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CYCLAMEN CAULOGENESIS, RHIZOGENESIS AND MICROTUBERIZATION

JAIME A. TEIXEIRA DA SILVA

Abstract. The tissue culture of Cyclamen persicum Mill. of the Primulaceae family, and a popular ornamental pot plant, is

well explored. This synopsis review provides an overview of the induction of shoots (caulogenesis), roots (rhizogenesis)

and microtubers (microtuberization) in vitro as viable routes for the tissue culture of clonal material, primarily from the

English literature.

Key words: Cyclamen, biotechnology, media, microtuber, plant growth regulator, tissue culture

PO. Box 7, Miki-cho post office, Ikenobe 3011-2, Kagawa-ken, 761-0799, Japan; jaimetex@yahoo.com

Abbreviations

2,4-D - 2,4-diclorophenoxyacetic acid
2iP — N°-(2-isopentenyl) adenine
AdS - adenine sulphate

BA - 6-benzyladenine

IAA - indole-3-acetic acid

Kin - kinetin

MS — Murashige and Skoog medium
NAA - a-naphthaleneacetic acid
N-69 - Nitsch & Nitsch basal medium
PGR - plant growth regulator

SIM - shoot induction media

TDZ - thidiazuron

TCLs - thin cell layers

Introduction

The tissue culture of members of the
genus Cyclamen L. (Primulaceae), geophytes
(perennial, herbaceous, with a over- or
underground  storage organs) that are
widespread in countries surrounding the
Mediterranean, is well explored (JALALI ef al.
2012). This mini-review aims to look at three
in vitro processes related to the tissue culture
of Cyclamen species, focusing primarily on
C. persicum Mill, or Persian cyclamen: shoot
induction  (caulogenesis), root induction
(thizogenesis), and microtuber formation
(microtuberization). These processes  are
examined in detail, but explored from a
historical perspective. Callogenesis and somatic

embryogenesis, which are closely related,
but which were recently covered elsewhere
(TAGIPUR et al. 2016), will not be discussed in
this manuscript.

The first two decades (1950s — 1970s)

The earliest known study on the in vitro
culture of C. persicum was published by
MAYER-HORSTER (1956) in which cubes
from tubers (but referred to incorrectly as
corms) including cambial tissue were induced
to form callus in the presence of 0.08 mg/L
a-naphthaleneacetic acid (NAA) or 40 mg/L
adenine sulphate (AdS) and 0.2 mg/L NAA on
WHITEs (1963) basal medium or only roots
in the presence of 1 mg/L NAA. STICHEL
(1959) capitalized upon those initial findings,
showing how only NAA up to 0.3 mg/L
could induce shoots while an initial pulse of
0.3-0.5 mg/L NAA, followed by transfer onto
medium with AdS induced both adventitious
shoots and roots. LOEWENBERG (1969) also
used tubers to prepare 4 mm® explants after
surface disinfecting whole tubers in 0.03%
mercuric chloride (HgCl) overnight, rinsing
in 1% sodium hypochlorite (NaOCI) and
then trimming away the outer layers. Using
modified White’s medium with 10 mg/L NAA,
Loewenberg induced callus in the dark at
25 °C although indole-3-acetic acid (IAA) or
2,4-dichlorophenoxyacetic acid (2,4-D) could
also induce callus. Tuber explants formed only

© 2016 The Author(s). Published by 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/ )
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a very small amount of callus on medium free of
plant growth regulators (PGRs). LOEWENBERG
(1969) also found that White’s medium was
more conducive to callus induction than Heller
(GAUTHERET 1954), MILLER (1961), NITSCH
(1969), and MurasHIGE & SkooG (1962)
basal media. The 1969 Loewenberg in vitro
trials also revealed that 6% sucrose produced
more callus than 0.7% or 2% sucrose, and that
sucrose induced more callus than fructose,
galactose, glucose, maltose, glycerol or mannitol
as a carbon source. Finally, Loewenberg showed
that while AdS stimulated callus, asparagine and
glutamic acid inhibited its formation. Curiously,
in the same year, but on the other side of the
world, OxumoTo & TakaBAYASHI (1969)
surface disinfected two-year old tubers that
had just completed flowering by rinsing them
in lukewarm water, dipping them in a solution
of 14% NaOCl for 30 min, repeating the entire
process, peeling away outer layers, and using
explants 10 mm in diameter and 10 mm long
from the core of surface disinfected tubers to
induce root or shoots in the presence of 1 or
0.1 mg/L NAA, respectively when cultured in
MS basal medium at 20 °C/10 °C (day/night).
At this temperature, contamination and explant
necrosis were reduced by about 10% relative to
untreated (i.e., not surface disinfected) controls.
Shoot buds could also be induced to form from
tuber tissue when 1 mg/L NAA was combined
with 20 or 100 mg/L AdS. As many as 30 shoot
buds/explant could be induced. The surface
disinfection process negatively affected organ
formation (OKUMOTO & TAKABAYASHI 1969;
PierIK 1975). Even the use of achromycin, an
antibiotic,by STICHEL (1959) wasable to control
bacterial infection. GE1er (1977), however,
controlled 75% or 100% contamination when
50 and 100 mg/L achromycin were used in
medium. Prior to that, Geier surface disinfected
tubers, leaves, petioles and closed flower buds
from 12-18 month old plants by immersing
them in 3% NaOCI for 5-10 min, rinsing three
times with sterile water, peeling outer tissues
then leaving explants to soak in 0.03% HgCl,
overnight, as suggested by LOEWENBERG
(1969). After three rinses with sterile water,
tubers were cut into 8 mm?® explants, anthers

were excised from closed buds and plated
intact, 40 mm? (8 x S mm) leaf explants with
midrib tissue were placed abaxial side down
on medium while 8 mm long petioles were also
plated on Nitsch basal medium. This protocol
resulted in 100% contamination-free cultures.
Although all cultures were initially placed in
the dark at 24 °C, when roots or shoots formed,
cultures were placed in a 15-h photoperiod at
10000-15000 lux. When tubers served as the
explant, NAA at 0.5 or 2.5 mg/L with 0.5 or
1 mg/L kinetin (Kin) formed primarily callus,
IAA at 0.1 or 0.5 mg/L with 0.5 mg/L Kin
formed shoot buds, or shoot buds and roots
when 2.5 mg/LIAA and 0.5 or 1 mg/L Kin were
applied, while 0.1 mg/L 2,4-D with 0.5 mg/L
Kin induced shoot buds. In several of these
cases, organogenesis was possible in 100% of
explants. Leaves, petioles and anthers were not
as responsive as tuber tissue, although shoots
could be induced from anthers with 1-5 mg/L
IAA and 1-2.5 mg/L 6-benzyladenine (BA;
see notes in TEIXEIRA DA S1Lva 2012) in 25%
of explants, but also formed petaloid organs
and anther-like structures. In the same study,
callus could be induced from somatic anther
tissue by 1 mg/L each of NAA and Kin, while
organogenesis from leaves was always indirect,
i.e., via intermediate callus formation. Although
GEIER (1977) claimed to test three varieties, he
did not describe the response of each variety
in vitro.

The first two decades thus showed that
in vitro cultures could be established, albeit
with difficulties in the control of infection,
and that primarily corm tissue was responsive
in vitro, when placed in suitable basal medium
with carefully selected PGRs.

The 1980s

Many important basic findings of the
response of different explants to in vitro culture
were examined in the first three decades of
Cyclamen tissue culture, focusing primarily on
disinfection and explant responses to PGRs,
but the 1980s and 1990s saw a few additional
new ideas and progress in this field. Most
likely the most obvious one was the discovery
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by WICART et al. (1984), following a detailed
histological analysis, that microtubers do
not share any vascular continuity with the
explant tissue, similar to somatic embryos (i.e.,
bipolar structures), and unlike shoot buds or
adventitious roots (unipolar structures). Given
the variable terminology that has emerged to
describe different structures that have formed
from Cyclamen explants in vitro, histological
verification in in vitro studies is essential.
ANDO & Murasaxi (1983) induced shoots of
cv. “Vuurbaak’ from ~75% of etiolated petioles
(distal half of 10-cm long petioles) in the
dark on third-strength MS medium (%3 MS)
containing 500 pM adenine hydrochloride
and 10 pM each of NAA and BA although the
number of shoots formed per explant was not
quantified. Despite the use of a simple explant
disinfection procedure that involved rinsing in
running tap water and dipping in 1% NaOCl for
1S min, the authors reported 0% contamination
unlike 12.5% and 83% contamination in
normal petioles and tubers, respectively.
Expanding on that earlier protocol, MURASAKI
& TsurusHIMA (1988) transferred shoots that
formed from etiolated petioles on Y53 MS with
0.037 mg/L NAA and 0.23 mg/L BA to a 16-h
photoperiod at 2500 lux. Cv. “Vuurbaak’ was
more receptive than cv. ‘Victoria) with 74% vs
63% of explants forming shoots, respectively.
Roots formed on 70% of explants and 95%
of resulting plantlets that were transferred to
the greenhouse survived. Fukur et al. (1988),
without providing any surface disinfection
protocol, and also using cv. “Vuurbaak)
induced most and largest microtubers (which
the authors referred to as tuber-like-organs)
on Y2 MS medium supplemented with 10 yuM
NAA or BA from shoot tips, pedicels and apical
tuber sections, the latter referred to incorrectly
as bulbs, although the range of 0.1 to 1 uM of
either NAA or BA also resulted in the formation
of microtubers; even the control treatment, i.e.,
the lack of any PGRs, resulted in the formation of
microtubers. However, the authors also claimed
the formation of callus and somatic embryos
at the same concentrations and from the same
explants, but did not provide any histological
proof. SCHWENKEL & GRUNEWALDT (1988)

surface  disinfected leaves, petioles and
peduncles by dipping them for 1 min in ethanol,
20 min in 2.6% NaOC], and then washed them
with autoclaved tap water. Cutting leaves into
8 mm® explants and petioles and peduncles
into 6 mm long explants, the authors claimed
the formation of shoots and callus from
peduncles, and even the formation of plantlets,
but many aspects of the study were unclear, and
high levels of contamination (as much as 50%
of explants) occurred. Using the WAINWRIGHT
& HarwooD (1985) protocol for establishing
tissue culture from aseptic seedlings, HAWKES
& WAINWRIGHT (1987) induced more
adventitious leaves from cotyledons and tubers
than from petiolesand rootexplants derived from
aseptic cv. ‘Rosamunde’ seedlings (0.62, 0.53,
0.22, 0.16 leaves/explant for cotyledons, tubers,
petioles and roots, respectively) when cultured
in light on /2 MS medium supplemented with
1 mg/L BA and 1 mg/L NAA. Subculture of
leaves on 2 MS medium with 1 or 2.5 mg/L
BA could not induce adventitious shoots.

The 1990s

IsH1zAKA & UEMATSU (1992) ushered in
the 1990s with a study in which ovules derived
from interspecific hybrids of C. persicum and
C. hederifolium Aiton 30 days after pollination
were cultured on either MS, White’s or NI1TSCH
(1951) basal media at 25°C in the light (16-h
photoperiod, 3000 lux). In their study, ovaries
were first disinfected with 70% ethanol for
60 s, 2% NaOClI for 30 min, then rinsed twice
in sterilized water. After peeling off the ovary
wall, the ovules with placenta attached served as
the explants. Plantlets were obtained in 17.8%
of excised ovules when 6% sucrose was used
in MS medium although 3-10% sucrose also
supported lower levels of plant regeneration
(0.4-16.5%) while plantlets could not form on
White’s or Nitsch basal media containing any
sucrose concentration, nor could the addition of
coconut milk improve regeneration percentage.
The technique of ovule culture by IsH1ZAKA &
UeMATSU (1992) is very important because
the authors showed that all embryos in the
ovules had degenerated by 43 days after
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pollination when diploid C. persicum was used
in the cross (and by 35 days when tetraploid
C. persicum was used), with 0% seed set, so
ovule culture serves as a valuable method to
rescue valuable hybrid Cyclamen material when
hybridizations are unsuccessful. TAKAMURA et
al. (1993) established callus and shoot cultures
from seedling tissues of an F, cross between
cv. ‘Pure White’ and a yellow variety. Seeds
were washed in 2% NaOCI for 10 min, rinsed
three times with sterile distilled water (SDW),
then plated on PGR-free 15 MS with 3% sucrose
for21 daysin the dark and then a further 21 days
in light (12-h photoperiod; 30 pmol - m? - s7;
TAKAMURA & MivajiMma 1997). Cotyledons,
leaf petioles, tubers and roots were isolated from
seedlings and plated on %5 MS with 1 yuM BA
and 0.1 yuM NAA in the dark for 35 days and
then in a 16-h photoperiod. At most, 70% of
cotyledons formed shoots (3.8/explant) while
93.8% of petioles or tubers formed shoots (6.0 or
6.8/explant, respectively) but no photographic
evidence of in vitro organogenesis was provided.
DILLEN et al. (1996) induced callus from young
leaf explants after surface disinfecting 45 mm x
60 mm leaves in 70% ethanol (brief dip), 1.5%
NaOCl for 15 min and four rinses in sterile
water. Leaf explants (1 cm?), when plated on
MS basal medium with 3-4 mg/L BA, 3-4 mg/L
Kin and 2 mg/L NAA, callus formed after 17
weeks in the dark. Callus was cut into 1 cm?
pieces and subcultured three times on the same
medium for 8, 9 and 10 weeks, then subcultured
five times (6-7 weeks each subculture) on MS
basal medium with 4 mg/L BA, 4 mg/L Kin
and 3 mg/L NAA, forming etiolated shoots
(12/explant). In Nitsch-based medium, 88%
of shoots rooted after 4 weeks while only 53%
of shoots rooted on MS medium in the light
(5000-6000 lux), but the latter needed 6%
sucrose. DILLEN et al. (1996) then conducted a
scaled-up trial, acclimatizing 1200 rooted shoots
(ie, plantlets) from 18 genotypes, showing 90%
rooting and 78% acclimatization, although the
substrate used was not defined. Also, in a bid
to assess the cytological stability of regenerants
after two-year callus culture, as much as 10-20%
of plants in three genotypes showed variations
in ploidy. BacH et al. (1998) were able to

induce shoots directly from 35-38% of leaves
and hypocotyls derived from aseptic seedlings
of C. persicum F cv. ‘Medium’ in the presence
of SO uM 2,4-D and 4 pM N°-(2-isopentenyl)
adenine (2iP) when placed on MS basal medium
and maintained at 25 °C in the dark. When basal
medium contained 2.5 uM NAA and 25 yM 2iP,
75% of leaf explants, 30% of hypocotyls and
45% of root explants formed shoots.

The 2000s

KaraM & AL-MajatrHOoUB  (2000a)
regenerated shoots directly from the leaves of
wild Jordanian C. persicum in vitro seedlings
on %2 MS medium with 0.22 mg/L thidiazuron
(TDZ) and 0.1 mg/L NAA in the dark. The
authors also tested different explant sizes and
locations of in vitro-derived leaves (wounded
blades, blades with midrib, blades without
midrib, central lamina, and petiolated lamina),
noting that blades with a midrib showed the
highest shoot induction ability (88% vs 81%,
44%, 34% and 0% from wounded blades, central
lamina, petiolated lamina, and blades without
midrib, respectively), forming a maximum
of 2.9 shoots/explant. Also within the same
study, the authors studied the influence
of explant type (in vitro seedling-derived
tuber, petiole, cotyledon, and root) on the
outcome of microtuberization, noting that root
explants showed highest tuberization (42% of
explants) in response to 1 mg/L BA in 2 MS
medium (relative to 4% in cotyledons and 0%
tuberization from tubers and petioles). Optimal
sucrose concentration was 3%, decreasing when
6, 9 or 12% were tested, forming microtubers
in 100% of explants and 6 mictotubers/explant
with roots in response to 3% sucrose, and 37.5%
of explants and 1.63 mictotubers/explant when
6% sucrose was used). In a separate paper by
the same authors (KARAM & AL-MAJATHOUB
2000b), the shoot inductive ability of other
explants (leaf discs, petioles, petals, and
peduncles) derived from wild ex vitro plants
at the flowering stage was tested. Unlike their
other study (KaArAM & AL-MajATHOU 2000a),
here they used %5 MS with 3% sucrose and 0.1
mg/L NAA as the basal medium, noting that
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peduncles formed most shoots (2.13 shoots/
explant in $4% of explants) in this basal medium
supplemented with 0.022 or 0.22 mg/L TDZ
while petals formed most shoots (1.07 shoots/
explant in 38% of explants) when 0.022 mg/L
TDZ was applied; the values for petioles were
0.16 shoots/explant in 7% of explants while
leaf discs did not form any shoots, in sharp
contrast to their previose findings (Karam
& AL-MajaTHOUB 2000a) where in vitro-
derived shoots from seedlings were found to be
most productive. Callus formed in peduncles,
petals and petioles at all concentrations of TDZ
tested. A separate trial in that study showed that
etiolated leaf petioles formed more shoots (0.86
shoots/explant in 32% of explants) than non-
etiolated leaf petioles (0.16 shoots/explant in
7% of explants).

The explant disinfection protocols used
in the Karam & AL-MajaTHOUB (20004,
2000b) studies deserve special mention due
to their precision and detail. In Karam &
AL-MajaTHOUB (2000a), seeds were extracted
from mature fruits, washed with water for
1S min, dipped in 70% ethanol for 1 min, added
to 20% NaOCl for 20 min, then rinsed in SDW.
Surface-disinfected seeds were plated in the dark
at 15 °C until germination, and then transferred
to light conditions (16-h photoperiod and 50-
60 pmol - m?-s?) at 22 °C. In their other
study (KarRaM & AL-MajJATHOUB 2000b),
they first washed explants in water for 10 min,
dipped them in 70% ethanol for 30 s, added
them to 4% NaOCI for 15 min, then rinsed
them in SDW. All explants were placed in the
dark at 22 °C. Unlike most Cyclamen in vitro
studies from the 1950s — 1990s, these two
studies did not (regrettably) report on the level
of explant or culture contamination. Using the
same surface disinfection procedure as KARAM
& AL-MajaTHOUB (2000a), MOHANNAD &
Karam (2000) tested the shoot induction
ability of in vitro seedling-derived tubers,
petioles, cotyledons, and roots in response to
BA when placed on MS basal medium. Most
shoots formed from tuber segments in response
to 2 mg/L BA and 0.1 mg/L NAA (3.4 shoots/
explant in 54% of explants) although both
shoots and roots also formed from the other

three explant types, but with lower shoot
induction ability. Shoots were proliferated in
the presence of 2 mg/L BA, forming 7.4 shoots/
shoot, and individual shoots were rooted in
0.5 or 1 mg/L NAA in 80-100% of explants,
although IBA was just as effective as NAA.
Plantlets were acclimatized in a peat + perlite
(1:1,v/v) substrate and no visible abnormalities
were observed.

ABU-QAOUD (2004) tested the ability
of tuber sections and petioles from in vitro
cv. ‘Concert’ seedlings to form shoots. Seeds
were initially surface disinfected in 5% NaOCl
for 10 min, rinsed three times in SDW, then
germinated on MS basal medium at 22-24 °C
and cultured in a 16-h photoperiod at
50 pmol - m? - s'. While no shoots formed on
petioles, 58.3% of tuber explants formed shoots
(10.8/explant) in response to 5.4 uM NAA and
4 uM TDZ. Even though the author claimed
successful acclimatization with 30% normal
flowering, no visual or quantitative proof was
provided.

PRANGE et al. (2008) were determined to
induce shoots from C. mirabile Hildebrand,
C. coum Miller, C. graecum Link and
C. hederifolium from three explant types
(cotyledons, tubers and roots) derived from
aseptic seedlings using two shoot induction
media (SIM): SIM I, with 0.5 mg/L NAA
and 1 mg/L BA; SIM 1II, with 0.5 mg/L TAA,
1 mg/L BA, 1 mg/L 2iP and 1 mg/L Kin.
Seed germination and shoot induction were
conducted in the dark at 20 °C. After 8 weeks,
C. mirabile tubers formed shoots in 22% of
explants on SIM I, 20% of C. coum cotyledons
in SIM II, 58% of C. graecum cotyledons on
SIM 1, and 43% of C. hederifolium cotyledons
on SIM I Values pertaining to the success of
shootinduction differed considerably depending
on whether explants were rated after 4, 8 or 16
weeks, an important issue in plant tissue culture
(TEIXEIRA DA SILVA & DOBRANSZKI 2013a).

YAMANER & ErDAG (2008) were able to
induce shoots from in vitro tubers of C. mirabile
Hildebr., an endemic Turkish species, on a wide
range of basal media (BourGiN & NiTscH
1967, MS, Y MS, LinsmaAiER & SKOOG
1965, AND LOEWENBERG 1969) containing
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0.1 mg/LIAA or0.5 mg/LNAA and 0.5 mg/L
Kin. Initially, seeds from mature fruits were
washed in running tap water for 1 h, dipped in
70% ethanol for 10 min, added to 4.5% NaOCI
for 25 min, then rinsed in SDW 3-4 times for
10 min. Disinfected seeds were germinated in
the dark at 15 °C on PGR-free 2 MS or MS
medium with 3% sucrose, and once seedlings
had germinated, these were transferred to
light conditions (16-h photoperiod) at 24 °C.
A maximum of 53.3% of seeds germinated
on Y2 MS medium after 10 weeks, while only
41.6% at most germinated on MS medium in the
same period. Leaf lamina, petioles, roots, intact
tubers and tuber segments were prepared from
8-week-old seedlings. Callus was induced from
petioles in 2 MS medium with 2 mg/L NAA,
but callus could not be induced to differentiate
and no regeneration was possible from leaf or
root explants. The most responsive explant
were intact tubers, forming 12.2 shoots/explant
and 6 microtubers/explant in the presence of 1
mg/L BA with 0.1 mg/L NAA and 2 mg/L BA
with 0.1 mg/L NAA, respectively. No additional
plantlet formation beyond microtuberization
was reported.

BURON & SaHIN (2009) germinated
C. alpinum Sprenger seeds in vitro that had
been stored for 8 months by surface disinfection
in 4.5% NaOCI for 10 min, 5-6 rinses with
SDW, and then plating on PGR-free MS
medium. Seeds stored in capsules at 15 °C or
20 °C showed a lower germination percentage
than seeds that were first excised from capsules
prior to storage (60% vs 70%, respectively), but
in vivo germination in Petri dishes was superior
to in vitro germination trials (92% from seeds
stored in capsules, 54% of seeds excised from
capsules prior to storage).

SEYRING et al. (2009) attempted to
induce shoots in several Cyclamen species
(C. africanum Boiss. et Reut., C. cilicium Boiss.
et Heldr, C. coum Mill, C. hederifolium Ait.,
C. persicum Mill, and C. purpurascens Mill.). In
all cases, explants were derived from youngleaves,
petioles, flower buds and peduncles of adult
greenhouse-derived plants. Leaves with petioles
were disinfected for 3 min in 0.8% AgNO, (silver
nitrate) and rinsed three times (S min each time)

in SDW while peduncles and flower buds were
dipped for 30 s in 70% alcohol, for 20 min in 3%
NaOCI, and three rinses (S min each time) in
autoclaved tap water. However, shoots formed
only in 12.5% of C. africanum petioles and in
20-25% of peduncles, leaves and petioles of
C. purpurascens when explants were cultured on
MS with 9.05 uM 2,4-D and 3.94 pM 2iP in the
dark at 25°C. The authors also devised a second,
more complex, protocol that involved NITscH
& NirscH (N-69; 1969) basal medium that
included 6.66 uMBA,S5.71 pM indolyl-3-acedic
acid (IES) and 888.24 uM adenine for 6 weeks at
20 °C in the dark. This was followed by 2 weeks
under a 16-h photoperiod (46 pmol - m?-s™)
then transfer to N-69 with 4.44 uyM BA, 5.71 yM
IES and 10.74 yM 1-naphthylacetic acid. It is
unclear if IES and 1-naphthylacetic acid refer to
IAA and NAA, respectively. Using this second
protocol, the following percentage of explants
formed shoots: C. africanum (placenta: 8.3%;
peduncle: 6.3%; leaf: 75%; petiole: 18.8%),
C. hederifolium ssp. confusum (leaf: 40%; petiole:
36.8%), C. hederifolium cv. ‘Perlenteppich’
(leaf: 25%; petiole: 5%), C. hederifolium
cv. ‘Rosenteppich’ (peduncle: 12.5%; leaf: 8.3%;
petiole: 6.3%), C. persicum (peduncle: 18.8%;
leaf: 25%; petiole: 7.1%), pink C. persicum
(placenta: 50%; peduncle: 45%; leaf: 25%), and
C. purpurascens (peduncle: 20%; leaf: 50%;
petiole: 5.3%). Shoots did not formin C. cilicium
or in C. coum, or in any explant of the other
genotypes listed above.

NuuT et al. (2012) used thin cell layers
(TCLs) 1 mm thick derived from peduncles to
induce callus in 100% of explants when cultured
on MS medium supplemented with 0.2 mg/L
TDZ and 1.0 mg/L 2,4-D. The transfer of 8-week
old callus to MS medium containing 0.5 mg/L
BA and 0.7 mg/L IBA resulted in the formation of
adventitious shoots (39.4/explant). Shoots could
also be induced from callus in the presence of 0.5
mg/L Kin and 0.1 to 0.7 mg/L TAA or NAA, but
the numbers were significantly lower than the
BA+IBA combination. These shoots (2-3 cm
long), when cut off at the base of the callus and
transferred to MS medium with 1.0 mg/L IBA,
formed a robust root system. TCLs are showing
great promise for new plant crops and for species
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for which no effective tissue culture or in vitro
regeneration system exists (TEIXEIRA DA SILvA &
DOBRANSZKI 2015a; TEIXEIRA DA StLvA et al. 2015).

Conclusions

Although the production of callus or
shoots directly in vitro may be an attractive
developmental model, for practical purposes,
the production of pathogen-free microtubers for
pot, greenhouse of field production is desirable.
Such material can then be used to derive new
microtubers that are free of infection which is
a desirable form of clonal propagation since
the initial tissue disinfection process of in vivo-
derived tubers or other material can still result
in heavy contamination of tissue cultures. Even
though Cyclamen micropropagation (JALALI
et al. 2012) and somatic embryogenesis
(TaGgipur et al. 2016) are well studied and
have a rich history, several aspects still need
to be explored, such as in vitro flowering
(TEIXEIRA DA SILVA et al. 2014), the use of
ultrasound orsonicationtoinduce organogenesis
(TEixEIRA DA SiLva & DOBRANSzKI 2014),
the use of TCL to maximize organogenic
output (TEIXEIRA DA SiLvA & DOBRANSZKI
2013b), or the use of magnetic fields to study
growth and development (TEIXEIRA DA SILVA
& DOBRANSZKI 2015b).
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Abbreviations

2,4-D - 2,4-diclorophenoxyacetic acid
2iP — N°-(2-isopentenyl) adenine

BA - 6-benzyladenine

IAA - indole-3-acetic acid

IBA - indole-3-butyric acid

Kin - kinetin

MS — Murashige and Skoog medium
NAA - a-naphthaleneacetic acid
PGR - plant growth regulator

Introduction.
A new taxonomy, a new vision

There is still considerable debate about the
taxonomy within the genus Holostemma R.Br
(Apocynaceae, Asclepiadoideae) even though
it was recently revised by SURVESWARAN
et al. (2014; Tab. 1) using molecular markers
(plastid sequences of rbcL, rpsl6, trnL and
trnLF regions), and thus serving as an update
of the last revision which only employed
morphological characters (SWARUPANANDAN
et al. 1996). In West Bengal, H. ada-
kodien Schult. is used as a febrifuge (DEY
& DE 2012), the ethanolic extract of the
roots of H. annulare, (Roxb.) K. Schum.
commonly used in Ayurvedic medicine,

showed antidiabetic activity in Wistar rats
with diabetes mellitus (SHIRWAIKAR et al.
2007). REDDY et al. (2010) reached the same
conclusion when CS7BL/6] ob/ob diabetic
mice were used. Both the ethanolic extract and
the ethyl acetate extract of dried and powdered
H. ada-kodien leaves were able to paralyze
and kill adult Indian earthworms (Pheretima
posthuma) at 200 and 400 pg/mL, i.e., they
displayed anthelmintic activity (SADASIVAM
et al. 2014). The hexane, ethyl acetate and
methanolic extracts of H. ada-kodien root
tubers showed antioxidant and radical
(DPPH, superoxide, nitric oxide) scavenging
activity (MALLIKARJUNA et al. 2011). The
ethanolic and methanolic extracts of H. ada-
kodien leaves and stems were able to exert
antibacterial activity against Staphylococcus
aureus, Bacillus subtilis and to a lesser extent
Salmonella  typhymurium, when compared
with the control antibiotic gentamicin, but
were ineffective against Klebsiella pneumoniae
and Escherichia coli (IRIMPAN et al. 2011).
Older texts in somewhat obscure or difficult-
to-access textbooks (e.g, WARRIER et al.
1995) point towards the use of H. ada-kodien
as an antidiabetic, rejuvenative, aphrodisiac,
expectorant, galactogogue, stimulant, and to
treat ophthalmic disorders in traditional Indian

© 2016 The Author(s). Published by 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/ )
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Tab. 1. Taxonomy of Holostemma R.Br (modified from SURVESWARAN et al. 2014).

Species

Currently accepted name

H. ada-kodien Schult. *!
H. annularium (Roxb.) K. Schum.

H. brunonianum Royle

H. annularium (Roxb.) K. Schum.
H. annularium (Roxb.) K. Schum.
H. annularium (Roxb.) K. Schum.

H. candolleanum Spreng. Fischeria scandens DC.
H. chilense Phil. Diplolepis mucronata (Decne.) Hechem & C. Ezcurra
H. fragrans Wall. H. fragrans Wall.

H. laeve Blume

H. muricatum Blume

H. pictum Champ. ex Benth.
H. rheedei Wall.

H. rheedianum Spreng.

H. sinense Hemsl.

H. tuberculatum Blume

Cynanchum ovalifolium Wight >

Cynanchum muricatum (Blume) Boerl.

Graphistemma pictum (Champ. ex Benth.) Benth. & Hook. f. ex Maxim.
H. annularium (Roxb.) K. Schum.

H. annularium (Roxb.) K. Schum.

Metaplexis hemsleyana Oliv.

Cynanchum tuberculatum (Blume) Boerl.

* Claimed on the Plant List (http://www.theplantlist.org/tpl1.1/search?q=Holostemma) and Wikipedia (https://
en.wikipedia.org/wiki/Holostemma) to be the only species within this genus, while other species names listed by
SURVESWARAN ef al. (2014) are considered to be synonyms of H. ada-kodien (The Plant List, updated in 2012).

! Common names (according to http://flowersofindia.net/catalog/slides/ Holostemma%20Creeper.html). Holostemma
creeper or adapathiyan; Hindi: Chhirvel; Marathi: Dudruli, Shidodi; Tamil: Palay kirai; Malayalam: Ada kodien; Telugu:

Palagurugu; Sanskrit: Jivanti, Arkapushpi.
2 Confirmed by L1EDE & KuNzE (2002).

Ayurvedic medicine (according to GEETHA
et al. (2009) and IriMPAN et al. (2011), and
local references therein).

Are Holostemma species rare or endangered?

In 1997, the Foundation for Revitalisation
of Local Health Traditions listed H. ada-kodien
as being rare due to over collection (FRLHT
1997), although the IUCN does not red list any
Holostemma species (http://www.iucnredlist.
org/), thus bringing into question any claim of
rare or endangered by several of the authors of
the tissue culture studies covered next (Tab. 2)
as one of the supporting claims of “novelty” of
their study. For example, DECRUSE & SEENI
(2002) describe H. annulare as being rare yet
two years later, in DECRUSE et al. (2004), they
describe the plant as being endangered, without
any supporting evidence. One common tactic
used by authors publishing studies on medicinal
and aromatic plants to increase their chances of
acceptance to a journal is by exaggerating (or
inventing) the rare or endangered status of that

plant, to sway the editors and reviewers opinions
regarding the importance and originality of the
study. Although Iam not suggesting that this may
be the case in any of the studies listed in Tab. 2,
readers should be aware of this unpalatable issue
when they assess the novelty of such studies.

In the light of this new taxonomic revision,
and the questionable claims of the rarity or
endangered status of several Holostemma species,
this mini-review aims to revise what work exists
on the tissue culture of this genus — in fact very
few studies — with the objective of giving some
direction for future experiments, and, based on
a critique of the already published literature,
advice on what should or should not be done in
future research to make results more meaningful
and robust, thus increasing confidence in the
reported outcomes.

The tissue culture of Holostemma species
The earliestknown study on the tissue culture

of Holostemma species that could be identified in
the published literature, after consulting at least
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Tab. 2. Classification of the rarity of Holostemma species in different tissue culture studies *.

Reported species  Status Status supported by sources? Reference

H. annulare Rare Yes ** SuDHA et al. 1998, 2000

H. annulare Not indicated DECRUSE & SEENI 2002 ***

H. ada-kodien Rare + endangered Yes ** (2002); No (2003) MARTIN 2002, 2003

H. annulare Endangered No DECRUSE et al. 2004

H. ada-kodien Endangered No GEETA et al. 2009

H. ada-kodien Rare Yes ** PUSHPARAJAN & SURENDRAN 2014
H. ada-kodien Endangered Yes **/No Javya CHANDRA et al. 2015

* As indicated in the text, the TUCN Red List does not list any Holostemma species as being either rare, or endangered.
** Only local, old, impossible-to-access, or anonymous sources provided.
*** Fails to cite SUDHA et al. 1998 in the text, constituting a case of snub publishing (TEIXEIRA DA S1LvA 2013).

7 data-bases/web-sites (Elsevier’s sciencedirect.
com/Scopus; Springer-Nature’s SpringerLink;
Taylor & Francis Online; Wiley Online; Oxford
University Press; NIH’s PubMed; Google and
Google Scholar), was from 1998.

In that first study, SUDHA et al. (1998)
claimed that tissue culture of H. annulare was
necessary for three reasons: 1) conventional
vegetative propagation through stem or root
cuttings is impeded by herbivores and insects
who are attracted to the sweet latex during
monsoon months, but without providing proof;
2) since roots are used for Ayurvedic medicine,
the use of roots for propagation is impractical;
3) flowering takes place once a year and little
fruit is set, but no evidence was provided.
With this set of limitations in hand, the authors
propagated mother plants by nodal cuttings
or shoot tips. Although the authors attempted
liquid culture, they observed hyperhydricity.
Although basal nodes regenerated more
shoots than shoot tips (3.8 and 1.0 per
explant, respectively) in optimized conditions
specified in Tab. 3, the former explant showed
higher levels of contamination, although
contamination levels were not quantified.
Although most shoots per explant and longest
shoots formed in the 6-benzyladenine (BA;
see notes in TEIXEIRA DA SiLva 2012) +
a-naphthaleneacetic acid (NAA) combination,
shoots could also be induced in the presence of
BA + indole-3-butyric acid (IBA) / indole-3-
acetic acid (IAA), N°-(2-isopentenyl) adenine
(2iP) + NAA / IBA / IAA, or kinetin (Kin) +

NAA / IBA / IAA. After the first subculture of
shoots, shoot production could be increased
to 7.6 shoots/explant. A maximum of 75%
of shoots could root when IBA was used as
the auxin and a maximum of 82% of rooted
plants could be successfully acclimatized in the
greenhouse without any visible morphological
changes. SupHA et al. (2000) followed up
their 1998 study with the induction of shoots
from chlorophyllous roots with as high as 82%
response without callus induction.

MARTIN (2002) was able to induce shoots
from 100% of H. ada-kodien nodes, forming
at most 8.1 shoots/explant. Although shoots
could also form in the presence of coconut
water without any plant growth regulators
(PGRs), with BA or Kin alone, with BA + IAA
/ NAA, the ideal shoot induction medium
involved BA + IBA (Tab. 3). When 1.5 mg/L
BA was used, callus could be induced from
leaves, nodes and internodes and subsequently
shoots (ie., indirect callogenesis), forming a
maximum of 15.5 shoots/node and 5.2 shoots/
internode. Even though leaf abscission could
be avoided by adding AgNO, or CoCl, to
medium, shoot number was compromised. The
authors claimed 90% survival of acclimatized
plants. Even though MarTIN (2003) claimed
to have induced somatic embryos from roots,
internodes and leaves, with as many as 43.8/10
mg of callus, no histological or cytological
proof was provided. The author also claimed
90% plantlet survival, an identical value to the
2002 study. GEETHA ef al. (2009) claimed



MODERN PHYTOMORPHOLOGY 10 (2016)

14

€007 NLLIVIA

CTO0T NLLIVIA

+007 v 2 ISEOA

{7007 INFAS X9 ASOAOH(]

000C v #2 vHANS

8661 v 12 vYHANS

"(N14S)
a7 1/3w 10 + S #%
(WID) A-%T1/3w T + SN

"(NDY) VeI 1/3w
S0°0 + SN % "(sapou ‘INIS)
vl 1/3w §0 + vg /3w
T + SN “(syuepdxa [re ‘ATS
< NID) V4 1/3w §'T + S
VO W $#°1 paurejuod osfe
wnipaw 19400y "(eIpawt
£180001 dny jooys pue
uonearssardo) *ON'HN
moyym  pue 'Od'H'HN
WW 9T+ Vg WA 77T + S
‘(ININS) VYN T/3w S0°0 +
vd 1/3w §°0 + S “(IS)
vd /3w 70 + SN "(INTY)
vdl 1/3w €0 + SW %

"(JNDY) DV %S0°0 + [o31sout
-ofw N1 90'9SS + VdI
WA 84T + S % "(ININS)
vd WA 177 + VYN Wi
LT0 + SN “(WIS) vea
¥ + VYN W1 +5°0 + SIN

.Q“C pues : 9108
ut _,umNﬁmE:uum maﬁﬂ& .wa.m gw.o
901008 9¢ 'g's Hd D, T F ST
WS w-powd g7 gd Y91

“(T:1) pues : 331108
ur paziewpoe syue[J ‘1ee 958°0
-asoons 9%¢ '8'S HAd "D, T F ST
X0 000C LAMD dd Y91

"(8661) 1v 12
<EQDM HO-« se wﬁOﬁ_ﬁﬁOu Hmﬂuo
9s01NS W £'/8 Do T F ST
S wowd 0G-0¢ ‘dd YTl

"(8661)
.NB yel <EQDW uo‘« Sse mGOﬂ:ﬁGOu
PYO DT F 4T S - W - [oud
0S IAMD dd YT

(T'1:1) @D # ros
: puEs Ul paziewIOE sjue] ‘Tede
9%5°0 "(JNDY) ds01ns %¢ "g's Hd
"M 9-G £12A9 parmynoqng YN
dway pue ‘7 ‘9aanos Y31 ‘qd

*sjue[dxa W | $J00I pUE SIPOUINUI PUE WD | OJUT
N0 $24837T *(700T) NLIMVIA 10J St PajodjuIsip aoejins syue[d
anjeur jo syred 1opus) woiy syuedxs Joor pue spoursjur JeaT

‘MJS Ul pasull Uay} urat 4, 1-¢7 10§
“D8H 950 ur paoed syuedxg M S U pISUL UIY) ‘Ut 0T-§
10§ Qﬁmwhﬁowv UBnXT %G U} ‘M I Iopun paysem sjuerd
amjyeur jo syred 1opus) woy syuerdxa spou pue spouruI JeaT

‘Joo0301d (8661)
‘Iv 32 VHANS 9y Suisn pajoajuisIp a1am sUIPass wIolj sapou
pue (YN SUOHIPUOD PUE Jensqns) PajeurtuIagd I9m Spasg

‘syue[d o414 u1 Jo (wd 4-¢) s3o0o01 snofdydoroyD

‘umnipaur uo Sunjerd a105oq MAS
ur JsUll [euy dUQ ‘(SIpou Jeseq) wd §[-Q'T 10 Ammn jooys)
un §°0-$°0 OIUT INd 1M sjue[dxs ‘Tururia) padewrep Jururwin
DYV MAS YIIM Sasul1 aaYy £q pamor[oy dajs ypes Kpandadsar
‘urw () 1-§ 10 /- 10§ [DSH 9%1°0 ut uayy Aanoadsar ‘uru §1-7 |
10 U (]-/ I0J UYOBI[q 96ST Ul PISIOUIIT JI9M SIPOU [eSeq
Iop[o pue sSUmnd [eUTWIIY], ‘pasowrdr A[YSnoIoy) uaaq pey
Juad1933p S [HUN M T UI PISULI UL} UW (T I0f (Sudoqe]
9T) 3ua3I193ep Ul paysem pue jnd a1om xade Y} WO} sapou
IxIS 0] Yoy Sururewar oy ‘saaed] jo paddins sjooys ‘syuerd
IOYJOW P[O-YooM §-Q WIOIJ PIAOWAI SIPOU -9 UM S}00YS

uapoy-vpv "H

uaipoy-vpv "

pnuuv "

2D|NUUY "[f

apnuuv "H

ddUIdJY

o wnipaw reumd o

5 SUORIPUOD 21Ny ny

ss9201d uondYuISIq

sapadg

.mw_uwmm DUIUIISO]OF JO 2IN3[ND 9NSST) 9] 10 SUOTIIPUOD 2INj Nd JIseq *¢ *qef,



15

TEIXEIRA DA SILVA J.A. The in vitro culture of Holostemma species: a critical analysis

£3ojoydrowomneur
jo sojoyd Aquo “o1 ‘(onsusd qesrdojorsty ‘esrS0[014d) joord jusroyms Inoyym sissuadoLiquid dpewos jo swie) LE8T7S6T/suonestqnd/wosteadqnd/ sdny

*(a/a) swnjoa /swmnjoa se spmbiy jo pue (aWn]oA/3YSIoM) A /M S SPIOS JO SIN[EA 9FLIUIDIA

(€861 SNIFH 3 NVIINIHL) X0[ 4T/ = S - . . Jowr | dure] wnipos 53e3[oa YSIy 10§ {X0[ 9°GS = 5 - W - [own T uns 3y} 10§ ‘xn[ 08 = .5 - . - owr T sdure] yusdsarony 10§
:(pa)uasardal sauo UTeW) UORRUIWIN[[T JUSIDPIP 10J JUSIPIP ST S - . UI . oUW 03 XNJ JO UOISIIAUOD Y} 9DUIs pa3uasaidar uaaq sey £pn3s yoes ur payrodax Kyrsusyur ys rewrdrio ayy, ,

‘(s)3eam — M fwnIpaw uondnpuUI uoReddHNW — WIATS {WRIPIW UORONPUI J00YS — WIS {WUNIPIW UORINPUT 0£IqUIS djewos — WIFS ‘19jem
pa[IBsIp S[qnop (Suraepoine £q) pazIiIeIs — MAAS ‘Torem paf[msip (Suiaepoine £q) pazirals — MAS “o3em dey Suruuni — M Ty ‘WNIPIW UORINPUT J00I — WY ‘ANprumy
aAnepar — HYy ‘porradojoyd — gq “rojemn3ar yymord yuerd — yo g Lpms ayy ur pajrodar jou — YN ‘e3uro[ypodAyy winrpos — [DOEN ‘proe onsoesusfeyyydeu-v — VYN ‘wnrpaur
(T96T) DOOAS 3R TIDIHSVANN — SW Asuayut 3y31 — [T ¢(Surmndourure [{1nging-9) unoupy| — Dy ‘proe dL4Ing-¢-sopur — ygy ‘Opro[yd Lmdmou — D8y ¢ (Toueysa) [oyoore
TAy30 — HOM ‘393eM PIIISIP — M ¢S9qN3 JUSISIION] SIYM — [ FM D ‘WNIPIW UORINPUI sn[[ed — WD ‘Sunp mod — @D /(7107 VATIS VA VIEXIA], 03 SuIpIodde ‘TeurLio ayj ur
pasn usaq aaey Lewr (surind ourwe[£zuag-9) Jvd YSnoys usad noySnoIy pasn sty ) SUIUSPEIAZUI]-,N — V' ‘[E09IBYd PAjeAnde — Dy pioe opadedxousydoro[ydip-4c — @-#C

ST0T I 12 VEANVH)) VAV[

+107 NVIANTING
% NVIVIVAHSO

600C 'JY 32 VHLEED

‘(o410 x2
‘NTY) vdI W1 26+ + SN
(WINS) U] WM 7€°7 + VeI
WH 6%+ VEINT £8'8 + SIN
“(WIS) Ve W1 60°TT + SN

‘(NIS) VVN
/3w §0 + upy /3w §'y
S "(INID) VYN T/3w T +
uny T/8w §'7 10 YN /3w
I +Vd 1/3W S7-07 + SN

‘(WINS) un] M
9’0 + VdI W1 06'% + SIW
‘(N ‘WIS) S 225-94Dd

‘syopuerd
PoALISP-04314 up 10§ (T:T:T) PUes :
3sodwooruran : Jros 10 (s3umnd
oaa up) (T:1) snwny 3s310§ : J108
uopred ur pazpeuwnOE Sy
aede 948°0 esomdns o€ ‘¢S Hd
Do € F ST X0 00ST ‘dd Y91

“(T:1) pues : J10S 3[11}s
ur pazijewidoe sjueJ ‘1ede 948°0
-9s010ms 9¢ '8"S Hd "HY %S F SS
Do T F ST X0 000¢ dd Y91

.—ucmw ut @QNE@E:UUN wuﬁﬂm .uwww
(WINS) %80 10 (INIS) %L0
*3s010NS O\&va %¢ 10 Q\ﬁwv
% 8'S Hd "4 AN "dw3 TT ‘dd

‘da3s yoeo 1oy M S YIM X4 pue UIW § 10§ 1DSH %1°0

‘s 0¢ 10 HOM 9%0L ‘M(S UI SISULI {-¢ ‘U G 10J OT-UIIMT, +
Juad1933p 94 S YIIM pajeany sapou [esrde a1t Im sSumnd walg
‘syuedxa un (' [-§°Q 03Ul IND pue

XS M PAAR[OINE TALM PAYSEA “UTer 0T-T 10§ TDSH 96 T°0 Im
pajean uay} X¢ MS M paysem ‘Ui T 10§ HOI %0L U
paszourwr syue[dxg ‘M J [IM paysem A[ydnoroy) pue urur 0T-S
10§ [0da3T, 94S 3IM pajear) syue[dXy “UTW G 10J UOATES (1M UITY)
M.IY ur [ySnozot paysem arom syued roygour Ajeay ‘Gunok
“ysa1y woxy padd[od syudwdas [epou pue sdiy J0OYs ‘SoALIT

‘Mas ut
s} 9—G ysem pue ‘uoneyide Jue)suod Ppun urw ¢ 10§ [DOEN
%¥ M Jean) ‘syuawdas Suof wd G 03 WL, MS YIM XS
pasuL1 pue urw 7 10§ (T 00T /sdoIp 7) 07-UsdMmT, pue [DOCN
%} AM pajean) are yorgm syuejdxs Suof wnd 4-¢ ojur Jnd> pue
(Tw 00T Ut sdoxp 7) 7-USSMT, AN[IP UL PIYSEM WS payeu
‘soAed] SUTAOWAI 19y "UIW ST I0J MY UI Paysem sjooys

uaipoy-vpv ‘[

uaipoy-vpv "

uaipoy-vpv "H



16

MODERN PHYTOMORPHOLOGY 10 (2016)

the ability to produce “300,000 plantlets from a
single explant after 10 subculture cycles of 4 to S
wk intervals with 90% field establishment.”

PUSHPARAJAN & SURENDRAN (2014)
induced callus and shoots from shoot tips and
leaves of H. ada-kodien with a roughly 50%
callus induction response in both explants when
the BA + NAA combination was used, or closer
to 60% when Kin was used with NAA (Tab. 3).
The shoot induction response was 68% when
Kin + NAA were employed. Jaya CHANDRA
et al. (2015) showed that 700 mg/L IBA could
induce roots in 88% of shoots in a greenhouse
when rooted in vermiculite. In vitro, these
authors induced shoots from nodes in 84% of
explants, and multiplies to 8.14 shoots/shoot
when subcultured (Tab. 3).

The ability to cryopreserve important
medicinal plant germplasm has advantages,
but only if the material can be regenerated
post storage in liquid N,. DECRUSE et al.
(1999) noted that when NH,/NO, was
removed from MS medium and replaced
with 2.6 mM NH H PO,, H. annulare shoot
tips could be successfully cryopreserved
using encapsulation-dehydration. Moreover,
when NH/NO, was omitted from post-
cryopreservation shoot tip regeneration
medium, no callus formed (DECRUSE &
SEENT 2002; DECRUSE et al. 2004). In their
experiment, DECRUSE & SEENI (2002) and
DECRUSE et al. (2004) first subcultured shoot
tips derived from seedling six times on MS
medium with 0.2 M sucrose and 2.85 uM IBA
for a total of 30 days (preconditioning period).
Shoot tips 1-3 mm long were dissected then
encapsulated in 2.5% sodium alginate and
precultured in liquid medium containing
0.5 and 0.75 M sucrose for one day each at
25+2 °C and 0.75 M sucrose + 3% DMSO
for 3 days at 4 °C. Precultured beads were
dehydrated for 4 h in a sterile airflow hood
until dry weight was 0.17-0.2 g water/g, based
on DECRUSE et al. (1999) and stored in LN
overnight. Encapsulated shoot tips (i.e., within
synseeds, an essential tool in cryopreservation;
SHARMA et al. 2013) were then rewarmed at
40 °C. Only 56.8% of cryopreserved shoot tips
could regenerate, but without callus formation

while control (uncryopreserved) shoot tips
showed 90% recovery, but 8.3% formed callus
(DECRUSE & SEENI 2002). DECRUSE et al.
(2004) observed highest percentage recovery
(90%) when MS medium free of NH,NO,
was used for pre- and post-cryopreservation
procedures.

There are only two studies on the genetic
transformation of H. ada-kodien conducted by
KARMARKAR & KESHAVACHANDRAN (2001)
and KARMARKAR et al. (2001). In those
studies, 25% of hypocotyls could be induced
to form hairy roots in the dark in response to
Agrobacterium rhizogenes strain PcA4, although
hairy root induction was also possible when
strains 15834 and A4, in both darkness and
light conditions, and using either shoots or
hypocotyls, albeit at lower levels. Strains
8196 and 2659 could not induce hairy roots.
However, apparent figure duplication and/or
manipulation undermines the validity of these
results.

Conclusions

To date, even though the number of studies
on the tissue culture of Holostemma species is
limited, the following has already been achieved:
callusinduction, shootinduction, rootinduction
and cryopreservation. These processes from the
basic steps for additional in vitro studies which
should examine a much wider range of factors,
both biotic and abiotic, to increase shoot
production. Even though there are two studies on
genetic transformation, the results are doubtful
and thus more comprehensive trials are needed.
The genetic stability of in vitro-derived plants
needs to be tested with molecular markers. If
in vitro flowering (TEIXEIRA DA SILVA et
al. 2014) can be achieved, then floral tissue
for novel in vitro studies can be developed.
Ultrasound or sonication (TEIXEIRA DA SILVA
& DOBRANSZKI 2014), the use of thin cell layers
(TE1xEIRA DA SILVA & DOBRANSZKI 2013), or
the use of magnetic fields (TEIXEIRA DA SILVA
& DOBRANSzZKI 2015) to study growth and
development or to maximize organogenesis are
recommended.
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Abstract. The present study aimed to evaluate the antimicrobial activity of methanol and chloroform extracts of five
lichen species, Melanohalea exasperata, Physcia aipolia, Usnea florida, U. subfloridana and Xanthoria parietina. Antimicrobial
activity in culture assays of these foliose and fruticose lichen extracts were examined against two Gram-negative bacteria
(Pseudomonas aeruginosa and Escherichia coli), two Gram-positive bacteria (Enterococcus faecalis and Staphylococcus aureus),
and the yeast Candida albicans using the paper disc method through determination of minimal inhibitory concentrations
(MICs). The obtained results indicated the existence of different levels of antibiotic substances in the chloroform and
the methanol extracts of the examined lichen species. The chloroform extracts of Usnea subfloridana showed the highest
activity against Escherichia coli and Pseudomonas aeruginosa while the methanol extracts of this species were not active
against these microorganisms. The chloroform extracts of the examined species exhibited more significant antimicrobial
activity than the methanol extracts. None of the species were active against Enterococcus faecalis and Staphylococcus aureus.
Most of the lichen extracts indicated a moderate antifungal activity against Candida albicans, except for Physcia aipolia,

which was not active.
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Introduction

Lichens are successful symbiotic associations
between fungi and algae, usually an ascomycete
as a mycobiont partner and a green alga or a
cyanobacterium as a photosynthetic partner,
so called “lichenized fungi”, and includes
over 20,000 species all over the world. These
unique organisms are able to produce lichen-
specific secondary metabolites, which comprise
phenolic compounds, anthraquinones,
dibenzofurans, depsides, depsidones, depsones,
v-lactones, and pulvinic acid derivatives, with
currently about 1,000 substances identified
(MuGGIa et al. 2009). The potential of
secondary lichen metabolites in pharmaceutical
sciences is derived from their traditional uses.
Lichens have been utilized in folk medicine,
food, cosmetics, dyes, and for other ethno-
botanical purposes for more than five millennia
in several civilizations (LLANO 1950; ROMAGNI

& DAYAN 2002; MALHOTRA et al. 2007; YAVUZ
& CoBANOGLU 2010). Through their synthesis
of biologically-active substances, the lichens as
much as plant materials have potential healing
power and continue to play a major role in
herbal medicine for both traditional and modern
treatments (INGOLFSDOTTIR 2002; ROMAGNI
& DAYAN 2002; Yavuz 2013).

Inrecent years there has been a rising interest
in the discovery of new antibiotic compounds
to control bacterial diseases. The antimicrobial
activity of many lichens have been reported
(ASLAN et al. 2001; CROCKETT et al. 2003;
COBANOGLU et al. 2010; SANTIAGO et al. 2010;
RANKOVIC et al. 2011; AGIKGOZ et al. 2013).
A number of lichens also have antifungal effects
(HaLama & VAN HALUWYN 2004; SCHMEDA-
HIRSCHMANN ef al. 2008), antioxidant capacity
(WEISSMAN et al. 2005; Luo et al. 2006, 2009;
KEKUDA et al. 2009; ATALAY et al. 2011),
antiviral, cytotoxic and antigenotoxic activity

© 2016 The Author(s). Published by 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/ )
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(MaNojLOVIC et al. 2010; TURKEZ et al. 2012;
AGIKGOZ et al. 2013), as well as anticancer and
anti-inflammatory effects (SULEYMAN et al.
2002; Russo et al. 2008; TRIGGIANI et al. 2009).

The following study presents the in vitro
antimicrobial activity of chloroform and
methanol extracts of five lichen species:
Melanohalea exasperata (De Not.) O. Blanco,
A. Crespo, Divakar, Essl, D. Hawksw. &
Lumbsch, Physcia aipolia (Ehrh. ex Humb.)
Fiirnr., Usnea florida (L.) Weber ex FH. Wigg.,
U. subfloridana Stirt. and Xanthoria parietina
(L.) Th.Fr. Each has potential medicinal and
economic value as a candidate for contribution
to pharmacological use of secondary lichen
metabolites. For instance, Xanthoria parietina
was reported as being used to cure jaundice
(HuNECk 1999). A strong anticancer activity
was stated for Xanthoria parietina by TRIGIANI
et al. (2009). Various colours were obtained
from Xanthoria parietina as well as some other
lichen species in natural dying by SEN et al
(2014). A number of studies showed that many
Usnea species have strong antimicrobial activity
(INGOLFSDOTTIR 2002; FRANCOLINI 2004;
THaipPESWAMY 2011). Usnea has often been
mentioned in the history of ethno-medicine
(LLano 1950; MALHOTRA et al. 2007; Yavuz
& COBANOGLU 2010; Yavuz 2013). However,
the biological activities of the other species
contained in the present study have not been
previously investigated.

Material and methods

Lichen samples. Lichen materials for the
present antimicrobial tests were collected from
the provinces of Isparta and Bolu in Turkey. Five
lichen species were identified by examination
under a stereomicroscope (Olympus SZ40;
Olympus Medical Systems Corp., Tokyo, Japan)
by G. Cobanoglu (SMITH et al. 2009). These
species, including Melanohalea exasperata,
Physcia aipolia, Usnea florida, U. subfloridana and
Xanthoria parietina, are epiphytic-living (on tree
bark) and morphologically foliose and fruticose.

Preparation of lichen extracts. Air-dried
thalli of the samples were finely ground by
means of a mortar and a pestle. Powdered lichen

materials from samples of Physcia aipolia (S g),
Xanthoria parietina (S g), Usnea subfloridana
(S g), Melanohalea exasperata (3 g) and Usnea
florida (3 g), were extracted in a Soxhlet
extractor apparatus using 270 ml of methanol
and chloroform as solvents. The extracts were
filtered through Whatman No. 1 filter paper
(Whatman, Maidstone, England). The solvents
were then evaporated by a rotary evaporator.
In this way, the dry methanol extracts; 135 mg
for Melanohalea exasperata, 351 mg for Physcia
aipolia, 237 mg for Usnea florida, 417 mg for
Usnea subfloridana, 252 mg for Xanthoria
parietina and the dry chloroform extracts for
the same species; 10 mg, 20 mg, 10 mg, 15 mg,
10 mg, respectively, were obtained. The extracts
were sterilized by membrane filtration using
0.45 pm pore-sized Millipore filters (MF-
Millipore, Billerica, MA, USA), and were kept
at -20 °C until assay.

Microorganisms and media. The following
microorganisms were used as test organisms
in this study: Escherichia coli ATCC 2592 and
Pseudomonas aeruginosa ATCC 15442 (Gram-
negative bacteria), Enterococcus faecalis ATCC
29212 and Staphylococcus aureus ATCC 25923
(Gram-positive bacteria), and Candida albicans
ATCC 90028 (Fungus). All the bacteria
and fungus were provided by the Medical
Microbiology Department of the Medicine
Faculty of Yeditepe University, Istanbul, Turkey.

The test microorganisms were grown
in nutrient broth medium (NB-No. 3, for
microbiology, 70149 Fluka, Munich, Germany)
at 37 °C for 24 h, adjusted to a 0.5 McFarland
standard, approximately 10° cfu/ml for bacteria
and 10° cfu/ml for Candida albicans.

Antimicrobial activity assay. A paper disc
test was used to test microorganisms that were
grown in nutrient broth (NB-No. 3, as above)
in incubators at 37 °C, overnight for bacterial
strains and for 48 h for the yeast strain. For the
disc diffusion assay, the samples were diluted
to 0.5 McFarland standards, and then the
bacteria and Candida albicans were spread on
nutrient agar plates (Salubris, Istanbul, Turkey)
and Muller Hinton agar (MHA) (Sigma-
Aldrich, Munich, Germany), respectively.
At the same time, methanol and chloroform
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Tab. 1. Antimicrobial activities of extracts of Melanohalea exasperata, Physcia aipolia, Usnea florida, U. subfloridana, and

Xanthoria parietina in the disc diffusion assay.

Lichen species * E. coli P aeruginosa  E. faecalis S. aureus C. albicans

M. exasperata M - 7+0.58 - 13+0.58
C 17 +£0.58 19+0.58 - 10+0.58 -

P. aipolia M - - - - -
C 23+£0.58 12+£0.58 - - -

U. florida M - 7+0.57 10£0.00 13 £0.58
C 13 +£0.00 9+0.00 9+0.00 10 £0.00 7+0.58

U. subfloridana M - - 10£0.58 11 £0.00
C 32+0.58 31+£0.00 10+£0.58 -

X. parietina M - - - - 10 £0.57
C 9+0.58 21+0.00 - 8 £0.58

Antibiotics ®

C 26 £0.58

FLU 25+0.58

TZP 26 £1.53 26+1.52

Va 17+ 1.15

Values are mean inhibition zones + SD (in mm) of three replicates.

- — no inhibition observed.
* Extracts: C — chloroform extract; M — methanol extract.

® Antibiotics used as positive reference standards: C — chloramphenicol (30 pg/disc); FLU — fluconazole (25 pg/disc);
TZP - piperacillin/tazobactam (110 pg/disc); Va — vancomycin (30 pg/disc).

extracts were diluted in the respective solvents.
The final concentrations of the methanol
extracts were 13.5 mg/ml for Melanohalea
exasperata, 35.1 mg/ml for Physcia aipolia,
23.7 mg/ml for Usnea florida, 41.7 mg/ml for
U. subfloridana and 25.2 mg/ml for Xanthoria
parietina. Alike for the same species 1 mg/ml,
2 mg/ml, 1 mg/ml, 1.5 mg/ml and 1 mg/ml
final concentrations were obtained from the
chloroform extracts, respectively. The solutions
were sterilized by filtration through 0.4S5-pm
Millipore filters. Finally methanol extracts of
270 yg for Melanohalea exasperata, 702 pg for
Physcia aipolia, 474 pg for Usnea florida, 834 pg
for Usnea subfloridana and 504 pg for Xanthoria
parietina, and respectively, 20 pg, 40 ug, 20 ug,
30 pg, and 20 pg chloroform extracts of the
same species were added onto Whatman
filter paper discs (6 mm diameter) allowing
the solvent to evaporate during application
(BAUER et al. 1966). The respective solvents
employed to dissolve the lichen extracts were

used as negative controls. Also, for the bacteria;
chloramphenicol (C), piperacillin/tazobactam
(TZP), vancomycin (Va) and for the yeast;
fluconazole (FLU) were preferred as positive
reference standards. A bacterial colony counter,
Colony Star (Funke-Gerber, Berlin, Germany),
was used to measure bacterial inhibition
zones on the test plates. A large antibiotic
control panel recommended by CLSI (Clinical
Laboratory Standards Institute) was used for
all microbiological tests, which were done in
triplicate at laboratories with an International
Quality Certification (ISO-15189).

To  determine  minimal inhibitory
concentrations (MIC), the final concentrations
of Usnea subfloridana chloroform solution that
exhibited relatively larger zones of inhibition
than antibiotics, were diluted serially from one-
to ten-fold. The serial dilutions were tested on
the Escherichia coli and Pseudomonas aeruginosa
during overnight incubation.
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Results, discussion and conclusions

The antimicrobial activities of five lichen
extracts against four tested microorganisms were
evaluated in this study. The diameters of growth
inhibition zones in the disc diffusion assay are
shown in the Tab. 1. Antimicrobial activity was
compared with antibiotics that were used as
positive reference standards: chloramphenicol,
piperacillin/tazobactam,  vancomycin  for
bacteria and fluconazole for fungi.

Maximum antimicrobial activity
manifested in the chloroform extracts of
the lichen Usnea subfloridana against Gram-
negative bacteria Escherichia coli (MIC =
3 pg/ml) and Pseudomonas aeruginosa (MIC
=27 p.g/ml). This lichen showed stronger
activity than standard antibiotics (Tab. 1).
In comparison, the methanol extracts of the
same lichen species were not active against
any bacteria. Both extracts of the other Usnea
species, U. ﬂorida, were not as active against
the tested microorganisms as U. subfloridana.
Similarly, the chloroform extracts of Physcia
aipolia and Melanohalea exasperata markedly
inhibited these two Gram-negative bacteria
(in concentrations close to the activity of the
standard antibiotics) (Tab. 1), but not the
Gram-positive bacteria (Enterococcus faecalis,
Staphylococcus aureus) and the fungus. Except
for Usnea subfloridana, which had the highest
activity, the chloroform extract of Physcia
aipolia was more active against Escherichia
coli in diameter of the growth inhibition zone
at 23 mm than the other lichen species, while
the chloroform extract of Xanthoria parietina
exhibited higher antimicrobial activity against
Pseudomonas aeruginosa in terms of the diameter
of an inhibition zone at 21 mm (Tab. 1).

The methanol extracts of the lichen
species had no or weak effects on the tested
bacteria compared to the chloroform extracts.
In contrast, the results of antifungal activity
showed that the tested methanol extracts of
the lichens had moderate effects on Candida
albicans, except for Physcia aipolia, which had
no effect. The methanol extracts of Melanohalea
exasperata and Usnea florida were more active
against Candida albicans than the other lichen

species, with a smaller diameter inhibition zone
(13 mm) compared to fluconazole (25 mm).
In the negative controls, there was no observed
growth inhibition.

The results of the present study
demonstrated that the chloroform extracts
of five lichen species (but not their methanol
extracts) exhibited strong antimicrobial activity
against Gram-negative bacteria, particularly
Escherichia coli and Pseudomonas aeroginosa
(Tab. 1). The findings are in line with a part
of the results from earlier papers. While the
chloroform extracts of Physcia aipolia and
Xanthoria parietina significantly inhibited two
Gram-negative bacteria Escherichia coli and
Pseudomonas aeroginosa in this study, AsLAN
et al. (2001) reported that neither acetone nor
chloroform extracts of lichen Physcia aipolia
exhibited activity against these Gram-negative
bacteria. Also, in another study by Karacoz
et al. (2009), aqueous extracts of Xanthoria
parietina were inactive against Escherichia coli
and Pseudomonas aeruginosa, but active against
Staphylococcus aureus. In comparison, DULGER
et al. (1997) determined antimicrobial effects
in Usnea florida and found that chloroform,
ethanol, acetone and ethyl acetate extracts were
all active against Escherichia coli to a degree
greater than a standard antibiotic. Our findings,
particularly on the antimicrobial activity of the
chloroform extracts of the same lichen species
in the present study coincide with their results.
Moreover, the acetone and chloroform extracts
of some lichen species were reported as active
against these two Gram-negative bacteria by a
previous study of CoBANOGLU et al. (2010).
KARTHIKAIDEVI et al. (2009) also reported on
the antimicrobial activity of the chloroform
extracts of lichens against these two Gram-
negative bacteria, while the methanol extracts
were inactive. It is concluded that solvent types
and their concentrations are very effective on
the level of activity of the same lichen species.

Although the antimicrobial activities of
crude lichen extracts have been examined in
many studies (KARTHIKAIDEVI et al. 2009;
COBANOGLU et al. 2010; SANTIAGO et al. 2010;
RANKOVIC et al. 2011; AGIKGOZ et al. 2013;
BASILE et al. 2015), the chemical constituents
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of the lichen species need to be analysed more
specifically to determine the antibiotic activity
of an individual lichen substance. Diversity
at the level of antimicrobial activity of lichen
species may be related to where the species are
collected, the type of solvent, and the tested
organisms. However, expressive results in many
recent studies encourage further studies that
concentrate on lichen substances.

Thus, the highest antibiotic activity was
reported in lichens extracted with a chloroform
solvent. The chloroform extract of Usnea
subfloridana showed the maximum inhibitory
effect against Escherichia coli and Pseudomonas
aeruginosa, which is a significant finding in
this study and is reported here for the first
time. In addition, chloroform was found to be
a more effective solvent than methanol in the
present study. With respect to this, one finding
is that solvent type is important to the level of
activity of the same lichen species. Further,
the grade of activity or effectiveness depends
on species of the lichen in relation to the kinds
of secondary metabolites involved. A range of
different results in biological activity studies
may be due to different habitat conditions and
neighbouring species of the collected lichen
material, which may affect the production
of secondary metabolites in a lichen body.
The other variables influencing outcomes
of the studies included: type of the solvent,
concentration of the extract and the tested
microorganism.

Acknowledgements

This study is part of a research project
supported by The Research Fund of
Marmara University with project number
FEN-A-200611-0208.

References

ACIKGOZ B., KARALTI i., ErRs6z M., CoskuN M.Z.,
COBANOGLU G., SEsAL C. 2013. Screening of
antimicrobial and cytotoxic effects of two Cladonia
species. Z. Naturforsch. C. 68 (5-6): 191-197.

ASLAN A., GULLUCE M., ATALAN E. 2001. A study of
antimicrobial activity of some lichens. Bull. Pure Appl.
Sci. 20 (1): 23-26.

Ataray F., Havict M., Mavi A, CaxiR A,
OpaBasoGLu F.,, Kazaz C., AsiLaNn A,
KorrevioGLU 1. 2011. Antioxidant phenolics from
Lobaria pulmonaria (L.) Hoffm. and Usnea longissima
Ach. lichen species. Turk. J. Chem. 35: 1-15.

BasiLe A., Ricano D., Lorp1 S.,, D1 SanTI A,
NEBBI0SO A., SORBO S., CoNTE B., PaoLI L.,
RuBerTO F.D.,, MoLINARI A.M., ArtUucct L.,
BonTEMPO P. 201S. Antiproliferative, antibacterial
and antifungal activity of the lichen Xanthoria parietina
and its secondary metabolite parietin. Int. J. Mol. Sci.
16: 7861-787S.

BAuUEr AW, KiRBY W.M.N,, SHERRIS ].C., TURCK M.
1966. Antibiotic susceptibility testing by a standardized
simple disc method. Am. J. Clin. Pathol. 45: 493.

CRrROCKETT M., KaGevama S., HomeN D., LEwis C,,
OsSBORN J., SANDER L. 2003. Antibacterial
properties of four pacific northeast lichens. Oregon
State University Press, Corvallis.

COBANOGLU G., SESAL C., GOKMEN B., CAKAR S. 2010.
Evaluation of the antimicrobial properties of some
lichens. South-West J. Hortic. Biol. Environ. 1: 153-158.

DULGER B., GUCIN F,, KARA A., ASLAN A. 1997. Usnea
florida (L.) Wigg. likeninin antimikrobiyal aktivitesi.
Turkish J. Biol. 21: 103-108.

FrancoLINI I, Norris P., P10zz1 A., DoNELLI G.,
STO0ODLEY P.2004. Usnic acid, a natural antimicrobial
agent able to inhibit bacterial biofilm formation on
polymer surfaces. Antimicrob. Agents Chemother. 48
(11):4360-4365.

HaramA P., VAN HALuwyN C. 2004. Antifungal activity
of lichen extracts and lichenic acids. BioControl 49:
95-107.

HuUNECK S. 1999. The significance of lichens and their
metabolites. Naturwissenschaften 86: 559-570.

INGOLFSDOTIIR K. 2002. Molecules of interest — usnic
acid. Phytochemistry 61: 729-736.

KArRAGOZ A., DOGRUOZ N., ZEYBEK Z., ASLAN A.
2009. Antibacterial activity of some lichen extracts.
J. Med. Plants Res. 3 (12): 1034-1039.

KARTHIKAIDEVI G., THIRUMARAN G., MANIVANNAN K.,
ANANTHARAMAN P, KATHIRESAN K.,
BALASUBARAMANIAN T. 2009. Screening of the
Antibacterial properties of lichen Roccella belangeriana
(Awasthi) from Pichavaram Mangrove (Rhizophora
sp.). Adv. Biol. Res. 3 (3-4): 127-131.

Kexkupa T.R.P, Vinavaka K.S., Kumar SV.P,
SUDHARSAN 8.]. 2009. Antioxidant and antibacterial
activity oflichen extracts, honey and their combination.
J. Pharm. Res. 2 (12): 1875-1878.

Lrano G.A. 1950. Economic uses of lichens. Annual
Report. Smithsonian Institution, Washington D.C.
Luo H., REx M,, Lt K., KoH Y.J., WanG L., HURr J.
2006. Antioxidative activity of lichen Thamnolia

vermicularis in vitro. Mycobiology 34 (3): 124-127.



24

MODERN PHYTOMORPHOLOGY 10 (2016)

Luo H., YamamoTo Y., Kim J.A., June J.S., Kon Y.J.,
Hur S. 2009. Lecanoric acid, a secondary lichen

with properties
Umbilicaria antarctica in maritime Antarctica (King
George Island). Polar Biol. 32: 1033-1040.

MALHOTRA S, SUBBAN R., SINGH A. 2007. Lichens-role
in traditional medicine and drug discovery. Internet J.
Alternative Med. §: 2.

Manojrovic NTI. Vasmgevic P, Juskovic M.,
NAJMAN S., JANKOVIC S., MILENKOVIC-ANDJELKOVIC
A.2010. HPLC analysis and cytotoxic potential of extracts
from the lichen, Thamnolia vermicularis var. subuliformis.
J. Med. Plants Res. 4 (9): 817-823.

MuGGIA L., Scamrtr 1., GRUBE M. 2009. Lichens as
treasure chests of natural products. Sim News May/
June 2009: 85-97.

Rankovi¢ B.R., Kosani¢ M.M., Stanoykovi¢ T.P.
2011. Antioxidant, antimicrobial and anticancer activity

substance antioxidant from

of the lichens Cladonia furcata, Lecanora atra and
Lecanora muralis. BMC Complement. Altern. Med. 11: 97.
ROMAGNI J.G., Davan F.E. 2002. Structural diversity
of lichen metabolites and their potential use. In:
UrapHyay R.K. (ed.), Advances in microbial toxin
research and its biotechnological exploitation: 151-170.
Kluwer Academic/Plenum Publishers, New York, USA.
Russo A., P1o0vaANA M., LOMBARDO L., GARBARINO J.,
CARDILE V. 2008. Lichen metabolites prevent UV
light and nitric oxide-mediated plasmid DNA damage
and induce apoptosis in human melanoma cells. Life
Sci. 83: 468-474.
SANTIAGO K.K.A,, BORRICANO J.N.C,
CanaL J.N., MarceLo D.M.A., PErez M.C.P,,
De LA Cruz T.E.E. 2010. Antibacterial activities of
fruticose lichens collected from selected sites in Luzon
Island, Philippines. Philippine Sci. Lett. 3: 18-29.
SCHMEDA-HIRSCHMANN G., Taria A, Lmima B,
PeErRTINO M., SORTINO M., ZAcCCHINO S.,
Arias A.R., FERESIN G.E. 2008. A new antifungal
and antiprotozoal depside from the Andean lichen
Protousnea poeppigii. Phytother. Res. 22: 349-35S5.

SMiITH C.W.,, APTROOT A., COPPINS B.J., FLETCHERA.,
GILBERT O.L., JAMES PW., WOLSELEY P.A. 2009.
The lichens of Great Britain and Ireland. The British
Lichen Society, London, UK.

SuLeyMAN H., YiLpiriM D., AsLAN A., GOCER F,,
GEPDIREMEN A., GUVENALP Z. 2002. An
investigation of the antiinflammatory effects of an
extract from Cladonia rangiformis Hoftm. Biol. Pharm.
Bull. 25: 10-13.

SEN H., AKsoY A., COBANOGLU G., SELVI S. 2014.
Natural dyeing works on some lichens species
distributed in Ayvacik (Canakkale) and Ivrindi
(Balikesir/Turkey). Biol. Divers. Cons. 7 (3):
184-189.

THIPPESWAMY B., NAVEENKUMARK.]., BODHARTI].G.,
SHIvAPRASAD S.R. 2011. Antimicrobial activity
of ethanolic extract of Usnea longissima. J. Exp. Sci.
2(12): 1-3.

TR1GGIANI D., CECCARELLI D., Tiezz1 A., P1san1 T.,
Munzi1S.,GAGGIC.,LorP1S.2009. Antiproliferative
activity of lichen extracts on murine myeloma cells.
Biologia 64: 59-62.

Turkez H., AypiNn E., AsLaN A. 2012. Xanthoria
elegans (Link) (lichen) extract counteracts DNA
damage and oxidative stress of mitomycin C in human
lymphocytes. Cytotechnology 64: 679-686.

Yavuz M. 2013. Lichens in the prescriptions of Pliny the
Elder. Oltenia — Studii si comunicdri. Stiintele Naturii
29 (1): 115-119.

Yavuz M., CoBANOGLU G. 2010. Ethnological uses and
etymology of the word usnea in Ebubekir Razi’s “Liber
Almansoris”. BLS Bulletin 106: 3-12.

WEIssMAN L., Garry J., Hocaman A. 200S.
Characterization of enzymatic antioxidants in
the lichen Ramalina lacera and their response to
rehydration. Appl. Environ. Microbiol. 71 (11):
6508-6514.



ISSN 2226-3063 e-ISSN 2227-9555
Modern Phytomorphology 10: 25-38,2016

MACRO- AND MICROMORPHOLOGICAL STUDIES OF
CLYPEOLA SPECIES (BRASSICACEAE) IN IRAN

SOUSAN ABBASIAN & MARYAM KESHAVARZI *

Abstract. Clypeola is an annual genus from Brassicaceae with four (C. jonthlaspi, C. aspera, C. lappacea and
C. dichotoma) species in Iran. These are plants of different habitats and found as early spring therophytes in semiarid
regions of Iran. In this study 63 populations of Clypeola genus have been studied by 49 macro- and micromorphological
features. Results were analyzed by use of multivariate statistical methods. Cluster analysis, factor analysis and ordination
methods were applied. The result showed that such characters as pedicle, trichome, stamen, petal features and sculpture
of fruit surface have valuable diagnostic in separating of these species. In present study it was also found that the use of
seed surface character in not effective alone for taxa delimitation except of some C. jonthlaspi subspecies. Among leaf
features, trichome ornamentations, their position and branching pattern are effective for species separation. Fruit hairs are

of diagnostics importance in species separation too.
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Introduction

Brassicaceae comprise of 338 genera
and 3709 species (FRANZKE et al. 2010).
In Brassicaceae, the importance of micro-
morphological characters such as seed surface
and hairs has been emphasized (AL-SHEHBAZ
et al. 2006). Trichomes are divided into three
groups based on their form, the branching
pattern, types and number of cells. The trichome
features are valuable in the classification of
Brassicaceae on generic and specific levels. For
example, ROLLINS & BANERJEE (1976) studied
the leaf trichomes of Lesquerella S. Watson.
ANCEW & GORANOVA (2006) studied the seed
andleaf trichome morphology of eight taxa from
Alysseae tribe. MUMMENHOFF et al. (1997)
pointed to the characters convergence in fruit
morphology during their studies on Thlaspi s.l.
based on ITS analysis.

Based on early researches on seed
surface features, characters of anticlinal and
periclinal cell walls have been considered
significant (ABDEL KHALIK et al 2002;
TANTAWY et al. 2004; EL NAGGAR et al. 2005;
MOAZZENI et al. 2007; KaASEM et al. 2011).

In particular, ABDEL KHALIK et al. (2002)
studied morphological features of 45 taxa of
Brassicaceae. They pointed on the diagnostic
importance of leaf, flower, fruit, seed, embryo
and trichome morphology. BoLouriaN &
PAKRAVAN (2011) mentioned that silicle and
stamen features are valuable in separation of
annual species.

Clypeola L., is an annual genus of Alysseae
tribe. Distribution of this genus is limited to
northern hemisphere. There are 9 species in this
genus (CHAYTOR & TURILL 1935). RECHINGER
(1968) mentioned S Clypeola species in
Iran: C. aspera (Gruer) Turill, C. lappacea
Boiss, C. dichotoma Boiss, C. jonthlaspi L.
and C. microcarpa Morise. C. jonthlaspi is
idely distributed in Iran and in some papers
presence of varieties or subspecies of this taxon
is mentioned (CHAYTOR & TuURILL 1935;
BREISTROFFER 1936). Due to the different
description of C. microcarpa in literatures, it is
mainly considered as a subspecies or a variety of
C. jonthlaspi. In present study C. microcarpa as a
separate species is rejected too.

The aim of this research is to evaluate the

macro- and micromorphological variation

© 2016 The Author(s). Published by Modern Phytomorphology. This is an open access article under the Creative
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in Clypeola in order to find more diagnostic
features and to realize a better separation of taxa.

Material and methods

The herbarium specimens and freshly
collected plants from 63 populations belonging
to 4 annual taxa (C. jonthlaspi, C. aspera,
C. lappacea, C. dichotoma) from different
localities in Iran were studied (Tab. 1).
Vouchers of the collected plants are deposited
in Alzahra University Herbarium (ALUH). Ten
individuals were taken from each locality and
used for morphological studies based on species
distribution patterns. Totally 49 qualitative
and quantitative morphological characters,
consisting of vegetative and reproductive
structures were assessed (Tabs2 & 3). Characters
were selected on the base of Floras and our own
field studies. The fruit, seed and leaf surface were
studied by use of scanning electron microscopy
(SEM). Samples were fixed on aluminum stubs
using double-sided adhesive and were coated
with a thin layer of gold-palladium. The SEM
micrographs were taken by Philips XL30. In text
EL NAGGAR (2005) terminology is applied.

In pheneticanalysis the mean of quantitative
characters were wused while qualitative
characters were coded as binary/multistate
characters. Variables were standardized
(mean = 0, variance = 1) for multi-variant
statistical analyses (NG et al. 1981). In order to
find the species relationships cluster analyses
using UPGMA (un-weighted paired group,
mean average) and WARD (minimum variance,
spherical clusters) as well as ordination based
on principal component analysis (PCA) were
performed. In order to determine the most
variable morphological characters among the
species/populations, factor analysis based
on principal components analysis (PCA)
was performed. Non-variant characters were
omitted before factor analysis.

Results
Macromorphological studies

Form of pedicle show variation in studied
species. The pedicle is recurved and this is

the diagnostic trait for Alyssum and Clypeola
separation. Pedicle is like an umbrella hand in
C. jonthlaspi (Fig. 1 E), domical in C. aspera
(Fig. 1 F), recurved with a sharp angle in
C. lappaceae (Fig. 1 G), and S-shaped in
C. dichotoma (Fig. 1 H).

Fruit trichomes in studied species are
columnar or pyramidal. In C. jonthlaspi and
C. dichotoma, trichomes are columnar. In
C. aspera and C. lappacea, trichomes are
pyramidal and branching at the tip and in
mature fruit. The branching pattern in different
populations of C. lappacea is varied and in
C. aspera it is pentameral. The trichome
teatures in C. jonthlaspi showed variation and
due to this it has been used to distinguish
subspecies and varieties in Floras and papers.
In C. lappacea there is a great variety in hair
distribution and length.

Fruit shape is elliptic, orbicular or
obovate. The style in C. dichotoma and
C. lappacea is long and the tip of fruits are not
emarginate (Fig. 1 I, J), though in C. aspera
and C. jonthlaspi it is emarginate and style
length is often equal to its width (Fig. 1 K, L).
In C. jonthlaspi, C. aspera and C. dichotoma
there are two distinct parts, fruit disk and
wing. The shape of cells in fruit margins
differs among three species, they are lobate
in C. jonthlaspi (Fig. 2 A), stellate with the
presence of stomata in C. aspera (Fig. 2 B), and
represented by extensive cell with fine lobes in
C. dichotoma (Fig. 2 C). In C. lappacea there is
no distinction between central and marginal
parts of fruit. The seed is wingless and without
mucilage. Seed is elliptic, obovate, oblong and
orbicular with different degree of elongation.
In all studied species, different form can be
seen among populations and even individuals
of a population. The calyces are shed after
ripening of fruits. In C. aspera, C. jonthlaspiand
C. dichotoma, calyx is saccate. In C. lappacea,
calyces are nearly straight. Sometimes the
margins are purple (C. jonthlaspi).

Petals in studied species are oblong or
triangular (C. jonthlaspi). In C. aspera and
C.lappacea, lamina s flattened. In C. dichotoma,
at the base of one or two petals, there is a
protruding in some flower (Fig. 2 F). The
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Tab. 1. Collections data for populations used in macromorphological study. * — stands for accessions used
in micromorphological studies by SEM. ALUH - vouchers preserved in Herbarium of Alzahra University;
FARH - in Herbarium of Kharazmi University; FUMH - in Herbarium of Ferdouwsi University; HSBU — in Herbarium
of Shahid Beheshti University.

Nr  Species Voucher Nr Origin Collector

1 C. jonthlaspi ~ 18917-ALUH Tehran: Boumehen Abbasian

2 18918-ALUH Alborz: Baghestan Mosaferi

3 188-ALUH Alborz: Aghesht to Baraghan * Keshavarzi

4 18919-ALUH Gilan: Jirandeh Dadmehr

5 18920-ALUH Qazvin: Abyek Abbasian

6 18921-ALUH Qazvin: 20 km Ange road, Shekarnab village * Abbasian

7 18922-ALUH Fars: Shiraz to Isfahan, 15 km to Saadat Shahr Abbasian

8 18923-ALUH Kermanshah: Tag-e-Bostan Gholami

9 18924-ALUH Tehran: Dar Abad Abbasian, Habibi,
Dadmehr

10 18925-ALUH Tehran: Darakeh River near Vanak Keshavarzi,
Abbasian, Habibi

11 18926-ALUH Tehran: Bumehen to Tehran road Abbasian

12 18915-ALUH Fars: 35 km Shiraz, 1482 m Abbasian

13 18913-ALUH Yazd: Tabas, Neyzar village, 1010 m Abbasian

14 18911-ALUH Yazd: Tabas, Eshqabad road, Ozbak Kuh Abbasian

15 18999-ALUH Khorasan: Boshrouyeh, Neygenan village Abbasian

16 18918-ALUH Fars: 35 km to Neyriz, 1480 m Abbasian

17 1897-ALUH Fars: Marvdasht road, Nagsh-e-Rostam Abbasian

18 1895-ALUH Yazd: Tabas, Khevr village Abbasian

19 1892-ALUH Yazd: Tabas, Eshqabad road, Kalshane village, 1092 m *  Abbasian

20 1903-ALUH Kurdistan: Sanandaj road, 15 km Kamyaran Abbasian

21 1904-ALUH Kermanshah: Sanandaj road Abbasian

22 190S-ALUH Kermanshah: 60 km Kermanshah, Bid Sorkh ghaut Abbasian

23 24711-FUMA Khorasan: 70 km to Mashhad, Kalat road, 1600 m * gicrll}glg:;ia &

24 16372-FUMA Khorasan: W. Dargaz-Gadganlou, 1200 m ']Zoggrlcl}elie &

25 25371-FUMA Khorasan: Kashmar, SW Kuh Sorkh Faghihi nia &
Zanguee

26  C.aspera 18916-ALUH Fars: 35 km to Shiraz, 1482 m Abbasian

27 18914-ALUH Yazd: Tabas, Neyzar village, 1010 m Abbasian

28 18912-ALUH Yazd: Eshqabad road, Ozbak Kuh Abbasian

29 18910-ALUH Khorasan: Boshrouyeh, Neygenan village * Abbasian

30 1898-ALUH Kerman: Kerman, 1770 m Abbasian

31 1896-ALUH Fars: 35 km to Neyriz, 1480 m Abbasian

32 1893-ALUH Yazd: Tabas, Abid village Abbasian

33 1894-ALUH Yazd: 40 km Deyhuk, 1361m Abbasian
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Tab. 1. Continued.

34 C.aspera 5044-ALUH Fars: 35 km Marvdasht * Rastipishe
35 1891-ALUH Yazd: Tabas, Eshqabad road, Kalshane village, 1092 m  Abbasian
36 36394-FUMA Yazd: SE Tabas, NE Deyhuk, 1700 m Zanguee & Rafei
37 18917-ALUH Qazvin: Abyek Abbasian
Anonymus- .
38 HSBU Kerman: Kerman Sonboli
39  C.dichotoma 1907-ALUH E Azerbayjan: 48 km NW Marand, salt hills, 1036 m Akhani & Samadi
40 16313-FUMH Khorasan: between Quchan and Dargaz, Allah Akbar ~ Joharchi &
ghaut, 1650 m Zanguee
41 24743-FUMH Khorasan: Bshrouyeh road, 1400 m Rafei & Zanguee
42 26738-FUMH Khorasan: SE Birjand, 1650 m Rafei & Zanguee
Anonymus- .
43 FUMH Khorasan: Birjand to Tabas, 1150 m Anonymus
44 10076-FUMH Khorasan: Birjand to Sarchah road, 1400 m Anonymus
45 16609-FUMH Khorasan: SW Bojnurd, 1050 m Joharchi &
Zanguee
46 17287-FUMH Khorasan: E Birjand, Gzyk mountains, 1400-1500 m Joharchi &
Zanguee
47 13743-FUMH Khorasan: Ferdows, Boshrouye Ayatollalhl &
Joharchi
48 21809-FUMH Khorasan: Birjand, Hamand, Give road, 1400 m. Faghihinia &
Zanguee
49 15109-FUMH  Khorasan: Birjand, 8 km after Hamand, 1300-1350 m * Rashed &
Zanguee
Anonymus-
50  C.lappacea HSBU n.a. Anonymus
S1 36-HSBU Kermanshah: Songhor, Asadabad, 1650 m Zehzad
S2 87410-HSBU Isfahan: between Shahreza and Vanak, 2300 m Khosravi
Chahar Mahal Va Bakhtiari: between Kharadgee and
>3 87532-HSBU Gandoman, Pare Das mountain, 2150-2300 m * Zehzad
Anonymus- ) v
54 FARH Kordestan: Sanandaj Anonymus
55 18814-FARH Iran: Anaran mountain, Ghooch Ali * Anonymus
56 1890S-FARH Isfahan: Faridan * Bagheri
57 18904-FARH Kermanshah Hassan pour
S8 18906-FARH W. Azerbaijan: Takab * Anonymus
59 11089-FARH Hamadan: Tuyserkan Haj M?hamad
Sameeii
60 1901-ALUH Lorestan: Malayer-Borujerd road, 60 km to Borujerd Abbasian
61 1902-ALUH Kermanshah: Bid Sorkh gauth Abbasian
62 74413-HSBU E Azarbaijan: between Tabriz and Marand Zehzad
63 8624402-HSBU Chahar Mahal Va Bakhtiari: between Gandoman and Zehzad

Ardal, south hills of pond Shaloo, 2350-2450 m
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Tab. 2. Qualitative macro- and micromorphological features used in this study.

Characters

State of character and coding

Vegetative form

Fruit shape

Seed shape

Petal shape

Hair in fruit disc
Hair in fruit margin
Pedicle shape

Leaf shape

Hair shape

Anthers shape

Petal base protruding

Protruding at the end of filament
and its wing

Fruit margin

Different tissues in fruit margin
Fruit hair surface

Fruit hair surface

Hair apex

Trichome surface ornamentation
Trichome shape

Trichome tapering

Trichome
Fruit ornamentation

Fruit surface
Seed surface reticulation

Seed surface

ascending (0), erect and un-branched (1), branched at base (2), ascending with
few branches (3), ascending or erect and bifurcate branches (4)

ovate (0), elliptic (1), round (2), elliptic-ovate (3)

oblong (0), elliptic (1), elliptic-ovate (2)

connate (0), oblong (1), oblong-connate (2)

absent (0), present (1)

absent (0), present (1)

curved (0), recurved sharply down (1), S-shaped (2), umbrella handle like (3)
elliptic and flat (1), oblanceolate-linear (2), oblanceolate and flat-elliptic (3)
cylindrical (0), conical (1)

non-elliptic (0), elliptic (1)

present (0), absent (1)

present (0), absent (1)

smooth (0), crenate (1), serrate (2)

absent (0), present (1)

without furrows (0), horizontally furrowed(1)
tuberculate (1), hispid (2)

rounded (1), swollen (2), branched (3)

non-verucate (0), verucate (1)

columnar (1), pyramidal (2), infundibular (3)

gradually (1), suddenly (2)

without net-like structure (0), with net-like structure (1)

smooth with button shaped particles (0), with cone shaped protruding (1),
tuberculate (2), papillat with irregular pattern (3), small tubercules (4),
amorphous and branched ()

with deep holes(0), net-like (1), lineolate (2)
regular (1), irregular (2)
domate (0), net like (1), stripped (2), lineolate (3)

stamens are winged and wings are terminated
to a lobed or acute tip. In some individuals,
the stamens with two wings can be seen.
Anthers are medifix in C. aspera, C. jonthlaspi
and C. dichotoma. In C. lappacea, at the margin
of tip of filament and wings, there are sinuate
protrudings (Fig. 2 G). Length of filament and
wing of stamen are valuable traits in species
delimitation. Some populations of C. jonthlaspi
showed different combination of flowers (with
unusual structures or with both high density of
hair and unusual structures) (Fig. 1 C).

Micromorphological studies

Fruitand seed surface were studied. Fruitand
seed sculpture pattern and fruit hairs showed a
great variation in C. jonthlaspi and C. lappacea.

The surface of fruit in C. jonthlaspi haired
on both part of fruits, covered with papilla
smaller than hairs, and a net-like sculptured,
but in fruits with marginal hairs, surface of fruit
have lineolate sculpturing pattern. In C. aspera,
surface of fruit covered with cone-shaped
protrudings which are branched at tip. The
shape of these protrudings and fruit sculpturing
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Tab. 3. Quantitative macro- and micromorphological features used in this study.

Characters Characters

Leaflength Seed length

Leaf width Seed width

Petal length Fruit length

Petal width Fruit width

Sepal length Length of style

Sepal width Average length of fruit hair
Length of pedicle Length of Fruit to seed ratio

Length of inflorescence

Length of stamen

Width of fruit/length of hair
Length of fruit margin

Length of pedicle/length of fruit

Length of longest filament/length of same anther
Fruit/fruit hair length ratio

Sepal/petal length ratio

Fruit to style length ratio

Fruit to seed length ratio

vary among studied populations (Fig. 3). The
surface of C. dichotoma covered with papilate
hairs which are smaller than fruit hairs. In most
studied populations of C. lappacea, the surface of
fruit is covered with branched protrudings, the
form of them are different among populations.
In Kurdistan population, surface of fruit is
stripped and have button-shaped protrudings
that scattered irregularly, while vacuolar pattern
in Faridan and Paredas populations were
observed (Fig. 3). In Azerbaijan population,
the fruit is covered with net-like sculptures.
In other populations, surface of fruit have
stripe or smooth sculpture pattern as in Ilam,
Kermanshah, Gandoman, and Faridan (Fig. 3).

Trichome surface has button-shaped
ornamentation in C. jonthaspi and C. dichtoma
but barbed-shaped in C. aspera (Fig. 4) and
C. lappacea. There was an infudibular-shaped
hair base in Faridan accession or the gradually
narrowing at the tip of hairs (Fig. 4).

Seed surface sculpturing is mostly reticulate
but three other types were observed too: domate
(C. dichotoma), lineolate (in C. jonthlaspi with
marginal hair at fruit), or net-like pattern (in
C. lappacea) from Azerbaijan (Fig. 4). Other
populations of C. lappacea, C. aspera and
C. jonthlaspi have reticulate sculpture (Fig. 4).

A variation in hair density was observed
while studying leaf dorsal epidermis. The hairs
have button-shaped sculptures (Fig. S A-C).

In C. dichotoma sculptures are not prominent
and hairs are more slender (Fig. S D). In some
studied populations of C. lappacea, tip of hairs is
curved (Fig. S E).

It was evident that the lower and upper
epidermis of petal is different. In all examined
samples, the sculpture of lower epidermis is
stripy and these lines are parallel and margin of
cells are wavy (Fig. S F), but in upper epidermis
of four studied species there are differences

(Fig. S G-)).

Interspecific variation based on macro-
morphological characters

The studied species showed significant
differences in selected set of characters. The
Ward’s phenogram based on morphological
teatures showed that there are two main clusters
(Fig. 6).

The first cluster consists of C. jonthlaspi,
C. aspera and C. dichotoma. In second cluster
C. lappacea is grouped. In order to determine
the most variable characters among the studied
species, factor analysis based on PCA was
performed, revealing that the first three factors
comprise more than 70% of total observed
variation. In the first factor, with more than 50%
of the total variation, characters as petal length
and width, sepal length and width, filament
length and width of all stamens wing, length of
pedicle, length of anther, length of style, presence
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Fig. 1. A - leaf of Clypeola dichotoma; B - trichome with four main branches at down and three at upper part; C — abnormal
(left) and normal (right) flowers of C. jonthlaspi; D — inflorescence of C. dichotoma, E — pedicle of C. jonthlaspi; F — pedicle
of C. aspera; G — pedicle of C. lappacea; H - pedicle of C. dichotoma; 1 - style of C. dichotoma; J — style in C. lappacea;
K - style and crenate shape of fruit margin in C. aspera; L - style in C. jonthlaspi.
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Fig. 2. Fruit margin in Clypeola jonthlaspi (A), C. aspera (B) and C. dichotoma (C); D — mature fruits; E - emargination
in lower part of petal of C. lappacea; F — protruding in basal petal of C. dichotoma; G — protruding in tip of filament and
wing of stamen of C. lappacea.

of different tissue at fruit margin, presence
of protruding in filament and wing margin of
stamens, shape of leaf and anther had highest
correlation (>0.6). In the second factor, with
about 11.53% of the total variation, characters
as the height of plant, width of leaf, length of
inflorescence, presence of protruding in base
of petal and number of leaf veins had highest
correlation(>0.6). In the third factor with about
9.44% of the total variation, characters as length
of fruit trichomes, ratio of fruit length to seed
length, ratio of length of filament to anther
length and shape of fruit margin had highest
correlation(>0.6). Therefore, these are the most

variable morphological characters among the
studied characters of studied Clypeola species.

Interspecific variation based on micro-
morphological characters of seed and fruit

In order to group the species having
micromorphological similarities, cluster analysis
using Ward’s method was performed (Fig. 7).
It has revealed two main clusters (Nrs 1 & 2).

In cluster Nr. 1, C. jonthlaspi, C. dichotoma
and one population from C. lappacea are
grouped. There are two subsets in this cluster,
one of which contains populations from
Kalshane and Karaj belonging to C. jonthlaspi.

Fig. 3. Seed and fruit surface in Clypeola jonthlaspi (A-F), C. aspera (G-1), C. dichotoma (J-K), and C. lappacea from »
different populations (L-R). L — Kordestan; M — Faridan; N — Paredas; O — Azerbaijan; P - Isfahan; Q-R — Kermanshah.
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In these populations, trichomes of fruit can reason for grouping population of Azerbaijan
be seen only at margin of fruit. In A cluster from C. lappacea, in this subset, is the presence
populations of Karaj, Qazvin and Mashhad- of net like sculpture on the surface of fruit
Kalat of C. jonthlaspi are grouped. These taxa (Fig. 3), which can be seen in populations of
have fruit hairs in both parts. Presumably, the C. jonthlaspi (Fig. 3 A). Cluster Nr. 2 contains

Fig. S. Leaf and petal surface. A-E — leaf hairs; A — hair with protruding that are larger in center; B — hair with equal
protruding in all parts; C — hairs without protruding in center; D — hair of C. dichotoma; E — hair with curvature in tip in
C. lappacea; F — dorsal petal epidermis in C. lappacea; G-J — petal ventral epidermis in C. jonthlaspi (G), C. aspera (H),
C. dichotoma (I), and C. lappacea (J).

Fig. 4. Fruit and seed surface. A-I — fruit surface. A-C — rounded trichome tip and button shaped sculptures in
Clypeola jonthlaspi; D — swollen trichome tip in C. dichotoma; E-F — branched tip and barbed sculptures in C. aspera;
G - infundibular-shaped trichomes in C. lappacea; H — narrowed gradually trichomes in C. lappacea; I — sharping tip
in C. lappacea. J-O - seed surface sculptures. J — domate in C. dichotoma; K - lineolate in C. jonthlaspi; L — net-like in
C. lappacea; M - reticulate in C. aspera; N — reticulate in C. lappacea; O - reticulate in C. jonthlaspi.
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C. jonthlaspi 2

C.aspera 4

C. dichotoma 1

C. lappacea 3

Fig. 6. Phenogram (Ward’s method) based on macromorphological characters in four annual Clypeola species.

populations of C. lappacea and C. aspera. In
F cluster populations of C. aspera are clearly
separated. The arrangement of C. lappacea and
C. jonthlaspi populations in dendrogram are
modified for macro- and micromorphology
with pollen morphology results. In order to
determine the most variable characters among
the studied species, a factor analysis based on
PCA was performed, revealing that the first three
factors comprise about 61% of total variation.
In the first factor with about 31% of the total
variation showed the highest correlation (>0,6).
Second and third factor with about 16% and
15% of the total variation respectively showed
the highest correlation.

Discussion

By considering of different populations of
Clypeola species in Iran in present study it was
evident that, some morphological characters as
pedicle shape, shape of fruit hair, shape of fruit
margin, characters of stamen, shape of style
and petals are eflicient in species separation.
A number of authors (ABDEL KHALIK 2002;
TaANTAWY et al. 2004; EL NAGGAR 200S;

MOAZZENI et al. 2007; Kasem et al. 2011)
demonstrated that seed surface features
are valuable in separating species regarding
anticlinal and periclinal walls. In this study
we demonstrated that the use of seed surface
character is not efficient when used alone,
but it was also shown that some subspecies of
C.jonthlaspi could be separated by these features.
The diagnostic importance of fruit characters in
present study is in concordant with Kava et al.
(2011).

Some micromorphological leaf features as
hair position, branch number and diameter
are effective in species separation. ROLLINS &
BANEJEE (1976) mentioned the importance
of same features while studying Lesquerella
species. It is believed that in dry condition,
hairs are denser than humid condition because
of adaptive behavior of plants. Results of these
study is somewhat in congruent with this idea,
as in C. aspera and C. jonthlaspi and C. lappacea
(Faridan) from drier location than Ilam and
Bakhteeyari belonging to C. lappacea have
a higher hair density. C. dichotoma (Birjand
population) which grow in dry location, the
hair density is low. Trichomes with curvature
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C. jonthlaspi Kalshane
C. jonthlaspi Karaj
C. jonthlaspi Karaj

C. jonthlaspi Qazvin
C.jonthlaspi Mashhad-Kalat S

C. dichotoma Birjand 16

C. lappacea-Azerbaijan 10

C.lappacea Paredas 12

C.lappacea Kordestan 15 37
C.lappacea Fariden 13 D

C. lappacea Gandoman-Ardal 4
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Fig. 7. Phenogram (Ward’s method) based on seed and fruit micromorphological characters in four annual Clypeola species.

at their tips were observed in populations of
Gandoman, Ardal and Ilam of C. lappacea.

Fruit micromorphological features
especially fruit hairs have diagnostic role in
species delimitation but leaf and seed characters
are used as complementary. Due to the vast
variation which was observed in C. jonthlaspi
and C. lappacea populations, the result of
micromorphological studies can be helpful
to separate these species as it was evident in
palynological study of same genus (KESHAVARZI
etal. 2012).

Acknowledgments

We are very thankful of the support
of Mr. Jouharchi (FUMH), Mrs. Tavakoli
(FARH) and Dr. Mehrabian (HSBU) to make
the possibility to observed more herbarium
samples.

References

ABpEL KHALIK K.E. 2002. Biosystematic studies on
Brassicaceae (Cruciferae) in Egypt. Ph.D Thesis,
University of Wageningen.

AvL-SHEHBAZ LA, BEILSTEIN M.A., KELLOoGG E.A.
2006. Systematic and phylogeny of the Brassicaceae
(Cruciferae): An overview. Pl Syst. Evol. 259: 89-120.

ANCEV M., GORANOVA V. 2006. Trichome morphology
of eleven genera of the tribe Alysseae (Brassicaceae)
occurring in Bulgaria. Willdenowia 36: 193-204.

BOLOURIAN S., PAKRAVAN M. 2011. A morphometric
study of the of Alyssum
(Brassicaceae) in Iran based on their macro-

annual  species
and micromorphological characters. Phytologia
Balcanica 17 (3): 283-289.

BREISTROFFER M. 1936. Révision systématique des
variations du Clypeola jonthlaspi L. Candollea 7:
140-166.

CHAYTOR D.A., TURRILL W.B. 1935. The genus Clypeola
and its intra-specific variation. Bull. Misc. Inform.,,
Addit. Ser. 1: 1-23.

EL NAGGAR S.M.L 200S5. Seed microsculpturing
and systematic of the Egyptian Brassicacea
(Magnoliopsida). Fl. Medit. 15: 581-598.

FRANZKE A., Lysak M.A. AL-SHEHBAZ A. I,
KocH M.A., MuMMENHOFF K. 2010. Cabbage
family affairs: the evolutionary history of Brassicaceae.
Trends Plant Sci. 17 (1): 1-9.

Kasem W.I, GHAREEB A., MArRwA E. 2011. Seed
morphology and seed coat sculpturing of 32 taxa of
family Brassicaceae. J. Am. Sci. 7 (2): 166-178.

KESHAVARZIM., ABBASIAN S., SHEIDAI M. 2012. Pollen
morphology of the genus Clypeola (Brassicaceae) in
Iran. Phytologia Balcanica 18 (1): 17-24.

Kava A., UnNaL M., 0zGOkGE F., DoGaN B., MARTIN E.
2011. Fruit and seed morphology of six species
previously placed in Malcolmia (brassicaceae) in
Turkey and their taxonomic value. Turk. J. Bot. 35:
653-662.



38

MODERN PHYTOMORPHOLOGY 10 (2016)

Moazzent H., ZARrRe S.H., AL-SHEHBAZ LA,
MuMMENHOFF K.L. 2007. Seed coat micro-
sculpturing and its systematic application in Isatis
(Brassicaceae) and allied genera in Iran. Flora 202:
447-454.

MumMeENHOFF K., Franzke A., Kocu M. 1997.
Molecular data reveal convergence in fruit characters
used in the classification of Thlaspi s.l. (Brassicaceae).
Bot. J. Linn. Soc. 125: 183-199.

NG N.Q.,, CuanG T.T., WiLriams J.T., HAwWKESs J.G.
1981. Morphological studies of Asian rice and
its related wild species and recognition of a new
Australian taxon. Biol. J. Linn. Soc. 16: 303-313.

RecHINGER K.H. 1968. Clypeola L. In: RECHINGER K.H.
(ed.), Flora Iranica. §7: 170-171. Graz.

Rorrins R.C., Banerjee U.C. 1976. Trichomes
in studies of the Crucifera. In: VauGHAN ]G,
MAcLEoD AJ.,, JoNes BM.G. (eds), The biology and
chemistry of the Crucifera: 143-166. Academic press.
London, New York, San Francisco.

Tantawy M.E., KHALIFA S.F., Hassan S.A., AL-
RaBI1AI T. 2004. Seed exomorphic characters of some
Brassicaceae (LM and SEM study). Int. J. Agricult. Biol.
5:821-830.



ISSN 2226-3063 e-ISSN 2227-9555
Modern Phytomorphology 10: 39-45, 2016

POLLEN MORPHOLOGY OF SOME GERANIUM
SUBGENUS ROBERTIUM SPECIES OF IRAN
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Abstract. Geranium (Geraniaceae) comprises more than 23 annual or perennial species in Iran. There is no study in Iran
with pollen morphology emphasize. The main aim of this study is to find diagnostic pollen characters in studied species.
Totally 40 accessions of five species (G. albanum, G. molle, G. purpureum, G. mascatense and G. pusillum) were collected.
Pollen grains were studied by use of light and Scanning electron microscopy. To reveal the species relationships different
multivariate statistical methods were used. The pollen grains were monad, isopolar, radially symmetric and of spheroid,
prolate-spheroid or oblate-spheroid classes. The main ornamentation type was clavate, however reticulate but striate was
also observed. All sections are clearly separated by their pollen features except of Batrachioidea which show confusion with
Ruberta. Species relationship is discussed.

Key words: Geranium, Robertium, pollen morphology, Iran
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Introduction

Geranium L. (Geraniaceae) comprises 423
species in the world which are grouped in 3
subgenera and 18 sections (AEDO et al. 1998).
This genus contains more than 23 speciesin Iran.
These are annual or perennial plants of different
habitats in Iran (SCHONBECK-TEMESY 1970).

YEo (1984) was the first who divided
Geranium into three subgenera based on
fruit discharge mechanism. In seed ejection
type which is in concordance with subgenus
Geranium, a single seed is actively discharged
by the explosive recurvature of the awn, which
remains together with the mericarp attached
to the columella. The carpel projection type
which is observed in subgenus Robertium
(Picard) Rouy differs, the whole mericarp
containing the seed is dispersed and awn
remains with columella (AEDO et al. 1998). The
fruit discharge method in subgenus Erodioidea
(Picard) Yeo is identified as “Erodium-type”.
In this case the mericarp, including the coiled
awn, is propelled over a short distance.

In Geranium subgen. Robertium there
are 8 sections and totally 30 species in the
world. Pollen grains of 35 Asian Geranium
species were previously studied by PArRk &

Kim (1997). They used light microscopy and
scanning electron microscopy to evaluate
the classification and phylogenetic aspects
of studied taxa. They found high variation in
pollen size and exine sculpture.

Geraniaceae is a eurypalynous family
which pollen grains for the first time have been
studied by BORTENSCHLAGER (1967). Later
VERHOEVEN & VENTER (1986), STAFFORD
& BLACKMORE (1991), PERVEEN & GAISER
(1999), and SuenaTa (2008) had studied
pollen grains of different taxa in this family.
SHEHATA (2008) pointed to different exine
sculpture as reticulate- striate, gemmate-
reticulate and reticulate in Geraniaceae. He
believed that these features are of diagnostic
importance.

In subg. Geranium, pollens are larger
than in subg. Robertium and muri are more
elaborated with fine lumens which strengthen
the probability of reverse evolution in Asian
elements of Geranium. There is no record of
palynological study of Geranium species in
Iran. The main aim of present study is to use the
pollen grains features as a source of diagnostic
characters to distinguish different Geranium
species of subgenus Robertium.

© 2016 The Author(s). Published by 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/ )
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Material and methods

The material used for this study was
collected from wild populations and
herbarium specimens (Tab. 1). The
observations were made with an Olympus
DP12 light microscopy, without any
pretreatment. The measurements were based
on at least 20 pollen grains per population.
For SEM studies, the pollen grains suspended
in a drop of water were directly transferred by
a fine pipette to a metallic stub using double
sided cello tape and then coated with gold in
a sputtering chamber (Sputter Coater BAL-
TEC, SCDOOS). Coating with gold by the
physical vapor deposition method (PVD) was
restricted to 100 A. The SEM examination
was carried out on a TESCAN microscope.
The terminology of HESSE et al. (2009) for
pollen sculptures was followed.

The characters of pollen grains of the
studied Geranium species are summarized
in Tabs 2 & 3. In order to detect significant
differences in the studied characters among
the various studied species, an analysis of
variance (ANOVA) was performed. To reveal
the species relationships, we have used cluster
analysis and principal component analysis
(PCA) (INGROUILLE 1986). For multivariate
analysis, the mean of the quantitative
characters was used. Qualitative characters
were coded as binary or multistate. Variables
were standardized for multivariate statistical
analysis. Average taxonomic distances and
squared Euclidean distances were applied as
dissimilarity coefficient in the cluster analysis
of pollen data. In order to determine the
most variable characters among the studied
species, factor analysis based on principal
components analysis was performed. SPSS
ver. 20 and PAST ver. 2.17¢ (2013) softwares
were used for statistical analysis.

Results

The pollen grains of studied Geranium
species are monad, isopolar and radially
symmetric. They are of spheroid, prolate-
spheroid or oblate-spheroid class. Light

micrographs of pollen grains were similar
(Fig. 1), therefore scanning electron
micrographs were studied to find more
differences. All studied taxa were tricolporate.
The colpi were short and linear. The basic
ornamentation of the studied Geranium
species was clavate-reticulate or baculate-
reticulate, but striate ornamentation was also
observed (Figs 2 & 3).

G. albanum showed two parted wart-like
sculptures while G. mascatense showed very
different exine sculpture in studied taxa with
striate type of ornamentations.

In order to define the diagnostic value
of pollen grains in species delimitations in
studied Geranium species, cluster analysis by
Ward’s method were performed on the base
of 14 qualitative and quantitative features
(Fig. 4). As studied species represent each
of the sections, it is evident in cluster pattern
that all sections are clearly separated except
Batrachioidea which show confusion with
Ruberta. G. mascatense and G. albanum
comprise a separate cluster with more
similarity in their pollen features.

Factor analysis revealed that there were
three factors provided more than 78% of total
observed variation in studied pollen grains.
Studying the component matrix for each
factors it was evident that colpus length and
equatorial shape are most important features
in the first factor and aperture orientation,
while homogeneity of pollen sculpture and
exine thickness — in the second factor. In
the third factor only equatorial length is
responsible for more than 19% of observed
variation. PCO based on qualitative and
quantitative features of pollen grains (Fig. 5)
confirms the results of cluster analysis by
Ward’s method.

Discussion

Analysis has shown that G. albanum had
the largest, while G. molle had the smallest
pollen grains (Tab. 3). Although DEN1Z et al.
(2013) believed that there was no significant
difference between the sections in terms of
pollen grains, but studied species of present
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Tab. 1. Vouchers of Geranium species used in this study. Vouchers are deposited at Herbarium of Alzahra University.

Section

Species

Voucher specimen

BatrachioideaWD,J.  G. molle L.

1. Mazandaran: Chalous, Shariatabad Village, Nataj 350AUH

2. Tehran: Damavand to Roudehen, Veskareh Village, Ghasemian 352AUH
3. Mazandaran: Sari to Ghaemshahr, Seydi 3S3AUH

4. Golestan: Gorgan, Naharkhoran Jungle, Soleimani 354AUH

S. Mazandaran: Ghaemshahr, Fasahat & Rezaii 35SAUH

6. Guilan: Saravan Forest, Mohamadjani, 356 AUH

7. Mazandaran: Babolsar, Sari road km S, Rezapour 357AUH

8. Mazandaran: Kelardasht, Bayat 258 AUH

9. Golestan: Gorgan, Motalebi 359AUH

10. Khuzestan:Dezfuol, Near Dez river, Bagheri 360AUH

11. Mazandaran: Ghaemshahr, Jamshidi 361AUH

12. Guilan: Lahijan district, Pedram 362AUH

13. Mazandaran: Ghaemshahr, Talar Forest, Cheniani 363AUH

14. Mazandaran: Babolsar, Sari to Babolsar road, km S, Rezapour 364AUH
15. Mazandaran: Amol, Siahbishe Forest, Behzadifar & Pourabdollah 365AUH
16. Guilan: Astara, Heyran, Sayadlar, Behzadifar & Pourabdollah 366AUH

G. pusillum L.

17. Mazandaran: Javaherdeh, Mosaferi 367AUH
18. Guilan: Jirandeh, Keshavarzi 368 AUH
19. Guilan: Khalesar, Behzadifar 369 AUH

Divaricata Rouy

G. albanum M. Bieb.

20. Golestan: Ziarat, Pakravan 370AUH
21. Guilan: Masoule, Alebouyeh-ansari 371AUH

22. Mazandaran: Amol, Siabishe to Chalous road, Behzadifar & Pourabdollah

373AUH
23. Mazandaran: Jirandeh, Keshavarzi 372AUH

Trilopha Yeo

G. mascatense Boiss.

24. Fars: Kazeroun, Keshavarzi, 37SAUH
25. Khuzestan: Dezful, Keshavarzi, 376AUH

Ruberta Dumort.

G. purpureum Vill.

26. Guilan: Lahijan District, Pedram 377AUH

27. Mazandaran: Ramsar, Javaherdeh, Gholizadeh 378 AUH
28. Guilan: Langeroud, Mehrvarz 379AUH

29. Mazandaran: Ramsar, Tavakoli 380AUH

30. Mazandaran: Ramsar, Irani 381AUH

31. Mazandaran: Chalous, Shariat abad Village, Nataj 382AUH
32. Golestan: Minodasht, Alfajr Village, Habibi 383AUH

33. Guilan: Anzali, Mohamadjani 384AUH

34. Tehran: Darband, Baghaiipour 38SAUH

35. Tehran: Darband, Mohamadjani 386AUH

36. Tehran: Darband, Keshavarzi 387AUH, 388AUH

37. Golestan: Gorgan, Ghorogh forest, Mosaferi 389AUH

38. Guilan: Baharestan forest, Behzadifar & Pourabdollah 390AUH

39. Guilan: Gisom forest, Donya jan to Kharmakin, Behzadifar
Pourabdollah 391AUH

40. Mazandaran: Siahbishe to Chalous, Behzadifar & Pourabdollah 392AUH

&
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Tab. 2. Studied pollen features in Geranium species of Iran.

Characters Characters

Polar axis length Exine thickness

Equatorial axis length Nr of aperture

Apocolporium Colpi length

Mesocolporium Pore diameter

Qualitative characters State of characters

Exine ornamentation type Clavate-baculate-reticulate = 0, striate = 1
polar outline Triangular = 0, orbicular = 1

Equatorial outline Quadrangular = 0, rounded = 1, elliptic = 2
Aperture orientation At the same level = 0, sunken = 1

Exine homogeneity Present = 0, absent = 1

Pollen shape Prolate-spheroid = 0, oblate-spheroid = 1, spheroid = 2

Tab. 3. Evaluated characters of pollen grains in studied Geranium species. * — codes are mentioned in Tab. 2.

Character G. albanum  G. mascatense G. molle G. purpureum  G. pusillum
Polar axis 66.13 61.67 S51.54 62.02 52.7
Equatorial length 61.6 61.54 48.76 58.85 59.08
Exine thickness 0.002 0.00S 0.005 0.004 0.006
Colpus length 41.23 59.68 25.83 18.68 21.76
Pore diameter 16.48 18.47 11.87 7.42 11.02
Apocolpium length 32.185 33.09 33.07 42.85 42.46
Mesocolpium length 34.16 39.04 37.95 38.01 21.31
Ornamentation * 1 2 1 1 1
Homogeneity of pollen sculpture * 1 1 1 1 1
Polar shape * 1 2 2 2 1
Equatorial shape * 1 1 1 2 3
Aperture orientation * 1 2 2 1 1
Pollen shape * 0 2 0 0 1

1280x1024 | 2015/02/19 14:29:12 | Unit: mm | Magnification: 885.4 x| lens 10 1280x1024 2015/02/19 15:39:35 Unit: mm | Magnification: 3541.7 x  lens.

Fig. 1. Light micrographs of pollen grains in studied Geranium species: A — G. molle; B — G. pusillum.
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project showed that elements of each section
are clearly separated by use of selected set of
features.

As was pointed by SHEHATA (2008) for
the pollen morphology of Geraniaceae family
in Egypt, one of different ornamentation
types in Geraniaceae is striate and in present
study the G. mascatense show striate type
while others showed clavate-reticulate or
baculate-reticulate types. G. albanum and G.
molle showed tactate tectum but other had
semitectate one.

DeNiz et al. (2013) mentioned
spheroidal-subprolate shape for G. pusillum
while in present study prolate spheroidal
shape was observed. SHEHATA (2008) in
his studies on pollen morphology of the
Geraniaceae identified some types by use
of exine ornamentation features viz striate/
striate-reticulate, reticulate/gemmate, and

10um

Fig. 2. Pollen micrographs of Geranium species: A-C — G. albanum; D-F — G. mascatense. A, D — equatorial view;

| |vEcAs TEscAN  sEMHv:200kv |
0 pm Vi pm ‘

VEGA3 TESCAN  SEM HV: 20.0 kV. WD: 8.09 VEGA3 TESC/

reticulate. He described prolate spheroidal
pollen grains in G. molle which is in
concordant with findings of the present
study. Analysis has shown that the pollen
grains of all studied Geranium species are
tricolporate.

Previous study showed that G. purpureumis
separated from other species morphologicaly
by having glandular hairs in inflorescence with
colorless stalks and red galnds. G. albanum
has a discharge mechanism as inoperative but
molle and G. pusillum has an operative one
with blue pollen while operative mechnaism
is accompanied by not carinate calyx is the
characteristic of G. mascatense. As it is evident
in PCO graph species are clearly separated
by their pollen features. Further studies are
needed to reveal the morphologically similar
species.
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Fig. 3. Pollen micrographs of Geranium species: A-C — G.molle; D-F — G. purpureum; G-I- G. pusillum. A, D, G — equatorial

view; B, E, H — polar view; C, F, I — exine sculpture.
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AHATOMIYHA BYAOBA CTEBAA TA ITIOCYXOCTIVKICTh
AYLOSTERA FLAVISTYLA, MAMMILLARIA BOCASANA
TA ECHINOCACTUS GRUSONII
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Amnoranis. AocaipxeHo aHaromiuny 6yaoBy crebaa Aylostera flavistyla, Mammillaria bocasana ta Echinocactus grusonii.

Bussaeno BiAMiHHI HANpSAMKM HPHCTOCYBAHHS IIMX POCAMH AO YMOB 3 AedilluTOM BOAM. Hait6iapm TOCYXOCTIMKUMH

BHSIBAMCSI POCAMHH BHAY E. grusonii, HailMeHII OCyXoCTikuMu — pocantu BuAy M. bocasana.

Karouosi caosa: Aylostera flavistyla, Mammillaria bocasana, Echinocactus grusonii, anaToMist cre6Aa, ITOCyXOCTIiHKiCTD
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Beryn

3araapHO  BipOMO, mo CYKyA€HTH
(soxpema poaunn Cactaceae) BIAHOCATBCA AO
MOCYXOCTIMKHUX Ta CIEKOBUTPHBAAMX POCAHH,
SKi BUTPHUMYIOTb IIABHIIEHHA TeMIIEpaTypu
A0 +60 °C. Y mporieci eBoatorii ¢popMyBasUCh
Ta 3aKPINAIOBAAMCh Pi3HI MeXaHi3MHU apanTallii,
3a PaxyHOK SIKMX Lji POCAMHH CTaBaAM OiAbI
CTIMKMMH AO HEraTMBHHX YMOB CE€PEeAOBHIIA
(NoBEL 2002). OpHak, 3 oAHOTO 60Ky, CTYTIHD
IIOCYXO- Ta CHEeKOCTiMKOCTi y Ppi3HHX pPOAIB
Ta BUAIB DI3HSTHCS, 3 IHIIOIO GOKY, POCAMHH
MAPOAMHH Cactoideae Ha mOYaTKOBMX eTamax
OHTOTeHe3y OCOOAMBO UYTAMBI AO apHAHHX
yMoB icuysanns (RosAs et al. 2012). Hesnauny
KIABKICTD  POOIT IPHUCBSYEHO AHATOMIYHIN
OYAOBI IIPOPOCTKIB KakTyCiB Ta il 3MiHaM IIiA
Al€r0  akTOpiB HABKOAHMIIHBOIO CEpeAOBHINA
(SmrTH et al. 1984; AvaLA-CORDERO et al.
2006; SECORUN & DE Souza 2011).

MeTo10 AOCAIAXKEHHS 6YAO BUSIBUTH 3B 130K
AHATOMIYHOI OYAOBH IIPEACTAaBHHKIB POAMHHU
Cactaceae 3 ix mocyxocTifikicTio.

Marepiaau i MeTOAM AOCAIAKEHD

O6’exTaMut AOCAIAKEHHST OYAM BUAYL POAUHHU
Cactaceae 3 xoaekuii Boraniunoro caay im.
akap. O.B. Qowmina: Aylostera flavistyla F. Ritt.,
Mammillaria  bocasana Pos., Echinocactus

grusonii Hildm. ABa ocranHix BuAM 3aHeceHi
Ao Yepsonoro cmucky MCOII, mo me pa3
MIAKPECAIOE  HEOOXIiAHICTD ~ BHBYEHHS  iX
ITOCYXOCTINKOCTI.

M. bocasana — HeBeauki kymuxu A0 10 cm
3aBBHIIKM 3 KYASCTUMH IIarOHaMU. 3 BiKOM
POCAMHU YTBODIOIOTb  OiABII-MEHIN INiABHI
Aepuuni. Ilarin rycro BKpUTHIl BUTATHYTHMHI
COCOYKaMH, sKi € PO3BUHEHMMU MPUMOPALIMH.
Apeoan moOAiAeHI MaiKe HaBITiA. OaHa, 1m0
€ BAAaCHE apeoAOl0, PO3MillleHa Ha BepXiBLi
COCOYKa, A€ MICTSTHCS YHUCA€HHI IeTHUHUCTI,
MsIKi Oi9HI KOAIOUKH ¥ SKOPCTKiImi, rauxyBaTi
— LIeHTpaAbHi. Apyra yacTHHA apeoAH, aKCHAA,
po3MillleHa B Ma3yci COCOYKA, A€ YTBOPIOKOTHCS
KBITKH 1 Oi4HI maroHu. AKCHAU cAa00 OIrylIeHi
(ANDERSON 2001).

E. grusonii — 11e IOOAMHOKI KyASICTi POCAWHH,
SKi y IPUPOAHHX YMOBAaX AOCSIaioTh A0 1 M
y alamerpi. Crebaa 3 mpsMHMH TAHOOKHMHU
YHCACHHHUMHA pe6paMI/I, Ha SKHX B OITyIIE€HHX
apeoAax po3MileHi IpsAMi, MilHi, >XOBTYBaTi
KOAIOUKH 3-7 cM 3aBAOBXKKH (ANDERSON 2001).

A. flavistyla — mpUIIAIOCHY TO-KYASICTI Ky IIMKH
3 BEAMKOIO KiAbKIiCTIO ITaroHis, 4-5 cM y AlameTpi.
Pebep 15-27, moaireHnx Ha HeBeAMKi GYTOpKIL
ApeoAr IpOAOBracTi, >KOBTi, IPOTe 3 BIKOM BOHM
craforb Oiammu. IleHTpaAbHa KOAIOUKA OAHAQ,
npsma. Papiaabi koarouku umcaenni (15-22),
KOBTI, 3 BikoM — 6iai, maaenbki, 0,5-1 cm
3aBAOBKKH (ANDERSON 2001).

© 2016 The Author(s). Published by 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/ )
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AAs  aHATOMIYHMX  AOCAIAXKEHB 6paA1/1
MeAiaAbHI YacTHHU cTebeA OAHOPIYHUX POCAUH,
SKi BUPOLIYBAaAM B 3aXMIIEHOMY IPYHTI.
3pasku dikcyBaAu 3a MeTOAHKOIO embOepaeHa
(TTaymEeBA 1988). 3aAuBaAM B SKeAATHH 3a
craHAapTHOIO MeToankoo (POMENC 1954) Ta
32 AOMOMOTOI0 3aMOPOXYIOYOTO MiKpOTOMa
BUIOTOBASIAM  TIOTIEPEYHI 3Pi3M  TOBIIMHOIO
15-20 mxm. 3pisu  dapbysasu cappaHiHOM
(3abapsaroe AiraidikoBaHi CTpyKTYpH),
cyaasoM (3abapsatoe aimian), I —KI (3abapsatoe
Kpoxmaab). TakoX IIPOBOAMAM Maljepariiio
crebeA 3 METOIO BUBYEHHS CTPYKTYP eIiAepMH.
Ilpn omuci emipepMH AMCTKOBOI IAACTHHKH
BUKOPUCTOBYBAAU METOAMKH ZARINKAMAR
(2007) Ta3axaPEBUYA (1954). Mikpockomiusi
BUMIPY IIPOBOAMAKM 33 AOIOMOTOIO OKYASp-
MikpoMeTpa Ha Mikpockom XSP-146TR rta
nporpamu Image J.

OrmiHKy TTOCYXOCTIMKOCTI TPOBOAMAM 3a
mertopukomo JKAHTA 1 ToxTaPh (2011).

OT=(6-8)/(6-a)x100, pe

OT - oBoAHeHicTb TKaHUH, %;

a — Maca IIOPOXKHBOTO OIOKC, I;

6 — Maca 610Kca 3 CHpOIO HaBaXKKOIO, T;
B — Maca OI0Kca 3 CyXOI0 HaBAKKOIO, I.

BA=(M2-M1)/(M2-M3)x100, ae

BA - BoaHuit pedinur, %;

M1 - wmaca crebea A0 24-TOAUHHOIO
HAaCHUYeHHS, T;

M2 - Mmaca crebea micasi 24-TrOAUHHOIO
HAaCUYeHHS, T;

M3 — maca cyxoi HaBaXKH, T.

BB=(M1-M2)/M3x100, ae

BB - BTpara Boau, %;

M1 — Maca cTebea A0 B sIHEHHS, T;

M2 - maca crebea uepes 2, 4, a60 6 ropus
B SIHEHHS, T;

M3 — maca cyxoi HaBaXKH, T.

Crarucriday 06po6Ky AQHHX IIPOBOAMAH Y
nporpami Statistica 6, AOCTOBIpHICTb pe3yAbTaTiB
BH3HAYaAu 3a  t-kpuTepiem  CrplopeHTa.
dororpadii 3pobaeHi LUPPOBOO KaMeEPOIO
Canon Power Shot A630.

PesyaprarH Ta ix 06roBopeHHs

AocaipkeHi  BHAM  MAlOTh  MOAIGHY
aHaTOMiuHy OyAOBy CTebAd: OAHOIIAPOBY
emipepMy, KAITHHH SKOI MAIOTh KPYITHO-XBUASICTI
00pHCH Ta BUTATHYTY MPOEKIII0; MApPAlUTHHUI
TUI TPOAMXOBOIO aIlapaTy; IPOAUXH He
saraubaeni. ITip €miAepMOI0  HEPiBHOMIPHO
IIPEACTaBAE€HA TiIOAEpPMa 3 AEmo Api6HiH.II/IX
KAITHH 3a mapeHximMHi. Aobpe po3BHHeHa
BOAOHOCHA TKaHuHA. IIpoBiani myuku (Ao 16
WTyK) A06pe PO3BHHEHi 32 PaXyHOK KCHAEMH,
¢$aroema mpepcTaBaeHa 2-3 PIAAMU KAITHH.

Hai6iapm BIAPI3HAIOTBCS BHAHM 32 BMiCTOM
3aITaCHUX PedOoBMH. 3OBHIIIHA CTiHKA eIiAepMH
crebaa A. flavistyla mae aemo moroBmeHy
kyrukyay (Puc. 1 a). Xaopenxima d4irko He
BiAMeE>KOBaHa, MpeACTaBAE€HA KAITHHAMU
OKpyrAoi ¢opMH 3 BEAMKMM BMICTOM BOAH.
B xopoBifl mapenximi 6arato edipo-oaifiHHX
BKAIOYEHb Ta CAM30BUX KAITHH, TPaNASIOTHCS
KOHIAOMepaTu CPepUYHNX BKAIOYeHb HMOBIpHO
Ainianoi mpupoau (Puc. 2 a, 6). Bias mposigamx
Iy4KiB Ta Iip eMA€PMOI0 CIOCTEPiraroThCs
ITOOAMHOKI CKYITI€HHSI KPHUCTAAIB 1 3pipKa Apy3
okcaaary kaabiiio (Puc. 3 a).

B E. grusonii Ha#ikpailje 3 TOMDK pOSTASHY THX
BUAIB pO3BHUHYTA e€IipepMa Ta KyTHKyAa
(Puc. 16; Taba. 1). Xaopenxima B 6iabwmiit mipi
IIPEACTABAGHA B COCOYKAX 4-5 pspaMu KAITUH
IpsMOKYTHOI Ta oBaAbHOI ¢popmu. Heseamka
KIABKiCTb AiITiAHUX BKAIOUEHD PO3MIiII€Ha B3AOBXK
nposipnoi cucremu (Puc. 2 ). B cocouxax, 6ias
IPOBIAHMX ITy4KiB Ta CePLEBUHHIM MapeHXiMi
3HAXOAUTBCSL 0AraTo BEAWKHX ADPY3 OKCAAATy
xaspniio  (Puc. 3 6). Kpucraam B apysax
po3MillleHi MepeBaXkHO papiaAbHO.

30BHIIHA Ta BHYTPIilIHA II€PUKAMHAABHI
CTIHKM  emAepPMAABHHX  KAITHH  cTebAa
M. bocasana motosmeni (Puc. 1 B). OBaabHi
KAITMHH XAOPEHXIMH 3yCTpPIYalOTbCS AMINE B
COCOYKAX, A€ TAKOXK B3AOBXX €A€MEHTIB IIPOBiAHOI
CHCTEMH PO3MillleHi MPU3MATHYHI KPUCTAAM Ta
Api6Hi Apysu okcaaary kaspuiio (Puc. 3 B). ¥
IapeHXiMi KOPHY Ta CepIieBUHU Hararo KpOXMAAIO,
a B COCOYKaX KPOXMAAIO HEMAE.

BopoHocHa TKaHMHA AOCAIAKEHUX BHAIB
Hafikpame possuteHa y A. flavistyla, maoma
KAITHH  KODOBOI ~ IIAPEHXIMH  CTaHOBHUTb
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Puc. 1. Tlomepeunumit mnepepis emigepmu creGaa:  Puc. 2. BkaroueHHs AimiAHOI mHpupopn B cTebAi:

a — Aylostera flavistyla; 6 - Echinocactus grusonii;  a, 6 — Aylostera flavistyla; B — Echinocactus grusonii.
B — Mammillaria bocasana.
Fig. 1. Cross-sections through the stem epidermis  Fig. 2. The lipid inclusions in the stem of: a, 6 — Aylostera

of: a — Aylostera flavistyla; 6 — Echinocactus grusonii;  flavistyla; B — Echinocactus grusonii.
B — Mammillaria bocasana.
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Taba. 1. MopdomeTpuyHi XapaKTepUCTHKHU eMACPMU AESKUX BUAIB POAUHU Cactaceae.

Tab. 1. Morphometric characteristics of epidermis of some species from Cactaceae family.

Bup ToBmuHa ToBmuHa ITaoma xaiTun ~ AoBxxuHA ToBmuna KiabkicTp
emipepMH, 30BH. KAIT. emiAepMH, MIPOAMXiB, MKM ~ITPOAMXiB, MKM  ITPOAMXIB,
MKM CTiHKH, MKM MKM? mT./Mm?

A. flavistyla 41,3%£3,1 4,8+1 7915+1876 45+1,5 29,1+1,4 7,6412,1

E. grusonii 46,8+8,3 8,5+0,9* 3466+£1429* 35,114£2,1* 26,5+4,7 10,75+2,5

M. bocasana 29,6+6,9*A 5,611,47* 797215357 34,1+2,6* 27,48+2,6 13,33+3,4*A

* - P <0,05 BigrocHo A. flavistyla; » — P <0,0S BignocHo E. grusonii

* - P <0,05 respectively to A. flavistyla; » - P <0,05 respectively to E. grusonii

Taba. 2. XapakTepHCTHKA HOCYXOCTIMKOCTI ASKUX BUAIB POAMHU Cactaceae.

Tab. 2. Characteristics of the drought resistance of some species from Cactaceae family.

Bup, Cepepns BTpara Boau 3a 1 OBoaHeHICTb cTebea, % Bopnuit pedinmT, %
roa. B stHeHHs, %

A. flavistyla 28,09+£5,24 96,37+0,40 14,91+2,06

E. grusonii 19,61+6,45* 96,52+0,01 12,81£1,01

M. bocasana 44,59+1,62*A 96,61+0,10 21,61+£5,31*A

* - P <0,05 BigrocHo A. flavistyla; » — P <0,0S BigrocHo E. grusonii

* - P <0,05 respectively to A. flavistyla; » — P <0,05 respectively to E. grusonii

219812 + 54406 mxM?, a mAoma KAIiTHH
ceplieBUHHOI mapeHxiMu — 225895 £ 70533 MM,
ITaoma kaiTHH KOpoBOi mapenximu y M. bocasana
OiapIia HDX B cepLeBHHi, i craHOBUTb 133276 £
31726 mMxm? Ta 24026+6097 MKM?> BiAIIOBiAHO.
E. grusonii mae HaﬁApiGHimi BOAOHOCHI KAITUHH
(31970 + 17779 mxm> y xopi Ta 16204 +
9634 MxM* y ceprieBuHi). POAb 3ar1acaHHs BoAU B
POSTASIHY THX BUAIB BUKOHYE IIepeBaXKHO KOPOBa
MapeHxiMa, Xo4a KAITUHU y KOpi Ta ceplieBUHi
A. flavistyla it He BiApiSHSIOTBCS 3a po3Mipamu,
IIpOTe BIACOTOK CepLieBUHM 3HAYHO MEHIINI
[OPIBHSHO 3 BIACOTKOM KOPH B CTe0AI.
KyTukyaa HempOHHKHA AAS BOAM i Ta3iB, TOMY
3aXHMINAE CTeOAO BiA 3affBOTO BHIIAPOBYBaHHI.
Harixpame BoHa possuHeHa y E. grusonii mopsia
3 Haitromoro emipepmoro (Taba. 1). Api6ui
KAITHHU eMiAepMH TaKOXX CIPUSIOTh 3HIDKEHHIO
BUIIAPOBYBaHHs OBepxHelo crebaa. A. flavistyla
BOAHOYAC 3 AOCHTb TOBCTOIO E€MiAEPMOI0 Ma€
TOHIIY, IOpiBHAHO 3 M. bocasana, ii 30BHiIHIO
060AOHKy, IO HAAA€ MOAIOHOI CTIMKOCTI ITUM
ABOM BHAAM 32 AAHUMU OKA3HUKAMH.
Hait6iabira KiABKICTH IIPOAUXIB XapaKTepHa
Ars M. bocasana (Taba. 1). Pasom 3 1mum,

3aKOHOMIPHO, W0 IpH 30iAbIIEHHI KiABKOCTI
IIPOAUXIB 3MEHNIYIOTBCS IX posmipum. Tax
HaitbiAbmi posmipu mpoauxis y A. flavistyla.
3okpema Bip KiABKOCTi NMPOAUXIB HAa OAMHUIIIO
MAOIi 3aA€XUTh IHTEHCHUBHICTb TpaHCHipalii,
a OTXKe 1 MOCYXOCTiHMKicTh. SIK ImpaBHAO MOCYXy
CYIPOBOAXYE BUCOKa TeMIepaTypa, TOMy
BEAMKA KIABKICTb IPOAMXIB AAE€E MOXKAUBICTD
3MEHIIyBaTH TeMIIEPaTypy IOBEpPXHi AMCTKA
3a PaxXyHOK BHIIAPOBYBAHHS 3 OAHOTO OOKYy,
OAHAK 3 {HIIOrO GOKY, IIpU L{bOMY BiAOYBaeTbCs
3HIDKEHHS ITOCYXOCTINKOCTI.

PesyabraTr BuB4eHH: BUAiB poanHH Cactaceae
BKA3yIOTh Ha 3HAYHY OBOAHEHICTS IX cTebea, 1o €
XapaKTePHUM AAS CyKyAEHTHUX POCAMH B LIIAOMY
(Ta6A. 2). 3a AAQHHMM IIOKA3HHUKOM AOCAIAKEHI
BUAM TIOAiIOHI. BopHwmit AepiUT XapaKTepHsye
Mipy HEAOHAaCHYEHOCTi BOAOKO  POCAMHHHUX
kaiTuH. Hait6iAblne 3HaUeHHSA AQHOTO IOKA3HUKA
y M. bocasana, mo KOpeAloe 3 IIOPIBHSHO
HEe3HAYHOIO0 KIiABKICTIO BKAIOYEHb OKCAAaTiB. 3a
AQHHM MOKasHHKOM pocaunu A. flavistyla Tta
E. grusonii € GiABII ITOCYXOCTIFKIMIL

SIk BiAOMO, HAKOIIMYEHHS KPHCTAAIB KaABLIiIO
Ta 3epeH KPOXMAaAI), AO3BOAAE PEeryAlOBaTH
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BHyTpimHbOKAITHHHY pH, mo  3axmmae
LIUTOIIAA3MY Bip PYHMHYBAaHHS i € aAalTHMBHOIO
BIATIOBIAAIO Ha BTPaTy BOAH (AYALA—CORDERO
et al. 2006). [Hmi AOCAIAHUKH BKa3yIOTBh, MO
HAaKOIIMYEHHS OKCAAaTy KAaAbIiI0 B TKaHUHI
Iopy4Y 3 IPOAMXaMHM Ta B KCHAeMi, crpuse
3aKPUTTIO IPOAMXIB IPOTATOM AHA i BIAIIOBIAHO
suwkenns tpancmipanii (Ruiz & MANSFIELD
1994; MONJE & BARAN 2002 ). BiabIma KiAbKicTh
OKCaAaTiB y HOPMi, Ha HaIlly AYMKY, € 3aAaTKOM
6iabur BrIOI mocyxocrifikocti aast A. flavistyla
ta E. grusonii.

BoaoyTpumyroua 3aaTHICTD 3aCTOBYETbCS SIK
OCHOBHUMITOKA3HUK CTIMKOCTIPOCAUHAOTPHUBAAOL
nocyxu. BoHa xapakTepusyeTbcs IMIBHAKICTIO
Bippaui BOAU i130APOBAHUX BETeTATHUBHHUX
opraHiB. Y HAIIOMy AOCAIAKEHHI Hai0iAbIma
BTPaTa BOAM 3a 1 ropuHy crocrepirasach y M.
bocasana, mo nOB’s13aHO 30KpeMa 3 HAOIABIIO0
KIABKICTIO IIPOAMXIB, a OT)Ke 3 IABHIEHHSIM
BUTPaT BOAM Ha TPaHCHOIpalil0 B yMOBax
miaBUmeHHS TemiepaTypu. OCKIABKH POCAMHH
AQHOTO BHAY MAIOTh Habararo OiAblie AOBIHX
COCOYKiB, TO BIAIIOBIAHO i IIAOIIAQ IIOBEPXHi
OyAe 3HAUHO OIABIIOI0 AAS BHIIAPOBYBAHHS,
MOPIBHSHO 3 IHIIMMHU ABOMA BHAAMH. BiabIn Hixk
BABIUI MeHIIa BOAOBipAaua 6yaa y E. grusonii.
TaxwM YMHOM, 33 TAKMMH IIOKa3HUKAMH SIK BTpaTa
BOAM 32 1 OAVMHY B'SIHEHHS Ta BOAHWI Aediliur,
HalMEHII ITOCYXOCTIMKUMU BUSBHAKMCH POCAMHU
M. bocasana, a HaOiABII MOCYXOCTIAKAMM —
pocaunu E. grusonii.

Orpumani pesyAbTaTH MOKa3aAU
Pi3HOCIIPAMOBAHUH HANPSAMOK aAaITallil pisHUX
BHAIB AO YMOB 3 HEAOCTATHBOO KiAbKICTIO BOAH.
Ha mamry aymMKy came HalTOBCTiIIA emipepMa
Ta KYTHKYAAQ, Api6HOKAiTI/IHHiCTb emiaepmy, a
TAKOXX HaMbiABIIA KIABKICTb BKAKOYEHD OKCAAATY
KaAbLlito y E. grusonii € OCHOBHUMU $aKTOpaMu
i ABUIIEHHS ITOCYXOCTiNKOCT.

36iAbLIEHHST CTYIEHS IIOCYXOCTIMKOCTI Y
A. flavistyla moB’s13aHe 3 TaKMMHU O3HAKAMH, SIK:
a) pO3BHMHeHa, MOPIBHAHO 3 ABOMA iHIIMMH
BHAAMH, BOAOHOCHA IApeHXiMa; 6) BeAmka
KIiABKIiCTD BKAIOYEHD, SKi AOIIOMAararTh
YTPUMYBaTu BOAY B KAITMHAX; B) MiHiMaAbHa
KIiABKICTD IPOAMXIB.

B Toit wac sx M. bocasana Mae BiAHOCHO
HHU3bKY IOCYXOCTIMKICTh 3a PaXyHOK TOHKOI

Puc.

3. BxAloueHHs OKCaAary KaAblii0 B CTebAi:
a — Aylostera flavistyla; 6 - Echinocactus grusonii;
B — Mammillaria bocasana.

Fig. 3. The calcium oxalate inclusions in the stem
of: a — Aylostera flavistyla; 6 — Echinocactus grusonii;
B — Mammillaria bocasana.
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€MAEPMH,  BEAMKOI  KiABKOCTI  IIPOAMXIB,
KPYIHOKAITHHHOI emipAepMU I MaAOl KiABKOCTI
BKAIOUEHDb. AAANTAIilHUM AO IIOCYIIAMBHX
YMOB HAIPSIMKOM AAst M. bocasana, Ha BiaMiHy
BiA ABOX iHITHUX BHAIB, € HasIBHICTh YMCAEHHUX
poBrux (A0 1 cM y piYHMX POCAMH) IIETHHOK,
OKpiM 6IYHMX Ta LeHTPaAbHOI KOAIOYOK. I'ycre
OIYLIEHHS] 3HIDKYE TYpPOYAEHTHICTH MOBITpSI
0iAst MOBEpPXHI pOCAMHY, @ OTKe | iIHTEHCHUBHICTD
TpaHcmipanii depes IMpoAUXH. 30iAbIIeHHS
KIABKOCTI ITPOAUXIB IIpH 36iAbIIEHH] OMyIIEHHS
€ CylepeYAMBHUM €BOAIOLIMHUIM IIPOSBOM.

Bucuosxkn

TakuM YHMHOM, MOXHA CTBEPAXKYBAaTH, IO
ICHYIOTb BIAMIHHI HaIpPsSMKH IPHUCTOCYBAHHS
POCAMH AO aPHAHMXYMOB, IKi XapaKTePHU3YIOThCA
AeQIITITOM BOAOTH. Hait6iabm ITOCYXOCTIMNKUMU
BUSIBUAUCS pOCAMHU BUAY E. grusonii, HalimMeHIn
IOCYXOCTIHKUME — POCAUHU BUAY M. bocasana.
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ANATOMICAL STRUCTURE OF THE STEM AND DROUGHT RESISTANCE OF AYLOSTERA
FLAVISTYLA, MAMMILLARIA BOCASANA AND ECHINOCACTUS GRUSONII

NATALIIA NUZHYNA * & KATERYNA BAGLAY **

Abstract. The anatomy of Aylostera flavistyla, Mammillaria bocasana and Echinocactus grusonii stems was studied. Different

trends of plants’ adaptation to condition of water deficit were identified. It was shown that the most drought-resistant

plant is E. grusonii, and the less drought-tolerant is M. bocasana.
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PIA REBUTIA (CACTACEAE): 3SMIHA AHATOMO-
MOP®OAOTTYHHUX O3HAK B IPETEHEPATUBHUI ITEPIOA

FaamHA B. KAAAITHUK ! TA MAPUHA M. TAMAAPXKH *

Amnoranis. ITpoaHaaizoBaHO aHaTOMO-MOP(OAOTiUHI 0co6AMBOCTI 3-, 6- Ta 12-MiCSMHHX POCAMH ABOX BHAIB — Rebutia
Alavistyla Ta R. minuscula. BcranoBaeHo, mo y mpoleci pocTy Ta PO3BUTKY BiA 3-MIiCSYHOTO AO OAHOPIYHOTO BiKy
XapaKTepHe 3pPOCTaHHs KiAbKOCTi KAITHH eImiAepMU Ha OAMHHMINO IIAOII Ta IIOTOBIIEHHS iX 30BHIiNIHIX cTiHOK. B 1meit yac
3'SIBASIETBCSI TIIOAEPMA, 36IABIIYIOTHCSI PO3MIPH KAITHH KOPOBOI Ta MAAiCAAHOI TAPEHXIMH, 3POCTAE BIAHOIIEHHS AlaMeTpy
CepLieBUHH AO TOBIJMHHI KOPOBOI [APEHXIMH, 3 SIBASIOTHCSI CAU30BI KAITHHHM Ta 30IABIIYETHCS IX KIABKICTB, 3pOCTa€E KIABKICTD
MPOBIAHMX ITy4KiB Ta KCUAGMHUX €AGMEHTIB y HUX. BiAMiueHO CIIOBiAbHEHHS AIAGHHS KAITHH emiAepMu Ta IapeHXiMu,
a TaKOX MOCHAGHHS MPOIeCiB iX poCTy i po3TsAryBaHHs y 6-Micssuomy Binji. ITpu 1iboMy TakoX CIIOCTepiraloTbcs MeBHi

BiIAMIHHOCTi aHaTOMIYHOT 6YAOBI/I Y Pi3HMX BHAIB, Ki MOXXYTb MaTH TAKCOHOMiYHE 3HAYEHHS.

Karouosi caosa: Rebutia, Cactaceae, aHaTOMiuHi AOCAIAKEHHS, PO3BUTOK POCAMH
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ma npupodHozo gimopisnomarnimms>, eys. C. ITemaiopu, 1, m. Kuis, 01032, Ykpaina

Bceryn

Pip Rebutia K. Schum. =Harexuts A0
MiAPOAVHH Cactoideae  Eaton, poAnHM
Cactaceae Juss. IIpeacTaBHHKM ITbOTO POAY €
OAHUMHU 3 HaMOGiAbII MOIIMPEHUX B KOAEKIIifIX
Boraniuaux capiB Ta aMaToOpiB POCAMH pPOAMHHU
Cactaceae. lle HeBeAWKHI pip, OAHAK HOTO
CHCTeMAaTHKAa BHKAMKAE 0araro Cyrepedox
BIPOAOBX yCiel icTOpil BHBYEHHs, SKi He
Bupimeni i B Ham vac (MIHALTE et al. 2011).
3okpema, BUINING & DonaLD (1963, 1965)
32 MOPQOAOTIYHUMH OCOOAMBOCTSIMH KBIiTKH
posaianau pip Rebutia Ha aABa miapoau: Rebutia
Ta Aylostera Speg., oanax Krainz (1967)
BiAKMHYB Takuil mopir. BACKEBERG (1968-
1977) Ha OCHOBi PAAY XapaKTePHUCTHK PO3Di3HAB
Tpu popu: Aylostera, Mediolobivia Backbg. Ta
Rebutia. Y psaai misnimumx npauyp (BARTHLOTT
& HunT 1993; HUNT 1999; ANDERSON 2001;
HuNT ef al. 2006) Buam 3 popis Rebutia,
Mediolobivia ta Aylostera 3HOBY OyAr 06’eAHaHi B
oauH pip Rebutia. Kpim yporo RiTz et al. (2007)
3AIPOIIOHYBaAK 00 €AHATH i HasBow Rebutia
TakoX poau Sulcorebutia Backbg. Ta Weingartia

Werderm. (MIHALTE et al. 2011). Takum uusom,
SIKINO paHille B MeXXax popAy Rebutia pospisasiau
41 Bup (ANDERSON 2001), To 3apas The Plant
List Bkarouae 253 BUAOBI Ha3BH, 3 IKUX Aullle 24
BH3HAHO, 4 pelliTa BBAXKAIOTHCS CHHOHIMAMU.

B mpupopHHX yMOBax IPEACTaBHHUKH POAY
Rebutia 3ycTpivaroThcsi B IiBHIYHO-3aXiAHHX
perioHax ApreHTHHHM Ta MiBAGHHUX ITPOBIHIIiAX
Boaisii Ha cxip Bia Anp (FEARN & PEARCY
1981). Teputopii 3poCTaHHA POCAMH pi3HUX
BUAIB BiAPI3HAIOTBCS CBOIMHM KAIMaTHYHMMU
ymoBamu. Tak, BOHH 3yCTPIi4arOThCS SIK B AyKe
3aCyNIAMBUX I HaIiB3aCyIIAMBUX perioHax, Tak
i B Boaorux aicax OHru Ta Ha Geperax BoaOiM,
XO4Ya B OCTaHHIX BHIIAAKAX BOHH pOCTYTb
Ha OIAHHX KaM'SHUX IpyHTax. Y 3Bs3Ky 3
HEKOHTPOABOBAaHHM 300POM Ta PO3IIMPEHHSIM
CIABCBKOTOCIIOAQPCBKOT  AisIABHOCTI 29 BHAIB
Aasoro poay Bratoderi oo The ITUCN Red List

of Threatened Species.
XapakTepHo, 1o 6iABIIICTD IIpanpb
IIPUCBSYEHUX BUBYEHHIO IIbOT'O poay

CTOCYIOTbCS Mopdoaorii pocauH, ¢irorewii,
MOAEKYASPHO-TEeHETHYHOTO aHAAi3y, a TaKOX
BIIAUBY YMOB CEPEAOBHIIA (GorLa 1997;

© 2016 The Author(s). Published by 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/ )
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MIHALTE et al. 2011). Ilpu upomy AOCHTH
MaAO yBaru NPHAIASETHCA BUBYEHHIO aHATOMil
AQHHMX POCAMH, B TOMY 4YHMCAl aHATOMIYHUM
3MiHaM B IIPOIIeCi POCTy Ta pO3BUTKY. X04a TaKi
AaHI pAomomorau 6 B yTO4YHeHHi Kaacuikarii
poay Rebutia (MURUAGA & GUANTAY 2012),
BHM3HAYEHHI OCOOAMBOCTE!l IPHCTOCYBAaHb LHX
POCAMH A0 YMOB cepepOBHIIa Tomjo. Tomy
Hamy pobory O6yAO MPHCBSIMEHO BHBYEHHIO
aHatoMiyHOI OyAOBH crebAa PpOCAMH PpOAY
Rebutia Ha paHHIX eTaIlax OHTOI€He3Y.

Marepiasn i MeTOAM AOCAIAKEHD

AocAipXKeHHST TIpoBOAMAM Ha 3-, 6- Ta
12-MicS/MHUX pOCAMHAX ABOX BHAIB — Rebutia
flavistyla F. Ritter ta R. minuscula K. Sch,,
BUPOIEHUX B YMOBax opamxkepei BoTraniunoro
caay im. akap. O.B. QomiHa 3 HaciHHS BAACHOI
pempoaykuii.  AAs AOCAIAXKeHHS BiA6HpaAH
mo S eK3eMIASpiB 3 KOXHOTO BHAY. PocamHm
¢ixcyBaan B 70% ernaosomy criupti. [Tomepeuni
3pi3u POOHMAHM Bip PYKH i3 CepeAHbOI YaCTHHU
crebaa. Mixponpenaparu BHI'OTOBASIAU
32  3araAbHONPHUHHATHMH METOAMKAMH  Ta
dapbysasucappaninom, ],-KJ abo meTHAeHOBEM
cunim (TIAyIEBA 1988). Tumyacosi npenapatu
3pi3iB BMBYAAM 3a AOINOMOTOIO CBiTAOBOIO
Mmikpockoma XSP-146TP. Mixpodororpadii
pobuau 3a pooromorow 1udpoBoi poToKamepu
Canon PowerShot A630. BumiproBanus
3AIMICHIOBAAM 32 AOTIOMOTOI0 Iporpamu Image].
Crarucriaay 06poOKy pe3yAbTaTiB BUKOHYBAAK
3a AOIIOMOTOIO IaKeTy Iporpam Statistica 8.0
(StatSoft, USA). Kaacudixaniro npopnxosoro
IHAGKCYy Ta TOBIIMHHM 3O0BHIIIHBOI CTiHKH
emiaepMu 3pificHoBaAn 3a BAcuAbEB (1988),
THUIB NPOAUXiB — 3a METCALFE & CHALK
(1979).

PesyabraTH Ta iXx 06roBOpeHHs

Rebutia flavistyla. Posmipu nux pocaun
3a mepiop Bia 3 a0 12 micsaniB 36iAbLIyrOTHCS
HACTYIIHAM YMHOM: BHCOTa cTebAa — Bip
7,3£0,3 MM a0 17,7£0,8 Mm; AlameTp cTebAa pu
ocHOBI — Bip 2,1+0,1 MM a0 8,3+£0,4 MM; muprHa
HaMmUpuIol yacTuHu crebaa — Bip 5£0,2 MM a0
19,5+0,8 mm.

Emipepma  oaHOmaposa, i TOBmMHMHA 3a
nepiop Bia 3 Ao 12 MicA11iB 3HAYHO 3MEHIITYETHCS,
Bip 27,5%0,8 MM A0 25+0,5 MKM, a TOBIIMHA
30BHIIIHBOI CTiHKM €MA€PMAABHHMX KAITHH
— 3Ha4YHO 36iaburyerscs, Bip 1,8+0,1 MM A0
3,3+0,1 mxm. KiapkicTp kaiTHH emipepmu Ha
OAMHUIIIO IIAOIN 32 IjeM 4ac 3HAYHO 3POCTAE,
OAHAK IIPY I[bOMY B O-MiCSIMHOMY Bilji 3HAYHO
MeHINA KiABKICTb KAITHH, HDK y 3-MiCS4HOMY.
BiATIOBiAHO, HAMOIABII pO3MIPH KAITHH Y POCAMH
6-MicstuHOTO BiKy, a HafiMeHma — y 12-MicsyHux
pocaun (Ta6a. 1). IIpoAHXH MapaAeAOLUTHOTO
Tumy. Ix KiAbKicTh 3 BiKOM AiHiftHO 3pocTag,
IMPOAUXOBUM IHAGKC TaKOX 3POCTAE, OAHAK
HaMBUINUH LIe! IOKA3HUK Y 6-MiCSYHUX pocaus.
B piuHUX pOCAUH 3'SIBASIETHCS IIAP TiIOAEPMU 3
MOTOBI[EHUMHU CTiHKAMHU.

ITasicapHa mapenximMa B 3-MiCAYHUX POCAMH
BIACYTHS, B 6-MiCSYHUX — BUpPa)KeHa He CKpi3b,
IpeACTaBAeHa He Oiabmre sk 3-4  pspamu
KAITHH, a B 12-MicsuHHX — A0Ope BHpaxeHa,
3 4-6 pspiB kaituH. ToBIIMHA BOAOHOCHOI
KOpOBOI IapeHxiMu 3pocrae Bia 1860+£104 Mxm
y 3-MicsuHMX pocauH, A0 3960+88 MxM
y  12-micsuymmx.  Ajamerp  cepleBHHHOI
mapenximu 36iapmryerscst Bip 933+30 MM A0
4050£157 mxm. Ilpm mpomy posmipu KAiTHH
[apeHXIMU Ha IIONEPEeYHOMy Iepepisi cTebaa
3MIHIOIOTBCA ~ AOCHUTH  HEpPIBHOMIPHO, Tak
HaMbiAbII 3HAYEHHS LHOTO IMOKA3HUKA, K AAS
KOPH, TaK 1 AASI CePLIEBUHH, CIIOCTEPIralOThC y
6-micsraaux pocanH. [Ipu nipomy y 12-micsuHmX
pPOCAMH pO3MipH KAITHH mapeHXiMu Oiabmn
3a Taki y 3-MiCAYHMX, IO BKa3y€ HA 3aTaAbHY
TeHACHIIIO AO 30iAbIIEHHS LHUX mapaMeTpis
3 Bikom (Taba. 1). XapakrepHo, mo poamipu
KAITHH KOpOBOI IIapeHXiMH 3HAYHO O6iAbmmi
32 pO3MIpH KAITMH CEPIIEBUHHOI MapeHXiMHu
y Bcix BikoBux rpym. B 6-MmicsuHHX pocanH
B KOPOBIMl IapeHXiMi 3piAKa TPANASIOTHCS
cAM30Bi KaitTmHH. Y 12-MmicsuHOMY Bimi ix
KIABKICTD 3HAYHO 3POCTAE, 0COOAMBO B KOPOBiit
HmapeHximi.

Pocammam  R.  flavistyla ~ BaacTusi
KOAAT€PaAbHI MPOBIAHI ITy4YKH, KiABKICTh SKHX
B LIEHTPAABHOMY LIMAIHAPI 3a AOCAIAXKYBaHHI
nepiop 36iapmryerscs Bip 6-10 A0 16-19 mr. B
3-MiCSYHUX POCAMH BOHHM CAa0O pO3BHHEHI,
a KIADPKICTD TIPOBIAHUX EAE€MEHTIB y ITy4KYy
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Ta6a. 1. KiapkicHa XapakTepUCTHKA aHATOMIYHUX IIOKA3HHUKIB pOCAMH poay Rebutia.
Tab. 1. Quantitative anatomical characteristic of the Rebutia plants.
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Rebutia flavistyla
3 Mic. 83,3+3,2 14096+527 2,5+0,9 2,9 39013+172S8 - 95361749
6 Mic. 50,6+1,4%** 18949+682*** 6,1+1,0* 10,7  59909+2256***  47772+5060 37986+2412%**
12 mic.  128,846,5**  12265+442* 10+1,1°* 72 40293+1783 32931+1436 14838+658***
Rebutia minuscula
3 Mic. 276,5+28,1 6999+318 9,4+0,9 39 13106£510 15537770 2714+144,5
6 Mic. 152,345,6™*  7499+268 13,6%1,1 8,1 32444+1535%**  36156+2012***  23213+£1321***
12 mic. 164,8+16,9* 8046+212* 12,9+1,2* 7,2 27935+£9973***  31095+£1301*** 36524+1159***

* - p<0,05; *** - p < 0,001 — pA0CTOBipHA BIAMIHHICTb BIAHOCHO 3-MiCSTMHHX POCAMH.

* - p<0,0S; *** - p < 0,001 - significant difference in relation to 3-month plants.

KOAMBA€EThCs Bip 1 A0 4 mr. B 6-Micsaunumx
eK3eMIIASIPiB crocTepiraeTbest 6-11 mpoBigHHX
€AeMEHTIB Ha ITy4OK, a B 12-MiCSYHHX pOCAMH
KIABKICTb IIPOBIAHUX €A€MEHTIB 3HAYHO 3POCTAE
i carae 65-80 eaemenTiB y myuxy. Kpim mporo
B 12-MiCSMHHX PpOCAMH 3SIBASIIOTBCS CAa6O
PO3BHMHEHI KOPOBI POBIAHI ITyYKH.

Rebutia minuscula. 3a mnepiop 3 3=x
A0 12-micsuHOoro Biky BucoTa  cTebAa
AOCAIAXKYBaHMX IIPEACTAaBHHUKIB ILIUX POCAUH
36iapmyerncst 3 7,7£0,3 MM a0 21£0,8 Mym;
IIMPHHA CTe0Aa IpHU OCHOBI — Bip 2,1+0,1 MM
A0 7,1£0,3 MM; pAlamMeTp HaHIIMPIIOI YaCTUHU
crebaa — Bip 5,910,2 MM a0 20,24+0,4 mm.

Emipepma opHOmaposa, ii TOBImMHA 3a
mepiop pocry BipA 3 A0 6 MicAIiB 3HA4YHO
3MeHIIyeTbcs, Bip  27,240,6 MM A0
25,5£0,4 MxM, a misHime el ITOKA3HUK
MaiDKe He 3MIiHIOEThCSA. TOBIMHA 30BHIIIHbBOIL
CTIHKM eIA€PMaAbHHUX KAITUH 3pOCTa€ Bip
2,240,1 MxM y 3-MicsSYHUX pocAuH A0 2,710,1
MKMy 12-Micsaunnx. KiApKicTb KAITHH emipepMu
Ha OAMHHUIIO TAOHI B 3-MICSYHHUX POCAUH
3HAYHO OiAbma 3a Taky y 6- Ta 12-MicsSYHHX.
IIpu npomy, 3 6- A0 12-MicsuHOrO BiKy Ijeit
MOKA3HMK ITABHUIYETHCSA HE3HAYHO (Taba. 1).
IIpoanxy mapaAe€AOLIUTHOTO THUILY. Ix xiabKicTh

Ta IPOAUXOBUM iHA€KC HalIMeHII y 3-MiCSYHHUX
POCAMH, a Y iHIIKMX BiKOBUX I'PYII IIi IOKA3HUKHU
3HAYHO BUIIli, OAHAK BIAPI3HAIOTHCA HE3HAYHO
(Taba. 1). Tinopepma oAHOIIAPOBA 3 BIAHOCHO
TOHKOCTIHHHUX KAITHH.

ITaricapHa mapenxima B 3-MicsyHOMYy Binji
¢parMeHTapHO BHMpa)KeHa, 3aBTOBIIKU AO
3-4 xaituH, a B 12-MicSIMHEX pOCAMH — A0Ope
posBuHyTa i ckaapeHa 3 5-6 psAiB KaiTHH.
ToBmuHa KOpOBOI MapeHXiMM 3a Ijel dac
3pocrae Bip 1240+ 46 mxm a0 3500+289 mxw,
Alamerp cepueBunu — Bip 1280446 MM Ao
5550£222 mxm. Ilpu npomy posmipu KAIiTHH
[apeHXiMH Ha IIONlepeYHOMY Iepepisi crebaa
3 BikoM 3HauHo 36iabmryroTbcst (Taba. 1).
AAS KAITHH cepLleBUHHOI IapeHXiMH el
IpoLeC HOCUTh AOCUTb AIHIMHMM Xapakrep,
a AAd KOpPOBOI Ta ITaAiCapAHOI IMapeHxXiMu —
criopapMyHMi. 30KpeMa, AAd  O-MicAyHHX
POCAVH XapaKTepHi 3HAYHO OIABIII OKA3HUKU
LJUX ITapaMeTpiB, HXK AAS iHIIKX BiKOBUX TPYIL
Kpim nporo, BigMideHo, mo y 3- Ta 6-MiCSYHHX
POCAMH KAITMHH KOpPOBOI IapeHXiMH OiAbmi
32 KAITMHHM CepLEeBMHHOI IapeHXiMH, OAHAK
A0 12-MicAyHOrOo BiIKYy pO3MipHM OCTaHHIX
3HAYHO 3POCTA€E Ta IIePEBUIYE PO3MIPHU KAITUH
KopoBoi mapenximMu. B mapenximi 12-Micsaunux
POCAMH IIPUCYTHI CAU30Bi KAITUHHU.
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TIpoBipHI MyYKH KoAaTepaAbHi. [x KiAbKiCTD
B IEHTPAaAPHOMY LIMAIHAPI 3a ILied mepioa
30iapmryeTncs Big 9-10 oo 17-20 wr. ITpu nsomy
KIABKICTb €A€MEHTIB KCHAEMH B HUX KOAUBAETbCS
Bip 3-11 mwrt. y 3-MicssuHMX pocAuH A0 68-75 mwT.
y 12-micsunmx. Kpim mporo, y 12-micsunnx
POCAUH 3'SBASIIOTBCSI CAAOO PO3BHHYTI KOPOBi
MPOBIAHI Ty YKH.

Taxum YUHOM, SKIIO Y 3-MiCSYHUX POCAUH
AOCAIAXKYBAaHHMX BHAIB apamnTalis AO apUAHUX
yMOB iCHyBaHHs 0a3yeTbcs B IIEpUIy 4Yepry
Ha TIIOCHAGHOMY PO3BUTKY BOAO3AIACHOI
TKaHWHH, 2 TIOKPUBHI TKAHUHH AOCHUTDH CAA00
PO3BHHEHI, TO POAb OCTAHHIX 3 BIKOM 3POCTaE.
3oxpema, 3'SIBASIETHCSL rimopepMaAbHa
TKAaHHMHA, IOTOBIIYETHCS 3OBHIMIHA CTiHKa
€MAEPMAaAbHUX  KAITHH, XO4Ya TOBIJUHA
emiAepMH 3aTaAOM 3HIXKYETbCsS. XapakTepHe
TaKOX  3pPOCTaHHA  pPOAi  CepIeBUHHOI
MMapeHXiMM B IpoIlecax BOAO3aNaCaHHS.
KpiMm 1mporo, ik AOAATKOBE IIPHCTOCYBAHHS
AO APUAHHUX YMOB iCHYBaHHS 3 BiKOM 3Ha4HO
3pOCTa€ KiABKiCTb CAM3OBHUX KAiTHH. fkmo B
CepLEeBHHI BOHU 3YCTPIYal0ThCSA AOCUTD PiAKO,
TO AASL KOPH, B TOMY YHCAl M AASL ITaAicapHOI
MMapeHXiMM, XapaKTepHa BEAMKA IX KiABKiCTb,
Xo4a y 6iapmocTi IMPEeACTaBHMKIB IiAPOAMHU
Cactoideae BoOHM 3asBuyail poaMimeHi y
BHYTpimHi# xopi Ta cepuesuni (TERRAZAS
SALGADO & MAUSETH 2002).

AAsiipeAcTaBHUKIB 060X BUAIBXapakTepHe
CIIOBIADHEHHSI AIAGHHS KAITMH eImipAepMH Ta
MapeHXiMHM Ta IOCHAEHHA IPOILeCiB IX pocTy
M po3TSArHeHHs y 6-Micstomy Bini. Lle moske
OyTH CHpUYMHEHE Ce30HHOK PUTMIKOI0
pocty pocamH. OApHAK, He3BaXKAIOUU Ha Iie,
3araAOM 3 BIKOM 30iABIIYETBCSI KIiABKICTB
KAITHMH eMiAepMH Ha OAMHHUIIO IIAOIN, Ta,
BIAITOBIAHO, 3MEHINYIOTbCA IX PO3MIipH,
BOAHOYAC 3pOCTAIOTh PO3MipH KAITHH KOPOBOI
Ta CEpPLEBUHHOI MapeHXiMH. Kpim nporo,
3POCTA€ KiABKICTh HPOAUXIB Ta IMPOAMXOBHH
IHAEKC, OCTaHHINM 3 AyXe HH3DKOIO CTa€
HU3BKUM. 3POCTA€E TAKOX KiAbKiCTD IIPOBIAHUX
IIyYKiB Ta KCHUAEMHHUX €AE€MEHTIB y HHX.
Oco6AUBO IIBHAKHUI PO3BUTOK IPOBiAHOI
CHCTEeMHU Y POCAHH 000X BHAIB XapaKTepHUI
AAst Tiepioay Bia 6 A0 12 micsnis. B neit vac,

y 3B’SI3Ky 3i 30iAbIIEHHSM AlaMeTpy cTe0Aa,
3’ SIBASIIOTbCS KOpOBi NPOBiAHI ITYYKH, OAHAK
BOHU IIje Ay’Ke CAA60 PO3BUHYTI.

Aesiki 3 IPOaHAAI30BAHUX O3HAK MOXYTh
MaTH CHCTeMaTHUYHEe 3HaueHHsS Ha BHAOBOMY
piBHi. Tak, mpm Mmaibke OAHAKOBifl TOBIIUHI
emipepmu, AAsi mpeacraBHukiB R. flavistyla
xapakrepHa ToHKa (BACHABEB  1988)
30BHIMHA CTiHKa y 3-Mica4HOMy  BiLj,
HnoMipHOI TOBIIMHHU — B 6-MicsIYHOMY, i TOBCTA
— B 12-micaunomy. Toai K y AocAipKeHHX
exseMmaspiB R. minuscula y Bcix BikoBuX
Py BOHA MOMIpPHOI TOBIJUHH. KpiM IbOTO,
y pocaumr R. flavistyla rtoBmmHa KOpOBOI
HmapeHXiMu B 3-MicSI4HOMY Birji 3HauHO 6iAbira
3a AlameTp cepueBuHH, a B l2-micsuHOMY
i TIOKa3HUKH MarKe OAHAKOBi, TOAI SK
y 3-micsuHux exsemmaspiB R. minuscula
BOHHM Malke OAHAKOBi, a 3 BIKOM aAlameTp
CeplieBUHM 3HAYHO IIePEeBHMIIYE TOBUIMHY
KOPOBOI NapeHXiMH.

BucHoBKH

Omxe, aas pocaur R. flavistyla Ta
R. minusculay mpoueci pocTy Ta po3BUTKY Bip
3-MiCSYHOTO AO OAHOPIYHOTIO BiKy XapaKTepHe
3POCTAaHHS KIABKOCTI KAITHH emipepMH Ha
OAMHHUIJIO ITAOII Ta ITIOTOBIEHHS 1X 30BHIIIHIX
cTiHOK. B meit yac 3'sBAsS€ETbCS rimoaepma,
36iAbH.IYIOTbCH poO3MipH KAITHH KOpPOBOI Ta
CepLEeBUHHOI IApeHXIMH Ha IONEepeYHOMY
mepepisi  crebaa, 3pocTae  BiAHOIIEHHS
AlaMeTpy CepLeBHHH AO TOBIIMHH KOPOBOI
IapeHXiMH, 3’ABASIIOTHCS CAM30Bi KAITMHH Ta
36iAbIIyETHCS iX KIABKICTD, 3pOCTAE KiABKICTb
IPOBIAHUX MYYKiB Ta KCHAEMHHUX €AEMEHTIB
y Hux. IIpu 1pomy crocTepiraroTbCs IeBHi
BIAMIHHOCTI aHAaTOMIi4HOI 6yAOBH y pisHHX
BHUAIB, SKi MOXYTb MaTH TaKCOHOMiuHe
3HaueHHs. TakuM 4MHOM, 3 BiKOM, B mporeci
apamTanii AOCAIAXKYBAaHHX POCAMH AO YMOB
iCHyBaHHs, IOCHAIETBCA POAb INOKPHUBHHUX
TKAaHHMH, 3pOCTAa€ BOAO3aIacalda  POAb
CepILEBUHHOI MAPEHXiMHU, B KOPOBil MapeHximi
36iABIIYETHCS KiABKICTD CAMBOBUX KAITHH, sIKi
BUKOHYIOTh POAb AOAATKOBOTO peryasAropa
BOAHOTO 02AQHCY POCAMHHL.
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THE GENUS REBUTIA (CACTACEAE): CHANGE OF THE ANATOMICAL AND MORPHOLOGICAL
CHARACTERISTICS DURING THE PREGENERATIVE PERIOD
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Abstract. Anatomical and morphological features of 3-, 6- and 12-month Rebutia flavistyla and R. minuscula plants were
analized. Increasing of the epidermal cells number per unit area and the thickening of their external walls are typical for the
growth and development processes from 3- to 12-month ages. At this time hypodermis has emerged, sizes of the cortex
and pith parenchyma cells have increased, the pith diameter-cortex thickness ratio have increased, the mucilage cells have
emerged and their number increased, besides number of the vascular bundles and xylem elements in each bundle have
growth.. The slowing of the epidermal and parenchyma cells division and the intensification of their growth and stretching
in 6-month age were noted. The differences in the anatomical structure of different species, that may have taxonomic

significance, were observed.
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OCOBAUBOCTI MIKPOMOP®OAOTTYHOT
BYAOBHU I'ICOITY AIKAPCBKOTI'O

Aroamuaa A. KoTiok

Anoranis. AocaipKeHO AesiKi MIKpOMOPOAOTiUHI 0cOOANBOCTI GYyAOBU BereTaTUBHUX i reHepaTHBHUX opraniB Hyssopus

ojﬁcinalis. Ha enipepmi BUSIBAEHO TP OAMXM AIAITUTHOTO THITY Ta 30BHIIIHI BUPOCTHU: 3AA03HCTi 1 KPUIOYi TPHXOMH, TIEABTATHI

edipooaifini 3aso3u. Ha cTeOAl 3HAXOAATHCS TOAIBYACTI i KOAIHOBIrHyTi MTOKPUBHI TPUXOMH, Ha AMCTKAX — IIEABTaTHi 3aA03H1

i KOHYCOMOAIOHI Ta KOAIHO3IrHYTi OAHO- 11 GaraTokAiTHHHI Tprxomu. Ha yameuni y mibkpe6ep’i € eabraTHi 324031, a pebpa

rycro BKPI/ITi KpHIOYHMMH i 3aA03UCTHMU TPUXOMaMH. AAaKCiaAbHa TIOBEPXHS BiHOYKA BKpHUTAa AOBIMMH IIOKPUBHUMH

TPUXOMaMH, IIEAbTATHI 3aA031 PO3MillleHi He IIIAbHO IO Kparo. Haﬂ6iAbH_Iy IiABHICTD €pipOOAIMHUX ITEABTATHUX 33A03

BiAMiYEHO Ha AAAKCIAABHIF [OBEPXHi BePXHbOI I'yOH yYamreuyxu (15,84+2,54 mr./MM?) i abakciaabHiit TIOBEPXHi AWCTKA

(13,6%2,40 mrt./Mm?). Hait6iabmri 3a AlaMeTpOM 3aA03U PO3TalIOBaHi Ha AAAKCiaAbHIN MTOBEPXHI AUCTKA (47,82+2,82 mMxm).

Karouosi caosa: Hyssopus officinalis, eipooaiitna pocarHa, 3aA03ucTi Tpuxomu, epipooaiitni 3aao3u

Kumomupcvkuii HayionasvHuil azpoexorozivnuil yuisepcumem, Cmapuii 6yavsap,7, m. Kumomup, 10008, Yipaina;

kotyuk-la@ukr.net
Beryn

Ticon aixapcpkuit (Hyssopus officinalis L.)
—  IepcrnekTuBHAa  edipooaiiiHa,  IpsIHO-
apOMaTH4YHA, AIKApChKa POCAMHA-IHTPOAYLIEHT,
SIKy OCTaHHIM YacOM KYABTHUBYIOTb Y Pi3HHX
periorax  Ykpaimm. DBarpkiBmmma  ricomy
AiKapCBKOTO - Cepeasemuomop’s. B
KYABTYpi 1 DIpPUPOALI POCAMHA TPANASIETHCA
y 3axipmift €spomi, IliBHiumifi Amepur,
€spornericpkiit yactuHi Pocii, mepearip’i Aaraio
(BEAEHOBCKAS u dp. 1991; PABOTSITOB ma i.
2003; MIHAPYEHKO 200S5; KyPBATOBA 1 dp.
2009; BomKo ma in. 2012).

Pocannny cuposuHy it edipHy oailo ricomy
BUKOPHUCTOBYIOTb y ¢apManii, mappymepii Ta
XapuoBiil raaysi. I'iconn Mae uyaoBi ¢piToHIMAHI
BAACTUBOCTI, € I[iIHHUM MEAOHOCOM ()KAPIKOB
1 OcTtanEHKO 1994; ToMEHIOK u dp. 2001;
HukutuHA u [Torosa 2011; KoTiok 2015).

Biaomo, mo ricom Aikapcbkuil CHHTe3ye
BEAUKY KiABKICTb [JIHHUX 610AOTiYHO-aKTUBHUX
pedoBuH: epipHY OAil0, CTEepOiAH, PAABOHOIAH,
TPUTEPIEHOIAH, BiTaMiHH, OpraHivyHi
kucror, sxupri oaii  (KoTyuk 2015).
Baxxause mnpakTnune 3HaueHHs Mae edipHa
OAisl, Ky HaKONMYYIOTb Pi3Hi creniasizoBaHi

BmicTuamnma (edipooaiitui 3as03u, cexperyroui
BOAOCKM),  AOKaAi3oBami Ha  emipepwmi
BEreTaTUBHUX 1 TEHEPAaTHBHUX  OpTraHiB
pocaun (HukutuHa 2008; IIusko 2012;
ZAWISLAK 2013).

Bosocku abo TpuxomMm —  CrerfiaAbHi
YTBOPEHHS, AKi (OpPMYyIOTbCS Ha emipepMi
BEr€TAaTUBHUX 1 TEHEPATUBHMX  OpPraHiB,
BIAIrpaloTh  BOXAWBY  ¢iziororo-tioximiumy
i 3axucHy poAab y OKUTTi pocauH. Boum
pisHOMaHiTHI 3a ¢QopmMo0 #  posMipamy,
OAHO- 1 0araToxaiTuHHI BHPOCTH: 3aAO3UCTI
I HE3aAO3UCTI BOAOCKH, COCOYKH, AYCOYKH.
3araAoM TPUXOMHU BHKOHYIOTb 3aXUCHY (Kpurodi
TPUXOMH) Ta BHAIABHY (3aA0BUCTI TpUXOMH)
$ynxuii (Muraap u Illyasra 2009; DMITRUK
& WERYSZKO-CHMIELEWSKA 2010; AEBYUK I
PaxmETOB 2013,2014).

Y AeAKHX HAayKOBMX IPAIlsX BiA3HAUEHO, IO
XapakTep, KIABKICTh i PO3MIpH CEKPeTYHOUYHMX
YTBOpEHb IIOB sI3aHi i3 MAaCOBOIO AOAEIO edipHIX
OAilf, fAKi CHHTE3ye pOCAMHA. Y CHpPOBHUHI
POCAMH, SKi MAIOThb €K30T€HHI yTBOpPEHHS,
IepeBaXKHy KiAbKicTb epipHOI OAil OTPUMYIOTH
BiA 3aA03, a He 13 3aA03UCTUX BOAOCKIB.
Oco6AMBO Iie XapaKTEPHO AAS POCAMH POAMHH
Lamiaceae, sixi yTBOpPIOIOTb IIEABTATHi 3aA03H i3

© 2016 The Author(s). Published by 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/ )
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8-16 cexperyrounx xaitun (MOON et al. 2009;
IITAKEHEBA 1 [TapminrHA 2014).

Psp  Buemnx  (Paporaros  1983;
MaaaukuHA u  KopyamkuHA  2007;
[Iusko 2012), aocaipxyioun edipooaiitni
pocauny popuny Lamiaceae, BCTaHOBUAU IPAMY
KOPEAALIIMHY 3aAeXKHICTh MDK ITOKa3HUKAMH
ImiAPHOCTI Ta  poaMipamu  edipOOAifHHX
3aA03 Ha IMOBEPXHiI HAA3EMHHUX OPIaHiB ILOAO
HaKOINMYEHHS I TaKOX BMICTy eipHOI Oail y

pocAuHi.
BuBuenHa cTpykTypu nOBepxHi Oprasis
POCAMH — BaXXKAMBE AXEPEeAO TaKCOHOMIYHOI

inpopmanii (HOBIKOB 1 Barapam-KpacHM
2015). HassuicTs i Xapakrep ONyIIeHHS €
OAHHUMH 3 HAHBAKAUBIIINX TAaKCOHOMIYHHX
o3Hak. OmynIeHHs MOXKe PO3BHBATHCS Ha Pi3HIX
JACTUHAX TiAd Ta BIAPISHATHCSA B MEXXaX He AMIIE
OAHI€I POCAMHHY, a 1 HABIiTh Ha Pi3HMX MOBEPXHAX
opHOro oprany. Jacro came Ha mipcTaBi
BIAMIHHOCTI B  ONYIIEHHI BHOKPEMAIOIOTbH
TaKCOHH BUAOBOTI'O M HIDKYHX PaHTiB.

Metol0  HamMX  AOCAIAXKEHb 6yao
BCTAaHOBAEHHSA MiKpOMOPQOAOrii Ta AOKaAizamii
3aAO3UCTHUX CTPYKTYP Ha €MiA€PMi BEereTaTHBHUX
Ta TEHEPAaTHBHHUX OpPTaHiB POCAMH TicOITy
Aikapeskoro. Ife pacTb MOXKAUBICTH 3'sCyBaTH
BHAOBI MOPQOAOTidHI OCOOAMBOCTI POCAMH i
BCTAHOBUTH TepMiHM 30HMpaHHS Ta HAIPSIMU
BHUKOPHCTAHHA POCAMHHOI CHPOBUHH.

Marepiaan i MeTOAM AOCAIAKEHD

OO6’ekTOoM  AOCAIAKEHD  OYAM  POCAMHHU
ricomy aikapcpkoro copry Mapkis (Hyssopus
officinalis cv. ‘Markiz’). Y aocaipxennsx
BUKODHCTOBYBAAM HACIHHMM  Marepiaa i3
KOAEKIIii MPSAHO-apOMATHYHUX POCAHH BIAAIAY
HOBuX KyAbryp HarfionaapHOro 60TaHiYHOIO
capy imeni M.M. I'pumxa HAH VYkpainm.
PocanHu BUpONIyBaAH Ha eKCIIEPUMEHTAABHUX
AlAsSIHKax 6oTaHiYHOrO capay JKuromupcpkoro
HAaI[iOHAABHOTO  arpOeKOAOTiYHOro  yHiBep-
CHUTETY, IIJO HAAXKHTD A0 30HH [Toaiccs Yipainm.
AASL AOCAIAKEHD BIAOMPaAM AHCTKH, creOAa i
KBITKM CepeAMHHOI pOopMallil POCAMH APYroro
poxy xuTTa. IIliAbHICTD NEABTATHHX 3aA03 i
IX AlaMeTp Ha AMCTKY Ta Yamledl[i BU3HAYAAH
y IX CepeAHIN YaCcTHHI, Ha BiHOYKY — IIO Kparo.

TumyacoBi MiKpoIpemapaTu BHUTOTOBASIAM 3i
CBDKO3i6paHOI CHPOBUHU Ta repOapHUX 3pasKiB.

AAs  MIKpOCKOIIYHOTO aHAAi3y OpraHiB
BHKOPUCTOBYBaAu  Mikpockomm:  MBC-10,
bioaam-70. Dorodikcaniro Pe3yABTaTiB

3pificHIOBaAM 3a aomomoroio kamepu MCDC
Levenhuk D SOL NG, mikpockomiuHi BuMipu —
OKYASIp-MiKpOMeTpa.

Pe3yabTarH Ta ix 06roBopeHHs

licom  AikapcbKuii — —  OararopiuHmit
FAASCTHH  MOAIKAPIIYHMM  HAIIBKYIOUK, Y
sikoMy Haaigyerbcst  40-180  3pepeB’sHiAMX

IpH OCHOBI KBITKOHOCHHX cTeber. Crebao
ricomy AiKapChKOTO y IOIEpPeYHOMy Iepepisi
YOTUPHUIPAHHE, HEMYYKOBOrO THITY, 3MiIIaHO
omymeHe, BKpure 1-, 2- ab0 3-KAiTMHHUME
IPSIMUMI, KOAIHOBITHYTUMM 260 rOAiBYaCTHMU
Borockamu (Puc. 1 A-T). Ilepsunna xopa
YTBOp€Ha KOACHXIMOIO i TapeHXiMOK0, KOACHXIMa
y pebpax cpopmoBaHa 4-6 pspamy, a y OiuHHX
crimkax — 2-3 pspamu kaitud. IIposipHa
cHuCTeMa IpeACTaBAeHA PpAOEMOIO i KCHAeMOIO.
ITapenxiMHI  KAITMHH  CepIIeBUHM  BEAMKI,
OKPYTAi, TOHKOCTiHHi, IOCTYIIOBO PYHHYIOTbCS,
B PEe3yABTaTi 4OTrO YTBOPIOETHCA IMOPOXKHHMHA
(Puc. 1 B).

Auctku  Ticomy  AiKapchbKOro  AiHifHO-
AQHIIETOTIOAIOHI, L[IAOKpal, AOP3UBEHTAABHOIO
TUIy. ANCTKOBA IAACTUHKA OAHOXXHAKOBA — €
AUIIIe OAHA IIEHTPAAbHA XKUAKA 6e3 BIATaAy>KeHD
(Puc. 3 A, B)). Kaitnrn mimkupoi emipepmu
MaroTh OiAbII 3BHBHCTI Kpai y HOpIBHSAHHI
3 BepXHBOIO emipepMolo. 3a XapaKTepoM
pO3TallyBaHHA  IPOAMXIB  AMCTKH  Ticommy
AIKapchKOro amMQiCTOMATH4Hi, NMPOAMXH € Ha
060X MOBEpXHsX, XOYa IX INiABHICTD 6iAbIna
Ha abakciaAbHilL Ilpoauxu alanuTHOTrO THITY,
OTOYeHi ABOMa CYNpPOBIAHMMHU KAITHHAMH, SIKi

poO3MilleHi  MEePIEeHAUKYASIPHO  IPOAUXOBIA
miauni (Puc. 2).
IToBepxHs ~ AMCTKAa  3€A€HA,  TAAAKA,

3aA03MCTO-BUIMYACTA, IO Kpal — BikMYacra.
EnmipepMasbHa  MOBepxHST AMCTKAa — MiCTHTD
PI3HOTO THUIIy YTBODEHHA: IIEABTAaTHI 3aAO03H,
kpuroui (He32A03KCTi) i 3aA03HCTi TPHXOMH.

Ha apaxciaabHiN Ta abakciaAbHil emipepmi
AUCTKA  AOCHUTh  IJABHO  PO3MIiIIyIOTbHCS
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Puc. 1. Mikpomopdoaoriuni ocobausocri cre6aa Hyssopus officinalis: A — omymenns crebaa (x20); B — crebao y
noniepeunomy mepepisi (x120); B, T — Tpuxomu mosepxmi crebaa (x128). em — emiaepMa; 3T — 3aA03WUCTi TPHXOMH;
K — KOAGHXIMa; KC — KCHAEMa; KT — KPUIOUi TPUXOMH; € — CeplieBHHa; PA — haoema.

Fig. 1. Micromorphological characteristics of Hyssopus officinalis stem: A — stem pubescence (x20); B — stem in cross
section (x120); B, T’ — trichomes of the stem surface (x128). en - epidermis; 31 — glandular trichomes; k — collenchyma;
Kc — Xylem; kr — indumentary trichomes; ¢ — pith; ¢a — phloem.

3aHypeHi y Me30dia meAbTaTHI edipooaiiiHi
sarosu  (Taba. 1). 3anosu  16-kaiTmHHI,
KAITHHU po3MilleHi y BuTAsiai poserku. Ilpm
HakonnyeHHi edipHOI o0Ail KyTHKyAa KAiTHH
KYIIOAOIIOAIOHO ~ 3AYBA€ETBCS,  YTBOPIOIOUU
pesepByap 3 ediproto oaiero (Puc. 3 B,). Ha

AAAKCIaABHIN emipepMi AMCTKa 3yCTPidaroTbCs
IIeABTATHI 3aA03H AlameTpoM 47,8212,82 MxM
3i miabHicTIO 7,621,28 mT/1 Mm% AbGakciaabHa
elmipepMa Ma€ 3aA03M  MEHIIOTO  AlaMeTpy
(47,18+2,0 Mmxm), ane Ppos3MillleHi BOHH IfiAbHiIe
(13,6+2,40 mr./ mv?) (Puc.3A, B ).
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Puc. 2. Crpykrypa eniaepmu auctka Hyssopus officinalis (x128): A — apaxciaabna mosepxis; B — a6akciaabHa mosepxHst.

Fig. 2. Structure of the leaf epidemis in Hyssopus officinalis (x128): A — adaxial surface; B - abaxial surface.

Ta6a. 1. [IfiapHicTb Ta PO3MIpU IEABTATHHX 3aA03 Ha eIliAepPMAABHIll IIOBEPXHi BereTaTUBHUX i FeHePATUBHUX OPraHiB

Hyssopus officinalis. - — 3aa03u BiaCyTHI.

Tab. 1. Density and dimensions of peltate glands occurring on the epidermal surface of vegetative and reproductive

organs in Hyssopus officinalis. - — glands are absent.

OpraH pocAUHH HOBEPX.H}I posTanryBaHHA

IiapHicTs posranrysanns  Aiamerp edipooaiitnoi

3aA03 3aA03, mt./ MM? 3aA031, MKM
Awucrox apaKciaAbHa 7,6+1,28 47,82%2,82
abakciaAbHa 13,6+2,40 47,18+2,0
Yaureuka, BepxHsi ry6a apaKciaAbHa 15,8+2,54 37,0+2,83
abakciaabHa 9,7+1,10 37,2+1,23
Yameuxa, HIKHS r'y6a apakciaAbHa 9,1+1,88 33,5+1,43
abaxciaabHa 3,310,559 39,42+3,94
Binouok, BepxHsi ryba aAaKciaAbHa 3,310,559 39,42+3,94
abakciaabHa 0,9+0,54 27,98+1,83
Binouox, HIKHS ry6a apakciaAbHa 2,6+0,73 37,06+3,58
abaxciaapHa - -

Crebao

Ha apakciaApHil TOBepxHi i 110 Kparo AMCTKa €
3aA03UCTi TOAIBYACTI BOAOCKH 3 OAHOKAITHHHOIO
TOAIBKOIO M KOPOTKOIO  OAHOKAITHHHOIO
mixkoo (Puc. 3 A, A3), opocTi OAHO- abo
ABOKAITHHHI HE3aAO3MCTi KPHIOYi TPUXOMH:
OpsiMi, KOHYCOMOAIOHI ab60  KOAIHOBIrHyTI

(Puc. 3 A, A,). AGakciaabHa emipepMa BKpUTa
TaKMMHU K TPUXOMaMH, aAe IX HIABHICTH AeIjo
mmxda (Puc. 3 B1'Bs)'

KsiTku y ricomy aikapcbkoro 3uroMopoHi,
Api6Hi. Yameuka ricomy Aikapcpkoro Tpy64acro-
A3BOHHKOIIOAIOHA 3 I'SITbMA  3arOCTPEHUMHU
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Puc. 3. Bupoctu emipepmu aucrka Hyssopus officinalis: A — apaxciaabsa osepxusi; b — abakciabHa IIOBEPXHSL XK — XKHAKa;
3T — 33A03HCTi TPUXOMH; KT — KPUIOUi TPHXOMH; I3 — MeAbTaTHi 3aa03u. A, B, — x60; A,, A,B,, B, -x128.

Fig. 3. Outgrowths of the leaf epidermis in Hyssopus officinalis: A — adaxial surface; b — abaxial surface. sk — midrib;

3t — glandular trichomes; xr — indumentary trichomes; m3 — peltate trichomes. A , B, - x60; A, A, B,, B, - x128.

AQHI[ETHUMH SYGHHMH MaibKe  OAHAKOBOI
AOBXHHH i 15 peOpamu, 3eAeHa, 3 aHTOLIAHOBUM
BIATIHKOM. Ha AAAKCIaABHI ITOBEPXHi

Jareuky y 6asaAbHIil YaCTHHI I Y3AOBX pebep
BiAMIUeHO IyCTe OIyIUeHHS i3 6araTOKAITHHHUX
BHAOBXEHO-3iHyTHX TPHXOM, MDK pebpamu
— neaprarri 3an03u (Taba. 1; Puc. 4 A, A).
Ha a0axciaAbHifl [OBepXHi  YaIIOAMCTKIB
TPUXOMHU MarbKe BIACYTHI, a IIEABTaTHi 3aA03U
sycrpivatorbest 3piaka (Puc. 4 A, A4). Ha
apaKciaAbHIN MOBepXHi BepXHbOI I'yOH IIiABHICTH
[IEABTATHHUX 3aA03 Y CepeAHill YacTuHi TPyOKu
ckAapasa 15,842,54 mr./mm?, a alamerp -
37,0+2,83 MxM. AAd apakciaabHiM MmoBepxHi

HIDKHbOI T'yOM 1ii IOKA3HUKH CTAaHOBHAM
15,6+1,96 mrt./Mm* i 35,4£2,31 MKM BiATIOBIAHO.
Ha a6akciaapHil IOBepxXHi BepXHBOI Iy6OH
I[iABHICTD  epipOOAITHMX 3aA03  CKAapaAa
9,7+1,10 wr./MM% a plamerp — 37,2£1,23 mMMm.
Aast abakciaapHil MOBepxXHi HIDKHBOI Iy6H
i mokasHuMKU craHoBHAH 9,1+1,88 mr./mM? i
33,5£1,43 MKM BIiATIOBIAHO.

BiHoyox  KBITKM  TicOoIly  AiKapCBHKOIO
ABOTYOHit, po3mipom 12 MM, CHHBO-(pi0A€TOBOTO
3abapBaeHHs. Ha  apakciaapHill moBepxHi
BIHOYKA IIEABTATHI 3aA03M TPAMASIOTHCSA AHILIE
Ha MOTO AMCTAAbHIN YacTUHI (r[o Kpa}o), a Ha
Tpy6ui BiacyTHi (Taba. 1). Ix miabmicts Ha



Puc. 4. Bupocru emipepmu ousitunu Hyssopus officinalis:
A - apakciaabHa TOBepxHsA 4vameukd, b — apakciaapHa
MOBEPXHS BiHOYKA. 3T — 3aA03HCTi TPUXOMH; KT — KPHIOUi
TPUXOMM; I3 — IIEABTATHI 3aA03U. A — X60; A, - X20;
A,A,B,B,-x128.

Fig. 4. Outgrowths of the perianth epidemis in Hyssopus
officinalis: A — adaxial surface of the calyx; B — adaxial surface
of the corolla. 3t — glandular trichomes; kr — indumentary
trichomes; m3 — peltate trichomes. A| - x60; A, — x20;
A,A,B,B,-x128.
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BepxHii ry6i craHoBurs 3,3+0,59 wr./mMM?,
a Ha HIKHIA - 2,610,73 wTt./Mv. Ix plamerp
cranoButh 39,42+3,94 mxm i 37,06+3,58 MM
BiATIOBiAHO. ApaKciaabHa IIOBEpXHsS BiHOYKA
I'yCTO BKPUTA AOBI'MMH KPUIOYMMH TPUXOMAMHM.
ITo Kpar0 NEAIOCTOK abakCiaAbHOI ITOBEpXHi
Bepxupoi rybu spiaka (0,910,54 mr./mm?)
BHSIBAEHO APiOHI IeAbTaTHI 3aA03H, AlameTpom
27,98+1,83 mxm. Ha abakciasbHiil moBepxHi
HIDKHBOI I'yOM IIeABTaTHI 3aA03U BIACYTHI

(Puc. 4 B, BZ).
BucnoBkn

Y pesyabraTi BUBYEHHS MIKPOCTPYKTYpH
BEereTaTUBHUX 1  TeHEpPaTHMBHHMX  OpTaHiB
H. officinalis BusBA€HO IPOAUXU AIQLIUTHOTO
THIly Ta eMiAepPMaAbHi BHPOCTH: 3aAO3UCTI
M KpHIOYi TPHUXOMH, IIeAbTaTHI e¢ipooAiiHi
3ano3u. Ha cre6ai BUsBA€HO 324031 CTi roAiBYacTi
TPUXOMH i KOAIHO3IrHYTi KpHIOYi TPUXOMHM, Ha
AWCTKAaX — [IEABTATHI 3aA03H 1 KOHYCOIOAIOHI Ta
KOAIHO 3irHyTi OAHO- i 6araTOKAITHHHI TPUXOMHL.
Ha vameuni y Mikpebepl HasiBHI IeAbTaTHi
3aA03d, a pebpa TIyCTO BKPHUTI KPHIOUUMH
i 3aA03MCTMMM  TpHUXOMaMHU. ApakciaAbHa
MMOBEPXHS BiHOYKA BKPUTA AOBIMMH KPHUIOUMMU
TPUXOMaMHM, IEABTATHI 3aA03M PO3MilleHi He
IABHO IO Kpam, Ha a0aKCiaABHIN MOBepXHi
HIDKHBOI I'yOH CEKPeTyIoui CTPYKTYPH BiACYTHI.

Enmipepmasbni BupocTM posramoBaHi Ha
BCIX HAp3eMHHX OpraHax TiCOITy AiKapCBhKOro,
aae ix posmopia HepiBHoMipumil. HaitOiapury
I[iABHICTD eQipOOAIMHUX IEABTATHHX 3aA03
BHSBA€HO Ha AAAKCIAaAbHIN MOBEPXHI BEpPXHBOI
rybu Jamedk i abakciaAbHill TOBEPXHI AMCTKA.
Hafimennry 1fiAbHICTD 3aA03 BUSBAGHO Ha
abaxciaApHil [IOBepXHi BepXHbOI I'yOH BiHOYKA.
Hait6iapmi 3a AlaMeTpOM 3aA03M PO3TALIOBaHI
Ha aAAKCiaAbHIN ITOBEPXHi AMCTKA, a HalMeHIIi
— Ha abakciaAbHIN IIOBepXHi BEpPXHBOI I'yOH
BiHOYKA.

OueBHAHO, OCHOBHI CEKpeTyI0di CTPyKTypH
H. officinalis, sixi cunresyrors edipHi Oaill, —
Ile AWMCTOK 1 dameyka onsiTuHu. HasasuicTp
omyuieHHs i epipOOAIfiHUX 3aA03 Ha emipepMmi
OpraHiB  Ticomy  AiKapChKOrO  IIABHIIYE
AAANTHBHI MOXXAMBOCTI AQHOTO BHAY B YMOBax
IHTPOAYKIIIL.
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FEATURES OF MICROMORPHOLOGICAL STRUCTURE OF MEDICINAL HYSSOP
LyupmyLa A. KoTyuk

Abstract. Micromorphological peculiarities of the structure of vegetative and generative organs of Hyssopus officinalis
were analyzed. The epidermis of H. officinalis reveals diacyctic stomata and external outgrowths: glandular and covering
trichomes, as well as peltate essential oil glands. Capitate and bent indumentary (covering) trichomes occur on the stem,
while on the leaves peltate glands, conical and bent uni- and multicellular trichomes were observed. On the calyx, in the
midrib region, there are peltate glands while the ribs are densely covered with indumentary and glandular trichomes.
The corolla’s adaxial surface is covered with long indumentary trichomes, with sparse peltate glands occurring on the
margins. The highest density of essential oil peltate glands is found on the adaxial surface of the calyx upper lip (15.8+2.54
pcs./mm?) and on the leaf abaxial surface (13.6+2.40 pcs./mm?). Glands with the largest diameter (47.82+2.82 pm) are
located on the leaf adaxial surface.

Key words: Hyssopus officinalis, essential oil plant, glandular trichomes, essential oil glands

Zhytomyr National Agroecological University, Stary Boulevard 7, 10008 Zhytomyr, Ukraine; kotyuk-la@ukr.net






ISSN 2226-3063 e-ISSN 2227-9555
Modern Phytomorphology 10: 69-80, 2016

YAK 582.998.1 (477.42)

BIOMOP®OAOTITYHI OCOBAUBOCTI
SERRATULA CORONATAL.(ASTERACEAE) 3A YMOB
THTPOAYKIITi BBOTAHIYHOMY CAAY )KHAEY

IpuHA B. IBAIJEHKO ' TA ASKAMAA B. PAXMETOB 2

Amnoranis. BcranoBaeHO 0cobArBOCTI pocTy, po3BUTKy Ta Mopoaorii pocauH Serratula coronata L. 3a ymoB iHTpOAyKuyii
B 6oraniuHOMy capy YKUTOMUPCHKOTO Hal[iOHAABHOIO arpOEKOAOTIYHOTO YHIBEPCUTETY, IO HAACXKHUTH A0 30HH IToaiccs
Ykpainu. HaBepeHo pesyabratu BUBUeHHS S. coronata ex situ 3a mepiopaMy OHTOTeHe3y: AATeHTHHM, IpereHepaTHBHUM
Ta 4aCTKOBO reHeparvBHUM. OIMCaHi O3HAKM IIECTH BiKOBHMX CTAaHIB OCOOMH: CIM'SHKM B CTaHi CIIOKOIO, IIPOPOCTKH,
IOBEHIAbHMH, IMATYPHHUM, MOAOAMMI (paHHiI?I) reHepaTUBHHMI, CepeAHbOBIKOBHI (spiAm?[) reHeparupHui. B mepumit
PiK KMTTSA CisHI S. coronata IIPOXOAMAH IpereHepaTUBHMI Iepiop oHTOreHesy. Ha Apyruii pik pocAMHM BCTyIaAu B
reHepaTUBHUI TepioA, AOCATAIOUH CePeAHbOBIKOBOTO IFeHepaTUBHOTO CTAHY Ha TPeTii pik 3pocTanns. Pocaunu S. coronata
$opMyBaAM BereTaTUBHI, TeHEPATUBHI OPraHH, XUTTE3AATHE HACIHHS, IO € CBIAYEHHSM AOCTaTHbOTO CTYTIEHS aAanTaliii
BHUAY AO YMOB perioHy.

Karouosi caoBa: Serratula coronata, Asteraceae, iHTPOAyKIis, MOPOAOTiUHI OCOGAMBOCTI, BIKOBi CTaHH, MepioAK
OHTOTEHEe3y

! OKumomupcvkuii Hayionasvruii azpoexoroziunuil yHisepcumem, Cmapuii Gyaveap, 7, m. Xumomup, 10008, Yipaina;
kalateja@ukr.net

% Hayionarvhuii 6omaniunusi cad im. M.M. Tpuwxa HAH Yipainu, eys. Timipssescoxa, 1, m. Kuis, 01014, Ycpaina;
jamal_r@bigmir.net

Beryn S. corronata MicTUTb (QAABOHOIAM, CAiAM
AAKaAOIAIB Ta acKop6iHOBY KHCAOTY
Serratula coronata L. (cepmiit ysimuanuit) (MIHAPYEHKO  2005).  AMiHOKMCAOTHMIT

—  ObararopiuHa  TpaBsHa ~ POCAMHA 3
poaurn Asteraceae, Tpubm Cynareae Less.

CKAQA AHUCTKIB  XapaKTEpPU3YETbCS BHCOKUM
BMiCTOM aCIapariHoBOI i TAyTaMiHOBOI KUCAOT, a

(BrcroarHA 1965). Tlommpenuit neit Bup y
Cepepniit Asii, Cxianift €spomi, CxipHoMy i
3axiggomy Cubipy, Kaskasi Ta Ha Aarexomy
Cxoai (CokoaoB 1993; YEPEMAHOB 1995).
B Vkpaini Bup IpeAcTaBAeHHI B IIiBACHHIN
vyactuHi IToaiccs, B Aicocremy, 3a BHHATKOM
KPalHbOTO 3aXOAy, MiBHiuHiN wacTmHi Cremy
(BrcroarHA 1965; AOBPOYAEBA u dp. 1987),
A€ POCAMHHU 3POCTAlOTh PO3CIIHO Ha CyXHX
AyKaX, TI0 Y3AiCCAX i B CTENIOBMX YarapHMKaXx.

B VYkpaini B kyabTypi cepmiit yBiH4aHMIT

He BHUpOIyIOTb. B  HapopHill MepunuHI
BiH  BUKOPDUCTOBYETbCA  MHpPH  eIiAencii,
HEBpO3ax, HOBOYTBOPEHHIX, aHeMii,
reMopoi,  aHrimi, 6AMBOTi, mpoIacHHL,
B SKOCTI  PaHO3arOKBAABHOTIO  3acoby
(CokxoaoB 1993). Hapzemna YacTHHA

TAaKOX AEHIUHY, a B OyTOHAX BiAMiueHa BHCOKa
xoHuenTpanis L-aprininy (Boaopun 2003).
Is S. coronata, BupomeHoi Ha TepHTOpil
Ykpainuy, BHAIA€HO diToexaucrepoipu:
20-TiApOKCieKAM30H (eKAHCTepOH), eKAU30H,
noainopus B, inTerpucrepon A, nTepocrepos,
20,22-MoHOa1eTOHiA ekaucTepoHy i 2,3,20,22-Ai-
arjeTonip expucrepory (XoAop0BA 1979).
DiToeKAUCTEPOIAU  SIBASIOTDH cobo10 BEAUKY

IPyIy  IOAINIADOKCHABOBAaHMX  CTEPOIAIB,
SIKi  BUSIBASIIOTB ~ aHAbOAIUHY, aAQIITOTeHHY,
AHTHOKCHAQHTHY, MeMOpaHOCTabiAI3yIOTy,
remaro-, HeHpo- Ta  HeQPOIpPOTEKTOPHY,
AHTHAPUTMIYHY,  IMYHOMOAYAIOIOYY,  TiIlO-
TAIKeMIYHY i rimoXOAeCTePOAEMIYHY

BAACTHUBOCTi, a TaKOXX XapaKTepPH3YIOTbCS
HU3bKOI TOkcHuHicTIo (BoaoamH  2003).

© 2016 The Author(s). Published by 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/ )
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AXTyaAbHUM € T@ONIYK HOBHUX IIPUPOAHMX
AxepeA QITOEKANCTEPOIAIB AAS BUKOPUCTAHHS
B SIKOCTi aAQIITOT€HHUX AiKapChKMX Mperaparis,
11O B 3HAYHIM Mipi BIAHOBAIOIOTD i IIABUIYIOTDH
IIPaLIe3AATHICTD MpPH PO3yMOBHX 1 (isMYHHX
nepesromax (IT4EAEHKO 2002). B napsemmiit
gactuHi S.  coronata  cymapHHH  BMicT
eKAMCTEepOIAiB, 3aAeXHO Bia ¢dasu Bererarii,
ckaapae Bip 0,5% po 1,5%, mo Ha HOPSAOK
BUllle, HDK y PalOHTHKyMa CapAOPOBHAHOTIO
(HOBOCEABCKAS u dp. 1998).

3acTrocyBaHHA ceprIiio YBiHYaHOTO
y  dapmamii AK = IPHUPOAHOTO  AXKepeaa
diToexancrepoiais € MePCIeKTUBHUM
Ta  [OTpebye  IIOAAABIIOTO  PETEABHOTO

BHUBYeHHs 0ioMOp(OAOridHMX ocobAMBOCTElN i
JKUTTEBOTO LIUKAY POCAMHU B YMOBAaX KYABTYPH.
BoaHouac, aast  ymoB  JKurommpcpkoro
IToaiccst BiACYTHI BIAOMOCTI IJOAO BBEACHHS
AQHOTO BHAY POCAUH B KyAbTYpy. ToMy MeTo0
miel poboTn 6GYAO BHBUEHHS OHTOIeEHesy,
MOpP$O-610A0TIYHNX  OCOOAMBOCTEHl  POCAUH
S. coronata 3a iHTpoAykuii B 6OTaHidHOMY
capy JKuromupcproro HAIliOHAABHOTO
arpOEeKOAOTIYHOIO YHIBEPCHUTETY.

Marepiaau i MeTOAM AOCAIAIKEHD

ITpeaMeTOM AOCAIAKEHD OYAM POCAUHE

S. coronata. AAST OIIHKM  AAANTHBHUX
MOXXAMBOCTEM HOBOIO IHTPOAYIIEHTAa MU
BUBYaAH  OioMopdoaoriusi  0cobAmBOCTI

PO3BUTKY pocauH B 6otaniaHomy capy JKHAEY.
Y AOCAIAKEHHSIX BHKOPHUCTOBYBAAM BHXiAHHIM
MaTepiaA i3 KOAEKIil POCAMH BipAIAy HOBMX
KyAbTyp HarionaapHOro 60TaHivHOrO casy iMeHi
MM. I'pumka HAH VYkpainun. Ocobausocti
POCTY i PO3BUTKY POCAMH BHBYAAU YIPOAOBXK
2013-201S pp. 3ripAHO i3 3araAbPHOIIPUAHATHMH
meropukamu  (PABOTHOB 1950; YPAHOB
u CMmurHOBA 1969; CEPEBPSKOBA 1972;
BEMAEMAH 1974; JKykoBa 2013); sxicwi
NOKA3HUKM HACiHHS OIIHIOBAAW 3TiAHO 3
ACTY 7160 — 2010. B ommcax BUKOPHCTaHO
3araAbHOINPHUMHATA TEPMIHOAOTiI0 3 MOP$OAOTII
Bumux pocauH (APTIOWEHKO I DEAOPOB
1986; HOBIKOB 1 BAPABATI-KPACHM 2015).
Aast MiKPOCKOIIYHHX AOCAIAXKEHD
BUKOpUCTOByBasn bioaam-70, BBS 3 USB

Kameporo Ta USB muposmit MikpocKomH.
Dorodikcarito pesyAbTaTiB 3AIMCHIOBAAM 32
aorromororo 1u$posoi orokamep Canon DC
8.1 VtaLevenhuk D 50 L NG.

biomerpuuni it 3araapHi MOp¢oAOrivHi
AOCAIAKEHHSI TIPOBOAMAH, PO3IIOYMHAIOYM 3
AATEHTHOTIO IEPioAy.

Pe3yapTarH Ta ix 06roBopeHHs

S. coronata - 6araTopiuHa MOAiKapIIivyHa,
CHMITOAIAABPHA, 3 HANiBPO3ETKOBUM THIIOM
CTPYKTYpH HAA3€MHHMX IIarOHiB TpaB’ﬂHa
pocauna (KoMAPOB 1963). € remikpunrodirom
(XaruHA u IlIBbIaKAS 1993), KOpeHeBHme
HOTY)KHe, FOPI/ISOHTaAbHe, 3 6aFaTO‘{I/ICAeHHI/IMI/I
LIHY POIIOAIOHIME kopemwsimu.  Crebaa
npsivocrosdi, Bucoki (A0 200 cM 3aBBUIIKH),
posraayxeHi, OararorpaHHi # pebpucTo-
6OpO3eHYACTi; AUCTKH BiA MPIACTO-PO3AIABHHX
AO poscideHnx, 3 3-7 mapamu SiiiemnopibHo-
a60 AOBTacTO-AQHIIETHUX OIiYHUX CerMeHTiB.
Komurmiku Ha KiHIISIX TOAOBHHUX MaroHiB mo 1-2,
KpaioBi KBITKM (YHKI[IOHAABHO MAaTOYKOBI,
CEepeAHMHHI — ABOCTAaTeBi; MAip — ciM'sHKa 3
IyOKOM (BICIOAIHA 1965). 3a Kaacupikariiero
xurreux popm LI Cepebpsixosa S. coronata
BiAHOCHTbCﬂAoTpaB’ﬂHHXMHquBaTOKopeHeBI/Ix
(kuTHLEKOpeHeBUX 260 AOAATKOBOKOPEHEBHX)
noikapmikis (CEPEBPSAKOB 1964; BEK 2009).

Biomopdoaoriuai  0COOAMBOCTI  POCAMH
S. coronata BECBiTA€HI AASI KOKHOTO i3 mepioaiB
OHTOT€He3y BIATIOBIAHO AO  KOHKPETHOIO
BikoBoro cray. Hamiacrasi 6iomopdoaoriurnoro
aHaAi3y pi3HOBiKOBHX pocauH S. coronata
omnucaHo 6 BIKOBUX CTaHIB OCOOMH i AOCAIAKEHO
AAQTEHTHWI, TIPET€HePAaTUBHUM Ta YacCTKOBO
reHepaTUBHUI IIepioAu OHTOMOPdOTeHesy.

AatenTHnii mepioa. Ilaip S. coronata
~ ciMsEKka 3 uybkom (mammoocom),
KOPHYHIOBATO-CBITAO-Oyporo KOABODY,
AOBIaCTO-KAHHOIIOAIOHOT popMH, 3 TOHKHUMH
ITO3AOBXKHIMHU pebepusmy, 3aBAOBXKKH
7,13+0,46 MM i saBmmpmku 2,33+0,21 Mmm;
mammoc — 9,22+0,86 MM 3aBAOBXXKH, 3 PYAHX
3asy6aerux merunok (Puc. 3 XK). 3a Tumom
nomupeHHs S. coronata — anemoxop. Maca 1000
cim’stHOK cTaHoBuTh 3,28+0,12 r. CBiKO3i6paHe
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Puc. 1. Ilpereneparusnuit mepiop ouToreHesy Serratula coronata: p — TPOPOCTKY; j,-j, — IOBeHiAbHI pocAMHH;
im -im, - iMmarypni pocaunmu.

Fig. 1. Pregenerative period of ontogenesis of Serratula coronata: p — sprouts; j,-j, — juvenile plants; im -im, — immature
plants.
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Puc. 2. Cisnni Serratula coronata: A — Apyroro poxy >XurTst
y reHeparusHuil nepiop; B-I' — TpeTboro poxy >xuTTa y

¢asax BeCHSHOTO BIAPOCTAHHsI, BEreTaTUBHil i GyToHi3auil
BIATIOBIAHO.

Fig. 2. Serratula coronata seedlings: A — second year of
life in the generative period; B-T' — third year of life in
the phases of spring growth, vegetative, and budding
respectively.
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Puc. 2. Cisuui Serratula coronata. Tpoposxenns: A-E — Tperboro poky >XHTTs y (asax LBITIHHS i TAOAOHOIIEHHS

BiATIOBiAHO.

Fig. 2. Serratula coronata seedlings. Continued: A-E - third year of life in the phases of blossoming and fruit-bearing

respectively.

HaCiHHA Ma€ HHM3bKY CXOXICTh 1 eHepriio
MPOPOCTAHHS, noTpebye cTparugikamii.
3ripao 3 pocaipxennsmu C.A. BEK (2009),
CBDKO3IOpaHOMY HACIHHIO CepIii0 yBiHYaHOTO
AoctatHbo 10 Ai6 36epiraHHs IpH TeMIepaTypi
5-7 °C AASL CYTTEBOTO IABUINEHHS CXOXOCTI.
Yepes 6 MicsniB Imicas 30MpaHHS YPOXKAIO
AabOpaTopHa  CXOXKICTh  CTPaTH(IKOBAHOTO
HaciHHA cTaHOBHAA 83%), 2 eHepris IpOpOCTaHHS

- 66%.

Ilpereneparusamii mepiop. Tpusae Bip
MPOPOCTAaHHA HACIHHA AO ITOYaTKy LIBiTiHHS;
BKAIOYA€ HACTYMHI BIKOBi CTaHM: NPOPOCTKH,
IOBEHIABHHUH, IMATYPHMIA, BipriHIABHMI.

Hpopocmxu (p). Becusni mocisu cepmito
YBiHYaHOTO TIPOBOAMAMCH CTpaTHPiKOBAaHUM
HaCiHHAM y TpeTil Aekaai kBiTHA. IToopmHOKI
CXOAHM crocTepiraauch yepes 7-10 ai6, macosi

yepes 12-16 Ai6 micas mmOCiBy, 3aAeXKHO
BiA METEOpOAOTiYHMX YMOB. AAs cepriio
YBIHYaHOTO XapaKTE€PHUN HAA3EMHUH THUII
npopocranHsa. HacimmeBa mkipka 3BHYaiHO
3aAMIIAETBCA B IPYHTI, Ay>Ke PiAKO BUHOCHUTBHCS
Ha IIOBEPXHIO. CiM'IAOABHI AMCTKH IIABHOKpAI,
OBaAbHOI (OpPMHM, CBIiTAO-3€A€Hi, 3aBAOBXKKM
9,05£0,25 wmM, 3aBmmpmku 2,24+0,11 MM
(Puc. 1: p). Csirao-kopuuHeBHit KopiHelp
saBpoBxkn  30,0+0,8 MM, He Mae 6idHMX
KOPEHIB i 3HAYHO IIEPEBHUINYE TIillOKOTHAD,
AOBXHHA SIKOTO CTaHOBUTh 6,9510,27 mm. Y
OIABIIOCTI IPOPOCTKIB TilIOKOTHAb  CBITAO-
3EACHOTO KOAbOPY, iHOAI Ma€ TeMHo-60pAOBe
3abapBaeHHs. PicT  CIM'SAOAPHHX — AHCTKIB
3aBEPIIYETBCA AO MOMEHTY PpO3rOPTaHHS
HepIIOro CIpaBXHbOIO AMCTKA — Ha 11-13 AO6Y.
B me#t mepiop AoBxkmHA CiM'SIAOABHUX AUCTKIiB
CKAAAA€E B CepeAHbOMY 25 MM, IIMpPUHA — 8 MM;
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Puc. 3. Mopdonaoriuni ocobansocri opranis pocaun Serratula coronata: A — cyusirts; B — 6yton (x20); B — ABocTaTeBa
kBitka (x20); T T, — dparmenTH BiHOYKA ABOCTaTeBOI KBITKH (x20); A A\, — dparMeHTH BiHOYKA OAHOCTATEBOI KBITKH
(x20); E - mpuitmouxa (x20); € — mammioc (x20).

Fig. 3. Morphological features of plants’ organs of Serratula coronata: A — inflorescence; B — bud (x20); B — bisexual
flower (x20); I'-T, - fragments of the corolla of the bisexual flower (x20); A,-A,, — fragments of the corolla of the

unisexual flower (x20); E - stigma (x20); € — pappus (x20).

KOPiHb € 3aBAOBXKKHU 40 MM, rimokoTHAb — 20 MM.
TIpopocTky BUAKO ITePEXOASATD Y IOBEHIABHUH
BiKOBUIT CTaH.

HOgenirvni pocaunu (j). Y roBeHiabHOMY
CTaHi y POCAMH  CepHil0  YBIHYaHOIO
PO3BHUBAIOTbCA ~ TEpINi  CIOPABXHI  AMCTKH
(Puc. 1: i 4). ITepmmii IOBEHIABHHI AMCTOK
SALENoAIOHOI  ¢popmu, i3 3yb4acTUM Kpaem

AVICTKOBOIL ITAACTUHKY, TEeMHO-3€A€HOT'0
KOABOPY, 3aBAOBXKKH 37,7+3,5 MM, 3aBIIMPIIKI
24,6£1,8 mm. LlenTpaasHi i 6iuni sxuaku A06pe
BupaxkeHi. Uepemrox 3a3sBuyYall 4epBOHYBaTO-
KOpHYHEBOTO  KOoAbopy. loaoBHMIT KOpiHb
CTPIKHEBHH, 3aBAOBXKKH 39,612,7 MM, Ha HbOMY
CIIOCTEPIra€ThCsl raAy>kKeHHsS Ta PO3BUTOK Bip 4
AO 8 6iuHnx KOpeHiB. ApyTuil CllpaBXHil AUCTOK
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Puc. 3. Mopdosoriuai 0cobauBocTi Oprasis

pocann  Serratula  coronata.  IIpopOBxeHHs:
K - civ’smka (x20); 3,-3, — aucrok; M - xopenesa

cucreMa.

Fig. 3. Morphological features of plants’ organs of
Serratula coronata. Continued: JK — achene (x20);

3,-3, - leaf; X1 - root system.

dopmyerpcs ueped 22-25 Al6 micAs mosiBH
npopocTkiB. BiH Takox stitiienoai6oHoi popmu i 3
3ybaacTuM KpaeM. InTepBas MK popMyBaHHIM

AWCTKOBOI TIAQCTHHKH APYTOrO i Tperboro
CIIPaBXXHbBOI'O AUCTKIB ckaapae 12-14 ai6. Ao
[JbOTO IIePiOAY Y GIABIIOCTI CiSHIIB MOYMHAIOTH
3acuxaTu ciM'spoAbHI  amcTkd. CpoMi  Ta
BOCbMi pO3eTKOBi AMCTKH 3a3BUYall TPiM4YacTo-
poscivueni 3aBpoBxku 15-18 cM, saBmupIiKu
7-9 cm. Bucora pocauH B IOBEeHiAbHOMY
nepioal cranosmaa 21,01+1,25 oM. Kopenesa
cucteMa pocsarasa 10,97+0,92 cMm 3aBAOBXKH,
$OpMyBaAKCH AOAATKOBI KOPEHi.

Imamypui  pocaunu (im). Y cisnuis
CepIil0 YBIHYAaHOTO CIOCTEPIraAMCs IOAAAbLIL
MOpP}OAOTiIYHI 3MIHM IMIA3EMHHUX i HAA3€MHHX
oprauis (Puc. 1: im , im ). Po3BuTOK KOpeHs
CYIIPOBOAKYBABCsl 3POCTAaHHAM HOTO AOBXHHH
4020,39+0,93 cM, KiABKOCTi AOAATKOBUX KOPEHIB
A0 4-6. Oco6AMBO mTOMiTHA 3MiHA GOPMU AUCTKA

— dopMyeTbcs MipYacTOpO3CideHa AMCTKOBA
[AACTUHKA i3 IISITH CEIMEHTIB, 3aBAOBXKKHU
18,97£1,27 cm i saBmmpmxu 9,22+0,66 cm.
Hacrynni poserkoBi AucTkH 3a (POpMOIO
BiAPI3HAAKCD Bip AUCTKIB FeHepaTUBHMX POCAMH
TIABKM MEHINOIO KiAbKicTIo cermeHTiB. Hosi
MipYacTOpPO3Ciue€Hi AMCTKH B PO3eTLi CigHIIB
3ABASAMCD 3 iHTepBaaoM 7-10 Al6 A0 KiHus
BereTaTHBHOrO Iepiopy. BiapmicTp cisHIB A0
KiHIIA BereTalii MaAu He biapmie 12-14 aAucTkis B
poserui. Bucora pocans ctanoBraa 28+2,16 cm.
CigHni 3akiHUyBaAM BereTaiilo B iMaTypHOMY
BikoBomy crani (Puc. 1: imz).

YIIPOAOBX TIEpUIOTO POKY >KMTTS CisHIN
POCTYTb  IOBIABHO, OCOOAMBO  IIPOTSITOM
MepIIOrO  MicCAI  THNCAS  IOSBH  CXOAIB,
XapaKTePU3YIOThC HU3BKOIO ITOCYXOCTINKICTIO.

Bipziniavni  pocaunu  (v). Bipriniabhi
pocAnHH S. corronata MIPEeACTaBAEHi
YKOPOYEHHMHU BereTaTMBHMMH IIarOHAMU i3
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nipuacroposcivenumu Aucrkamu (BEK 2009).
3a poku AocAipkeHD B ymMmoBax JKuToMupcpkoro
IToaiccs y BipriHiAbHMIT BIKOBHI CTaH POCAUHH
He BCTymaau. BumaainHa  BipriHiApHOTO
BIKOBOrO CTaHy OyAO BiAMiueHe TakOX IHIIMMHE
AOCAIAHHKAMU 32 YMOB iHTpoAyKii S. corronata
B CyXOCTeIIOBii1 30Hi IjeHTpasbHOTrO Kasaxcrany
(BEK 2009).

Il'enepaTuBHuit mepioa. 3 HacTaHHAM $asu
LIBITIHHS 1 IAOAOHOLIEHHS Ha APYyTroMy poIi
XKUTTSI OCOOMHH BCTYIIAIOTb y TeHepaTHBHUI
nepioa po3BuTky. Hapaai pocamnm mopidno
IIPOXOAATh MAAMI LIUKA PO3BHUTKY, AOCATAI0YH
Ha TPETif PiK >XUTTA CTaHY CEPeAHbOBIKOBHMX
reHepaTHBHUX 0cobMH. B ymoBax iHTpoAyKuil
reHepaTUBHUI Iepiop y ocobun S. coronata
3HAYHO IIePEBUIy€E pereHepPaTHBHHIL

Moaodizenepamusniocobunu (g1). Moaoai
reHepaTUBHI  POCAMHHM  XapaKTepU3YBaAMCh
MTOAQABIINM $opmyBaHHAM AOPOCAMX
CTPYKTYp: FreHepaTUBHUX MaTrOHiB i3 CyIBITTAMU
Ta MUYKYBaTOI KOpEHEBOI CUCTEMHU.

Y cigHNiB Apyroro poxy XuTTS ¢asa
BECHSHOIO BIADOCTAaHHS HAaCTyIlaAa B TpeTin

Aekapl OepesHs, OyroHisaniss — B mepumii
AEKapl 4YepBHd, LBITIHHSA — y APYTIH AeKaail
AWIIHS, IAOAOHOIIEHHS — B IEepPLIM AeKaal

cepns. HaciHHS aocTHraso y Tperift aexaai
CepIHs — IepIIill AeKaal BepecHs. Y MOAOAUX
reHepaTHBHUX 0COOMH $opmyBaroch mo 1-3
reHepaTUBHUX ITaroHU BUCOTO0 81,44+8,96 cM,
alamerpom 6,84+0,38 MM 6iast OcHOBH; Ha
OCHOBHOMY IIarOHi  3a3BU4Yail  MiCTHAOCA
3,5£1,01 6iunux. B mpukopenesiit poserri
yTrBOpioBaroch 610,39 amcrkis (Puc. 2 A).
AMCTKH HeNapHOIIpYacTi, BiA PO3AIABHHX
AO posciueHux, 3 4-7 mapaMu IPOAOBIacTo-
AQHIIeTHUX OIYHUX cerMeHTiB i OiApIIMM 3a
HUX BePXiBKOBHM CEerMeHTOM. AMCTKU 3BepXy
roai, TeMHO-3eAeHi ab0 3 IypHypyBaTHM
BiaTiHKOM, 3icrmoay cBiTAimi. CerMeHTH AUCTKIB
TOCTPOKIHYMKOBI, II0 BChOMY KPal0 IHABYACTI
(Puc.3: 3, 32) .HaapaxkciaapHiliTa abakciaapHiit
nosepxusax € tpuxomu (Puc. 4 AT).
Po3eTKOBI AMCTKH AOBrOYEpeNIKOBi, BEAHMKi;
CTeOAOBI  AMCTKHM  cepepMHHOI  popmanii
KOPOTKOYEPEIIKOBi, BepXiBKOBI — CHAAYI.
ITaacTUHKM AMCTKIB cepepMHHOI Qopmaril

3aBAOBXKK  16,03+0,54 cM, 3aBmHpHIKH
11,03+0,53 CM. AnctkoposmimeHHs
Io4yeprose. Crebaa IIPSIMOCTOSAYI,
posraaykeHi,  6araTorpaHsi,  IypIypOBi.

Ha oamiit pocauni ¢opmyerbcs 10,8+2,38
CYLBiTb, IO PO3MIIIYIOThCS HAa TOAOBHHX Ta
OIYHHX IIATOHAX IIO OAHOMY, 200 CKyIdeHi
no Asa a6o tpu (Puc. 3 A). B cepeanbomy
AOBXMHA KommmKa craHoBuaa 3,02+0,20 cm.
OfropTka KONIMKA AOBIacTO-SIMIIEIIOAIOHA,
17,97+1,33 MM y alameTpi, KOpHYHIOBATO-
IIypIypoBa, MOBCTSAHO-IEPCTUCTA 3
4epenuTYacTO PO3MINIEHUMH AUCTOYKAMHM.
30BHINIHI ~ AMCTOYKM  KOPOTII,  IIMpII,
rOCTPOKIHYMKOBI, AQHIIETOIIOAIOHI; BHYTpimHi
— poBu, Aixiftyari. KsiTku Tpy6uacri, aiaoBo-
mypuyposi. KpaiioBi KBiTKM QYyHKI[iOHAABHO
MaTO4KOBi, 3 3-4 CTEepUABPHMMHU THIMHKAMH
Ta, 1HOAIL, 3 TpH- ab0 YOTHUPUPO3AIABHUM
BIATUHOM BIiHOYKA, HEYMCAEHHi, 3aBAOBXKHU
28,73%0,55 mm. CepeaHHHI KBITKH ABOCTATEBI,
3 ISITUPO3AIABHHM  BIATMHOM, YHCA€HHI,
saBpoBkku 19,76+0,52 mm. (Puc. 3 B-€).
BiHOuOK OAHOCTaTeBUX KBITOK 30iAbIIeHUI
ta Byxunit (Puc. 3: r-r, Al-Az). Aomari
OpPUMMOYKM PO3BEAGHI 1 IpH AOCTHUIaHHI
BipirayTi Hasosni (Puc. 3 E). B cepeanbomy
opuH komuk Mictuth 81,7+11,52 xBiTOK.
IIBiTiHHS pO3MOYMHAETBCSI 3 BEPXiBKOBOTO
xommuka (6asurerasbse).

3 APYTOTro pOKY XXMTTs POCAUHH POPMYIOTH

MHMYKYBaTy KODEHEBy CHCTeMy: T'OAOBHHUI
KOpiHb TIOBHICTIO BIiAMHpPA€E, PO3BUBAETHCA
KOpEHeBUIle 3  AOAATKOBUMHU  KOPEHSMM.

I'AnbuHa IIPOHMKHEHHS KOPeHeBOi CHCTeMH B
IPYHT AO KiHIISl ADYTOTO POKY XKMTTSI AOCATAE
20-25 cm. KiabKicTb AOAATKOBUX KOP€eHiB 3HAYHO
36iABIIYETHCS y MOPIBHSHHI 3 MEPIIUM POKOM
i ctamoBurp 20-25 mT. BpyHbKH BiAHOBACHHSA
3HAXOASTBCS Ha TAMOUHI 3-4 cM.

BipmupaHmS reHepaTUBHMX MaroHiB
PpO3MOYMHAETbCA y (ady IAOAOHONIEHHS i
3aKiHYyETBCS B APYrii abo Tperiil Aekapax
Bepecrs. Ilepiop Bip MacoBoro BippocTaHHS
AO BIAMUDaHHA HAaA3€MHOI YacCTHHM POCAUH
3aAEXKHO BiA ~ METEOPOAOTiYHMX  YMOB
BereTanifiHOro nepioay craHosurs 160-180 Aib.

Cepednvosikosi zenepamueéni  ocobunu
(g2). V wueit cram pocamnu S. coronata
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Puc. 4. Tpuxomu Ha abakciaabhiit (A-B) Ta agaxciaabhiit (I') moBepxsax auctkosoi maactunku Serratula coronata (x128).

Fig. 4. Trichomes on the abaxial (A-B) and adaxial (T) leaf surfaces of Serratula coronata (x128).

BCTYIaAM Ha Tperiit pik xurtst (Puc. 2 B-E). 3a
AIT€PaTypHUMM AAHHMH BiH € HaUTPHBAAININIA.
Tax, B yMOBax CepeAHbOTAWIrOBOI IMiA3OHH
Pecrry6aixu  Komi Ta cyxocremoBoi 30HM
LlenTpaabroro Kasaxcrany A0 cepeAHbOBIKOBUX
reHEePaTUBHUX OCOOMH BIAHOCHAM DPOCAHHH
3-9 poxkip xwurrs (Mumypos u dp. 1995).

B ymosax miBpHs Tomcpkoi obaacti Bxe y
ITATHUAITHIX POCAMH TIpoIleCH BiAMHUpPaHHS
ImepeBaXKaAW Hap IpOLleCaMH  pOCTY, IO
CBIAYMTD IIPO CTapOreHepaTUuBHUMI BIKOBHI CTaH
(XapuHA 1990).

Y CigHIIB TPeThOTO POKy XXUTTA ¢a3a
BECHSHOTIO BIAPOCTAaHHSA HAcTyIaAa 3 TPeThOi
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AeKaAu OepesHs, OYTOHI3aLis — IepPIIOl ACKAAH
4YepBHs, LBITIHHA — MEPIIOl AEGKAAW AMIIHA,
[IAOAOHOIIEHHST — [EepUIO] AEKAAU CEPIHSL

HaciHHs poocTHra€ B TpeTiit AeKaal cepIHsL.

YIIpoaOBX  IHTPOAYKIIHMHHX — AOCAIAKEHb
MaKCUMaAbHI TMOKA3HUKHU BHCOTH, KiABKOCTI
TeHEePAaTUBHUX  IIaroHiB, Macu  POCAMH

CIIOCTEpIraAucss Ha TpeTil pik OKUTTA. Y
$asi MacoBOro UBITIHHA POCAMHH AOCSTaAU
136,6+7,28 ¢cM  BuCOTH, Maca  OCOOHMHH
cranoBuaa 508+27,77 r. IlaronoyTBoproua
3AaTHICTD 'y pocamH S. coronata 3 BikoM
36iAbLIyBaAack, i Ha TpeTiil pik GopMyBasOCH
6+0,68reneparuBHuxIaroHisTa83+7,36 cynsirs
Ha OAHIN OcOOMHI. 3pocTasa TaKOX KiABKICTB
6iunnx maroHis A0 9,4+1,47. ®opmysasach
OIABII ITOTY>KHA KOpPEHeBa CHCTeMa. YKOpoueHe
KOopeHeBuIlle Aocsiraao 7-10 cM 3aBAOBXKKHY;
3HAYHO 3POCTaAa KiABKICTh AOAATKOBUX KOPEHiB
A0 50-60, rambuHa IX NIPOHHKHEHHS B IPYHT
caraaa 30-35 cm (Puc. 3 M). 3a kiabkicTio
CErMEeHTiB, pO3MipaMM AMCTKOBOI IIAQCTHHKH,
CepPeAHbOBIKOBI  reHepaTUBHI ocobuHU He
BiAPI3HSAHKCH BiA MOAOAUX FeHEPaTUBHHUX, IPOTE
KIABKICTb AMCTKiB B IPHKODEHEBIi pPO3eTLi
36iABIINAACH MaiDKe BABIYI.

TpuBaaicTh cepeAHbOBIKOBOrO TIeHEpPaTHB-
HOro cTaHy B ymoBax JKuromupcokoro Iloaiccs
3a Iepiop IHTPOAYKIIMHMX AOCAIAXKEHb He
BCTAaHOBAEHA.

BucHoBxu

B mepiop aocaiaxens (2013-201S pp.)
BCTAHOBA€HO, 1110 32 IHTPOAYKIIii B 60TaHITHOMY
caay JKuToMHmpcpKOTO  arpoeKxoAOoridHoro
YHIBEDCHTETY AAS  BEAUKOTO JKMTTEBOIO
muKAy S. coronata BAACTHBO TPH Hepiopm
po3BUTKYy (AaTeHTHHI, NpereHepaTUBHHiL i
reHepaTnBHHﬁ) Ta 6 BikoBUX cTaHiB (CciM THKHM B
CTaHi CIIOKOX0, IPOPOCTKH, FOBEHIABHI POCAMHH,
IMaTypHi  POCAMHH, MOAOAL T€HEPaTHBHI
pocauHy, CepeAHbOBIKOBI reHepaTuBHi
pocannu). B nepmmii pix xurTs cisHui cepmito
YBIHYQaHOTO IMPOXOAMAM IpereHepaTHBHMM
nepiop onrTorenesy. Ha apyruit pix Bererarnii
POCAMHHU BCTYIIAaAM B T€HEPATHBHHII Iepioa,
AOCATAIOYN CEPEAHbOBIKOBOTO I€HEPATUBHOIO
cTany Ha Tpetiii pik. Pocammm S. coronata

¢$opMyBaAu AK BereTaTUBHI, TaK i reHepaTUBHI
OpTraHH, a TaKOX >XMTTE3AATHE HACIHHA, IO €
CBiAJEHHAM AOCTAaTHBOTO CTYIEHS aAAITaIiil
BHAY AO YMOB PETiOHY.
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BIOMORPHOLOGICAL FEATURES OF SERRATULA CORONATA L. (ASTERACEAE) INTRODUCED IN
ZHNAEU S BOTANICAL GARDEN

IRYNA V. IVASHCHENKO ! & DzAMAL B. RAKHMETOV 2

Abstract. Peculiarities of growth, evolution and morphology of Serratula coronata L. were determined under introduction
in conditions of Botanical Garden of Zhytomyr National Agroecological University that belongs to Polissya region
of Ukraine. The results of investigation of S. coronata ex situ are presented for the next periods of ontogenesis: latent,
pregenerative and partly generative. The features of the 6 age states of individuals are specified: achen dormant, sprouts,
juvenile, immature, young generative, middle-aged generative. During the first year of life the seeds of S. coronata were
passing the pregenerative period of ontogenesis. In the second year the plants got into generative period achieving middle-
aged generative state in the third year of growth. Plants of S. coronata formed vegetative and generative organs, as well as
viable seeds and that confirms suflicient species adaptation in conditions of the described region.

Key words: Serratula coronata, Asteraceae, introduction, morphological peculiarities, age states, periods of ontogenesis

! Zhytomyr National Agroecological University, Stary Boulevard 7, 10008 Zhytomyr, Ukraine; kalateja@ukr.net
2 M.M. Gryshko National Botanical Garden NAS of Ukraine, Timiryazivska str. 1, 01014 Kyiv, Ukraine; jamal_r@bigmir.net
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MOP®OCTPYKTYPA CYLIBITb AGASTACHE BREVIFLORA
(A. GRAY) EPLING, A. RUGOSA (FISCH. & C.A. MEY.)
KUNTZE TA A. RUPESTRIS (GREENE) STANDL.
(POAWHA LAMIACEAE) EX SITU

T'aamHA O. PyAIK

Awnoranis. HaBepeHO pesyAbraTy MOPIBHSABHOTO aHAAi3y MopocTpykrypu cyusits Agastache breviflora, A. rugosa ta
A. rupestris y boraniuaoMy capy im. akaa. O.B. @omina. BcraHOBAEHO, 1110 CIIIABHEME MOP(OAOTTYHUMHM O3HAKAMH CYILIBITh

POCAMH €: THUII CyLIBiTTS (TI/IPC) , AIOTO PO3TAIyBaHH:A Ha MAroHi (TepMiHaAbHe) , TUTT HAPOCTAHHS TOAOBHOI 1 6i4HuX oceit

(MOHOI‘IOAiaAbHe HApPOCTaHHSI TOAOBHOI OCi Ta CUMITOAIaAbHE HAPOCTAHHsI GIYHMX OCell, Ha SIKUX GOPMYIOThCSI API{iaAbHI

CYLBITTS — uHMoiAM) , 6yAOBa MapIliaAbHUX CYIIBiTh (CI/[CTeMa Anxasi‘m). BiaMiHHOCTI IPOSBASIIOTBCS Y AIHIMHUX pO3Mipax

CYLIBITb, YMCEABHOCTi Ta PO3Mipax KBITOK y MapIl[iaAbHUX CYIBITTSX, Opi€HTalii y MpOCTOpi rOAOBHOI OCi M KBIiTOK,

HasIBHOCTI 260 BiaCyTHOCTI 6paKTeil i 6pakTeoneit.

Karouosi caoBa: Agastache breviflora, Agastache rugosa, Agastache rupestris, cynsirTsi, THpC, AnXasiit

HHI] «Incmumym 6Gioaozii> Kuiscvkozo Hayionaivrozo yisepcumemy imeni Tapaca Illesuenka, Bomaniunuil cad im. axao.
O.B. Qomina; sya. C. Ilemaropu, 1, Kuis, 01032, Yipaina; rudik_gala@ukr.net

Bcryn

AOCAIAKEHHS PeTIPOAYKTUBHUX —CTPYKTYP
POCAMH, 30KpeMa CYIIBiTb, € OAHHMM i3 KAACUYHHX
HampsAMKiB ~ Mopdoaorii  pocaud.  IcHyroui
CbOTOAHI CHCTeMH OIMCY Ta Kaacuikariii,
PISHOMAHITTS TPAaKTOBOK TEPMiHIB i IOHATH
MOpPQOAOTii CYIBITh BUKAUKAIOTDH HeoOXiAHICTD
AETAABHOT'O AOCAIAYKEHHS PAOPAABHOI CTPYKTYpPH
MIPEACTABHUKIB OKPEMHUX TAaKCOHOMIYHMX TIPYIL
Haury yBary npusepuyau Buau popy Agastache
Clayt. ex Gronov. (poauna Lamiaceae). Pip
HaAidye 22 BUAM, SIKi pO3IIOAIA€HO Ha ABI CeKIlii:
Agastache (8 Buais) Ta Brittonastrum (Briq.)
Lint & Epling (14 Buais) (ByaaHIIEB 1993).
bBiapmiicte  pocAMH y HpHpOAL 3poCTaloTh B
IlisHiuniit Amepuni, oans Bup (A. rugosa (Fisch.
& C.A.Mey.) Kuntze) -y IliBaerso-Cxipniit Asii,
Ha Aasexomy Cxopi Pocii (WU 1994). Pocannu
BUKOPHCTOBYIOTb B SIKOCTi  e(ipOOAiNHHX,
AIKApChKHX, MPSIHO-APOMAaTHYHMX, MEAOHOCHHX
Ta AEKOPATHBHUX KYABTYP.

Y AiTepaTypHUX AXXepeAaX 3yCTPidaroThCs
po36bKHOCTI CTOCOBHO MOpP$OAOTIIHOT
XapaKTepUCTUKU  THUIy  CYLBiTh ~ POCAMH
AQHOTO POAY: <AOXHbBIE MYTOBKH CKy4eHbL..
B TIAOTHBIE ILIMAMHAPUYECKHE  COLIBeTHS>»

(KomaroB 1954), «inflorescences are usually
spike-like being composed of very compact
verticillasters> (FUENTES-GRANADOS
1997), «inflorescence thyrsoid, terminal,
spike-like or panicle-like» (HARLEY et al.
2004). Pe3yAbTaTd AETaAbHOTO — BUBYEHHS
Mop¢oaorii  CynBiTb INPEACTaBHHKIB  POAY
Agastache MOXYTb CyTTEBO AOIOMOITH IIpU
BUpilleHHi MUTaHb $iroreHii i cucreMaTuky Ta
ineHTHIKAIII BHAIB, IO OCOOAMBO BaXKAHBO
IIPH IIPOBEAEHHI IHTPOAYKLIITHMX AOCAIAXKEHD.
TakuM 4YHHOM, MeTOK Hamoi pobOTH CTaB
MOPiBHAABHMI aHAAI3 MOPPOAOTIIHOT GYAOBI/I Ta
CTPYKTYpPOBaHUH ONKMC MOP(OAOTIYHMX O3HAK
CYLIBITb IIPEACTABHUKIB popy Agastache ex situ.

Marepiaan i MeToOAM AOCAIAKEHD

OO’exTaMy  HamUX  AOCAIAKEHD  OyAH
cyusirts  Agastache breviflora (A. Gray)
Epling, A. rugosa ta A. rupestris (Greene)
Standl., inTpoaykoBanux y Boraniunomy caay
im. akaa. O.B. Qomina. PocanHn BupomyBasu B
YMOBaX BIAKPUTOTO IPYHTY PO3CAAHIM METOAOM
3 Haciuns (epemiB), OTPHMAHOTO 3TiAHO 3
HaciHHeBuMH  cmuckamu.  CriocrepeskeHHs
mpoBoauan  mpotsroMm  2013-2015  pp.

© 2016 The Author(s). Published by 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/ )
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Puc. 1. 3araabHuii Burasiy pocaut: A — Agastache breviflora; B — A. rugosa; C — A. rupestris.

Fig. 1. General view of plants: A — Agastache breviflora; B — A. rugosa; C — A. rupestris.

XapakTepuCTUKY MOP(OAOTIYHIX O3HAK CYLIBiTh
HAAQHO 3 BUKOPHCTAHHSAM 3araAbHONPUIHATOL
tepminoaorii (OEAOPOB U APTIOUIEHKO
1979; 3uUMAH ma in. 2004). AHaais crpykTypu
CYLBiTh HAAQHO 3 MO3MLiN ¢isioHoMiuHOro i
Tunoaoriyroro maxoais (Ky3HEITOBA 1992).

Pe3yabraTH Ta iX 06roBOopeHHs

B ymoBax aaboparopii B wamxax Ilerpi
epeMHt MOYUHAAU IPOPOCTATH depe3 3-4 A06wU.
Pocaunn y cTaHi TIpOpPOCTKIB BHCAAXYBaAM
Yy MiKipyBaAbHI AIMMKM B TENAUI, A€ BOHH
MIPOXOAWAM  IOBEHIABHMH  Ta  IMAaTypHHH
eTanu posBuUTKY. B I pexapi Tpasua pocanmam
IEPEHOCUAM Y BIAKPUTHM IPYHT Ha ITOCTiMHe
Mmiciespocranss. Pocaurn A. breviflora Ta
A. rugosa mpu iHTPOAYKIIi XapakTepH3yBaAUCh
IIBUAKMMHU TEMIIAMH PO3BHUTKY: HPOTATOM
[epIIOr0 POKY JKUTTS OCOOHHM IIPOXOAHAM
TPU IepioAn OHTOMOP(OTEeHe3y: AATeHTHHI,
BipriHiAbHUM Ta TIeHEPaTUBHUHA. Y pOCAUH
A. rupestris TeHEPAaTUBHUI II€Piop ITOYMHABCS
IIPOTSTOM APYTOTO POKY XKHTTSI.

OmnrcoBi XapaKTepPUCTUKH CYIIBITh 6a3yI0ThCsI
Ha TaKMX OCHOBHUX MOPOAOTIYHHX O3HAKAX, K
pO3TallyBaHHA Ha IIarOHi, CTYIHb Ta XapaKTep
FAAy)KEHHS TOAOBHOI # OIMHHX Oceil, THII
HApOCTaHHs, 6yAOBa TOAOBHOI Ta OIYHHX Ocef,

YHCEAbHICTb Ta KOMIIAKTHICTD KBITOK, Opi€HTaIlis
TOAOBHOI OCi 11 KBiTOK y IIPOCTOpI, HasIBHICTb 41
BIACYTHICTb IIPHKBITOK.

dropasbHA 30HA BeTeTaTHBHO-TeHEPATUBHIX
MOHOKAPIIYHHMX IIarOHIB BCIX AOCAIAXXKEHHX
POCAMH IPEACTAaBA€HA CKAAAHHM ITOAITEAIYHHM
TePMIHAABHMM  CYUBITTM — THPCOM 3
MOHOIIOAIAABPHUM HAPOCTAaHHSAM TIOAOBHOI OCi
Ta CHMIIOAIAABHUM HapOCTAaHHSM OI4HHX Oceil.
Ha 6iuHnx ocsix QOpMYIOTBCS IHapljiaAbHi
OiyHi CYUBITTS LIUMOIAHOTO THITY (uI/IMo'iAH),
YTBOpeHi CYKYIHICTIO AMXa3iiB. 3aAeXXHO Bip
AOBXHHHU 6a3aABHOIO MDKBY3AsI GiYHHX oOceit,
THPC Y POCAMH MOXe OyTH KOAOCOIOAIOHHM
(6asanpHa yacTuHa 6ivHOT OCi peaykoBaHa) a60
KuTHIleroai6HuM (6azaAbHa yacTHHa 6iuHOI OCi
BUAOBXeHa). Y HalpPSMKY AO BEpXiBKU CYLBITTS
BiAOYBA€TbCS 3MEHIIEHHSI TaAy>KeHHs OidHMX
oceil Ta KiABKOCTi KBiTOK y niuMoipax. CynBiTTs
QPOHAYAO3HO-OpaKTeO3HI 3  MAA€HBKUMH
seneHMMM npuksitkamu (6pakTesmm) Ta
AQHLJETHUMM IpUKBiTOukamu (6pakreosamu
abo Opaxreo3Hi 3 IIMAOTIOAIGHIMU
npuksiToukamu (6paxTeoramu).

Agastache breviflora. Pocavsn xoMmakTH,
oprorpomnui, 30-75 <M  3aBBMIIKH, 3
gucaennnmu cyusirtamu (Puc. 1 A). B ymosax
KueBa € Tpap’sHHMCTHMH IOAiKapIikamu-
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Puc. 2. Oxpeme cyusirrs: A — Agastache breviflora; B — A. rugosa; C — A. rupestris.

Fig. 2. Single inflorescence of: A — Agastache breviflora; B — A. rugosa; C — A. rupestris.

reMikpunrodiraMy, HaA3€MHA 4YacCTHHA SKUX
B3UMKy BIAMHpaE, a OpYHBKH ITOHOBAEHHS
posTamoBaHi Ha 0a3aAPHUX YACTHHAX IIArOHIB
y BepxHix mapax rpynty. ¥ II aexapi uepsHs Ha
BepXiBKaxX IIaroHiB CIOCTepiraan GOpMyBaHHS
reHepaTuBHUX CTPYKTYp (dasa 6yromisamii),
IBIiTIHHA moumHaroch y I aexapi ammmEs i
TpuBaro A0 II pexkapau Bepecus. Ksirku 3i6pani
y BepxiBKOBe CYLBITTS — KOAOCOIIOAIOHMIT
0araToOKBITKOBUIT MOHOTUPC 2-13 CM 3aBAOBXKKHL.
Binoyok Tpy6uacTumii, pOKEBO-IypIIypPOBOIO
koabopy, 0,6-0,9 cM 3aBAOBXKKHM; daIIeuka
TPYy0YacTO-A3BOHHUKOIIOAIOHA, pOXKeBO-0Y3KOBa,
0,5-0,7 cM 3aBAOBXXKH. THYMHKHU He BUCTYIAIOTD
Ha30BHI BiHOUYKa. B 6a3aAbHill YaCcTHHI FOAOBHOI
OCi CyLBITTSl IepepUBYACTe, AOBXXHHA ME€PUIOTO
Bip OCHOBH MDKBY3As1 3-5 cm, Apyroro — 1-1,5 cm
(PHC. 2 A). bBiyni muMoiaM HapaXoBYIOTb Bip
7 Ao 19 xsitok, disioHOMiYHO MaroTh $opmy
maeitoxasis (Puc. 3 A). Ilpore mpu 6iabm
AETAABHOMY BHBYEHHI MOXHA I06auuTH, IO

IUMOIA € CKAQAHOIO CHUCTEMOI0 YHCAEHHUX
AUXasilB i3 BKOPOYEHHMH MDKBY3ASIMH Oi4HHX
oceit (Puc. 3 A). Y mponeci mopdorenesy
Ha OCi IIepIIOro IOPSAAKY LIMMOIAQ  IIiA
TepMiHAABHOIO KBIiTKOIO (OpPMyeTbCA Iapa
HAaBXPECT pPO3TANIOBAHMX AMXa3ilB, Ha SKHX
HapaAl TIOCAIAOBHO PO3BHBAIOTHCS HACTYIIHI
napu Auxasiis (a0 5-6 HOPSIAKiB). KsiTkn
3HAXOAATBCSA HA PISHUX CTAAIIX PO3BHTKY,
0iAbIla YacTHHA KBITOK peAyKoBaHa i He 1Bite. 3a
HasBHICTIO IPUKBITOK i MPUKBITOYOK CYLBITTS
€  $pOHAYAOZHO-OPAKTEO3HOM, OCKiABKH
BEPXiBKOBI AMCTKM 3HAaYHO MEHIIi IIOPiBHAHO
3 cTeOAOBUMH, CHASYI, Y LIUMOIAAX IIPUCYTHI
BUAO3MiHEH1 AQHIIETOIIOAIOHI IPUKBITKH
(6paxrei). B  akpomeTaApHOMy —HAIpPSIMKY
CIIOCTEpIraAM CIPOIeHHS OYAOBH IJMMOIAIB
1 3MEeHIIEeHHSI B HUX KIABKOCTiI KBITOK. 3ripAHO
CYKYITHOCTi MOPQOAOIiYHHX O3HAK CYLBITTA
A. breviflora MoxHa OXapakTepHU3yBaTH SIK
TepMiHAABHUI IIOAITEAIYHUI 0araTOKBITKOBHIL
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OHABHUI  KOAOCOIIOAIOHMI
6paKTeO3HNIT MOHOTHPC.

$poHAyAO3HO-

Agastache rugosa. PocanHn opTOTpPOIIHI,
posraaysketi, 80-90 cm sassumku (Puc. 1 B). B
yMmoBax KueBa € Tpap ssHUCTHMY TTOAIKapITiKaMu-
remikpunrodiramu. Y 1 aAexapl AunHa Ha
aIleKCcax TOAOBHOTO 1 GIYHUIX NArOHIB IIOYHUHAAM
dopmysaruch remeparusHi crpykrypu (dasa
6yT0Hi3aui'1'), uBiTiHHA TpuBaso 3 II aekaam
annsst Ao IIT pexapm >xoBrHs. Ksirku 3i6pani
y BepxiBKOBE CYLBITTS - KOAOCOIIOAIOHMIT
OaraTokBiTKOBMI  MoHOTHpCc  3-15 oM
saBpobxku (Puc. 2 B). Yameuka Tpy6uacro-
A3BOHHKOIIOAIOHA, 0y3KOBOrO KOADODY,
0,5-0,8 cm 3aBpOBXKH. BiHOoyok Oy3KoBO-
AinoBuit, 0,6-1,0 CM 3aBAOBXKKH, THYHHKHA
BUCTYIAIOTh HA30BHIi 3 TpyOKu BiHOuka. Biuni
IIJUMOIAM HApaxoBYIOThb Bip 9 A0 23 KBIiTOK.
MopdocTpykrypa IUMOIAIB A. rugosa moaibHa
A0 crpykrypu nuMoipais A. breviflora i Tex
€ CKAAQAHOIO CHCTEMOIO YHCACHHHX AHXasiiB
i3 BKOpOYEHHMH MDKBY3ASIMH OiYHHX OcCed
(Puc. 3 B). Cyusirra mae 6paxrei i 6pakreoai.
Takox B aKpONETAABHOMY  HAIPSAMKY
CIIOCTepiraAM CIIpOLjeHHS OYAOBH LIUMOIAIB i
3MEHIIeHHA B HUX KiABKOCTi KBiTOK. CyIBiTTs
A. rugosa  MOXKHAa OXapaKTepU3yBaTU sK
TEPMIHAABHHUI IIOAITEAIYHMI 6GaraTOKBITKOBUI
IIABHUI ~ KOAOCOIIOAIOHMI  POHAYAO3HO-
OpaKTeO3HUI MOHOTHPC.

Agastache rupestris. PocAuHN KOMITaKTHi,

50-70 oM 3aBBMIIKM, IBITiHHA INOpidyHe
3  YTBOPEHHSM O KHUTTE3AATHOTO  HACIHHA
(Puc. 1 C). YV mnpupoAl 3amMAIOTHCS

MeTeauKaMu 1 Koaibpi. B ymosax Kuesa
3BUYAMHO € TPaBsHUCTUMH IIOAIKapIiKaMu-
reMikpunrodiramu, MpoTe OKpeMi eK3eMIAIpU
MOXyTb OyTH HAIiBKyIJUKAMH IIPH YMOBI
Termaoi  3uMH. Hap3emMHa dYacTmHa B3HMKY
BiAMHUpA€, OPYHBKU IIOHOBAEHHS PO3TAINOBAHI
Ha 0a3aAbPHHX YaCTHHAX IArOHIB y BepXHix
mapax IpyHTy. POCAMHM 3MMOCTIHKi, 3UMYIOTb
6e3 yxpurts. Qasy Oyromisanii crocrepirasu
y II aexaai yepBHs, 1BiTiHHA nounHaAoch y 11T
Aekaai uepBHA i TpuBaao A0 I aexapu BepecHs.
Ksirku 3i6pami y BepxiBkOBe CymUBiTTI -
BHAOBXXEHHI OAHOOIUHMI MoHOTHPC, 8-10 cM
saposxku (Puc. 2 C). MixBysast roAoBHOI ocCi
— 1-2 cM 3aBAOBXKKH. PocAnHY 2-TO POKY SKUTTS

YTBOPIOBAAH IIOOAMHOKI CYLIBITTSI, 0cOOUHH 3-TO
poky — Ao 20-25 cynsiTh. BiHouok BUTATHYTO-
TpyO4YaCTHIl, POXKEBO-IIOMAPAHIEBOIO KOABOPY,
3,0-3,5 cM 3aBAOBXKHM; daledka TpyOyacTa,
0yskoBo-dioseroBoro koabopy, 0,7-0,8 cm
3aBAOBXKKM. THYMHKM BHCTYTIAlOTh Ha30BHi
BiHOUYKa. 3a KiABKiCTIO KBIiTOK CyIBITTSA €
MaAOKBITKOBUM mopiBusiHO 3 A. breviflora i
A. rugosa. BiuHi 1IMMOIAM HAapaxOBYIOTb BiA
3 A0 15 KBiTOK, sIKi 3HAXOASTBCS Ha Pi3HUX
crapisx posBurky. Llumoian Ha 6asasbHi
JacTHHi CynBiTTa $isioHOMIYHO MalTh GopMy
noasiitHoro anxasisa (Puc. 3 C). 3a posmipamu
KBITOK CYUBITTA € BEAUKOKBITKOBUM, 3a
HAsBHICTIO MPUKBITOYOK — GpakTeosHuM (Hece
BUAO3MiHeHI ApiGHI IIMAOMOAIGHI OpaxTeoai,
Opakrei  BiacyTHi). B axpomeraapHOMY
HAIIPSIMKY CIIOCTEPIraAn CIpOLjeHHs OYAOBH
MapLiaAbHUX CYIIBITh, SKi B aliKaAbHIN YaCTHHI
CYLBITTSI HAOYBAAM BUTASIAY IPOCTOTO AMXA3isL.
Tun cynsitTa A. rupestris MOXXHa BUSHAUUTH K
T€PMIHAABHUI ITOAITEAIYHMM BEAMKOKBITKOBMM

BUAOBXKEHHMI KHTHUIEIIOAIOHUI  OAHOOIYHUI
OpaKTeO3HUI MOHOTHPC.

Takum YUHOM, 3ripAHO CITIAPHUX
MOP$OAOTIIHUX O3HaK, THUII CYLBITTA
AOCAIAKEHHX BHAIB MOXXHA BH3HAUUTU SIK
TEePMIHAABHUI  IIOAITEAIMHMH MOHOTHPC 3
MOHOITOAIAABHHUM HApOCTaHHAM TOAOBHOI

OCi Ta CHMIIOAIAABHMIM HApOCTaHHSM OiYHHX
oceil, Ha sAKMX (QOPMYIOTbCS IIapIiaAbHi
6iuni CYLBITTA LJUMOIAHOIO THITY (uI/IMo'l'AI/I),
YTBOpeHi CYKyINHICTIO aAMxasiiB. BiaminnOCTI
IPOSABASIIOTBCSL Yy KIABKICHMX — ITOKa3HHMKaX
(posmipu cynBiTb, uMCeABHICTH i pO3MipH
KBITOK y unMoiAaX) , GYAOBi TOAOBHOI Ta OiuHUX
OcCell, Opi€HTalii TOAOBHOI OCi M KBITOK Yy
IPOCTOPi, HASIBHOCTI 260 BIACYTHOCTI Opaxreit
i 6pakreonert.

Caip  3a3HAYUTH, OCKIABKM KAacHikariis
LJUMOIAHUX CYLIBITh THIIB AMXa3idl i MOHOXa3ik
He po3pobaeHa, y pobOTI IpHCBsYEHiM
BUBYEHHIO  MOp¢oaorii  CynBiTh  pOCAMH
poay Verbascum (BEPko 1 TpuumnA 2009),
3aIPOIIOHOBAHO BXXMBAHHA Takux AediHinii
SIK  <MHOXXHHHUH  IIOTEHIIHHO  CKAAAHHI
AMXa3ili>», «MHOXXHHHHM IPOCTHHM AMXa3i 3
MOHOXA3isIMH > B SKOCTi IATUIIB CYLIBiTh AQHHX
tumiB. Le#t mipxip 3acAyroBye Ha yBary mpu
MOAQABIIUX AOCAIAXKEHHAX MOPPOCTPYKTYpH
CYLIBIiTb IIPeACTaBHUKIB poarHU Lamiaceae.
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Puc. 3. Lumoipu: A — Agastache breviflora; B — A. rugosa; C — A. rupestris.

Fig. 3. Cymoids of: A — Agastache breviflora; B — A. rugosa; C — A. rupestris.

Bucnosxn

Ilpu inTpoaykuii B BoraniuHoMy caay im.
akap. OB. Qomina pocaunu A. breviflora,
A. rugosa Ta A. rupestris € TpaBsSIHUCTUMH
MoAiKapIikaMu-reMikpinTodiramu, AKi
MTOCAIAOBHO IPOXOAMAM BCi €Tallll OHTOTEHe3y
1 Ce30HHOIO PO3BUTKY, LIBIAH i MAOAOHOCHAHU 3
YTBOPE@HHSM XUTTE3AATHOTO HACiHHA.

Buasaeno, mo  3riAHO  CyKymHOCTI
Mopdoaoriunux o3Hak cyusitts A. breviflora
i A. rugosa MOXHa OXapaKTepU3yBaTH SK
TepMIHAABHUI IIOAITEAIYHHI 6GaraTOKBITKOBHIL
IABHUIA ~ KOAOCOIOAIOHMIT  $POHAYAO3HO-
OpaKTeOo3HUIT MOHOTHPC, & CYLBITTS A. rupestris
— 4K TepMIHAAPHUHM TIOAITEAIYHMM BEAMKO-
KBITKOBHIT BUAOBKEHUH KUTHIIEIIOAIOHUI
OAHOOIYHMIT 6PaKTEO3HNIT MOHOTHPC.
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BcranoBaeno, mo  cmiapHEME  MOpdO-
AOTIYHMMM O3HAKaMU CYIBiThb IMX POCAMH
€: pOBTamyBaHHS Ha maroHi (TepMiHaAbHe),
THII HAPOCTAaHHS TOAOBHOI 1 Oi4HHMX oOcei
(MoHOIIOAIaABHE HAPOCTAaHHS TOAOBHOI  Oci
Ta CHMIIOAIAABHE HApPOCTAHHSAM OiYHMX Ocei,
Ha SKMX (OPMYIOTbCS MapIfaAbHi CYIBITTS
ITUMOIAHOTO TI/IHY) , 6YAOBa MapIiaAPHUX CYIIBITh
(CHCTeMa AnxasﬁB). BipmiHHOCTI TpOSIBASTIOTBCA
Y AIHIMHHX po3Mipax CylBiTh, YHCEABHOCTI
Ta pO3Mipax KBIiTOK y IJUMOIAAX, Opi€HTaIil y
[IPOCTOPI FOAOBHOI OCi 1 KBITOK, HasBBHOCTI 200
BipcyTHOCTI 6pakTeil i 6pakTeoeil.
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MORPHOLOGICAL STRUCTURE OF INFLORESCENCES OF AGASTACHE BREVIFLORA (A. GRAY)
EPLING, A. RUGOSA (FISCH. & C.A. MEY.) KUNTZE, AND A. RUPESTRIS (GREENE) STANDL.
(FAMILY LAMIACEAE) EX SITU

GALINA O. RUDIK

Abstract. The results of comparative analysis of morphological structure of inflorescences Agastache breviflora, A. rugosa,
and A. rupestris introduced in the O.V. Fomin Botanical Garden are represented. It has been established that the common
morphological characteristics for inflorescences of these plants are: the type of inflorescence (thyrs), its location on
the shoot (terminal), type of the growth of main and lateral axes (monopodial growth of the main axis and sympodial
growth of lateral axes on which are formed the partial inflorescences — cymoids), the structure of the partial inflorescences
(system of dichasia). Differences are determined by the linear dimensions of inflorescences, quantity and size of flowers
in partial inflorescences, orientation of the main axis and flowers in space, presence or absence of bracts and bracteoles.

Key words: Agastache breviflora, Agastache rugosa, Agastache rupestris, inflorescence, thyrs, dichasium

ESC “Institute of Biology” of Taras Shevchenko Kyiv National University, O.V. Fomin Botanical Garden, Symon Petlyura str. 1,
01032 Kyiv, Ukraine; rudik_gala@ukr.net
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MOP®OAOTO-AHATOMIYHI OCOBAUBOCTI
TOPIIIIKIB BUAIB ANEMONEL.
(RANUNCULACEAE JUSS.) ®AOPH YKPATHU

O.M. ITAPEHKO

Amnoranis. TIpoBepeHO AOCAIAKEHHSI MOP(OAOrO-aHATOMIYHUX OCOOAMBOCTEN TOPINIKIB BUAIB poay Anemone paopu

Vipainu: A. narcissiflora, A. sylvestris, A. nemorosa ta A. ranunculoides 3a AOTOMOTOI0 CKaHYBaABHOI €AEKTPOHHOI Ta

CBiTAOBOI Mikpockomii. BusBAeHi KapIoAOriuHi 03HaKH, 32 IKMMU MOXKHA AlarHOCTYBAaTH BUAM: PO3Mipu Ta ¢popMa Tira

TOpIIlIKa Ta CTUAOAIif, 0c06AMBOCTI OITyIIeHHs (AOB)KI/[Ha BOAOCKIB, IX AOKaAi3amis Ha HAOAI/IKaX), HaSABHICTh BUPOCTIB

TIIEpHUKapILy y BUTASIAL pe6ep YH KpHA, IO OTOIYHOTb TiAO TTAOAMIKA Ta IX AOBJKMHAQ, TOBIIMHA IIEPUKAPITY Ta 0co6AMBOCTI

TIOTOBIIEHHS KAITHH €HAOKapITy Ta HABEACHO AETAABHI OITUCHU ITAOAUKIB. 3a BUSBAEHUMU O3HAKAMU CKAQAEHUI KAIOY AASL

BU3HAYEHHs BHAIB Y HeKkBiTy4oMy cTai. OTpuMaHi AaHi BOXKAUBI AASI CHCTEMATHKHU Ta GpiroreHii poay i pOAMHH B IiAOMY.

Karouosi caoBa: Anemone narcissiflora, Anemone sylvestris, Anemone nemorosa, Anemone ranunculoides, CEM, maoauku,

rOpillIkK, aHATOMisI, MOP(OAOTis], OITyIIeHHS

Tucmumym 6omanixu imeni M.I. Xorodnozo HAH Yipainu, sya. Tepewjenxiscvka, 2, m. Kuis, 01604; tsarenko_olga@ukr.net

Beryn

Pip Anemone L. € opHUM 3 HaiibiApmmx
y poauni Ranunculaceae Juss. (skatouae 3a
AQHUMHM pi3HHX aBTOpIB Bip 100 A0 200 BI/IAiB).
Ha repuropii YkpaiHum B NIpHpPOAHHX yMOBax
3pOCTaE 4 BHAU aHEMOH, IO HAAEXaTb A0 3
cexuiit: Omalocarpus DC. (A. narcissiflora L.),
Eriocephalus Hook. f. & Thoms (A. sylvestris L.)
ta Anemonanthea DC. (A. nemorosa L.,
A. ranunculoides L.).

AAs  IpeACTaBHUKIB  POAYy  BAACTHBI
IAOAM, IO BIiAPISHAIOTBCA 32 POpPMOIO,
po3mMipamu, HAasBHICTIO  OITyLIeHHS Ta

igmuMu o3Hakamu. Came TOMY B CHCTEMATHIN
Anemone, [k 1 yciel posMHH B IliAOMY,
TPaAMLIIHO BHUKOPHUCTOBYIOTHCS KapIOAOTiYHi
xapakrepuctuku. Ille B mepmiit cucremi
uporo poay DeCanporre (1817, 1824)
BPaxoByBaB OCOOAMBOCTI IIAOAIB, a came ix
$opmy Ta omymeHHs Ipu BuAiseHHI cexuift. LTi
3K O3HAKHU OGYAU B3SITi AO yBarv aBTOPOM II€PIIOL
moHorpadii 3 poay Anemone (PRITZEL 1841).
Asrop iHmoi mounorpadii (ULBRICH 1906) y
CBOIX PO3POOKAX IJOAO CHCTEMATHKH IbOTO
POAy TAKOXXK BHMKOPHCTOBYBaB KapIIOAOTIdHI
O3HAKH, [IEPEBAKHO OCOOAMBOCTI $OPMU ITAOAIB

Ta IX CTHAOAIIB.

AHATOMIYHI AOCAIAKEHHS IIpeACTAaBHHKIB
poay posmoyas E. JaNczEwsKI (1889, 1892) ra
npoaosxkus G.N. SMITH (1926). B mopasbmomy
BaXKAUBICTD MOP(OAOTO-aHATOMIYHHUX
AOCAIAKEHD 3 METOK PO3POOKU TAKCOHOMIT poAy
B LIAOMY Ta AIarHOCTHKM BHAIB 30KpeMa OyAa
obrpyrrosana B mpamsx C.O. IToHOMapeHko
i TB. Bepecrenxoi (ITOHOMAPEHKO W
BepEcTELKAS 1981), PIL Yayaxapi i
B.I. Tpudonosoi (Uavaxaru u TPUOOHOBA
1988), B.M. Crapopy6uesa (CTAPOAYBLIEB
1989, 1991) Ta iHIIMX AOCAI AHUKIB.

IIpoTarom maike AeCATH POKiB MH TaKOX
AETAABHO  BHMBYAAH  MOP¢OAOIo-aHATOMIUHI
0COOAMBOCTI IIPeACTaBHUKIB popy Anemone
y cBitoBomy Macmrabi. Byao aocaiaxeHo
moHap 100 BHAIB, o HaAexaThb A0 22 CeKIlii,
Ta BUKOPHUCTAaHO AASl TaKCOHOMIl pOAy IIOHaA
25 KIABKICHUX Ta SKICHUX XapaKTePHCTHK
maoaiB.  OTpuMaHi  pesyAbTaTH  BHCBiTAeHi
HaMH B HM3L Mpalnb, TPUCBIYEHUX TAKCOHOMII
Ta ¢irorenii poay (3uMAH 1 IJAPEHKO
2003; 3uMaH u dp. 2004, 2007; ZIMAN et
al. 2003, 2004a, 2004b, 2004c, 2005, 2006a,
2006b, 2007; EHRENDORFER et al. 2009).
IIpore B cBOIX IyOAiKalisAX MM aHAAI3yBaAW

© 2016 The Author(s). Published by 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/ )
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A

Puc. 1. 3araabHuil BUTAsIA TOPILIKIB BUAIB poay Anemone: A — A. narcissiflora; B — A. sylvestris; B — A. nemorosa;

T - A. ranunculoides.

Fig. 1. General view of achenes in the species of Anemone: A — A. narcissiflora; B — A. sylvestris; B — A. nemorosa;

T - A. ranunculoides.

MepPeBaXHO AMIIE Yy3araAbHEHi KapIIOAOIiYHi
BiAOMOCTI, 3 PO3TASIAOM AESIKUMH CIIiBaBTOpaMu
MOPQOAOTIYHMX O3HAK IHNIMX TeHePaTUBHUX
Ta  BereTaTUBHUX OPraHiB, a  AeTaAbHi
KapIOAOTrO-aHaTOMi4Hi XapaKTepUCTUKH
IPUPOAHUX BHAIB GAOPU YKpPaiHU 3aAMIITHAMCS
HeomyOAikoBaHuMu. Meta  1miel  poborm
- BUSBACHHS MOP$OAOTO-aHATOMIYHUX
0COOAMBOCTEH MAOAIB ITPEACTABHHKIB Anemone
daopu YKpalHU AAS AIQATHOCTMKH POCAMH Yy
HeKBITY4OMy CTaHi Ta GOpMyBaHHS ACTAABHUX
KAapIIOAOTIYHMX OIHUCIB AOCAIAKEHHX BHAIB
i po3pobaeHHS KAIOYAa AASl IX BH3HAYEHHS
3a IMMU O3HaKaMu. BuBYeHHA CTpPyKTypH
IAOAIB HeOOXiAHO TaKOX AASL OTPUMAHHS
HOBUX AIQarHOCTMYHHMX O3HAK, BAXAUBHUX AAL
CHCTeMaTUKH i ¢isoreHii popy Ta pOAMHHU B
L[iAOMY.

Marepiaan i MeTOAM AOCAiAKEHD

AAsS AOCAIAXKEHHS BHUKOPHCTaHI 3pasKu
IIAOAIB  YOTHPHOX BHAIB Anemone, 1o
3pOCTaIOTh B YKpaiHi y IPUPOAHUX YMOBAX, SKi
Oyaun orTpumani 3 HarjioHaabHOrO repbapito
Incruryry Oortamiku im. M.IL XoaopHOro
(KW) Ta 3i6paHi HaMH ITipA 9aC eKCIIEAMIIN I10
Ykpaini. AocAipKeHHs aHATOMIYHOI CTPYKTypHU

IPOBOAMAM 33 CTaHAAPTHOKO — METOAMKOIO
Ha [perapaTaX, BHUIOTOBAEHUX 3 IIAOAIB,
[OIIEPEAHBO 00pPOOAEHHMX Ha BOASHIN 6aHi B
cymimi criupry, rainepuny ta Boau (1:1:1). Aast
KOXXHOTO 3pa3Ka IIAOAIB BUTOTOBAEHO IO 25
3pi3iB, MEPIIEHAMKYASIPHUX AO IX IO3AOBXKHbOI
oci. AAsI AOCTOBIPHOTO IOPIBHAHHS OTPUMAHUX
AQHHX OyAOBHM TIOpIWIKiB pisHUX BHAIB yci
3pisu OyAm 3pobaeHi y IX cepepHidl wacTuHi
(TToHOMAPEHKO 1974). Anatomiuny 6yaoBY
BHBYAAH 32 AOTIOMOTOI0 cBiTAOBOTO (Jenaval) Ta
ckanyBaabHOTO Mikpockomis (JSM-6060 LA).
3paskun aast CEM  dikcyBaan Ha AQTYHHHX
CTOAMKAX,  HAlMAIOBAaAM Yy  BaKyyMHOMY
HAMUAIOBaYi TOHKUH AP 30A0Ta 33 CTAHAAPTHOIO
METOAMKOIO. 3a AOIOMOTOI0 CKaHYBaAbHOTO
MIKpPOCKOIIa TakoX OyAu BippoTorpadosani
IoIepeyHi 3pi3y Ta MiKpOCKYABIITYpa ITOBEPXHi
TOpIIIKIB.

Pe3yapraru Ta ix 06roBopeHHs

AAg  BUAIB  poay Anemone BAACTHBUI
36ipHMIT IIAIA — AMOKApIHUI 0araToropimox,
IO CKAAAAETDCS 3 OAHOHACIHHUX HEPO3KPHUBHUX
naopukis  (ropimxis). Ha Bepxiui Tiao
rOpilliKa 3aKiHYYETHCSA HEOTAAHUM CTHAOAIEM.
ITAOAMKY YaCTO CIAIOCHYTI 3 OOKIB y 6iabImiit
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9y MEHWIN Mipi Ta MalOTb AaTepasbHi pebpa
ab0 KpuMAa - BHCTYINM IeEPUKApIy, IO
OXONAIOIOTHh TiAO ropimka 3i ‘ciuHku” Ta
“gepesus’. 3a poamipamu, ¢pOpMOI0, HASBHICTIO
ONyIIeHHA Ta IiHMMMH O3HAKAaMHM IAOAMKH
AOCHTb pi3HOMaHiTHI. 3a aHaTOMIYHMMHU
XapaKTePUCTHUKAMH IIAOAMKAM AaHEMOH, SIK 6YAO
AOBEAEHO HaMHU y MOINEPEAHIX AOCAIAXEHHIX,
NPOLMTOBAHMX BHILE, BAACTUBI HACTYNHI
O3HAKHU: IIONEPEYHMM 3pi3 eAINTHYHUN YU
MaibKe OKPYTAMM, 3 BY3bKMMH BHPOCTaMH
MepHUKapIy, B AKMX MIiCTATbCA CYAMHHI ITyYKH.
3a 6YAOBOIO IEPUKAPII Pi3HUX IIPEACTABHHKIB
BHYTPITHbOPOAOBHUX TaKCOHIB POAY MAa€ HU3KY
criapHUI prc 6YAOBH. Bin A06pe po3BHHEHHIT T
AudepeHIiioBaHMI Ha eK30KapIl, Me30KapI Ta

€HAOKApIL
Ex3opapn cxaapaeTbes 3 TaHTeHI[iaAbHO
BUTSITHYTUX KAITHH 3 MOTOBILEHUMU

30BHIIIHIMU CTiHKaMH, BKPUTHUH KYTHKYAOIO.
Mesoxkapn ckAapa€Tbes 3 3-4 mapiB Aemjo
MIOTOBIIEHUX KAITMH IIAPEHXIMH, 3Aerka
TaHT€HI[iaAbHO BUTSTHYTHUX, €HAOKapm — 3 1-2
4y GiAblre mapiB 3Ae61ABIIOTO TOBCTOCTIHHUX,
CKAepH(pIKOBAHUX KAITHH, $AKi BHMKOHYIOTbH
MexaHiuny ¢yHmiro. Kpim 1miei Mmexamignol
TKaHUHY, 3aAMIIKH  TPOBIAHOIO  IIy4Ka
(s6epiraroTbcsi y BHpOCTax TepuKapiy, WO
OTOYY€E TiAO TIAOAMKA 31 CIIMHKH Ta qepeBuﬂ)
TaKOX MAIOTh KAITUHM 3i CkAepu]iKOBaHMMHU
060A0OHKaMHU, SKi AOAATKOBO HAAAIOTh MII[HOCTI
ropimky. KiApkicTb mapiB KAITHH eHAOKApITY, iX
Opi€HTAallis BIAHOCHO IO3AOBXHbOI OCi ropimka
(papiasbHa 4m TaHreHmiasbHa), ¢popma ixHix
nmopoxHUH (OKPYrAa, OBaAbHA, BHAOBXKEHA
Ta iH.) MAIOTh AlarHOCTHYHE 3HAYCHHS
cexuiitaoro pisas (LIAPEHKO ma in. 2002).
ITonepeynuit 3pis HACIHMH Harapye Takui y
MMAOAMKIB, a CIIEPMOAEPMA Y IPEACTABHUKIB POAY,
SK IPAaBUAO, IIIAPHO IMPHUASTAE AO MEPHUKAPITY
Ta XapaKTePHU3YETbCS OAHOMAHITHICTIO O3HAK.
Ha nonepeunomy 3pi3i BOHa, 3BUYHO, TOHIIA 32
MEePHUKAPII Ta CKAAAEHA 3 ACKIABKOX, K IPABHAO

AOCHUTb CTHUCHYTHX, WIapiB OOAiTepOBaHMX
TOHKOCTIHHMX KAITHH.
3a pe3yAbTaTaMu KapIIOAOTIYHHIX

0co0AMBOCTEll BHAIB poAy Anemone ¢aopu
Ykpainu HamMu CYOPMOBAHO KAIOY AAS IXHBOY
iaeHTHPIKAIIL.

KAIOY AAS BUSHAYEHHA BUAIB POAY
ANEMONE ®AOPU YKPATHU

1. Tiaa mAoAMKiB roai abo 3 AexiabkoMma
FOAKOIIOAIOHMME BOAOCKaMH, CIIAIOCHYTi 3 OOKIB,
3 KPI/IAOHOAiGHI/IMI/I BUPOCTaMH IEPHKAPAY 3i
“crimHKK” Ta YepeBIT, CTHAOAIL IIabAeIIoAibHO
BITHYTI cooueveerecvercsiesssssennnnnnnn 1. AL narcissiflora L.

— Tira MAOAMKIB OIyIIeHi, 3 AeAb IIOMITHIMU
BUPOCTAMH ITePUKAPITY 31 “CIHHKK Ta “depeBLst
y BUIASIAL pebep, CTHAOAIl MaibDke IpsMi 4u
HAXUACHI AO “UEPEBIISL w.vvvervmsirvmsrssrensesssasssssenses 2

2. OcHOBa IIAOAUKA 3BY)XK€HA Ta BUTSTHYTA
Y AOBry HDKKY, TiAO IIAOAHMKA OIIyIIEeHe
AOBTUMH (Ao 6-7 MM) BOAOCKaMH, a BepXiBKa
TiAa TAOAMKA Ta CTHUAOAIM — KOPOTKHUMHU (0,s-
1,0 MM) cvvvvrernccennnnssnneceennennnnee 2. A sylvestris L.

— OCHOBa [TAOAMKA OKPYTA2a a60 BHAOBXKEHO-
OKpYTAQ, OIylIeHHs 3 KOpOTKUX Boaockis (0,1-

3. TirnanmaopukiBKyasicTi, 2,2-2,5 X 2,3-2,4 MM,
OCHOBAITAOAUKAOKPYTAQ.......3.A.ranunculoidesL.

— Tira MAOAMKIB AEI[O BUIIOBHEHI, B 06pnci
BHAOBXEHO-eAirncoipaapHi, 3,0-4,5 X 1,5-2,5 mm,
3 BUAOB)KEHO-OBAABHOIO BEPXHDBOIO YACTHHOIO, B
OCHOBI BUAOBXKEHO-OKPYTAI ....... 4. A. nemorosa L.

Cexuist Omalocarpus DC.

1. A. narcissiflora L. (incl. A. laxa (Ulbr.)
Juz.). Puc. 1; 2 A.

Tira TIAOAMKIB CHAIOCHYTI 3 60kKiB, B
obpuci OBaAbHI, SIIENOAIGHI, eainTHuHI,
5-8 X 4-6 MM, OKpPYrAi B OCHOBI, IepeBaXXHO
TOAi (piAKO 3 ITOOAMHOKHUMH BOAOCKaMI/I) ; 3
ABOMA AQTepaAbHUMH KpHAaMU (BHPOCTaMH
nepukapiy) 3 “gepesns” Ta “‘crmuky’, 0,8-1,3 Mm
3aBUIMPIIKY; CTUAOALT ITabAeIIOAIOHO 3irHyTi Bip
OCHOBH Ta AEIO IPHUTHUCHYTI AO TiAd MAOAMKA,
Ao 1,4 MM 3aBpoBxKu. CKyABNITYpa IOBEepXHi
ITAOAMKIB CKAQAYACTA, 9M 3PiAKa 3MOPIIKYBaTa.

Ha IOTIEPEeYHOMY 3pisi TAOAUKH
eAINTHYHI, 3 BY3bKUMHM AOBIMMH BHPOCTaMH
HEepHUKAPITy, B SKUX MICTATbCS CYAHMHHI ITy4KH.
IMepuxapm 35-70 MkM, A0Ope pPO3BHHEHHI,
AUQepeHIiiOBaHNI Ha eK30KapIl 1 eHAOKApIL
Exsokapm  ckaapaeTbcss 3 TaHTeHI[AABHO
BUTATHYTHUX KAITUH 3 IIOTOBII€EHUMHA
30BHIIIHIMU CTiHKaMH{, BKPHTHH KYTHKYAOIO.
Mesokapn — 3 3-4 mapiB KAiTHH, 3Aerka
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TAHTEHIlaAbHO BUTATHYTHX, €HAOKApIm — 3
1(-2) mapis KAiTHH, papiaAbHO BUTSTHYTHX,
cKAepH(IiKOBAHMX, 3 OBAABHUMU IIOPOXKHUHAMU
Ta PpiBHOMIPDHO IIOTOBIIEHMMH  CTiHKAMH.
HacinHeBa mKipka mIABHO IIPHASITAE AO LIAPY
€HAOKapIy Ta CKAAAAETHCA 3 ACKIABKOX HIapiB,
3a3BHMYAi, AOCUTb CTHCHYTHX, 20-65 MxM.
ITomiTHMIT AMIIe OAMH, 30BHINIHIN IIAp KAITHH,
3 TIOPiBHSHO BEAUKHMH, AEMIO BUTATHYTHMU
B TAHTEHIIIAABHOMY HAmNpsMKY, KAITHHAMH 3
IOTOBIEHUMHU 30BHIIIHIMU CTIHKAMH.

Cexuis Eriocephalus Hook. f. & Thoms

2. A. sylvestris L. Puc. 1; 2 b.

Tira MAOAMKIB AelTO BUIIOBHEHI, B 06p1/1ci
BHAOBXXEHO-eAirncoipaapHi, 3,5-4,5 x 1,7-1,9 My,
3 BUAOBXKEHO-OKPYTAOIO BEPXHbOIO JACTHHOIO,
B OCHOBi BIATATHYTI y HDKKY, 3aBAOBXKH 3
TPeTHUHY PpO3IIMPEHOI YaCTUHH IIAOAMKA, 3
ABOMa BY3bKHMH, A€Ab IIOMITHUMH peOpamH, 110
OTOYYIOTH TIAO [IAOAYIKA 3 “depeBLis Ta “CIIMHKM ;
rycTo omyuieHi AOBruMHE (S-6 MM) BOAOCKaMH Ta
Ha BepxiBI, 6iAs OCHOBH CTHAOAIif, 3 IIABHUM
myukoM KopoTkux (Ao 0,2 MM) BOAOCKIB,
WO “3aXOBYIOTH  CTHAOAIM, SIKHF BipA OCHOBH
HAXHMAEHHI A0 “depeBust, A0 0,8 MM 3aBAOBXKKY,
XBOCTOIIOAIOHUI, — ONyIIEHMI  KOPOTKHUMHU
Boaockamu (0,1-0,2 Mm). CkyAbnTypa NOBepxHi
TMAOAHKIB CKAQAYACTA.

Ha nonepeunomy 3pisi mAOAUKY BUAOBXKEHO-
€AINTHYHI, 3 ABOMa BHUPOCTAMHU IE€PHKAPITY
(80-100 MKM ), B IKMX MiCTSTbCS CyAMHHI ITyYKH.
IMepukapm 43-55 MxM, A0Ope pO3BHHEHHII,
ArepeHIliioBaHMI Ha eK30KapI M eHAOKAapIL
Ex3oxkapm  ckaapa€Tbcs 3 TaHTeHI[iaABHO
BUTSATHYTHX KAITHH 3 TOTOBII € HMMU 30BHIIIHIMU
CTIHKaMW, BKPHTHH KYTHKYAOIO, Me30KapI
— 3 3-4 mapiB KAITHH, 3AerKa TAHTEHI[iaABHO
BUTATHYTHX, €HAOKapm — 3 1 mapy KAiTHH,
PaAiaAbHO  BUTSATHYTHX, CKAepPU(QIKOBaHUX,
3  KOHYCOIIOAIOHMMM  NOPOXHMHAMH  Ha
MOIIepeYHOMy  3pi3i  depe3 HepiBHOMIpHO
MIOTOBIEH] CTiHKM - OGOAOHKM KAITHHH, IO
MIPUASITAIOTh  AO  KAITHH Me30KapIly MAIOTh
MEHIIy TOBIIMHY HDK OCHOBHM IJUX KAITHH, IO
MillHO 3pocaucs 3 KaituHamu Tectu. Hacinnesa
IKipKa CKAAAAETBCA 3 AEKIABKOX INApiB, SK
MIPaBUAO, AOCHTb CTHUCHYTHX, A0 20 MKM.
ITomiTHMIT AUIIIE OAWH, 30BHIIIHMIT MAp KAITHH

3 TOPIBHAHO BEAUKUMH, ACIIO BHTATHYTHMHU
B TaHTEHIIAAPHOMY HAamIpsMKY, KAITHHaAMH 3
MOTOBIEHUMH 30BHIIMHIMU CTIHKAMHU.

Cexkuisa Anemonanthea DC.

3. A. ranunculoides L. Puc.1; 2 B.

Tira mAOAMKIB BHUIIOBHEHi, Maibke KYASICTi,
2,2-2,5 x 2,3-2,4 MM, 3 BUAOBXXEHO-OKPYTAOIO
BEPXHEI0 YaCTWHOW, B OCHOBi OKpyrAi, 3
OKPYTAMM BHIIyKAMM IIAOAOBHM pyOYHKOM, 3
ABOMA BY3bKHMH, A€Ab IIOMITHHMHU pebpami,
IO OTOYYIOTb TIAO IIAOAMKA 3 “UepeBLsT
Ta  “CrIMHKM’;  OIyIIEHi  >KOPCTKYBaTHMU
BipcTOBOypueHnME KopoTkumu (a0 0,1 Mm)
MOHOMOP(HUMHU BOAOCKAMHM, 32 BHUKAIOUEHHSIM
HDKKE Ta CTHAOAIS, OCTaHHIN NpsMHI a60
aAemo  Biaxuaenuit, A0 1,0 MM 3aBAOBXKKH,
XBOCTOIIOAIOHUIA, 3a0KPYTACHMH HA BEpPXiBIi.
CkyAbIITYpa IIOBepXHi IIAOAMKIB OOpO3eHdacTa.

Ha nomepeuynoMy 3pi3i MAOAMKH OKpYTAI,
BUAOBXXEHO-OKPYTAi, 3 ABOMAa BHPOCTaMH
nepukapry (140-190 MkM), B SKMX MiCTATbCS
cyaunHi myuku. Ilepuxapm 85-100  mxwM,
AOOpe pO3BUHEHHI, AMEpeHIOBaHUI Ha
eKx30Kapn i eHpokapr. Ex3okapm ckaapaerbcs
3 TAHTEHINAAPHO BHTATHYTHX KAITMH 3
MOTOBI€HNMH 30BHIIIHIMU CTiHKaMH, BKPUTHI
KyTHKYAOIO, Me30Kapm — 3 3-4 ImapiB KAiTHH,
3A€rKa TAHT€HIliaAbHO BUTATHYTUX, eHAOKApPII — 3
1 mapy KAITHH, BUCOKHUX, PAAlaAbHO BUTATHY THX,
cKkAepHiKOBAHIX, 3 KOHYCOIOAIGHMMU
MOPOXXHMHAMU Ha IIONEPeYHOMY 3pi3i depes
HEPiBHOMIPHO IOTOBIEHI CTiHKH — 060AOHKH
KAITHHH, IJO0 IPHASTAIOTh AO KAITHH Me30KapITy
MalOTh MEHIIY TOBIJUHY HDK OCHOBM IIHX
KAITHH, IIJ0 MiIIHO 3POCAHUCS 3 KAITUHAMH TECTH.
HacinneBa mKipka CKAAQAQ€ETBCS 3 AGKIABKOX
mapiB, K IPaBHAO, AOCUTb CTHUCHYTHX, AO
10-20 mxMm. IToMiTHUIT AWIIe OAWH, 30BHIIIHIN
map KAITHH 3 TOpPiBHAHO  BEAMKHMH,
BUTATHYTHMH B TAHTEHIIAABHOMY HAITpSMKY,
KAITHHAMH 3 A€IO0 MOTOBIEHUMU 30BHIITHUMU
CTiHKaMH.

4.A.nemorosa L. Puc. 1; 2 T.

Tirna mAOAMKIB  Aemo  mHOBHyBaTi, B
obpuci BHAOBKeHO-eAimcoipaabHi, 3,0-4,5 X
1,5-2,5 MM, 3 BUAOBXKEHO-OBAaAbHOIO BEpXHbOIO
JaCTHMHOIO, B OCHOBI BHAOBXKEHO-OKPYTAL, 3
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Puc. 2. OparMeHTH NOIEPEYHOro 3pi3y IEPHKApITy Ta HAciHEBOI WIKIpKM ropimkis Anemone: A — A. narcissiflora;

B - A. sylvestris; B — A. nemorosa; T — A. ranunculoides.

Fig. 2. Part of a cross section through the pericarp and seed coat of achenes of the species of Anemone: A — A. narcissiflora;

B - A. sylvestris; B — A. nemorosa; T — A. ranunculoides.

OKPYTAMM BHITyKAUM IAOAOBHM PYOUHKOM, 3
ABOMa BY3DKUMH, A€Ab IIOMITHHMU pebpamy,
IO OTOYYHIOTb TIAO TAOAMKA 3 “4epeBIis
Ta ‘CIMHKH ;  OINyIIEeHI  )KOPCTKYBAaTHUMH
BipcToBOypuennmu koporkumu (0,1-0,2 Mm)
MOHOMOPQHMMH BOAOCKaMH, 33 BUKAIOYEHHSM
HIDKKH Ta CTHAOALS, OCTaHHI! iHKOAM OITyIIeHUI
BiA OCHOBM AO IIOAOBHHH CBOEI AOBXHHH,
OpsIMHI 200 Aelo BiaxuaeHui, A0 1,3 Mm
3ABAOBXKH, XBOCTOIIOAIOHMI, 3a0KpPYTACHHMIT
Ha BepxiBIji. CKyABIITYpa ITOBEpXHi IAOAMKIB
Api6HO 3MOpIIKyBaTa.

Ha IIOTIepeYHOMY 3pisi TTAOAMKH
BUAOBXEHO-EAINITHYHI, 3 ABOMAa BHUPOCTaMH
nepukapry (130-170 MKM), B SKMX MicTATbCA
cyaumnHi  myuku.  Ilepukxapm  45-65 Mk,
A0Ope po3BuUHeHHH, AMpepeHLIOBaHUI Ha
€K30KapIl i eHAOKapIl. Ex30oKapm ckAapaeThes
3 TAHTEHIlAABHO  BUTSATHYTHX KAITMH 3
MOTOBI€HNMH 30BHIIIHIMU CTiHKaMHU, BKPUTUI

KyTHKYAOIO, Me30Kapml — 3 3-4 IIapiB KAiTHH,
3A€TKa TaHTEHI[IAAbHO BUTATHYTHX, €HAOKApII
— 3 1 mapy KAiTHH, papiaAbHO BUTSTHYTHX,
ckaepuQiKOBAHUX, 3 KOHYCOIIOAIOHHUMHE
NOPOXXHMHAMHU Ha IIONEPeYHOMY 3pisi 4depes
HepiBHOMipHO TOTOBmIeHi cTiHku (060AOHKM
KAITHHHY), IO TIPUASITAIOTb AO KAITMH Me30KapITy
TOBCTIIIi HDK OCHOBHM IIUX KAITHH, IO MiI[HO
3pocaucs 3 KaiTuHamu TecTu. HacinHeBa mxipka
CKAAQAAETBCS 3 AEKIABKOX INapiB, SK IPaBHAO,
AocuTb CcTHCHYTHX, A0 20 MkM. IlomiTHuit
AVIIIe OAMH 30BHIIITHIM IIap KAITHH 3 IOPiBHSAHO
BEAMKHMMHY, BUTATHYTHMMH B TaHTE€HI[iaAbHOMY
HaMpsMKY, KAITHHAaMH 3 A€INO IOTOBIIEHMMH
30BHILIHIMU CTIHKaMU.

BucHoBKH

IlpeacTaBHUKE poAy Anemone IPUPOAHOL
aopu Ykpainu MOKYTb OyTH iAeHTHdIKOBAHI Y



92

MODERN PHYTOMORPHOLOGY 10 (2016)

HEKBITY4OMY CTaHi 3a KAPIIOAOT0-aHATOMIYHUMH
xapakrepuctukamu.  CyTTeBMMH  O3HAKaMHU
AASL pO3MEXXYBaHHS BUAIB € po3Mipu Ta ¢opma
TiAa TOpIIIKA, a TAKOX CTHAOALSL, 0COOAMBOCTI
OITyLIEHH: (,A,OB)KHHa BOAOCKIB, IX AOKaAi3aris
Ha TIAOAMKAX), HASBHICTD BHPOCTIB MepHKapITy
y BHUIASIAL pebep 4M KpHA, O OTOYYIOTH TiAO
MAOAMKA, Ta IX AOBXHMHA, a TAKOX TOBIIMHA
[IEPUKAPITY T2 OCOOAMBOCTI IIOTOBIEHHS KAITHH
€HAOKApITy. 3a BUSBACHUMHU O3HAKAMHU CKAAACH]
KAIOYi AASL BU3HA4YeHHS BHAiB. OTpuMmaHi aaHi
BXAMBI AASI CHCTEMATHKH Ta $iroreHil poay Ta
POAHHH B ITIAOMY.
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MORPHOLOGICAL AND ANATOMICAL FEATURES OF ACHENES OF ANEMONEL.
(RANUNCULACEAE JUSS.) OF THE FLORA OF UKRAINE

O.M. TSARENKO

Abstract. Based on SEM and LM some morphological and anatomical features of achenes of Anemone L. of Ukrainian
flora (A. narcissiflora, A. sylvestris, A. nemorosa, A. narcissiflora) have been investigated. Carpological features after which
it is possible to diagnose species are detected: the dimensions and shape of the achenes and beaks, the peculiarities of
pubescence (length and character of localization of the hairs), a presence of different appendages of pericarp (as ribs or
wings which surround body of fruit), thickness of pericarp and peculiarities of the thickness of the cell walls of endocarp.
Detailed descriptions of fruitlets have been represented. The key for determination of species not in a flourishing condition
on the revealed signs have been composed. Data obtained are important for systematics and phylogeny of the genus and

the family as a whole.

Key words: Anemone narcissiflora, Anemone sylvestris, Anemone nemorosa, Anemone ranunculoides, SEM, fruitlets, achenes,

morphology, anatomy, pubescence
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Anoranis. Aocaipxeni Mopdoaoriyni 0COOAMBOCTI HaCiHMH IIPEACTABHMKIB YOTUPbOX BUAIB ( Campanula rotundifolia,
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Pipo Campanula L. e HaiunceAbHImuM
(6amsbko 300 BuAiB) y poanni Campanulaceae
Juss.TackAapAHIMYTaKCOHOMIYHOMYBiAHOLIEHHI.
O6csr Ta craTyc BHYTPIlIHPOBUAOBUX TAKCOHIB
€ AuckycifiHuM. BapiabeabHicTs MOpdoAOTIYHIX
BEreTaTUBHUX O3HAK YCKAAAHIOE TaKCOHOMIIO
poay (Boissier 1875; ®rpaoroB 1957,
1978; BicroatHA 1961; Bukrtoros 2002,
3uMAH ma in. 2009; APEMAIOTA 1 3WMAH
2010; APEMAIOTA ma in. 2011; APEMAIOTA I
dyTorHA 2012a, 2012b, 2012¢; APEMAIOTA
2009, 2013a,2013b, 2013c, 2014, 2015).

OaHak, psiA aBTOpPIiB 3a3Hava€, IO O3HAKH
MOPPOAOTiIYHOICTPYKTYPHUHACIHIH € BAXKAUBHMU
arst ipeHTHIKAIil  BHAIB, (irOreHeTHMYHHX
BHCHOBKIiB 1 3'SICyBaHHS XapaKTepy eBOAIOLiI
(ATTAR et al. 2007; MOAZZENI et al. 2007).
PesyabraTi  AOCAIAKEHHsT  6araTbox IpyI
POCAMH TOKasaAH, o Mopdoaoriyra Oya0Ba
Ta aHATOMi4Hi OCOOAMBOCTI HAacCiHMH € AOCHUTD
KOHCEPBATHBHUMY O3HAKaMH, IO PoOUTH ix
TakcoHOMiuHO BaxkauBumu (DAMBOLDT 1979;
93Ay 1980; BARTHLOTT et al. 1998; [TEPErPUM
1 BAKYAEHKO 2009; OabmaHCbkuI 2009,
2012; PEREGRYM 2013; TTEPErPUM I OYTOPHA
2013; Znycarova & Furtorna 2013;

Kuranosa 1 O@ytopHA 2013, 2015;
ITepErruM 2014; ZHYGALOVA et al. 2014;
OyrorHA 1 JKuranosa 2014). TMoremriaa
YABTPAaCTPYKTYPH HAaCiHUH y TaKCOHOMIYHMX
AOCAIAYKEHHAX AOBEACHO Y PSAL M iHIIUX Ipalb
(JuntpER 1959; KrocHMAL & HUGUELY
1971; MEAUKsH 1972, 1981; CAROLIN 1980;
OraHEecsH 1985; Koaakosckuit 1986, 1987,
1995; KoaaxkoBckuit 1 CEPAIOKOBA 1986;
Javeora & THORPE 2000; Buss et al. 2001).
3okpema, BARTHLOTT (1981, 1984) cTBepasxye,
IO YABTPACTPYKTypa IIOBEPXHi HACiHMH €
XOPOIIUM TaKCOHOMIYHHM Ta (iAOTeHeTHYHUM
MapKepoM Ha POAOBOMY Ta ITIADOAOBOMY
piBrsax. TuMm He MeHIIe, B CHCTeMAaTHYHUX
AocaipxeHHsX popnHn Campanulaceae o3Haku
MiKpoMOP$OAOTil HACIHUH BUKOPHCTOBYBAAMChH
piAKOo, He3BaXarO¥M Ha IX CTaGiABHICTb.
SHETLER & MORIN (1986) Takox BH3HAIOTH,
[0  YABTPAaCTPyKTypa  TeCTH  HaCiHuUH
MiBHIYHO-aMEPHUKAHCPKHUX Ta iHAIMCPKHX BHUAIB
poannn Campanulaceae Mae AlarHocruyse
3HaveHHsA. OIIMCaHO CTPYKTYpPy HAaCiHHHH
IIPEACTABHHUKIB POAY Campanula i 3 TepUTOPii
Typewunnn (AKCIN 2009) Ta 3axaBkasss
(OraHECAH 1982). AeTaAbHOMY BHBYECHHIO
YABTPaCTPYKTYPH IOBEPXHi HACIHMH BUAIB POAY
Campanula npucssaeni pobotu A.A. Beasesa

© 2016 The Author(s). Published by 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/ )
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(BEASIEB 1984, 1985, 1986), siKuit AOCAIAKYBaB
npepcraBuukis Campanulaceae ¢paopu CPCP.
Boanoudac, aani mpo Mopdoaoriro HaciHUH
npeacTaBHUKIB poay Campanula daopu Yrpainu
AOCHUTb 0OMeKeHi.

B Toit xe wac, obcsar popy Campanula Ta
CTaTyC HOro0 BHYTPIIIHPOBUAOBUX TaKCOHIB
3AAUIIAETHCA AMCKYCIMHMM. Y TOMY YMCAi Ha
CbOTOAHI He ICHY€E €AMHOrO IIOrAsiAy Ha 00'eM
Ta moaoxeHHs miacexuii Heterophylla (Nym.)
Fed. Lls miacexuis Bmepme OyAa oOmmMcaHa B
pausi psiay Heterophylla Nym. Ta mipsumena
An.A. ®EAOPOBUM (1957) A0 panry miacexmii
Ha OCHOBI BIACYTHOCTI IPHAATKIB 4YallleuKH,
HasBHOCTI TOCTPHMX II AOIaTed Ta TMOHUKAMX
kBiTok. 3a AH.A. DepopoBuM Ha TepHTOpII
Ykpainn miacexuis Heterophylla npeacraBaeHa
YOTHPMa BHAAMH, SKi HaAeXKaTbh AO ABOX PSAIB,
MO pPO3pi3HAIOTBCA 32  MOP(POAOTIYHMMU
O3HAKaMH AMCTKIB Ta cyusits: Vulgares Witasek
(C. rotundifolia, C. kladniana, C. polymorpha) Ta
Lanceolatae Witasek (C. serrata).

TakuM YHHOM, METO0 Hawmol poboTu 6yao
IIPOBECTU AETAAbHE AOCAipAXKeHHS MOpPQoAorii
HACIHUHU IIpeACTaBHUKIB mipcekuii Heterophylla
poay Campanula paopu YipaiHu Ta BHSIBUTH
AOAAQTKOBI AlarHOCTHUYHI O3HAKH.

Marepiaau i MeTOAM AOCAIAKEHD

Mu pocaipuan  MOpQoOAOriuHY  OYAOBY
HACIHUHU Y0TUPBOX BUAIB mipcekuii Heterophylla
(Campanula  kladniana, C.  polymorpha,
C. rotundifolia, C. serrata) ¢aopu Yxpainu.

AAs pocaipeHp  OYyB  BUKOPHCTAHMIT
repbapHuil  Marepias, 3i6paHmit Ima 9ac
eKCIIeAUIiHNX BHi3AiB y 2007-2010 poxax, a
TaKoX 3pasku 3 repbapiis KW, KWHA, LWKS,
LW, CHER, YALT, LE. 3pasku ¢dikcyBaau Ha
AQTYHHOMY CTOAHKY 1 HAIIMAIOBAAU TOHKHM
IIapOM CYyMillli 30A0TA Ta IAATUHH Y BaKyyMHIN
KaMepi. YABTPACTPYKTYpy IOBEPXHi BHBYaAU
3a pomomororo CEM JSM-6060 LA. Onucu
MIPOBOAUAUCH 3 BUKOPHMCTAHHAM TEPMiHOAOTII,
ysaraapHeHoi B psiai mpanp (BEASEB 1984;
SHETLER & MORIN 1986; BARTHLOTT et al.
1998; 3uMaH ma ir. 2009). AAs OKpeMHX BUAIB
ONpalbOBYBAAU MaTepiaa, BiAi6paHI/Iﬁ 3 pisHHX
TOYOK apeaay.

Aocaipskeni 3paskm:

C. kladniana: 1. 3axapmarceka 064,
Tsuickuit p-u, ¢ IMupoxuit Ayr, mobausy
p. Tepebas, aicoa raasBuma, 30.07.1960.
M.I. Koros, B.I. Yommk, B.B. Ilporomomosa
(KW); 2.  Usamo-Opanxosckas  o6a.,
Kocoscxutt p-H, YuBIMHCKYE TOP, B paCIjeANHAX
U3BECTHSIKOBBIX CKAA IIOA BEpIIMHOHN TOPBI
Tomya, B cybaasmuiickoMm mosice. 15.IX.1965,
C.C. Xapkesuu (LE); 3. 3axapmarcpka o6a.,
Paxipcpkmit p-H, xp. Yopnoropa, 3smimanuit
Aic, mip Bpeckyaom. 27VIL 1967, B.I. Yommk
(KW); 4. 3akapmarcbka 06A., Paxicokuit p-H,
oKoA. c. borpan, ma.-cx. mipuixoka Ilerpocy, Ha
nepexpecri aopir. 22.07.2008. H.I. Apematora
(KW); S. 3akapmarceka 06A., PaxiBcpkuit
p-H, okxoa. c. Yopnoropa, r. DBeppenecka,
KaM'SIHUCTHI cxuAa Hap osepom. 28.VIL1970,
Kpuco (KWHA).

C.napuligera: 1. ApBiBcbKa 06A., CKOAIBCBKHIT
p-H, c. Tomopens, 2 xM Ha cxip. Ha Boaormx
micasaicoBux aykax. 17.07.1999, O. Kosmak,
P. Tliarpe6eapnmit, 2.11.1999, O. Kosmak
(LWKS); 2. Bocrt. Kapnarsi, Mapmapom, ITon
HBaH, TOA. CKaAAMH GIABIIIOrO Kapa, HA TPABSIHOM
ckaoHe. N2 559. 28 VIL.1946, M.T. ITonos (LE);
3. 3akapmarceka 00A., PaxiBcbkuil p-H, OKOA.
c. bBorpan, mp.-cx. cxua 1. Ilerpoc. 15.07.07,
H.I. Apematora (KW); 4. Cranuncaasckas o6a.,
JKabpeBckuit p-H, UepHOropa, Mexay Kameil
Ha KPYTOM CKAOHEe HOA. BepmuHo# I. ITInumpr.
17VIL1959, E.M. Bpaauc, T. Auapuenko (KW).

C. polymorpha: 1. IBano-®pankiBcbka 00A.,
BepxoBuncpkuit  p-H, YuBunHO-I'pUHABCHKI
ropy, lliBHiuamit cxma 1. YmBumH. Crkeai.
09.07.2003, H. Cuuak, O. Karaao, 05.12.2003,
N. Sytshak (LWKS) Ne 20878; 2. 3akapmarckas
00A., Bososeupkuit p-H, BepmmHa I. ITnkyi,
KaMeHHUCTas MECTHOCTb. 26.11.1988,
N.N. Sytshak (KW); 3. Msano-®pankosckas
064., BepxoBunckuit p-u, 30-33 kM k 103 or
Bepxosunsl, . YuBumH. KaMeHHCTBIE BBIXOABI
0Au3 BepMHEL rOpeL, 1750 M.HY.M., Ha CKaAax.
23 moas 1985, A. Teavrman, B. Aopodees,
O. Cemenosa, B. Cepos. Omnp. A.O. Xaape (LE).
Ne 1883; 4. 3akapmarcpka 060A., PaxiBcbKuit
P-H, mpaBopy4 Bip aoporu Bip I. Ilerpoc ao
nepemuuku. 22.07.2008, H.I. Apemarora (KW);
S. 3axaprmarceka 064., Mbxripcskuit p-u, HIIIT
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«Cunesip». 15.08.07, H.I. Apematora (KW).

C. rotundifolia: 1. KuiBcpka 00a.,
O6yxiBcpkuit p-H, c. YkpaiHKa, mpasuil Oeper
p- Cryrau, okpaiHa cocHOBOTO Aicy, 25.08.2009
(KW); 2. Tepromoabcbka 06A., 3aA03EIbKHIX
p-H, c¢. Typumnmis. 20VIL.1940, A. Scxopcpka
(KWHU); 3. Tepromoabcbka 06A., 3aA03e1bKuix
p-H, c¢. Typumnmis. 20VIL.1940, A. Scxopcpka
(KWHU); 4. Yepuurosckas  rybepHis,
AeTxoBckoe AecHmyecTBO, OcTepckuil yesa.
28. VIL1903, W. Ceaexunckuit (KWHU);
S.3akapmarceka 06A., TsraiBcsket p-H, ¢. [TTipoxemi
Ayt, moa. Iep6an, 18.08.1974, A. Tacenkepi
(LWS); 6. KuiBcbka 06A., oxoa. Kuesa, Toaocieso.
10VIL2011, H.I: Apematora (KW).

PesyabraTH Ta iXx 06roBOopeHHs

Hixue mopaHo onmucy HACIHUH AOCAIAKEHHX
BuAiB miacexuii Heterophylla.

Psip Vulgares

C. rotundifolia

HacianHn 0BaAbHO-EAINTHYHI, CIAIOCHYTI
3 O6okiB. Pape BupasHuI, TArHETbCS BiA
MIKPOIIIASIPHOTO A0  XaAA3aAbHOTO  KiHIIA
HaCIHUHHU.  3aBAOBXKKH 1,36-1,43  mm,
sapumpmku  0,66-0,69mMM  (BiaHOmeHHs
pobxuHa/mupusa - 2,06).  Kyrukyaa
3MOpIUIKYBaToOro THIy, AOOpe pO3BUHYTA
B YCIX AOCAIAKEHHX 3paskiB. AMCTaAbHI Ta
MPOKCUMAAbHI aHTHUKAIHAABHI CTiHKH, A€o
3BUBHUCTi, YOTKONOAIOHO  IOTOBINEHi, iX
TOBIIMHA CTaHOBUTH 35,64-7,34 mxm. Mexi
MDK ~ QHTHKAIHAABHMMH  CTiHKaMH — CYCIAHIX
KAITMH TecTH diTKi. 3OBHIIIHI IepHKAiHAABHI
CTiHKM KAITHH TeCTH IAACKi, YABTPACTPyKTypa

3MOpIIKyBara.  AOBXHHA  KAITHH  TeCTH
cTaHoBUTh 96,46-126,14 MKM, BiACTaHb MiX
BHYTPIIIHIMH MeXKaMu MIPOKCUMaAbHUX
AHTUKAIHAABHUX CTIHOK — 9,98-15,23 Mxwm.

IToBepxHs HaCiHUH KOPOTKOKOMipyacra.

C. polymorpha

Hacinuan BY3bKOOBAAbBHO-€AIITHYHI,
CITAIOCHYTi 3 60KiB. Pade BupasHuil, ik iy HACIHUH
C. rotundifolia, Taraerscst Bip MikpomiaspHOTo
AO XaAa3aAbHOTO KiHIIS HacCiHMHH. AOBXHWHA
HacinuH 1,33-1,39 MM, mmpuna — 0,44-0,46 Mm

(BipHOmIeHHS — AOBXMHa/ mupuHA — 3 ,02).
Kyrukyaa 3mopmkyBaroro Ty, Aobpe
pO3BUHYTAa B YCIX AOCAIAXKEHMX 3pasKiB.

AucrasbHi Ta TPOKCMMAaAbHI aHTHKAIHAAbHI
CTiHKH, AEIIO 3BUBHUCTI, PIBHOMIPHO MOTOBIEHi
Ha BiAMiHY Bip IOIIEpEAHIX BHAIB, iX TOBIIMHA
cramoButh  3,53-5,58 wMrM. Mexi Mix
AQHTUKAIHAAPHUMM CTiHKAMHM CYCIAHIX KAITHH
TeCTH JiTKi. 3OBHIIIHI TePUKAIHAABHI CTiHKH

KAITUH TeCTH BBIHYTi, YABTPacCTPyKTypa
3MOpIIKyBaTa. AOBXHHA  KAITHHH  TEeCTH
cranoButh 87,66-108,32 MKM, BIiACTaHb MK
BHYTPIiIIHIMH MeXaMu MPOKCUMAABHHUX
AQHTUKAIHAABHUX CTiHOK — 6,58-7,28 MKMm.

IToBepxHs HaciHUH KOPOTKOKOMipYacTa.

C. kladniana

Haciuuuu OBaAbHO-EAINITHYHI,
criarocHyTi 3 60kiB. Pade Bupasmmit. Sk i
y wacimun C. rotundifolia, TarmeTscs Bia
MIKpPOITIAIDHOTO A0 XaAa3aAbHOTO  KiHIIAL
AoBxuHa HaciHuH craHoButh 1,27-1,37 M,

mupusa - 0,63-0,71 wmM  (BiaHOmIeHHs
poBxuHa/mupuHa - 1,93).  Kyrmkysa
3MOpIIKYBAaTOrO  THIY, AOOpe pO3BHHEHa

B YCiX AOCAIA’K€HHMX 3paskiB. AMCTaAbHI Ta
IPOKCUMAAbHI aHTHUKAIHAABHI CTiHKH, A€o
3BUBHCTi, AEIO HEPIBHOMIPHO MOTOBIIeHi, IX
TOBUIMHA CTAaHOBUTH 6,19-6,92 MxMm. Mexi Mmix
AHTUKAIHAAPHMMM CTiHKAMHM CYCIAHIX KAITHH
TeCTH diTKi. 3OBHIIIHI TePUKAIHAABHI CTiHKH
KAITHH TeCTH, Ha BiAMIHY Bip ITOIIEPEAHBOTO
BUAY, BBITHYTi, yABTPacTpPyKTypa 3MOPIIKyBara.

AOBXHHA  KAITHHM  TeCTH  CTaHOBHUTb
106,84-188,38 MKM, BiacTaHb MK BHYTpilIHiMu
MeXaMH  IPOKCHMAAbHHMX  QHTHKAIHAABHHX

crinok — 7,53-8,75 mxm. IloBepxHs HaciHuH
KOPOTKOKOMip4acTa.

Psp Lanceulatae

C. serrata

Hacinunn BY3bKOOBAAbHO-CAINITHYHI,
3piaka  sALenopibHi, cmarocHyTi 3 GOKIB.
Pade Bupasuumit. Sk i y HaciHMH momepepHIx
BUAIB TATHETBCA BiA MIKPOIASPHOIO  AO
XaAa3aAPHOTO KiHIL HaciHMHH. AOBXHHA
Hacimmn 1,55-1,62 wmm, mupura - 0,90-
0,93 Mm (poBxuna/mupuna — 1,74). Kyruxyaa
3MOPIIKYBaroro TUily, A0Ope pO3BHMHEHA
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B YCIX AOCAIAKEHHX 3paskiB. AMCTaAbHI Ta
MPOKCUMAAbHI aHTHUKAIHAABHI CTiHKH, A€o
3BHMBHCTI, PIBHOMIDHO TOBCTi, Ha BiAMIHy BiA
MOIEPEAHIX BHAIB, iX TOBIIMHA CTAaHOBHTD
8,32-16,07 mxm. Mexi MK aHTUKAIHAAPHUMH
CTiHKAMM CYCIAHIX KAITHH TecTH uiTki. 30BHimH]
MEePUKAIHAABHI CTiHKM KAITHMH TeCTH, SK i y

C. rotundifolia, BBirHyTi, yABTpacTpyKIypa
3MOpImIKyBaTa. AOBXHHA KAITHHH  TeCTH
cranoButh 77,46-112,07 MKM, BiACTaHb MiX
BHYTpilIHIMH MeXXaMHu IIPOKCUMAAbBHUX

5,94-6,35 MkMm.
IToBepxHs HAaCIHMH KOPOTKOKO6OpO3eHYacra.

AHTHUKAIHAABHMX CTiHOK —

Orxe, HACIHHMHU IIPEACTABHUKIB IiACEKIHl
Heterophyllay $aopiYipaiHu 0BaAbHO-€AIITHYHI
(C. kladniana, C. polymorpha, C. rotundifolia)
un stitnreriopi6ui (C. serrata), caromeni 3 60kiB
(Puc. 1). Pade BupasHuit B ycix AOCAipXeHHX
BuAiB. KyTukyaa smopmkysaroro rtuiry, Ao6pe
PO3BMHEHa B IPEACTABHMKIB AQHOI IiACEKIHI.
AHTHKAIHAABHI CTiHKM KAITMH eIlipAepMHU TeCTH
YOTKOTIOAIOHO TOTOBIIEH] Y IPEACTABHHUKIB PAAY
psiay Vulgares ta piBHOMIPHO — y IIpeACTaBHUKIB

psiay Lanceolatae. HaittoBmi mnpoxcuMasbHi
AQHTMKAMHAAbHI ~ CTiHKM Yy  IPEACTaBHUKIB
psiay Lanceolatae. 3oBHIHI IepHKAIHAABHI

crinku maacki (Bupu psapay Vulgares) abo
BBirnyTi (BuAM psiay Lanceolatae). Hacinunu
XapaKTePUIYIOTbCS KOPOTKOKOMIpYacTOI0
(C. kladniana, C. polymorpha, C. rotundifolia)
un  kopoTkoboposemuactoro  (C.  serrata)
YABTPACTPYKTYPOIO.

Taxum unHOM, MiKpoMOpdoaoridHi 03HAKK
HAciHMH mpeACTaBHHKIB popay  Campanula
miacexuii Heterophylla ¢aopu Yipainu MOXyTb
BUKOPHUCTOBYBATHCh B SAKOCTi TaKCOHOMIYHMX
AMIIE B KOMITAEKCI 3 iHIMMMH O3HAKAMH.

Bucnoskn

AOCAIAYKEHD
IIPEACTABHUKIB

Y pesyabrari = AeTaABHHX
Mop¢oaorii HaCiHMHHA
mipcekuil  Heterophylla  BussseHo — o3Haxu,
SAKi  XapaKTepU3yIOTh YCiX MPEACTaBHHKIB
AAQHOI IACeKIi, a caMe cepeaHi pPO3MipH,
BIACYTHICTb OIYIIEHHS Ta IIPHAATKIB, 6AMCK Ta
KOPHYHEBUN KOAIp. Takox BCTaHOBAEHO, IO
Ii BUAM PO3PI3HAIOTbCA po3Mipamu, ¢popMOIo,

XapaKTepOM IOTOBINEHHS  AHTHKAIHAABHHMX
CTiHOK, (OpPMOIO MEepUKAIHAABHUX CTiHOK i
YABTPaCTPYKTYPOIO IOBEPXHi HACIHHH.
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Puc. 1. Hacinnnn ra ixnosepxusi: 1-3 — Campanula rotundifolia; 4-6 — C. polymorpha; 7-9 — C. serrata; 10-12 — C. kladniana.
ITina mopiaku — SO MKM.

Fig. 1. Seeds and their surfaces: 1-3 — Campanula rotundifolia; 4-6 — C. polymorpha; 7-9 — C. serrata; 10-12 — C. kladniana.
Scale - 50 ym.
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MORPHOLOGICAL CHARACTERISTICS OF THE SEEDS OF SPECIES FROM SUBSECTION
HETEROPHYLLA (NYM.) FED. OF THE GENUS CAMPANULA L. IN THE FLORA OF UKRAINE

N.G. DREMLIUGA ' & O.A. FuTOoRrNA 1?2

Abstract. The morphological peculiarities of seeds in four species (Campanula rotundifolia, C. kladniana, C. polymorpha,

C. serrata) from subsection Heterophylla (Nym.) Fed. in the flora of Ukraine were studied. Both common (size, lack of

pubescence and appendages, shine, brown colour) and specific (sizes, shape, ultrastructure of the surface) features have

been revealed.

Key words: Campanula, Heterophylla, seed, surface ultrastructure, flora of Ukraine
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MOP®OAOTTYHI OCOBAUBOCTI AUCTKIB
DELPHINIUM SERGIIWISSJUL. B OHTOI'EHE31

AAAA M. THATIOK

Amnoranis. ITpeAcTaBAHO pe3yABTATH AOCAIAYKEHHSI MOP(OAOTIYHOI PisHOMAHITHOCTI AMCTKIB y 0co6uH Delphinium sergii
Wissjul., eraemixa cxianoro IIpraopHOMOp’s, Ipi BUpOLfyBaHHi fioro B Kyabrypi B Hanjionaabnomy 6oraniuHomy casy
im. M.M. IT'pumxa HAH Yxpainu. Beranosaeno, mo aas D. sergii XxapakrepHa reTepodiais Ta Mop$oAoriuyHa MiHAUBICTD
$OpMU AMCTKOBHX ITAACTHHOK, IO IMPOSIBASIETHCS B OHTOreHe3i Npy OpMyBaHHI BereTaTUBHOTO i reHepaTHBHOTO IaroHiB.
BcTaHOBAEHO 3BSI30K CTYIEHSI PO3YACHOBAHOCTI AMCTKOBMX IAACTHHOK 3 spycaMu ix ¢popMyBaHHs Ta BikoM. Biabmr
PO3YAEHOBaHI AUCTKH € «CTapIIMMHU>, & IIPOCT] — GIABII «MOAOAMMU>. B MexKax maroHa criocrepiraeTbesi yCKAAAHEHHS
$opMM AMCTKOBHX NAACTHHOK Yy HANPSMKY Bip HU30BOI GopMarlii A0 CepeAMHHOI i IOCTyIOBe CIpPOLIeHHs y AUCTKIB
BepxoBoi popmarii. opmyBaHHs pisHIX 32 POPMOIO AUCTKIB Y OAHOBIKOBHX OCOOHH OAHAKOBOTO BIKOBOI'O CTAHY 3aAEKAAO
BiA OCBITA€HHSI, 3BOAOXKEHOCTI IPYHTY, IIIABHOCT] IIOCIBiB, FeHETHYHOI HEOAHOPIAHOCTI OCOOMH, 2 OTYKe MAACTHIHOCTI BUAY
B Pi3HHMX YMOBAX 3pOCTaHHS.

Karouosi caoBa: Ranunculaceae, Delphinium sergii, MoppoAaoriyHa MiHAMBICTb AMCTKIB, reTepodiais, moaiMopdism,
OHTOTeHe3

Hauyionanvruii 6omaniunuii cad im. M.M. Tpuwixa HAH Yipainu, éya. Timipssescoka, 1, 01014, m. Kuis, Vipaina; colchicum@iua

Bcryn K. Te6eaem (GOEBEL 1882) rerepobaacTuM.
H.IL Keeuke (1933-1935) sigmiuas, mo y
SBume rerepodiaii - yYTBOpPeHHS Ha OKPEMHX BHAIB POCAMH iCHY€ 3HAUYHA KOPeASIlis

OAHOMy CTebAi AMCTKIB pisHOI ¢opmu, sike
CYIPOBOAXKYETbCA 3MiHAMH IX CTPYKTYpHO-
$yHKI[iOHAABHOI ~ Opraisaiii, omnucaHe Yy
6araTbOX BUAIB CYAMHHUX POCAMH, B TOMY YHCAi
Y CYXOAIABHUX i BHINUX BOAHUX POCAMH. 3MiHa
$OpMH AUCTKIB — Ije BHSB TAACTHYHOCTI IXHbOTO
POCTY Ha BCIiX piBHSX OpraHisanii: MOYMHAYN
31 3MiHHU HAINPSAMKY IOAIAY KAITHH, 1 3aKiHIYI0UH
3MiHaMH Ha CyOKAITHHHOMY Ta MOAEKYASIDHOMY
pisrsax (HEAYXA 2011). Y cyXopIABHHX pocAuH
reTepodiaisi crocrepiraeTbcs SK IIip 9ac pocTy
BEreTaTMBHOIO IAroHa, Tak i mpu ¢opmMyBaHHI

kBiTKOHOCHOTO maroHa (GIVNISH  1987;
GIVNISH ef al. 1994; Haymos 2009).
OcobauBuit  iHTepec y  AOCAIAHHKIB

3aBXXAU BUKAMKAAW Ti POCAWHM, B SKHMX II€ Ha
MOYATKy CTPYKTYPyBaHHS € BUAMMMMH 3HAUHi
BIAMIHHOCTI IOBEHIAPHUX €TaIliB PO3BUTKY BiA
6iabIn misHix. L1 pisHHIA € 0COOAMBO IIOMITHOIO
B XapaKTepi AHCTKIB, SIKi Y MOAOAUX POCAMH
3HAYHO BIAPI3HAIOTHCS Bip TaKUX Y AOPOCAHX
oco6uH. IToAi6HMIT THIT PO3BUTKY OyB Ha3BaHMUIT

CTYIeHs PO3YAEHOBAHOCTI AMCTKOBOL
IAACTUHKM 3 sfpycaMu iX (OpMyBaHHS, IO
BKa3ye€ Ha Te, IO IX PO3YACHOBAHICTh € BIKOBOIO
03HaKOI0. 30iAbIIIeHHS TAMOHHI PO3YACHYBAHHS
Y KOXXHOMY YeproBOMY APYCi BUPaXKa€ CTYIIHb
3pIAOCTi AQHOI I'PYIIH POCAMH.

Bipomo, mo B cTpecoBux  yMOBax
peaaisyeTbca  mUpmUA  COeKTp  Mop¢o-
TeHeTHUYHUX TPAEKTOpil 4um  «Mopdo3is>,

SKAA B 3BHYAMHMX <«HOPMAABHUX>» YMOBaX
3aperyAbOBAHMI 1 He INPOSABAAETHCA Yy IOBHIM
Mmipi. DByAp-sika  MiHAMBICTD  XapakTepusye
$eHOTHUIIYHY IAACTMYHICTD 1  PYXAHBICTDb
OpraHiaMy Ta BKa3ye Ha MOXAMBOCTI i
mAsxu  Horo  popmoyTBOpeHHsA. B xoai
PO3BUTKYy MeTaMepH CTHUKAIOTbCS 3 BEAMKOIO
PI3HOMaHITHICTIO YMOB MOro peaaisamii, i 3a
ix (EeHOTHIIIYHOIO PpI3HOMAHITHICTIO MOXHA
CYAUTHU PO MOPPOreHeTHYHY «IIUPOTY HOPMU
peaxuii» Aanoi ocobunu (BACUABEB 2009).
AocaipxerHa  MopgoaorigHol  MiHAMBOCTI
pocamH B yMmoBax iHTpoaykuii (ex situ) e

© 2016 The Author(s). Published by 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/ )
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0COOAMBO  AKTYAaABHUM  AASL  PApPUTETHHX
BUAIB, OCKIABKM BOHO AEMOHCTPYE aAANTHBHI
MOXAMBOCTi OCOOHH.

Besymosnmit inTepec y LIbOMY
BigHOmIeHHI Mae poauHa Ranunculaceae,
IIPEACTaBHUKU $IKOI BUPI3HAIOTbCA 3HAYHOIO
AAANTUBHOK Ta €BOAIOI[IMHOK IMAACTUYHICTIO
(BapbikuHA 1995). YacTo 30BHimHI 03HaKH,
o caMi 1o cobi He MAIOTb IIPHCTOCYBAABHOTO
3HAYeHHs, MOXYTb OyTH  IIOKa3HHUKAMH
bioaoriunHnx i ¢isiororiyHMX BAaacTHBOCTEH i
MOXYTb AOTIOMOITH 3PO3YMITH CHPSMYBaHHS
THX IIPOLIECIB, B PE3YABTAT] SIKUX BUPOOASIIOTHCS
exortunu (CUHCKAS 1948).

Buxipnoro ¢popmoro y popuni Ranunculaceae
BB)XAIOTh TpifldacTo-AomareBi abo poaciueHi
AUCTKM, a IIAABYATO-pO3cideHi abo po3AiAbHI
AMCTKM — SIK TakKi, II0 YTBOPHUAKCh 32 PaXyHOK
PO3AIAEHHS CEpEeAHbOrO CerMeHTa TpiMdarol
[IAAQCTUHKY HA TPH, 2 OOKOBHX — Ha ABI YaCTHHIL
CkAapHI AMCTKM PO3BHBAAMCh 3 IPOCTHUX B
Pe3yABTaTi PO3AIACHHS IAACTUHKHU Ha CETMEHTHU
AO OCHOBH i OpPMYBaHHS CAMOCTIHHX YepeIlKiB
(BumaH 1985).

3HayHa  BHYTpiIHBO- Ta  MiKBHAOBA
BapiabeAbHicTh $pOpMH, PO3MIPIB Ta Xapakrepy
PO3YAEHYBAHHA AMCTKOBUX IIAACTHHOK YacTO
criocrepiraersest y BHAIB poay Delphinium L.,
IO  AEmIO  YCKAAAHIOE IX  CHCTEMaTHUKY
(MyXAMET3SIHOBA©Jp.2001; DEAOPOB2003).
HesBakaroun Ha BEAMKY KIABKICTb ITyOAiKarjiif,
NPUCBSIYEHUX TIPEACTAaBHHUKAM POAY Ta IX
OHTOMOPOTeHe3y, yce Ije HEAOCTaTHbO YBaru
IIPUAIAGHO  AOCAIAKEHHIO  IoAiMOpdismy
AWCTKIB Ha pi3HUX eTalax pPO3BUTKY POCAWH
LbOro popy. B 3Bsi3ky 3 1juMm Oyau 3piiicHeHi
AOCAIAKEHHS MOPPOAOTIYHOI Pi3HOMAHITHOCTI
AUCTKiB y ocobun D. sergii mpu BupoLfyBaHHI
#oro B KyAbTypi B HarionaapHOMY 60TaHiYHOMY
capy im. M.M. I'pumka HAH Ykpainu.

Marepiaau i MeTOAM AOCAIAIKEHD

AOCAIAXKEHHS  3AIMCHIOBAAM  IIPOTSATOM
S poxis. MarepiaAoM CAyryBaAM pPOCAMHHU
D. sergii xoaexii piagaku «PipkicHi pocannu
¢aopu Ykpainm» HBC im. M.M. Ipumxa
HAH Vxpaiaun. PocamHM po3MHOXYBaAH
TreHepaTHUBHO i CAIAKYBaAM 32 PO3BUTKOM i
POCTOM B yMOBax KyAbTypu (HaciHHS BUCiBaAH

B IPYHT Ha pi3HI AIASHKM Yy ABOpa3OBil
OBTOPHOCTA). IMopoxy 3AIMCHIOBAAU
AOCAIAXKEHHS IX PO3BUTKY. 3  IOSBOIO
HOBHX OpraHiB, POCAMHH BHUMIPIOBaAM Ta
3pificHIoBaAM  $oTodikcarnito. AocaipKeHHS
DPOBOAMAM ~ OKPEMO IO  KOXHINA rpymi
OCOOMH y OAHAKOBOMY BIKOBOMY CTaHi:
AoCAipXyBasu GopMy Ta po3Mip IX AMCTKOBHX
[AQCTHHOK y PI3HHX 0COOMH pi3sHOTrO BiKy Ta
0COOAMBOCTI Ta 4eproBicTh IOSIBH AUCTKIB Ha
okpeMiit ocobuni. 3a OCHOBY Kaacmikaril
BiKOBUX CTaHIiB NPUUHATO TEPMIHOAOTIIO Ta
cxemy T.A. PABOTHOBA (1950), pomoBHeHy
B TIOAAABIIOMY  HOrOo  IOCAIAOBHHUKAMH
(CEMEHOBA 1989). Posmipu BCTaHOBAIOBaAH
3a pesyapraTamu BumiproBanHs 10-30 aucTKib.
Taxkmil MOKAa3HHK SK AlaMeTp AMCTKOBOI
MAACTHUHKH BIAIIOBipQ€E Ha1716iAbu10My
AlaMeTpy KOAa, B K€ MOXKHA II BOUCATH. AAS
ONKCY CTYNE€HS PO3YAEHYBAaHHS AMCTKOBOIL
IIAACTMHKH  IIAPAaXOBYBAaAM  KiABKIiCTb  ii
cermeHTiB (4aCTOK), He BpPaXOBYI0UH TAUOUHY
posciuenns (Puc. 1).

Pe3yapraru Ta ix 06roBopeHHs

D. sergii — enaemik cxiporo Ilpu-
JOPHOMOP’sl, 3aHeCeHUl A0 epBOHOI KHUIHU
VYkpaiHm 3 cTaTycoM «BpasauBuii». B
IPUPOAHHUX YMOBaX Tpanaserbcs B [lonTrynin
nposinnii Ta Ha KaBkasi. B Ykpaini sHaripeHui
Ha AonemnpkoMy kpsokxi Ta IIpmasoBcbkiit
BucounHi. D. sergii — 6araropiuHa Tpap’sHHCTa
epemepoipna pocanna 40-100 cM 3aBBuIIKH,
3 IPSIMOCTOSIYUM TIPOCTHUM 200 PO3raAyKeHHM
cTebAOM 1 MAABIATOPO3CIYEHHMH AHCTKAMU.
Bup moaiMopdHumit i pocaMHH BapilOIOTH
3a 3a0apBAEHHSIM KBITOK, OIYUIEHHSAM Ta
nopisanicTio aucrkis (A1AYX 2009).

D. sergii BiaHOCSTD AO cekuiii Diedropetala

Huth mipapoay  Oligophyllon  Dimitrova,
KyAU  3aHECEHO  BHMAM,  IIPEACTaBAeHi
0e3p03eTKOBUMH 0yABOOKOpEHEBUIHUMH

TPaB SIHUCTHUMH IIOAIKapIIiKaMU 3 XapaKTepHUM
OyABOOIIOAIOHUM IOTOBIIEHHSIM 6a3aAbHUX
YaCTMH IIarOHIB Ta paHHIM BiAMHMPAaHHAM
CHCTeMH FOAOBHOTO KopeHs. Buau njiei rpymu —
reaiodiru-kcepodiTu, 0CKiAbKM IPUYpPOYEHi AO
BIAKPUTHX GIABII-MEHIII CYXUX AIASHOK B ropax
Ta Ha piBHMHax (3UMAH 1985).
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Puc. 1. ITapamerpu AncrkoBoi maacturku Delphinium
sergii: 1 — AlameTp; 2 — CErMeHTH.

Fig. 1. Parameters of Delphinium sergii leaf blade:
1 - diameter; 2 — segments.

IIperenepaTuBHi OCOOMHHM  PO3BHBAIOTH
MOAIITMKAIUHI 260 AULIUKAIYHI PO3€TKOBi MaroHu
3 pisHOIO KiApKicTIO AHMCTKiB. Ilepmi ¢asu
po3BuTKy maroHa y D. sergii, IK y KAQCHYHOTO
reodira, mnpoxoasaTb B IpyHTL. IIpopocrku
0e3emiKOTHABHI, TIIOKOTHAb KOPOTKHil. BoHu
$opMmyrOTbCS  HaBeCHi  HACTYNHOTO  ITicAL
cisbu poky (mpopocramms crocTepiraeTbcs
IIpU IIABUINEHHI TeMIIEpaTypH BAEHDb Bip
15-19 °C), mpopocranns Hapsemue (mpore
HaciHHI OOOAOHKM He 3aBKAM BHHOCSTBCS Ha
HOBerHIO). CiM'IAOAPHUX AMCTOYKIB  ABa,
6amspko 0,4-1 cM. 3aBpoBxku Ta 0,5-0,8 cm
3aBUIMPIIKKM, 3 OKPYTAMMH YU €AINTHYHUMH
3arOCTPEHMMHM HAa  BEpXiBIi  AMCTKOBHMH
MMAACTMHKAMM, Ha YepellKax, sIKi 3pOCAMCSA B
6asaabHiit vactuni (Puc. 2). Ha pAanomy etami
PO3BUTKY He CIIOCTepiraAoch BiAXHAeHb y popmi
AMICTKOBHX IIAACTHHOK, OCOOMHHU BiAPi3HSAHCH
Aumie ix posmipamMu. Y YaCTHHU POCAMH
depe3 4-5 TIDKHIB ICASI TIOSBU CiM'SAOABHHX
AWCTKIB PO3TOPTAETHCA TEPUIMH  CHPaBXHIN
AUCTOK. BiH Mae yepemok Bia 2 a0 10 oM
3aBAOBKKM Ta AMCTKOBy mAaactvHKy 1-2(3) oM
B AlaMeTpi, ABO-, TpHU-, YOTH- Ta IISITHAOIIATEBY,
MMAABYACTO-PO3AIABHY YM poscideHy. Y AedKHX
POCAHH 3rOAOM BIAPOCTAE IIle OAUH 60 2 AMCTKH
3 PiI3HMM CTyI€HEM PO3CIYeHOCTI AMCTKOBOI
TIAQCTHHKM: Bip TPIMYACTO-PO3CIYEHMX AO MarDKe
MAABYATO-POSAIABHUX,  TPIMYATO-POBAIABHMX 1
ABiUMAOIIATeBUX. BHAcAipOK  poO3dyAeHYBaHHS
AWCTKOBOI IIAACTHHKHU YTBOPIOIOTbCSA Bip 2 A0 8
CErMeHTIB i MOYKHA ITPOCAIAKYBATH IIOCAIAOBHHI
psia ix yropenns (Puc. 3). Ilepmmii cipasskHiit

10.mm

Puc. 2. ITpopocrku Delphinium sergii.
Fig. 2. Seedlings of Delphinium sergii.

Ta HACTYMHI AMCTKH Bi3yaAbHO PO3MIIIyIOThCS
nopsp i3 CiM’IAOAPHMMM, OCKIABKM IiXBHM IX
YepelKiB 3HAXOASATHCS B IPYHTI Oiast OpyHbKM
BiAHOBAEHHSI.

Bke y mepimuii pik BereTarjii criocTepira€Tbcs
BIAMIHHICTD y MOPQOAOTriUHIN GYAOBI AHCTKIB
0CcOOUH OpHi€l BiKOBOI Ipymu Ta OKpeMoi
ocobuHu i IIOCTYTIOBE YCKAAAHEHHS ¢$opMu
AMCTKOBOI IAACTHMHKH B IIPOLIECi OHTOTeHe3y
(THATIOK 2014). IcHye meBHa apanTHBHA
pisHUIA ¥ OPMYBAaHHI AMCTKOBUX IAACTHHOK
y 0CcOOHH, IO mepeOyBalOTh y Pi3HHX yMOBax
OCBITAGHHA: B  HAmiBTiHIi  QOpPMyBaAMChH
MEHII PO3CideHi AMCTKH 3 OIABLIOI0 IAOLIEIO
$OTOCHHTETHYHOI IIOBEpXHi, HDK y POCAUH B
yMoBax nosHoro ocsitaenns (Puc. 3 a, 6).

Ha apyruit pix Bereranil ¢opMmyroTbcs
IMaTypHi, BipriHiAbHI Ta MOAOAI TeHepaTHBHIi
ocobunn. Imarypni 1 BipriHiapHi o0co6HHH
YTBOPIOIOTD 2-3 CIIPaBXHiX AUCTKH, IO MOXKYTb
CYTTEBO PIi3HUTHCS 32 PO3MipaMH y OKpeMHX
ocobun, BoHU Bip 1 a0 6 cM B plamerpi i
posaiseni Ha 4-16 cermentis (Puc. 4 a). Auctku
MEHIIi Ta MAIOTh AMCTKOBI IIAQCTMHKM iHIIOI
popmu, HIX y reHeparuBHUX ocoOuH. KoxHuit
HACTYIIHUI ANCTOK, [0 pOPMYETHCS HA 0COOUHI
(cTapmmit 3a BikoM), MepeBaXHO, Ma€ GiAbmI
CKAAAHY 32 (OpPMOIO AUCTKOBY IIAACTMHKY i
BXXe y BIPTiHIAPHUX OCOOUH AMCTKH MAIOTh BiA
6 Ao 34 cermentis (Puc. 4 6). B onTOrenesi
D. sergii cmocrepiraeTbcs mepexip 6iomopdu
POCAMHH Bip PO3€TKOBOI 3 MOHOIOAIAABHHM
TUIIOM HAPOCTaHHA 1 HAMIBPO3ETKOBOI A0
6esposerkoBol. D. sergii B IpereHepaTHBHOMY



106

MODERN PHYTOMORPHOLOGY 10 (2016)

6)

Puc. 3. AucTku oAHOBiKOBUX (0AHOpIUHUX) IoBeHiAbHIX 0co6uH Delphinium sergii: a — B ocBiTAeHUX yMOBaX; 6 — y 3aTiHKy.

1 kaiTHHKA = § X § MM.

Fig. 3. Leaves of same-aged (annual) juvenile individuals of Delphinium sergii: a — in bright conditions; 6 — in shaded

conditions. 1 scale cell = § x § mm.

nepiopl  pO3BUTKY 3HAXOAUTBCA Y  CTaHI
BIAKPUTOTO BKOPOYEHOIO IIarOHa, YTBOPIOIYU
PO3eTKy NMpUKOpeHeBHX (MPH3EMHUX) AUCTKIB,
a y TeHepaTHMBHOMY BiKOBOMY CTaHi TOAOBHHUH
MariH 3aBepUIyE CBili PO3BUTOK SK BIAKPUTHM
Ta popMye 6e3p0O3eTKOBHUIL MATiH 3 IIOYEPrOBUM
AMICTOPO3MIIIEHHSM, PICT AKOTO 3aKiHYY€ETbhCS
YTBOPEHHSM CYIIBITTSL

HeoapHouacHiCTh  pO3BUTKY  AUCTKiB Y
reHepaTUBHUX OCOOMH, a TaKOX HAasBHICTD
Ha OAHOMY TIarOHi Ppi3HOBIKOBMX AHCTKIB,
IO  BIAPI3HAIOTBCS ~ MOPQOAOTIE€I0,  AAIOTH
MOXAUBICTP TOBOPUTH IIpo reTepodiaito y
ocobun D. sergii i BHAIASTH AMCTKOBi cepil.
B AncTkoBy cepiro BXOAUTD psiA IMOCAIAOBHO
cpOpMOBAaHMX AMCTKiB: Bip HaHCTapIIUX AO
MOAOAMX. AHCTKH OAHOTO BiKy y cKaaai cepil
$opMyIOTH AUCTKOBY popMariiro.

Y D. sergii BHUAIASEMO HACTYmHI Tpu
AMCTKOBi popMmanii: 1) HU30BY — IpeACTaBAeHY
PO3ETKOBMMHM  AMCTKaMH, IIiXBM 4YepelIKiB
SKUX 3HAXOAATHCS B IPYHTI 6iasd OpYHbKH);
2) cepepuHHY — e 3piAi, AeDiHITHBHI AMCTKH
po3MillleHi HaA3€MHO Ha KBITKOHOCHOMY IIarOHi;
3) BepxoBy - HEAOPO3BHMHEHi BMAO3MiHeHi
AMICTKHU, [0 Y TBOPIOIOTHCATIOMIPi pOCTY CYLIBITTS
Ta mpuksiTKH. Ilepexip Mix ¢opmarmismu Ha
KBITKOHOCHOMY IIarOHi MOCTYIIOBUH i IIOAATAE y
CIIPOLIEHH] IX CTPYKTYPH, 30KPeMa, y PEAYKIHL
YepeInKka, 3MEHIIEHH]I 9KMCAQ 9aCTOK AMCTKOBOL
IAAQCTUHKM Ta iX 3araAbHOTO po3Mipy. AMCTKH
HU30BOI QopMmalii Ha MOMEHT KBiTyBaHHS
BiAMHPAIOTb.

Aucrku BepxoBoi ¢popMallii po3TamoBaHi Ha
piBHi cynsiTTa. Ile cMASYl AUCTKU-TPUKBITKH,
AKi Ha HWKHIX pIBHAX MalOThb pPO3CiueHy
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Puc. 4. Auctku ABopiunux iMaryprux (a) Ta Biprisiabaux (6) oco6un Delphinium sergii. 1 xaitunka = S X S M.

Fig. 4. Leaves of biennial immature(a) and virginile (6) individuals of Delphinium sergii. 1 scale cell = § x S mm.

MAACTHHKY, MO IOCTYIOBO 3MIiHIOETbCA Ha
Maibke ILiAiCHY ab0 IHAiCHY AaHIIETOIIOAIOHY
Ha Bumux pisHax. Ilpomec mepexoay Bip
AMCTKIB cepepMHHOI ¢Qopmarlii A0 BepxoBoi
IIPOSIBASIETHCS Y 3MEHINeHHI AOBXXMHHU Yepelka
AO MaiDKe ITOBHOI MOTO PEAYKIIii Ta 3MeHIIeHHi
po3MipiB 1  pO3YA€HOBAHOCTI  AMCTKOBOI
maactusku (Puc. ).

HaitbiapmuMu 32 po3mipaMu 1 cTyIeHeM
PO3CiUeHOCTi € AePiHITHBHI AUCTKU CePEAUHHOI
$opmarii. Ix 3-7, Bomm Bia S 40 23 cM B AlameTpi

('l'x po3Mip HacaMIepea 3aA€XUTH Bip po3Mipy
caMoi POCAMHM i YMOB BHpPOUIYBaHHA) i
IIepEeBAXHO TPHYi PO3CIYeHO ITITUPO3AIAbHI 32

$opmoro.
Ha remeparuBHill  cTapil  po3BUTKY
HOAIMOpQI3M  AMCTKIB MDK  OCOOMHAMHU

BUPA)KEHUU MEHIIe i IPOABASIETHCA y PisHil
IIMPHH]I 9aCTOK Ha SKi PO3piAeHa AMCTKOBA
maacturka (Bip 0,2 A0 0,7 cM) Ta KiAbKOCTi
IIUX YaCTOK (BiA 70 a0 105), IpU IIbOMY
y KOXHOI OKpeMOl OCOOHMHHM MOXXHA UiTKO
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Puc. 5. Auctku sepxoBoi popmarii y oxpemoi ocobunn Delphinium sergii (3aiBa Hampaso — Bip OCHOBH AO BepXiBKH

cyusirts). 1 kaiTHEKa = 5 X S MM.

Fig. 5. Leaves of the upper formation of Delphinium sergii individual (from left to right — from the base to the top of the

inflorescence). 1 scale cell = § x S mm.

Puc. 6. Aucrku reneparusHux ocobun Delphinium sergii (nepmmit anctox Bepxosoi popmanii). 1 kaiturka = S X S MM.

Fig. 6. Leaves of generative individuals of Delphinium sergii (the first leaf of upper formation). 1 scale cell = 5 x S mm.

NPOCAIAKYBAaTH 3MiHM y QopMi AHCTKiB

cepeAnHHO] Ta BepxoBoi popmaniit (Puc. 6).
Hamum AOCAiAXeHHSAM BCTaHOBAEHO, IO

B PE3yAbTaTi TeHEPaTUBHOTO PO3MHOXKEHHS

D. sergii yTBOpIOE  IOKOAIHHS  0COOHH,
O BIApPI3HSIOTBCS MDK co600  popMoro
Ta  CTyIeHEM  PO3CIYeHOCTi  AUCTKOBHUX

mAacTHHOK. [lg pisHMIE € mOMiTHOIO He
AUIIEe y IpereHepaTHBHUX OCOOMH, a TaKOX
y TeHepaTUBHUX 0COb6MH mip vac LBiTiHHA

(Puc. 7).
BucuoBkn

Taxum uwmsOM, D. sergii xapakrepHa sK
reTepoQiais, 110 IPOSABASETHCA B OHTOT€He3i Ipu
$opMyBaHHI BereTaTMBHOTO i reHepaTUBHOIO
IIarOHIB TaK i MOpQOAOriYHa MiHAMBICTD, IO

IIPOSBASIETBCS Y PO3BUTKY Pi3HMX 32 $OpPMOIO
AMCTKOBHX TIAACTHHOK Y Pi3HHX OCOOHH.
3apO3MiH.IeHH5IMHapOCAI/IHiMO)KHaBI/IAiAI/ITI/I
HacTymHi AMCTKOBi popmanii (cepii): HH3OBY,
cepeAuHHY Ta BepxoBy. Ilepexip Mix HH30BOHO
i cepepuHHOI0 QOpMaIliiIMU IOCTYIOBHH i
HOAsITa€e B 30iAbIIEHH] pO3CideHOCTI Ta po3MipiB
AMcTKOBUX TmaactuHOK. Ilpomec mepexoay Bip
AMCTKIB cepepAnHHOI ¢opMarii A0 BepxoBoi
IIPOSIBASIETHCA Y 3MEHIIEHH] AOBXHHHM depellKa
AO MaiDKe IIOBHOI MOTO PeAYKIlii Ta 3MeHIIeHHi

po3MipiB i pO3YA€HOBAHOCTI  AMCTKOBOL
MIAQCTUHKH.

B ouTOreHesi BIAOYBa€TBCS YCKAAAHEHHS
IisicHOI  $OpMM  AMCTKOBOI  IIAACTHHKH

IASIXOM ~ IIOCTYIIOBOTO  PO3YAEHYBAaHHSA  AO
TPIfYacTOl 1 HACTYIHOTO PO3AIAEHHS Oi4HMX
CerMeHTiB TpiifyacToi MmAacTUHKM Ha 2 i 4
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Puc. 7. Aucrku cepepuHHOi popmarii 0cobuH Delphinium sergii 33 OAHAKOBUX YMOB BUPOIITyBaHH:.

Fig. 7. Leaves of the middle formation of Delphinium sergii individuals under identical growing conditions.

YaCTKM y IOBEHIAPHHX OCOOHMH 1 CepeAHbOro
cerMeHTa Ha 3 i GiAble 9aCTOK — y IMaTypHHX
i BipriniapHHX 0co6MH. SIK HacAipOK, B Mexax
IaroHa CIIOCTEePIra€Thbcsl YCKAAAHeHHA (opmu
AMCTKOBUX IIAAQCTMHOK Y  HAampsMKY  BiA
HU30BOI GopMaljil A0 CepeAMHHO] i MMOCTYIIOBe
CIIpOLIEHHS Yy AMCTKiB BepxoBoi ¢opmarrii
HatixapakTepHimowo € TpHYAeHHA CTPYKTypa
AWCTKA, SKa TPOTASAAETBCA i Y AediHITMBHMX
AHCTKIB CcepeAMHHOI ¢opMarlii y reHepaTUBHUX
0COOMH, 1[J0 BUTASIAQIOTH MalDKe I STHIACHHUMHU
3a PaxyHOK 3HAYHOIO pO3CiYeHHS OiYHUX
CEerMeHTiB.

Icnye xopeasnis cTyneHs po34A€HOBAHOCTI
AMCTKOBOI IIAACTHHKH 3 IPYCaMH iX GOpMyBaHHS
Ta iX BikoM. BiAbm po3yseHOBaHI AMCTKH €
«CTapIIUMU>>, a IIPOCTi — GIABII «MOAOAMMIU >
[0 BKady€ Ha Te, MO IX PO3YAEHOBAHICTb €
BIKOBOIO O3HAKOW. 3O0iABIIEHHS TAMOMHH Ta
CTYIeHsI PO3YA€HYBAHHS Y KOXXHOMY YeprOBOMY
sSIpyci Ta BIKOBI# IPyII 0COOUH BUpaXKae CTYIIHD
3pIAOCTI POCAMH.

Caip BiaMiTHTH, IO QOpMYBaHHS pi3HHX
3a (OpPMOIO AHCTKIB y OAHOBIKOBHX OCOOHMH
OAHAKOBOTO BIKOBOrO CTaHy IIO pisHOMY
IIPOSIBASIAOCH TIiA BIIAUBOM 30BHIIIHIX PpaKTOPiB.
Ix posmip Ta pisHOMaHiTHiCTD 3aAexuUTH Bip
OCBITACHHS, 3BOAOXKEHOCTi I'PYHTY, HJiABHOCTI
HOCiBiB ~ Ta  KOHKypeHI[i:  HaibiAbmIon
Pi3sHOMaHITHICTIO $OPM AMCTKOBHUX IIAACTHHOK
BUDIBHAANCD DOCAMHH, IO 3pPOCTaAM Yy
3ariHeHOMy Micli, IpoTe BapiabeAbHIiCTH
CIIOCTEepirarach Ha BCIX AOCAIAHHX AIASHKAX,
IO IATBEPAXKYE TEHETUYHY HEOAHOPIAHICTDH

OCOOHH Ta IAACTUYHICTD BHAY B Pi3HHX yMOBax

3pOCTaHHA.
Hait6iapmoro  pisHoMaHiTHiCTIO  popMm
AVMICTKOBHX ITAAQCTHHOK BUPi3HAIOTbCA

[pereHepaTUBHI OCOOMHH. 3 IIEPEXOAOM AO
reHepaTUBHOTO CTaHy ITOAIMOPJI3M AMCTKIB
MEHII BHPa)XEHHUM, CIIOCTEPIra€TbCsa TEHACHIIiA
36epexceHHs OiABIIOI 400 MEHIIOI PO3CideHOCTI
AMCTKOBUX TMAACTUHOK IPHU KOHCEPBaTUBHOCTI
iHmMX O3HaK, 30KpeMa, POpMH Ta PO3MipiB
KBITOK.
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MORPHOLOGICAL FEATURES OF DELPHINIUM SERGII WISSJUL. LEAVES IN ONTOGENY
A.M. GNATIUK

Abstract. There are represented results of the study on leaf shape and its morphological diversity of the Delphinium sergii
Wissjul. which is an endemic species of Eastern Black Sea Coast and was introduced in the culture at the M.M. Gryshko
National Botanical Garden NAS of Ukraine. It is found that D. sergii is characterized by heterophylly and morphological
variability of leaf blades which is manifested during ontogeny, in process of formation of its vegetative and generative
shoots. The correlation of the dissection degree of the leaf blades with their formation and age has been established. More
deeply dissected leaves are «older>» while with complete laminas are more «younger>. During the ontogenesis firstly
occurs the complication of a simple lamina in seedlings by its division into segments. And, as a result, along the shoot the
complication from lower to middle formations and further simplification of leaf structure in upper formation in generative
individuals is observed. Formation of different by shape leaves in individuals of the same age stage as well as of the same
age depends from conditions of lighting, soil moisture, crop density, and genetic heterogeneity, and therefore — from
morphological plasticity of individuals in different conditions of growth.

Key words: Ranunculaceae, Delphinium sergii, morphological variability, polymorphism, heterophylly, ontogenesis

M.M. Gryshko National Botanical Garden NAS of Ukraine, Timiryazevska str. 1, 01014 Kyiv, Ukraine; colchicum@i.ua
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PICT INIPOAYKTUBHICTDb KOAOCA TRITICUM AESTIVUM L.
3API3BHUX YMOB MIHEPAABHOT O JKUBAEHHA

Oabrra L. JKyk

Anoranis. Busyaan picT KoAOCa 03MMOI MIIEHHI 33 ONTUMAABHOTO i HEAOCTATHBOTO 3abe3IeveHHsS] TOAOBHUMHU
eAeMEeHTaMH MiHepaAbHOT'O XKUBACHHS (asorom, docpopom i xaaiem). [Toxasamo, mo AediuT MiHEPAAbHOTO KUBACHHS
CIIPUYMHSIB [IePeAYacHe PUITHHEHHS POCTY KOAOCA i CKOPOUYEHHSI IOTO AOBKMHH Y IureHuni copris ‘Mupowniscbka 808
i ‘©asopumia’. HeAoCTaTHs KIABKICTb )XMBACHHS [IPU3BOAMAA AO 3HIDKEHHS MaCH KOAOCA TOAOBHOTO i GIYHOTO IaroHis,
MacH KPYIIHUX i CepeAHiX 3epeH, Macu 3epeH y KoAaoci. Y mureHuwi copris ‘Muponisceka 808’ 1 ‘Dasopumxa’ BusaeHa
PeAYKIIisl HIDKHIX KOAOCKIB y KOAOCI 32 AeilJUTy XKMBACHHS, IO CIPUYMHIAO 3MEHIIEHHS KiAbKOCTi KOAOCKIB, 3epeH y
koaoci. ITepio pocry koaocy y 060X AOCAIAYKEHUX HAMH COPTIB B ONITHMAABHUX YMOBAaX OYB OAHAKOBUM, I}O 06YMOBAEHO
6An3bKOI0 TpUBaAicTIO pa3 OHTOreHe3y. AedilUT MiHEPAABHOTO SKUBAEHHS IIPHCKOPIOBAB AO3PIBAHHS POCAHH, OAHAK
3MeHIIIyBaB BUIIOBHEHICT 3epHa y copTy ‘Muponiscoka 808’. 3piai sepHiBku y copry ‘Dasopumka’ GyAu BUIOBHEHUMU

HaBiTb B YMOBaX HEAOCTATHbOI'O MiHepaAbHOI'O JKUBACHHS.

Karouosi caosa: Triticum aestivum, 03uMa IIIeHUI}sl, KOAOC, MiHepaAbHe SKHBACHHS

Incmumym  $isiorozii pocaun ma zememuxu HAH Yipainu, eyr. Bacuavkiscoka 31/17, m. Kuis, 03022, Ykpaina;

zhuk_bas@voliacable.com
Bcryn

Busnauna poap y ¢opmyBaHHI BpOXKaio
y IIIeHMIi HAAEXHUTb IIpollecaM pocCTy i
PO3BUTKY pelNpOAYKTUBHUX OpTraHiB, KOAOCa
(BANCAL 2009). Posmipu koroca 3HAUHOIO
MipOI0 BHM3HAYAIOTh KiABKICTb 3€pHA y HbOMY
i TPOAYKTMBHICTD POCAMHHM, TOMY Cy4YacHi
COpPTH IIIEHUIT MAlOTh BeAMKHH koaoc. Hosi
TEXHOAOTIl CTBOPEHHS COPTIB  BKAIOYAIOTh
3aAy4YeHHS TeHiB 3 JKUTHIX TPaHCAOKarllii, IO
AO3BOASE MIABUIMTH YPOXKAMHICTD Ta CTIMKICTh
O3MMO] IIIEHHUI[i AO YMHHHUKIB CEpPeAOBHIa,
6iAbII eeKTUBHO BUKOPHCTOBYBaTH
MiHepaAbHe >KMBAGHHS KOPEHAMH 3 IPYHTY
(WHITFORD et al. 2013). BcranoBaeno, mo
piBeHb 3abe3leveHHS SKHBACHHSM, 30KpeMa
a30TOM, i MOro yTHAi3alligd 3 BepXHIX AMCTKiB
Ta cTebAa HAACKHUTb AO BOKAMBHUX CKAAAOBHX
y 3al0esledyeHHi HAAWBY 3epHa y IIIEHHIi Ta
pucy (MaxkiNo 2011). Hamumu nonepeanivu

AOCAIA>KEHHSIMU MMOKA3aHO, 1o piBeHb
3abe3reyeHHs] POCAMH  O3UMOI  INIEHMIN
MiHepaAbHUM SKUBACHHSIM 06yMOBAIOBaB

IHTEHCUBHICTP POCTY i PO3BUTKY €AE€MEHTIB

crebAa, sIKi TPAHCIOPTYIOTh ¥ KOAOC HEOOXiAHI
pecypcu Boam i Byraesopis  (OKvk 2013;
Zuuxk 2014). Bussaeno, mo  Aedinur
OCHOBHMX €AEMEHTIB MiHEpaAbHOTO >KHBACHHS
CIPUYUHSB 3aTPUMKY POCTY ITIAKOAOCOBOIO
MDKBY3ASl Ta 3MEHIIEHHS AlaMeTpy COAOMHUHH,
TOBIIUHM INApiB mapeHxiMu i ¢paoemu, Aki He
AWIIIe TIOCTAYalOTh ACUMIASITH AO KOAOCA, aAe
M OAHOYACHO CAYTYIOTb 3allACHUM Pe3ePBOM
BYTA€BOAIB y IIepiop CTapiHHS NpPanmopLieBOro
auctka. OAHak 3B’SI30K MiX iHTEHCHUBHICTIO
POCTy KoAOCa i 3a0e3IeueHHsIM POCAUH O3UMOI
MIIEHWII MiHEPAAPHMM >XUBACHHSM 3 AHMIIHUBCS
He3 SICOBaHUM.

MerTor0 HauMX AOCAIAKEHD GYAO BHUBYEHHS
cienudiku pocTy KOAOCa O3MMOI IIIIEeHHUIN i
FIOT0 IPOAYKTUBHOCTI 32 PI3HOTO 3abe3neveHHs!
POCAMH OCHOBHMMH €A€MEeHTaMHU MiHepaAbHOTO
SKUBACHHS.

Marepiaan i MeToAM AOCAIAKEHD
Po60Ty MpOBOAMAU B YMOBAX BereTaLjiilHOro

Aocaipy. PocavHM  03uMOi  M'SIKOI  mImeHHIi
(Triticum aestivum L.) copri ‘Muponiscvxa 808’

© 2016 The Author(s). Published by 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/ )
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Puc. 1. AuHamika pocTy KOAOCa TOAOBHOTO IIarOHA IIIIEHHIN 32 Pi3HOTO 3a6e3IIedeHHs MiHEpAABHUM SKUBACHHSIM.

Fig. 1. Growth dynamics of wheat ear from the main stem under different mineral nutrition support.

i ‘Gasopumia’ BupolyBaAy Ha CyMilli AepHOBO-
MIA3OAMCTOrO IPYHTY 3 ICKOM Yy IOCYAMHAxX
Mmictkictio 7,5 kr. OmnruMaspHe >KUBAEHHS
ckaaparo N P, K - 3a Ail0400 pedOBHHOIO,

90~ 90" 90
HepocrarHe — N P K . Aob6pusBa BHOCHAM

JaCTHHAMH B YPYH?I‘Z r[312A (312ac HAOMBKY IIOCYAHH i
y ¢asi Buxopy pocauH B TpyOKy. IToBrOopHicTH
Aocaiaymecrupasosa. I IpoTsromBereranifinoro
MepioAy BiA TIOYATKY BUAOBXKEHHS crebAa, mip gac
SIKOTO BiAOYBAIOTBCSI 3aKAAAQHHS 1 picT Koaoca
A0 $azu MOAOYHO-BOCKOBOI CTHIAOCTi 3epHa
[IPOBOAMAH BipGIp i BUMIpH AlHIMHUX po3Mipis
KOAOCa 3 iHTepBaAOM y 3 A0OH. AASL KOXKHOTO
BU3HAYEHHS BHKOPHCTOBYBaAH 15-20 Koaoci
roAOBHOro maroHa. Ilicas Ao3piBaHHS pocauH
Y Iepioa iX IOBHOI CTUTAOCTI IIPOBOAMAHM aHAAI3
CTPYKTYPHU BPOXal0, AKUI BKAIOYAB BU3HAUEHHS
MacH I'OAOBHOTIO i GIYHOrO KOAOCIB, 3epeH Ha
koaoc, 1000 sepeH Tppbox ¢pakiiiii, KiAbKOCTI
3epeH y Koaoci. Pesyapratm ycix aocaipiB
0OpOOASIAM  CTATUCTHYHO 3 BHKOPHUCTAHHSM
nporpamu Microsoft Excel.

Pe3yabTaTH Ta iX 06rOBOpeHHs

Bcranosaeno, mo aedinur MiHepasbHOrO
KMBAGHHSI ~ CHOPUYHMHSAB  3YNHHKY  POCTY
KOAOCa TOAOBHOTO IarOHa y IIIEHHIi COPTiB
‘Muponiscvka 808" i ‘Gasopumxa’ panimre, Hix
y pocAmH, sKi OyAm AocTarHbO 3abe3medeHi
minepaapHuM xuBAennsM (Puc. 1).

IlepepuacHe NpPUIMHEHHS POCTY KOAOCA

B yMOBax HEAOCTAaTHbOTO 3abe3nedeHHs

POCAVIH TIIIEHHUINi >KHUBAGHHSM 3YMOBAIOBAAO
3MeHIIEeHHsT HOro posMipiB y 000X cOpTiB
IIIeHUIl. 3aBeplIeHHS POCTYy KoAoca ¥y
AOBXHHY y IuIeHuni coptiB ‘Muponiscevka 808
i ‘Qasopumxa’ BipGyBaAOCH OAHOYACHO 1 B
YMOBaX AOCTAaTHBOIO 3a0e3IeUeHHS] POCAUH
MiHEePAABHMM OJKHBACHHSM, IO MOXe OyTH

00yMOBAEHO OAHAKOBOIO TPHUBAAICTIO
BETeTALIHOrO MEPiOAY Y LIUX COPTIB IIIEHHMIIL.
OnrrmaspHO — 3abe3ledeHi  SKMBACHHSIM

pocaunn mueHuni copry ‘Muponiscoka 808
dopMyBasn KOAOC, sIKUI MaB He MeHme 16
KOAOCKIiB 3 BHUIIOBHEHUMH KPYIHHMH 3€PHAMH
(Puc. 2). AediuuT MiHEpPaAbHOTO >KUBAEHHS
CIIPUYHHSAB HE AMIIEe 3MEHIIEHHS AOBXHHH
KOAOCA, a 1 KIAbKOCTi KOAOCKIB y HboMy A0 12-14
(Puc. 3).3epHiBKu MaAu MeHIIM# pO3MIp, HIX Y
OIITUMAABHO 3a0e3IIeIeHIX POCAUH.

IMuwenuus copry ‘Qasopumka’ B ymoBax
OIITUMAABHOTO  3a0e3eYeHHS MiHEePaABHHM
JKMBAGHHAM (OpPMyBaAa KOAOC, SKHMH MiCTUB
16-18 xoaockis (Puc. 4). Ha Bipminy Bip
copry ‘Mupomniscska 808, y koaoci copry
‘Dagopumxa’ He Bip3HAYEHA PEAYKLis HIDKHIX
KOAOCKiB. KOAOCKH LIEHTpaAbHOI YACTHH KOAOCA
Mictiau 4-S 3epeH, sKi OyAM BHIIOBHEHHMIL
AediuT MiHEPaAPHOIO >XMBAEHHSI CIIPUYUHSB
3MEHINEHHS pO3MipiB KOAOCAa 1 KIABKOCTI
KOAOCKIB y HbOMY y mieHuwi copry ‘Gasopumxa’
3a paXyHOK peAyKuii HIDKHIX koaockis (Puc. S).
Y LeHTpaAbHIM 4YacTMHI KoAoca po3mip i
O3EPHEHICTb KOAOCKiB He 3MEHITYBAAHUCD,
MOpPIiBHAHO 3 TaKUMH Yy  ONTHMAABHO
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Puc. 2. Koaoc (A) i sepuisku (B)
muenuni  copry  ‘Muponiscoka 808
BUpOIIEHi 32 YMOB ONTHMAABHOIO
MiHEpaABHOIO SKUBACHHSL.

Fig. 2. Ear (A) and grains (B) of wheat
cultivar ‘Mironivska 808’ grown under
optimal mineral nutrition.

Puc. 3. Koaoc (A) i sepuisku (B)
muenuni  copry  ‘Muponiscoka 808
BUpOIIeHi 32 yMOB AedinuTy
MiHEPAABHOTO XXHBACHHS.

Fig. 3. Ear (A) and grains (B) of wheat

cultivar ‘Mironivska 808’ grown under
deficit of mineral nutrition.
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Puc. 4. Koaoc (A) i sepuisku (B)
muennni copry ‘Qasopumka’ BupolleHi
32 YMOB ONTHMAABHOIO MiHEPAaABHOIO
SKHBACHHS.

Fig. 4. Ear (A) and grains (B) of wheat
cultivar ‘Favoritka” grown under optimal
mineral nutrition.

Puc. 5. Koaoc (A) i sepuisku (B)
muennni copry ‘Qasopumia’ Bupomjeni
3a 32 yMOB AedilMTy MiHepaAbHOro
SKUBACHHS.

Fig. 5. Ear (A) and grains (B) of wheat
cultivar ‘Favoritka’ grown under deficit
of mineral nutrition.
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Ta6A. 1. BriAuB MiHepaAbHOTO KMBACHHS HA YPOXKAF IIIEHHUII.
Tab. 1. Effect of mineral nutrition on wheat yield.
Maca Maca Kiapk. Kiabk Maca 1000 Maca 1000 Maca 1000 Maca
Copr, BapianT rOAOB.  OiuH. 3ep.TOA.  3ep OiuH. 3epeH, T, 3epeH, I., 3epeH, 3epeH Ha
KOA, T  KOA,T  KOA.,IIT. KOA., IIT. KPYIL cepea. Api6Hi KOAOC, '
Muponiscoka 808, o106 16405 3744 2745 46,80,5  38,6+0,5 19,7£0,6  0,72402
OIIT. J)KHBA.
uponiscoka 808, 5 5106 09+04 34+2 1945 444406  37,5t0,6  20,8£0,5  0,43+02
Aed. KUBA.
f:}ffp WA, O 35406 1,7+04 42+5 3243 50,8£0,8 39,403  182%03  0,84%0,3
Dacopumi’, Aed- 31105 0,503 3944 2345 447:0,6 326405 197405  066£03

JKHBA.

3a6e3MeYeHUX KMBACHHAM POCAHH. SGPHiBKI/I B
KOAOCI 6YAI/I BUIIOBHCHHMH, AaA€ ACIIIO MEHIINMHN

32 pO3MIpOM TIOPiBHSHO 3 ONTUMAAbHUM
BapiaHTOM.
AHaAi3  CTPYKTypH  BpOXKal0  ITiCAA

AO3pPiBaHHA POCAMH AO3BOAMB BCTAaHOBHTH, IO
AeQIUT MiHEepaAbHOTO >KMBAEHHS CIIPHYMHSB
3MEHIIIeHHsI MAaCH TOAOBHOTO i GIYHOro K0AOCa,
KIABKOCTi 3epeH y KOAOCi i IX MacH y cOpTiB
mennti ‘Muponiscoka 808" i ‘Qasopumxka’
(Taba. 1). Posmoair 3epen Ha Tpu paxuii
3a pos3MipaMu AO3BOAUB BCTaHOBMTH, IO
HaM3HAYHIiIlE 3MEHIIEHHA MacH BHABACHO
AASL KPYIIHHX 3epHiBOK. Maca ApibHHX 3epeH
3aAUIIAAACH HE3MiHHOIO.

BucnoBkn

Aedinur MiHepaAbHOTO
CIIPUYMHAB  I[EPeAYacHy  3YIMHKY  pOCTYy
KOAOCa 03UMOi MSIKOi INIeHWI copTiB
‘Muponiscoka 808" 1 ‘©asopumka’,  mo
CIPUYUHAAO 3MEHIIEHHS KiABKOCTI KOAOCKiB
i sepen y koaoci. IHribyBaHHA pocCTOBHX

JKUBACHHA

MPOLECIB Y KOAOCI IPU3BOAUAO AO 3MEHIIEHHS
MacH T'OAOBHOTO i OIYHOrO KOAOCa, Macu 3epeH
y KOAOCi, IO MO)Xe BHMKAUKATU 3MEHIIEeHHS
BPO>KAIO LIUX COPTIB MIIEHHMI.
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THE EAR GROWTH AND PRODUCTIVITY OF TRITICUM AESTIVUM L. UNDER DIFFERENT
MINERAL NUTRITION

OLgA . ZHUK

Abstract. The growth of winter wheat ear was studied under optimal and deficit support of main mineral nutrition

elements — nitrogen, phosphor and potassium. It is shown that mineral nutrition deficit caused the completing of ear

growth prematurely and reduced ear length in cultivars ‘Mironivska 808 and ‘Favoritka’. Nutrition deficit decreased ear
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mass of main and side stem, mass of big and middle grains, grain mass in ear. It is detected reducing of lower spikelets in
wheat cultivars ‘Mironivska 808" and ‘Favoritka’ under nutrition deficit that caused decreasing quantity of spikelets and
grains in ear. Period of ear growth in both investigated cultivars was equal in optimal conditions that was determined by
the same duration of ontogenesis phasis. Deficit of mineral nutrition accelerated the plant germination but decreased the
grain fullness in cultivar ‘Mironivska 808’. Mature grains in cultivar ‘Favoritka’ were fulfilled even under mineral nutrition
deficit conditions.

Key words: Triticum aestivum, winter wheat, ear, mineral nutrition

Institute of Plant Physiology and Genetics National Academy of Sciences of Ukraine Vasylkyvska str. 31/17, 03022 Kyiv,
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ipxi (Puccinia recondita) B moAboBux ymoBax. BipsHaueno y 060x 06po6aeHHX COpTIB 3MEHIIEHHS CTYIeHs ypaskeHHs
amcrkis 3a mkasoto Caapi-TIpeckorra. Copr Tloaicbka 90° 6iabur qyTANBHIT A0 060X rprOHUX MaToreHiB, HixK ‘CToANYHA),

OAHAK BIIAMB €AiCHTOpa Ha 0T apXiTeKTOHIKy 6yB He MeHIIHH, HDK y copTy ‘CroanyHa’
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Beryn

Oiromarorenni rpubu 3parHi
BIAMBATH HAa MakpoMop{oreHes IIIEHMUI,
MEepPemKOAXKAIOYM THM CaMUM peaaisamii 1i
mpopykTuBHOCcTi.  IlopymeHHS — pO3BHUTKY
KOAOCa, 3MEHIIEeHHs $oTOCHHTETUYHO
AKTMBHOI IOBEPXHi AUCTKIB — BCe Ile HeraTUBHO
BIAOMBaEThCSI Ha  apXIiTEKTOHIIl POCAHH.
DyHrinuan HarrpaBAeHi Ha 3HUIEHHS 36y,A,Hm<a
3aXBOPIOBAHHS, IO He BHpimye IpobaeMu
30epexxeHHsT apxiTeKTOHikM pocauH. OpHax
PeYOBMHHM, IO CTHMYAIOIOTh HecmenupiuHy
CTifiKicTs  pocamH, 6ioTHuHI  eaicuTopy,
3AATHI He AMIIe 3MeHINyBaTH ¢iTomaToreHHe
HAaBaHTAXXEHHs, a M1 CTUMYAIOBaTH picT i
PO3BHTOK TaroHiB pPOCAMH. 3acTOCYBaHHS
€AICUTOPIB AO3BOASIE MABUIIMTHU AAANTUBHUM
MOTEeHIiaA KYABTYPHHMX pocAauH AO
0iOTHYHOTO CTpecy Ta 3MEHIIUTH ITeCTUIIMAHE
HaBaHTa)XK€HHS Ha HABKOAHUIIHE CepeAOBHIIe.
Ao HaibiABII BUBYEHUX €AICHTOPIB HaA€XaTh
CaAiIMAOBA Ta JKaCMOHOBAa KHCAOTH, a
takox xitosan (THOTEPEB 201S5). OaHak
iX eQeKTHUBHICTb He B3aBXAU AOCTaTHS AAf

3HAYHO

IHAYKYBaHHS IIPHPOAHOI CTIMKOCTI POCAMH AO
¢iTomarorennux rpub6is. Tomy TpuBae momyx
HOBMX €AICUTOPIB AAS IHAYKLII piToimMyHiTeTY.
3a3BHUall AOCAIAKEHHS IPUCBSYEHI IposBaM
OAHOTO I'PHOHOTO 3aXBOPIOBAHHS, B TOI Yac SIK
Y IPUPOAL AOCHTD YaCTO TPATNASLIOTHCSA BUTAAKH
YpaXkeHHS IIOCiBiB OAHOYAaCHO  KiAbKOMa
BUAAMU QiTONATOTEHIB, [0 3HAYHO YCKAAAHIOE
6oporbby 3 HuMH. A0 mepeBar 6iOoTHYHHX
€AICUTOpPIB  BIAHOCATh MIABHIIEHHS PpiBHA
€KOAOriyHOI Oe3meku Ta HecnenUiuHiCTb Al
3a paXyHOK aKTHBaLil ekcripecii 6ararbox reHis,
IO OCOOAMBO BaXAMBO IIPH KOHTaMiHAnjl
IOCiBiB KiAbkOMa QiTOMaToreHaMu.

Bipomo, mo maBaeBa KMCAOTa Ma€ BHCOKY
3AATHICTh AO XeAaTaril KaTioHiB Ta iHri6ye
yTBOpeHHs akTHBHUX popm kucHio (ADK) mpu
oxucHioBaabHOMY Bubyci (KiM et al. 2008).
H, O, npoaykyeTbcs mip 9ac OKMCHIOBAaABHOTO
BuOyXy 1 BuMmarae mnocriitHoro Bxopy Ca®,
SIKMA  aKTHUBYe AOKaAi3oBaHy B MeMbOpaHi
HAA® H-okcupazy. KommaprmeHTaaizaris
KAITHHE 3abe3medye OOMEXeHHs AOKaAisanil
H O, i ¢opmysanHs #Oro AOKaAbHHX
piBuis  (MrTrLER 2002). VHiBepcaAbHOIO

© 2016 The Author(s). Published by 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/ )
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BIAIIOBIAAIO Ha H202 € 3pOCTaHHs eKCIpecii
AHTHOKCHAAHTHUX depmeHTiB. HO,
MOX€ B3aEMOAIATH 3 IHUCTEIHOBUMM Ta
TIOABHMMHY 3aAMIIKAMH OiAKiB, 110 CIIPUYMHSIE
koHpopManito 6iAkiB 1 BHAMBaEe Ha ix
AKTHUBHICTb. Ilepokcupaasun  BiAHOBAIOIOTD
HZO2 AO BOAH 1 IIOCAIAOBHO OKHCHIOIOTh
BTOPUHHHUM BiAHOBHUK, TaKUH SK TAYTaTiOH
abo ackopbar. H,O, 3paTen axTuByBaTH
KacKap MiTOTeH-aKTUBOBAaHMX IPOTeiHKiHa3
(MATIK) i 3abesmeuyBaTd 3B'S30K MixK
curiasom  H O, i reHHow excmpeciemo
(VAN BREUSEGEM et al. 2001; Sortis &
KLIEBENSTEIN 2015). Panime namu 6yaa
II0Ka3aHa eQeKTUBHICTb EAICUTOpPY IIaBAEBOI
KHCAOTH 3a YMOB YpaXeHHs O3MMOI IIIeHMII
centopiosom (ZHUK et al. 2014). 3oxpema,
HaMM BCTAaHOBAGHO, IO IaBA€BAa KHCAOTA
Ta OKCHA a30Ty AaKTHUBYIOThb HecnenupiuHy
CTIMKICTDh HIASIXOM BIIAMBY Ha aHTHOKCHAQHTHI
cucreMH, 30KpeMma mnepokcupasu. OpHa 3
$yHKIIN PEeHOAPHHX IEepPOKCHAA3 — YYacTb Y
AirHiQikaril KAITUHHOI CTiHKH, IO € OAHUM 3
HAaUBOKAMBIIINX MEXaHi3MiB 3HEIIKOAKEHHS
ri¢p rpuba y BIiATIOBiAb Ha YPaXKE€HHS POCAMHH
(OBPY1IBKA 2007).

Mera mniei mpami - AOCAIAUTH BIIAUB
I[aBAEBOI KUCAOTHU Ta AOHOpPAa OKCHAY a30Ty Ha
MakpoMop¢oreHes o3umoi mmeHuni Triticum
aestivum L. 3a yMOB OAHOYaCHOIO ypa’KeHHs
sbyaHukamu  centopiody (Septoria  tritici
Desm.) Ta 6ypoi ipxi (Puccinia recondite Rob.
et Desm.).

Marepiaau i MeTOAM AOCAIAKEHD

O6’exTOM AOCAIAKEHHS GYAM COPTH 03UMO]
M’saxoi mmenuni 1. aestivum ‘Tloricoxa 90 i
‘Croamuna’, xorpi BupomyBasn y KuiBcbkiit
06AacTi 3 3aCTOCYBaHHSAM TUIOBOI AAS Ljiel
3oHu arporexHiku. OpuriHaTop 060x copris
— HanionaapHuit HaykoBuil neHTp “IHCTHTYT
semaepobcra  HAAH Vkpaiau” VYV ¢asi
BHXOAY B TPYOKY POCAHMHU OOIPHCKYBAaAU
0,1 MM posunHOM maBA€BOI KHCAOTH Ta
0,5 MM BOAHMM PpO3YMHOM AOHOPY OKCHAQ
a30Ta — HITPOIPYCHUAY HATpPilO, IiCAA 9YOTO
IIPOBOAMAACD IHOKYASIIis 36yAHI/IKOM
cemropiosy (S. tritici) Ta 6ypoi ipxi

(P. recondita) y xonnenrpanii 10° criop/ma.
Y ¢asy MOAOYHO-BOCKOBOI CTUTAOCTiI 3epHa
BUMipIOBaAu MOpPPOMETpPHUYHI IapaMeTpHu
(BucoTy  pOCAMH,  AOBXHHY  KOAOCA)
O1LiHKYy CTyHeHI0 PO3BUTKY 3aXBOPIOBAHHS
npoBopuAn 3a mkasoio Caapi-IlpeckorTa
(BABA}{HH u dp. 1988). IToBTOpHiCTD AOCAIAIB
Oyaa TpupasoBolo. Pesyapbraté 00po6AsiAM
CTATHCTHYHO 3 BUKOPUCTAHHIM IIPOIPAMHOTO
nakery Microsoft Excel.

PesyabrarH Ta ix 06roBopeHHs

B VYkpaini nommpena espomeiicbka ¢opma
oypoi ipxi. Lle cmernudiune 3aXBOpPIOBaHHS
MIIeHUI[, sKe HaibiAbII POSIIOBCIOAKEHE
B Aicocremy Ta nHa Iloaicci. Xsopoba
IMPOABASETbCA HAa AWCTI Ta IiXBaxX IINEHHIN.
CriouaTtky Ha AMCTKax i MiXBaxX 3'SIBASIIOTBHCS
6ypi mycryan (ypeaunii), mnoriM BoHH
IEPETBOPIOIOTHCA Y YOPHi, 3 TAAHIEBUM
BIATIHKOM, TeAii. YpeAuHil i Teaii HaityacTime
po3TamoBaHi HAa BEPXHbOMY OOLi AMCTKIB.
HaBkoAao  HHMX  MOXYTb  yTBOPIOBAaTHUCh
XAOPOTHYHI Ta HEKpOTHYHi MAsAMH. Tak camo,
sk i S. tritici, 36yaHuk Oypoi ipxi P. recondita
f. tritici Briks. et Jenn. (Puccinia triticina
Eriks.) ypaxxye AUCTKH MIIEHHUI]i, 3MEHITYIOUN
ACHMIAAIIMHY  IOBEPXHIO, CHPHUAIYH  IX
IepPeAYaCHOMY BiAMHMPAHHIO Ta (POPMYBaHHIO
HEMOBHOLIIHHUX 3€PHIBOK, aAe IPU IIbOMY €
006AIraTHUM IIAPasUTOM.

Pospus emipepmicy BHACAIAOK ypasKeHHs
IIATOTeHAMU ITIPU3BOAUTH AO  IIABHIIEHHS
TpaHCHiparii Ta MOPyLIEHHS BOAHOTO GaAaHCY
POCAVH, MEPEAYACHOTO BIAMHDPAHHS AMCTKIiB,
SHIDKEHHSI 3MMO- i IOCYXOCTIMKOCTI pPOCAMH.
Hea06ip yposkaro BHACAIAOK CHABHOTO PO3BUTKY
XBOpobu Moxke cTaHOBUTH 15-20%.

IToporom mxopoumHHOCTI Oypol  ipxi
BBA)KA€ETHCA MOSIBA MEPUIMX ITYCTYA HA AUCTKaX Y
nepioa Bip $pasu KyIIiHHS AO MOAOYHO-BOCKOBOI
CTUTAOCTi 32 CHpPUSTAUBHX AASl PO3BHUTKY
XBOPOOH IIOTOAHHX YMOB.

Aunctxn CIPUAHATAHBOTO copry
Tlosicvka 90" MOXyTh MOBHICTIO IIOKPHBATHCS
ipKacTMMH  IyCTyAaMM, 1O  IIPU3BOAUTD
AO IXHPOTO CKPYYyBaHHA 1 II€peA4aCHOTO
Biamupannst (Puc. 1 A). Ha aucrkax copry
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Puc. 1. YpaxeHHs cenTopiosom i 6yporo ipskefo Ha ancTkax muenuti copry ‘Tloaicka 90 (A) Ta copry ‘Croamuna’ (B).

Fig. 1. The lesion of the leaf blotch and the wheat leaf rust on wheat leaves of cv. ‘Poliska 90’ (A) and cv. ‘Stolychna’ (B).

‘Croanyna’ i3 IIABHINEHOI CTIiFIKICTIO IPOTH
XBOpOOU (OPMYIOTHCS XAOPOTHYHI IASMH, 2
ITyCTYAM 4YacTO He 3AATHI pO3ipBaTH emipepMic
aucrka (Puc. 1 B).

Y Apyrifi moAoBMHI Bereramii ImIeHHIN
(micas  asu  MoAouHOi cTUrAOCTI) Ha
HIDKHbOMY 0O  ypakeHHX  AMCTKIB
$OpMYIOTBCS YOPHI OAMCKY4i TeAiOmyCTyAH
3 TeAiocmopaMu — 3uMMylodYa CTapis rpuba.
Ilpomec 3apakeHHS POCAMH 30yAHHUKOM
Oypoil ipxi BiAOyBaeTbcsl AMIe B KpalAHHI
BOAM 1 IIOYMHAETHCA 3 TIPOPOCTAHHS
YPEAMHIOCIIOp IIASXOM YTBOPEHHA HHMHU
poctkoBux  Tpybok. Iudekuifinuit  rid
IPOHUKAE Yy TKAHHUHY POCAMHH-TOCIIOAAPS
gyepes mpopuxu. [Iporsarom sereranii maroresn
$opmye kiabka reHepaniit ypeauniocnop. e
MIOKA3HUK 3aAEXHTb Bip CTIMKOCTI cOpTy i

noropHux ymos. Ilepmni cuMmnToMu xBopobu
MOXHA CIIOCTepiraTu me y ¢asdy KymjiHHS, a
MaKCUMaAbHHUH ii PO3BUTOK NPOSBASETHCA Y
¢$a3i MOAOYHO-BOCKOBOI CTUTAOCTI.

ITepmri CUMIITOMH cenropiosy
3'SIBASIIOTBCSL Y BUTASIAL APIOHHX XAOPOTHUYHUX
abo oxoBryBarux ImAsM. IlisHime masMu
30IABIIYIOTBCS, CTAIOTh CBITAO-OypHMH 3
TEMHOI0 00AsMiBKOIO 260 6e3 Hel. Y nentpi
OASM  YTBOPIOIOTbCA ~ TEMHO-KOPUYHEBI,
OAUCKyYi MIKHIAM y BUTASIAI YOPHHX KPAIIOK.
Cenropio3 TNpPU3BOAUTD AO  3MEHIIEHHS
ACUMIAALIIMHOI ~ TOBEPXHi, IEPEeAYacCHOTO
BCUXaHHS AMCTKiB 1 PpOCAMH, B3HIKEHHS
BpPOXXal0 3epHa i IOripImeHHsa MOro MOCIBHHUX
Ta TeXHOAOTiYHUX sKocTeH. CTapiroyi TKaHUHU
YPaKyIOTbCSI CHABHIiIIe, HiXX MoAoai. Brparn
BPOXal0 MOXYTb CTaHOBUTHU 40%.
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Puc. 2. YpaxxeHns centopiosoM i 6ypoio ipxkero Ha AucTkax nieHuwi copry ‘Croandna’ (A) ta copry Tloaicska 90° (B) 3a
YMOB NOTepeAHbOI 06POOKHU eAICHTOPOM IABAEBOI0 KHCAOTOIO Ta ACHOPOM okcHpy asory (HITH).

Fig. 2. The lesion of the leaf blotch and the wheat leaf rust on wheat leaves of cv. ‘Stolychna’ (A) and cv. ‘Poliska 90’ (B)
after preventive treatment by oxalic acid elicitor and nitric oxide donor (SNP).

CemnTopio3 Haf6iABII MOMUpPEHUI ¥ 30HAX
AOCTaTHBOTO  3BOAOXEHHs, OCOOAMBO Ha
IToaicci i y niBHivHi# yacTHHI AicocTery.

IToxaszano, mo y 060X COpTIB IIaBAeBa
kucaora ta HIITH crumysoBaau pict Ta

pO3BUTOK cTebAa, 30iABIIEHHS AOBXHHU
AWCTKIB Ta KIABKOCTI 3€peH B KOAOCI,
3pocraHHs  BpoxaiHocti Ha  10-15%

(Puc. 3-6). BcTaHOBAeHO, IO 3a NIKAAOKO
Caapi-ITpeckoTTa CTYIIiHb ypaXKeHHs
cenTopio3oM Ta Oyporo ipxkelo 3a 06pobKu
HITPONPYCHMAOM HATPil0 Ta OKCAaAaTOM Yy
06o0x COPTiB 03MMOl IIIEHHUIi 3HIKYBaBCA

Ha 1-2 6aAm, ypakeHa IOBEPXHS AUCTKA IPU
1boMy 3MeHITyBasach Ha 10-25%. Miciamu
HaBiTh 6on Bip3HaueHO (OpPMyBaHHS AMIIe
XAOPOTHUYHUX IASIM 6e3 yTBOPeHHs IKHIA.
Pict crebaa Ta IPamopLeBOro AMCTKA XO4a i
CTHMYAIOBABCS €AICHTOPOM, OAHAK B YPaKeHUX
POCAMH 03UMOl IINEHHUI[i He IepeBHIIYBaB
PiBHS KOHTPOABHOTO BapiaHTy. 3pocCTaHHS
BPOXKANHOCTI 3a All eaicuTropa o6ymoBAeHe
$opMyBaHHAM BMIIOBHEHUX 3€pHIiBOK Ta
36iAbIIEHHAM iX KiABKOCTI Y KOAOCI.

®asu posBuTKy ¢iromaToreHHuX rpu6bin
CHIiBIAAAIOTh 3 IEPiOAOM HAMAKTHUBHINIOTO
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Puc. 3. Briaus 06po6Ku AOHOPOM OKCHAY a30TY, HiTpornpycusom Harpito (HITH), Ta mjaBAeBoI0 KHCAOTOIO Ha AOBXKHHY
IPaNopLieBOro AUCTKA 03uMoi nureHuti copry Tloaicska 90° Ta copry ‘Croandna’.

Fig. 3. The influence of nitric oxide donor, sodium nitroprusside (SNP), and oxalic acid on the length of the last leaf in
winter wheat of cv. ‘Poliska 90’ and cv. ‘Stolychna’.
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Puc. 4. Briaus 06po6xu AOHOPOM OKCHAY a30Ty, Hirporpycuaom Harpito (HITH), Ta maBaeBoto KHCAOTOIO Ha BUCOTY
pocanH o3umoi muenuti copry ‘Tloaiceka 90’ Ta copry ‘Croamuna’.

Fig. 4. The influence of nitric oxide donor, sodium nitroprusside (SNP), and oxalic acid on the plant height in winter
wheat of cv. ‘Poliska 90’ and cv. ‘Stolychna’.
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Puc. S. Briaus 06po6Ku AOHOPOM OKCHAY a30TY, HiTporpycuaom Harpito (HITH), Ta maBaeBoio KHCAOTOIO Ha KiAbKICTD
3epeH B KOAOC o3uMoi mmenutti copry Tloaicska 90’ ra copry ‘CroAnyna’.

Fig. 5. The influence of nitric oxide donor, sodium nitroprusside (SNP), and oxalic acid on the number of grains per ear
in winter wheat of cv. ‘Poliska 90" and cv. ‘Stolychna’.
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Puc. 6. Briaus 06pobku AOHOpOM OKcHAy a3oTy, Hirpormpycupaom Harpito (HITH), Ta maBAeBOI0 KHCAOTOIO Ha

IIPOAYKTUBHICTb POCAMH 03uMoi mmurenuni copry Tloaicska 90° Ta copry ‘Crosnyma’.

Fig. 6. The influence of nitric oxide donor, sodium nitroprusside (SNP), and oxalic acid on the plant productivity in

winter wheat of cv. ‘Poliska 90" and cv. ‘Stolychna’.

POCTy BereTaTHUBHHMX OPTaHIiB Yy IIIEHMII.
O6pobxa OioTmyHmMH  eaicuTOopamu y
HAaUYyTAMBIIMA Iepiop TaKMM YHHOM He
AWIIE IOMEPEAXKAE PO3BUTOK 3aXBOPIOBAHHS,
ane 7 30iAbIrye AMOBIpHICTH (OPMYBaHHI
MOBHOLIHHMX TE€HEPAaTHBHMX OpPTraHiB 3a
YMOB BHUCOKOTO IPUPOAHOTO QOHY, a OTXe, i
BpOXKaIo.

BucuoBxu

IToxasaHo, IO AOHOP OKCHAY a30Ty Ta
IIaBA€BAa KHCAOTA IIABMIIYBAaAM CTiMKiCTh Ta
MPOAYKTHUBHICTD INIIEHUIl 32 YMOB ypaXeHHS
rpUOHMME 3aXBOPIOBAaHHAMHU. Ais INaBAeBOI
KHCAOTM 3MEHITYyBaAa BTPAaTH BpPOXKAK 3a
PaxXyHOK 3HIDKEHHSA CTYIEHIO  ypaXKeHHS
sepHiBoK maToreHoM. Aonop NO pussass
BAACTHUBOCTI CHUTHAABHOL MOAEKYAU Ta
peryasTopa pocTy B yMOBax Ail 6ioTmaHOrO
CTpecy, IO COPHAAO peaisamil MOTEHIIMHOI
IIPOAYKTHBHOCTI mmneHuni. Bcranosaeno, mo
AOHOpP OKCHAY a30Ty Ta IJaBA€Ba KHMCAOTa €
HecrenupiyHUMU eAicuTopaMy, e(eKTHBHUMU
IIpU CyMICHOMY PO3BHUTKY YPa’K€HHS IIIEHMIL
remibiorpoduuM rpubom S. tritici i obairarHIM
mapasutoM P recondite.  Taxum  4uHOM,
3aCTOCYBaHHS INABAE€BOI KHCAOTH B SKOCTI
eaicuTopa AA iHAYKyBaHHA  QiToiMyHiTeTy
[IIEHWIl € IepCIeKTHBHUM Ta Oe3IeYHuM,
OCKiABKM He Oyae MOPYLIYBATH eKOAOTIYHY
piBHOBary B arpo¢ironeHosax.
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THE SPECIFICS OF ELICITOR EFFECT ON TRITICUM AESTIVUM L. MACROMORPHOGENESIS
UNDER SIMULTANEOUS LESION BY SEPTORIA TRITICI AND PUCCINIA RECONDITA

LV. Zuuk ¥, A.P. DMITRIEV |, G.M. L1sova 2

Abstract. Phytopathogenic fungi interrupt the macromorphogenesis of wheat (Triticum aestivum) but biotic elicitors
stimulate the nonspecific tolerance, growth and development of plant stems. It is shown that oxalic acid as a biotic elicitor
and donor of nitric oxide signal molecule (sodium nitroprusside) stimulate stem growth in height and last leaves length,
as well as grain quantity and productivity both in cv. ‘Poliska 90" and cv. ‘Stolychna’ under Septoria tritici and Puccinia
recondita infection in field trials. It is detected that the degree of infected leaf area decreased in both treated cultivars under
Saari-Prescott scale. Cv. ‘Poliska 90 is more sensitive to both fungal pathogens than cv. ‘Stolychna’, but elicitor influence
on its architectonics was no less than on cv. ‘Stolychna’.

Key words: Triticum aestivum, Septoria tritici, Puccinia recondita, oxalic acid, nitric oxide
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AHATOMMUA KOPBI POPULUS TREMULAL. U
P. DAVIDIANA DODE B CBA3U C UX CHCTEMATHKOW

HataAbs B. IIIKYPATOBA

AHHOTanPUI. B crarpe PacCMaTpHUBAIOTCS PE3YAbTAThI CpaBHI/[TeAbHOI;I AHAaTOMHHU KOPbI CTe6AeI:[ ABYX BHKapHPYIOIINUX

BUAOB — Populus tremula L. u P. davidiana Dode. Mertopuka pa6oTbl 061jeIpUHSTas B aHATOMUU PAacTEHUI. YCTAHOBAEHO,

4qTo 06AaAa}I 60AbIJ_II/IM CXOACTBOM B CTPYKTYyp€ KOPbBI, YTO BIIOAHE OIIPABAAHO IIPUHAAAECKHOCTBIO K OAHOMY POAY

Populus L., HCCACAOBAHHBIE BUADI Y€TKO PA3AHMYAIOTCSA II0 aHATOMUYECKHUM IIPU3HAKaM KOPBbL. P. davidiana OTAHWYAE€TCA OT

P. tremula rereporeHHOI (eAAEMOIT B MOAOABIX CTEDASIX, OTCYTCTBHEM CKAEPEHA B IIEPBHYHON KOpe, GOPMHpOBAHHEM

CKACPEHXVMBI y>K€ BO BTOPI/I‘-IHOfI (IJAOSMe OAHOAETHEIrO CTe6A}I, OTCYTCTBUEM CKACPEHA BO BTOpH‘{HOﬂ (l)AOBMe B KOpe

CTBOAOBOW YaCTH.

KaroueBbie caoBa: Populus, AaHaTOMHYECKHE IIPU3HAKH KOPbI, CTe6eAb

Yupencdenue obpasosarus «Bpecmckuti zocydapcmeennviii ynusepcumem umenu A.C. ITywkuna>, 6yrveap Kocmonasmos, 21,

224016, Bpecm, Beaapycy; schkuratova_n@tut.by
BBeaenue

IIpeacTaButean moppoaa Leuce Duby
psiaa Trepidae Dode - Populus tremula L.
u P davidiana Dode -  sBastorcs
BUKAPHPYIOIIMMU BHAAMH. IlepBblil, uMes
OrpOMHBII  apeaa Ha  EBpoasumarckom
KOHTHHEHTe, IIOCTEIIeHHO CMeHseTcs
BTOPBIM, LIHPOKO PacCIIpoCTpaHeHHbIM
Ha AaabHem Bocroxe (YCEHKO 1984).
VIcrioAb3ysl MMEIOIUICS OIBIT IO AHAAU3Y
BHYTPEHHEHl  CTPYKTYypHl KOpbl  crebaei
a0OpUTeHHBIX M HHTPOAYLHUPOBAHHBIX B
Beaapycu Tomoaeit (P alba L., P. tremula,
P. nigra L., P. pyramidalis Rozier., P. deltoides
Marsh., P. suaveolens Fisch., P. balsamiferae
L., P simonii Carr; IIIKyPATOBA 2011),

IIpOBEAHN CpaBHUTEABPHOE HCCACAOBAHHEC
AHATOMHUYECKOI'O CTPOEHHMS KOPbI YKa3aHHbIX
BHUAOB 10 BBISIBACHHUIO AQHATOMHUYCCKHUX

[IPU3HAKOB KOPBI CTEOAS], HMEIOIUX 3HAYEHUE
KaK AASl BHAOBOM AMATHOCTHUKH, TaK H AAS
PpelleHrs TAKCOHOMUYECKIX BOIIPOCOB.

MarepHaAbI H METOABI HCCAEAOBAHHH

B xavecTBe MaTepuasa AASL HCCAGAOBAHHS
HOCAY’)KHMAQ  Kopa  1-3-aeTHux  crebaei,

M3 CpepHeM U HIDKHEHM 4YacTed CTBOAOB,
OTOOpaHHAasE ~ C  MOAEGABHBIX  AEPEBbeB
30-40-aeTHero BO3pacTa P. tremula
(Bpecrckas obaacts, Beaapycs) uP. davidiana
(0. Caxaaun, Poccus), mpouspactaromux B
eCTeCTBeHHBIX MecToobuTaHmsIx. O6pasibl
KOpel $uKcHpoBarm B 95% cmmpTre m
BBIAGPXKHMBAAU B CMECH CIIUPTA U TAUIIEPHHA
(3:1). Cpessl H3TOTAaBAMBAAM HA CAHHOM
MHKPOTOME C 3aMOPa’KHBAIOIIUM CTOAUKOM.

Mertopuxka HN3rOTOBAEHUS MOCTOSHHBIX
[pernaparoB  OOLeNpHHATas B aHATOMHUH
pacrennit  (I[Tpo3uHA  1960). AHaaus

MHKPOIIPEIIapaTOB OCYL]eCTBASAM HA CBETOBBIX
Mukpockonax buoaam P-15, Mukwmea-S.

PeSYAbTaTI)I H X OGCY)KACHI/Ie

B  opHOoAeTHEM
U3  3IHAEPMBI,
Cy0amuAepMaAbHO
IIePHAEPMBI,

crebAe KOpa COCTOHT
[OKpbIBaOIeil  crebeAs,
pacroAaraomencs
MTOCAEAOBATEABHO 3aAEralol[uxX
KOAAEHXUMbI, AP eHXUMBbI [epPBUYHOM
KOPbI, KOADBIIA MEXaHMYECKUX OAEMEHTOB,
[epBAYHON (PAOSMBI M BTOPUYHON (PAOIMBL
TMCTOAOIMYECKHIT COCTAB KOPBI MHOTOAETHHX
crebAeil U CpepHel YacTH CTBOAA IIOBTOpSET
COCTaB OAHOAeTHero crebast (CoxpaHsIOTCS

© 2016 The Author(s). Published by 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/ )



126

MODERN PHYTOMORPHOLOGY 10 (2016)

IepevrCACHHbIE BBINIe TKAaHH, 32 HCKAIOUEHHEM
STHMAEPMBI), B CBSI3U C MO3AHMM 3aA0KEHHEM
pUTHAOMA. Oanako MopQoArorHIecKue
0COOEHHOCTH CAQraloIiuX KOPY MHOTOAETHHX

crebaell TKaHell HU3MEHSIOTCS BCAEACTBHE
AMAAQTAllMM  [APEHXUMBI U OOAWTepanuu
IIPOBOASILINX 9AEMEHTOB. TTocae

$OpMHpPOBaHUSL PUTHAOMA B HIDKHEH 4YacTH
CTBOAQ KOpa NpHOOperaeT HHON OOAMK |
COCTOMT TOABKO H3 KOPKH H BTOPUYHOMH
$AOOMBL

Inudepma HCCAEAOBAHHbIX BUAOB
OAHOCAOMHAS, TPUXOM HET, CAOM KYTHKYABI
MomHbifl. KaeTkn 0BaABHO-KBAapApaTHBIE, C
KYIOAOOOPa3HOI BHELIHEN CTEHKOM, KOTOpas
CHABHO YTOAIIleHA IIOYTH AO IIOAOBUHBI PAAHYCa
KAeTKU. PapMaAbHBINA pasMep SIMHMAEPMAABHBIX
KAETOK PaBeH HAM MeHbIIe TaHI€HTaAbHOTO.
Yxxe B OAHOAeTHeM CTebAe IIPOTOIAACT
STUAEPMAABHBIX KACTOK OTMUPAET.

ITepudepma Bratodaer dpeaseMy, Gpearoren
u deasopepmy. QDearoreH u Peasopepma
crier$UIe CKUMH 0CObeHHOCTAMU He
obrapaoT, o6e  TKAaHM  OAHOCAOMHEIE,
TOHKOCTeHHBbIe, KuBble. Oeanema P. tremula
romMoreHHasi, 3-4-cAoWHasl, TOHKOCTEHHasl,
CAOXKEHA  KBAaAPATHO-IPSMOYTOABHBIMU B
[OTIePeYHOM CeYeHUH KA€TKAMH, BBITSIHY THIMH
B papHaAbHOM HampaBAeHHH. CTEHKU KAETOK
HECKOAbBKO BOAHHCTbIE B CHAY AedOpMaliuH,
IIOAOCTH KAETOK 6e3 copepskumoro. Oeanema
P. davidiana aByxcaoiiHas: nepuepudecKuit
cAoil  peareMBl CAOXKEH TOHKOCTEHHBIMH
KAeTKAMH,  3aIIOAHEHHBIMH  (EHOADHBIMH
COEAMHEHMSAMH, 3 BHYTPEHHHUH CAOH KAETOK
HMeeT MOIHble BHEIIHIOK ITePHUKAUHAABHYIO
U papMaAbHBIe CTeHKH. B mepupepme
OAHOAETHEro CTeOAS 9TOro BHAQ HAYMHAIOT
dopmupoBarbcst  dedeBmuku.  OTAOKeHHe
desseMBl TIPOMCXOAUT €XErOAHO, KaK H
ee CAyU|UBaHUE, IIPH ITOM B MHOTOAETHHX
crebasix 'y P davidiana oma coxpanser
reTeporeHHBIN xapakrep, a y P. tremula -
OCTaeTcsa roMoreHHon. YMcA0 cAoeB KAeTOK
deAreMbl B MHOTOACTHUX CTEOASIX U CpeAHelt
9acTH CTBOAA AocTuraer 14 u 6oaee y oboux
BHAOB.

Hmxke 1o cTBOAYy M B KOMAEBOH 4YacTH
TOABKO HAYMHAIOT ) OPMHUPOBATHCS IOBTOPHBIE

mepuAepMbl U 00pasyercs  PHUTHAOM.
IToBrOpHBIE  IIePUAEPMBI  3aKAAABIBAIOTCS
II0A OCTPBIM YTAOM APYT K Apyry. Qeasema
HOBTOPHI)IX HepHAepM TOMOT€HHas,
TOHKOCTEHHAs, BHAadaAe CBETAAs, 3aTeM
IIOAOCTH 3aIIOAHEHBI 6YPI)IM COAep)KI/IMbIM.
IIpu mepexope B COCTaB PUTHAOMA KAETKH
TKAHel KOPHI U3MEHSIOT CBOHM OYepPTAHIS, U
CTPYKTYpa PUTHAOMA KaXKETCS OAHOPOAHOIL.

Koarenxuma 'y nccaepOBaHHBIX BHAOB
ITAACTUHYATO-YTOAKOBAsl, CAOXKeHa 4-7 cAOsSMHU
KAETOK. OTa TKAHb XOPONIO BBIPAKEHA B
OAHOAETHHUX CTeOASIX 060UX BUAOB.

Ilapenxuma nepeuunoti Kopvi CAOXeHA
ppixao. EE kaeTkM Ha IOIEpeYHOM Cpese
OBaAbHbBIC U OKPYI'AbIe) HECKOADKO BBITSIHYTbIE
B TaHreHTaAbHOM HanpasAenun. Y P. davidiana
B HepBI/I‘IHOﬁ KOpe BBIACASIIOTCS prHHbIe,
TOACTOCTEHHbIC TAaHUAOHOCHbBIC KACTKH
u 06oree MeAKHMe TOHKOCTEHHBIE KAETKH,
u3peaka B KAETKAaX BCTPEYAIOTCS  APY3BI
OKCaAaTa KAaABIIUS, CKAPEHABI OTCYTCTBYIOT.
Y P. tremula Ha rpaHuije MepBHYHON KOPHI
u KOAACHXHMbBI HPI/ICYTCTBYIOT rpyr[r[bl
Opaxuckaeperp, OOpasyroliye PHIXABINA IOSIC
CKAepeI/IAHbIX I'PYHH, COHPOBO)KAaeMbIX
IIPEPBIBUCTBIMU KPHCTaAAOHOCHBIMU
0OKAQAKAMH, COAEPKALUMH MOHOKPUCTAAABL
OKCaAaTa KaAbLus. B mapeHxume aToro BHAQ
0OUAEH OKCAAQT KaABLVISL B BUAE APY3.

B wmuoroaernux crebasx P davidiana
KOAAGHXUMA M IIePBUYHASL KOPA CTAHOBSITCS
foAee IAOTHBIMH IO CAOXEHHIO, OAHAKO
ckaepudukanun He HabAropaercs. Y P tremula
CTeIleHb CKAePUPUKALMK [IEPBHYHOM KOPHI He
YBEAMYHBAETCSL

Ilepsuunvie mexanuueckue IAemenmvl B
OAHOAETHEM CTebAe OOpas3yloT IOMOIeHHOE

KOABLIO, CAOXKEHHOE U3  OKPYTABIX H
mankooOpasHeIX Irpymm  BOAOKOH. Oxoao
yKasaHHBIX rpynn B Kope P tremula

PACIIOAArarOTCsi KPUCTAAAOHOCHBIE KAETKH C
MOHOKPHCTAAAAMH, PeXe APY3aMU OKCAAaTa
KaApLus, a B kope P. davidiana oxoao rpymm
BOAOKOH He 0OHaPY>KIBAIOTCSI MOHOKPUCTAAABL,
H3peAKa B IPHAETAIOIX KAETKAX [IAPeHXUMBI
OOHAPYXKMBAIOTCSL APY3bl. B MHOroAeTHHX
crebasix P tremula Mexay rpynmaMu BOAOKOH
IEePBUYHOTO IIPOUCXOXKAEHHS Pa3BHBAIOTCS
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MOIIHBIE TPYHIIBl  CKAepeHp,  PopMHUpYs
CIIAOIIHOE KOABI]O MEXaHHIeCKHX 9AeMEHTOB.

Ilepsuunas ¢roama B KOHIE yKe HMepBOTO
BETeTAIlIOHHOTO Ce30Ha MMeeT IIOAHOCTBIO
OOAUTEpHPOBAHBI ~ CHTOBHAHBIE  9AEMEHTEI,
AMAQTHPOBAHYIO ITAPEHXUMY.

Bmopuunas $r0ama BKAIOYAET IPOBOASIITHE,
IapeHXVMHbIE M MEXaHHYeCKHe IAeMEeHTBHL
OAHaKO B  KOpe OAHOAETHEro  Crebas
P tremula, B oTAmdHme OT BTOPOIO BHAQ,
OTCYTCTBYIOT $pAOIMHBIE BOAOKHA. B kaeTkax
aKCHAAPHON TTAPEHXHMBI, COIPOBOXAAIOIIIX
rpynmsl  pAOIMHBIX BOAOKOH P davidiana,

IPHUCYTCTBYIOT ~ MOHOKPHCTAAABI ~ OKCAaAaTa
KaABIUA.
CuroBuaHsle  TpPyOKM €  KAeTKaMH-

CITyTHUKaMH, (QAOIMHbBIE Ay4M M aKCHAAbHAS
[ApPEeHXUMA ABYX BHAOB OAM3KH IIO CTPYKTYpe.
YAeHHKU CHTOBHAHBIX TPYOOK B IOIIEPEIHOM
CeYeHHM IIOYTH IIPABUABHO IPSIMOYTOABHEIE,

HAa IIONEPEYHBIX CTEHKAX PACIOAOXKEHBI
CUTOBUAHBIE  [AACTHHKH  C  OKPYIAO-
IAANIICOBHAHBIMHU CHUTOBHAHBIMHU ITIOASIMH.
V P davidiana  cUTOBUAHBIE  9A€MEHTHI
pACIIOAAralOTCs  XOPOWIO  Pa3AMYUMbBIMU
PpaAuaAbHBIMHA pAAamy, BO $aroame
MpeobOAAAAIOT  CHUTOBUAHbBIE  JAEMEHTHL Y

P. tremula papasbHOe PacIOAOKeHHE MeHee
4eTKOe, YAGHHKM OOpasyloT Ipymmsl mo 3-4
9AEMEeHTa, aKCHAaAbHAs IIapeHXuMa obpasyer
XOPOIIO IIPOCMATPHUBAIONINECS TAHTeHTAAbHBIE
ITOAOCHI.

®rosMHbIE Ay4uu reTeporeHHbIe,
IPe06AAAAIOT OAHOPSIAHBIE AYYH, BCTPEYAOTCSI
eAMHMYHbIe ABYXpsAHble Ayud. B kope

MHOTOAETHHX CTe0Aell KOAHUYECTBO Aydeil
YMEHbIIAeTCS, PE3KO U3MEHSIETCS COOTHOIIeHHEe
MEXAY TPYNIIAMU Ay4YeH pPa3HOM CAOMHOCTH:
BABOE YMEHBIIAETCSI YUCAO 1-5-CAOMHBIX Aydeit
U TPAKTHUYECKH BABOE YBEAUYUBAETCS UHMCAO
6-10-caoiubix. B cTBOAOBOM wacThm Aydy,
IIPOXOAS Yepe3 TPYIIIbl BOAOKOH U CKAEpeHA,
MTOABEPraloTCs CKAepUPUKAIIUH.

VY3Ke co BTOPOIo ropa BO BTOPHYHOM pAOIME
P tremula $opmupyeTcst CAOML BOAOKOH. Y
060HX BHAOB PE3KO BO3PACTAET KOAUYECTBO
APY3 OKcaAaTa Kaablus. B croaoBo#t wacTu
AoAs mpoBopsmeit ¢paoambl cocraBaser 100-
120 MM y P davidiana u 6oaree 200 mxm

y P. tremula. OcraapHas 49acTb (AOIMBI Y
P. tremula modyrn MOpPOBHY AEAWTCS Ha ABe
30HBI: AMAQTALMOHHYI0 M HEIPOBOASILYIO.
Y P tremula OCHOBHBIM IIPU3HAKOM, IIO
KOTOPOMY MO>XHO BBIACAHUTDH 30HBI ABASCTCA
HaAMYME CKAPEUAHBIX IPYIII, 06PasyOLIXCs
MEXAY FPYHHaMI/I BOAOKOH. FPYHHI)I
CAOKEHBI ~ OpaxMCKAEpEHAAMH  OKPYIAOH,
KaK Ha IOIEPeYHOM, TaK U TAHTE€HTAABHOM
cpesax, ¢opmsl. Bo ¢aoame P davidiana
CKAEPEeHABI He 06Pa3yIoTcs], IO3TOMY IPAHULIBL
AMAAQTAIJMOHHOM 30HBI HE BHIACASIIOTCS.

3akAroueHHne

Anaaus crpoenust kopst P tremula u
P davidiana moxazaa, yTo 06Aapas 6oAbIIMM
CXOACTBOM B CTPyKTYPe KOPI)I, YTO BIIOAHE
OIPAaBAAHO IPUHAAAEKHOCTBIO K OAHOMY
poay Populus, mccaepOBaHHBIE BHABL YETKO
PABAMYAIOTCS [0 AHATOMUYECKMM IPH3HAKAM
kopsl. P. davidiana oramaercs ot P. tremula
reTepOreHHON (eAAEMOIl B MOAOABIX CTeOASIX,
OTCYTCTBHEM CKAePEHA B IIEPBHYHON KOpe,
dopMupOBaHHEM ~ CKAEDEHXHMBI yXe  BO
BTOPHYHON (AOIME OAHOAETHETO CTeOAsl, a
TaKXe OTCYTCTBHEM CKAEPEHA BO BTOPHYHOIM
¢$A03Me B KOpe CTBOAOBOH YaCTH.
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ANATOMY OF BARK OF POPULUS TREMULA L. AND P. DAVIDIANA DODE IN RELATION WITH
THEIR SYSTEMATICS

NATALYA V. SHKURATOVA

Abstract. The data of comparative-anatomical study of structure of stem bark of two vicarious species (Populus tremula L.
and P. davidiana Dode) are represented in this article. Methodic of the study was traditional in anatomy of plants. It was
established that having a great similarity in the structure of the bark, which is justified by belonging to the same genus
of Populus L., nevertheless studied species differ clearly on the anatomical features of the bark. In particular, P. davidiana
different from P. tremula by heterogeneous phellem in young stems, lack of sclereids in the primary bark, the formation
of sclerenchyma already in the secondary phloem of one-year stem, as well as by lack of sclereids in secondary phloem in
the bark of the trunk region.

Key words: Populus, bark anatomical features, stem
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BAMSHHUE HOBOCHUHTE3NPOBAHHbBIX KOMITAEKCOB
IDMHKA C AMMHOKHNCAOTAMM HA DOHEPTHUIO
IIPOPACTAHMA CEMAH U COAEPKAHUE
XAOPOPHUAAA B ITPOPOCTKAX ITIIEHUITBI

UspATUM A3U30B !, DAbIAH [[TAMUAOB

23% ACUM ABAYAAAEB 2

AHHOTanPUI. CPIHTeSPIpOBaHbI KOMITA€KChI aMUHOKHCAOT Ha OCHOBAaHUH 6I/IOI'EHH()I'O IIMHKa ¥ M3Yy4Y€HO BAMSHHE 3THX

KOMIIACKCOB Ha BCXOXXECTb CEMSH U COAEp KaHHE xzxopocl)MAAa B IIPOPOCTKaX IIIIEHHIIbL. BbIIBAEHO MOAOKHTEABHOE

AeI;ICTBI/Ie KOMITAE€KCAa ITMHKA CEPHOKHCAOTO C AMHHOKHUCAOTOM IHUCTEMHOM Ha BCXOXKECTDb M COAEPIKaHHE XAOpO(lJI/IAAa.

KaroueBbie caoBa: NEeHUIA, CHHTE3, aMUHOKHCAOTDI, SHEPIH IPOPACTaHM S, BCXOXECTD, XAOpO(l)I/IAA
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BBeapenne
WsBecTHO, 41O MHUKPO3AEMEHTBI
IIOAOXKUTEABHO  BAHSIOT Ha  TPAHCIOPT
BeIeCTB M AaKTHBHOCTb (EepMEHTOB, Ha

KOAHYECTBO M KAaueCTBO YPOXKasl, IOBBILIAIOT
3aCyXOyCTOMYMBOCTD M  TOAEPAHTHOCTb
pactenuit k 6oaesuam (AAMEB 1958a,
1958b; ABYTAABIBOB U AAUEB 1965).
Bricokast mMOTPeGHOCTD 3AAKOBBIX PACTEHHI
B MHKPOJAEMEHTAX OTMEYAeTCss Ha PAa3HBIX
dTallaX Pas3BUTUS: IIPU MPOPACTAHUH CEMSIH,
B CBSI3M C AKTHBU3ALHeN MHKPOIAEMEHTAMU
OPUHUMAIOIUX  yYacTHe B  THAPOAH3e
3allaCHBIX BellecTB; B ¢asde KyleHUs, B
CBsI3M C Obpa3oBaHHEM OOKOBBIX [O0OEros
U IPUAATOYHBIX KOpPHEH U3 IIOA3EMHBIX
cTebAeBBIX Y3A0B; B asze BbIXOAQ B TPYOKY,
B CBSI3M C YAAHNHEHHEM MEXAOY3AHHA U
AKTUBHBIMH ~ POCTOBBIMH  IIPOLIECCAMH.
Ha CTAaAMM  Pa3BUTHS  PacTeHHs
AKTUBHO MHCIIOAB3YIOT (OTOCHHTETHYECKH
AKTUBHOM COAHEYHOM papHMallMM M aKTHBHAs
POAbP  MHKPO9AEMEHTOB  IIPOSIBASIETCSI B
CHHTe3e XAOPOQHAAA M APYIHX IIUTMEHTOB
dorocuntesa (ILIKOAPHUK ¥ MAKAPOBA

9TOM

1957; IllkoAabHUK u dp. 1967; Ocumosa
1990; OcTAnEHKO U HuAOBCKASA 1994;
[Tyxaabckass 1997; TyHAAPEBA 2006).
HPI/I BHECEHHHN MHKPOIAEMEHTOB B BHAEC
pPACTBOPUMBIX COAeH GOAbIIAss YacTh HX

abcopbOupyercst I[TOYBEHHBIMH  YacTHL[AMHU
M CTAaHOBHTCSL  TPYAHOAOCTYIIHOHM  AAS
KOpPHEBBIX CHCTeM pacTeHuil. IloaTomy
3 PeKTUBHBIM crioco6om BHECEHMS

MHUKPOJAEMEHTOB SBASETCS BHeCeHHEe HX B
BHAE XEAATHBIX KOMIIAGKCOB H BHEKOPMOBAas
IIOAKOPMKA PACTeHHUH TaKHMMH KOMIIA€KCAMH.
IIpenMy1ecTBO X€AATHBIX MHUKPOYAOOpeHH
3aKAIOYAeTCSI B TOM, YTO OHH YCBaMBaIOTCS
pacreHusmMu 0oaee Aerko u 9$PeKTHUBHO,
OAHAKO CAEAYeT OTMETHTD, YTO OHH ACHCTBYIOT
KaK KCEeHOOHMOTHKM H IIPU HX Pa3AOKEHHH
00pasyloTCsI TOKCHYHBIE AAS  PacTeHHUH
BemecTBa. B HacTosmee BpeMs BeAyTCA
PaboThl I10 CO3AAHUIO KOMIIAEKCOB OHOTeHHBIX
METAAAOB C HCIOAB30BAaHHMEM IIOAE3HBIX
OpraHMYeCKUX  KHUCAOT,  IPUHHMAIONKX
ydacTie B MeTabOAU3ME PACTEHHUI.

ITeabio AQHHOM PabOTHI SIBASAOCH CHHTES3
AMHHOKHCAOTHBIX KOMIIAGKCOB IJMHKA M
U3ydYeHHEe BAMSHUE HMX Ha BCXOXECTb CEeMsH,

© 2016 The Author(s). Published by 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/ )
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Taba. 1. Bausnue xomnaexca ZnSO, ¢ aMHHOKHMCAOTAMHU Ha SHEPTUIO TPOPACTAHHUSL (A) u Bcxoxects (B) mpopocrkos

TIIIIeHUI[BIL.

Tab. 1. Influence of complex of ZnSO, with amino acids on the energy of germination (A) and germination ability (B)

of wheat seedlings.

IToxaszarean Bospact npopoctkos, aeit  Konrpoas (H,0)  ZnSO , ZnSO -nucrenn  ZnSO,-MeTHOHUH
A.
omeprit 30 29 33 32
npopacranus, %
B. Bcxoxects, % 7 65 63 67 67

POCT ¥ pa3BUTHE IPOPOCTKOB, HA COAEPKAHUE
XAOPOQHUAAA B AUCTDSIX IIIEHHIIBI.

MarepHaAbI H METOABI HCCACAOBAHHH

CuHTEe3 aMHHOKHCAOTHBIX KOMITAEKCOB
IIMHKA TPOBOAMAM TIpu Temieparype S0 °C
AOGaBAEGHHEM K PacTBOPY CEPHOKHCAOIO
IIUHKA pPAacTBOPOB IMCTEHHA, METHOHHHA U
TAMIIMHA C IepeMelIMBaHHWEeM M AaAbHeHIIen
kpucrassmusanueit (OCMAHOB u dp. 2013).
OOBEKTOM HCCAEAOBAHMS CAYKHAU CeMeHa
TBepAo# mmenuns! Triticum durum Desf.

CeMeHa IIITEHUITBI HAMAYUBAAY PACTBOPAMHU
KoMIAekcoB B TedeHue 24 4. KoHTpoabHBIE
ceMeHa HaMauuBaAu BOAOH. KoHTpoabHbIe
Y ONbBITHbIE CeMEeHa IpOopaliuBaAM  Ha
¢uabTpOBaAbHOM Oymare B wamkax Ilerpu
npu 20 °C B yCAOBHSAX TePMOCTaTHPOBAHHMA.
OmpepeAsiA  9HEprur0  IPOPACTaHUSA U
BcxoxxecTh ceMsH. CopepikaHHMe XAOpoduaAa
OIIPeAEASIAU Ha CIIEKTPOPOTOMETpe IIPU AAUHE
BOAHBI 663 1 645 HM. B xauecTBe pacTBOpHUTEAS
ucrnoab3osasu 80% pacTBOp areToHa.

PesyAbTaThl M HX 00Cy’KA€HHE

OHeprusi TPOPACTaHUS M  BCXOXKECTD
CeMSH, 06paboTaHHBIX KOMIIAEKCAaMU
IJMHKA C aMMHOKMCAOTAaMHM OIPEACACHBI Ha
TPeXAHEBHBIX M CEMUAHEBHBIX IPOPOCTKaX
(Taba. 1). Kak BHAHO M3 TabAHMIbI, CeMeHa,
obpaboTaHHBIle ~ KOMIIAEKCOM  ILHHKA  C
LUCTEMHOM O0AAAAIOT BBICOKOIM JHepruen
IIPOPaCTaHUA U BCXOXeCThio. CTUMYAHpYIOIee
ACMCTBUE HHU3KHUX KOHIEHTPALlMM pacTBOpa
CEePHOKHMCAOTO  ILJMHKAa  Ha  BCXOXeCTb,
9HEPTHUIO MPOPACTAHUSA U POCT MPOPOCTKOB
OTMEYaAOCh TAKKe B paboTax psiaa aBTOPOB

(VIETS 1966; MORTVERDT & GIORDANO
1969; Aram & SHEREEN 2002; TAYYEvVA
et al. 2013). B aTux paborax OTMeueHO,
9TO HM3KHE KOHIEHTPAIUH CEePHOKHCAOTO
[[MHKA OKAa3bIBAIOT IMOAOXUTEABHOE BAHSIHUE
Ha CHHTE3 (l)OTOCHHTeTPI‘IeCKHX IIUTMEHTOB,
B TO BpeMSI KaK HPI/I BHECEHHMH IITHHKa C
docpopom HabAOAaeTCS 06paTHBIA IPdeKT.
ITo MHeHHIO aBTOPOB, TaKOe OTPHIATEABHOE
AEVICTBHE  CBSI3aHO C  B3aHMOAEHCTBHEM
M@XAY LIUHKOM U $ocPOpOM, YTO B KOHEYHOM
cyere HPI/IBOAHT K SBACHHUIO XAOPO3I/IC3.
HexoToprle nccaepOBaTeAM CUUTAIOT, UTO IPH
COAEP>XaHMH BBICOKMX KOHIIEHTpaIlui IIMHKA,
¢ocdopa m xeaesa B IHUTATEABHOH cCpeae
3anYAHHeTCH YCBOCHI/IG IIUHKa KOPHeBOﬁ
CHCTEMOH PacTEHHH.

OpHaxo Tpu BHeCeHHMHU IMHKa U pocdopa
B HH3KHX KOHHeHTpaHHHX YCI/IAI/IBaACH pOCT
n pa3BI/ITI/I€ paCTeHHfI, nu yBeAI/I'-II/IBaAOCb
COAepKaHMe XAOpOHAAA B AMCTBAX. OTcroaa
6BIA CACAAH BBIBOA, 9YTO HU3KHE KOHIIEHTpaluu
9THUX 9A€MEHTOB 00eCIIeYHBAIOT HOPMAAbHOE
pa3BI/ITI/Ie PaCTeHI/Iﬁ I eHUIbI.

B mamux ompiTax 10-AHeBHbIE IPOPOCTKHU
TIIIeHUIbI HOABGP}KeHbI BOAHOMY CTpeCCY.
Yepes OAHOHEAGABHBIM TIEpPHOA  3acyXu
HavYaAM IIOAMBAaTh BOAOM M IPOCACAHAHU
32 BBIXOAOM PACTeHHH U3 CTPeCcCOBOTO
MTOAOXKEHHS. BBIX0A pacTeHHU U3 CTPeccoBOTO
COCTOSIHUS IIPOBOAUACS cAepyroIeit
IIOCAEAOBATEABHOCTBIO: ZnSO ,“LIAICTEeNH,
ZnSO ,-metnonut, ZnSO -TAMLUH, KOHTPOAD.

B Taba. 2 1npuBeAeHBI AaHHBIE IO
ONPEACACHUIO COACPXKAHUS XAOPOQHAAA B
AWCTBSIX IPOPOCTKOB ImreHunsl. Kak BHAHO
n3  Tabammp, ZnSO ,"IUCTEHH  OKa3bIBaA
IIOAOXKHTEABHOE BAMSHHE HA COAEpXKaHHUe
XAOPOQUAAQ, & TAKKe Ha OTHOLIeHHe XA d / XA b.
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Ta6a. 2. Bansauue komraekca ZnSO4 C aMHHOKHCAOTAaMHM Ha COAEPXKaHHE XAOpOCl)I/I.AAa B AUCTBSAX IIPOPOCTKOB MIIEHUIbL.

Tab. 2. Influence of complex of ZnSO, with amino acids on the content of chlorophyll in leaves of wheat seedlings.

O6pasupl Chla+b, mr/100 r Chla/b, mr/100 r
KonTpoanb 6,75+0,2 2,5
ZnSO,-MeTHOHUH 7,25+0,3 2,7
ZnSO,-yucrenn 7,95+0,2 3,20
3aKAIOUEeHHEe [Osipova LV. 1990. Effect of nitrogen nutrition level on
spring wheat resistance to drought. Bull. VIUA 94:
Ha  ocHOBe  IIOAyYeHHBIX  AQHHBIX 26-29. (In Russian)]
OcMAHOB H.C,, KAXPAMAHOBA ..,
MO>KHO CACAATDb 3aKAIYCHUE, 4qTo

KOMIIAGKC IIMHKA C IJUCTEMHOM OKa3bIBaeT
ITOAOXKHTEABHOE BAMSHHE Ha POCT U Pa3BUTHE
IPOPOCTKOB IIIEHHUITI M IOBBINAIOT HUX
3aCyXOyCTONYMBOCTb.

Paboma svinosnena npu noddepxucke epanma
Hayunozo gonda “SOCAR” Asepbaiidnana.
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INFLUENCE OF NEWLY SYNTHESIZED COMPLEXES OF ZINC WITH AMINO ACIDS ON SEED VIGOR
AND CHLOROPHYLL CONTENT IN WHEAT SEEDLINGS

IBrRAHIM AZ1ZOV !, ELSHAN SHAMILOV »3*, ASIM ABDULLAYEV >

Abstract. Based on the biogenic zinc the complexes with amino acids have been synthesized and the impact of them on
seed germination and chlorophyll content in wheat seedlings was studied. The positive effect of complex of zinc sulfate
with cysteine on the germination and chlorophyll content has been revealed.

Key words: wheat, synthesis, amino acids, germination energy, germination, chlorophyll
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