06.1936; (BRA). — Prievidza: in fruticetis ad marginum silvae in m. Revan ad viam Gajdel - Fackov;
850 m a.sl; leg. Valenta V., 11.07.1935; (BRA). — Zapadné Tatry: kataster obce Pribylina, okres Liptovsky Mikuld,
vysokobylinné spolocenstva okolo potd¢kov v krovi; 850 m a.s.l; leg. Hornickové J., 12.08.1982; (BRA). — Liptovské
Reviice, Cierny kamet; leg. Grodkovszky G., 13.07.1934; (BRA x 2 vouchers). — Velka Fatra, Dedogova dolina, v buine;
800 m a.s.l; leg. Uhlifov4 J., 11.07.1994; (BRA). — Slovensky raj: Stratend, Dedinky, orientatio W, acclivitas 40°,
substratum CaCO,, terra rendzina; 900 m a.s.l; leg. Hajduk J., 31.07.1956; (BRA). — Biele Karpaty, Velka Javorina; leg.
Zaborsky J., 20.08.1972; (SLO x 9 vouchers). — Biele Karpaty, Velka Javorina, vlese; leg. Zéborsky J., 16.09.1972; (SLO).
— Zlatnicka dolina pri Skalici, v lese; leg. Zaborsky J., 01.08.1972; (SLO x 2 vouchers). — Sever. Biele Karpaty, Pruské;
leg. ?,19.06.1989; (SLO x 3 vouchers). — Biele Karpaty, Velké Javorina; leg. Zéborsky J., 14.09.1973; (SLO). — Skalica:
Zlatnicka dolina; leg. Z&borsky J., 24.07.1965; (SLO x 3 vouchers). — Juz. Biele Karpaty, Skalica: Zlatnicka dolina; leg.
Zaborsky J., 27.08.1984; (SLO x 2 vouchers). — Ju?. Biele Karpaty, Skalica: Zlatnicka dolina; leg. Cin¢ura F,, Zaborsky J.,
02.09.1984; (SLO). — Nasyp pri Harmanci; leg. Z4borsky J., 30.06.1970; (SLO). — Biele Karpaty, Velké Javorina; leg.
Zaborsky J., 14.09.1973; (SLO x 3 vouchers). — Slovensky raj: Kysel; leg. ?,27.06.1971; (SLO). — Biely Potok [part of
town Ruzomberok]; leg. 2, 25.06.1979; (SLO). — Nemecka — Hradisko; leg. Héberové 1, 05.06.1975; (SLO). —
Maninska 4zina; leg. Hiberové L, 04.06.1976; (SLO). — Palota; leg. Majzlanov E., 10.06.1977; (SLO). — Mal4 Fatra
— sedlo pod Klakom; lesy v okoli chaty; leg. Cinc¢ura F,, 13.07.1968; (SLO x 2 vouchers). — Velka Fatra — lesy pri chate
pod A Uplaz, smerom od Harmanca; leg. Cincura F,, 04.07.1968; (SLO). — Malé Karpaty — Ostry kamet; leg. Filovd M.,
08.07.1949; (SLO). — Harmaneckd dolina; leg. Michalko J., 28.06.1952; (SLO). — Neresnicka dolina pri Zvolene - v
lesoch vedla cesty; leg. Cinéura F,, 14.06.1967; (SLO x 4 vouchers). — Roko§ vs. od Banovce nad Bebravou; leg. Futék]J.,
04.07.1931; (SLO). — Velka Fatra: dolina Bystrice pod Kralovou studiiou; leg. Futdk J., 15.06.1947; (SLO). — Velka
Fatra: Majerova skala; leg. Futdk J., 15.06.1947; (SLO). — Kopce a liky nad Lubochtiou; leg. Majovsky J., 06.07.1951;
(SLO). — Kozel - Biela skala, les; leg. Holla D., 11.07.1968; (SLO). — Velké Fatra: Gaderskd dolina; leg. M4jovsky J.,
21.06.1948; (SLO). — Mal4 Fatra; leg. Futék J., 11.06.1947; (SLO). — Harmanecka dolina; leg. Michalko J., 28.06.1952;
(SLO). — Velka Fatra: Horny Jelenec; leg. Futék J., 14.06.1947; (SLO). — Buciny nad Rie¢kou a dolina B.B. [Bansk4
Bystrica] vodovodu; leg. Mé&jovsky J., 29.06.1952; (SLO x 2 vouchers). — Zvolen; leg. Futak J.,, 07.1941; (SLO). —
Revany; leg. Pantocsek J., 02.08.1902; (SLO). — Moravia Occidentalis. Ad confines Slovakiae: Javorniky, in pratis
“Javornické louky”; 1056 m a.s.; leg. Ri¢an G.,07.1924; (SLO x 1 voucher, ZV x 1 voucher). — Juhoslovensky kras; leg.
?,27.06.1964; (SLO). — Neresnicka dolina pri Zvolene — v lesoch vedllacesty; leg. Cincura F.,, 14.06.1967; (SLO x 2
vouchers). — Velka Fatra: Tlst4; leg. Exkurzia, 22.06.1948; (SLO). — Velké Fatra: Dedosové dolina; leg. Majovsky J.,
21.06.1948; (SLO). — Roko§: butina na sev. svahu; 920 m a.s.L; leg. Futak J., 28.07.1942; (SLO x 2 vouchers). — Malé
Karpaty: Zaruby — Bukovi; leg. Medovi¢ J., 25.08.1955; (SLO x 3 vouchers). — Malé Karpaty: Veterlin; leg. Filové M.,
04.07.1948; (SLO x 2 vouchers). — Malé Karpaty: Driny — Celo; leg. Berta J., Medovi¢ J., 24.08.1955; (SLO). —
Strazovskd hornatina, Rajecké Teplice, hreben na Tlstd horu, les; leg. Hallonov4, 04.06.1977; (SLO). — Strdzovska
hornatina, Lietava, severny svah pod Lietavskym hradom, les; leg. Hallonov4, 17.06.1978; (SLO). — Remata — Roviny;
leg. Takdg, 17.07.1962; (NI). — Straz. vrchy: Uhrovské Podhradie, sedlo Rokos; 945 m a.s.]; leg. Elias P. jun., 22.07.2003;
(NI). — Stréz. vrchy: A Baske, v lese pod chatou; leg. Eli&$ P. jun., 23.07.2003; (NI x 2 vouchers). — M. Karpaty:
A Zéruby, hojne okolo turist. chodnika; 755 m a.sl; leg. Elid$ P. jun., 21.07.2010; (NI). — Silick4 planina, 620 m,
“Fujanco”, Z, 15° leg. 2, 17.05.1946; (NI). — Podsuch4 - vzdcne na Gpiti strdne nad riekou pri letnom tabore; leg. ?,
10.07.1992; (NI). — Vapencové predhorie medzi Kysucou a Varinkou - Brodnianka — Tac-FQ, exp. V-Z, skl. 10-20°;
700 m a.s.1; leg. Gredtiak M., 13.06.1965; (ZV). — Homélka; leg. Mikola$ V., 15.09.1984; (KO). — pod Tesnou riziiou
[Tesn4 riziia — Mal4 Fatra]; leg. Mikol43 V., 18.08.1984; (KO). — Z4dielska dolina; leg. Vojtari A., 14.06.1968; (KO).
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Aconitum moldavicum subsp. moldavicum

SLOVAKIA: Vernar; leg. ?; (SAV). — okres Bénovce nad Bebravou: Skupina Knazného stola, medzi Lutovom a
Timoradzou; 525 m a.sl; leg. Futék J., 05.07.1956; (SAV). — Zadielska dolina: na strmych skaldch; 450 m a.sl; leg.
Schidlay E., 05.08.1954; (SAV). — bukovy les v doline Cierneho Vahu; 800 m a.s.L; leg. Futak J., 12.07.1957; (SAV x 2
vouchers). — na hrebeni vrchu Rigel medzi Ciernym Vihom a Svarinom, dolomit, smrecina; 850 m a.s.l; leg. Futdk J,,
11.07.1957; (SAV). — Slovakia ...; 800 m a.s.l; leg. Futék J., 19.08.1955; (SAV). — Velka Fatra; 1180 m a.sl; leg.
Hubova O., 27.05.1975; (SAV). — Pusté pole; leg. Futak J., 21.08.1973; (SAV). — Velk4 Fatra: Majerova skala; leg.
Nébélek V., 15.06.1947; (SAV). — Novoselica [Nové Sedlica] — Prikry — StuZica. Rezervéicia [Bukovské vrchy, NP
Poloniny]; leg. Exkurzia, 16.07.1955; (SAV x 4 vouchers). — Okres Snina, Rusky Potok, Maly Bukovec; leg. Exkurzia,
16.07.1955; (SAV x 2 vouchers). — Nizke Tatry, SPR Ohniste, tdolie potoka Sustiatka; leg. Drabovi J., Hrouda L.,
16.07.1986; (SAV). — Humenskd; leg. Maglocky St., 19.05.1971; (SAV). — Studtia [Muranska planina]; leg. Futdk J.,
Zahradnikové K., 08.07.1970; (SAV). — Vihorlat, Jovsa, Jovsianska hrabina (§tvorec 7198); 162 m a.sl; leg. Mrdz P,
28.05.1998; (SAV). — Pusté pole; 1000 m a.s.l; leg. Futdk J., 13.07.196S; (SAV). — Murénska planina: A Vrbiarka; 740
m as.l; leg. Sipoﬁové H., Peniastekové M., 17.07.1980; (SAV). — Muranska planina; leg. Zahradnikova K., 08.07.1970;
(SAV). — Zadiel, Zadielska dolina; leg. Kmetova E., 11.06.1969; (SAV). — Korytnica, okraj krovia; 800 m a.s.L; leg.
Schidlay E., 11.08.1941; (SAV x 2 vouchers). — Velka Fatra, Horny Jelenec; leg. Futak J., 12.07.196S; (SAV). — Slizké;
410ma.s.l; leg. KlimentJ., 10.06.1976; (SAV). — Striezovce; leg. Kliment J., 30.06.1976; (SAV x 2 vouchers). — Jel3ava;
leg. ?, 20.05.1934; (SAV). — Liptovskd Teplicka ?; 600 m a.sl; leg. Michalko J., 17.07.1972; (SAV). — Stratenska
hornatina: roklina Such4 Beld / pri Hrabugiciach /; 600 m a.s.l; leg. Hubové O., Tatarkovd G., 22.07.1966; (SAV). —
Stratenskd hornatina: roklina Velky Sokol; 700 m a.s.l; leg. Hubova O., Tatarkovd G., 22.07.1966; (SAV). — vrch
Zam¢isko pri Kvetnici, Tilio-Piceetum; leg. Michalko J., 13.06.1984; (SAV). — Muranska plogina: Ciganka, JZ od obce
Murés, okraj lesa; 900 m a.sl; leg. Jasi¢ovd M., 19.06.1963; (SAV). — Vysna Slan4, vrch Radzim; 920 m a.sl; leg.
Hajduk J., 05.08.1956; (SAV). — Studiia, Mochnatd; leg. Futak J., Zahradnikové K., 08.07.1970; (SAV). — Velké Fatra,
vrch Krizna [+ sample from Corna Rik4 in Podkarpatska Rus 2]; leg. Nabélek V., 07.1936; (SAV). — dolina Lesnica [?];
560 m a.s.l; leg. Hubové O., 08.1962; (SAV). — Velka Fatra: Gader, u potoka; leg. Schidlay E., 24.08.1936; (SAV). —
Sturec [ Velk4 Fatra], juzny svah pri cestirskom doméeku; leg. Futak J., 12.07.1965; (SAV). — Slovenské rudohorie — vrch
Stolica - zadny Kyprov; leg. Kliment J., 11.08.1977; (SAV). — Vrch Rie¢ky [Mt. Vrchrie¢ky near village Litmanova]; leg.
Zahradnikové K., 05.07.1972; (SAV). — Liptovsky Hradok, na okraji lesa medzi krovim, dolomit, N; 700 m a.s.l; leg.
Futék J., 10.07.1957; (SAV). — Ziar [¢ast lu¢anskej ¢asti Malej Fatry]; 1010 m a.s.1; leg. Futdk J., 11.07.1957; (SAV). —
Slovakia orientalis, in silvis caeduis supra Kavec¢any prope oppidum Kosice, solo calcareo; S00 m a.s.l.; leg. Hlavacek A.,
21.07.1950; (SAV). — Pieniny, Vysoké skalky, na SZ svahu pri hranici; leg. Michalko J., 22.08.1953; (SAV). — Slovenské
rudohorie, vrch Radzim; 920 m a.sl; leg. Hajdtk J.,, 05.08.1956; (SAV). — Durkovec [Bukovské vrchy Mts] (okres
Snina); leg. Majovsky J., 05.10.1958; (SAV). — Spisskd Nova Ves; leg. Majovsky J., 23.08.1955; (SAV). — Riaba skala
(okr. Snina); leg. M4jovsky J., 04.10.1958; (SAV). — Kralova Lehota, skaly nad stanicou; leg. Futik J., Jasi¢ovd M.,
Zahradnikové K., 22.06.1863; (SAV). — Masa [Hnusta]; leg. Rogetska K., 12.07.1954; (SAV). — V lese na Sturci u pasu;
leg. Horak P, 13.07.1938; (SAV). — Malé Karpaty, Ostry kamer; leg. Perny M., 23.10.1997; (SAV). — Mui4nské
pohorie: in monte Velk4 StoZka, in declivibus silvaticis; 1450 m a.s.1; leg. Dvotak J., 23.07.1975; (BRA). — Nizke Tatry,
Liptovsky Hradok, vrch Zapa¢ - vychodna krovinatd stran v lese; 700 m a.sl; leg. Horni¢kov4 J., 07.1983; (BRA x 3
vouchers). — Slovensky raj: Stratend, Dedinky, acclivitas 40°, substratum Ca, Mg, CO,, terra rendzina; 1000 m a.s.L; leg.
Hajdk J., 17.07.1956; (BRA). — Slovensky raj: Dedinky, Hnilec, orientatio J, acclivitas ca. 35°, substratum calcareus,
terra rendzina, Abieto—Fagetum vegetatio; 1000 m a.s.l; leg. Hajduk J., 23.07.1955; (BRA). — Stratensk4 hornatina, pri
Dobginskom hydrostave, kota 921; leg. Hajduk J., 19.07.1956; (BRA). — Slovensky raj: Dobsinskd Maga, collis Skala,
flumen Hnilec, orientatio V (E), substratum calcit + dolomit, terra rendzina ¢ierna, vegetatio Piceetum; 1000 m a.s.L; leg.
Hajduk J., 27.07.195S; (BRA). — Slovensky raj: Hrabusice, Velky Sokol, substratum calcit carb., terra litozem, orientatio
NW; 900 m a.s.l; leg. Hajdtk J.,, 1956; (BRA). — Slovensky raj: Radzim, orientatio S (N), acclivitas ca. 40°, substratum
calcit, terra rendzina, vegetatio Abieto—Fagetum; 940 m a.s.l; leg. Hajdtk J., 13.08.195S; (BRA). — Slovensky raj: Vernar,
dolomit, Pulsatillo-Pinetum; 1100 m a.s.l.; leg. Hajduk J., 01.08.1955; (BRA). — Slovenské rudohorie, montes Murériska
planina: in jugo saxoso ab arce Muraii ad orientem versus; 1040 m a.s.l; leg. Vagdk V., 18.07.1978; (BRA x 2 vouchers).
— hrad Murén; leg. ?, 27.06.1972; (BRA). — Brzotin — les, vystup na Silickd planinu; leg. ?, 23.06.1972; (BRA). —
Bardejov; leg. Bergansky J., 1923; (BRA). — Nizke Poloniny: in platis inter pag. Topola et Runina; 400 m a.s.l; leg.
Pidat I, 18.07.1962; (BRA x 2 vouchers). — Reviica, mont. Ciganka supra pag. Murdn; 800 m a.s.l; leg. Valenta V,
09.07.1970; (BRA). — Nizke Tatry: Tile, na okraji tidkého lesa pod silnic; 750 m a.s.l; leg. Dvotak J., 17.07.1972;
(BRA). — Baba bei Lutivn; leg. Grodkovszky G., 26.06.1933; (BRA). — Tisovec, Voniaca; leg. Vrany V., 06.06.1922;
(BRA). — N. Tatry, udoli Stiavnica; leg. Balthasar V., 07.1934; (BRA). — Muréfiské vrchovina: Javornikova dolina,
vapencové svahy v horni &isti doliny; 850 m a.s.l; leg. Dvorak J., 08.08.1980; (BRA). — Zédielskd dolina; leg. 2,
19.07.1956; (BRA). — Murén; leg. 2, 04.07.1962; (BRA). — Bardejov: Zabavastrasse; leg. Bergansky J.,, 17.06.1922;
(BRA x 2 vouchers). — Bardejov: Baadgelinde; leg. Bergansky J.,, 18.08.1929; (BRA). — Bardejov: Kapitnoka; leg.
Bergansky J., 25.06.1927; (BRA x 3 vouchers). — Bardejov: Gresak Kert; leg. Bergansky J.,, 10.06.1922; (BRA x 8
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vouchers). — Bardejov: Teglam; leg. Bergansky J., 14.05.1922; (BRA x 3 vouchers). — Bardejov: fiirdd erdd féle; leg.
Bergansky J., 14.06.1922; (BRA x 2 vouchers). — Bardejov: Bartfeld; leg. Bergansky J., 28.06.1922; (BRA). — Bardejov:
Alte Bleiche; leg. Bergansky J., 30.05.1924; (BRA). — Bardejov: Moliterka; leg. Bergansky J., 04.07.1927; (BRA x 3
vouchers). — Bardejov: Zabava; leg. Bergansky J., 17.06.1922; (BRA). — Bardejov: vedla potoka pri papierni; leg.
Bergansky J., 1924; (BRA). — Bardejov: Moliterka; leg. Bergansky J., 09.06.1922; (BRA x 2 vouchers). — Bardejov; leg.
Bergansky J., 1925; (BRA x 3 vouchers). — Liptovsky Hrddok, vrch Zapa¢, krovinaté tipitie, SV svah; 670 m a.s.l; leg.
Horni¢kova J., 20.06.1973; (BRA). — Bardejov: Rurnia; leg. Bergansky J., 12.06.1924; (BRA x 3 vouchers). — Bardejov:
Kohlengrund; leg. Bergansky J., 02.05.1924; (BRA x 3 vouchers). — Bardejov: Popova hura Gelinde; leg. Bergansky J.,
25.05.1924; (BRA). — Slovensky raj: Dedinky, Gerava, Hnilec, orientatio W, acclivitas 25° substratum CaCo,, terra
rendzina; 1000 m a.sl; leg. Hajdtk J., 17.07.1956; (BRA). — Ruzomberok - Biele skaly; leg. 2, 07.1964; (BRA) —
Cergov - Bystra, v bukovom lese na vrchole; leg. Mijovsky J., 20.06.1947; (SLO x 2 vouchers). — Sninsky kamen, v
buginich na sev. svahu, Aceri-Fagetum; leg. Majovsky J., 10.07.1967; (SLO). — A Sokol, v bu¢inich nad dedinou, skala;
leg. Méjovsky J., 21.05.1968; (SLO). — Vihorlat [vrch], na hrebeni na okraji lesa pri chodniku; leg. Méjovsky J.,
23.06.1961; (SLO). — Butiny nad Rieckou a dolina B.B. [banskobystrického] vodovodu; leg. Majovsky J., 29.06.1952;
(SLO x 4 vouchers). — Cergov — Bystr4, na hrebetioch v bukovom lese (pieskovce); 900 m a.s.l; leg. M4jovsky J.,
20.06.1947; (SLO). — Cierny Vah: na ltike Stara Polana; leg. Ferjanec J., 26.07.1965; (SLO). — Skalky nad Dubovou;
leg. Such4 D., 29.06.1952; (SLO). — Pohorie Cergov, A Bystra, v bucine na hrebeni; leg. Majovsky J., 20.06.1947; (SLO).
— Pieniny: Vysoké Skalky —; leg. exkurzia, 19.07.1954; (SLO). — Murén; leg. Michalko J., 08.07.1952; (SLO). — Cestou
z Dlhej Liky do Muréna (okr. Reviica) [Muranska DIh4 Luka]; leg. Oplustilova T., 08.1952; (SLO). — Muras; leg.
Futdk J,, 10.07.1944; (SLO). — Zadiel; leg. Futék J., 27.07.1949; (SLO x 2 vouchers). — Spania Dolina, Pansky diel,
Balaze; leg. Michalko J., 27.06.1952; (SLO x 4 vouchers). — Cergov — Solisko, v bukovom lese; leg. Majovsky J.,
24.06.1947; (SLO x 2 vouchers). — Nizke Tatry: pri Vahu medzi Lipt. Hrddkom a Lipt. Jdnom, vipenec; leg. Futék J.,
16.08.1944; (SLO). — Spisskd Nové Ves, ad stationem viae ferr. “Stiavnik”; 600 m a.s.l; leg. Suza J., 20.06.1931; (SLO).
— Flora Leutschoviensis [Levoca], Dolina; leg. Greschik V., 08.1887; (SLO). — Flora Tatrae Magnae, Leutschovie
[Levoca], Dolina; leg. Greschik V, 07.1942; (SLO). — Flora tatrae Magnae, Leutschovie [Levoéa], Dolina; leg.
Greschik V,, 06.1944; (SLO x 3 vouchers). — Flora Tatrae Magnae, Leutschovie [Levoca], in convalle “Dolina”; leg.
Greschik V,, 06.1910; (SLO x 2 vouchers). — Kesmark [Kezmarok], Kleinwildchen; leg. Greschik V., 06.1886; (SLO).
— Flora tatrae Magnae, Leutschovie [Levoéa], in convalle “Dolina”; leg. Greschik V,, 07.1920; (SLO). — Flora Tatrae
Magnae, Locse [Levoéa]: Locsefiired [Levocské Kupele]; leg. Greschik V., 06.1888; (SLO x 2 vouchers). — Cierny Vih
— A Cudzenica pri Malej Lehote, les; 750 m a.s.l; leg. Vartikova E., 21.07.1972; (SLO x 2 vouchers). — Cierny Vah, lesy
po hdjovitu Niz. Chmelinec, S exp.; 750 m a.s.l; leg. Vartikova E., 18.07.1972; (SLO). — Nizke Tatry: Cierny Vah, A
Gregové; 1000 m a.s.l; leg. Vartikové E., 03.07.1974; (SLO). — Nizke Tatry, A Vysoké; 900 m a.s.l; leg. Vartikova E.,
04.07.1974; (SLO). — Nizke Tatry: Cierny Vih, A Gregové; 950 m asl; leg. Vartikovd E., 03.07.1974; (SLO x
2 vouchers). — Nizke Tatry: A Murénik, Cierny Vah; 850 m a.s.1; leg. Vartikova E., 09.07.1974; (SLO). — Korytnick4
dolina — svetlé, trévnaté miesta na lesnych svahoch vedla cesty smerom na Donovaly; leg. Cinéura F,, 06.07.1968; (SLO x
Svouchers). — Velka Fatra: Majerova skala; leg. Futak J., 15.06.1947; (SLO x 2 vouchers). — Slovakia ... ; leg. M4jovskyJ.,
16.06.1949; (SLO). — Kopec medzi Kolbasovom a Uli¢om (okres Snina); leg. exkurzia, 14.07.1955; (SLO x 3 vouchers).
— Murénska planina; leg. Svobodové Z., 1970; (NI). — Rybnik (okres Rimavsk4 Sobota): les na vipencovom podklade
v doline potoka Drienek nad dedinou [now obec Reviica]; leg. Rehotek V., 31.05.1968; (NI x 2 vouchers). — Lubietovsky
Vepor: paseka smerom na Tri Vody; leg. Svobodova Z., 10.06.1968; (NI). — Slovensky kras: Rozniava, skalky; leg. Kostil
[2],06.1936; (NI). — Spisska Nova Ves, ad stationem viae ferr. “Stiavnik”; 600 m a.s.L; leg. Suza J., 20.06.1931; (NI). —
Banskobystrickd vrchovina, Radvarnska jamka — Varta, Banskd Bystrica. Svahy nad Jamkou.; 480 m a.s.l.; leg. Manica M.,
01.06.1960; (ZV). — u Sivce; leg. Mikol4$ V., 13.07.1962; (KO). — Kysak, sev. svahy Hradu; leg. Mikol4s V., 29.05.1999;
(KO). — Velk4 ldka [Murénska planina] — Ciganka; leg. Mikol4$ V,, 04.07.1984; (KO). — Turnianske sedlo — Erneho
jask.; leg. Mikold§ V,, 19.06.1962; (KO). — Prikrd nad Spigskou Teplicou; leg. Paclova L., 28.06.1956; (TNP). —
Slovensky raj, proti Letanovskému mlynu; leg. Odlozilikova L., 30.06.1957; (TNP). — bei Poprad; leg. Scherfel A.,
29.06.1979; (TNP).

Aconitum moldavicum subsp. hosteanum

SLOVAKIA: Kosick4 kotlina, Z4diel; leg. Krippelova, 16.06.1966; (SAV). — Humenné: svahy nad potokom; leg.
Michalko J., 22.06.1959; (SAV). — Nizke Tatry: Skalky pri Ruzomberku, v krovi. 2 r.; leg. Nagy G., 06.1969; (SAV).
— Nizke Poloniny, Runina — brehy “Plasa potoka” pred obcou; 450 m a.s.l; leg. JZ, 21.08.1970; (SAV). — Slovenské
rudohorie - vrch Stolica — zadny Kyprv; leg. Kliment J., 11.08.1977; (SAV). — Jovsa, les pri obci; leg. Michalkova E.,
17.06.1992; (SAV). — Liptovsky Hrddok, na okraji lesa medzi krovim [?], dolomit, N; 700 m a.s.l; leg. Futik J,
10.07.1957; (SAV). — v lese na vrchu Sokol [vrch v Ziari]; 950 m a.s.l; leg. Futak J., 12.07.1957; (SAV). — Novosedlica
— Prikry - StuZica. Rezervécia [ Bukovské vrchy, NP Poloniny]; leg. exkurzia, 16.07.1955; (SAV). — Slovenské rudohorie:
Hrugovo, vipence; 350 m a.s.L; leg. HajdukJ., 21.05.1968; (BRA x 3 vouchers). — Bardejov; leg. Bergansky J., 20.06.1929;
(BRA). — Murénisk4 vyso¢ina, Muras; leg. Skfivinek V., 06.07.1951; (BRA). — Slovensky raj: Dobginsk4 Masa, collis
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na skalu, flumen Hhnilec, substratum calcit, terra rendzine; 850 m a.s.l; leg. Hajduk J., 31.07.1956; (BRA). — Slovenské
rudohorie, montes Muranskd planina: in jugo saxoso ab arce Murdn ad orientem versus; 1040 m a.s.l.; leg. Vasak V,,
18.07.1978; (BRA). — Nizke Poloniny: brehy potoka “Plasa” pri krizovatke na Runinu; 450 m a.sl; leg. Gallo A,
18.06.1970; (BRA). — Nizke Poloniny: in valle rivi inter pag. Topola et Runina, loco umbroso; 380 m a.s.l; leg. Pisut I,
18.07.1962; (BRA). — Murén, lesy; leg. Blattny T., 18.06.1947; (BRA). — Baba ; leg. Grodkovszky G., 26.06.1933;
(BRA). — Bardejov; leg. Bergansky J., 18.08.1929; (BRA). — Bardejov: Baadgelinde; leg. Bergansky J., 18.08.1929;
(BRA). — Bardejov: Zabavastrasse; leg. Bergansky J., 17.06.1922; (BRA). —Z4dielsk4 dolina; leg. 2, 19.07.1956; (BRA).
— Hnilec, potok, vipencové skaly, Z 20°; 900 m a.s.l; leg. Marva V. [2], 06.07.1958; (BRA). — Bardejov: Zabavastrasse;
leg. Bergansky J., 17.06.1922; (BRA x 10 vouchers). — Bardejov: Klugov; leg. Bergansky J., 1925; (BRA). — Bardejov:
Stationsgelinde; leg. Bergansky J., 12.06.1929; (BRA). — Bardejov: Baadgelinde; leg. Bergansky J., 18.08.1929; (BRA).
— Bardejov; leg. Bergansky J., ?; (BRA x 14 vouchers). — Bardejov; leg. Bergansky J., 1927; (BRA). — Bardejov: Zabava;
leg. Bergansky J., 17.06.1922; (BRA). — Bardejov: Moliterka; leg. Bergansky J., 20.06.1929; (BRA x 2 vouchers). —
Bardejov: Kohlengrund; leg. Bergansky J., 02.05.1924; (BRA). — Bardejov: Gresak Kert; leg. Bergansky J., 10.06.1922;
(BRA). — Slovensky raj: Hrabusice, Maly Sokol, horna &ast, orientatio NW, acclivitas 40°, substratum Ca, Mg, co,,
terra rendzina, vegetatio Acerion; 700 m a.s.l; leg. Hajduk J., 07.08.1955; (BRA). — Cergov — Bystr4, v bukovom lese na
vrchole; leg. M&jovsky J., 20.06.1947; (SLO). — Vihorlat [vrch], na hrebeni na okraji lesa pri chodniku; leg. M4jovsky J.,
23.06.1961; (SLO). — Kopce medzi Darou [obec Dara] a Starinou (okr. Snina); leg. Exkurzia, 14.07.1955; (SLO).
— Pieniny: Vysoké skalky; leg. exkurzia, 19.07.1954; (SLO). — Cergov - Soltysova hora v bukovom lese na vrchole;
leg. Méjovsky J., 23.06.1947; (SLO x 2 vouchers). — Cestou na Muratisku planinu; leg. Oplustilov4 T., 08.1952; (SLO).
— Muratiska vysocina: Cigénka; leg. Futdk J., 11.07.1944; (SLO). — Flora Tatrae Magnae, Leutschovie [Levoéa], Dolina;
leg. Greschik V., 07.1890; (SLO). — Flora Tatrae Magnae, Leutschovie [Levo¢a], in convalle “Dolina”; leg. Greschik V.,
06.1910; (SLO). — Flora Leutschoviensis [Levoca], Dolina; leg. Greschik V., 07.1926; (SLO). — Flora Tatrae Magnae,
Ldcse [Levoéa]: Locsefiired [Levoeské Ktpele]; leg. Greschik V., 06.1888; (SLO). — Korytnickd dolina — svetlé, travnaté
miesta nalesnych svahoch vedla cesty smerom na Donovaly; leg. Cinc¢uraF,, 06.07.1968; (SLO). — Hrabusice — Podlesok;
leg. exkurzia, 08.07.1955; (SLO). — Baba [vrch] nad Svitom; 750 m a.s.l; leg. Odlozilikové L., 13.07.1956; (TNP).

Aconitum moldavicum nothosubsp. confusum
SLOVAKIA: Spisské Nové Ves; leg. Mé&jovsky J., 23.08.1955; (SAV).

Aconitum x triste
SLOVAKIA: Meliata, vIhké lesy; leg. Karasova E., 16.06.2005; (SAV x S vouchers).

Aconitum anthora subsp. anthora

SLOVAKIA: Bukovské vrchy, Stinska, hrani¢ny hrebet; leg. Marhold K., 18.08.1988; (SAV). — Sivec [vrch]; leg. Futak]J.,
30.08.1950; (SAV). — Biela skala; leg. Futak J., 26.08.1950; (SAV x 2 vouchers). — Sokol pri Humennom; leg.
Méjovsky J., 27.08.1950; (SAV). — Juhoslovensky kras: Felséhegy [Horny vrch] pri Zadieli; leg. Michalko J., Popovié,
30.07.1956; (SAV). — Zédielsk4 dolina, na strmych skalnatych svahoch na dne, sreby na dne udolia; 350 m a.s.l; leg.
Schidlay E., 05.08.1954; (SAV). — Vihorlat: [Humensky] Sokol, vap. skalky, Fageto—Quercetum; 300 m a.sl; leg.
Michalko J., 26.08.1954; (SAV). — Slovensky raj: Skrik nad Letanovskym mlynom, kroviny, exp. J.; 750 m a.sl; leg.
Hubova O., 22.08.1961; (SAV x 2 vouchers). — Slovenské rudohorie, vrch Radzim, exp. J., skaly; 945 m a.sl; leg.
Hajduk]J.,05.08.1956; (SAV). — Vihorlat: [Humensky] Sokol, vap. skalky, Fageto—Quercetum; 300 ma.s.; leg. Michalko .,
26.08.1954; (SAV x 2 vouchers). — Skalka, JelSava; leg. 2, 02.08.1953; (SAV). — Zadielsk4 dolina, na skalach na dne
tdolia; 420 m a.s.l; leg. Schidlay E., 05.08.1954; (SAV). — Pohornadie: Skalky pri M. Vieske severne od Kosic; leg.
MichalkoJ., 19.09.1956; (SAV). — Zadielské rokle; 400 m a.s.L; leg. Horak P,, 14.07.1936; (SAV). — Zvolen; 450 ma.s.l;
leg. Futdk J., 20.08.1961; (SAV). — Kovacovské skaly, Hronska Breznica; leg. Nébélek V., 09.1936; (SAV). — Zadielska
dolina; leg. Kr¢ J., 29.07.1954; (SAV). — Slovensky raj: Tomagovsky vyhlad; leg. Zahradnikové K., 20.08.1961; (SAV).
— Zadielské dolina; leg. Fabiankova K., 12.09.1972; (SAV). — Malé Vieska — Trebejov; leg. Fabiankov4 K., 23.08.1973;
(SAV). — Jelgava; 510 m a.s.l; leg. Kliment J., 28.08.1977; (SAV). — Slovakia Orientalis, ad saxa calcarea in valle H4jska
dolina prope H4j apud opp. Kogice; 350 m a.s.L; leg. Hlavacek A., ?; (SAV). — Pohornadie: vap. skalky na Sivci pri Ruzine,
hrebeni; 780 m a.s.l; leg. Michalko J., 23.08.1960; (SAV). — Bratislava, pestované v zéhrade p. Cerného (pochadza z
okolia Parkéna [Sttrovo)); leg. Schidlay E., 13.09.1944; (SAV). — Juhoslovensky kras: Zadielsk4 dolina. V spodnej asti
rokle; leg. Krippelovd T., Zahradnikovd K., 26.09.1962; (SAV). — Zobor [vrch]; leg. Jasitova M., Fabiankovd K.,
12.10.1972; (SAV). — Nitra — Zobor [vrch]; leg. ?, 24.07.1966; (SAV). — Zadielské dolina; leg. Krippelova T,
26.08.1966; (SAV). — Slovakia media, in fruticetis iugi montis Pegianska prope Kotionem viae ferroviae Hronsk4
Dtibrava, solo audes; S00 ma.s.l; leg. Hlavacek A., 27.07.1956; (SAV). — Slovakia australis, distr. Plegivec, regio Slovensky
kras: ad margines sylvae deciduae collis Certova diera prope Domica, solo calcareo; 400 m a.s.L; leg. Deyl M., 03.09.1933;
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(BRA). — Gemerské rudohorie: najuznom svahu kopca Cigerna V od obce Jel$ava; 320 ma.s.l.; leg. Gallo A., 30.08.1969;
(BRA). — Kovécovske kopce; leg. ?, 09.09.1969; (BRA). — Humenské chrbéty: svah na Z od obce Oreské [okres
Michalovce]; 220 m a.s.1; leg. Gallo A., 03.10.1969; (BRA). — Slovenské rudohorie: Stolické vrchy, Brdarka, Vys. Slana,
Radzim, orientatio medit., acclivitas 45°, substratum Ca, Mg, CO,, vegetatio Spiraetum mediae; 930 m a.s.1; leg. Hajduk ],
13.08.1955; (BRA). — Slovenské rudohorie: Stolické vrchy, Brdarka, Vys. Sland, Radzim, orientatio SW, acclivitas 20°,
substratum Ca, Mg, CO,, terra rendzina, litozem, vegetatio Spiraetum mediae; 940 m a.s.]; leg. Hajduk J., 04.08.1957;
(BRA). — Slovensky raj: Dedinky, Biele Vody — collis Geravy, Baranie rohy, orientatio J (S), acclivitas 10°, substratum
calcit, terra litozem, vegetatio Festucetum pallentis; 1000 m a.s.l; leg. Hajduk J., 02.09.1956; (BRA x 2 vouchers). —
Murés; leg. Blattny T, 25.08.1950; (BRA). — Nitra, pod Zoborom; leg. 2, 20.09.1959; (BRA x 4 vouchers). — Kovagovské
kopce, Kovéd¢ov; 320 m a.sl; leg. Valenta V., 25.08.1936; (BRA x 3 vouchers). — Reviica, Murén; 925 m a.s.l; leg.
Valenta V., 11.08.1937; (BRA). — Hronskd4 Breznica; leg. Nabélek V,, 09.1936; (BRA). — Murdtiyi fensik [Muranska
planina]; leg. ?, 08.1953; (BRA). — Muré#; leg. 2, 25.08.1950; (BRA). — Slovensko jiz., Nitra, v lese na Zoboru; 350 m
a.sl; leg. PlaskavkaJ., 06.08.1936; (BRA). — Nitra, pod Zoborom; leg. 2, 20.09.1959; (BRA x 8 vouchers). — Gemerské
rudohorie: J svahy vrchu Dibrava na S od obce Jel$ava; 420 ma.s.l; leg. Gallo A., 24.08.1970; (BRA). — Prierva Hornadu;
leg. Mé4jovsky J,, 05.09.1960; (SLO). — Slovensky kras: Hrusov, vapencové svahy; leg. Mijovsky J., Zaborsky J.,
08.09.1960; (SLO). — Turniansky hradny vrch; leg. M&jovsky J., 15.09.1966; (SLO). — Turéiansky hradny vrch; leg.
Méjovsky J., 15.09.1966; (SLO). — Hérky a Vépenicé (vapence juzne od vrchu Ploska); leg. Eliag P, 02.09.1968; (SLO x
2 vouchers). — Jelenec: gadtanica, v svetlom lese (dub, gastan); leg. Méjovsky J., 07.10.196S; (SLO). — Tisovec, A
Ceremognd, v butindch hrebetia od kametiolomu na A Martinové, &istinky; 850 m a.s.l; leg. Méjovsky J., Magic D,
18.08.1970; (SLO x 2 vouchers). — Klatova Nova Ves, Skalka, posled. vrch na hrebeni J A Kostrin; 440 m a.s.l; leg.
Kovacikovd, 19.09.1972; (SLO). — Velk4 Lodina, vrch Babina, Quercetum pubescentis; leg. Futak J., 08.09.1946; (SLO).
— Kovacovské kopce [now pohorie Burda], medzi Kova¢ovom a Kamendinom; leg. Futék J., 22.08.1948; (SLO x 3
vouchers). — Zadielska dolina; leg. Futék J., 27.07.1949; (SLO). — Sivec, pri obci Ruzin; leg. Futdk J., 30.08.1950;
(SLO). — Drevenik, obec Levoéa; leg. Majovsky J., 27.08.1955; (SLO x 3 vouchers). — Kysak, Trebejov, Mala Vieska
[now DruZstevna pri Horndde]; leg. Bosa¢kov4 E., 11.09.1956; (SLO x 3 vouchers). — Margecany: Kurtova skala; leg.
Bosd¢kovd E., 12.09.1956; (SLO). — Kysak; leg. Futak J., 10.09.1946; (SLO). — Dvornik pri obci Spisské Podhradie;
leg. Futak J., 11.09.1946; (SLO). — Sokol pri Humennom; leg. Méjovsky J., Michalko J., 14.09.1950; (SLO x 3
vouchers). — Zobor [vrch] pri Nitre, v lese; 350 m a.s.l; leg. Futak J,, 23.07.1942; (SLO). — medzi Budé¢ou a
Ditbravou, okres? Zvolen; leg. Futék J., 18.07.1933; (SLO). — Slovakia ... ; leg. 2, 08.1941; (SLO). — Slovakia ...; leg.
Futék J., 15.09.1948; (SLO). — Krasna Horka pri Roznave; leg. Futdk J., 24.08.1947; (SLO x 2 vouchers). —
Juhoslovensky kras, Hrugov, I ¢ast; leg. Futék J., 03.09.1949; (SLO). — Juhoslovensky kras, Hrugov, II ¢ast; 580 m
a.s.l; leg. Futik J.,, 03.09.1949; (SLO x 2 vouchers). — Drevenik; leg. ?, 08.1889; (SLO). — Muranska planina, A
Cigénka; leg. Zaborsky J., 25.09.1984; (SLO). — A Sokol - exp. S-V; leg. Hudakov4, 20.08.1975; (SLO). — A Sokol
— skaly, exp. V-J; leg. Huddkov4, 29.07.1975; (SLO). — A Podskalka, skaly, exp. V; leg. Huddkov4, 07.08.1974; (SLO).
— A Podskalka, skaly, exp. V; leg. Hudakova, 18.08.1975; (SLO). — A Podskalka, skaly, exp. V; leg. Huddkov4,
18.08.1975; (SLO). — Vép. skala nad Jasovom; leg. Jurko A., 20.08.1950; (SLO). — Mladina v horu nad ?; leg.
Zaborsky J., 10.08.1959; (SLO x 3 vouchers). — Vrch pri obci Velkd Lodina; leg. Futak J., 25.08.1947; (SLO). —
Ruzin na zdp. od Kysaku; leg. Futak J., 04.09.1946; (SLO x 3 vouchers). — Mal4 Lodina; leg. Futék J., 08.09.1946;
(SLO). — Bel4 hora; leg. Jurko A., 07.08.1959; (SLO). — Vihorlat: Sokol, ribati po Quercus, vépenec, J svah; leg.
Michalko J., 14.09.1950; (SLO x 6 vouchers). — Sokol pri Humennom; leg. M4jovsky J., Michalko J., 27.08.1950;
(SLO). — Vihorlat: Dupne [Dtpna jaskyna], v Quercus; 300 m a.s.1; leg. Michalko J., 11.09.1953; (SLO). — Nitra, A
Zobor; leg. Svobodové Z., 08.07.1955; (NI x 2 vouchers). — Pov. Inovec, Topol¢any: Z4vada, juz. svah A Viniste, v
riedkom poraste, pospolite asi 300 rastl; 400 m a.s.l; leg. Elid§ P. jun., 10.09.2004; (NI). — distr. Nitra: in locis
stepposis fruticosisque monti Zobor apud opp. Nitra, solo calcareo; S50 m a.s.l; leg. Osvatilovd V., 13.09.1953; (NI).
— distr. Nitra: in rupibus ad decl. septentr. sub summa montis Zobor supra opp. Nitra, solo andesitico; 550 m a.s.L.;
leg. Osvacilovd V,, 11.07.1953; (NI). — Kozlica - Janova Ves; leg. Takas, 14.09.1962; (NI). — Zédiel, hor. &; leg.
Mikol4§ V., 23.08.1984; (KO). — Plegivec — Hrad; leg. Mikold$ V., 12.09.1984; (KO). — Ruzinské skaly; leg.
Mikolds V., 20.08.1959; (KO). — Muranska planina — Hrad; leg. Mikol4$ V., 24-25.08.1959; (KO x 2 vouchers). —
Turha - pod hradom; leg. Vojtan A., 04.08.1966; (KO). — Jasovskd skala; leg. Vojttin A., 20.08.1977; (KO). — Zédiel,
prvy balkén [Zadielska tiestiava]; leg. Vojtan A., 22.09.1967; (KO). — Kurtova skala u Margecan; leg. Paclova L.,
25.07.1957; (TNP).

Aconitum anthora subsp. jacquinii

SLOVAKIA: Slovenské rudohorie, vrch Radzim, exp. J., skaly; 945 m a.s.L; leg. Hajduk J., 05.08.1956; (SAV). — Spigské
kotliny: Spissky hradny vrch; leg. Marciov4, 19.08.1996; (SAV). — Slovenské rudohorie: Stolické vrchy, Brdarka, Vys.
Sland, Radzim, orientatio medit, acclivitas 40° substratum Ca, Mg, MgCO,, terra rendzina, litozem, vegetatio Spiraetum
mediae; 940 m a.s.l; leg. Hajduk J., 26.08.1955; (BRA). — Drevenik, obec Levoca; leg. Méjovsky J., 27.08.195S; (SLO).
— in saxis meridionalis ad Drevenik; leg. Greschik V., 08.1910; (SLO). — in monte Drevenik; leg. Greschik V., 07.1910;
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(SLO). — Drevenik; leg. Vojtan A., 26.09.1964; (KO). — Kirchdrauf — Drewenyik [Drevenik]; leg. Scherfel A,
08.08.1924; (TNP). — in Garten, Drewenyik [Drevenik]; leg. Scherfel A., 08.1891; (TNP). — Drewenyik [Drevenik];
leg. Waldebrenner, ?; (TNP).

Aconitum anthora subsp. anthora x A. anthora subsp. jacquinii

SLOVAKIA: Drevenik, obec Levoca; leg. M4jovsky J., 27.08.195S; (SLO). — in monte Drevenik; leg. Greschik V,
07.1910; (SLO).

Aconitum variegatum subsp. variegatum

SLOVAKIA: Slovenské rudohorie: Galmus, okr. Sp. N. Ves, prava strana Belej, v uzlabine; leg. Hajduk J., 22.08.1959;
(SAV). — Tatry. Faixov4 a Votrubova chata; leg. Horék P., 25-26.08.1937; (SAV). — Liptovska kotlina: Pribylina; leg.
Futék J.,, 18.09.1970; (SAV X 2 vouchers). — Slovenské rudohorie — vrch Stolica — zadny Kyprov; leg. Kliment J.,
11.08.1977; (SAV). — Slovensky raj: Such4 Bel4, vipencova roklina; leg. Zarzycki, Zahradnikov4 K., 14.09.1970; (SAV).
— Cergov; leg. Flafkova, 21.05.1969; (SAV). — M. F. [Mal4 Fatra], Klak , cesta na Ci¢many; leg. Zahradnifova K.,
23.07.1975; (SAV). — Velka Fatra: Blatnickd dolina; leg. Zahradnikova K., 27.08.1972; (SAV x 2 vouchers). — Belianske
Tatry, Kotlina — Skalné vréta; leg. Michalko J., Zahradnikova K., 07.08.1972; (SAV). — Slovakia ...; leg. Ptacovsky J.,
11.09.1954; (SAV). — Biela skala [in massif of Sivy vrch?], in sylve in alpestr; 1385 m a.s.l; leg. Schidlay E., 09.09.1953;
(SAV). — Pusté Pole; leg. Peniastekova M., 21.08.1973; (SAV x 3 vouchers). — Nizke Tatry, sev.-vych. Pustia, Ilanovskd
dolina; leg. Zahradnikov4 K., 16.10.1962; (SAV x 2 vouchers). — Choéské pohorie, Prosiecka dolina; leg. Zahradnikova K.,
Jasi¢ova M., 10.08.1966; (SAV). — Nizke Tatry, vch Sind; leg. Zahradnikové K., Fabiankov4 [Goliasovéd] K., 15.08.1972;
(SAV x 2 vouchers). — Zépadné Tatry, Biela skala; leg. Marhold K., 08.07.1986; (SAV). — Pilsko, Babia hora; leg.
Futak J., Magic D., 10.08.1964; (SAV). — pod vrcholom Klenovského Vepra (Slovenské rudohorie); leg. Letz R.,
23.08.1993; (SAV). — vrch Sitno; leg. Zahradnikov4 K., 08.07.1972; (SAV). — Slovensky raj: Stratenska hornatina,
substrat calcit; 900 m a.sl; leg. Hajduk J., 09.08.1956; (BRA). — Vys. Tatry; leg. Szép R., 20.08.1904; (BRA). —
Slovensky raj, Stratenské vrchy. Dobsind. Andrejisko, hrebeni Andrejiskd. Orientatio SN, acclivitas 30° substratum kalcit,
terra rendzina, vegetatio Abieto~Fagetum; 1200 m a.s.l; leg. Hajdik J., 09.08.1956; (BRA). — Zépadné Tatry: Liptovsky
Hradok, krovity breh — Dzadovica; 680 m a.s.l; leg. Horni¢kovd J., 25.08.1976; (BRA). — Slovensky raj: Vernar, dolomit,
rendzina, Pinetum sylv.; 1000 m a.s.l; leg. 2, ?; (BRA). — Slovensky raj: Hnilec, orientatio V(E), substratum calcit; 850 m
a.sl; leg. Hajddk J., 31.07.1956; (BRA). — Stratensk4 hornatina, Verndr, juz. exp.,vépence; 1000 m a.s.l; leg. Hajduk J.,
16.08.1956; (BRA). — Nizke Poloniny: brehy “Plasa potoka” pri krizovatke na Runinu; 450 m a.sl; leg. Gallo A.,
21.08.1970; (BRA). — Ruzomberok: in convalle rivi Lubochnianka ad dom. tenat. Vys. Tajch; 800 m a.s.l; leg. Valenta V.,
16.08.1940; (BRA). — Bel. Tatry: Murati; 1500 m a.s.l; leg. Nabélek V,, 07.1936; (BRA). — Bel. Tatry: in declivibus
supra pag. Tatranskd Kotlina; 1000 m a.s.1.; leg. Valenta V., 08.08.1936; (BRA x 2 vouchers). — Vysoké Tatry: Bielovodsk4
dolina; 1700 m a.s.l; leg. Drévlackansky Fr., 07.10.1962; (BRA). — Horn4 Nitra, cestou M. Klakk — V. Klak, na horskych
ldkach; 1350 m a.s.l; leg. Drévlackansky Fr., 14.08.1963; (BRA x 3 vouchers). — Dobsin4, pri jaskyni; leg. ?,07.08.1962;
(BRA x 2 vouchers). — Slovensky raj: Stratenské vrchy, Dobsina, Verndr, collis Kopanec, od cesty Stratena — Hrabugice
ca. 250 m, orientatio J (S), acclivitas ca 30°, substratum calcit, terra rendzina, vegetatio Cephalanthero—Fagetum; 1100 m
a.sl; leg. Hajduk J., 16.08.1956; (BRA). — Slovensky raj: Stratend, Verndr, collis Havrania skala, orientatio 35° J (S),
substratum calcit, terra rendzina, vegetatio Aceretum pseudoplatani; 1000 m a.s.l; leg. Hajduk J.,, 03.08.1955; (BRA). —
Slovensky raj: Stratenské vrchy, Stratend, collis Roveri (Havrania skala), substratum CaCO,, terra rendzina, vegetatio
Fagetum; 1000 m a.s.l; leg. Hajdudk J., 24.08.1956; (BRA). — Slovensky raj: Straten, collis Andrejisko, na vrchole kopca,
orientatio N, acclivitas 20° substratum calcit, terra rendzina, vegetatio zmiesany les; 1100 m a.s.l; leg. Hajduk J,
01.08.1956; (BRA). — Slovensky raj, Stratenskd hornatina, Dobginskd Maga, hornd &ast prehody, orientatio S (N),
substratum calcit, terra rendzina, vegetatio Abieto~Fagetum; 900 m a.s.1; leg. Hajduk J., 31.07.1956; (BRA). — Slovensky
raj: Dobsin4, collis Andrejisko, od ladovej jaskyne 2,8 km, orientatio S (N), acclivitas ca 30°, substratum calcit, terra
rendzina, vegetatio Cephalanthero—Fagetum; 1000 m a.s.1; leg. Hajduk J., 09.08.1956; (BRA). — Nizké Tatry: vapencové
svahy nad Trangosskou dolinou pod “Kozimi chrbaty”; 1750 m a.s.l; leg. Dvoték J., 11.07.1966; (BRA). — Nizké Tatry:
Prostrednd dolina, na okraji olsiny pobliz Kyslé; 750 m a.sl; leg. Dvotak J., 15.07.1972; (BRA). — Straten; leg. ?,
09.08.1949; (BRA). — Tisovec (Voniaca) ; leg. 2, 12.08.1948; (BRA). — Dobsin4, pri jaskyni; leg. 2, 07.08.1962; (BRA).
— Strazovska hornatina, Strézov (k. 1214 m), ld¢ne porasty pri kéte; 1150 m a.s.l; leg. Kollar J., 21.07.1966; (BRA). —
Stagkov, v zahrade; leg. ?, 26.08.1960; (BRA x 3 vouchers). — Slovensky raj, na pravom brehu Bieleho potoka; leg.
Vyparina St. [?], 16.08.1958; (BRA). — Slovensky raj, na pravom brehu Bieleho potoka, 1.5 km juzne od Sokolovej
doliny; 600 m a.sl; leg. Vyparina St. [?], 16.08.1958; (BRA). — Horné Nitra, cestou M. Klak — V. K14k, na horskych
lakach; 1350 m a.sl; leg. Drévlackansky Fr., 14.08.1963; (BRA x 3 vouchers). — Velkd Fatra, in convalle fluvii
Lubochnianka ad dom. tenat. Vys. Tajch; 800 m a.s.l; leg. Valenta V., 16.08.1940; (BRA). — Brezno; leg. Zechentner, ?;
(BRA). — Ruzomberok - Biele skaly; leg. Hodoval V., ?; (BRA). — Cestou na Cergov; leg. Drévlackansky Fr., 09.08.1957;
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(BRA x S vouchers). — Muranska planina: Muras, hradny vrch, nddvorie hradu; leg. Kochjarové J., 06.08.1985; (BRA).
— Liptovskd Osada — Podsuchd, Vel. Brankov, pod Kuruckou skalou; leg. 2, 16.07.1972; (BRA). — Vel. Fatra — Cierny
kamen; 1400 m a.sl; leg. [Horvathova ?], 21.08.1968; (BRA). — Nizké Tatry: Pusté Pole, na bfehu meniiho rybnika
pobliz h&jovny; 850 m a.s.l; leg. Dvotak J., 17.08.1976; (BRA). — Chotské pohorie: Velky Cho¢; leg. 2, 06.1964; (BRA).
— Tisovec, Voniaca; leg. Blattny T., 12.08.1948; (BRA). — Velka Fatra: Gadersk4 dolina, in fundo vallis, ad marginae
silvae; leg. Uhlitovd J., 18.09.1993; (BRA x 2 vouchers). — Vysoké Tatry: Tatranské Matliare, SV od osady, dlhy les a
mokriny, podmé¢ana smrecina; 850 m a.s.l; leg. Vozarovd M., 23.08.1995; (BRA). — Slovensky raj: tstie doliny Velky
Sokol za hajoviiou; 800 m a.sl; leg. Gallo A., 24.08.1971; (BRA). — Velka Fatra: Tlstd, vrchol; leg. Berndtova [?],
02.09.1976; (BRA). — Belanské Tatry: cestou z Tatranskej Kotliny; leg. Majovsky J., 04.09.1960; (SLO). — Murédnska
planina, A Ciganka (hrad); leg. Z4borsky J., 25.09.1984; (SLO). — Dolina Kysel (Slovensky raj); leg. Hejnd, Rogetzkd,
21.08.1951; (SLO). — Dolina Kysel (Slovensky raj); leg. Hejna, Rosetzkd, 21.08.1951; (SLO x 3 vouchers). — A Solisko,
na okraji lesa, pri hrebefiovom chodniku, v Nardetum; 1000 m a.s.1; leg. Majovsky J., 07.1955; (SLO x 4 vouchers). —
Oravskd Polhora: vystup na Babiu horu?; leg. Futak J., 25.08.1964; (SLO). — Zapad. Tatry: Rohacske pless; leg.
Somgék L., 08.1972; (SLO). — Velké Fatra: Bukovina [Bukovinka]; leg. Michalkové V., 05.09.1962; (SLO). — Poprad;
leg. Smarda J., Paclova L., 11.09.1956; (SLO). — Vysoké Tatry: Zadné Medodoly; 1350 m as.l; leg. Majovsky J.,
20.09.1967; (SLO x S vouchers). — Vysoké Tatry: Zadné Medodoly, pri lesnej ceste do Javoriny, v smrecine; 1350 m
a.sl; leg. Majovsky J., 20.09.1967; (SLO). — Skala na V. Fatre, vapence; 1100 m a.s.l; leg. Futak J., 11.08.1942; (SLO).
— Z4p. Beskydy: Oravské Lesnd, Juzikovka; leg. Murin A., 25.07.1983; (SLO x 2 vouchers). — Jastub na skalkach v
lese; leg. Majovsky J., 18.09.1947; (SLO). — Roszutec [Velky Rozsutec]; leg. Futék J., 23.08.1943; (SLO). — Tatr.
Kotlina; leg. Futék J., 28.08.1954; (SLO x 2 vouchers). — Belianske Tatry: Zdiarska Vidla - Havran; leg. M4jovsky J.,
23.08.1957; (SLO x 2 vouchers). — Turzovka; leg. Halbové L., 20.08.1962; (SLO). — Liky pod Vys. Tatrami, cestou
z Podbanska na Strbské Pleso; leg. Pastyrik L., M&jovsky J., 27.08.1941; (SLO x 2 vouchers). — Flora Leutschoviensis
[Levoca]; leg. Greschik V., 07.1890; (SLO). — Leutschovia [Levoé¢a], Gr. Rehberg; leg. Greschik V., 07.1918; (SLO).
— Flora Leutschoviensis [Levo¢a], Dolina; leg. Greschik V., 07.1889; (SLO). — Flora Tatrae Magnae, Leutschovia
[Levoca]; leg. Greschik V., 07.1928; (SLO). — Flora Tatrae Magna, Leutschovia [Levoéa], in silvae Kienwald; leg.
Greschik V., 07.1900; (SLO). — Flora Tatrae Magnae, Leutschovia [Levo¢a], in silvus elesioribus; leg. Greschik V.,
08.1928; (SLO). — Leutschovia [Levoéa], in [Wildern ?]; leg. Greschik V., 07.1918; (SLO). — Vysoké Tatry: Téryho
chata; leg. Futak J., 18.08.1946; (SLO). — Vysné Hagy, radelinisko; leg. Futak J., 26.08.1954; (SLO X 2 vouchers). —
Juhoslovensky kras, Silick4 planina; leg. Futék J., 05.09.1946; (SLO). — Tatr. Kotlina; leg. FutakJ., 28.08.1954; (SLO).
— Slovensky raj: na li¢ke pod Lipovcom [planina Lipovec] nad potokom; leg. Ferjanec J., 04.09.1962; (SLO x 4
vouchers). — Cierny Véh: na ltike Stara Polana; leg. Ferjanec J., 26.07.1965; (SLO). — Udolie Cierneho Véhu; leg.
Miéjovsky J., 18.08.1957; (SLO x 7 vouchers). — Udolie Cierneho Vihu; leg. Méajovsky J., 18.08.1957; (SLO). —
Orava: Polhora kipele; leg. Jurko A., 16.09.1955; (SLO x 6 vouchers). — Fatra Major: in valle “Zarnovicka dolina”
non procul a p. Dolnd Stubna [now Turé¢ianske Teplice], in declivibus; 600 m a.s.l; leg. Brizicky G., Cervenova Z.,
18.08.1940; (SLO). — Velka Fatra: Tlst4; leg. Hrivnakova, 20.08.1954; (SLO). — Cierny Vah — pri hordrni Biely
Potok; 830 m a.s.l; leg. Vartikova E., 15.09.1972; (SLO). — Jamnicka Dolina - v kosodrevine; leg. 2, 09. 1981; (NI).
— Lacky [okres Ruzomberok]; leg. Svobodova Z., 04.09.1973; (NI x 2 vouchers). — Muranska vyso¢ina: Velka
Stozka; leg. Sillinger P., 11.08.1937; (NI). — Bielske Tatry: Drabina [near Kobyli vrch]; leg. Domin K., 22.08.1937;
(NI). — Bielske Tatry: Ivanka; leg. Domin K., 29.08.1937; (NI). — Klak; leg. Takd¢, 06.09.1962; (NI). — in monte
Klak; leg. Brancsik K., 07.1900; (NI). — Pieniny (Vysoké Skalky), Strafiany; 1052 m a.s.L; leg. Magic D., 19.08.1963;
(ZV). — v doline potoka nad obcou Olcnava; leg. Smidt 1., 20.08.1990; (KO x 2 vouchers). — dd. Kva¢anské rokle;
leg. Mikol43 V., 19.09.1984; (KO). — sev. a sv. svahy pod Klakom; leg. Mikol4$ V., 15.08.1984; (KO). — Homoélka
(Lue. MF); leg. Mikold$ V., 15.09.1984; (KO). — str.—sp. & ud. od haj. Vonzovec — erv./zlt4; leg. Mikolas V.,
18.09.1984; (KO). — Vavridovo; leg. 2, 19.08.1960; (KO). — Tokares; leg. Mikolas V., 14.08.1958; (KO). —
Muranska planina — Hrad; leg. Mikold§ V., 24-25.08.1959; (KO x 6 vouchers). — td. Dudliavky - Kamenné Vrita; leg.
Mikola$ V., 16.08.1984; (KO x 2 vouchers). — Olcnava, pri potoku v doline Raj, cca. 1 km nad dedinou; leg. Smidt L,
20.08.1990; (KO). — Belanské Tatry, chodnik Kopské sedlo — Zadné Medodoly; leg. Najvarové S., 30.08.1968;
(TNP). — Belanské Tatry, Dolina Siedmich prameriov, Lavinovy #lab; 1450 m a.s.1; leg. Odlozilikova L., 12.08.195S;
(TNP). — Belanské Tatry, Dolina Siedmich prametiov, Lavinovy zlab; 1500 m a.s.l; leg. Odlozilikov4 L., 01.09.195S;
(TNP x 3 vouchers). — Zapadné Tatry: Ticha Dolina, pod Strkami; leg. Smarda J., 25.08.1955; (TNP). — Belanské
Tatry, Zadné Medodoly, nad Brinkou; 1210 m a.s.l; leg. Paclovd L., Soltésova A., 31.08.1989; (TNP x 2 vouchers).
— Belanské Tatry, nad chatou Plesnivec v Doline Siedmich pramenov; 1350 m a.sl; leg. Soltés R., Soltésové A.,
11.09,1974; (TNP). — Zapadné Tatry: Tich4 Dolina, pod Strkami; leg. Paclova L., 25.08.1957; (TNP). — Belanské
Tatry, Dolina Ciernej vody (Rakskej); 900 m a.s.L; leg. Odlozilikova L., 14.08.1955; (TNP). — Belanské Tatry,
Cervend hlina; 1370 m a.s.l; leg. Odlozilikova L., 21.08.1955; (TNP). — Belanské Tatry, Dolina Ciernej vody
(Rakuskej); 980 m a.sl; leg. Odlozilikové L., 09.09.1955; (TNP). — Bad Lucsivna [Lucivnd]; leg. Scherfel A.,
08.1891; (TNP). — Poprad; leg. Scherfel A.; (TNP).
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Aconitum lasiocarpum subsp. lasiocarpum

SLOVAKIA: Uzské hornatina: Rabia skala, pieskovec, skalky, juzny svah; 1190 m a.s.l.; leg. Michalko J., 08.1956; (SAV x 4
vouchers). — Vihorlat, vrch Vihorlat, Calamagrostidetum arundinaceae; 1050 m a.s.; leg. Michalko J., 26.07.1967; (SAV).
— pod vrcholom Stinskej; leg. Marhold K., 18.08.1988; (SAV). — vrch Vihorlat, tesne pod vrcholom; leg. Michalko J.,
27.08.1963; (SAV). — Slovenské rudohorie: Slovensky raj. Stratend, Dobsina. Andrejisko. Orientatio S(N), acclivitas
35°, substratum calcit, terra rendzina, vegetatio Fagetum; 1100 m a.s.l; leg. Hajduk J., 09.08.1956; (BRA). — Slovensky
raj, Stratenska hornatina. Stratend, Strat. pila. Hnilec, Vodna nédrz. Orientatio S2, NW), acclivitas 50°, substratum CaCO,,
terra litozem, rendzina, vegetatio Piceetum calcicolum; 840 m a.s.L; leg. Hajduk J., 31.07.1956; (BRA). — Slovensky ra),
Stratenské vrchy. Dobsind. Andrejisko, hrebeii Andrejiska. Orientatio SN, acclivitas 15°, substratum kalcit, terra rendzina,
vegetatio Abieto—Piceetum; 1200 m a.s.; leg. Hajdtk J., 09.08.1956; (BRA). — Nizke Beskydy: Osadné, nad A Cereniny
v butine, pri hranici; leg. M&jovsky J., 29.09.1975; (SLO). — Vysoké Tatry: Krivan; leg. M&jovsky J., 21.08.1957; (SLO).
— Vihorlat [vrch], liky (typu Calamagrostion) na najvy$som vrchole, J; 1060 m a.s.l; leg. Médjovsky J., Michalko J,,
10.09.1953; (SLO). — Slovakia; leg. 2, 2; (SLO x 3 vouchers). — Nizke Beskydy: Osadné, pri chodniku $tatnej hranice
na A Cereniny, nizky zérast Salix caprea; 950 m a.s.l; leg. Majovsky J., 29.09.1975; (SLO). — Nizke Tatry, Slovensky raj:
Javorina nad Verndrem; leg. Sillinger P., 06.08.1931; (NI)

Aconitum lasiocarpum subsp. kotulae

SLOVAKIA: Pusté Pole; leg. Futak J., 21.08.1973; (SAV). — Uzska hornatina: Rabia skala, pieskovec, skalky, juzny svah;
1190 m a.s.1; leg. Michalko J., 08.1956; (SAV x 2 vouchers). — Vihorlat, pod vrcholom vrchu Vihorlat; leg. Michalko J.,
27.08.1963; (SAV x 2 vouchers). — vrch Vihorlat, tesne pod vrcholom; leg. Michalko J., 27.08.1963; (SAV x 4 vouchers).
— Sip [vrch], obec Stankovany; 1100 m a.s.l; leg. ?, 23.08.1975; (BRA). — Cierny Vah: na like Stard Polana; leg.
Ferjanec J., 26.07.196S; (SLO).

Aconitum x pawlowskii

SLOVAKIA: Cierny Vah: na ltike Star4 Polana; leg. Ferjanec J., 26.07.1965; (SLO). — Belianske Tatry: Zdiarska Vidla -
Havran; leg. M4jovsky J., 23.08.1957; (SLO).

Aconitum degenii subsp. degenii
SLOVAKIA: Slovakia orientalis, Pri chyzke u potoku Stuzica; leg. Smidt[?], 13.08.1964; (SAV x 2 vouchers).

Aconitum x gayeri
SLOVAKIA: medzi Colom a Rabiou skalou, vo Fagete pod hranicou; leg. Smidt[?], 15.08.1964; (SAV).

Aconitum x cammarum

SLOVAKIA: Bardejov; leg. Bergansky J., 06.08.1928; (BRA x 7 vouchers). — Bardejov: Wachterhof; leg. Bergansky J.,
25.07.1924; (BRA). — Bardejov: Roch-Vorgelinde; leg. Bergansky J., 09.10.1929; (BRA). — Pri elezni¢nej stanici Cir¢;
leg. 2, 30.07.1957; (BRA). — Sasinkovo, v zahrade; leg. ?, 30.06.1963; (BRA x 2 vouchers). — Vritna [dolina]; leg.
Branéik K., 08.1904; (SLO). — Felka [Velka, Tatry]; leg. Scherfel A., 10.08.1924; (TNP x 2 vouchers). — Felka eig.
Garten [Velkd, Tatry]; leg. Scherfel A., 14.08.1923; (TNP x 3 vouchers).

Aconitum firmum subsp. firmum

SLOVAKIA: Belianske Tatry; 1250 m a.s.l; leg. Futak J.,, 14.07.1861; (SAV). — Slavkovsky potok [Vysoké Tatry]; leg.
Grebenitikov O., 07.08.1954; (SAV). — Vysoké Tatry, Zelené pleso hezin; 1550 m a.s.l.; leg. Hubové O., 23.06.1969;
(SAV x 2 vouchers). — Vysoké Tatry, Velickd dolina, Velické pleso; 1700 m a.s.l; leg. Fabiankova , 09.09.1974; (SAV).
— TANAP, Biely Vih dolina; 1350 m a.sl; leg. Futak J., 27.08.1957; (SAV). — Lud¢. Mal4 Fatra, vrch Revén; 1100 m
a.sl; leg. Schidlay E., 20.08.1949; (SAV). — Belianske Tatry, Javorina, Zadné Kopersady (Zadné Medodoly) v smrecine;
1400 m a.sl; leg. Schidlay E., 09.08.1946; (SAV). — Vihorlat: Popri¢ny vrch, v sédolé; leg. Sramko E., 08.1953; (SAV).
— Pilsko, Babia hora; leg. Futak J., Magic D., 11.08.1964; (SAV). — Djumbier [Dumbier], svahy; leg. Pty [Ptacovsky],
09.1928; (SAV). — Vihorlat: V ridoli potoka; leg. Sramko E., 08.1953; (SAV). — Vys. Tatry, Velick4 dolina; leg. Futék .,
08.08.1962; (SAV). — B.T,, Sirok4 dolina, doln4 ¢ast; 1500 m a.s.l; leg. Fladikova, Hubova O., 02.08.1971; (SAV x 2
vouchers). — Bel. Tatry: Faixovd; leg. Pty, 22.07.1939; (SAV). — BelTatry: pri Bielom plese (smerom na Belansku
kopu); 1600 m a.s.l; leg. Zahradnikov4 K., Siposova H., 19.08.1980; (SAV x 3 vouchers). — Vysoké Tatry: N svahy
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Kezmarského §titu nad Zelenym plesom; 1600 m a.s.1; leg. Zahradnikové K., 07.08.1969; (SAV). — Vysoké Tatry: cestou
na Krivan; leg. Zahradnikové K., 15.08.1970; (SAV). — Vysoké Tatry: juzny svah Jahniacieho $titu; 2000 m a.s.l; leg.
Zahradnikové K., 09.08.1969; (SAV). — Vysoké Tatry: Krivar; leg. Zahradnikova K., Jasi¢ova M., 11.08.1966; (SAV). —
Votrubova chata; leg. Pty, 07.1941; (SAV). — V kle¢i u Popradského plesa; leg. Pty, 07.1939; (SAV). — Zép. Beskydy:
Babia hora; leg. Zahradnikové K., 21.07.1973; (SAV). — Vysoké Tatry: Furkotsk4 dolina — Wahlenbergovo pleso — Bystré
sedlo; leg. Zahradnikova K., 13.08.1970; (SAV). — Tatry. Faixov4 a Votrubova chata; leg. Horak P, 25-26.08.1937;
(SAV). — [Chotskd] Fatra, Biela Skala; 1600 m a.s.l; leg. Futék J., 24.08.1966; (SAV x 3 vouchers). — Slovakia borealis:
montes Vysoké Tatry, ad ripas lacus “Popradské pleso” in Pineto mughi, solo granitico; 1640 m a.s.l.; leg. Hlavacek A., ?;
(SAV). — Z4padné Tatry: Osobitd, Sucha dolina, pri potoku; 1000 m a.s.L; leg. Futék J., 15.07.1965; (SAV x 2 vouchers).
— Vys. Tatry; leg. Szép R., 20.08.1904; (BRA). — Vys. Tatry; 2000 m a.s.L; leg. ?, 07.1936; (BRA). — Vys. Tatry: ad
margines sylvae, Strbské Pleso et Vy$. Hagy; 1200 m a.s.l; leg. Valenta V. 01.08.1935; (BRA). — Nizké Tatry: pramenity
svah pod vrcholem Krupovy hole; 1550 m a.s.l; leg. Dvoték J., 07.08.1973; (BRA). — Vysoké Tatry; leg. Bergansky J.,
28.08.1928; (BRA x 2 vouchers). — Vysoké Tatry; leg. Vaslora L. [?], 07.08.1952; (BRA). — Vysoké Tatry: Javorova
dolina; 1900 m a.s.L; leg. Drévlackansky Fr., 12.10.1962; (BRA). — Strbské pleso; leg. Cerny J., 08.07.1924; (BRA). —
Slovenské rudohorie: Volovské vrchy, Slovensky raj. Dedinky, Mlynky, collis Kukla, flumen Hnilec. Orientatio N; acclivitas
35°, substratum silik.+carb., vegetatio Mugedio—Aconitetea; 980 m a.s.l.; leg. Hajduk J., 18.07.1956; (BRA). — Vysoké
Tatry: montis Satan; leg. Weber F,, 08.1936; (BRA). — Vysoké Tatry: montis Konéistd; 2450 m a.s.l; leg. Weber F,
08.1925; (BRA). — Bielské Tatry: montis Tokdrna; 1200 m a.s.l; leg. Weber F., 08.1936; (BRA). — Vysoké Tatry: ad lac.
Ladové pleso; leg. Weber F,, 08.1925; (BRA). — Bielské Tatry: montis Havran; leg. Weber F., 08.1936; (BRA). — Vysoké
Tatry: montis Vel. Vysokd; 2400 m a.s.; leg. Weber F., 08.1925; (BRA). — Tatra; leg. Scherfel A., ?; (BRA). — Belanské
Tatry: Tatr. Kotlina - “Zadné Medodoly”; 1400 m a.s.l; leg. Z., 07.08.1969; (BRA). — Zap. Tatry: Bystra dolina, ad ripam
rivi “Bystry”; 1300 m a.s.l; leg. Dvoték J., 28.07.1976; (BRA). — Orava — Osobitd; leg. Magdolenova S., 08.1967; (BRA).
— Bielske Tatry; leg. ?,07.08.1970; (BRA). — Ziarska dolina; leg. 2, 31.07.1942; (BRA). — Vysoké Tatry: Ceska dolina,
kamenité svahy nad Ceskym plesom [now Tazké pleso]; 1620 m a.s.L; leg. Dvorak J., 07.09.1974; (BRA). — Zép. Tatry:
Bystr4 dolina, ad ripam rivi “Bystry”; 1300 m a.s.l; leg. Dvotak J., 28.07.1976; (BRA). — Vysoké Tatry; 950 m a.s.L; leg.
Kavka V., 15.07.1930; (BRA). — Vysoké Tatry: Krivan; leg. Majovsky J., 21.08.1957; (SLO). — Vysoké Tatry: cestou z
Popradského na Zabie plesd; leg. Galisov4 E., 23.08.1956; (SLO). — Nizke Tatry: Ohniste; leg. M&jovsky J., 20.07.1957;
(SLO). — V. Tatry: Velick4 dolina; leg. Schidlay E., 10.10.1952; (SLO). — V. Tatry: Hincovo pleso; leg. Haberov4 L,
16.07.1968; (SLO). — Zép. Beskydy: Babia hora; leg. Murin A., 27.07.1983; (SLO x 2 vouchers). — Raselinisko
Mutné (okres Némestovo); leg. Majovsky J., 30.07.1955; (SLO). — Kamenné vréta; leg. Futik J., 19.08.1946; (SLO x
3 vouchers). — Belianske Tatry: hreben; leg. Futik J., 09.07.1946; (SLO). — Tatranskéd Lomnica: Kezmarskej Zlaby,
okolie; leg. Futak J., 08.07.1946; (SLO). — Popradské pleso; leg. Futék J., 23.08.1943; (SLO). — Zlomiskové dolina,
Ladové pleso, V. Tatry; leg. Futdk J., 26.08.1943; (SLO). — Belianske Tatry: Javorina; leg. FutakJ., 14.07.1946; (SLO). —
Belianske Tatry: Tristérska dolina; leg. Futék J., 14.07.1946; (SLO x 3 vouchers). — Vysoké Tatry: Litvorova kotlina; leg.
Vartikové E., 28.09.1971; (SLO x 2 vouchers). — Vysoké Tatry: circum L. d. “Zelené pleso”; leg. Nébélek V., 12.08.1940;
(SLO x 2 vouchers). — Belské Tatry: sev. svah Hlipeho; leg. Futék J., 21.08.1943; (SLO). — J4nska dolina, JZ svahy
Ohnisfa, nad lesom na travnatych svahoch a v suti; leg. Majovsky J., 15.07.1967; (SLO x 2 vouchers). — Javorova dolina
pri Javorine vo V. Tatrach; leg. Futak J., 17.08.1943; (SLO). — Dolina Mlynica vo V. Tatréch; leg. Futik J., 25.08.1943;
(SLO x 4 vouchers). — Belianske Tatry: Zadné Kopersady; leg. Nébélek V., 12.08.1940; (SLO). — Kamenné vrata;
leg. Futik J., 19.08.1946; (SLO). — Ziarska dolina: hojne na prameniskéch a popri potokoch v pasme kosodreviny; leg.
?,16.08.1992; (NI). — montes Vysoké Tatry: in valle Zlomisko, solo granitico; leg. Osvatilova V., 14.08.1951; (NI).
— Belianske Tatry: Tristarska dolina; leg. Eliag P. jun., 1998; (NI x 2 vouchers). — Rackova dolina; leg. Mikol4s V.,
08.1956; (KO). — Sliezsky Dom vo V.T. [horsky hotel na prahu Velickej doliny vo Vysokych Tatrach]; leg. Vojtui A.,
03.08.1969; (KO x 2 vouchers). — ud. Bocianky, str.—sp. ¢ast; leg. Mikol4$ V., 15.08.1984; (KO). — Rackova dolina;
leg. Mikol43 V., 08.1956; (KO). — Priehyba pod Krivdfiom [vo Vysokych Tatrdch]; leg. Vojtun A., 16.07.1968; (KO x
2 vouchers). — Zépadné Tatry: v kosodrevine pod Tomanovskym sedlom; 1650 m a.s.L; leg. Soltésova A., 18.09,1974;
(TNP). — Buja¢i Vich - juzny svah, v kosodrevine; 1800 m a.s.L; leg. Soltés R., Soltésova A., 11.09,1974; (TNP). —
Belanské Tatry. Buja¢i Vich, medzi Malym a Velkym Kogiarom; 1850 m a.s.L; leg. Soltésova A., 17.09.1974; (TNP). —
Belanské Tatry. Buja¢i Vrch, pod Velkym Kosiarom; 1850 m a.s.l; leg. Soltésova A., 17.09.1974; (TNP). — V. Tatry.
V. Studend dol; leg. Paclova L., 29.08.1954; (TNP). — V. Tatry. Velicka dol; leg. Najvarov4 S., 23.07.1968; (TNP). —
Vysoké Tatry: pri znatkovanem chodniku zo Salvejového prametia na Zelené pleso; leg. Najvarova S.,27.07.1967; (TNP).
— Velické dolina, Kvetnica; 1820 m a.s.l; leg. Odlozilikové L., 06.07.1954; (TNP). — Vysoké Tatry. Velk4 Studen dol.;
1610 m a.sl; leg. Odlozilikové L., 15.08.1954; (TNP). — Belanské Tatry, pod Siedmimi pramerimi; 1230 m a.s.L; leg.
Odlozilikov4 L., 08.08.1956; (TNP). — Mengsdorfer [Mengusovce]; leg. Scherfel A., 08.1923; (TNP x 2 vouchers). —
Felka [Poprad-Velkd] eig. Garten [Velks, Tatry]; leg. Scherfel A., 08.1923; (TNP). — Felka eig. Garten [Velka, Tatry];
leg. Scherfel A., 08.1923; (TNP). — Mengsdorfer [Mengusovce]; leg. Scherfel A., 13.07.1924; (TNP). — Salbauffal; leg.
Scherfel A.; (TNP). — Gwostar [?]; leg. Scherfel A., 07.1880; (TNP).

Modern Phytomorphology 11, 2017



Genus Aconitum in Slovakia: a phenetic approach | 87

Aconitum firmum subsp. moravicum

SLOVAKIA: Mal4 Fatra, vrch Chleb; leg. Nabélek V. 29.08.1942; (SAV). — Malé Fatra, Sttovskéd dolina; leg.
Zahradnikové K., 22.07.1973; (SAV). — Vysoké Tatry, popri turistickom chodinku z Krivéfia na Tri studni¢ky (po
zelenej znacke); 2300 m a.s.L; leg. Peniastekové M., 20.08.1987; (SAV). — Maninska tZina (v jej prvej — dolnej polovici);
leg. Schidlay E., 08.09.194S; (SAV). — Krivénska Malé Fatra: hrebeiovka V. Krivéan — Biele skaly — Suchy; 1500 m
a.sl; leg. Futik J.,, Jasi¢cova M., Zahradnikova K., 11.09.1964; (SAV x 2 vouchers). — Krivariska Mal4 Fatra: Snilovsk4
dolina - pri potoku; leg. Letz R., 1994; (SAV). — Malé Fatra: Maly Krivan, v porastoch kosodreviny; 1600 m a.s.l;
leg. Grebens¢ikov O., 22.09.1954; (SAV). — Vysoké Tatry: Bielovodsk4 dolina; 1700 m a.s.l; leg. Drévlackansky Fr.,
07.10.1962; (BRA). — ad valle Studenec ad pedem m. Maly Krivan; leg. Holuby J., 29.07.1896; (BRA). — [Krivanska]
Mala Fatra. Velky Rozsutec; leg. Drévlackansky Fr., 11.07.1961; (BRA). — ad valle Vratna; leg. Brancsik C., 09.1898;
(BRA). — Mala Fatra: in saxis montis Résutec [Rozsutec] supra pag. Stefanovd; leg. Weber F,, 07.1935; (BRA). — Fatra
Minor: in declivibus saxosis m. Krivar; 1500 m a.s.l; leg. Brizicky J.,, 27.08.1940; (SLO). — Mal4 Fatra: Krivan; leg.
Cinéura F, 19.07.1971; (SLO x 4 vouchers). — Raselinisko Mutné (okres Ndmestovo); leg. Majovsky J., 30.07.1955;
(SLO x 2 vouchers). — Kamenné vrata; leg. Futdk J., 19.08.1946; (SLO). — Javorova dolina pri Javorine vo V. Tatrach;
leg. Futak J., 17.08.1943; (SLO). — Rozsutec - hornd hranica lesa; leg. 2, 09. 1981; (NI). — Horné diery; leg. Mikold3 V.,
18.08.1984; (KO). — Horné diery (Kriv. MF); leg. Mikolas V., 12.09.1984; (KO). — Vysoké Tatry: pri znackovanom
chodniku zo Salvejového prametia na Zelené pleso; leg. Najvarova S., 27.07.1967; (TNP).

Aconitum firmum subsp. maninense

SLOVAKIA: Kamenné vrata; leg. Futak J.,, 19.08.1946; (SLO). — Manin [vrch]; leg. Futak J.,, 25.08.1971; (SAV). —
Stlov; leg. FutakJ., 25.08.1971; (SAV). — Zilina. In saxosis calcareis in convalle Sedlovina et Kopan4 ad Kunerad; 700 m
a.sl; leg. Valenta V,, 28.07.1937; (BRA).

Aconitum firmum nothosubsp. paxii

SLOVAKIA: Fatra Minor: in declivibus saxosis m. Krivar; 1500 m a.s.l; leg. Brizicky J., 27.08.1940; (SLO). —Belianske
Tatry: Tristarska dolina; leg. Futdk J., 14.07.1946; (SLO).

Aconitum firmum nothosubsp. zapalowiczii

TANAP, dolina Bieleho Vahu, pri potoku; 1250 m a.s.l; leg. Futdk J., 27.08.1857; (SAV). — Vys. Tatry, Velick4 dolina,
pri jazierku; 1825 m a.s.l; leg. Futak J,, Hubova O., 06.08.1962; (SAV). — V. Tatry: Hincovo pleso; leg. Héberové I,
16.07.1968; (SLO).

Appendix 2. Specimens cited in published sources

Aconitum moldavicum subsp. moldavicum

SLOVAKIA: Spisskd Nov4 Ves (ad stationem viae ferr. “Stiavnik”), 600 m; leg. J. Suza, 20.06.1931; (KRA 003671);
source: Mitka (2008a). — Tomasovska Bel4, nad potokiem w lesie bukowym; leg. K. Oklejewicz, 07.08.2004; (KRA);
source: Mitka (2008a). — Stratend, Fagetum; leg. J. Mitka, 18.07.2006; (KRA); source: Mitka (2008a). — Liptovské
Revtice, near torrent; leg. J. Mitka, 23.07.2006; (KRA); source: Mitka (2008a). — Liptovsky Jan, Janska dolina, ok. 800
m; leg. J. Mitka, 20.08.2007 (KRA); source: Mitka (2008a).

Aconitum variegatum subsp. variegatum

SLOVAKIA: Pélnocne obrzeze wapienne, Kopieniec Wielki, gérna cza$¢ ak Hali Koprowej; leg. H. & T. Tacik, 18.08.1966;
(KRAM); source: Mitka (2003). — Comit. Szepes, in apertis piceetorum “Gihe Leit” supra Tétrabarlagligent; leg.
A. Boros, 24.8.1938; (BP); source: Mitka (2003). — Kiczora od strony Dol. Miedzysciennej, przerzedzony, skalisty
las, wapieri, 1100-1200 m; leg. B. Pawlowski, 22.07.1939; (KRA); source: Mitka (2003). — Eisernes Thor, 1550 m; leg.
F. Pax, 21.08.1905; (BP); source: Mitka (2003). — wycieczka w Spiskie Tatry w 1878, Dolina miedzy Hawranem a Nowa
ku szczytowi Czamego Wierchu; leg. A. Rogalski, 28.07.1878; (KRAM); source: Mitka (2003).
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Aconitum lasiocarpum subsp. lasiocarpum

SLOVAKIA: Bieszczady Zach.: Rabia skala, wsr6d zarosli z Rubus idaeus, 1150 m; leg. P. Bochenek, J. Mitka, 23.08.1995;
(KRA); source: Mitka (2003). — Stinska, na skraju Fagetum wsrod Rubus idaeus; P. Bochenek, leg. J. Mitka, 24.08.1995;
(KRA); source: Mitka (2003). — Stinka, 1093 m; leg. Z. Dolezalova, ?; (PRC); source: Mitka (2003). — Wryhorlat;
leg. C. Chyzer, 21.08.1879; (BP); source: Mitka (2003). — Comit. Gomér, in apertis silv. pedis montis Hanneshohe
prope Ladovd jaskyiia, 900 m; leg. A. Boros, 03.09.1955; (BP); source: Mitka (2003).

Aconitum lasiocarpum subsp. kotulae

SLOVAKIA: Nizke Tatry, Tale; leg. J. Mitka, 19.08.2007; (KRA 0464740); source: Mitka, personal communication. —
Wryhorlat, ex herbario doctoris Cornelii Hyzer; leg. ?, 21.08.1879; (BP); source: Mitka & Starmiihler (2000) and Mitka
(2003). — In monte Vihorlat, 1074 m; leg. F. Bel34n, 25.07.1936; (PRC); source: Mitka & Starmiihler (2000) and Mitka
(2003). — Rabia skala, 1150; leg. J. Mitka, P. Bochenek, J. Terray, 23.08.1995; (KRA); source: Mitka & Starmiihler
(2000) and Mitka (2003). — Rabia skala, cota 1168; leg. J. Sojak, 23.08.1963; (KRAM); source: Mitka & Starmiihler
(2000) and Mitka (2003). — Slov. orient, montes Poloninské Karpaty, in monte Rabia skala supra pagum Nov4 Sedlica,
1160 m; leg. J. Sojak, 20.08.1963; (PR); source: Mitka & Starmiihler (2000) and Mitka (2003). — Slov. orient, montes
Poloniny, ad cacumen montis Cereniny supra pagum Zvala; 933 m; leg. J. Sojék, 21.08.1963; (PR); source: Mitka &
Starmiihler (2000) and Mitka (2003). — Na skale Rabia skala, trig. 1168 m; leg. J. Sourek, 18.07.1957; (PR); source:
Mitka & Starmiihler (2000) and Mitka (2003). — Vyslunna ¢kala nad Runinou; 1150 m; leg. J. Sourek, 7.08.1957; (PR);
source: Mitka & Starmiihler (2000) and Mitka (2003). — montes Poloniny, ad cacumen jugi inter pagos Zvala et Ruské,
¢. 1000 m; leg. J. Sojak, 21.08.1963; (PR); source: Mitka & Starmiihler (2000) and Mitka (2003). — Nizke Poloniny,
Runina, vyslunné skaly na Rabia skale, 1150 m; leg. J. Sojék, 6.08.1957; (PR); source: Mitka & Starmiihler (2000) and
Mitka (2003). — Dol. Koprowa [Képrové dolina] — skraj lasu, ok. 1300 m, leg. B. Pawlowski, 19.8.1925; (KRAM-
Pawlowski 320228, Paratypus); source: Mitka & Starmiihler (2000) and Mitka (2003).

Aconitum x pawlowskii

SLOVAKIA: Dol. Koprowa (gérna), zaro$la mieszane; leg J. Trela, 19.08.1825; (KRA); source: Mitka & Starmiihler
(2000) and Mitka (2003). — Tatras, Képrové dolina; leg. K. Zahradnikov4, M. Jasi¢ova, 13.08.1966; (SAV); source:
Mitka & Starmiihler (2000) and Mitka (2003). — Belianske Tatry, Lys4 Polana; leg. K. Zahradnikova, M. Jasi¢ova,
14.08.1966; (SAV); source: Mitka & Starmiihler (2000) and Mitka (2003). — apud rivulorum Javorovy potok supra
pag. Javorina (Tatranskd Javorina), 1050 m; leg. J. Dostal, 15.08.1955; (PR); source: Mitka & Starmiihler (2000) and
Mitka (2003). — Nizke Tatry, Dudlava skala; leg. V. Kneblovd, 08.09.1955; (PR); source: Mitka & Starmiihler (2000)
and Mitka (2003). — Dobsinai jegbevlong szkecenei vélgy [jégbarlang, Sztraczenai vélgy?] leg. D. Filarszky, 23.08.1911;
(BP); source: Mitka & Starmiihler (2000) and Mitka (2003). — Kfizovatka; leg. A.G., 27.05.1970; (KO); source: Mitka
& Starmiihler (2000) and Mitka (2003). — Hrad Mt.; leg. ?, 24.08.1959; (KO 13340); source: Mitka & Starmiihler
(2000) and Mitka (2003 ). — Udolie Dudlavky (ad Kamennd vrata); leg. V. Mikolas, 16.08.1984; (KO); source: Mitka &
Starmiihler (2000) and Mitka (2003).

Aconitum x gayeri
SLOVAKIA: Rabia skala, 1150 m; leg. J. Mitka, P. Bochenek, J. Terray, 23.8.199S; (KRA); source: Mitka (2003).

Aconitum x cammarum
SLOVAKIA: Velké Fatra, Donovaly; leg. J. Mitka, 27.07.2007; (KRA 0347248); source: Mitka, personal communication.

Aconitum x berdaui

SLOVAKIA: Tatras, Javorové dolina; leg. A. Sutkowska, 18.08.2009; (herb. J. Mitka); source: Mitka, personal
communication. — Mald Fatra, Terchovs; leg. J. Mitka, 31.07.2009; (KRA 0464764); source: Mitka, personal
communication. — Wycieczka w Tatry Spiskie wr. 1878. Aconitum napellus L., Podspady nad Jaworzynka; leg. A. Rogalski,
25.07.1878; (KRAM 13348); source: Mitka (2003). — Plantae exsiccatae regni Hungariae, Comit. Szepes, in m. Holl6kd
pr. Sztraczena; leg. G. Lengyel, 01.08.1901; (BP); source: Mitka (2003).

Aconitum firmum subsp. firmum
SLOVAKIA: pod szczytem Lomnicy; leg. H. Zapalowicz, 12.08.1908; (KRAM); source: Mitka (2003). — in subalpinis
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montium Magas-tatra supra Kesmark: Tokarna Zslté; leg. L. Simonkai, 7-8.07.1890; (BP); source: Mitka (2003). —
Hinszko [lake Hinco]; leg. D. Filarszky, Kiimmerle, 07.08.1909; (BP); source: Mitka (2003). — [Vysoké and Zapadné
Tatry Mts.] bélei Tiefergrund; leg. Magdcsy, ?; (BP); source: Mitka (2003). — [Vysoké and Zépadné Tatry Mts.] ad lacum
Buckholz [Buchholz ?], 1950 m; leg. G. Lengyel, 04.08.1931; (BP); source: Mitka (2003). — im Kleinkohlbachtale,
Hohe Tatra; leg. A. Margittai, 28.7.1930; (M); source: Mitka (2003). — Brezndbénya, Zadny Uplaz; leg. S. Kupcok,
02.08.1904; (PR); source: Mitka (2003). — ad Javorinam, in alt. c. 900 m; leg. G. Lengyel, 17.07.1931; (BP); source:
Mitka (2003). — Alpenkessel zwischen Novy und Havran; leg. K. Ronniger, 09.07.1918; (W); source: Mitka (2003).
— Fatra: Hungaria, comitatus ad confin. Arva et Trencsén, montes Krivan Fatrae, in declivibus montis Roszudec, alt.
¢. 1300 m, solo dolomitico; leg. E. Nyarady, 27.07.1907; (SIB); source: Mitka (2003). — Fatra, Terchov4; leg. K. Domin,
01.08.1918; (PRC); source: Mitka (2003 ). — in rupestribus “Magas Fatra” loco “Bartya” [A. firmum Rchb,, rev. G. Géyer];
leg. L. Simonkai, 2.08.1904; (BP); source: Mitka (2003). — Comit. Arva, in pineti infra locus “Rohaési savak - alpinum
liptoviensium, c. 1500 m [A. tatrae Borb., rev. G. Gayer 1913]; leg. A. Javorka, 22.08.1911; (BP); source: Mitka (2003).
— [Rohé4ee Mts.], Liptauer Alpen, Rohacs [Roh4¢], 1600 m [A. napellus L. var. tauricum (Rchb.) Ser., rev. De Rapaics];
leg. F. Pax, 14.08.1905; (BP); source: Mitka (2003 ). — Comit. Lipt6, Tatra Inf, in valle Lucsany ad Deményfalven; leg.
G. Lengyel, 25.07.1928; (BP); source: Mitka (2003).

Aconitum firmum subsp. moravicum

SLOVAKIA: Montes Liptovské Tatry, in alpinis Osobita, alt. c. 1580 m, solo calcareo; leg. M. Deyl, 07.07.1938; (PR);
source: Mitka (2003). — Rohdce, u Zverovky; leg. Kopecky, 06.08.1968; (PR); source: Mitka (2003). — Hungaria,
comitatus Liptd, montes Tatrae Liptoviensae, in saxis “Javor” in parte superiore vallis Tycha, alt. cca. 1500 m, solo calc.;
leg. E. Nyarady, 01.08.1907; (SIB); source: Mitka (2003). — Sin4, 1500-1550 m; leg. P. Sillinger, 27.07.1930; (PRC);
source: Mitka (2003). — in lapidosis in declivi merid. montis Chleb, cca. 1600 m, solo calcareo; leg. J. Sojik, 04.08.1950
(PR); source: Mitka (2003). — Fatra — Krivan [A. napellus L. var. multifidum Koch. var. canescens (Schleich.) Rapaics, det.
Rapaics]; leg. 2, 13.08.1889; (BP); source: Mitka (2003). — [Malé] Fatra, Terchov4; leg. K. Domin, 01.08.1918; (PRC);
source: Mitka (2003). — Slovakia, Mald Fatra, Révalov, Révalovsk4 dolina, along torrent 1150-1200 m; leg. J. Mitka,
02.09.2001; (KRA); source: Mitka (2003).

Aconitum firmum subsp. maninense

SLOVAKIA: Galicia, ad pedem montis Tatrae Magnae, in valle Poduplaski, alt. c. 1000 m, solo granitico; leg. E. Nyarady,
27.07.1908; (SIB); source: Mitka (2003). — [Stlovské vrchy] Maninsk4 soutéska, Stl'ov; leg. K. Domin, 01.08.1920;
(PRC); source: Mitka (2003). — Manin (SW od Stlovskych vrchov), ok. 400 m; leg. Skalicky, Skalick4, 27.07.1973;
(PRC); source: Mitka (2003). — Manin, Strizovské vrchy Mts., Maninska tZina, in oak-hornbeam forest Tilio-
Carpinetum along a torrent; leg. J. Mitka, 03.09.2001; (KRA); source: Mitka (2003 ). — Slovakia, Manin, Strézovské vrchy
Mts., Maninska uZzina, on steep stone slope; leg. J. Mitka, 03.09.2001; (KRA); source: Mitka (2003).

Aconitum firmum nothosubsp. paxii

SLOVAKIA: Montes Liptovské hole, mons Cervené vrchy, in locis lapidosis calcareis rupium Javorové skalky, alt. 1450 m
[A. firmum (Rchb.) Neilr. mutatio — cum pilis adscendentibus copissimus, rev. V. Skalicky]; leg. J. Dostal, 21.08.1930;
(PRC); source: Mitka (2003). — Liptovské hole, Ticha dolina; leg. P. Svoboda, 07.08.1935; (PR); source: Mitka (2003).

Aconitum firmum subsp. firmum x A. firmum subsp. maninense

SLOVAKIA: Belianske Tatry Mts.: Comitatus Szepes, Contes Bélaenses, in valle Drechslerhiuschen sub monte Stirnberg,
alt. c. 1400-1500 m; leg. E.G. Nyérady, 01.09.1907; (SIB); source: Mitka (2003).
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Abstract

The knowledge of plants interactions is used for their better protection and cultivation. The
aim of this study was to determine the influence of alcoholic extracts from the leaves of the
common sunflower (Helianthus annuus) on selected physiological parameters of plants of
white mustard (Sinapis alba ‘Barka’). The seeds germination, the growth, the fresh and dry
masses of plants grown from seeds and germinated on the sunflower extracts and plants
watered by H. annuus extracts during the growth phase were studied. In the growth phase, the
fresh masses of all organs were increased on 5% extract, however significantly decreased
on 10% extract. The dry mass of S. alba was not significantly changed. In the germination
phase, much less changes of these parameters were revealed. In general, extracts from
H. annuus leaves inhibited germination of S. alba seeds, but stimulated growth of plants in
case of application of 5% concentrations during the germination phase and inhibited their
growth in case of application of 10 % concentrations during the growth phase.

Keywords: Helianthus annuus, Sinapis alba ‘Barka’, mustard, sunflower, allelopathy, growth, morphology, seed
germination

Introduction The studies on allelopathic effects of different

species constitutes the possibility of application
The progressive degradation of the environment ~ of substances of plant origin, which are
and the need to reduce the use of chemical naturally biodegradable and therefore have
pesticides caused the interest in the allelopathy a high economic significance (Oliwa et al.
phenomenon (Kato-Noguchi et al 2002). 2016). Investigations of the number of

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/) freely available on https://phytomorphology.org/ .
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allelopathic compounds show that mechanisms
of interaction between plants are extremely
complex, but nevertheless they are effectively
applied in agricultural practice (Lipinska 2006;
Afridi & Khan 2014, 2015). Allelopathy refers
to secretion of chemical substances by plants,
which modify properties of the environment in
their immediate surroundings, depending from
the intensity of abiotic factors as well as genetic
determinants of organisms (Amini et al. 2014).
The absorption mostlybyroots and the transport
of allelopathic substances to other plant organs
are assisted by regulatory mechanisms at both
cellular and tissue levels.

Allelopathic interaction between plants is a
result of competition about the environmental
resources, revealing by emission of chemical
compounds by plants (Kasperczyk & Szewczyk
2007). Allelopathic substances can demonstrate
both negative and positive influence on the
growth of plants (Ohno & Doolan 2001; Puta
et al. 2016; Barabasz-Krasny et al. 2017).

Helianthus annuus L. (Asteraceae) has a high
allelopathic potential. It can actively influence on
the growth of the surrounding plants (Leather
1983; Macias et al. 2002; Mozdzen et al. 2016).
In particular, H. annuus inhibits germination of
such weeds as Phalaris minor Retz., Centaurea
spp., Erigeron canadensis L. and Amaranthus
retroflexus L. (Khalid et al. 2002). It was
shown that extracts of sunflower reduced seed
germination of wild barley (Ashrafi ef al. 2008).
The allelochemicals substances of sunflower
also inhibit the germination and growth of
Agropyron repens (L.) P. Beauv., Avena fatua L.,
Digitaria ciliaris (Retz.) Koeler and Sida
spinosa L. seedlings (Azania et al. 2003). The
suppressing effect of aqueous extracts from
leaves of H. annuus was also observed in the
case of germination and growth of Sinapis alba
(Bogatek et al. 2006).

Leaves of sunflower are rich source of
phenolic ~ compounds,  chlorogenic  and
isochlorogenic  acids, and terpenoids,
characterised by a wide spectrum of biological
activity (Wilson & Rice 1968; Batish et al. 2002;
Gniazdowska et al. 2004). The biochemical
analyses of extracts from H. annuus leaves
also indicated the presence of sesquiterpene

lactones exceptionally well soluble in alcohols
(Spring et al. 1992).

The aim of this study was to evaluate the
influence of alcoholic extracts from dry leaves
of H. annuus at 5% and 10% concentrations
on plants of Sinapis alba L. cultivar ‘Barka’
The mustard cultivar ‘Barka’ is widely grown
in Poland and therefore it was selected for the
studies. In this study, (1) seeds germination,
(2) growth of underground and aboveground
organs and (3) their fresh and dry masses
were measured for S. alba plants watered by
H. annuus extracts during the germination and
growth phases.

Material and methods

The experiments were conducted at the
Department of Plant Physiology of Pedagogical
University in Krakéw (Poland) during
September 2016. In the same conditions, the
experiments were replicated five times.

Extracts preparation

The leaves of H. annuus were collected from
cultivated field in south of Poland in August
2016. Alcoholic extracts of allelopathic
substances from dried leaves of H. annuus of
5% and 10% concentrations were prepared by
weighing of plant material (S g and 10 g were
taken, respectively) and soaking by ethanol
(95 ml and 90 ml were added, respectively)
for 24 hours. The extracts were filtered on a
Biichner funnel with Whatman No. 1 filter paper
by vacuum pump and placed in a laboratory
dryer at 70°C for next 48 hours to evaporate.
Then, the extracts were soaked in appropriate
amount of distilled water (5% — in 95 ml and
10 % — in 90 ml, respectively).

Seeds germination

One hundred seeds of S. alba ‘Barka’ were
placed in sterilised 9 cm Petri dishes with
3 layers of Whatman No. 1 filter paper. The
dishes were wetted with 6 ml of alcoholic
extracts from H. annuus leaves and distilled

Modern Phytomorphology 11, 2017
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Fig. 1. The germination of Sinapis alba ‘Barka’ seeds on alcoholic extracts from the leaves of Helianthus annuus

with concentrations of 5% and 10 %.

water (control group). The seeds were placed
in dark growth chamber at temperature 25 °C.
After 24, 48, 72 and 96 hours, the number of
germinated seeds was counted. As germinated
seeds were considered that seeds, which had at
least 2 mm of radical length. The percentage of
the germinated seeds was calculated using the
formula: germination [%] = (germinated seed x
100) / total seeds sown.

Plant growth conditions

After 72 h of germination, the seedlings of S. alba
grown on the Petri dishes with H. annuus extract
were rinsed with distilled water and planted in
pots with sand. The first group of plants was
watered every 48 h with distilled water and once
a week — by Steiner culture medium (Steiner
1961). The second group included plants grown
from seedlings germinated on distilled water
and they were watered every second day with
alcoholic extracts from the leaves of H. annuus
and once a week during the growth — with
culture medium. The control group of plants
was watered with distilled water and the Steiner
culture medium. Plants were grown in a growth
chamber (Angelantoni Lifescience, Italy) with
12/12 h photoperiod, 300 pmol e m™?.s™ light
intensity, 25°C/20°C alternation, and 60-70 %
of relative humidity.

Modern Phytomorphology 11, 2017

Biometric analysis, fresh and dry mass

The lengths of the root, hypocotyl and epicotyl
of S. alba plants were measured with caliper and
average lengths were calculated. The fresh mass
and the dry mass (fresh mass dried at 105 °C for
48 h) of plant material were determined.

Statistical analysis

The data were subjected to ANOVA with
Statistica 10.0 for Windows. The significance of
differences was determined using the Duncan
test for homogeneous groups, the mean + SD of
n=35,p<0.0S.

Results and discussion

Allelopathic interactions usually result in
delay or inhibition of the seeds germination
and plants growth, which mostly depend from
concentration of the active substances contained
in substrate (Mozdzen & Oliwa 2015; Oliwa
et al. 2016). In this study, with increasing of
the concentrations of chemical substances in
the alcoholic extracts from H. annuus leaves, the
inhibition of seeds germination of S. alba was
observed (Fig. 1). After 48 hours of germination
on the alcoholic extract from leaves of
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Fig. 2. The length of particular organs of Sinapis alba ‘Barka’ watered with alcoholic extracts from the leaves of
Helianthus annuus with concentrations of 5% and 10% in germination (A) and growth (B) phases. Mean values
+SD (n=5); different letters are significantly different according to Duncan’s test at p <0.05.

H. annuus no germinated seeds of S. alba were
observed, while in control group 70 % of seeds
were germinated. The first seeds germinated
on 5% extracts were observed after 72 h.
Higher concentration of allelopathic extracts
(10%) resulted in complete inhibition of seeds
germination up to 96 hours. In such case, after
96 h, only 1% of S. alba seeds were germinated.
The destabilisation of metabolic pathways in
different conditions has both primary and
secondary origin, and it has a reflection in
the physiological processes associated with
growth and development of plants (Mozdzen
& Repka 2014). The plant growth inhibition
can be a competition between the plants for
water, minerals substances, oxygen, and carbon
dioxide. Among other factors reducing the plant
growth may be the changes of pH and osmotic
potential of the soil, and disorder of nitrogen
uptake mechanisms (Inderjit & Duke 2003).

In this study, the morphometric analysis
revealed that in the germination phase the
5% extract of H. annuus increased the root

length and decreased the hypocotyl length
in S.alba plants. Comparing with a control
group, the remaining of shoots was inhibited
on the 10% extracts. In the growth phase,
10 % extracts inhibited the growth of mustard
plants (Fig. 2).

The changes in the values of fresh and
dry masses of S. alba grown on the alcoholic
extracts of H. annuus were observed (Tab. 1).
The differences of roots mass in plants grown
on 5% extracts both during the germination
and growth phases were revealed. In growth
phase the roots mass was higher than in the
germination phase (Tab. 1). This was related
also with small decrease in the value of fresh
and dry mass of the hypocotyl of S. alba
watered with H.annuus extracts during the
growth phase. However in growth phase,
higher losses of the fresh and dry masses of
hypocotyl were caused by 10% extracts. The
fresh mass of epicotyl was decreased in higher
concentrations of allelopathic substances both
in germination and growth phases, and was

Modern Phytomorphology 11, 2017
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Table 1. The fresh and dry masses of organs of Sinapis alba ‘Barka’ watered with alcoholic extracts from the leaves
of Helianthus annuus with concentrations of 5% and 10 % in germination (A) and growth (B) phases. Mean values
+SD (n=5); different letters differ significantly within a row by Duncan’s test at p<0.05.

Alcoholic extracts of H. annuus

Organ Control 5% 10%

A B A B

Fresh mass, g
Root 0.68° 0.87° 1122 0.74° 0.63°
Hypocotyl 0.892 0.932 0.75° 0.842 0.57°
Epicotyl 0.14° 0.13° 0.212 0.08°¢ 0.04°
Blade leaf 0.49° 0.49° 0.58 2 0.31° 0.12¢
Whole plant 251° 2,93 % 3.30? 2.35° 1.59 ¢
Dry mass, g

Root 0.02° 0.02° 0.032 0.03 * 0.02
Hypocotyl 0.04° 0.07 @ 0.05° 0.04° 0.04¢
Epicotyl 0.012 0.012 0.012 0.011 0.012
Blade leaf 0.05° 0.05° 0.06 2 0.04° 0.02¢
Whole plant 0.35° 0.38° 0472 0.37° 0.34°

increased only on the lower concentration of
allelopathic substances in the growth phase.
Similar trend was observed during analysis of
these parameters for leaf blades too. The dry
mass of S. alba epicotyl was not significantly
changed in the germination and growth phases,
comparing to the control group. The lowest
values of leaves mass in the growth phase were
in the plants watered by 10 % extracts. In the
growth phase, the fresh masses of all organs
increased on 5% extract, however on 10%
extract they were significantly decreased. In the
germination phase, much less changes of these
parameters were revealed (Fig. 2; Tab. 1).

In many cases H. annuus extracts inhibit
or suppress germination and growth of other
plants (Leather 1983; Khalid et al 2002;
Macias et al. 2002; Azania et al. 2003; Bogatek
et al. 2006; Ashrafi et al. 2008; Mozdzen et al.
2016). But numerous studies also showed that
extracts of leaves, stems, roots, flowers and
fruits performing toxic effects on many other
plant species, although in low concentrations
can stimulate selected physiological processes
in such plants (Batish ef al. 2002; Gniazdowska
et al.2007; Siegien et al. 2008).

Modern Phytomorphology 11, 2017

There is a positive correlation between the
effects of allelopathic substances and plants
morphology (Skrzypek et al. 2016). The
allelopathic substances modify the permeability
of cellmembranesand disturb the transportation
of the mineral substances. They have negative
effect on the protein synthesis, inhibit the
efficiency of oxidative phosphorylation and
photosynthesis, and reduce chlorophyll
content (Skrzypek et al. 2015, 2016). Many
allelopathic substances inhibit the cell division
and elongation, and stimulate the oxidation of
endogenous and biologically active compounds
(Burgos et al. 2004).

Conclusions

1. The inhibition of germination of
S. alba seeds on the 10% alcoholic extracts
from the leaves of H. annuus was observed;

2. Extractsapplied duringthe germination
phase significantly influenced on the plants
growth. The growth and the mass of mustard
plants were stimulated by 5% concentration of
alcoholic extracts of common sunflower;
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3. The growth of S. alba plants during the
growth phase was significantly inhibited by 10 %
concentration of alcoholic extracts of common
sunflower.

References

Afridi R.A., Khan M.A. 2014. Reduced herbicide doses in
combination with allelopathic plant extracts suppress
weeds in wheat. Pak. J. Bot. 46: 2077—2082.

Afridi R.A., Khan M.A. 2015. Comparative effect of
water extract of Parthenium hysterophorus, Datura
alba, Phragmites australis and Oryza sativa on
weeds and wheat. Sains Malays. 44: 693—699.
https://dx.doi.org/10.17576/jsm-2015-4405-08

Amini S., Azizi M., Joharchi M.R., Shafei M.N.,
Moradinezhad F., Fujii Y. 2014. Determination
of allelopathic potential in some medicinal and
wild plant species of Iran by dish pack method.
Theor. Exp. Plant Physiol. 26: 3—4. https://dx.doi.
0rg/10.1007/s40626-014-0017-z

AshrafiY.Z., Sadeghi S., Mashhadi R.H., Hassan A.M.
2008. Allelopathic effects of sunflower (Helianthus
annuus) on germination and growth of wild barley
(Hordeum spontaneum). J. Agricult. Technol. 4 (1):
219-229.

Azania A.A.P.M., Azania C.A.M., Alves P.L.C.A.
Palaniraj R. Kadian H.S., Sati S.C., Rawat L.S.,
Dahiya D.S., Narwal S.S. 2003. Allelopathic plants.
7. Sunflower (Helianthus annuus L.). Allelopathy J.
11 (1): 1-20.

Barabasz-Krasny B., Mozdzen K., Sottys-Lelek A.,
Stachurska-Swakon A. 2017. The allelopathic
potential of Cirsium oleraceum (L.) Scop. into the
fodder meadow plants. Not. Bot. Horti Agrobot. Cluj-
Napoca 45 (1): 255-261. hitps://dx.doi.org/10.15835/
nbha45110727

Batish D.R., Tung P., Singh H.P., Kohli R.K. 2002.
Phytotoxicity of sunflower residues against
some summer season crops. J. Agron. Crop
Sci. 188: 19-24. https://dx.doi.org/10.1046/j.1439-
037x.2002.00526.x

Bogatek R., Gniazdowska A., Zakrzewska W.,
Oracz K., Gawronski S.W. 2006. Allelopathic
effects of sunflower extracts on mustard seed
germination and seedling growth. Biol. Plant. 50 (1):
156—158. https://dx.doi.org/10.1007/s10535-005-0094-6

Burgos N.R., Talbert R.E., Kim K.S., Kuk Y.l. 2004.
Growth inhibition and root ultrastructure of cucumber
seedlings exposed to allelochemicals from rye
(Secale cereale).J. Chem. Ecol. 30: 671-689. https:/
dx.doi.org/10.1023/B:JOEC.0000018637.94002.ba

Gniazdowska A., Oracz K., Bogatek R. 2004.
Allelopatia — nowe interpretacje oddziatywan
pomiedzy roslinami. Kosmos — Problemy Nauk
Biologicznych 53 (2/263): 207—-217. (In Polish)

GniazdowskaA., Oracz K., Bogatek R.2007. Phytotoxic
effects of sunflower (Helianthus annuus L.) leaf
extracts on germinating mustard (Sinapis alba L.)
seeds. Allelopathy J. 19 (1): 215-226.

Inderjit, Duke S.0. 2003. Ecophysiological aspects of
allelopathy. Planta 217 (4): 529-539. https://dx.doi.
org/10.10077/s00425-003-1054-z

Kasperczyk M., Szewczyk W. 2007. Dynamika
plonowania tgk w zaleznosci od sumy opaddéw
atmosferycznych i rodzaju nawozenia. Acta
Agrophysica 9 (2): 371-378. (In Polish)

Kato-Noguchi H.,InoT., Sata N.,Yamamura S.2002. Isolation
and identification of a potent allelopathic substance in rice
root exudates. Physiol. Plant. 115: 401—405. https://dx.doi.
0rg/10.1034/j.1399-3054.2002.1150310.x

Khalid S.,AhmadT., Shad R.A.2002. Use of allelopathy
in agriculture. Asian J. Plant Sci. 1 (3): 292—-297.

Leather G.R. 1983. Sunflower (Helianthus annus) is
allelopathic to weeds. Weed Sci. 31 (11): 37-41.

Lipinska H. 2006. Allelopatyczne dziatanie wybranych
gatunkéw traw na kietkowanie nasion Phleum
pratense w zaleznosci od ich zageszczenia. Acta
Agrobot. 59 (2): 17-28. (In Polish)

Macias F.A.,LopezA.,Verela R.M.,Torres A., Molinillo J.M.G.
2002. Bioactive terpenoids from sunflower leaves cv.
Peredovic. Phytochemistry 61: 687—692. https://dx.doi.
0rg/10.1016/S0031-9422(02)00370-9

Mozdzen K., Oliwa J. 2015. The morphological
changes of Phaseolus vulgaris L. exposed to the
aqueous extracts of the leaves of Juglans regia L.
Mod. Phytomorphol. 7: 81-86.

Mozdzen K., Oliwa J., Migdatek G., Radlinska J.,
Rut G., Rzepka A. 2016. Morphological and
physiological changes in Sinapis alba cv. Barka
treated with aqueous extracts from the roots of
Helianthus annuus L. In: Grzesiak M., Rzepka A.,
Hura T., Grzesiak S. (eds), Plant functioning under
environmental stress: 47-56. The F. Gorski Institute
of Plant Physiology PAS, Cracow.

Mozdzen K., Repka P. 2014. Allelopathic influence of
aqueous extracts from the leaves Morus alba L. on seed
germination and seedling growth of Cucumis sativus L.
and Sinapis alba L. Mod. Phytomorphol. 5: 93-99.
https://dx.doi.org/10.5281/zenodo.161010

Ohno T., Doolan K.L. 2001. Effects of red clover
decomposition on phytotoxicity to wild mustard
seedling growth. Appl. Soil Ecol. 16: 187—-191. https://
dx.doi.org/10.1016/S0929-1393(00)00113-X

Oliwa J., Mozdzen K., Skoczowski A. 2016.
Allelopatyczne oddziatywanie wodnych ekstraktow z
ktoséwki wetnistej (Holcus lanatus L.) na kietkowanie
i poczatkowy wzrost zycicy wielokwiatowej (Lolium
multiflorum Lam. cv Mitos). In: Synowiec A.,
Parkitna K.  (red.), Wiedza i technologia
motorem gospodarki: nauki przyrodnicze, Sciste i
weterynaryjne: 123—-135. Omnibuss, Czestochowa.
(In Polish)

Modern Phytomorphology 11, 2017



The influence of Helianthus annuus alcoholic extract on Sinapis alba | 97

Puta J., Barabasz-Krasny B., Mozdzen K., Sottys-
Lelek A., Lepiarczyk A. 2016. Effect of aqueous
extracts of sticky willy (Galium aparine L.) on the
growth of seedlings of selected maize varieties
(Zea mays L.). Not. Bot. Horti Agrobot. Cluj-Napoca

44 (2): 518-524. https://dx.doi.org/10.15835/
nbha44210475
Siegien I, Trocka A., Bosa K., Bogatek R,

Gniazdowska A. 2008. Potencjat allelopatyczny
stonecznika. Postepy Nauk Rolniczych 336: 55—71
(In Polish)

Skrzypek E., Repka P., Stachurska-Swakon A.,
Barabasz-Krasny B., Mozdzen K. 2015.
Allelopathic effect of aqueous extracts from the
leaves of peppermint (Mentha x piperita L.) on
selected physiological processes of common
sunflower (Helianthus annuus L.). Not. Bot. Horti
Agrobot. Cluj-Napoca 43 (2): 335-342. https://
dx.doi.org/10.15835/nbha43210034

Modern Phytomorphology 11, 2017

Skrzypek E., Repka P., Stachurska-Swakon A.,
Barabasz-Krasny B., Mozdzen K. 2016. Seedlings
growth of common sunflower under influence of
peppermint extract. Mod. Phytomorphol. 9: 69-73.
https://dx.doi.org/10.5281/zenodo.159695

Spring O., Ulrich R., Macias F.A. 1992. Sesquiterpens
from noncapitate glandular trichomes of Helianthus
annus. Phytochem. 31: 1541-1544. https://dx.doi.
0rg/10.1016/0031-9422(92)83102-5

Steiner A.A. 1961. A universal method for preparing
nutrient solutions of a certain desired composition.
Plant Soil 15 (2): 134—154. https://dx.doi.org/10.1007/
BF01347224

Wilson R.E., Rice E.L. 1968. Allelopathy as expressed
by Helianthus annuus and its role in old field
succession. Bull. Torrey Bot. Club 95 (5): 432—448.
https://dx.doi.org/10.2307/2483475






ISSN 2226-3063 e-ISSN 2227-9555
Modern Phytomorphology 11: 99-104, 2017

doi: 10.5281/zenodo.1039717

PhytnmmEHEPnugw ‘ *

Influence of different concentrations of jasmonic acid
on in vitro development of Catasetum fimbriatum Lindl.
(Orchidaceae)

CORRESPONDENCE

Juliana Antunes Silva Maia, Cristiano Pedroso-de-Moraes *

Botany and Environment Laboratory, Herminio Ometto University Center — Uniararas, Maximilano Baruto Av. 500,
Jardim Universitario, 13600-000 Araras, Sdo Paulo, Brazil; * pedroso @ uniararas.br

Received: 21.05.2017 | Accepted: 23.07.2017 | Published: 31.10.2017

Abstract

In vitro seeding constitutes an indispensable tool for propagation of the main commercial
species of orchids. This study aimed to analyze the in vitro development of Catasetum
fimbriatum under different concentrations of jasmonic acid in Murashige & Skoog culture
medium compound of ¥2 macronutrients. After 180 days of cultivation, concentration of 0.25
and 0.50 pL . L' caused a significantincrease in number of roots and leaves. The concentration
of 1.00 pL . L' showed the best result for the length of longest root and largest leaf, the total
length of seedling, and the total fresh and dry masses. Nevertheless, the use of this plant
regulator on in vitro culture media still requires further investigations to determine the optimal
concentration in order to obtain desirable phytotechnical characteristics in different orchid
species.

Keywords: Catasetum fimbriatum, jasmonic acid, plant regulator, in vitro propagation

Introduction et al. 2012). These deciduous, sympodially

growing orchids have well developed pseudo-

Including 7 genera that inhabit tropical regions of
the Americas, Catasetinae Lindl. (Orchidaceae)
spreads from sea level to locations with more
than 1,000 m of altitude (Hoehne 1949; Romero
1990; Pridgeon et al. 2009; Pedroso-de-Moraes

bulbs, related to the storage of water during
periods of drought (Dodson 1975; Moraes &
Almeida 2004 ). The representatives of the subtribe
occur in treetops or on the litter, from where their
fleshy roots absorb nutrients (Hoehne 1938).

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/) freely available on https://phytomorphology.org/ .
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The main Brazilian genus, under intense
extractivism, for having species of high
commercial value, is Catasetum Rich. ex
Kunth (Joly 1998; Pedroso-de-Moraes et al.
2007). It presents plants with extensive eco-
morpho-phisiological specializations related
to cross fertilization (Zimmerman 1991;
Moraes & Almeida 2004 ). In particular, sexual
trimorphism described for flowers of subgenus
Orthocatasetum Mansf. (Hoehne 1938) drew
attention of many orchidologists (Moraes &
Almeida 2004).

The genus Catasetum is composed of
about 300 species, which can present diclinic
masculine, feminine and monoclinic flowers;
such floral typologies can coexist even on the
same floral rachis (Hoehne 1938; Zimmerman
1991; Bicalho & Barros 1998; Pridgeon et al.
2009). This fact gave rise to controversies
regarding its adaptive derivational status
(Zimmerman 1991; Moraes & Almeida 2004).

Catasetum fimbriatum Lindl. is a monoic
species that show male and female diclinic
flowers quite different morphologically from
each other, as well as incomplete monoclines
(Pedroso-de-Moraes 2002) are frequently
visited by bumble bees (Euglossa sp.), which
pollinate them (Cardoso 2014). The male
inflorescences are more frequent, longer,
with 10-15 flowers of 7-9 cm diameter, with
durability between 15-30 days after anthesis,
colored from green to yellow (Cardoso 2014).
It has fleshy roots related to the fixation and
absorption of decaying organic matter, as well
as thin secondary roots related to aeration of
the root system (Pedroso-de-Moraes 2002).
Pseudobulbs have an average length of 12-
27 cm and a diameter of 6-13 cm. Leaves
usually light green and pleated, 30-36 cm of
length in average (Pedroso-de-Moraes 2002;
Cardoso 2014).

Catasetum  orchids are  considered
ornamental plants of great prominence in
orchid culture, mainly due to the exoticism of
their flowers, being used as potted plants. In
addition, the high valuation on the market is due
to slow metabolism of the majority of orchids,
resulting the lower rates of conventional
vegetative propagation and higher expenses for

cultural treatment (Pedroso-de-Moraes 2000).
Therefore in vitro propagation, whether by
sowing or regenerating tissues, is actively applied
to increase the production of seedlings of high
genetic quality and reduction of production
costs (Stancato et al. 2001).

There are no specific culture media suitable
forparticular orchid’s taxa. Itis difficult to explain
why in certain combinations of components of
environment and culture conditions one results
are successful, whereas others — not (Ventura
et al. 2002). This question is even more
ambiguous when analyzing data on the use of
different concentrations of recently discovered
phytohormones and plant regulators, such as
jasmonic acid (JA).

For  jasmonates, in  relation to
morphophysiology, both  promoter and
inhibitory effects are reported on representatives
of different plant groups. A number of studies
were carried out to investigate its role on the
regulation of several physiological processes,
such as: senescence (Parthier 1990),
accumulation of storage proteins (Staswick
1992), development of embryos (Wilen
et al. 1991) and biosynthesis of secondary
metabolites (Facchini ef al. 1996). Such
mechanisms of action are result of alterations in
gene expression (Reinboth et al. 1994).

Exogenous application of JA promotes
senescence, petiole abscission, root formation,
coiledtendrils, ethyleneand B-carotene synthesis
(Staswick 1992). In addition to the promoter
effects, this plant growth regulator can inhibit
seed germination, and inhibit or stimulate callus
growth, root growth, chlorophyll production
and pollen grain germination relating from
applied concentrations (Parthier 1990; Vick &
Zimmerman 1986).

In relation to the in vitro culture, the
influence of different concentrations of JA on
the development of post-germination plantlets
of C. fimbriatum is unknown. Since, the aim
of this work was to evaluate the seedling
development of C. fimbriatum in MS medium
(Murashige & Skoog 1962) influenced by
different concentrations of JA after 180 days of
in vitro culture.
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Material and methods

Seeds were obtained from mature plants
(9 months of development) after artificial
cross fertilization and were provided by the
Pedroso-de-Moraes Orchidarium (Santa Cruz
das Palmeiras, SP, Brazil).

For in vitro seeding, MS media (Murashige
& Skoog 1962) were composed of half of the
macronutrient concentration, supplemented
with 0,025, 0.5 and 1.0 uL + L''of JA, 1 gL of
activated carbon and 30 gL of sucrose, with
5.8 pH adjusted before the addition of 7 gL
of agar. Then, S0 ml of each culture medium
containing the different JA concentrations were
poured into four 250 ml sterilized flasks and
autoclaved at 121°C and 1 atm pressure for 20
minutes (Arditti & Ernst 1992).

For disinfestation, seeds were agitated in
the solution of 5% sodium hypochlorite for
five minutes in centrifuge tubes. Tubes later
were immersed in 70% alcohol and taken to
the laminar flow chamber, where the seeds
were washed four times with distilled water and
deposited in the flasks containing the culture
media (Pedroso-de-Moraes et al. 2009).

Four flasks were seeded by treatments
with 1 g of inoculated seeds per container. The
seeded flasks were sealed with a transparent
or metallic plastic cap and maintained for 180
days in a climatic chamber (BOD MA 403)
at constant temperature of 25°C, under a
photoperiod of 12 hours and light intensity of
cca. 116 ymole m?+ s (Dezan et al. 2012).

The following biometric phytotechnical
characters were evaluated: number of roots
(NR), number of leaves (NL), total length of
seedling (LS), length of the largest root (LR),
length of the largest leaf (LL), total fresh mass
(FM) and total dry mass (DM). Total dry mass
was calculated after drying of the material at
65°C until reaching the constant dry mass
(Dezanet al.2012).

The results were processed through
polynomial  regression  analysis  using
BioEstat 5.3 (Ayres et al. 2007). In order
to select the regression model that best fits
the obtained data, we considered the non-
significance of regression deviation, the degree
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of significance present for the highest order
model, and finally the value of the coeflicient of
determination (R?) (Fernandes et al. 2012).

Results and discussion

Number of roots wunder all applied
concentrations was higher than in control
group of C. fimbriatum (Fig. 1 A). In general,
it confirms assertion that the exogenous
application of JA increases the rhizogenesis
(Staswick 1992). In case of C. fimbriatum,the
addition of 0.25 pL«L" of JA to the culture
medium showed the best result for NR in
comparison to other concentrations. However,
it also was shown that increasing concentration
of JA determines the decrease of the number
of roots for Cattlianthe Jewel Box (Borin
et al. 2015).

Application of 0.25 and 0.50 pL.L"
concentrations of JA resulted in increasing
number of leaves (Fig. 1 A). Application of
0.50 pL « L' of JA showed the highest influence
on foliar genesis. However, decrease in leaf
formation occurred with the use of 1.00 yL « L™
of the plant regulator, indicating a phytotoxic
effect. For Cattlianthe Jewel Box, the addition
of 025 pL«L" of JA to the culture medium
had no statistically significant influence on the
number of leaves. For this hybrid, the increase
in concentrations in the culture media (from
0.50 uL « L to 1.00 pL « L!) resulted in decrease
of NL (Borin et al. 2015) and foliar senescence.
In case of Phalaenopsis Blume, addition of
0.25 pL«L" of JA promoted the number of
leaves, while further increase of concentrations
decreased it (Hsu 2003).

Our findings regarding NR and NL
stimulation by JA are in agreement with those
obtained for Zea mays L. (Vick & Zimmerman
1986). However in other plant groups,
the application of JA caused inhibition of
rhizogenesis and decreased number of leaves
(Staswick 1992).

Application of 0.25 puL+L™" concentration
of JA showed the weakest result in LR and LS
in comparison to control (Fig. 1 B). However,
there was an increase in LR and, consequently,
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Fig. 1. Polynomial correlation of biometric variables of Catasetum fimbriatum seedlings: NR — number of roots;

NL — number of leaves, LR — length of largest root; LL — length of largest leaf;
FM — fresh mass; DM — dry mass.

LS — total length of seedlings;
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of LS with the increasing concentrations of JA;
application of 1.00 yL« L™ of JA demonstrated
the highest results of LR and LS. In case of LL,
all applied concentrations were effective, with
the concentration of 1.00 uL « L' presenting the
best result (Fig. 1 B). Such outcomes contradict
to findings reported for Cattlianthe Jewel Box,
for which the concentration of 0.25 pL.L"
was the most effective for LR, LL and LS, with
increasing concentration generating the worse
results (Borin et al. 2015). Regarding LL, our
results corroborate the observations recorded
for Allium cepa L., Phaseolus coccineus L. (50 uM)
and Zea mays (0.1, 10 and 100 pM), with
highest concentrations increasing the length
of leaves (Parthier 1990; Maksymiec & Krupa
2007). From other side, for the Phalaenopsis the
lowest concentration of JA (25 uM) promoted
the highest increase in leaf length (Hsu 2003).

Regarding the FM variable, application
of 025 pL+L" concentration of JA added
demonstrated the inhibitory effect. However,
increasing concentration of the plant regulator
promoted FM, where application of 1.00 uL « L™
of JA was the most effective (Fig. 1 C). This
confirms results obtained for soybean, when
the increase of JA concentrations resulted in
increased fresh mass of seedlings (Koda 1992).
These findings also confirms that JA has a
positive effect on the cellular water balance,
promoting smaller reductions in contained
water contents, and promoting greater tissue
turgidity (Koda 1992; Maksymiec & Krupa
2007; Kerbauy 2008).

Similarly, our studies showed that
the increase in JA concentration (mainly
1.00 pL+L") in the culture media promoted
an increase in the dry mass of seedlings,
(Fig. 1 C). It was also shown that application
of JA, pure or fermented by Botryosphaeria
rhodina (Berk. & M.A. Curtis) Arx, promotes
significant increases in the dry mass of floral
buds and fruits of Capsicum frutescens L. and
Physalis angulata L., up to the highest (1.00 uM)
treated concentration (Linares et al. 2010).
The increase in dry mass induced by JA can be
explained by increasing gene expression related
to photosynthetic processes and carbohydrate
assimilation (Parthier 1990; Koda 1992).
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Conclusions

Based on the results of this study it is evident
that: a) the concentration of JA of 0.25 pL«L"
and 0.50 pL «L" showed a significant increase
for number of roots and number of leaves
respectively; b) application of 1.00 pL.L
of JA was the most effective for increasing
in length of the largest root, length of the
largest leaf, length of seedlings, as well as for
fresh and dry mass; c) the use of JA as a plant
growth regulator for in vitro cultivation still
requires further investigation to determine the
concentration to be applied by producers, with
the aim of obtaining a higher number of desired
phytotechnical characteristics in different
species of orchids.
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Abstract

Symphyotrichum pilosum var. pilosum from Asteraceae family was collected from Eredli
region (Zonguldak province, NW Turkey) in 2016 and is reported here for Turkey for the first
time. It is naturalized alien plant for Turkey. The description and photos of collected plants,
as well as distribution map and new key for the genus Symphyotrichum in flora of Turkey are
provided here.

Keywords: Symphyotrichum pilosum, Asteraceae, new record, alien plant, Turkey

A.Love &D.LoveandS. squamatum (Spreng.)
G.L.Nesom (Davis 1965-1985).

Introduction

The genus Symphyotrichum that belongs to
Asteraceae family is mostly composed of

perennial and herbaceous plants. There are
about 100 species belonging to this genus in
the world, most of which are distributed in
the North, Central and South Americas. Some
Symphyotrichum species occur in Europe as
invasive plants (Tutin ef al. 1976; Kubitzki 2007;
Mohlenbrock 2015). In Turkey, there are known
two species of Symphyotrichum — S. laeve (L.)

Material and methods

During the floristic investigations in and around
Eregli district of Zonguldak province in Turkey,
plant samples belonging to Symphyotrichum
pilosum var. pilosum (Willd.) G.L. Nesom
were collected in August — September 2016.
Herbarium specimens of S. pilosum var.

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/) freely available on https://phytomorphology.org/ .
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pilosum, as well as specimens of S. laeve and
S. squamatum (E00531253!, E00531250!,
E00249092! and E00563223!) were used for
comparative investigation and then they were
deposited in the Herbarium of the Faculty of
Forestry at the University of Diizce (DUOF).

The collected samples were checked
according to the “Flora of Turkey” and its
supplements as well as according to “A checklist
of the Flora of Turkey (Vascular plants)”
but they were not determined (Davis 1965
1985; Giiner et al. 2000, 2012). After it was
recognized that the collected samples belong
to the Symphyotrichum genus, with the detailed
review of literature it was determined that this
is a new taxon for flora of Turkey S. pilosum
var. pilosum originated from North America
(Mohlenbrock 2015).

Morphological descriptions of the species
in this paper are based on literature (Tutin ef al.
1976; Davis 1988; Kubitzki 2007; Mohlenbrock
2015) and supplemented with observations of
the collected plants. The nomenclature has been
checked with Euro+Med Plant Base (Greuter
2006-2017). Distribution of the studied taxon
within the territory of Turkey was mapped in a
Davis grid system accepted in “Flora of Turkey”.
Data on the abundance of species, condition of
the populations and characteristics of S. pilosum
var. pilosum habitats in Turkey are provided on
the base of field observations.

Results and discussion
The new taxon of Symphyotrichum is recorded

for Turkey and considering that fact, it is
necessary to present a new key for identification.

1. Annual or biennial plants ....... S. squamatum
1*. Perennial plants .........cceceveevecuecrececrncenenns 2

2. Lots of cauline leaves more than 1 cm wide,
leaves glaucous above .........cncvvcrinrnnne. S. laeve

2*. Lots of cauline leaves not more than 1 cm
wide, stem and leaves pubescent ...... S. pilosum
var. pilosum

Symphyotrichum pilosum (Willd.) G.L. Nesom
var. pilosum, Phytologia 77: 289. 1995. (Fig. 1).

Basionym: Aster pilosus Willd.

Description: Hemicryptophyte, characterized
by rapid growth and formation of a strong
taproot. Stem from 1 to several, erect or oblique;
branches near to base, sparsely to densely
hirsute; 100-180 cm tall. Leaves with ciliate
margins, pilose, from linear to linear-lanceolate,
6-9 cm long, 2.8 cm wide; basal leaves absent
in flowering time. Main inflorescence is open
panicle with ascending to spreading branches
gathering 40 or more heads; involucral bracts
linear to subulate, involucres 3-5 mm long and
3-4 mm wide. Phillaries in 4 or § series unequal,
green apex innolled at the margin. Ligules white,
often becoming purplish, 1.4 mm wide. Pappus
white 3-4 mm (Mohlenbrock 2015).

Distribution in Turkey (Figs 2 & 3): Turkey
(Western Black Sea Region): A3-Zonguldak,
Eregli district at elevation of 10-150 (200) m,
at a roadside, field side and abandoned fields,
29.VIL.2016, B. Tungkol 4400 & H. Yasayacak
(DUOF 7023).

Symphyotrichum pilosum var. pilosum has
been recorded in ruderal habitats, in out parts
of main road. It is quite widespread on southern
slopes in Eregli in lengthwise areas of about 10—
200 m elevation. The species is a constituent of
the ruderal vegetation of Rubus sanctus Schreb.,
where it is an almost dominant. There are three
populations of S. pilosum var. pilosum in Eregli
district (Fig. 3) separated by short interruptions
with about 30-40 individuals in each.
Individuals of all stages of development, from
early vegetative, flowering, and up to late stage of
fructification were recorded. Besides S. pilosum
var. pilosum, following taxa were recorded in that
habitats: Rubus sanctus, Artemisia vulgaris L.,
Solanum nigrum L., Clinopodium nepeta Kuntze
subsp. glandulosum (Req.) Govaerts and Lactuca
serriola L.

Symphyotrichum pilosum var. pilosum is
native to the eastern part of North America and
several southern provinces of Canada. However,
it is anthropogenically spread to almost all
parts of North America (Chmielewski &
Semple 2001). As a naturalized species, it was
recorded in India, where it inhabits ruderal
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Fig. 1. General appearance of Symphyotrichum pilosum var. pilosum: A — habitus; B — inflorescence; C — capitula,
D - stem, E — basal leaves (DUOF 7023).

Modern Phytomorphology 11, 2017




108 | Tunckol B. et al.

7 8 9 10

ﬁ_

<.

f
s

LY

A O
c %;ﬁéfb% fﬁ’

[Ny
L]
T

O,

J—S -] 100 200
e e —
7 km

Fig. 2. Distribution of Symphyotrichum in Turkey: m — S. pilosum var. pilosum; @ — S. laeve (Davis 1988; Guner et al.

2012); A — S. squamatum (Davis 1988; Guner et al. 2012).

‘Kandilli

Fig. 3. Distribution of Symphyotrichum in Eregli district.

areas along the roadsides (Kaul 1975). It was
also recently reported as naturalized neophyte
for flora of Piemonte in Italy (Conti et al. 2005;
Celesti-Grapow ef al. 2010). In Europe, this
species occurs in different habitats, mostly in
agricultural and ruderal, along the coastline,
at roadsides, in vine yards, gardens, city parks,
on meadows, orchards, trash dumps and roads
embankments.

In the study on the weed distribution in
Zonguldak conducted by Cimalova (2012),

S. pilosum var. pilosum is not mentioned.
However Cimalova (2012) noticed that there
are 69 other taxa belonging to 24 families,
and Asteraceae is one of the most represented
families (10.14 %).

Interruption of nature, urbanization and
climate changes cause the deterioration of the
natural vegetation and spread of alien plant
species. In the last checklist of alien flora of
Turkey with a taxonomic composition and
ecological attributes, two other Symphyotrichum
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species (S. laeve and S. squamatum) are
mentioned as naturalized (Uludag et al. 2017).
Hence, S. pilosum var. pilosum is a new alien
taxon reported here, which also seems to be
naturalized in Turkey. This new finding seems
not to be the last, and a lot of new observations
can be made there. According to Aksoy (2014),
up to 242 alien taxa are represented in the
flora of Turkey. However, in later investigation
of Uludag et al. (2017) already 340 alien taxa
were mentioned for Turkey. This shows the
importance of local and regional investigations
of flora for the new records of alien taxa and
further monitoring of their populations.

There are many studies on flora and
vegetation conducted in Turkey, but the number
of alien plants in Turkey is constantly increasing.
These species start their spreading mostly in
disturbed and unnatural areas, and then they
invade the natural sites. Thus, there should be
detailed studies about how these alien species
come, which areas they occupy, how they
compete and how interract with a native flora.
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Abstract

The effect of UV-B radiation on the growth and development of pea plants was studied. Pea
is a self-pollinating plant with unlimited branching and short vegetative period. The number
of flowers and pods per plant is limited by the conditions of vegetation. It is established that
after irradiation of seedlings in doses from 2 to 15 kd/m? shoot growth decreased. Dose of
2 kJ/m2 inhibited growth, dry mass accumulation of shoots, formation of flowers and pods.
The dose of 4 kJ/m? activated increasing quantity of flowers and pods. Further increasing the
dose of UV-B irradiation suppressed growth and development of pea plants. UV-B irradiation
in a wide range of doses caused growth inhibition of pea plants. Pea plants are convenient
object for investigation of UV-B radiation effects.

Keywords: Pisum sativum, ultraviolet stress, growth, flower, pods

BcTyn

YabTpadioreToBa  papianis Sk YacTHHA
CIIEKTPY COHSAYHOIO OIIPOMIiHEHHS AOCSIaE
HOBEpXHi 3eMAi, TOMy HaA€XHTb AO BaXKAMBUX
YUHHYKIB HABKOAHIIHBOTO CepPEeAOBHINA, IO
BIIABAIOTh HA PO3BHTOK Ta IIPOAYKTHBHICTD
IPOAOBOABYMX KYABTYP. PiBeHb yavrpadiosery
B IIPHUPOAHHX YMOBaX KOAMBAETBCA B MeXaxX

Bip 0 po 12 xAx/m? (Kakani et al. 2003).
Y nomipHux muporax piserp Y®-B pocsrae
4 xAx/M2 6ias mOBepxHi IPYHTY. 3pOCTaHHS
PiBHS yABTpadioreTy 06YMOBAEHE 3MeHIIeHHM
BMICTy O30HY B armocdepi, ske CIpHYMHEHe
AHTPOIIOTEHHOIO aKTHBHICTIO, 30KpeMa
36iAbIIEHHAM KOHIJEHTPAL{i CHOAYK XAODY,
MeTHAOPOMIiAY, XAOPOPAIOOPOKAPOOHY, OKCUAY
a3oTy y moBirpi. AeHHuil mik yaprpadiorery

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/) freely available on https://phytomorphology.org/ .



112 | ZhukV.etal.

CIBIIAAAE 3 MAKCUMYMOM  TeMIlepaTypH
IOBITPsL y Iepioa BereTarii Ta ¢popMyBaHHAM
PENPOAYKTUBHHMX OpraHiB OIABIIOCTI POCAMH.
BuBueHHs BIAMBY XpOHIYHOTO OIPOMiHEHHS
YO-B Ha pocAMHM TIOpOXy  AO3BOAHAO
BCTAaHOBUTH, 1[0 BOHO CIIPHYMHSIAO 3MEHIIEeHHS
AOBXKVHH Ta KIABKOCTi CTebeA, TIOBepXHi AUCTKA
(Mepsted et al. 1996; Gonzalez et al. 1998).
ITokxazano, mo aigs YO®-B 3paTHa BUKAMKATH
3MiHM Y MOpdoAorii ByCiB pOCAMH TOpPOXY, IO
IPOIIOHYIOTh BUKOPUCTOBYBAaTH SIK KpHUTepiH
ars ajarsoctuku  (Brosche & Strid 2000).
AXTYaABHICTD AOCAIAXKeHD Ail yAbTpadioaeTy
Ha IIPOAOBOABYI KYABTYpH OOYMOBAEHA FOTO
3AQTHICTIO  iHTiOyBaTH  picT, HApPOCTaHHI
6iomacu, smenmysaru Bpoxait (Choudhary &
Agrawal 2014).

Hamu nmokasaHo, o BUCOKOTeMIIepaTypHUI
CTpeC  CIPUYMHAB  TAaCiHHA  IPUPOAHOIL
dayopecueniii =~ HAaTMBHHMX  XAODOIIAACTiB
(Musienko et al. 2014). Taummu AocAiAHEKaMU
BUSBAGHO, IO BMPOINYBAaHHA TOPOXy 3a Ail
BHCOKOI Temmeparypu Ta Y®-B crnpuummaso
3MeHIIIeHHs HaKOIIIYeHHsI 6ioMacH, ra3000MiHYy,
dayopectiennii  xaopodisy,  YUIKOAKeHHS
KOMIIOHEHTIB dorocucrem, 30KpeMa
IIAACTOXIiHOHY, 3POCTaHHS TeHepalil aKTHBHUX
$opm kucuro (Martel & Quaderi 2016; Hayes
et al. 2017). BcTaHOBA€HO, MO B MPHPOAHHX
yMOBaX BHUPOIIYBaHHSA KYAbTYPHMX POCAMH
3a All a0iOTMYHMX YMHHUKIB HaBKOAHIIHBOTO
cepeAOBHUIIA BiAOyBaAach AeCTPYKIlis
IiIrMEeHTHOTO KOMIIAGKCY Ta XAOPOIAACTIB Yy
AUCTKiB, IO OyAO iAeHTH(IKOBAaHO TakoX i
3a IHTEHCHMBHICTIO QAyopecrieHIii iHTaKTHUX
KaiTHH Mesogiay mmennni (Singh ef al. 2011;
Zhuk & Musyenko 2012, 2013).

IlpoBepeHi HaMu paHime AOCAIAXKEHHS
AO3BOAMAM BCTaHOBHUTH, IO OINpPOMiHEHHS
pocAMH TOpOXy He3HauHMMH Ao3amu YP-C
CIIPUYMHAAO  TOPME3UCHUH  edekT,  SKui
IPOSBAABCS Y CTUMYASIIl 3aXMCHHUX CHCTeM,
MABMIEHHI ~ aKTUBHOCTI ~ aHTHOKCHUAAHTHHX
$epmeHTiB, crabiaisari IirMeHTHOIO
KOMIIAEKCY ~KAITHH AMCTKOBOTO Me30(iay,
o MiABUIIYBAAO CTiHMKiCTb AO IIOBTOPHOI Ail
yabTpadioaery y inribyrounx aosax (Mikheyev
et al. 2016). BiAKpHUTTS y POCAMHHHUX KAITHHAX
aKrjenTopa curHasy aag YO-B — cmenudivaoro

dotopenenropaUV Resistance Locus8 (UVRS)
— CTHMYAIOBAAO AOCAIAXKEHHSA (OpPMYBaHHA
BIATIOBiAl  POCAMHHOI  KAITMHM Ha  IeH
cTpecoBuit unnHuK cepeposuma ( Jenkins 2009;
Vanhaelewyn et al. 2016; Ferreyra et al. 2016).
Opnax BuBueHHs BrmauBy Y®-B Ha pocammm
rOpoxy BiAOyBaAOCh B YMOBaX HOIO XPOHIYHOI
Al 3 BUKOPHCTaHHSAM He OiAbllle OAHIEI-ABOX
H0ro A03 Ta IepeBakHO 3aBepUIyBaAHCh 33A0OBIO
AO 3aKiHYeHHS BereTal[ifHOrO IepioAy (Kakani
et al. 2004). OcraHHiM 4Yacom iHTepec A0
AocaipxeHHS Afl rocTporo YO-B ompomineHHs
HAa POCAMHY [TOCUAUBCS Y 3B'I3KY 3 ITi ABHIIIEHHSIM
IHTEHCUBHOCTI COHSYHOI paiallil y ITOAyAEHHI
roaunn (Yoon et al. 2017). Topox HaAeKUTb AO
3py4HHX OO'€KTiB AAS AOcAipkeHHS All YO-B
3aBASIKM MOTO HETPHMBAAOMY BereTalliitHOMY
[epioAy, BHCOKIH YyTAMBOCTI A0 abioTHuHHX
CTpeciB, CaMO3aNMUAeHHIO KBiToK. MeToro Hamoi
poboru 6yao BuBueHHs All rocrporo Y®-B
ONPOMiHEHHS y IIMPOKOMY Aialla30OHi AO3 Ha
picT, pO3BUTOK Ta IPOAYKTHBHICTb POCAMH
rOpOXy IPOTArOM OHTOT€He3y.

Matepianu i meToamn aocnigpkeHb

Pocaunu ropoxy (Pisum sativum L.) copry
ApoHic BHpOIIyBaAuM B yMOBaX BereTalliitHOro
AOCAIAY Y TOCYAMHAX MICTKiCTIO 3 KT IPYHTOBOI
CyMillli, SKa MiCTHAAQ ABI YaCTHHH AEPHOBO-
MA3OAUCTOTO  IPYHTY 1 OAHY  YacTHHY
nepairy. B mepiop pocTy pocauH Bip CXOAIB
AO AO3piBaHHA INATPUMYBAAH TeMIEPaTypy
nosirps  +20-22°C. YV xoxHit mocyauHi
3HAXOAMAOCH IO 12 pocamH. PexxuM ocBiTA€HHS
CKAAAQB 8 TroA. TeMHOTH 1 16 TOA. cBiTAa
inrencuBHicTIO 2,2 KAX. OIpOMiHEHHS pOCAUH
mpoBoauAn depes3 10 ai6 micas mociBy i 8 Ai6
Bip MOSIBY CXOAIB. ¥ Iiefl lepiop pOCAMHM MaAu
Tpu CPOPMOBaHI APYCU AUCTKIB i 3HAXOAUAMCH
Yy BereTaTuBHil ¢as3i poCTy Ta PO3BUTKY.
Axepeaom  YO-B-punpominioBanHs — OyAn
sammu Philips Special fluorescent lamp 35 W.
IToryxnicTs ompominenHs Y®-B ckaapana
6,0 Br/M’ Ha piBHI BepXHIX AMCTKiB, AO3H — 2,
4, 8 1 15 xAx/M’. Obpani A03M OIpOMiHeHHs
IPOSIBASIFOTD  AIIO  Bip, crabkoi A0 cTabiabHO
iHribyr040i, siKa, OAHAK, He CIIPUYMHSIE 3arubeAi

Modern Phytomorphology 11, 2017
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Puc. 1. Bnnve Y®-B Ha picT naroHiB ropoxy.

Fig. 1. Effect of UV-B on growth of pea shoots.

pocaus. IToBropHicTb pAocaiay S-pasosa. Koxni
I'SITh Al6 MicAsT ONMPOMIiHEHHSI BHMIPIOBaAM
AOBXXHMHY YCiX ITarOHiB Y KOXKHil IIOCYAUHI, ITiCASL
AO3piBaHHA BHM3HAYaAM Macy CyXOi PeYOBHHH
OAHI€El POCAMHHU Y KOXHIN IOCypuHi. Y mepiop
LBITIHHSA IApPaXOBYBaAM KiABKiCTb KBIiTOK y
KOXHIM pOCAMHI Ta y Iepiop AO3piBaHHSA —
KiABKiCTD  cTpyukiB. CTaTUCTHYHHM aHaAi3
PEe3yABTATiB AOCAIAXKEHD IIPOBOAMAM Y MPOrpaMi
Microsoft Excel. Ha rpagikax HaBepeHi cepeai
3HAYEHHA i CepeAHbOKBAAPAaTHYHI BiAXMACHHS
Bip Hux. Ha pucyHKax mosHageHoO CTaTHCTHYHO
3HayMMa pisHuIs 3a piBHs 3HaunMocTi P < 0,0S.

PesynbTatu Ta ix o6roBopeHHA

BcranosaeHo, mo onmpoMiHeHHS POCAUH TOPOXY
YO-B y mupokoMy AlamasoHi A03 CIIPHYHHAAO
iHribyBaHHS pOCTy IArOHIB y  AOBXHHY
(Puc. 1). EdexT mposBasIBCs yxe depes I'ATb
A6 micast All YO-B y Bcix p03ax i y mopaAbmomy
IOCHAIOBaBCA. PicT marosis, siki onpoMiHOBaAn
Y®-B, inri6ysascst MOPiBHSIHO 3 KOHTPOABHUMHU
pocannamu mpoTsiroM 30 Aib6 pocaiay.
BumiproBaHHS BICOTH POCAMH HANIPUKIiHIT ix
BereTallii BHABHMAO II IPOTrpecHBHEe 3MEHIIeHHA

Modern Phytomorphology 11, 2017

Day after treatment

3i 36iapmennsam po3u YO-B-npomenis (Puc. 2).
OpaHax Half3HayHiIIe AOCTOBipHe il IPHUTrHiYeHHS
BiA3HAUeHO IIiCASI ONpPOMiHEeHHSA y Ao3ax 8 i
15 xkAx /M2

IuribyBaHHS pOCTy TOpoxy 3a Ail ycix A03
Y®-B mpoMmeHiB CBiAUMTb IPO HOTO BHCOKY
Iy TAMBICTD AO AAHOT'O YMHHKKA HaBKOAUIIHHOTO
cepeAOBHIIA.

BusnaueHHs MacH Cyxoi pedOBMHM POCAMH
rOpOXy MiCAs 3aBepIIeHHs iX BereTallil BUABHAO,
IO BOHA 3MEHINYBAaAAaCh IICAS ONPOMiHEHHS
YO-B y posi 8 kxAx/M?, sKa BiAmOBipae
nipBumenomy mpupopHomy ¢omny (Puc. 3).
ITicas All YO-B y po3ax 2 Ta 4 kAsx/M* cyxa Maca
pocauH 6yaa 6AM3bKA AO Ti€l, sika Bip3HaYeHa y
KOHTPOABHUX POCAHH.

3pocranns  aosu  YO-B  mpomeni Ao
1S xA>x/M* HOPIBHSHO 3 MOIEPEAHBOIO AO30I0
8 K AK/M? MAAO He HACTIABKH iHT16y04Mi1 BIAUB
Ha HAaKOIIMYEeHHS CyXOl MacH IaroHis.

OmnpoMiHeHHSI POCAMH TOPOXY HH3bKOIO
703010 YO-B 2 k Ask/M* AOCTOBIPHO 3MEHIIyBAAO
KiABKiCTD  KBiTOK Ha pocamHax (Puc. 4).
3pocranns A03u YO-B A0 4 K AK/M* CIPHYHHSIAC
36iABIIEHHS YHMCAA KBITOK GIABII HiX BABIYi, IO
MOTAO Oy TH 06YMOBAEHO aKTHBAII€I0 BIAHOBHUX
IIPOLIECIB MiCASI FOCTPOrO ONPOMiHEeHHS.
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Puc. 2. Bnnive Y®-B Ha BUCOTY poCnnH ropoxy nicnA 3akiH4eHHA POCTY. * BKa3ye 3Ha4MMYy Pi3HALIEO B NMOPIBHAHHI

3 KoHTponem 3a P <0,05.

Fig. 2. Effect of UV-B on the height of pea plants at the end of growth. * indicates the level of significance between

control and UV-B treated plants at P <0.05.
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Puc. 3. Bnnvs Y®-B Ha macy cyxoi peqoBMHM NaroHiB ropoxy nicna A03piBaHHA. * BKasye 3Ha4MMy PisHULIO B

MOpiBHAHHI 3 KOHTponem 3a P <0,05.

Fig. 3. Effect of UV-B on dry mass of pea shoots after maturation. * indicates the level of significance between

control and UV-B treated plants at P <0.05.

ITopasbme  36iapmenHs po3u YO-B
MIPOMEHIB BMKAMKAAO 3MEHINEHHS YTBOPEHHS
kBiTOK. HaliMeHIa KiAbKiCTh KBITOK BipMiueHa
micast All ao3u 1S5 xAsx/M% i Gyaa BueTBepo
MEHIIOIO IOPIBHAHO 3 TIi€I0, IO BUABACHA IMiCAS
OIIPOMIHEHHSI POCAUH A03010 4 kAxx/M>. Yncao
3piAMX CTPYUKiB 6on MEHIINM, IOPIiBHAHO AO
KBITOK y 6iabmocTi BapiaHTIB AOCAiAY. Peayxuiis
YacTMHM KBITOK MoOraa Oyra 06yMoOBAeHa
Pi3HNMU IPUYKMHAMH, Y TOMY YHUCAI i Aedinrom
ACUMIASITIB, SIKi HAAXOASITh 3 AUCTKIB.

Harizuaywime 3MeHIIeHHS KIABKOCTI
CTPYUKiB MOPIBHSIHO AO KIABKOCTI KBITOK 0yAO

BiA3HAYE€HO ITiCAS OITPOMIHEHHS POCAMH T'OPOXY
A03010 4 KAK/M?, siKa HEPIAKO CIIOCTepiraeTbes
B yMoBax nomipHoi 3ouu. Hesnayna po3a YO-B
2 kAx/M?, sKa BiAIOBipae IpUpOAHOMY (OHY
Y®-B npomeHiB, CHpHUYHHSAQ IpPUTHiYeHHS
pocTy Ta $opMyBaHHS IeHEpaTUBHMX OpTaHIiB
Y POCAHH TOPOXy, I[O CBiAYUTH IIPO iX BUCOKY
YyTAUBICTb AO AAHOTO YNHHHKA HAaBKOAUIIHBOTO
cepeAOBHIIA. TTopaabiie 36iAbIIEHHS
aosn YO-B npomeniB mpurHigyBaso picr
IIaroHiB, YTBOPEHHS KBITOK i CTpyukiB, aae
POCAMHM 3aAMIIAAUCh 3AATHMMH AO POCTY i
TIAOAOHOIIIEHHSI.

Modern Phytomorphology 11, 2017
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Puc. 4. Bnnus Y®-B onpomiHeHHA Ha KinbKiCTb KBITOK (A) Ta cTpy4kiB (B) y pocnunH ropoxy npotArom seretawi. *
BKa3y€e 3Ha4MMy Pi3HULIO B NOPIBHAHHI 3 kOHTponem 3a P <0,05.

Fig. 4. Effect of UV-B on quantity of flowers (A) and pods (B) of pea plants during vegetation. * indicates the level of
significance between control and UV-B treated plants at P <0.05.

Otxe, iHriOyBaHHA POCTYy Ta PO3BUTKY
POCAUH rOpOXy BIAOYBaAOCE ITiCAS OTIPOMiHEHHSI
HHM3BKMMH i BUCOKHMHE pAo03amu Y D-B mpomenis.
ITopibuuit edext 6yro oTpumano 3a aii YO-B
Ha POCAMHHM KBACOAi Y IOABOBHX YMOBAX, Y SKOI
BiA3HAYeHO IPUTHIYEHH POCTY, 3MiHU Y CKAQAI Ta
BMICTi ITIrMeHTiB, aHTHOKCHUAAHTIB (Singh et al.
2011). TakuM YUHOM, OKpeMi NPEACTABHHKU
0000BHX BUSIBUAM BHCOKY UYTAMBICTD AO
YO-B y mupoxoMy AiamasoHi A03, IO pOOHTDH
MOXXAMBUM X BUKOPMCTAHHS Y SKOCTi Yy TAUBUX
IHAMKATOpiB All yAbTpadioAeTy Ha POCAMHH.
Kpurepiamu aii YO-B ompominenHs MoxyTb
6yTu mporiecH MopdoreHesy, IO AO3BOASIE
OTPHMMATH KiAbKiCHI XapaKTepUCTHKH BiAIIOBial
POCAMH Ha abiOTMYHHI CTPeCOBHH YMHHHK
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HAaBKOAMIIHBOTO cepepoBuIla. BussaeHo, mpo
3MiHM Y pOCTi Ta MOp¢oreHesi poCAMH MiCAS
All YO-B o06ymoBA€HI 3MEHIIEHHSM BMICTY
TOPMOHIB, AKi aKTHUBYIOTb PiCT — ayKCHHIB i
ribepeAiHiB 1 30iAblIeHHSM aOCLU30BOI Ta
CaAIIMAOBOI KHCAOTH, OKCHAY a30TY, €THAEHY
(Vanhaelewyn et al. 2016). Kpurnisoro A03050
Y®-B AAs pOCARH FOPOXy B HAIIIUX AOCAiAQX OyAQ
8 xAx/M? 10 BUSIBHIAQ iHTiOYIOUY Alfo Ha picT,
OioMacy, BpOXKail B iHIIMX AOCAIAKEHHSIX AAS
uiei xyasTypu (Choudhary & Agrawal 2014).
ITomepepAHbO TakKoX Bip3HavaAacs OAHOYACHA
reHepanis OKCHAHOTO CTpecCy, HAaKONHYeHH:
¢$AaBOHOIAIB, CaAIIIMAOBOI KHCAOTH,
30iAbIIeHHST TpaHCIipalili Ta IIPOAMXOBOTO
OIopy,  3MEHIIeHHA  BMIcTy  xaopodiay
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(Martel et al. 2016). Toctpe ompomiHeHHS
YO-B y BHCOKHX AO3aX 3paTHe CIIPUYHHATH
3aIpOrpaMOBaHy 3arubeAb KAITHH, IO MOXe
OyTH OAHI€I0 3 IPHUYMH 3aTPHUMKU POCTY Ta
posButKy y pABoaoabux (Ferreyra ef al. 2016).
IToaaapmme pocaipxenHs All YO-B Ha pocanHn
FOPOXY AO3BOAUTD AOTIOBHHUTH 3HAHHS IIPO LieH
Ba)KAMBHI! CTPECOBHI YMHHHMK HAaBKOAUIIHHOTO
cepeAOBHIIA.

BucHoBKMU

Bcranosaeno, mo aifg rocrporo ompomiHeHHsS
YO®-B Ha pocaMHH TOpPOXy B AO3ax Bip 2
A0 15 xAx/M® imribyBaaa picr pocauH,
$opMyBaHHS KBITOK i CTpYuYKiB, IpHpICT
cyxoi Macu. BusiBAeHO, mo HacAipKOM Ail AO3H
YO-B 2 xAx/M?, sika BIAIIOBIAA€E IIPHPOAHOMY
$oHOBOMY piBHIO yAbTpadioAeTy y HMOMipHUX
MMpPOTAX, OYAO 3MEHINEHHS BHCOTH POCAMH,
YTBOpeHHsI KBiTOK i cTpyukiB. OmpomineHHS
pocamH ropoxy Y®-B posor0 4 xAx/M
BUKAMKAAO TIIOAAABIIE IIPUIHIYEHHS POCTYy Y
BUCOTY, aA€ CTHMYAIOBAAO PO3BHUTOK KBIiTOK
i crpyukiB. Aosa 8 KAx/M® 6yAa HOPOroBOIO
AAst All YO-B Ha ropox. ITopaabiine 30iabeHHs
Ao3u YO-B mocraroBaso npurHiYeHHS pOCTOBUX
IpOleCiB ¥ TAaroHax Tropoxy, ¢(opMyBaHHS
KBiTOK i cTpyuKkiB. OpHak pist Y®-B mpomeris y
HaMOiABIIIi AO31, KA HepeBUITyBaAa IPUPOAHUI
o Maivke y 10 pasis, He ciprduHsIAQ 3arubeai
POCAMH, IO CBIAYMTH PO HEBHUCOKY PYHHIBHY
3AATHICTD AQHOTO KOMIIOHEHTY COHSYHOIO
cBitTAa. PocAMHHM TOpOXy BHSIBUAM BHCOKY
9y TAMBIiCTD A0 YD-B-ompoMiHeHHS y IHIpoKOMy
AlamasoHi A03 i MOXYTb 6yTH BUKOPHCTAHI AASL
TEeCTYBaHHS BIAIIOBiAl Ha AAQHMI KOMIIOHEHT
COHSYHOTO CBiTAQ.
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Abstract

The anatomical properties of leaf, stem, and root of Epidendrum radicans Pav. ex
Lindl., belonging to the subfamily Epidendroideae (Orchidaceae) were investigated for
adaptations to stressed habitats. The anatomical investigation revealed that leaves of
E. radicans have a thick cuticle (3—4 pm) and paracytic type of stomata. Foliar epidermal
cells are conical on the adaxial surface and rectangular in the abaxial surface, distinct
hypodermis absent, and uniseriate fiber bundles are arranged in both sides of the
leaves. The foliar mesophyll is homogenous and starch grains and raphides present.
The leaf sheath covering the stem have cuticle restricted to the outer surface and air
spaces are present. The stem has a cuticulerized uniseriate epidermis and a uniseriate
hypodermis. The cortex and a parenchymatous ground tissue of the stem are separated
by a layer of sclerenchymatous band. Vascular bundles are collateral and their size
generally increases from the periphery towards the center. A sclerenchymatous patch
covers the phloem pole, whereas the xylem is covered by thin-walled parenchymatous
cells. The roots possess Epidendrum-type velamen. Cover cells present. Uniseriate
dimorphic exodermis consists of U-thickened long cells and thin-walled passage cells.
The endodermal cells O-thickened, pericycle sclerenchymatous, xylem 10-14 arched.
The pith is sclerenchymatous, but parenchymatous at the center. The anatomical
examination of E. radicans revealed adaptations to moisture stress conditions like thick
cuticle covering the leaves and stem, water storage cells, multilayered velamen and
dimorphic exodermis.

Keywords: Epidendrum radicans, cover cells, cuticle, idioblasts, raphides, starch grains, stegmata, velamen, water
stress
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Introduction

Epidendrum L. is the largest genus in the
neotropical subtribe Laeliinae Benth. with
around 1500 species and is native to the
American continent (van den Berg ef al. 2005;
Pinheiro & Cozzolino 2013). The high diversity
in Epidendrum is due to the different habitats
they occupy ranging from dry tropical jungles
to humid forests. In nature, most of these
orchids grow as epiphytes, while some exist as
lithophytes orterrestrial forms (Hagsater & Soto-
Arenas 2005). Further, species of Epidendrum
are also aggressive colonizers of the disturbed
and denuded areas. Epidendrum taxa are
proposed as a potential model for investigation
on many evolutionary hypothesis including
habitat selection and reproductive biology due
to their wide variation in morphology, genetic
diversity, ecological functionality and easy
propagation (Pinheiro & Cozzolino 2013). The
circumscription of Epidendrum is of great debate
and several species that were once in this genus
are now transferred to other genera (Chase ef al.
2015). Economic importance of Epidendrum
is limited when compared to other orchid
genera. Stems of E. mosenii Rchb. f. are used
as analgesic and E. rigidum Jacq. is reported to
possess herbicidal activity. Infusion prepared
from leaves of E. chlorocorymbos Schltr. is
known to reduce blood cholesterol levels, cure
spots on the skin, treat ear ache and stimulate
dreaming (Asseleih et al. 2015). Nevertheless,
species of Epidendrum are highly popular and
most sought after by gardeners and hobbyists
for their beautiful flowers and are popularly
known as Poor man’s orchid or Crucifix orchid
(Stern & Carlsward 2009).

Anatomy helps in understanding the trends
in plant evolution and adaptations although
most of the recent concepts in these areas are
based on molecular studies (Seago & Fernando
2013). Despite their huge species diversity
and widespread popularity in horticulture,
anatomical studies on species of Epidendrum
are very limited. Baker (1972) noted that the
lengths of guard cells in E. parkinsonianum
Hook., ranged between 60 and 63 um. Khasim
& Mohana-Rao (1990) in their study on the

anatomy of some Epidendroideae reported
the presence of fiber and compound midrib
vascular bundles and the absence of trichomes,
hypodermis and motor cells in leaves of
E. radicans Pav. ex Lindl. In their comparative
anatomy of the vegetative parts of Laeliinae,
Stern & Carlsward (2009) examined the leaf
anatomy of E. anceps Jacq. and E. nocturnum
Jacq., among other members of the subtribe. The
main foliar anatomical features noted were the
absence of hairs, adaxial and abaxial (E. anceps)
or abaxial (E. nocturnum) distribution of the
stomata, reniform guard cells, lack of fibre
bundles and hypodermis, undifferentiated
mesophyll, and stegmata restricted to fibre
bundles and vascular bundles. More recently,
Moreira et al. (2013) compared the anatomical
adaptations of the epiphytic E. secundum Jacq.
and Dichaea cogniauxiana Schltr, growing in
a nebular forest located at an amporupestre
area at Serra da Piedade of Brazil to stresses of
their microhabitats. In E. secundum the leaves
growing in open light had more stomata and a
thicker cuticle than D. cogniauxiana growing in
the shade (Moreira et al. 2013).

Stem anatomy of Epidendrum is not well
studied when compared to leaves and roots.
Weltz (1897) examined the anatomy of
stems in eight genera of Laeliinae and noted
that the hypodermis in Epidendrum spp. was
homogeneous, consisting of similar appearing
cells. Investigations on the stem anatomy of
E. anceps and E. nocturnum revealed the absence
of hairs and stomata (Stern & Carlsward 2009).
The cauline epidermis consisted of cells that
was either thick- (E. nocturnum) or thin-walled
(E. anceps), and the hypodermis contained
cells with thickened walls. Vascular bundles
were distributed in the ground tissue and the
phloem and xylem were covered by crescent
shaped sclerenchymatous caps. Stegmata often
associated with the phloem sclerenchyma
(Stern & Carlsward 2009).

Dycus & Knudson (1957) while examining
the role of velamen in aerial roots of orchids
observed that the number of velamen layers
in E. xanthium Lindl., E. boothianum Lindl,
E. ibaguense Lindl. and E. radicans ranged
from 3 to S. Pridgeon et al. (1982) examined
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Fig. 1. Habit of Epidendrum radicans. A — vegetative shoot with roots (arrow heads) and the stem covered by leaf
sheath (Is); B — flowering shoot. Scale bars =5 cm (A) and 2 cm (B).

13 species of Epidendrum for the presence
of tilosomes in roots. Of these, elaborate
tilosomes were present only in E. coriifolium
Lindl, and tilosomes of limited nature were
observed in E. ensatum A. Rich. & Gal,
E. pseudepidendrum (Rchb. f.) Rchb. f. and
E. secundum Jacq. Moller & Rasmussen
(1984) indicated the occurrence of conical
silica structures in Epidendrum. Porembski
& Barthlott (1988) in their classification of
velamen radicum grouped orchids with velamen
resembling E. bifidurm Abul. as Epidendrum-
type. Epivelamen cells in this velamen
type are smaller than the radially elongated
endovelamen cells. Further, endovelamen cells
have thickenings that are fused into composed
ledges and large pores. Tilosomes are infrequent
and walls of the endodermis lightly thickened.
Cortex may possess tracheoidal idioblasts
(Porembski & Barthlott 1988). Zankowski ef al.
(1987) investigated the developmental anatomy
of velamen and exodermis in aerial roots of
E. ibaguense and concluded that casparian strips
in the exodermis are obscure and are not a
functional equivalent of endodermis. Oliveira
& Sajo (1999) studied the root anatomy of
E. campestre Lindl. and E. secundum growing at
Instituto de Boténica de Sao Paulo. Root hairs
were present in E. campestre. The velamen
Modern Phytomorphology 11, 2017

in E. campestre was heterogeneous with
periclinally flattened exovelamen and an
endovelamen with finely reticulate thickened
walls. Cover cells were present in both the
species. The velamen consisted of 5-6 cell
layers in both species, exodermal cells were
O-thickened (E. campestre) or U-thickened
(E. secundum), cortex was 9-12-layered,
endodermis was O-thickened and the xylem
arches ranged from 11 to 17. The root cortex
of E. campestre had fungal hyphae and water
storing idioblasts. Nevertheless, velamen cell
layers, as well as the water storing idioblasts,
in roots were observed in the both species
(Oliveira & Sajo 1999). These anatomical
modifications indicate adaptation of the
two orchids to their microhabitats (Moreira
et al. 2013). The anatomy of E. anceps and
E. nocturnum roots was characterized by the
lack of tilosomes and cortical cell wall banding,
and exodermal cells with U-thickened walls.
Endodermal and pericycle cells in these taxa
were isodiametric with O-thickened walls
(Stern & Carlsward 2009).

Among the different species of Epidendrum,
the ground dwelling E. radicans (Fig. 1),
commonly known as fire star orchid or ground
root orchid, is indigenous to Central America
(Devadas et al. 2010). In addition to terrestrial
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habitats, E. radicans also thrives as epiphyte in the
Asian tropics (Khasim & Mohana-Rao 1990).
Unlike other orchids where flowering is usually
seasonal, this orchid produces flowers year
round (Janzen 1987; Suttleworth et al. 1994).
E. radicans often occurs in anthropogenically
disturbed areas like the roadsides at an altitude
of 1,000-2,000 m a.sl. (Bierzychudek 1981).
Human activates are shown to increase the
abundance of E. radicans (Dressler 1981).
Epiphytic habitats are always stressful due to
the lack of water and nutrient holding medium.
Plants inhabiting these habitats have evolved
several structural and physiological adaptations
that enable these plants to successfully thrive
in these circumstances. In spite of its weedy
nature, E. radicans is susceptible to stresses and
requires optimum moisture, light and nutrients
for normal growth (Dressler 1981). Therefore,
the aim of the present study was to examine the
vegetative anatomy of E. radicans and to record
the adaptations that help this species to survive
in epiphytic and other stressful habitats.

Material and methods

The vegetative material of E. radicans for
anatomical studies was obtained from a
home garden (10°59'54.2" N, 76°5922.9" E,
411 m asl) in Coimbatore, Tamilnadu,
India. The average maximum and minimum
temperature of Coimbatore are 32.5°C and
21.3°C. The relative humidity ranges from
49-88%. The plants were growing in a light
intensity of 27.87 candelas and in 18 cm
clay orchid pots filled with charcoal, broken
bricks and coconut husk in the ratio of 1:1:2.
The plants were watered once the potting

medium dried and standard fertilizer was
applied as foliar spray once every fifteen days.
Plant samples from three potted plants were
collected during January of 2017. Fresh stems,
roots and leaves were collected, washed and
fixed in FAA (formalin — acetic acid — alcohol)
mixture until processing (Johansen 1940). For
uniformity, fifth leaf from the tip was selected
for examination and the sections were made
midway between the tip and the base. Similarly,
stem and root were sectioned 7.5 cm and S cm
respectively from the tips. Free hand sections
30-40 pm thick were taken using a razor blade
and stained with safranin. Lamellar suberin was
tested by staining with sudan IV, toluidine blue
/ HCl-phloroglucinol was used to locate lignin
and tannin, and iodine was used to detect the
presence of starch (Johansen 1940).

The sections either stained or treated with
various histochemical reagents were mounted
in glycerine and observed under an Olympus
BXS1 light microscope. A calibrated ocular
scale was used to measure the dimensions of
the cells and the size of the different regions in
the sections. The values are presented either as
range or length [mean + standard error (SE)] x
width (mean+SE) or mean+SE accordingly.
Microphotographs of the sections observed
were captured with a ProgRes3 camera attached
to the Olympus BX 51 microscope. Stomatal
index (%) was calculated (n=10) from the
number of epidermal cells and stomata in ten
randomly selected microscopic fields (x200)
according to Salisbury (1927). For scanning
electron microscopy (SEM), S mm?® of leaf
bit or thin transverse section of stem and root
were fixed with double-sided adhesive tape onto
labelled stubs. The specimens were coated with
gold and processed in Philips SEM 515.

Fig. 2. Leaf anatomy of Epidendrum radicans. A-B — scanning electron microscope images of the adaxial leaf
surface showing ridges and groves (A) and abaxial surface with stomata (white arrow heads) (B); C — epidermal
peeling of leaf showing stomata (black arrow heads) and sclerenchymatous fiber bundles (sf); D — transverse
section (t.s.) of leaf showing cuticle (black arrow heads), epidermis (ep), sclerenchymatous fiber bundle (sf),
homogenous mesophyll (me) and collateral vascular bundle (vb); E — paracytic stomata (asterisk) on the abaxial
leaf surface surrounded by guard cells (gc) and subsidiary cells (sc); F — t.s. of leaf showing adaxial epidermis
(ep) with triangular cells and cuticle (black arrow heads); G — t.s. of leaf showing abaxial epidermis (ep) covered
by a cuticle (cu) and the presence of sclerenchymatous fiber bundle (sf); H — t.s. of leaf showing mesophyll cells
containing chloroplasts (cl) and raphides (rp); | — t.s. of leaf showing mesophyll cell containing intact nucleus
(n) and starch grains (black arrow heads); J — t.s. of leaf showing vascular bundle with xylem (x), phloem (p),
sclerenchymatous cap (scl), water cells (we) and stegmata (arrow heads). Scale bars = 50 pm (A-J).
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Results

Leaf

Cuticle 3-4 pm thick and smooth, present on
both abaxial and adaxial surfaces of the leaf
(Fig. 2A,D,F,G). Paracytic stomata restricted
to the adaxial surface, with two subsidiary cells
having longitudinal axes parallel to the guard
cells of the aperture (Fig. 2 B, C, E). Substomatal
chambers small and irregularly shaped. The
subsidiary cells fail to meet over the poles. The
pore measures 14.05+0.18x13.65+0.18 ym
(length x breadth). The guard cells measures
31.9£0.33%x12.6+0.28 pm and subsidiary
cells measure 33.15+0.55x54.25+0.69 pm.
The calculated stomatal index is 9.77 +0.34 %.
Upper and lower epidermis uniseriate,
compactly arranged, thick walled, nucleate
and parenchymatous. Cells of the upper
epidermis are conical and measures
25.57+0.55%38.65£0.41 pm, and those of the
lower epidermis are rectangular and measures
33.00+£0.54x23.50£0.41 ym.  Hypodermis
consists of thin walled parenchymatous cells.
Fiber bundles present in the hypodermal region
of both the upper and lower surfaces. However,
the number of fiber bundles in the adaxial
region is higher compared to that of the abaxial
region. Mesophyll cells 23-25 pym (23.5+0.17)
wide, homogenous and not differentiated
into palisade and spongy layers. Starch grains
that stains brown with iodine are present in
most of the mesophyll cells. Raphides present.
Vascular bundles arranged in a single row in
the median. Xylem and phloem are covered by
a sclerenchymatous cap (Fig. 2 D, G, J). The
sclerenchymatous cap covering the phloem is
much bolder than those covering the xylem.
Small water storing idioblasts present next to
the phloem. Largest vascular bundle is present

in the midrib region. In the lamina, a large
vascular bundle alternates 2—4 smaller vascular
bundles. Stegmata present in xylem, phloem
and sclerenchymatous cap surrounding the

phloem (Fig. 2 ]).
Stem

Stems circular, green, smooth, hairs absent,
and the leaf sheath cover 50 % of the internode.
Leaf sheath consist of circular to oval thick-
walled epidermal cells covered by a 2-5 pym
thick cuticle (Fig. 3 A-C). Epidermis and
cuticle restricted to the adaxial surface of the
leaf sheath. The epidermis is followed by a
7-8 layers of parenchymatous cells that are
circular to irregular enclosing small triangular
intercellular spaces. The innermost layer of the
leaf sheath consists of 1-2 rows of rectangular
cells with slightly thickened walls. Large
airspaces present in the leaf sheaths. Leaf traces
collateral with the phloem pole covered by
a thick sclerenchymatous cap and the xylem
pole covered by cells that are lightly thickened
compared to the phloem pole. Cuticle covering
the stem is 2-6 pm thick. Cuticle in the stem
in regions covered by leaf sheath is thinner
(2-4 pm) than those regions not covered by the
leaf sheath (3-6 pym) (Fig. 3 A, B). Epidermis
is uniseriate, with compactly arranged
rectangular parenchymatous cells and measures
29.03+0.67%x20.07£0.45 pm. Hypodermis
consists of 1-3 layers of compactly arranged
thick walled sclerenchymatous cells. Tissue
inner to the hypodermis consists of 49-55 layers
of cells and differentiated into an outer cortex
and inner ground tissue regions. The cortex and
the ground tissue are separated by 4-5 layered
sclerenchymatous bands. Outer cortical region
is 4-6 layered parenchymatous or sometimes
chlorenchymatous enclosing  triangular

Fig. 3. Leaf sheath and stem anatomy of Epidendrum radicans. A — transverse section of leaf sheath (Is) covering
the stem (st), showing cuticle (cu), epidermis (ep), air spaces (as) and the inner layer of the leaf sheath (black
arrow heads); B — stem transverse section showing cuticle (cu), epidermis (ep), hypodermis (hy) and cortex
(cr); C — outer cortex (cr) and inner ground tissue (igt) separated by a sclerenchymatous band (sb) and vascular
bundles (vb); D — SEM image of the inner ground tissue containing stegmata (white arrow head) and vascular
bundle (vb); E — starch grains (black arrow heads) in the ground tissue cell; F — vascular bundle with xylem
(x), phloem (p), sclerenchymatous cells (scl), water cell (we) and stegmata (black arrow head). Scale bars

= 50 ym (A—F).
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intercellular spaces. Vascular bundles absent
in the cortex. The inner ground tissue contains
scattered vascular bundles with the outermost
bundles immersed in the sclerenchymatous
band. The size of the vascular bundles generally
increases towards the centre of the stem. Starch
grains are present in most of the ground tissue
cells (Fig. 3 E). The vascular bundles are
collateral and the phloem pole is covered by
sclerenchymatous cells. Stegmata present both
in the cortical and phloem regions (Fig. 3 D, F).

Root

The aerial roots of E. radicans are circular,
whereas those attached to the substratum have a
flattened region at the point of contact with the
substratum. The root is covered by a velamen
that is 4-6-layered (Fig. 4 A, B). Velamen is
differentiated into an outer exovelamen and an
innerendovelamen. The exovelamenisuniseriate
with isodiametric cells. The endovelamen is
3-5-layered consisting of isodiametric to radially
elongated cells. Cells of the endovelamen
are comparatively larger. Wall striations are
present in the cells of both the exovelamen
and endovelamen. The average velamen cell
measures 63.35£1.01x35.25+0.64 pum. The
velamen is followed by the exodermis, which
is the outermost cortical layer. The exodermis
consists of long and short cells. The long cells
of the exodermis are U-thickened and the
short passage cells are comparatively thin-
walled. The wall of the long cells reacts positive
to suberin. The exodermis cell measures
60.75+0.54%x35.45+0.84 ym. Small cover
cells are present above the exodermal layer.
Below the exodermis is an 8-9-layered thin-
walled parenchymatous cortex (Fig. 4 C-E).
The cortical cells of the substrate roots contain
fungal pelotons in root portions attached to
the substrate. The ultimate cortical layer is

differentiated into uniseriate endodermis.
The endodermal layer consists of cells with
O-thickened walls that reacts positive to
suberin, and is interspersed with 1-2 thin-walled
passage cells (Fig. 4 F). Pericycle uniseriate,
cells facing the xylem are thin-walled and
those opposite to the phloem are thick-walled.
Vascular cylinder 10-14-arched. Vascular tissue
is surrounded by sclerenchymatous tissue. The
pith is sclerenchymatous with thick-walled cells.
But pith cells at the centre may be thin-walled
enclosing small intercellular spaces. Water cells
present in the cortical and pith region (Fig. 4 D).

Discussion

Generally, plants that thrive in extreme
environmental conditions have adaptations
that help them to overcome the different
stresses. E. radicans is able to exist in open
and rocky areas, which are strictly terrestrial,
and sometimes grows as an epiphyte. Though
E. radicans shows a tendency of weedy growth,
the plant cannot tolerate stress and it needs
adequate light, water and nutrients supplement
(Dressler 1981). Anatomical adaptations are
evident in all the vegetative parts of E. radicans.
The leaves and stems lack hairs as reported for
other Epidendrum species. This contradicts the
studies where frequent occurrence of trichomes
was reported in Laeliinae including Epidendrum
species (Solereder & Meyer 1930; Baker 1972).
Stern & Carlsward (2009) also failed to detect
trichomes on leaves of Laeliinae members
including E. anceps and E. nocturnum. These
authors suggested that the lack of trichomes in
Laeliinae could be due to the fragile thin-walled
nature of the terminal cells of the trichomes that
detach off very easily. Nevertheless, examination
of young unopened leaves of E. radicans also
revealed the absence of trichomes suggesting

Fig. 4. Root anatomy of Epidendrum radicans. A — transverse section of root showing exovelamen (exv),
endovelamen (env), cover cells (black arrow heads), exodermis (ex) and cortex (cr); B — striations (black
arrow heads) in cells of exovelamen (exv) and endovelamen (env); C — exodermis with long cells (Ic) and cover
cells (cc); D — scanning electron microscopic image of water cells (wc) in the cortex; E — cortex (cr) and stele
showing endodermis (en), xylem arches (asterisks) and pith (pi); F — endodermis (en) with passage cells (pc)
and pericycle (pe) covering the phloem (p) and xylem (x) embedded in sclerenchymatous tissue (scl). Scale bars

=30 um (D) and 50 pm (A-C, E, F).
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that foliar trichomes were absent in this orchid.
The leaves of E. radicans are hypostomatic
like in other Epidenrum species. But stomata
of E. radicans are not tetracytic as in other
Laeliinae members (Khasim & Mohana-Rao
1990; Stern & Carlsward 2009), they are
paracytic as reported by Khasim & Mohana-Rao
(1990). The size of guard cells is well within the
range reported for other members of Laeliinae
(Stern & Carlsward 2009).

In this study, leaf sheath and stems of
E. radicans were covered by a cuticle that varied
in thickness. The thick cuticle is suggested as an
adaptation to minimize water loss in epiphytic
orchids (Moreira ef al. 2013; Yang et al. 2016).
The cuticle is also known to play a key role in
the exchange of gases, it protects plants against
environmental stresses and generates a suitable
microenvironment for phyllosphere organisms
(Yeats & Rose 2013; Ferndndez et al. 2016).
Epidermal cells of E. radicans have an outer
undulating anticlinal walls resulting in conical
shaped cells similar to those reported in several
desert plants (Gibson 1996). Nevertheless,
the foliar epidermal cells on the abaxial side
are periclinal. Though foliar hypodermis has
been reported in several members of Laeliinae,
it appear to be absent in Epidendrum species
as observed in the current and other studies
(Stern & Carlsward 2009). Foliar fibre bundles
in E. radicans are distributed on both sides of
the leaves resembling those of E. nocturnum.
Nevertheless, the distribution of foliar bundles
was mostly abaxial in most members of
Laeliinae including E. anceps and appears to
be the usual anatomical feature in this group
(Stern & Carlsward 2009). Foliar fiber bundles
are mechanical in function supporting the
leaves and have no systematic value as they
occur in many epiphytic orchid taxa across
various groups (Stern & Carlsward 2009).
The mesophyll of E. radicans is homogenous
as in other species of Epidendrum (Khasim
& Mohana-Rao 1990; Stern & Carlsward
2009). Unlike in E. ancepes and E. nocturnum,
where the vascular bundles occur in two rows,
the vascular bundles in leaves of E. radicans
are arranged in a single median row. The
distribution of stegmata in vascular bundles is

similar to those of E. anceps and E. nocturnum
(Stern & Carlsward 2009).

In E. radicans, leaf sheaths cover almost
half of the internode of the stem and may
provide mechanical support to the stem. To our
knowledge anatomical features of the leaf sheath
in Epidendrum or any other orchid species has
never been examined before. The anatomy of
leaf sheath is different from those of the leaves.
The leaf sheaths are characterized by distinctive
anatomical characters like the presence of large
air spaces, the absence of cuticle on the abaxial
surface, stegmata and idioblasts. Vascular
bundles occupy nearly two third width of
the leaf sheath. The sclerenchymatous patch
covering the phloem is more prominent than
those covering the xylem.

Idioblasts with different types of thickenings
were found in all vegetative organs of E. radicans.
It is believed that idioblasts can assist in the
storage of water (Pridgeon 1982) and are
termed as water cells by Stern & Carlsward
(2009). However, these specialized cells can also
afford mechanical support by preventing cell
collapse during water stress and appears to be
an adaptation to xeromorphic conditions of the
epiphytic habitats (Olatunji & Nengim 1980;
Holtzmeier et al. 1998). According to Pridgeon
(1982), during the shortage of water, these cells
either get filled with air or may become involved
in water storage.

The stem anatomy of E. radicans resembles
in general other members of Laeliinae (Stern
& Carlsward 2009). The stem of E. radicans is
devoid of hairs and stomata, and the thickness of
the cuticle covering the stem is well within the
range reported for other members of Laeliineae
(Stern & Carlsward 2009). The variation in the
thickness of the stem cuticle in the leaf sheath
covered and uncovered portion clearly suggests
the role of leaf sheath in minimizing water
loss in additions to aiding rigidity to the stem.
The epidermal cells in E. radicans are conical
similarly to those of E. nocturnum and thin-
walled (Stern & Carlsward 2009). Though most
members of Laeliinae lack a cortex, E. radicans
has a cortex that is 4-6 cells wide. A fibre band
in E. radicans covers the ground tissue, as in
Broughtonia R. Br. (Stern & Carlsward 2009).
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The ground tissue in E. radicans consists of
both large and small roundish cells unlike in
Orleanesia Barb. Rodr., where the cells of the
ground tissue are more or less evenly sized
(Stern & Carlsward 2009). Though cauline
stegmata were reported in stems of E. anceps
and E. nocturnum by Stern & Carlsward (2009),
Khasim & Mohana-Rao (1990) did not observe
any stegmata in stems of E. radicans. In contrast,
stegmata were observed in cells adjoining the
vascular bundles in E. radicans in the present
study. Moller & Rasmussen (1984) suggested
that silicon enters epiphytic plants mainly due
to the settling of the air-bone dust or through
the water run-offs containing silica from the
phorophytes. Further, the widespread presence
of stegmata in xerophytes and their absence
in mesophytes suggests the possibility of the
relation of stegmata to arid conditions (Moller
& Rasmussen 1984).

The aerial roots of E. radicans are cylindrical
whereas the roots attached to the substratum
are flattened at the point of contact and the
former lacked root hairs. This is similar to the
observations of Stern & Carlsward (2009) and
Moreira et al. (2013) where root hairs were
absent in aerial roots of studied Epidendrum
species. In contrast, root hairs were present
in root regions that were in contact with the
substratum as in E. secundum (Moreira et al.
2013). The velamen in E. radicans resembles
the velamen in other members of Laeliinae and
is of typical Epidendrum-type. The velamen is
an important structure in orchid roots adapted
for the uptake of water and dissolved nutrients.
It helps in the quick absorption of water and
prevents moisture loss from the roots, apart from
providing mechanical protection, reflecting
infra-red radiation, screening of roots against
ultraviolet radiation and absorbing immobilized
nutrients from rain water (Thangavelu &
Ayyasamy 2017). Apart from this, the other
functions that can be attributed to this tissue
include amplifying access to mineral-rich
solutions (Benzing et al. 1982), and exchange
of carbon dioxide and oxygen between the root
and atmosphere (Moreira & Isaias 2008).

The occurrence of velamen is generally
associated with an epiphytic habit (Zotz

Modern Phytomorphology 11, 2017

& Winkler 2013), though it occurs also in
terrestrial orchids (Porembski & Barthlott
1988; Uma et al. 2015). The size of the velamen
can be related to specific environmental factors
like temperature and water. Hence, orchids
like E. radicans occurring in dry or exposed
habitats have a multilayered velamen, while
those occurring in humid environments are
characterized by few-layered velamen (Sanford
& Adanlawo 1973). Moreover, the velamen
in E. radicans is differentiated in two layers,
the exovelamen being uniseriate and the
endovelamen — multiseriate. On the other hand,
wall striations were observed in the cells of both
exovelamen and endovelamen in E. radicans.
The striations in the exovelamen of E. radicans
falls into the type-IIIA and those of the
endovelamen falls into the type-IIB according
to Sanford & Adanlawo (1973) classification.
The wall thickenings in the velamen provide
mechanical support to the cells avoiding their
collapse during the dehydration (Noel 1974;
Oliveira & Sajo 1999).

Exodermis, the outer layer of the cortex
(Engard 1944) in E. radicans is heterogeneous
consisting of long and short cells. The long
cells of the exodermis develop secondary
thickenings in their walls during maturity
and die (Pridgeon 1986). The high lignin and
suberin content in the walls of the exodermal
long cells provide mechanical strength and
maintains high humidity around the cortex
(Sanford & Adanlawo 1973; Benzing et al.
1983; Moreira & Isaias 2008). The shorter
passage cells are thin-walled and living, they
play a significant role in the nutrition and
hydration as in other epiphytic orchids. The
2-4 wedge-shaped cover cells above the short
cells of the exodermis as seen in E. radicans are
formed from the innermostlayer of the velamen
(Carlsward et al. 2006). Though cover cells are
associated with tilosomes, in some orchids
we did not observe any tilosomes originating
from the outer walls of the exodermal passage
cells (Pridgeon et al. 1983). Tilosomes were
also absent in E. anceps, E. nocturnum and
E. secundum (Moreira et al. 2009; Oliveira
& Sajo 1999). The cortex in E. radicans is
parenchymatous, and the presence of pelotons
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of the mycorrhizal fungi was restricted to the
cells of cortex that were in contact with the
substrate (Thangavelu & Ayyasamy 2017).
Similar observations were made by Moreira
& Isaias (2008) in Sophronitis pumila (Hook)
Van den Berg & MW. Chase, Prescottia
montana Barb. Rodr., Habenaria petalodes
Lindl., and Polystachya estrellensis Rchb. f.

The endodermis in E. radicans is uniseriate
and its cells are thickly-walled. The thick-walled
endodermal cells are interrupted by the presence
of thin-walled passage cells. The endodermal
thickenings form an efficient apoplastic barrier
for the transfer of water and nutrients (Ma &
Peterson 2003; Moriera & Isaias 2008). Hence
the presence of passage cells is as essential in the
endodermis as in the exodermis.

The vascular tissues in E. radicans are
embedded in sclerenchymatous tissues, as it
has been observed in many epiphytic orchids.
This anatomical feature is considered to be a
highly significant character that is related to
the endurance of the plant during drought
conditions (Nawaz et al. 2013; Thangavelu &
Ayyasamy 2017). The pith is sclerenchymatous
but the cells in the center are thinly-walled with
small intercellular spaces.

Terrestrial orchids usually develop less
anatomical and morphological adaptations
for water stress. Nevertheless, an analysis of
the vegetative structures discussed above
clearly shows that E. radicans possess several
anatomical adaptations that could aid in the
survival of this orchid in stressful habitats.
The presence of thick cuticle on adaxial and
abaxial surfaces of the leaf and the presence of
adaxial stomata substantiate the xeromorphic
conditions tolerated by the plant. Velamen
tissue in roots is basically important for the
absorption of water and nutrients. Velamen
in E. radicans resembles those of epiphytic
than terrestrial orchids. Similarly, the nature
of exodermis and endodermis is significant to
provide mechanical protection and prevents
evaporation of water. The absence of special
storage organs in E. radicans is compensated
by presence of the storage idioblasts in almost
all the vegetative parts of this orchid. However,
further experimental studies examining the

growth of this orchid in different environment
and on different substrates would reveal the
morphological plasticity of this orchid.
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Abstract

Erysimum croceum is a rare endemic species listed in the Red Book of Kazakhstan. In 2015—
2017 we studied three populations of this species on the territory of the lle-Alatau National
Park (Trans-lli Alatau, Northern Tian-Shan). As a result of the inventory of sampling plots,
we estimated the elevation range occupied by the species and identified age structure and
population density. Our results confirmed earlier reports of low population counts of E. croceum.
We also studied biometric characteristics of virginal and generative individuals of E. croceum
from different populations, and measured parameters of their seeds. The morphometric
parameters were highly variable across the studied populations. The only exception was the
morphometric parameters of the seeds, which had low or very low variability. We conclude that
these parameters are the most stable characteristics of the species. The results of the study
can contribute to our understanding of population structure and dynamics of E. croceum and
assist in developing effective conservation strategies for this species.

Keywords: Erysimum croceum, population, age structure, virginal individuals, generative individuals, density,
biometrics

Introduction representing a monotype tribe Erysimeae

Dumort (Al-Shehbaz 2012). Globally, the
Wallflower (Erysimum L.) is one of the largest number of Erysimum species ranges from
genera of the family Brassicaceae Burnett 200 to 350 (Polatschek & Snogerup 2002;

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/) freely available on https://phytomorphology.org/ .
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Al-Shehbaz 2012). Wallflowers are perennial or
biennial plants distributed throughout Europe,
in the Mediterranean, the Middle East and East
Asia, and also in North and Central America
(Polatschek & Snogerup 2002). South-East
Asia and the Mediterranean region are the main
centers of species diversity of the genus; recently,
several new species have been described in these
regions (Mozaffarian 2008; Polatschek 2008,
2010, 2011; Abdelaziz et al. 2011; Moazzeni
etal. 2014).

Some species of Erysimum are used in the
official and traditional medicine (Varlakov
& Masina 1943; Maslennikova et al. 1961;
Makarevich et al. 1974; Lei et al. 2000;
Grudzinskaya et al. 2014).

The majority of publications on Erysimum
addressed systematic questions (German 2005,
2014; Abdelaziz et al. 2011, 2014; Ouarmim
et al. 2013; Lorite et al. 2015; Czarna et al.
2016; Moazzeni et al. 2016; Mahmoodi et al.
2017), and only a few, the phylogenetics and
morphology of certain species (Mutlu 2010;
Abdelaziz et al. 2014).

The Flora of Kazakhstan (Vasiliyeva 1961)
listed 15 species of Erysimum, while a new
taxonomic treatment by Abdulina (1999)
mentioned 16 species. However, only one of
them, Erysimum croceun M. Pop. has been
listed in the Red Data Book of the Republic
of Kazakhstan (Roldugin 2014) as a rare
endemic species. For the first time E. croceum
was collected and described by M.G. Popov in
the gorge of the river Malaya Almatinka. The
description first published by Popov (1935)
was later cited in the Flora of the USSR and the
Flora of Kazakhstan (Bush 1939; Vasiliyeva
1961).Amongall Middle Asian representatives
of the genus, E. croceum is the only species
that has bright orange petals; hence the
specific epithet “croceum”. Some taxonomic
treatments reduced E. croceum under the
synonymy of E. virgatum (Polatschek 2010;
The Plant List 2013). However, many Kazakh
and Russian botanists recognize E. croceum
as an independent species (Vasiliyeva 1961;
Adylov 1974; Baitenov 198S; Czerepanov
1995; Abdulina 1999; Roldugin 2014).
Following years of extensive field research,

the authors of the present study agree with the
latter authors.

Despite a relatively large distribution area
which includes Trans-Ily Alatau, Ketmentau,
Kungey and Kyrgyz Alatau the species
remains poorly studied due to low population
numbers and sporadic distribution. Plants
occur individually or in small groups up
to ten individuals in number. Only on two
occasions we found populations consisting
of several hundred individuals; even those
groups did not exceed 500 plants in number.
Population numbers widely fluctuate as a
result of the biennial life cycle and preference
for frequently disturbed habitats such as rocky
cliffs, mudflows, and cascade pebbles. The
number of E. croceum populations is declining
due to habitat destruction and uncontrolled
harvesting of flowering plants for ornamental
purposes. To protect the species in the wild,
all existing populations have to be examined
and monitored, and conservation measures
developed. This, in turn, requires detailed
knowledge of morphology and biology of the
species, as well as an assessment of the state
of its populations. We have been studying the
species since 201S5; we have also collected
material allowing us to study interpopulation
genetic variability.

The novelty of our research lies in the
discovery and subsequent study of the three
new populations of E. croceum, one of which
was found at an extremely low elevation of
1728 m asl. Our results allow to estimate
more precisely than before the elevational
preferences of the species, which was earlier
found only between 2000-2600 m a.s.l. For
the first time, we collected data on the age
structure, population density, morphological
characteristics of vegetative and generative
plants, and their variability.

Material and methods

The present study was carried out in the
framework of the project 0497/GF4
“Assessment of the state of cenopopulations
of some rare medicinal plants of the Trans-Ili

Modern Phytomorphology 11, 2017
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Fig. 1. Erysimum croceum inflorescence.

Alatau using botanical and molecular genetic
methods” funded by the Committee on Science
of the Ministry of Education and Science of the
Republic of Kazakhstan.

The object of the study was E. croceum
(Fig. 1). The most detailed description of
the plant has been provided by Vasiliyeva
(1961: 101). “Plants biennial, 9-65 cm
tall. Stems simple or occasionally branched,
straight, pubescent with bifid hairs, edges
sharp. Leaves 2—S (8) cm long, 0.5-1.5 (2) mm
wide, lanceolate or oblong-lanceolate; margins
oblong-crenate, finely toothed or almost
entire; basal leaves petiolate, upper sessile,
with an indumentum of stellate hairs (mixed
with bifid hairs along the veins). Flowers on
pedicels up to 6 mm long. Sepals 6-7.5 mm
long, on the dorsum pubescent with mixed
hairs. Petals reddish orange, yellowish when
dry, 9-13.5 mm long, egg-oblong or nearly
round, 8-9 mm wide. Fruit-stalks up to 9 mm
long. Siliques straight, tetrahedral, 3.5-8.5 cm
long, 1.25 mm wide, with bilobate beaks 2 mm
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long, gray with stellate hairs. Seeds oblong,
ca.2 mm long”.

In the central part of the Trans-Ili Alatau on
the territory of the Ile-Alatau State National Park,
we found and examined three new populations
of E. croceum (Fig. 2). The first population
(further in the text referred to as Population 1)
was found on the south-east and north-west
facing slopes of the Small Almaty Gorge at an
altitude of 2413-2597 m a.s.l,, on both banks
of the river Malaya Almatinka (N 43° 06.316/,
E 077° 04.184'). Because the first description
of E. croceun was made by M.G. Popov in
this gorge, it is recognized as a locus classicus
for the species. The second population
(Population 2) was found on the north-facing
slope of the Great Almaty Gorge at an altitude
of 2236 m a.s.l, on the left bank of the river
Kumbelsu (N 43° 04.790', E 076° 59.512"). The
third population (Population 3) was found on
the south-west facing slope of the Issyk Gorge at
an altitude of 1728 m a.s.l,, on the right bank of
the river Issyk (N 43° 15.731’, E 077° 29.522").
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Fig. 2. The map of the study area with the locations of the three studied populations of Erysimum croceum marked

by the red circles.

Wherever possible, at the sites of the
populations of E. croceum, we established
20 sampling plots with a size 1 x1 m along
each transect. In each sampling plot, we
counted the number of individuals of the
studied species of the same age group and
measured biometric characteristics. When
the number of E. croceum plants was low, we
counted and measured all individuals of the
species found on the site. The mean weight
of 1000 seeds was obtained by averaging
the results of the three measurements.
All statistical analyses were carried out in
Microsoft Excel 2007.

Results

The analysis of the age structure revealed
that the ratio of the virginal and generative
individuals varied from one population to
another (Fig. 3).

Population 1 had the largest number of
generative individuals, while Population 2
had the largest number of virginal individuals;
in Population 3, the numbers of generative
and virginal individuals were nearly the same.
This could be due to the fact that E. croceum
is a biennial plant; according to Kokoreva
et al. (2010), the numbers of individuals of
different age can fluctuate markedly between
years.

It was difficult to calculate population
density, because in some places we were able
to establish sampling plots of a size 1 m? and
in other places, we had to count all available
individuals. The average population density
across sampling plots was 7.3+0.6 and 8.2+ 1.2
individuals per m? in Populations 1 and 3
respectively.

In all populations, we measured
morphological parameters of E. croceum. The
biometric characteristics of the virginal and
generative individuals are provided in Tab. 1
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and Tab. 2. We found that the morphometric
parameters of plants from different populations
fluctuated considerably (Tab. 1).

In virginal individuals, the maximum
height was recorded in Population 3, and the
minimum - in Population 2. The number of
leaves in the rosette, the length and width of the
leaf were almost the same in individuals from
Populations 1 and 3; the values of the same
parameters were the lowest in Population 2.

In generative individuals, the maximum
height was recorded in Population 2, and the
minimum, in Population 3. The largest number
of stem leaves was recorded in Population 3, and
the smallest, in Population 2. The largest leaf size
(lengthand width) wasrecorded in Population 2,
while in the other two populations the average
leaf size was nearly the same (Tab. 2).

When checked against the scale of variation

in characteristics developed by Mamaev
(1975), the level of variability of morphometric

parameters observed in our study could be
described as high or very high in both virginal
and generative individuals.

In all three populations we studied
morphometric characteristics of the generative
organs; we calculated the number of flowers and

90,18

71,42

50,9 49,1

28,58

population 1 population 2 population 3

m virginal individuals generative individuals

Fig. 3. The ratio of generative and virginal individuals in
the three studied populations, %.

seeds per individual, and measured the length of
seed pods (Tab. 3). Unfortunately, we failed to
collect seeds in Population 2.

The maximum number of flowers per
individual was recorded in Population 3; this
can be due to a frequently occurring branching
inflorescence. The individuals from Population 2

Table 1. Morphometric parameters of virginal individuals. M — mean value; m — standard error of the mean;

C, — coefficient of variation.

Leaf size, cm

. Height, cm Number of leaves :
Population Length Width
M+m C, % M+m C, % M+m C, % M+m C, %
1 3.6+0.4 66.6 13.6+0.9 418 3.0+0.1 63.7 0.6+0.02 416
1.9+0.3 143.9 6.3+0.3 52.6 1.8+0.1 104.8 0.5+0.01 515
5.8+0.4 51.7 13.9+£12 599 3.0+0.1 56.1 0.6+0.01 53.7

Table 2. Morphometric parameters of generative individuals. M — mean value; m — standard error of the mean;

C, — coefficient of variation.

Number of stem

Leaf size, cm

) Height, cm -
Population leaves Length Width
M+m C, % M+m C, % M+m C, % M+m C, %
1 459+18 26.2 22.0+14 426 3.8+0.1 28.6 0.9+0.02 32.8
2 49.8+3.6 24.02 15.3+10 215 6.2+0.2 19.2 14+0.05 259
3 36.5+2.6 46.1 22.8+18 49.8 4.3+0.1 445 0.8+0.02 510
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Table 3. Morphometric characteristics of reproductive organs. M — mean value; m — standard error of the mean;

C, — coefficient of variation.

Number of

Length of a seed pod, cm

Population flowers per individual seeds per individual
Mxm C, % Mxm C, % Mxm C, %
1 13.8+1.1 516 610.8+97.3 90.1 75+0.1 1.4
11.5+15 43.9 na na na na
374+71 119.3 664.7+83.0 484 6.2+0.2 22.8

Table 4. Morphometric parameters of seeds from Population 1 and 3. M — mean value; m — standard error of the

mean; C, — coefficient of variation.

Size, mm .
) : Weight of 1000 seeds, g
Population Length Width
M+m C, % M+m C, % M+m C, %
1 1.96+0.02 8.0 0.96+0.01 8.4 0.58+0.01 1.0
3 1.95+0.02 5.1 0.86+0.02 111 0.59+0.01 4.9

had the fewest flowers. The maximum seed pod
length was recorded in Population 1. The level
of variability in the number of flowers and seeds
was very high in both populations, and in the
fruit length, medium in Population 1 and high
in Population 3. The size and weight of 1000
seeds were nearly the same in Populations 1
and 3 (Tab. 4). The level of variability in the
size and weight of seeds was low or very low.
Consequently, these characteristics were the
least labile.

Conclusions

The results of our study support the earlier
evidence of alow population sizein E. croceum
(Kokoreva et al. 2010; Ivashchenko 2012).
We were able to calculate the average
population density only in Populations 1 and
3; the difference between these populations
was very small. The difference between the
ratios of virginal and generative plants in
each studied population was very large; this
can be explained by a biennial life cycle. The
morphometric parameters of virginal and
generative individuals were very labile and

had a high or very high level of variability.
The large number of flowers in Population 3
was due to a high number of the branching
inflorescence; this characteristic also had
a high level of variability. The length of
seed pods in Population 1 was only slightly
different from that in Population 3. The level
of variability of this characteristic ranged from
low (Population 1) to medium (Population 3).
Among all studied characteristics, the seed
size and weight of 1000 seeds were the least
variable; i.e. these characteristics of E. croceum
were the most stable.

Our study has contributed to earlier
morphological descriptions of the species
(Bush 1939; Vasiliyeva 1961). According to the
results of our study, the stem length is 85-90 cm
(against 65 cm stated by the earlier studies); the
leaf length is 9-11 cm (against 5-8 cm); the leaf
width is 2.1-2.5 cm (against 1.5-2.0 cm); and
the length of seed pods is 1.5-9.0 cm (against
3.5-8.5 cm). We have also verified several
characteristics of seeds: the seed length is 1.5-
2.2 mm; the seed width is 0.7-1.1 mm; and the
weight of 1000 seeds is 0.57-0.62 g.
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Abstract

Field and experimental studies of morphological and anatomical leaf parameters of Phragmites
australis showed the structural adaptation of these plants to growth under different water
supply regimes. The anatomical structure of the leaves of common reed, which grew in shallow
water and dry land in the Venice channel of the Dnipro river in Kyiv, was studied with the light
microscopy. The obtained results suggest that the anatomical structure and type of mesophyli
cells are stable parameters for this species, while the size both of the leaf blade and its cells
can be considered as adaptive and labile features varying depending on the conditions of
water supply.

Keywords: Phragmites australis, leaf, morphology, anatomy

BcTyn

Phragmites australis (Cav.) Trin. ex Steud. —
reaiodir, GaraTopidHa POCAMHA-KOCMOIIOAIT,
KA 3pOCTa€ y Pi3HMX ekororidHmMX ymoBax (Brix
1999; Clevering & Lissner 1999; Packer et al.
2017). Bisomo, mo 3miHa Mopdo-isioaoriannx

rapaMeTpiB, BKAIOYAIOYM PO3MIPH OpraHiB,
eAeMeHTiB ¢daoeMH 1 KcHAeMH, IIBHAKICTb
acumiaiii  CO,,  akrumemicte  RuBisCO,

IPOAUXOBUM IHAEKC TOIIO, YaCTO 3aAeXaTb Bip
ymoB 3pocranns (Kiihl et al. 1999; Lessmann

et al. 2001; Hansen et al. 2007). Tak kuTaiicpki
pocaigauxu (Chen et al. 2013), BuByaroun ABa
exorurn Ph. australis, oauH 3 siKuX 3pocTas
Ha 6epesi ozepa Qinshan, a Apyruit — y ropax
Zaigong Ha CYXOAOAi, IIOKa3aAM BiAMIHHOCTI y
AeaKkHX Pi3iOAOTIYHUX Ta AHATOMIYHMX O3HAKAX.
3o0kpeMa, BOHM BMABHAHM, IO B POCAMH, SKi
3pocTaAn y ropax, OyB 3HIDKEHHH Marbke
VABidi BMiCT pO3YMHHUX LyKpiB i y 1,3 pasu —
BMICT IPOAiHY; a TaKOXX 3MeHIIeHa y 1,2 pasu
IABHICTD TpoAuXiB, y 1,35 pasu — ToBIMHA
AMCTKIB i B 1,8 pasu — alameTp kcuaemu y

© The Author(s) 2017. Published by Novikoff A.V., State Natural History Museum NAS of Ukraine on behalf of Modern
Phytomorphology. This is an open access article under the Creative Commons BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/) freely available on https://phytomorphology.org/ .
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NOpiBHSAHHI 3 PpOCAMHAMM, IO 3pPOCTaAU B
o3epi. ABTOpH BBAXXAIOTb, 1[0 BiATIOBiAHI 3MiHM
Yy BMICTi I[yKpiB Ta IPOAIHY OIIOCEpeAKOBaHi
OINTHMI3aIli€l0 MeTaOOAIYHMX KOMIIOHEHTIB i
eHepreTMYHHMH 3allacaMM 3a YMOB pi3HOTO
BOAOMIOCTAYaHHs, A 3HIDKEHHS IIiABHOCTI
[IPOAUXIB aBTOPU IIOBSI3YIOTH i3 MiHiMi3anji€ro
BTpaT BOAHM; 3HIDKEHHSA AlaMeTpa CYAMH Ta
30iABLIEHHS IIABHOCTI CYAMH — 13 MAaKCHMAABHHIM
MOTAMHAHHAM Ta ONTHMI3alli€l0 IPOBIAHOCTI
BOAH. IToai6HI AyMKH OyAM BHCAOBA€HI H y
6iabmI paHHIX po6oTax iHmux Aocaipnukis (Lu
et al. 1994; Sobrado 2007). Xoua € AaHi, mo
MiHepaABHHI CKAAA IPYHTY, OCOOAMBO 32 YMOB
IIOCYXH Ta MOTO 3aCOAEHHS, CYyTTEBO MOXYTb
BIIAMBATH HA PiCT i CTPYKTYpHO-PyHKITIOHAABHI
osHaku pocans (Packer et al. 2017). Mu Takox
porpumyemocs rinoresu (Chen et al. 2013),
[0 BOAA € OAHMM 3 OCHOBHMM YHHHMKIB, IO
3abesreuye picT, PO3BUTOK Ta IPOAYKTHBHICTb
Ph. australis. ToMy MeTO0 HAIIOTO AOCAIAYKEHHS
6yAO IIpoOaHaAi3yBaTH MOPPOAOTIIO T2 AHATOMIIO
AUCTKIiB OYepeTy, IO 3pOCTaB 3a Pi3HHX yMOB
BOpO3abesneueHHs B 30Hi M. Kuepa.

Matepianu i meToam aocnipxeHb

OO6'ekTOM ~ AOCAIAXKEHHSI ~ OYAM  AWCTKH
Ph. australis, sixuit 3pocTaB Ha raubusi Bip 10
A0 S0 cm y BenemiaHchkift mpoToli AiBOTO
6epery Aninpa y 3oni M. Kiesa Ta Ha cyxopoai
nimaHoMy rpyHri) Ha Bipaaai 7-10 Merpis
Bip Gepera (Puc. 1 A). Marepiaa 36upasu
Ha TIOYaTKy 4YepBHS y {asi BereTaTuBHOIO
pocrty. Qikcanito Marepiasy AAS IMTOAOTIYHMX
AOCAIAXKEHb IIPOBOAMAM B IIOABOBUX YMOBAX.
Bupisku 3 HaMmupmoi 4YacTMHM AMCTKOBUX
MAACTHHOK, MK APYTOIO Ta CbOMOIO >KHAKAMU
BiA KParO AUCTKA, BiA,6I/IpaAI/I AAS eKCIIEPMMEHTIB.
AAs AOCAIAKEHHS 6paA14 KOXHHM TpeTin
AMCTOK, IO 3aKiHYUB PiCT PO3TArOM i3 YOTHPHOX
BOAHMX 1 YOTHPBOX CYXOAIABPHMX POCAMH.
3paskm ikcyBaanm AAsL CBiTAOBOI Mikpockomii
cymimmmo 3% TAIOTapOBOTO aAbaeTipy H 3%
napadpopmaabperiay (1:1 3a of'emom) Ha
1M ¢ocarromy 6ydepi 3 pH 7,2 mporsirom
24 TOAMH, IICASL 9OrO IPOMHBAAM Oydepom,
3HEBOAHIOBAAU B PO3YHMHAX CIMPTIB 3pOCTAI0Y01

KOHI[EHTpAIll ¥ 3aAUBaAU B CYMilll elIOKCUAHMX
CMOA €IIOHY i apaAAMTY 3a 3aTaAbHOIIPHIHATOO
METOAMKOI. 3pisM  TOBI[MHOK 1-2 MKM
pobuan Ha yasrpamikporomi RMC MT-XL
(CIIA), &apbyBarn BOAHMM  pPO3YHHOM
0,1 % TOAYIAMHOBOTO CHHBOTO i BHMBYAAM IIiA
mikpockoriom NF (Carl Zeiss, Germany).
AAs BU3HAYeHHs AiHIMHMX PpO3MipiB AMCTKIB
BHKOPUCTOBYBAAU IIO TPH AUCTKH 3 BOCbMH
pocauH. AiHINHI pO3MipH KAITHH BH3HAYaAU
y 30-40 xairmmax emipepmicy Ta y S50-60
KAITHHAX Me30QiAy 3 KOXHOIO 3paska. Aad
BH3Ha4YeHHs BiAHOCHOTO BMICTY BOAM B AUCTKaX
BUKOPHCTOBYBAaAM CTaHAAPTHHI OioXiMidHMI
merop (Yermakov 1982) 3 BucymryBaHHAM
3paskiB y TepMocTaTi npu Temmeparypi 95°C
Ao HesMminHOi Barm. OTpHMaHi IIMTOAOTIUHI
Ta OiloxiMmiuHi AaHI OOpPOOASAM CTATHUCTHYHO,
BHKOPHUCTOBYIOYU nporpamy Microsoft
Excel 2007.

Pe3ynbTati Ta ix 06roBopeHHA

BoaHi pocnuHu Phragmites australis

Bucora BopHHMX pocamH ouepery y ¢asi
BereTaTHBHOIO POCTy KoAnBaAacs Bip 90 a0 130
cM. Crebao mpsiMe, TAapKe, TpUrpaHHe. AMCTKH
CHUASTYi, AWCTKOBAa TIAQCTMHKA IITHAOBHAHOL
¢$opmu, TOHKA Ta IfynKa. AAAKCiaAbHA TOBEpPXHS
AVICTKA IIAOCKQ, B TOM Yac sIK a0aKciaAbHa, y 30Hi
JKHAOK — BUITYKAO-XBHASCTAa. AUCTKH OuYepery,
IO 3POCTaB Ha MIiAKOBOAAIL, 6YAI/I KOPOTHIi Ta
ByX4i B NOpPIBHAHHI 3 AMCTKaMH POCAHH, IO
3pocTaau Ha cyxoAoAi (Puc. 1 B, B). Cepeaniit
po3Mip AMCTKIB oOuYepeTy, SKHH pic y BOAi,
cranoBuB 51+7x1,3+0,7 cm. Bmict Boau y
AMCTKaX craHoBuB 62,8 +0,5%. AocaipxeHHS
CTPYKTYypU IIOIEpPeYHHX 3pPi3iB AMCTKOBHUX
IAACTHMHOK II0KA3aA0, IO BepxXHs IIOBepXHS
Maibke piBHa, HIKHA — xBuasicra (Puc. 2 A-B);
Ha HIDKHIM TOBEPXHi BHAIASIOTHCS BIIAAMHU i
ucTymu. CTpyKTypa AMCTKAa i30AaTepaAbHa.
ToBImuHA AMCTKOBOI AQCTHHKY B 30Hi BITAAVHH
xoauBaeTbca Bip 200 ao 380 MxM, y 30HI
rpeeHiB, Ae PO3MIIyBaAUCS NpPOBIAHI ITydIKH
— Bip 300 po 600 mxm. Ha obox moBepxsix
AWCTKa BUsiBAeHi mpopuxu. OcHOBHI KaiTMHM
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apakciaAbHOro M abakCiABHOrO — emipepMicy
XapaKTepU3YIOTbCA  TOBCTUMU  KAITHHHUMU
oboroHKaMu. AAsi abakciaAbHOro emipepmicy
XapakTepHa IIPUCYTHICTb Yy 30Hi BIAAMHU
6-7 BEAMKHX ITyXUPIIEBOIIOAIOHMX KAITHH;
Ile MOTOPHi KAITMHH, IO AOIIOMArarTb
CKPYYyBaTHCsl AUCTKY 32 HECIIPUSTAUBHMX YMOB.
MoropHi KkAiTHHHM Ha 3pi3i Maibke IPO3ODi,
3BY>KEHi 31 CTOPOHM II€PMKAIHAABHOI CTiHKM M
po3IIHpeHi — y 30HI KOHTaKTy 3 Me30diroM;
MYPHHA TaKUX KAITUH KOAMBAeTbcs Bip SO a0
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Puc. 1. 3aranbHun BurnAag pocnuH  Phragmites
australis (A) Ta parMeHTM NINCTKOBMX MNACTUHOK
pocnuH, WO 3pocTanm Ha wminkosogdi (B) Ta
cyxoponi (B). Ha pucyHkax b ta B nnowa miHimanbHoi
KBaApaTHOI MNOAINKN CTaHOBUTL 1 MM2.

Fig. 1. General view of Phragmites australis (A) and
fragments of leaf blades from plants grown in shallow
water (B) and on dry land (B). For pictures B and B,
the area of one minimal square is 1 mm?2.

150 MxMm, BucoTa — Bip 100 a0 150 mxM. KiabkicTb
mapiB Me30(iAy B 30Hi BITAAUHH KOAUBAAACD Bip
YOTUPHOX AO INECTH, TOAL AK Y 30Hi IMPOBIAHMX
myukiB — 11-12 mapis. Ha nmomepeunux spizax
¢$opma emipepMAABHUX KAITHH OBaAbHA, KAITHH
Me30diay — MarDKe OKPYTAQ, 3piAka BHAOBXKEHA
B 30HI mpoBipHMX 1myukiB. CepeaHifi posmip
KAITHH ~ BEPXHBOIO  €IliAePMICY  CTaHOBMB
(Bucorax mupuna) - 33+1,4x63+2,1 MM,
HIDKHBOTO epiaepmicy — 38 £2,1 X 52+ 1,7 mxm,
KAiTHH Me3odiny - 56£4,3x59+2,7 mxm
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Puc. 2. MNonepeyHi 3pi3an NUCTKOBUX NnacTuHok Phragmites australis: A-B — nucToK pocnuHm, Wo 3pocTana Ha
minkoBoai; F—E — nncTok pocnuHu, Wo 3pocTana Ha Cyxonori.

Fig. 2. Cross sections of Phragmites australis leaf blades: A-B — leaf of a plant grown in shallow water; F-E — leaf
of a plant grown on dry land.
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Puc. 2. NpoaoBXeHHA.

Fig. 2. Continued.
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CepeAHs KiABKiCTb XAOPOIIAACTIB Ha 3pi3i OAHi€l
KAiTHHM Me30¢iAy ctaHoBHAQ 5,82 £ 0,40.

CyxopinbHi pocnuHu Phragmites australis

Bucora  cyxopiabHHX ~— pocAMH  ouepery
koAmBaAraca Bip 120 po 165 cMm. AHaromo-
MOPQOAOTiUHI O3HAKM CYXOAIABHHUX POCAUH
ouepeTy IOAIOHI AO TAaKHX, IO 3POCTAAH Y
BOAl; OyAOBa IIAACTMHKH — i30AaTepaAbHa.
BiaAMiHHOCTI  IIpOsIBASAMCSL Y 30iAblieHH]
AOBXMHHM Ta IOMPUHM AWCTKOBOI IIAACTHHKH
(Puc. 1 B), 3MeHIIeHH] TOBIUHY [AAQCTHHKY Ta
PO3MipiB KAITHH, 3HM>KEHHI KiAbKOCTI MOTOPHHUX
kaiTHH. CepeaHill po3Mip AMCTKOBOI IIAACTHHKY
cranoBuB 71+89%x3%0,2 cMm. Bwmict BoAuM
Yy AMCTKaX CYXOAIABHOTO OYepeTy CTaHOBHB
57,2+0,7%. Ha momepeyHux 3pisax AMCTKiB
(Puc. 2 T-E) BepxHs MOBepXHS MAACTUHKH
MariKe piBHA, HIDKHS — XBHAACTa 3 OPMyBaHHAM
rpebeHiB y 30HAX HPOBIAHMX ITy4uKiB. Y 30HI
BIAAMHH MICTUThCA YOTMPH WIapu Me30Qiay,
y 30Hi rpe0eHiB, 6iAs IPOBIAHUX IIy4KiB — Bip
BOCBMH AO AECATH INApiB, TOBUIMHA AMCTKIB y
30HI AOXKOMHKM craHoBHAa 110-120 MxM, a B
30Hi rpebeHiB KoauBaaacs Bip 150 Ao 170 MkMm.
lupuna rpebeHiB B OCHOBI KOAMBAETHCS BiA
200 A0 230 MKM, BHCOTa CTaHOBHMTb OAM3BKO
100 mxm. IIpopuxu mnpucyTHi Ha 060X
HOBEPXHAX AMCTKOBOI maactunky. Qopma
KAITHH ertipepMicy Ta Me30diAy TopibHa A0 TaKOI
y BoaHuX pocauH. CepeaHill posmip KaiTHH
(BuCOTa X mIMpHMHA)  BEPXHBOTO  emipepmicy
craHoBuB 11+1,7%x19+1,3 MKM, HIKHBOTO
epiaepmicy — 11%£0,7x14+1,1 MM, KAiTUH
Mesodiay — 20%£1,7x17+0,9 mxm. Cepepns

KIABKICTb XAOPOIIAACTIB Ha 3pisi KAITMHHM
Me3ogiy craHOBHAA 6,3 +0,28.

TaxuM 4YMHOM, IIOKazaHo, MmO y ¢asi
BETe€TaTMBHOIO  POCTYy  AMCTKM  POCAWH

Ph. australis, sxi 3pocTasu y BoAHO-Oeperosiit
30Hi mpoToku p. AHinpa B M. Kuesi 3a posmipamu
BIAPI3HAAMCA BipA AUCTKIB CyXOAIABPHUX POCAMH
nporo BuAy. Dbiabmi posmipm  AMCTKOBHX
MAACTUHOK DOCAMH, IO 3POCTaAM Ha Ie€BHIA
Bippaal Bip Oepera, MOXyTh OyTH 3yMOBAeHi
30iABLIEHHSAM IIBUAKOCTI HOAIAY, OiABII paHHIM
IXHIM pO3BUTKOM, 200 X GiABII OITHMaABHUMU

yMoBaMH pocTy. Mu mpurmyckaeMo HasBHICTb
CYyTTEBUX  BIAMIHHOCTEHl y  IIBHAKOCTI
IPOXOAXKEHHA KAITMHHOTO IIMKAY B AMCTKAaX
AOCAIAKYBAaHUX HaMH POCAMH, OCKIABKM came
Iieit TIOKA3HUK € AOCHUTb YYTAUBHUM AO BMICTy
BOAHM B POCAHHI Ta Y TpYHTI. BisoMo, 110 3a ymoB
He3HayHoi rpyHroBoi mocyxu (-2,2 MIla) y
KAiTHHAX Zea mays L. cnoTepiraau iHribyBaHHs
S-dasu xaitnrHOTO UKAY (Setter & Flannigan
2001), Toal SK 32 YMOB TPHBAaAOTO BOAHOTO
AeilIuTy BIAHOCHA HIBUAKICTH ITOAIAY KAITHH
auctkis Helianthus annuus L. 3MeHmryBasacst
Ha 39 % 3a paxyHOK OAOKYBAaHHS IIPOXOAKEHHS
KaiTHHHOTO 1HKAY y dasax G, ra G, (Granier
& Tardie 1999). Aesixi aBTOpU BBaKalOTB,
o iHribyBaHHS IOAIAY KAITMH Yy POCAMHHHX
TKAaHMHAX € HACAIAKOM IIPMTHIiYeHHsS CHHTe3y
IeBHMX I[UKAiHIB, SKi 3apisHi y peryasmii
$a3  KAITHHHOrO LUKAy, Ta IHriGyBaHH:
eKcIpecii BIATIOBIAHMX TeHiB (Matthias &
Herskowitz 1994).

OckiabkH  AOCAiAKEHI HaMHM  POCAMHU
BOAHOTO oOYepeTy HOPMAaAbHO PpOCAM H
PO3BHBAAKCA IPOTArOM YChOT'O BereTaTUBHOTO
nepioay ax A0 (OpMyBaHHS KOAOCKiB, MM
MOXXEMO IPUITYCTHTH, IO Ii POCAMHH €
CTIMKUMHU AO 3aTOIAEHHS KOPEHeBOl CHCTeMHU.
3 iHmoro 60Ky, MeHII po3MipU KAITHH
emipepMicy Ta Me30QiAy AMCTKIB CyXOAIABHOTO
OuepeTy MOXYTb OYTH HACAIAKOM 3HIDKEHHST
HIBUAKOCTI Ta/abo > dYacy pOCTy KAiTHH
postaroM, sike OOyMOBAeHe K Al€i0
¢iTroropmoHiB, Tak i $pizioAOTidHOIO BiATIOBiAATO
Ha 3HIDKEHHS BOAHOTO 0aAaHCY KOpeHiB,
AHAAOTIYHO, SIK I[e OIMCAHO AAS IHIIHUX BHAIB
(Jackson & Drew 1984; Voesenek et al. 2004).
OueBHAHO, IO KOpeHeBa CHCTEMAa BOAHOTO
oyepeTy,  XapaKTepU3YETbCS  YACTKOBOIO
rioxciero, ska BAACTHBA AESIKUM TPaB THUCTHM
pocauHaM, 30kpema Paspalum dilatatum Poir.,
o TakoX Moxe 3pocrarn y Boai (Insausti
etal. 2001).

Mu TakoX IPHUIIYCKAEMO, IO POCAHUHH
BOAHOTO M CYXOAIABHOrO ouepery, fKi MH
AOCAIAXYBAAM, XapaKTePHU3YIOTbCS Pi3HOIO
IAOIAHICTIO, fKa, AK BiAOMO, BIIAMBAE Ha
MOp$OAOridHi O3HAKM, 30KpeMa, Ha Ppo3Mip
crebeA 1 AMCTKIB, Ha BHCOTYy MDKBY3AiB
Ta  po3Mip KAITMH  AHCTKiB  O4YepeTy.
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3a AiTepaTypHUMU AQHHMH, OKTOIAOIAHI,
TeKCaITAOIAHI i AGKAIlAOIAHI POCAMHHU OYepeTy
(Pauca-Comanescu et al. 1999) BippisHatoTbCS
caMe 32 MOPQPOAOTIYHMMM ITOKa3HHKAMH.
IToxasano, mo 4YMM Mella TAOIAHICTb, THM
meHmui posmip kaitua (Hansen ef al. 2007).
Psp  aBTOpiB  BBaxae, mo Mopdoaoriuni
3MiHHM € He3aAeXHHMHU Bip YMOB MiCIIeBOCTi,
a oOymoBAeHi Auile BIAMIHHOCTSMH 4YHCAQ
xpomocom (Bjork 1967; Clevering & Lissner
1999; Rolletschek et al. 1999; Pauca-
Comanescu et al. 1999). Lli aocaipruku
OIIMCYIOTh MOPQOAOTIUHI BiAMIHHOCTI, SIK MiX
pisuumMu monyasigisimu Ph. australis, Tax i Mix
Ppi3sHMMM KAOHAaMHM B MeXXaX OAHI€l I Tiel X
MIOIYASAIIil, He3aA€XHO Bip YMOB MiCIIeBOCTI.
IIboMy BHAY BAACTHUBHMH AOCUTb IIHPOKHUH
Alalla3oH  IAOIAHOCTI, TIIpOTe HaMYacTime
TpamastoTbcst  TeTpamaoign  (2n=48) Ta
okronoigu (2n=96) (Clevering & Lissner
1999). ITaroHu OKTOTAOIAIB, SIK IPAaBHAO, AOBIII
¥ TOBII, @ TAKOX MAIOTh OIABIII AMCTKH, HDK Y
TeTpanaoipiB. OKTOMAOIAHMI oOdepeT iHOAI
HA3MBAIOTb TIraHTCBKUM, & TETPAIAOIAHUI
- “spuvaitanm” (Hanganu et al. 1999; Pauca-
Comanescu et al. 1999). 3assu4ail mposBom
OAHAK iHKOAM Pe3yAbTaTOM IIOAINAOIAIl MOXke
OyTH TakoX i 3MeHIIEHHS KiABKOCTI IIOAIAY
KAiTHH mip wac possutky (Stebbins 1971).
TaxuM 4YHHOM, THUTAaHHA IOAO KAITHHHUX
MeXaHi3MiB MiHAMBOCTI MOp¢0-aHATOMIYHUX
MIOKA3HUKIB oOYepeTy, IO 3pOCTaE B 30Hi
M. KuteBa moTpe6ye moaaAbIIoro A0CAiAKeHHsI.

BucHoBKMU

AOCAip)KeHHS aHATOMO-MOPQOAOTIYHMX O3HAK
AMCTKiB OYepery, IO 3pOCTaB y BOAL Ta Ha
CYXOAOAi y $asi BereTaTUBHOTO POCTY, TOKA3aA0,
mWo aHaToMiuHa OypoBa i TMn Mesodiay e
CTabiAPHUMH O3HAaKaMH AAS LIbOTO BUAY, TOAL
SK AiHIMHI PO3MIpH AUCTKOBHX IAACTHHOK Ta
pO3MIpH KAITMH — IAACTHYHUMH O3HAKAMH,
SAKi 3MIHIOIOTHCSI B 3aA€XXHOCTI BiA AOKAABHOTO
BOAO3a6e3nedeH s,
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