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NOTES ON THE FLORAL ANATOMY OF DEERINGOTHAMNUS SMALL
(ANNONACEAE): CORTICAL VASCULAR SYSTEMS IN A CHAOTIC PATTERN

THIERRY DEROIN ! & ELIANE M. NORMAN 2

Abstract. Floral anatomy of Deeringothamnus Small, an endemic and endangered annonaceous genus from Florida
comprising 2 species, was studied. It is mainly distinguished by missing any sclerenchyma at anthesis — apart from anthers
—and by a chaotic vasculature exhibiting a partial perianth-stamen cortical vascular system, appearing as an over-evolution
of the pattern previously described in the neighbouring Asimina and other paracarpous and pseudosyncarpous genera.
Such a pattern is amazingly similar to that previously recognized in the most basal annonaceaous genera, as e.g. Ambavia,
and might be considered as a reversion to an ancestral state. These alterations toward decrease are related to the receptacle

flatness and lack of pollination chamber, and seem parallel with the dwarf habit of this genus.

Key words: Asimina, Magnoliales, cortical vascular systems (CVS), floral vasculature, Florida
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Introduction

Among the Annonaceae, the genus
Deeringothamnus Small is well characterized
by its habit (dwarf shrub), diverging from
its ally — Northern American too - Asimina
Adanson by its diminutive stature, flat or
depressed floral receptacle and narrow
unsculptured petals (NorRMAN 2003), as well
as the petals number (6-12 vs. 6) and stamens
number (< 25 vs. > 30), after Krar (1960).
It comprises two species, D. pulchellus Small
and D. rugelii (B.L. Rob.) Small, both are
more or less pyrophytic and endemic in open
places of Florida, growing in poorly drained
sandy soils, in flatwoods. About 27 populations
were recognized for D. pulchellus, and 15 for
D. rugelii (NORMAN 2007). A merging of the
two species in one with two varieties was even
proposed by WARD (2001), in fact based on
the erroneous supposition intermediates occur
on the field (NorRMAN 2007). Two instances of
natural intergeneric hybrids were recognized:
A. pygmaea x D. rugelii and A. reticulata x
D. pulchellus (NormAN 2003), which appear
however sterile (MERCER et al. 2016).

As the reproductive biology of these two
rare and endangered species (federally listed
USFWS 1986) was analysed by the second
of us, it was interesting to tackle their floral
anatomy, so that comparisons could be made
with the related genus Asimina (at present
only A. triloba (L.) Dunal has been accurately
studied, see SMITH 1928).

Material and methods

Two advanced floral buds of each species
(D. pulchellus and D. rugelii) were studied,
from FAA gatherings (E. Norman s.n., Florida:
respectively Orange County, Christmas,
IV.200S, and near Smyrna Beach, 15.X1.2004)
kept at P (spirit collection) in a mixture of water,
ethanol and glycerol (equal volumes). For each
species, one bud (Fig. 1 B, E) was dehydrated by
t-butanol, then embedded in paraffin (melting
point = 60°C) upon the standard schedule
(GErRLACH 1984). Microtome cross sections
were made at a thickness of 15 ym, stained
by 0.5% Astrablue (5 mn) and 10% Ziehl's
Fuchsine (S mn), then dehydrated by acetone
and mounted in Eukitt. Flower vasculature was

© 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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Fig. 1. Morphology of the studied Deeringothamnus flowers: A-C — D. pulchellus; D-F - D. rugelii.

reconstituted by drawings of the serial sections
usinga cameralucida. Mountings were deposited
at the slide library (“histotheque”) of P, under
the references: Deroin 186 and 187. Moreover,
longitudinal hand sections of the other buds
were made as a rough check of vascular diagram,
and allow a better understanding of carpel
morphology.

Results
Pedicel histology (Fig.2 A, D)

The epidermis is made up by small
rounded and papillose cells, including some
2-celled simple hairs, and outlined by a
hypodermis, slightly distinct from the cortex,
which exhibits 8-12 layers of wider cells,
with intercellular spaces and secretory cells,
especially in the outer half. No sclereid is
recognized at this stage, close to the anthesis.
Phloem fibers show thin walls. There are
ca. 20 bundles, elliptical in cross section and

2-3 cambial layers are seen in them. Pith
cells appear similar to cortical ones. Main
differences between the two species occur in
the parenchymas (lignified in D. rugelii), and
in the arrangement of phloem fibers (rather
continuous ring in D. pulchellus; discrete
crescent massifs in D. rugelii).

With a diameter of 1000-1250 pm and
ca. 20 xylem poles, Deeringothamnus pedicels
may be compared with those previously
described in Cananga, Isolona, Rollinia or
Uvariopsis (DEROIN 1997), ie. in fairly
derived genera.

Perianth histology (Fig. 2 B, C)

Sepals are third (D. pulchellus) to half
(D. rugelii) the thickness of petals, exhibit
a homogeneous parenchyma with scattered
secretory cells, and bear simple hairs outside
like the pedicel. In petals parenchyma cells
decrease in size towards the inner side, which
is covered by a papillose epidermis, devoided
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Fig. 2. Flower histological features in Deeringothamnus pulchellus (A - cross section of pedicel (detail); B - sepal; C - outer
petal) and in D. rugelii (D - pedicel). Stained by the combination of aqueous Astrablue 0.5% and Ziehl’s Fuchsine 10%.
All scale bars = 100 pym.
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Fig. 3. Ascending transverse sections of the flower of Deeringothamnus pulchellus: A-D — insertion of the bract; E-L — from
the pedicel to the gynoecium base level. Abbreviations: B — bract; Is — sepal lateral bundle; ms - sepal median bundle;
Pe - outer petal; Pi - inner petal; S - sepal.
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Fig. 4. Ascending transverse sections of the flower of Deeringothamnus rugelii: A-J — from the pedicel to the receptacle top
level. Abbreviations: same as in Fig. 3, with mc — carpel median bundle; mls — sepal mediolateral bundle.
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Fig. S. Histological features in Deeringothamnus pulchellus (A - cross section of flower; B — anther base) and in D. rugelii
(C - cross section of flower; D — anther base; E - carpel (second ovule level in ascending order)). Stained by the
combination of aqueous Astrablue 0.5% and Ziehl’s Fuchsine 10%. Scale bars: A, C = 1 mm; B, D, E = 100 pym.

of any corrugation unlike Asimina (NORMAN Anther histology (Fig. S C, D)

et al. 1992). Secretory cells are located as in the

pedicel. In D. rugelii, petals bundles show some Epidermis is somewhat thin and
phloem fibers. discontinuous on the pollen sacs, much thicker
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and cutinized around the connective. Fibrous
layer appears weakly lignified and very distinct
from the hypodermis, parenchymatous on the
adaxial side, sclerenchymatous on the abaxial
one. At the anthesis tapetum seems 1-layered
with flattened cells. Pollen grains are more or less
in tetrads, exine is brightly stained by Fuchsine.

Connective  contains an  abundant
parenchyma, including a crown of secretory
cells. The collateral bundle exhibits protoxylem
and metaxylem vessels and a rather wide
phloem. Differences between the both species
are very slight: in D. rugelii, hypodermis is
much more lignified on the abaxial side, and
connective contains larger cells.

Receptacle vasculature (Figs 3 & 4)

While subtending bract is 1-trace
(Fig. 3 A-D), sepals have basically 3 traces
with all stages of fusion between them
(Fig. 3 E-G, S,: one strand; Fig. 4 F-G, S;:
3 free strands). All petals are basically 1-trace in
D. pulchellus (Fig. 3 H-I, Pe,, Pe,), 3-trace in
D. rugelii (Fig. 4 H-J). Outer corolla is always
regularly trimerous, inner one being altered both
by loss of petal (D. pulchellus: Fig. 3 J-L, no
Pi,) and duplication of inner petal (Fig. 3 J-L,
Pi’, Pi”; Fig. 4 ], Pi,, Pi”z). Near the top of
the receptacle, androecial and gynoecial traces
are inserted on a chaotic vascular plexus. Some
fusions occur between bundles from different
whorls, and so an irregular cortical vascular
system (CVS) might be recognized, androecial
strands being not arranged in a distinct outer
crown in cross section, as usual in Annonaceae.

By comparison with Asimina triloba (SmrTH
1928), the vascular pattern in Deeringothamnus
is somewhat irregular (Fig. 7), and bundle
fusions are scarcer, at once inside each whorl
(e.g. between lateral bundles of sepals or petals)
and between neighbouring whorls. Thus only a
partial CVS is built, but it belongs to the same
perianth-stamen pattern fully expressed in
Asimina. Androecial vasculature is double in
origin (from CVS and from stele), as in e.g. the
paracarpous genus Monodora (DEROIN 1988).
In fact, Deeringothamnus shows a reduction
of CVS extent, linked to a disorganization of

the inner corolla (leading to the lack of any
pollination chamber, see NORMAN 2003), and a
drastic decrease in stamen and carpel numbers.
In D. pulchellus floral vasculature appears most
condensed, each petal fed by a unique trace.
Moreover it should be quoted that receptacle
is flat in Deeringothamnus, but rather bulging in
Asimina (vaN HEUSDEN 1992).

Carpel vasculature (Fig. 6)

In the two species, carpels are very few (1-3),
not peltate and supplied by 3 bundles. The 5-6
ovules are 1-seriate and fed during anthesis — as
the rule in Annonaceae, and even Magnoliales —
by median bundle, through a vascular network
in the ovary wall. Lateral bundles fade at the
stylar level. As usual, median bundle only enters
the stigma, splitting at the top for providing the
two lobes. Carpel histology is very like that of
sepal or petal, but epidermis bears longer simple
2-celled hairs.

Discussion and conclusions

Between the two Deeringothamnus species,
histological differences appear very slight. The
most striking features vs. Asimina are probably
the lack of any sclereid at anthesis (outside
anther), whereas the secretory cells are mainly
crowded at the abaxial side of floral phyllomes.
Interestingly, anther histology is homogeneous,
although connective heads are obviously
different (tongue-like in D. pulchellus, bulbous
in D. rugelii). Inflorescence architecture and
petal thickness revealed also to be reliable
diagnostic characters (NorMAN 2003). Thus
a disjunction occurs between histology (at the
genus level) and external morphology, the latter
much more plastic.

On the other hand, vascular diagrams are
consistent with a tight relationship with Asimina,
wholly strengthened by a recent study (MERCER
et al. 2016): same CVS pattern involving 4
whorls, double supply of androecium, 3-trace
carpel (without mediolateral bundles -
a derived condition for the family — see DEROIN
1997). This advanced syndrome is wholly
comparable to thatin other paracarpous (Isolona,
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Fig. 6. Carpel architecture of Deeringothamnus pulchellus — longitudinal section with related ascending transverse ones.
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Fig. 7. Vascular diagrams of flowers: A — Asimina triloba, after SMiTH (1928); B — Deeringothamnus pulchellus; C —
D. rugelii. Abbreviations: same as in Fig. 3. Sepal bundles stippled, outer petal bundles white, inner petal bundles black,
stamen bundles hatched with black tips, carpel bundles stippled with hatched tips, fused bundles (cortical vascular

system) crossed.

Monodora, see DEROIN & COUVREUR 2008)
and pseudosyncarpous (Annona, Rollinia)
genera, and close phylogenetical relationships
are now well supported by molecular analysis
(Couvreur et al. 201S: S). However
D. pulchellus differs significantly from D. rugelii
by lacking lignified parenchymas, its highly
reduced CVS, and the lack of vascular fusion
between members of a same whorl. Combining
these features with differences in petal thickness
and connective head, it seems more appropriate
not to merge the two species, as proposed by
WAaRD (2001), although they are undoubtedly
very near.

Conversely the vascular architecture of
Deeringothamnus flower appears as an over-
evolution of the Asimina pattern, its irregular
character is reminiscent of that previously
described in the East-African genus Sanrafaelia
Verdc., in which the flat receptacle exhibits
even a trend to inferovary (DErROIN 2000),
fully expressed in most Xylopia species
(vAN HEUSDEN 1992). Such a chaotic vascular
pattern was yet described in the Malagasy
endemic Ambavia gerrardii (Baill.) Le Thomas,
combined with a wide intra-individual variation
in perianth arrangement and lack of any CVS, a
relevant feature of the other basal genera in the
family (DEROIN & LE THOMAS 1989). So floral
vasculature of the most derived annonaceous
genera exemplifies a reversion to an ancestral
condition with a recovery of evolutive
potentialities.
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TEUCRIUM PRUINOSUM VAR.AKSARAYENSE VAR.NOV.
(LAMIACEAE) FROM CENTRAL ANATOLIA, TURKEY

MusITrIN DING & SULEYMAN DoGUu *

Abstract. Teucrium pruinosum var. aksarayense M. Ding & S. Dogu (Lamiaceae), a new variety from Aksaray in Central

Anatolia, is described and illustrated. The new variety is similar to the typical one in its calyx teeth uncinate at tip and

subequal to the tube with conspicious midvein. It is readily distinguished from var. pruinosum by its general appearance,

indumentum, and floral organ pigmentation. The map showing the distributions of the varieties was given.

Key words: Teucrium, Lamiaceae, taxonomy, Turkey

Necmettin Erbakan University, Ahmet Kelesoglu Faculty of Education, Department of Biology, 42090 Meram, Konya/ Turkey;

* suleymandogu@gmail.com

Introduction

The genus Teucrium L. is a large and
polymorphic genus comprising about 200
species in the world. It has cosmopolitan
distribution, mainly in Europe, North Africa and
in the temperate parts of Asia (KASTNER 1989;
ABU-AssAB & CANTINO 1993). It has been
divided into ten sections, identifiable through
the calyx shape and the inflorescence structure
(McCLiNTOCK & EPLING 1946; TUuTIN &
Woop 1972). These sections are Teucropsis
Benth., Teucrium Benth., Chamaedrys (Mill.)
Schreb., Polium (Mill.) Schreb., Isotriodon Boiss.,
Pycnobotrys Benth., Scorodonia (Hill) Schreb.,
Stachyobotrys Benth., Scordium (Mill.) Benth.,
and Spinularia Boiss.

In Turkey, the genus Teucrium comprises
now a total of 35 species, including the recently
added T. chasmophyticum Rech. f. (DONMEZ
2006), T. melissoides Boiss. & Hausskn. ex
Boiss. (DONMEZ et al. 2010), T. aladagense
Vural & H. Duman (VURAL et al. 2015) and
T. sirnakense Ozcan & Dirmenci (Ozcan
et al. 2015), recently reinstated T. andrusi Post
(DING et al. 2011), and the long overlooked
T. krymense Juz., recorded from Kars (OzHATAY
& KULTUR 2006). According to the infraspecific
classification, Turkish flora presently includes
48 taxa (DONMEZ 2006; OzHATAY & KULTUR
2006; PAROLLY & EREN 2007; DONMEZ et al.

2010; DINgG et al. 2011; VURAL et al. 2015;
Ozcanetal. 2015).

Teucrium sect. Teucrium has 30 species
world-wide (Navarro & Er OuaLip} 2000;
ParoLLY & EREN 2007), 11 of them occur in
Turkey (Exim 1982; DuMaN 2000). Acording
to the intraspecific classification, these species
includes 13 taxa. In the section, T. orientale, the
closest relative of T. pruinosum, divided into
3 varietes in terms of indumentum type and
density.

Some Teucrium specimens were collected
from Aksaray province of Central Anatolia by
the authors. They were identified according
to the Flora of Turkey as T. pruinosum.
T. pruinosum is mainly characterised by its grey
pruinose appearance due to densely canescent
indumentum, calyx teeth uncinate at tip and
subequal to the tube with conspicious midvein.
Our specimens show the characteristics related
with the calyx shape. But, they are readily
distinguished from the typical T. pruinosum
by their subglabrous indumentum (not densely
canescent), green appearance of the leaves
and stems (not grey pruinose), blue-violet
corollas (not light blue), purple pedicels (not
grey or bluish), and filaments (not bluish).
After the studies on T. pruinosum populations
in Central Anatolia, the observations on the
syntypes and some other herbarium specimens,
and the examinations on the related Floras

© 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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Fig. 1. The general appearances and enlarged flowers of the two varietes of Teucrium pruinosum: A, B — var. aksarayense;
C, D - var. pruinosum.

(RECHINGER 1964; MOUTERDE 1966;
FEINBRUN DoTHAN 1978; Exim 1982), we
concluded that our specimens represent an
undescribed variety included in the species.

Material and methods

Plant materials were collected from the
natural populations of T. pruinosum growing
in the cenrtal part of Turkey. Collection data
is as follows: (as var. pruinosum here) Turkey,
C4 Konya, In aridis subsalsis planitiei prope
Karaman Lycaoniae ad radices Karadagh,
15.06.1845, Heldreich (syntype, E photo); BS
Kayseri ad Caesaream Cappadociaae, 1107 m,
01.06.1856, Balansa 1069 (syntype, E photo);
BS Kayseri: Yesilhisar, Giizeloz Koyt civari,
kayalik, step, 1400 m, 06.07.2010, M. Ding
3303 & S. Dogu; Develi civari, steppe,
1200 m, 06.07.2010, M. Ding 3304 & S. Dogu;
BS Aksaray: Hasan Dagi etekleri, Karkin koyi
civari, steppe, 1350 m, 17.07.2010, M. Ding
3332 & S. Dogu; Demirci Koyt civari, yol
kenari, 1200 m, 06.07.2010, M. Din¢ 3298
& S. Dogu; Aksaray-Nigde siniri, Kayirh
Kasabasi civari, steppe, 1400 m, M. Ding
3300 & S. Dogu; BS Nevsehir: Avanos civari,
1150 m, steppe, 10.07.2010, M. Din¢ 3331 &
S. Dogu; (as var. aksarayense here) BS Aksaray:

Aksaray-Nigde sinir1, Kayirhi Kasabas civari,
steppe, 1400 m, M. Ding¢ 3299 & S. Dogu;
BS Nevsehir: Avanos civari, 1150 m, steppe,
10.07.2010, M. Din¢ 3330 & S. Dogu, BS
Kayseri: Yesilhisar, Giizeloz Koyu civari,
kayalik, steppe, 1400 m, 06.07.2010, M. Ding
3302 & S. Dogu.

The plants collected by the authors were
identified using “Flora of Turkey and the east
Aegean Islands” (Exim 1982) and stored in
Necmettin Erbakan University, Ahmet Kelesoglu
Faculty of Education, Department of Biology,
Konya. Hovewer, with the observations on the
syntypes and some other herbarium specimens
of T. pruinosum, and the examinations
on the related Floras (RECHINGER 1964;
MOUTERDE 1966; FEINBRUN DOTHAN 1978),
morphological studies on the populations
and herbarium specimens showed that some
individulas were clearly and persistently differ
from typical characteristics of T. pruinosum.

In order to show the differences between
the typical and new variety, photo and
microphotographs were taken. In order to take
microphotographs, the pieces of the stems and
leaves of each variety were mounted directly on
stubs with double-side adhesive tape and coated
with gold. The pieces were examined by SEM
and photographed.
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Fig. 2. Theviews of stems andleaves of the two varietes of Teucrium pruinosum: A, C, E—var. aksarayense; B, D, F —var. ruinosum.
A, B - the photographs of stems and leaves; C, D - SEM photos of the stems; E, F — SEM photos of the leaves.

Results

Teucrium pruinosum var. aksarayense M. Ding
& S. Dogu var. nov. (Figs 1-3).

Type: BS Aksaray: Hasan Dag etekleri,
Karkin koyii civari, steppe, 1350 m, 17.07.2010,
M. Ding 3333 & S. Dogu (Holotype: KNYA,
Isotypes: GAZI, HUB, Yildirimh Herb.)

Diagnosis: var. pruinosum similis sed plantis
subglabris (non dense canus), caulis et foliis

viridis (non canus-pruinosus), flos cyaneo-
violaceus (non pallidus cyaneus), pedicelli
et filamanta purpurei (non canus vel pallidus
cyaneus) differt.

Description: Perennial herbs, 30-65 cm,
green, subglabrous with very sparse simple,
short non-glandular and subsessile clavate-
glandular hairs, many-stemmed from an
indurate base and a woody root stock. Stems
erect or slightly ascending, strongly tetragonal,



16 MODERN PHYTOMORPHOLOGY 9 (2016)
0

<

(e
@ TURKEY
) 9 Aksaray
a

0 @ " T
e

T

De—a
100 km

Fig. 3. Distribution map of the two varietes of Teucrium pruinosum: var. pruinosum (m), and var. aksarayense (*).

rigid, each ending above in a thyrsoid narrow
panicle with erect spreading branches.
Leaves ovate-lanceolate in outline, ternately
2-3-pinnatisect into green linear rigid lobes
with revolute margins, subglabrous with very
sparse hairs. Verticillasters 2-flowered; pedicels
1-flowered, purplish, longer than both calyx
and floral leaves. Calyx subglabrous, purplish,
4.5-6.0 mm, campanulate; teeth lanceolate,
1.0-1.5 x calyx tube, prominetly 1 veined,
uncinate at tip. Corolla blue-violet, 8-12 mm,
usually 2-3 x calyx; upper lip elongate, with
acute lateral lobes. Stamens long-exserted,
filaments purple. Nutlets ovoid, 2.1-3.0 x 0.9 x
1.3 mm, with glandular and nonglandular hairs.

Recommended TUCN threat category:
T. pruinosum var. aksarayense has been
presently known from four localities in Aksaray
and its adjacent provinces. Its estimated area of
occupancy is less than 5000 km? (criterion B).
The populations are healthy, but with less than
2500 individuals (criterion C). In addition, the
restricted area of the populations implies a high
risk of extinction owing to nearness of roads
and agricultural areas, subjection to grazing
(criterion D). Therefore, T. pruinosum var.

aksarayense should be classified as “Endangered
(EN)” based on the criteria of the IUCN Red
List Categories (IUCN 2001).

Etymology: The name of the new variety
refers to the province in which the variety is
collected firstly.

THE IDENTIFICATION KEY OF THE
TWO VARIETES OF T. PRUINOSUM

1. Plant canescent with densely simple shortnon-
glandular hairs, grey pruinose, corolla light
blue, pedicels grey or bluish, filaments bluish
................................................... var. pruinosum

1*. Plant subglabrous with very sparse simple
shortnon-glandularhairs, green, corollablue-
violet, pedicels and filaments purple .............

var. aksarayense

Discussion

Although the new variety is sympatric for
all part of its range with the typical variety,
it keeps the diagnostic characters from
var. pruinosum. The morphological differences
between the two varietes are never subtle
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and no intermediate forms exist. Taking into
consideration these data, it reveals that the
new variety is emerged from Aksaray and its
surrounding populations of T. pruinosum by
sympatric speciation.

According to the SEM observations, in
accordance with general appearances of the two
varietes, var. pruinosum has abundant short non-
glandular and very sparse subsessile glandular
trichomes, while var. aksarayense has very sparse
short non-glandular and denser subsessile
glandular ones (Fig. 2).

While var. pruinosum has mainly grey
pruinose appearance owing to densely
canescent indumentum and grows in
Syria, Lebanon, Palestine, Iraq, and Turkey
(RECHINGER 1964; MOUTERDE  1966;
FEINBRUN DoTHAN 1978; Exim 1982), the
new variety has green appearance due to
subglabrous indumentum and only occurs in
Central Anatolia (Fig. 3). The situation support
the opinion that Anatolia is a major speciation
centre for Teucrium sect. Teucrium (PAROLLY et
al. 2007).
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Introduction

Roses have a high ability to form interspecific
hybrids, both within one section and between
separate sections. It is relatively easy to
distinguish intersectional hybrids. Separation
of modern hybrids between species of one
section requires great caution, especially in the
case of the section Caninae DC. em. Christ.,
which is the most polymorphic group of the
Rosa L. It is particularly difficult because their
morphological characteristics are the main
criterion for distinguishing, wherein none of
the morphological characteristics analyzed
separately have not a significant diagnostic value
in the case of this section (ZIELINSKI 1985).

Rosa canina L. is the most common and
most variable species in genus Rosa. It creates
transitional forms of species, both within the
section of Caninae, as well as with species from
other sections. There are known interspecific
hybrids of R. canina with the species from
the section Caninae - eg. R. jundzillii
Besser, R. tomentosa  Sm., R. dumalis
Bechst., R. sherardii Davies; from the section

Cinnamomeae DC. - eg. R. pendulina L.;
and from the section Rosa — e.g. R. gallica L.
(Z1ELINSKI 1987).

GUSTAFESSON (1944) mentioned in his work
of yet another hybrid - between R. canina and
R. rubiginosa L. The possibility to form this
type of hybrid has been also known from later
works, regarding genetic testing of species
from the entire the section Caninae (inter alia
BrackHURrsT 1947; DE Cock 2008; Ritz &
WISSEMANN 2011). However, in the literature
relating to this form of hybrid no analysis of
morphological traits were found. Therefore,
this study is an attempt to establish the inter-
relationship between R. canina, R. rubiginosa
and their hybrid, based on morphological
characteristics, diagnostic for the Caninae
section.

Material and methods

The specimens used for morphometric
studies of R. canina x R. rubiginosa hybrid and
its parental forms were collected in Ukraine
(Podolia region) in 2008-2009 on two localities:

© 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. Overview of characters used to describe rose species in this study (according to MIJNSBRUGGE & BEECKMAN
(2012), modified); Abbr. — abbreviations.

Organ  Character Abbr.  Description
Lamina length LL Length of leaflet lamina
Lamina base length LbL  Length of basal part of leaflet lamina till largest width
Lamina width LW  Largest width of leaflet lamina
Rachis length RL Length of rachis
Leaflet margin serration  LmSe ~ Serration of the leaflet margin scored from 1 (single toothed) to 3 (multiple toothed)
Leaflet marginglands ~ LmG  Glands on the leaflet margin; from 1 (no glands) to S (densely glandular)
- Leaflet glands LG Glands on the underside of leaflet (outside the midrib)
= Rachis pubescence RPu  Pubescence on the rachis; from 1 (no pubescence) to S (dense hairiness)
Rachis glands RG Glands on rachis; from 1 (no glands) to S (densely glandular)
Lamina shape LS LL/LW
Lamina base shape LbS LbL/LW
Lamina length ratio LLR LL/RL x 100
Lamina base lengthratio LbLR LbL/RL x 100
Lamina width ratio LWR LW/RL x 100
Hip length HL  Length of hip
Hip base length HbL  Basallength of hip till largest width
Hip width HW  Largest width of hip
Pedicel length PL Length of hip pedicel
Orificium diameter OD  Diameter of orifice
Discus diameter DD  Diameter of disc
E Discus height DH  Height of disc
Pedicel glands PG Glands on pedicel; from 1 (no glands) to S (densely glandular)
Fruit length FL HL +PL
Hip shape HS  HL/HW
Hip base shape HbS HbL/HW
Hip length ratio HLR HL/FL x 100
Orificium ratio OR  OD/DD x 100

Medobory Nature Reserve and to the southeast
of Sataniv (leg. A. Soltys-Lelek, Herbarium
of the Ojcéw National Park, Ojcéw, Poland)
and in 2015 in Pila - in North-Western Poland
(leg. W. Gruszka, Herbarium of the University
School of Physical Education, Gorzow
Wielkopolski, Poland).

Several characters were measured, counted,
or observed on the leaves and hips (Tab. 1;
Fig. 1). Selection of characters was based on
previous studies (D Cock et al. 2007, 2008;
MIJNSBRUGGE & BEECKMAN 2012). The

measurements were made in thirty random
samples. For all measured characteristics,
arithmetic means and standard deviations were
calculated. The differences between the mean
values for the analyzed parental forms and
their hybrid were tested using non-parametric
Kruskal-Wallis test at P < 0.05. The statistical
analyses were done by software Statistica 10.0
for Windows.

The systematic approach and the
nomenclature are basing on the work of PoPEK

(1996).
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Fig. 1. Morphological characteristics of leaf (A) and fruit (B, C), that were measured or observed; C — upper part of hip;

abbreviations are listed in Tab. 1.
Results

A hybrid form of R. canina x R. rubiginosa
is characterized by a combination of
morphological features of both parental species
(Tab. 2). The size and shape of leaves (LL, LbL,
LS, LbS) and the glanding of the pedicel (PG)
it refers to R. canina. For example, the length of
the leaf of the hybrid (LL) is within the range
from 15.40 mm to 31.60 mm - 23.60 mm on
average, and the lamina base length (LbL) from
6.40 mm to 18.30 mm - 11.00 mm on average.
For R. canina LL values are within the range of
18.50 mm to 32.00 mm — 24.62 mm on average,
and LbL from 7.20 mm to 14.60 mm - 11.05
mm on average (Tab. 3).

In the case of R. rubiginosa, the hybrid is
similar in such features as: length of the rachis
(RL), serration of the leaflet margin (LmSe), the
diameter of the orifice (OD), hip shape (HS)
and the orificium ratio (OR). For example,
the length of the rachis (RL) for the hybrid is
between 10.40 mm and 39.55 mm - 19.42 mm
on average, and for R. rubiginosa from 9.40 to
32.00 mm - 21.13 mm on average. The diameter

of the orifice (OD) for the hybrid is within the
range of 1.35 mm to 2.90 mm - average of 1.93
and for R. rubiginosa from 1.25 mm to 2.55 mm
~ 1.86 mm on average (Tab. 3).

On the other hand, in relation to both
parental species, R. canina X R. rubiginosa
hybrid shows statistically significant differences
with respect to such morphological features
as: glands of the leaf margin (LmG), glands on
the underside of leaflet (LuG) glands on rachis
(RG) and height of a disc (HD). In these cases,
the hybrid has intermediate characteristics
between parental forms, which are however
statistically different from them. For example,
the height of disc (HD) for the hybrid is within
the range of 0.50 mm to 1.70 mm — 0.86 mm on
average, for R. rubiginosa it ranges from 0.00 mm
to 0.50 mm - average of 0.03 and for R. canina
from 1.50 to 3.30 — an average of 2.16 mm. In
the hybrid, this parameter reaches a significantly
higher value in relation to R. rubiginosa and in
relation to R. canina the value is significantly
lower (Tab. 3).

There were no statistically significant
differences between these three taxa, with
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Tab. 2. Characteristics of study taxa based on diagnostic features in the sect. Caninae.

Parental form (1) Hybrid Parental form (2)

Characteristics

R. rubiginosa R. canina x R. rubiginosa R. canina
Shrub 0,5-2(-3) m to2 (-3) m ca. to 3 m ca.

i +
Type of prickles heteracantha homoioacantha, + homoioacantha
heteracantha
+
. hooked, -~ recurYate, falcate hooked, curved, occasionally mixed with aciculi and
Prickles usually mixed with aciculae .
glandular setae on flowering short shoot
and glandular setae
Petiole densely glandular without glands or + glandular
Leaflet base usually rounded wedge-shaped or rounded
Leaflet apex acute to obtuse acute
mostly suborbiculate or L . L .
Leaflet shape broadly oval or broadly elhptlca?, ovoid, b'roadly elhptlca}, ovoid, b'roadly
. ovoid, roundish ovoid, roundish
elliptical

Leaflet margin serration multiple toothed singe-, double- to multiple

* densely stipitate-glandular

* densely stipitate-glandular

some leaves no glandular,
some * glandular

without glands or
occasionally * stipitate-

glandular
without glands

+ plain or conically convex

broadly, > 1 mm diameter

Leaflet margin glands densely stipitate-glandular
Rachis glands densely stipitate-glandular
Under side of leaflet densely glandular
Pedicel stipitate-glandular,
exceptionally glandless
Receptacle stlplt'ate-glandular or
without glands
Discus plain
Orifice
. egg shaped, subglobose,
Rose hip broadly ovoid
Sepals usually erected

toothed

from no glandular to +
densely stipitate-glandular

from no glandular to +

glandular

without glands,
exceptionally * glandular

without glands or
occasionally * stipitate-

glandular

without glands or
exceptionally * glandular

conically convex

narrow, to 1 mm diameter

egg shaped, rarely round, ovate

irregularly spreaded, partly

erected

reflexed

respect to such morphological features as: the
lamina width (LW), the length of the hip (HL),
basal length of the hip (HbL), hip width (HW),
length of pedicel (PL), diameter of disc (DD),
fruit length (FL) (Tab. 3).

Discussion
Until now, information on spontaneous

R. canina and R. rubiginosa hybrids have
not appeared in the literature too often, even

though the possibility of forming of hybrid
forms between these species, carried out by
artificial hybridization, was mentioned many
times (e.g. GUSTAFSSON 1944; BLACKHURST
1947; WisSEMANN 2006). Perhaps this is due
to the fact that the frequency of spontaneous
hybridization between the two species is rather
low (RiTz & WISSEMANN 2011), and some
authors even looked for the existence of a
genetic barrier (Z1ELINSKI 1985). Certainly the
geographical barrier between these species does
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Tab. 3. Comparison of morphometric characteristics between parental forms and their hybrid (Rosa canina x

R. rubiginosa); the average (x) of 30 replicates + SD; a, b, c (in row) - statistical significance with Kruskal-Wallis test,

P<0.05; abbreviations are listed in Tab. 1.

Characteristics R. canina [mm] R. rubiginosa [mm)] R. canina X R. rubiginosa [mm)
X +SD X +SD X +SD
LL 24.62° 3.31 20.23 4.07 23.60° 4.80
LbL 11.05* 1.85 9.51° 1.99 11.00° 2.65
LW 14.79* 2.36 14.96* 3.46 14.69* 2.61
RL 22.65° 4.99 21.13% 6.54 19.42° 5.18
LmSe (1-3) 2.17° 0.38 3.00° 0.00 3.00° 0.00
LmG (1-5) 2.07¢ 0.45 493 0.25 3.60° 0.56
LG (1-5) 1.00¢ 0.00 4.97° 0.18 2.00° 0.79
Rpu (1-5) 1.10° 0.31 3.97° 0.81 1.23° 0.43
RG (1-5) 1.33¢ 0.48 4.77° 0.50 3.47° 1.14
LS (LL/LW) 1.68 0.16 137 0.16 1.61° 0.18
LbS (LbL/LW) 0.75° 0.10 0.64° 0.07 0.74° 0.10
LLR (LL/RL x 100) 112.73% 22.84 102.09° 26.79 128.24° 30.28
LbLR (LbL/RL x 100) 50.25% 10.62 47.83° 12.15 58.60° 15.78
LWR (LW/RL x 100) 67.42° 13.84 74.83% 19.27 78.02° 16.36
HL 14.94° 3.04 13.78 2.82 13.82° 2.50
HbL 7.25° 2.24 7.02° 1.77 7.10° 1.68
HW 9.65° 1.38 10.47° 1.69 10.35° 1.98
PL 8.83° 3.09 9.89° 2.30 8.49° 2.56
oD 0.96¢ 0.11 1.86® 0.32 1.93° 0.46
DD 4.41° 0.45 4.30° 0.54 4.39° 0.48
DH 2.16° 0.42 0.03¢ 0.13 0.86° 0.48
PG (1-5.1=0) 1.00¢ 0.00 4.70° 0.47 1.93% 1.14
FL (HL + PL) 23.76" 3.90 23.67° 3.96 22.31° 3.81
HS (HL/HW) 1.56° 0.29 1.32° 0.19 1.35° 0.22
HbS (HbL/HW) 0.75° 0.22 0.67° 0.11 0.69° 0.13
HRL (HL/FL x 100) 63.26° 10.15 58.19° 6.50 62.30° 7.66
OR (OD/DD x 100) 22.17¢ 3.86 43.79% 8.53 43.84° 9.76

not exist. Both species have a broad range of
occurrence, wherein the acreage of R. rubiginosa
is in a range within R. canina (PoPEK 2007).
Isolation of modern hybrids within the
Caninae section is extremely complex, both for
the crossing of closely related species, as well as
for remote taxa of this section. This concerns
especially hybrids derived from R. canina,
characterized by a morphological similarity with
other species of this section (Z1ELINSKI 1985).

In the early nineteenth century, a stabilized
hybrid between R. canina and R. rubiginosa
was described in the rank of species under the
name of R. obtusifolia Desv. Currently, it falls
within the form of R. canina var. obtusifolia Desv.
(Porek 1996). This form is characterized by
leaves which are glandular underneath + and
pinnate leaves folded glandularly, which refers
to the characteristics of R. rubiginosa. KERENYI-
NaGY (2012) also lists other hybrids between
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R. canina and R. rubiginosa in the rank of
species. They are: R. squarrosa (Rau) Boreau,
R. blondeana Ripart and R. andegavensis Bastard
- according to other taxonomic approaches
also classified to glandular forms of R. canina
(PorEx 1996).

The analyzed hybrid displays intermediate
characteristics between R. canina and
R. rubiginosa, but also specimens closer to one
of parental forms or almost indistinguishable
from them occur as well (Tabs 2 & 3). It depends
on which of the species produced seeds and
which only gave pollen. The genetic material
given by the maternal specimen makes up to
80% of genotype (WIsSEMANN 2006). The
similarity scale of the test hybrid to the parental
species primarily concerns with the shape and
size of the leaf, which may be more elliptical
or oval, as in R. canina or more rounded as in
R. rubiginosa. Also, stalks can be glandular, as in
R. rubiginosa or without glands as usually is with
R. canina.

The essential features that distinguish
R. canina x R. rubiginosa hybrid are: glandular in
various degree underside of the lamina (whole
lamina or only part of it) — usually found only
in the case of some leaves, which margins are
serrated, quite rich glandular of the axis of leaf
and the height of the disk, which is usually
+ conical (Fig. 2). However, on one of the flower
shoots flowers had clearly conical disk (approx.
2.00 mm in height) and the some of the disk
near flat (approx. 0.50 mm in height). The shape
of the disk and the size of orificium is one of the
most important diagnostic features for different
kinds of roses.

Species of Caninae section are of hybrid
origin, no doubt, and were formed in the late
Tertiary. However, spontaneous interspecific
hybrids within this section occur also today,
although hybridization of extant species of
this section is limited to a large extent by the
occurrence of autogamous (ZIELINSKI 1985;
PoPEx 2007).
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Fig. 2. The characteristics of the hybrid Rosa canina x R. rubiginosa. A — serration of the leaflet margin; B - glands on »

the underside of leaflet; C — part of axis of leaf; D — part of flowering short shoot; E — fruit with no glandular pedicel;

F — disc shape and sepals; G — sepals; H — glandular pedicel. Specimen from Herbarium of the University School of
Physical Education, Gorzéw Wielkopolski, Poland, Pila, leg. W. Gruszka, 2015.
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VARIATION IN RHODODENDRON ARBOREUM SM. COMPLEX
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LEAF ANATOMY AND POLLEN MORPHOLOGY

SuBHASIS PANDA »%* & INDRANIL KIRTANIA 3

Abstract. Rhododendron arboreum Sm., placed under the genus Rhododendron L. in the family Ericaceae Juss. consists of
¢. 1000 species, of these c. 102 species occur in India. R. arboreum Sm. is restricted to a few South Eastern Asian countries.
In India, the species is distributed in the Himalayas, North Eastern India and hill tops of South Western Ghats. Detailed
investigations of the genus were studied by several workers but nobody studied variation in R. arboreum complex. A few
workers described pollen morphology of Ericaceae including Rhododendron, but they did not study different subspecies of
R. arboreum. No detailed investigation on leaf anatomy was also reported. The purpose of the present study is to evaluate
the contribution of leaf anatomy and pollen morphology along with herbarium and field based exomorphological data to

delimit infraspecific variations in R. arboreum complex.
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Introduction

Rhododendron arboreum Sm., commonly
called as Lali Guras is placed under the
subsection Arborea Sleumer, section Ponticum
G. Don, subgenus Hymenanthes (Bl.) K. Koch
and the genus Rhododendron L. in the family
Ericaceae Juss. The species was first described
and named by SmiTH (1805: 9). The genus
Rhododendron L. consists of c. 1000 species
(MINGYUAN et al. 2005; MABBERLEY 2008).
However, CRAVEN et al. (2008: 435-442)
reported a range between 600-1000 species in
the world as they mentioned “this number range
depending upon the breadth of specific variation
accepted by individual workers”, of these c. 102
species occur in India by BHATTACHARYYA &
SaNjappa (2014:9).

R. arboreum Sm. is restricted to a few South
Eastern Asian countries viz India, Nepal,
Bhutan, Sri Lanka, South Western China,
Northern Myanmar, Northern Thailand and
Northern Vietnam. In India, the species is
distributed in the Himalayas, North Eastern

India and hill tops of South Western Ghats
(Tamil Nadu & Kerala).

Detailed investigations of the genus were
studied by several workers like CLARKE (1882:
493-498), CHAMBERLAIN (1982: 328-332),
PRADHAN & LacHUNGPA (1990: 65), LoNG
(1991:372), CHAMBERLAINetal. (1996:1-184),
KRrON et al. (2002: 335-423); MINGYUAN et al.
(2005: 260-455) and BHATTACHARYYA (2007:
131-138).

NairR & KotHArr (1985: 1-7) as well
as PARIA & ParL (1990: 95-104) described
pollen morphology (LM & SEM) of some
Indian Ericaceae including a few species of
Rhododendron, but they did not study different
populations of R. arboreum, rather they studied
based on herbarium material from a single
collection. Similarly, VAsanTHY & Pocock
(1987:213-245) studied pollen tetrads of a few
SouthIndian EricaceaeincludingR. nilagiricum,
but they did not study other subspecies of
R. arboreum. Meanwhile, ZHANG et al. (2009:
123-138) studied pollen morphology (LM
& SEM) of 80 taxa of Rhododendron subgen.

© 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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Tsutsusi, but they did not include R. arboreum
Sm. Similarly, SARWAR & TAKAHASHI (2013:
185-199) and Park & SonG (2010: 663-672)
studied pollen grains of 40 taxa of Rhododendron
and its closely related genera and pollen
morphology of 11 species of Rhododendron in
Korea respectively, but they did not include
R. arboreum like ZHANG et al. (2009). No
detailed investigation on leaf anatomy (leaf-
stomata, leaf areole patterns, vein endings) were
reported. Researchers like NiEDENZU (1890:
134-263), Cox (1948: 493-498) and STEVENS
(1971: 1-53) contributed a little works on leaf-
stomata, vein islets and vein endings.

The purpose of the present study is to
evaluate the contribution of leaf anatomy
(LM) and pollen morphology (both LM &
ESEM) along with herbarium and field based
exomorphological data to delimit infraspecific
variations in R. arboreum complex.

Material and methods

The present work is the outcome of detailed
light microscopic (LM; Olympus, Tokyo) as
well as environmental scanning electronic
microscopic (ESEM; FEI Quanta-200 MK2,
Leiden) studies of leaf stomata, leaf areolar
pattern (vein islets and vein endings) and
pollen morphology of different populations
of R. arboreum complex based on Indian
(live as well as herbarium materials in CAL,
BSIS, ASSAM & Barasat Govt College (BGC)
herbaria), Nepal, Bhutan, China, Sri Lanka
and Myanmar materials (duplicate herbarium
materials in CAL & BSIS). This work was carried
out partly in the Taxonomy and Biosystematics
Laboratory, Barasat Government College and
partly in the Angiosperm Taxonomy & Ecology
Laboratory, Darjeeling Government College. All
measurements are given in metric system. The
dimensions “D”, “(d)” and “2f” corresponding
to the tetrad diameter, diameter of individual
pollen grains and colpi lengths respectively were
measured according to OLDFIELD (1959: 37).
These pollen measurements are based on at least
10 grains from each specimen.

Methodology for stomatal study. Mature
leaves were obtained from live specimens

collected during field tour in Arunachal Pradesh
and Meghalaya as well as from the herbarium
specimens (CAL, ASSAM, BSIS and BGC
herbaria). Small cubical pieces (c. 1 cm?)
were excised from the base, middle and apical
regions of the blade. Several existing methods
viz 10% HNO -boiling for 10 minutes, % KOH
overnight (12-24 hours) treatment without
boiling and with boiling were done. Pieces
were ringed in sterilized water until clear. After
clearing, pieces were dehydrated in an ethanol
series followed by staining with 10% safranin
and mounted onto microscope slide in DPX
(pieces of basal, middle and apical regions
in one slide). The slide was examined under
Olympus (Tokyo, Japan) light microscope using
x10, x40 and x100 objectives and drawings
were made with the help of camera lucida. The
descriptive terminology follows METCALFE &
CHALK (1950:1-806), DiLcHER (1974: 1-53),
StACE (1965: 3-78; 1989: 78-80), FAuN (1997:
168) and CARPENTER (2005: 1595-1615).

Methodology of leaf clearing for venation
study. Entire mature leaves were immersed
in 2.5% NaOH solution until clear (closed
condition). In the present study, most of the
leaves were cleared after 15 days of NaOH
treatment. After 7-12 days, these NaOH-
treated leaf samples were again immersed in
2.5% NaOH solution for 2-3 days followed by
1 drop chloral hydrate treatment overnight.
Leaf samples were then washed in distilled
water. After clearing, pieces were dehydrated in
an ethanol series followed by staining with 1%
safranin and mounted onto microscope slide in
DPX (pieces of basal, middle and apical regions
in one slide or entire leaf when small size). The
descriptive terminology follows HickEeY (1973:
17-33) and DiLcHER (1974: 1-53).

Preparation of pollen slides. The method
used in this study was by ERpTmMAN (1952:
1-539; 1969: 486; 1986: 553). The descriptive
terminology follows ERDTMAN (1952, 1969,
1986) and SARWAR et al. (2006: 15-34).

Slide preparation for ESEM. Acetolysed
pollen grains (following ERDTMAN 1952) were
prepared for ESEM observation. Pollen grains
at least from 10 flowers of each species were
acetolysed and studied. Observations were
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made with FEI Quanta-200 MK2 (Leiden,
Netherlands) in the high vacaum mode at an
applied voltage of 10 KV. For ESEM, above
samples were mounted on the metallic stub
using double stick tape.

Results

Rhododendron arboreum Sm., Exot. Bot. 1:
9,t.6,1805; Hook. ., J. Hort. Soc. London 7: 78,
92, 1852; C.B. Clarke in Hook. £, FL. Brit. India
3: 46S. 1882; Tagg in J.B. Stev,, Sp. Rhodod.:
14. 1930; Kanjilal in Kanjilal et al., Fl. Assam
3: 152. 1939; Hara in Hara et al, Enum. FL
Pl Nepal 3: 58. 1982; D.E. Chamb., Notes Roy.
Bot. Gard. Edinburgh 39 (2): 328. 1982; Ghosh
& Samaddar, J. Econ. Taxon. Bot. 13 (1): 206.
1989; Pradhan & Lachungpa, Sikkim-Himalayan
Rhododendr.: 75. 1990; Long in Grierson
& Long, Fl. Bhutan 2: 372. 1991; Mingyuan
et al, in Ruizheng & Chamberlain (eds.), FL
China 14: 368. 2005; Bhattacharyya, Rev. Gen.
Rhododendr. India (Ph.D. thesis): 131. 2007;
Bhattacharyya & Sanjappa in Sanjappa & Sastry,
Fasc. Fl. India no. 25 (Ericaceae): 87-93.2014.

The species is variable in respect with
indumentums present or absent, lamina surface,
margin, apex, flower colour, stamens length,
style indumentum.

S subspecies recognized (CHAMBERLAIN 1982).

KEY TO THE SUBSPECIES
(based on exomorphology, leaf anatomy and
pollen morphology)

1. Abaxial leaf with a unistrate compacted
indumentum, if rarely bistrate, then adaxial
surface rufous floccose; stomata variable
paracytic, amphiparacytic, brachyparacytic
to desmocytic types; stomatal dimensions
16-21 x 12.5-21.5 pm; 300 pm long; tetrads
30.4-45.6 pym in diameter; exine surface
reticulate with viscin threads ........occvceurevunece 2

1*. Abaxial leaf with a fawn to light brown
spongy tomentum, always unistrate;
stomata variable paracytic, amphiparacytic,
brachyparacytic to desmocytic types;
stomatal dimensions 15.5-17.5 x 15.5-17.5

um; leaf areoles up to 176 um long; tetrads
38.7-46.6 ym in diameter; surface reticulate
with viscin threads .........cooccuveereivverririneriienns 3

2. Abaxial leaf surface with white to silvery
compacted indumentum; stomata
brachypara to desmocytic besides para and
amphiparacytic; stomatal dimension 16 x
12.3 pm; tetrad 30.4-45.6 um in diameter ......
............................................... 1. subsp. arboreum

2*, Abaxialleaf surface with fawn indumentums;
stomata only amphiparacytic; stomatal
dimension 21.5 x 21.5 pm; tetrad 38.5-42.6
pm in diameter .......... 2. subsp. cinnamomeum

3. Leaves strongly concave with bullate upper
SULfACe oo, S. subsp. zeylanicum

3*. Leaves with a * plane, reticulate or rugose
UPPET SUITACE «.oovvvereierriirrinrciiesiessinsssssensenes 4

4. Leaf apex rounded, margins revolute,
rugulose to rugose; stomata para and
amphiparacytic; stomatal dimension 15.5 x
15.5 ym; tetrad 38.7-40.6 ym in diameter .....
.......................................... 4. subsp. nilagiricum

4*, Leaf apex acute, margins not recurved, not
rugulose; stomata only paracytic; stomatal
dimension 17.5x17.5 um; tetrad 42.4-
46.6 pm in diameter .......... 3. subsp. delavayi

1. subsp. arboreum

Figs 1-2.

Description based on duplicate herbarium
specimens in CAL, BSIS & ASSAM which
include all probable natural habitats of its
distribution (Himalayas, North-Eastern India,
Nepal, Bhutan, China & Myanmar) as well as
live collections from Sikkim, Arunachal Pradesh
and Nagaland.

Type. A plate accompanying the protologue,
drawn from the plant seen near Srinagar
(Kashmir) by Capt. Hardwicke in 1796 (Icono,
CAL!).R. puniceum Roxb., Hort. Beng.: 33.1814
& Fl India 2: 409. 1832. Type: North India,
mountains north of Nohilkhund, Hardwicke
s.n. (n.v.). R. windsorii Nutt., Hooker’s J. Bot. Kew.
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Fig. 1. Habit photographs of Rhododendron arboreum subsp. arboreum: A - Salari forest, Arunachal Pradesh
(S.Panda111,BGC); B -Jabrang, Arunachal Pradesh (G. Panigrahi61878,CAL); C~Lachung, N Sikkim (S.Panda16,BGC).
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Fig. 1. Continued. D — Lachung (J.D. Hooker s.n., CAL); E — Tonglu, Darjeeling (Anderson s.n., CAL); F — Shillong
peak, Meghalaya (S. Panda 177, BGC).
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Fig. 2. Habit photographs of Rhododendron arboreum subsp. arboreum: A — Uttaranchal (Strachey & Winterbottom 169,
CAL); B - Himachal Pradesh (Lace 1307, CAL); C - Nepal (Scully s.n., CAL); D — Bhutan (Griffith 3487/2, CAL).
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Fig. 2. Continued. E - China, Yunnan, (Henry 10983,
CAL); F - China, Chumbi valley (Seawright s.n., CAL).

Gard. Misc. §: 357. 1853. Type: Nepal, on the
ridges and slopes of Ropprye, 7000-9000 ft,
Nuttall s.n. (K, photo!).

Vernacular names. Pullasa (Sanskrit),
Brons (Almora), Etok (Bhutia), Zalatni
(Burmese), Cheu (Chamba), Burans (Hindi),
Bras, Burans (Kumaon), Al-etok-Koong
(Lepcha), Guras, Lal-guras, Laliguras, Bhorans,
Dotial, Taggu (Nepali), Ardawal, Aru, Broa,
Chacheon, Mandal (Punjabi), Baras (Bengali),
Chhan, Chiu (Kashmiri), Tin-saw, Dieng-tin-
thuin (Khasi).

Description. Lamina (6)8-15 x (2)3-5 cm,
usually oblong-lanceolate, apex acute to rarely
acuminate (J. Scully 44, Nepal, CAL!), adaxial
surface reticulate, abaxial surface compacted,
usually white to silvery indumentums; petioles
5-14 mm long. Flowers mostly 33 mm long
and 32 mm across, occasionally 40 mm long
(K. Biswas 9277, Sikkim, CAL!); pedicels
4-7 mm long, sparsely to densely pubescent.
Corolla bright red to carmine, occasionally pink
to white. Stamens 10, longer one 16-28 mm long
(anther lobes c. 2 mm long in all cases). Ovary
4-7 mm log, style 18-24 mm long, glabrous.

Distribution. India: Himalayas (Jammu
& Kashmir, Himachal Pradesh, Uttarakhand,
Sikkim, West Bengal (Darjeeling) and Arunachal
Pradesh), North-Eastern States (Meghalaya,
Nagaland, Manipur, Mizoram); Nepal; Bhutan;
South-Western China.

Habitat. Grows in dry as well as moist rocky
slope in dense or open forests at altitudes ranging
from (800)1500-2800(3400) m in association
with Gaultheria fragrantissima, G. seshagiriana,
Leucothoe  griffithiana  and  Rhododendron
vaccinioides at altitudes ranging in 2200-3200 m.

Flowering. March — May.

Fruiting. July — September.

Specimens examined in CAL otherwise
mentioned. INDIA: EASTERN HiMALAYA: Arunachal
Pradesh: West Kameng district: New road from Bomdi-
La to Rupa, 2484 m, 14.04.1957, G. Panigrahi 6893;
Senge Dzong, %2 mile from Rest house, Kameng F.D,,
3231 m, 21.05.1957, R.S. Rao 7656; Duphla hills,
7000 ft, 1874, J.L. Lister s.n., Acc. No. 268259; Salari
village, West Kameng district, 24.05.2010, 2200 m, S.
Panda 197 (Barasat Govt. College Herbarium). West
Bengal (Darjeeling): Senchel, 2250 m, 24/05/1909,
LH. Burkill 32143; Darjeeling, 2700 m, 08.05.1977,
J.L. Lister s.n., Acc. no. 268304; Sandakphoo, 3800 m,
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18.06.1961, Lepcha Jagat 135; 24/11/1996; Sangachelling,
2300 m, 24.05.1909, LH. Burkill 32143 (BSIS). Sikkim:
Phadonchen, 3100 m, 19.05.1950, Dr. K. Bisaws 9175;
Lachung, 2750 m, 19.09.1892, G.A. Gammie 10. NORTH-
EASTERN STATES: Meghalaya: Shillong peak, 1850 m,
05.04.1959, H. Deka 18301; Khasia hills, 05.04.1894,
G.A. Gammie 374; Elephant falls, 1700 m, 23.12.1958,
G.K. Deka 14082. Nagaland: Kohima, 5000-5500 ft,
23/04/1886, Dr. D. Prain s.n., acc no. 268263. Manipur:
Mao, 2100 m, Feb. 1882, George Watt 6126; Ching Sow,
2100 m, May 1882, G. Watt 5178. WESTERN HIMALAYA:
Uttaranchal: Near Mussourie, May 1870, G. King s.n., acc.
no. 268345; Kedarnath north side, 3800 m, June 1893,
J.S. Gamble 24429. Himachal Pradesh: Simla, 2300 m,
Oct. 1907, A. Meebold 8676. NEPAL: Manichur, 2300 m,
18.03.1961, Dr. PN. Juwal & Party 133; Chandragiri pass,
2350 m, 03.12.1907, LH. Burkill 29808; On the way from
Chitlong to Sisagan, 03/11/1950, K.S. Srinivasan s.n.,
acc. no. 44626 (BSIS). BHUTAN: Thachu, 2500 m,
24.08.1963, N.P. Balakrishnan 1304. CHINA: Near Rima,
2450 m, 26.03.1950, F. Kingdonward 19245; Chumbi,
2700 m, April 1909, G.L. Searight 3. MYANMAR: Haka,
2500 m, 05.04.1939, EG. Dickason 7386; Shan hills, upper
Burma, Feb.1892, Abdul Huk 133.

Field notes. The species is a variable from
population to population in lamina size and shape,
petiole length, flower size, corolla colour varying
from blood red, crimson, pink, pinkish-white to
white, pedicel indumentums and length, stamens
length, pistil length and capsule diameter.

Leaf stomata (Fig. 4). The study of LM
(x40, x100) stomatal architecture includes
number, form and arrangement of specialized
epidermal cells associated with the stomatal
guard cells. Distribution and orientation:
Stomata are distributed more or less evenly
over the entire abaxial leaf surface in between
the veins, but generally not over the finer veins
and main veins. Type: The investigated species
shows different forms of paracytic stomata,
mostly euparacytic to amphiparacytic (Sikkim
population, Panigrahi  638S), occasionally
brachiparacytic (Himachal population, Burkill
28678) to desmocytic (Arunachal population,
acc. no. 268259). Dimensions of stomata: The
average dimension is 16 X 12.3 pym in apex,
middle andbase. Thelengthvariesfrom 12.6 pm
to 19.4 pm and breadth - from 10.5 pm
to 142 pm (19 pm in Sikkim population,
Panigrahi 6385). Size of guard cells: The average
dimension is 10.6 X 4.4 pm. Size of epidermal
cells: The epidermal cells are usually penta-
to polygonal, isodiametric to rarely irregular,

Fig. 3. Habit photographs of Rhododendron arboreum:
A - var. cinnamomeum (Burkill 32026); B - subsp.
delavayi (China, Henry 10983, CAL).
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Fig. 3. Continued. C-F - subsp. nilagiricum (in CAL: C — Kerala, Pandurangan 62539; D — Tamil Nadu, 2071; E - Tamil
nadu, C.B. Clarke; F — Tamil Nadu, Subramanyam 5540).
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Fig. 4. Stomatal complex of Rhododendron arboreum subsp. arboreum: A - stomata (LM x40 at apex, Panigrahi 15422,
Arunachal Pradesh); B - stomata (LM x40 at middle, Townaud 766, Sikkim); C — stomata (LM x40 at base, Burkill 29808,
Sikkim); D — stomata (LM x40 at base, Balakrishnan 1304, Bhutan).

some are quadrangular, elongated to deltoid.
There is no definite pattern of arrangement of
epidermal cells. The epidermal walls in surface
view are mostly straight to slightly wavy to
sinuous (Sikkim and Meghalaya populations).
The epidermal walls in the adaxial surface are
also straight. Dimensions of epidermal cells: The
maximum length is 44.4 pym and breadth is
19.3 pm. The minimum length is 7.5 ym and
breadth is 4.3 pym.

Leaf areolar (vein islets) pattern
(Figs 6-7). Shape of areole: Most populations

show deltoid shape, occasionally quadrangular,
pentangular, rhomboid (Sikkim population,
G. Panigrahi 15747) to very rarely irregular in
shape. Larger areole: 282 x 70 ym. Smaller areole:
58 x 35 um. Vein islets (areoles): 73 (average) per
1 mm? (116 per mm? in Sikkim population,
K. Biswas 9277). Vein endings: 34 (average)
per 1 mm?; veinlets usually simple unbranched
to occasionally obscurely branched (once).
Branched and unbranched veinlets occur in
the same areole. Vein ends: Bulbous, bulbous-
acute, bulbous-truncate (Sikkim population,
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Fig. 5. Stomatal complex of Rhododendron arboreum: A — subsp. cinnamomeum var. cinnamomeum (LM x40 at base, King's
Collector s.n., Sikkim); B — subsp. delavayi (LM x40 at apex, Mc Laren 38AA, China); C — subsp. nilagiricum (LM x40 at
apex, Ramamurthy 66376, Kerala); D — subsp. nilagiricum (LM x40 at apex, Fischer 2530, Tamil Nadu).

G. Panigrahi 15747) to rarely bulbous-rounded
(Sikkim population).

Pollen morphology (Figs 9-11). Pollen
grains are variable in size. Grains occur mostly
in tetrahedral tetrads, occasionally decussate
tetrads (Nepal population 23 & Burkill 28678
from Himachal Pradesh), 3-zonocolporate.
Tetrad size (D): 30.4-45.6 pym in diameter
(304 pm in Manipur, 33 um in Western
Himalaya, 34.2 ym in Darjeeling in West Bengal
and China, 35.5 pym in Bhutan and Myanmar,
38 um in Nepal, 43.1 pym in Meghalaya and

Nagaland, 45.6 pm in Sikkim populations),
subspheroidal. Individual grain size (d) also
variable, 15-31.7 ym in diameter, mostly
19.3 pm. Exine tectate, 2.8-3.9 pm thick,
surface reticulate with viscin threads under ESEM,
aperture margin granulated and compact.
Colpi distinct, 10.8-14.4 ym long, width 2.4-
2.8 um. 2f/D (ratio of colpus length, 2f to tetrad
diameter, D): 0.26-0.33 um, colpus margin
distinct, acute to tapering towards ends. Septum
thickness 1.7-3.2 ym.
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Fig. 6. Leaf areolar (vein islets) pattern of Rhododendron arboreum subsp. arboreum: A-B — Arunachal Pradesh (LM x100,
x400); C-E - Sikkim (LM x50, x400, and x100); F — Darjeeling (LM x50).
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Fig. 7. Leaf areolar (vein islets) pattern of Rhododendron arboreum subsp. arboreum: A-B — Nagaland (LM x100, x400);
C — Manipur (LM x100); D, E — Nepal (LM x50, x100); F — Bhutan (LM x50).
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Fig. 8. Leaf areolar (vein islets) pattern of: A — Rhododendron arboreum subsp. cinnamomeum var. cinnamomeum from
Himachal Pradesh (LM x50); B — R. arboreum subsp. delavayi from China (LM x100); C-F - R. arboreum subsp.
nilagiricum from Kerala (C, D — LM x100, x400) and Tamil Nadu (E, F - x50, x400).
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2. subsp. cinnamomeum (Lindley) Tagg in
JB. Stev, Sp. Rhodod.: 17. 1930; D.F. Chamb.,
Notes Roy. Bot. Gard. Edinburgh 39 (2): 330.
1982; Bhattacharyya, Rev. Gen. Rhododendr.
India (Ph.D. thesis): 135. 2007. Bhattacharyya
& Sanjappa in Sanjappa & Sastry, Fasc. Fl. India
no. 25 (Ericaceae): 91.2014.

3 varieties recognized (BHATTACHARYYA &
SANjAPPA 2014).

KEY TO THE VARIETIES

1. Abaxial leaf unistrate, compacted, fawn or
WHItISH coovrieeeceeee e 2

1*. Abaxial leaf bistrate, upper layer loose,
floccose, rufous, lower layer compacted,

whitish to fawn ........... 2a. var. cinnamomeum
2. Corolla pink to carmine ......... 2b. var. roseum
2*. Corolla white ......ccceeuveveevririinne 2c. var. album

2a.var. cinnamomeum. R. campbelliaeHook.{,,
Rhododendr. Sikkim-Himalaya: t. 6. 1849.

Fig. 3 A.

Type.India,Sikkim Himalaya,9000-10000 ft,
J.D. Hooker s.n. (CAL!). R. arboreum Sm. subsp.
campbelliae (Hook. f.) Tagg in J. B. Stev., Sp.
Rhodod.: 15. 1930; Bhattacharyya, Rev. Gen.
Rhododendr. India (Ph.D. thesis): 135.2007.

Vernacular names. Etok (Bhutia); Guras,
Lal Guras (Nepali).

Description. Lamina 6-13 x (1.5) 2.5-
3.3 cm, usually elliptic-lanceolate to rarely
oblong-lanceolate, apex acute, adaxial surface
reticulate, abaxial surface with a Dbistrate
indumentums, the upper layer loose and
floccose, rufous, lower surfacewhitish to fawn
and compacted; petioles 5-8 mm long. Flowers
¢. 32 mm long and 32 mm across; pedicels 4-8
mm long, sparsely to densely pubescent. Corolla
pink to carmine.

Distribution. India: Eastern Himalaya
[Sikkim, Darjeeling in West Bengal]; Eastern
Nepal; Bhutan; South-Western China.

Habitat. Grows in dry as well as moist
rocky slope in dense or open forests at altitudes
ranging in 2500-3400 m.

Flowering. March - June.

Fruiting. September — November.

Specimens examined in CAL otherwise mentioned.
INDIA: EASTERN HimavrAva: Sikkim: JE. Lister s.n.,
acc. no. 268304; J.D. Hooker s.n., acc. no. 268303; Dr. King
s.1n., acc. no. 268326. No specimens available from Nepal,
Bhutan and China in CAL.

Field notes. The species is a variable from
population to population in lamina size and
shape, petiole length, flower size, corolla colour.

Leaf stomata (Fig. 5 A, B). The investigated
species shows only amphiparacytic type.
Dimensions of stomata: The average dimension
is 21.05 x 21.05 ym in apex, middle and base.
The length varies from 19.3 ym to 22.8 ym
and breadth - from 19.3 um to 22.8 ym. Size of
guard cells: The average dimension is 11.5 x 5.8
um. Size of epidermal cells: The epidermal cells
are usually penta- to polygonal, isodiametric
to rarely irregular, some are quadrangular.
There is no definite pattern of arrangement of
epidermal cells. The epidermal walls in surface
view are straight. The epidermal walls in the
adaxial surface are also straight. Dimensions of
epidermal cells: The maximum lengthis 25.3 um
and breadth is 6.3 ym. The minimum length is
8.5 pm and breadthis 6.3 pm.

Leaf areolar (vein islets) pattern
(Fig. 8 A). Shape of areole: Most populations
show deltoid shape, occasionally quadrangular
and pentangular in shape. Larger areole: 164
X 70 pm. Smaller areole: 58 x 47 ym. Vein
islets (areoles): 119 (average) per 1 mm? Vein
endings: 46 (average) per 1 mm?; veinlets simple
unbranched occurring inside areole. Vein ends:
Bulbous-rounded (Sikkim population).

Pollen morphology (Fig. 12 A, B).
Pollen grains occur in tetrahedral tetrads,
3-zonocolporate. Tetrad size (D): 38.5-42.6 pm
in diameter, subspheroidal. Individual grain
size (d): 25-27.7 ym in diameter. Exine tectate,
3.6-4 pm thick, surface reticulate with viscin
threads under ESEM, aperture margin granulated
and compact. Colpi distinct, 8.5-15.4 ym long,
width 2.4-2.8 ym. 2f/D: 0.24-0.27 pm, colpus
margin distinct, acute to tapering towards ends.
Septum thickness 1.7-1.9 pm.

Duplicate specimens of var. roseurn and
var. album were not available for study either
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in herbaria or in field. Therefore, these two
varieties are not included in this work.

3. subsp. delavayi (Franchet) D.F.
Chamberlain, Notes Roy. Bot. Gard. Edinburgh
37:328.1979; D.E. Chamb., Notes Roy. Bot. Gard.
Edinburgh 39 (2): 331. 1982; Bhattacharyya,
Rev. Gen. Rhododendr. India (Ph.D. thesis):
136. 2007. R. delavayi Franchet, Bull. Soc. Bot.
France 33:231. 1886.

Fig.3 C,D.

Type. China, Yunnan, in monte Calcareo
Houangli-pin, 2500 m, Delavoy 242 (iso. K,
photo!).

Vernacular name. Lali gurans (Nepalese of
Tenga, Arunachal Pradesh). Bhattacharyya &
Sanjappa in Sanjappa & Sastry, Fasc. Fl. India
no. 25 (Ericaceae): 92.2014.

Description. Lamina 8-15 x 2-4 cm, usually
elliptic-lanceolate, apex acute, adaxial surface
reticulate, abaxial surface with a unistrate
spongy, whitish to fawn indumentums; petioles
5-14 mm long. Flowers 32-55 mm (Yunnan
population, Henry s.n.) long and 22-40 mm
across; pedicels 4-6 (-10 in Yunnan population)
mm long, sparsely to densely pubescent. Corolla
deep crimson to carmine.

Distribution. India: Eastern Himalaya
(Arunachal Pradesh), North-Eastern India
(Meghalaya, Nagaland, Manipur, Mizoram);
China (Yunnan, Guizhou); Northern Myanmar;
Northern Thailand.

Habitat. Grows in dry as well as moist
rocky slope in dense or open forests at altitudes
ranging in 1500-2800 m.

Flowering. Late March — May.

Fruiting. September — November.

Specimens examined in CAL otherwise
mentioned. INDIA: EASTERN HIMALAYA: Arunachal
Pradesh: West Kameng district, 16 km from Bomdi-La
toward Tenga valley, road side slope, 2150 m, 27.11.2011,
S. Panda 212 (BGC). CHINA: Pai-Ching Summit,
Mc laren 48AA; Yunnan, 1897, Dr. A. Henry 10983 &
11330; Soshuich mt. Mc Laren 60A; hills west of Lung-
fang, 9000-10000 ft, April, 1925, acc. no. 26475.

Field notes. The species is a variable from
population to population in lamina size and
shape, petiole length, flower size, corolla colour.

Leaf stomata (Fig. S C, D). The investigated
species shows only paracytic type. Dimensions
of stomata: The average dimension is 17.5 X

17.5 pm in apex, middle and base. The length
varies from 15 pym to 20.3 pym and breadth —
from 1S pm to 20.3 um. Size of guard cells: The
average dimension is 14.5 x 6.1 ym. Size of
epidermal cells: The epidermal cells are usually
polygonal to rarely irregular. There is no definite
pattern of arrangement of epidermal cells. The
epidermal walls in surface view are straight.
The epidermal walls in the adaxial surface are
also straight. Dimensions of epidermal cells: The
maximum length is 21.5 pm and breadth is 6.3
pm. The minimum length is 15 ym and breadth

is 6.3 pm.
Leaf areolar (vein islets) pattern
(Fig. 8 C, D). Shape of areole: Most

populations show quandrangular, pentangular
to deltoid in shape. Larger areole: 176 x 141 ym.
Smaller areole: 94 x 58 ym. Vein islets (areoles): 67
(average) per 1 mm?®. Vein endings: 22 (average)
per 1 mm?’ veinlets simple unbranched,
occurring inside areole. Vein ends: Bulbous-
rounded (Sikkim population).

Pollen morphology (Fig. 12 C, D). Pollen
grains occur mostly in tetrahedral tetrads,
occasionally  decussate tetrads (Yunnan
population), 3-zonocolporate. Tetrad size (D):
42.4-46.6 ym in  diameter, spheroidal
Individual grain size (d): 30-32.7 ym in diameter.
Exine tectate, 2-2.8 yum thick, surface reticulate
with viscin threads under ESEM, aperture
margin granulated and compact. Colpi distinct,
12.8-14 ym long, width 2.4-2.8 pm. 2f/D:
0.26-0.33 pm, colpus margin distinct, acute
to tapering towards ends. Septum thickness:
1.7-3.2 pm.

4. subsp. nilagiricum (Zenker) Tagg in J.
B. Stev,, Sp. Rhodod.: 15. 1930; D.E. Chamb.,
Notes Roy. Bot. Gard. Edinburgh 39 (2): 331.
1982; Bhattacharyya, Rev. Gen. Rhododendr.
India (Ph.D. thesis): 137. 2007. Bhattacharyya
& Sanjappa in Sanjappa & Sastry, Fasc. Fl. India
no. 25 (Ericaceae): 93. 2014. R. nilagiricum
Zenker, Amer. Sci. Nat. Ser. 2 6: 150. 1836.

Fig. 3, F.

Type. S. India, Saladia, Nilgiris Hills,
Utacamund, Schmidt s.n. (iso. E n.v.).

Vernacular names. Alingi, Bili (Tamil),
Badaga, Bili (Kanarese), Kaattu-poovarasu
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(Malayalam), Pumaram (local inhabitants of
Nilgiris).

Description. Lamina 8-12 X 2-3.6 cm,
usually oblong, oblong-lanceolate, apex
rounded-acute with a short mucro, adaxial
surface rugose, abaxial surface with a spongy,
yellowish-brown  indumentum;  petioles
5-10 mm long. Flowers c. 32 mm long and
c. 32 mm across; pedicels 4-6 mm long,
sparsely to densely pubescent. Corolla carmine.
Stamens 10, ¢. 16 mm long,.

Distribution. India: hill tops of Western
Ghats (Tamil Nadu, Kerala). Endemic.

Habitat. Grows in open rocky slopes, mostly
in shola forests at altitudes ranging from 2000-
2500 m.

Flowering. February — May.

Fruiting. September — November.

Specimens examined in CAL otherwise mentioned.
INDIA: WESTERN GHATS: Tamil Nadu: Bison Swamp,
Kuyndak, Nilgiri hill, 2250 m, 3.2.1916, C.E.C. Fischer
2530; Naduvattam, Nilgiri hill, 2060 m, 18.01.1961,
BV. Shetty 11920; Edapalli, Nilgiri Dt, 2067 m,
19.10.1956, K.M. Sebastine 991; Pillar rock, Kodaikanal,
Madurai dt., 2333 m, 9.3.1958, K. Subramanyam 55;
Perumalmalai, Madurai Dt., 12/02/1978, M. Chandrabose
53390. Kerala: Deviculum, 19.02.1957, G.S. Puri
15470; Kodanad-Kotagiri road, 2000 m, 5.1.1957,
K. Subramanyam 192S; Coonoor, upper Tiger Shola,
1400 m, 19.01.1957, K.M. Sebastine 2071. Munnar to
Bodi road 1800 m, 25.03.1980, K. Ramamurthy 66376.

Field notes. The species is a variable
from population to population in lamina size
and shape, petiole length, flower size, corolla
colour.

Leaf stomata (Fig. S E, F). The investigated
speciesshowsboth paracyticandamphiparacytic
types. Dimensions of stomata: The average
dimension is 15.5 X 15.5 pm in apex, middle
and base. The length varies from 11.4 to
25.3 um and breadth - from11.4 to 25.3 pm.
Size of guard cells: The average dimension is
14.5 x 6.4 pm. Size of epidermal cells: The
epidermal cells are polygonal to irregular.
There is no definite pattern of arrangement of
epidermal cells. The epidermal walls in surface
view are straight. The epidermal walls in the
adaxial surface are also straight. Dimensions of
epidermal cells: The maximum length is 19.4 ym
and breadth is 6.3 pm. The minimum length is
12.6 pm and breadth is 6.3 pm.

Leaf areolar (vein islets) pattern
(Fig. 8 E, F). Shape of areole: Most populations
show quadrangular, pentangular to deltoid in
shape (Kerala population (Sebastine 5695,CAL)
does not show deltoid shape). Larger areole: from
141 pm (Tamil Nadu population, Fischer 2530)
to 235 um (Kerala population, Sebastine 5695) x
117 (x 23S5) um. Smaller areole: 94 x 84 ym. Vein
islets (areoles): 46 (average) (Kerala, Sebastine
5695, CAL) to 78 (Tamil Nadu population,
Fischer 2530) per 1 mm?. Vein endings: 24 in
Tamil Nadu and 30 in Kerala (average) per
1 mm?; veinlets simple unbranched occurring
inside areole. Vein ends: Bulbous-rounded to
bulbous acute.

Pollen morphology (Fig. 12 E, F). Pollen
grains are slightly variable in size. Grains occur in
tetrahedral tetrads, 3-zonocolporate. Tetrad size
(D): 38.7-40.6 ym in diameter (Tamil Nadu &
Kerala populations), spheroidal. Individual grain
size (d) also variable, 21.9-30.4 um in diameter.
Exine tectate, 3-3.9 yum thick, surface reticulate
with viscin threads under ESEM, aperture
margin granulated and compact. Colpi distinct,
12.8-14.4 ym long, width 2.4-2.8 ym. 2f/D:
0.26-0.33 pm, colpus margin distinct, acute
to tapering towards ends. Septum thickness:
5-5.07 pm.

5. subsp. zeylanicum (Booth) Tagg in
J.B. Stev, Sp. Rhodod.: 16. 1930; D.F. Chamb.,
Notes Roy. Bot. Gard. Edinburgh 39 (2): 332.
1982. R. zeylanicum Booth, Gard. Chron.: 150.
1850.

Type. Described from a plant cultivated in
Sir Charles Lemon’s Garden in Cornwall.

Vernacular names. Ma-ratmal, Asoka
(Sinhalese of Sri Lanka - JAYAWEERA &
SENARATNA 2006); Alingi, Bili (Tamilese of Sri
Lanka — JAYAWEERA & SENARATNA 2006).

Description. Lamina 8-11 x 3-4 cm,
usually oblong, oblong-lanceolate, apex blunt-
acute, adaxial surface with a strongly impressed
veins, bullate, margins strongly recurved,
abaxial surface with a spongy, brownish
indumentum; petioles 8-10 mm long. Flowers
¢. 32 mm long and c. 32 mm across; pedicels
4-6 mm long, sparsely to densely pubescent.
Corolla carmine.
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i 1o i
5/14/2010 HY mag |spot| WD

115418AM‘1000K\/ 10000 x| 3.0 | 8.8 mm|LFD Sikim 3

5/14/2010 HvV mag |spot| WD |det| ~—————20um
11:46:54 AM | 10.00 kV|2 500 x| 3.0 | 8.7 mm | LFD | Sikim 1

5/14/2010 Hv mag |spot| WD |det| —————20yum—— 5/14/2010 ‘ HV mag spot‘ WD | det — N TL01]
11:51:05 AM | 10.00 kV|2 500 x| 3.0 | 8.8 mm | LFD| Sikim_2 11:58:46 AM [10.00 kV|2 500 x| 3.0 | 8.7 mm |LFD Sikim 4

Fig. 9. Pollen morphology of Rhododendron arboreum subsp. arboreum: A-D — tetrads of Sikkim population (A — LM
x400; B, C — ESEM; D — part mag. ESEM); E, F — tetrads of Darjeeling population (E — LM x400; F - ESEM).
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4/19/2010 HV mag |spot| WD det | —_—20ym ———
3:46:19 PM|10.00 kV|2 500 x| 2.5 | 9.1 mm | LFD | RhodoBH 1

4/19/2010 ‘ 2\% [UEY] ‘spot WD | det
3:53:47 PM [10.00 kV[2 500 x| 2.5 9.1 mm | LFD RhodoBH 3

Fig. 10. Pollen morphology of Rhododendron arboreum subsp. arboreum: A, B — tetrads of Nepal population (A - LM
x400; B — ESEM); C-E - tetrads of Bhutan population (C — LM x400; D — ESEM; E — ESEM part mag).
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4/19/2010 HV mag |spot| WD | det | 40 pm
3:32:30 PM|10.00 kV|1 500 x| 2.5 | 8.6 mm | LFD | RhodoB 1

5/3/2010 | HV | mag |spot| WD | det : — 4/19/2010 | HV | mag |spot| WD | det | 20 ym

20009PM‘1000K\/ 2500x| 3.0 | 7.9 mm|LFD Tibet 3 3:40:37 PM [10.00 kV|2 500 x| 2.5 | 8.5 mm | LFD | RhodoB 3

41972010 | HV | mag spot‘ WD | det | B
3:37:16 PM|10.00 kV| 12000 x | 25 | 8.6 mm | LFD| RhodoB 2

Fig. 11. Pollen morphology of Rhododendron arboreum subsp. arboreum: A, B — tetrads of Yunnan population, China
(A - LM x400; B - ESEM); C-F - tetrads of Myanmar population (C -~ LM x400; D, E - ESEM of tetrads; F — part of
tetrad mag.).
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5/14/2010 HV mag |spot| WD | det | 20 pm
12:02:48 PM [10.00 kV|2 500 x| 3.0 | 9.4 mm |LFD| Tamilnadu 1

5/14/2010 HV mag |spot| WD | det | 20 um
11:51:05 AM | 10.00 kV/|2 500 x| 3.0 | 8.8 mm | LFD | Sikim 2

5/14/2010 Hv mag ‘spot WD | det | LT —

12:25:59 PM |10.00 kV|2 500 x| 3.0 | 9.4 mm [LFD | Tamilnadu_6

Fig. 12. Pollen morphology of Rhododendron arboreum: A-B — tetrads of R. arboreum subsp. subsp. cinnamomeum from
Sikkim population (A — LM x400; B — ESEM); C-F - tetrads of R. arboreum subsp. nilagiricum from Tamil Nadu
(C - LM x1000; D - ESEM), and Kerala (E - LM x400; F - ESEM) populations.
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Distribution. Sri Lanka (Upland regions).

Habitat. Grows in open rocky slopes at an
altitude of ¢. 2300 m.

Flowering. April — May.

Fruiting. September — November.

Specimens examined. SRI LANKA: Ceylon:
Upland region, Kurz s.n., acc. no. 268375, veg. (CAL).

Field notes. The species is a variable from
population to population in lamina size and
shape, petiole length, flower size, corolla colour.

Duplicate materials were not available for
leaf anatomical and pollen morphological
studies.

Discussion and conclusions

Live and herbarium specimens-based
analysis on different populations of R. arboreum
complex including its 5 existing subspecies
(subsp. arboreum, subsp. cinnamomeum,
subsp. delavayi, subsp. nilagiricum and
subsp. zeylanicum) and 2 varieties (var.
arboreum and var. cinnamomeum) shows that
exomorphological variations are qualitative
among different infraspecific taxa which are
justified as valid taxa in leaf anatomical and
pollen morphological data (LM & ESEM).

Subsp. arboreum is more variable in
respect to exomorphology, leaf anatomy and
pollen morphological data comparing to
other subspecies in respect to leaf texture,
lamina shape & size, corolla colour, the
variable range of stomatal types (from
euparacytic, amphiparacytic, brachiparacytic
to desmocytic), variable epidermal walls on
surface view (straight, slightly wavy to sinuous),
longer epidermal cells (up to 44 pm long),
largest vein islets (up to 282 um long), variable
vein endings (bulbous-acute, bulbous-truncate
to bulbous-rounded) and variable size of pollen
tetrads (30.4-45.6 pm in diameter). Among
the existing subspecies, subsp. arboreum is
more close to subsp. cinnamomeum in respect
to leaf texture, amphiparacytic stomata,
variable epidermal cells, deltoid vein islets and
subspheroidal tetrads in both, and more isolated
from subsp. nilagiricuminrespect toleaf texture,
leaf apex, corolla size, epidermal cells, vein islets
shape, vein endings, diameter of pollen tetrads
as well as its shape and septum thickness.

Subsp.  nilagiricum is more  close
to  subsp. zeylanicum  (in  respect to
exomorphology) and subsp. dilavayi (in respect
to leaf anatomy and pollen morphology), but
more isolated from subsp. arboreum (in respect
to exomorphology, leaf anatomy and pollen
already mentioned). Subsp. cinnamomeum
and subsp. delavayi are comparatively more
closely related in respect to exomorphology,
leaf anatomy and pollen morphological
data. Thus, the present work shows that
exomorphological variations are qualitative
among different infraspecific taxa which are
justified as valid taxa in leaf anatomical and
pollen morphological data.
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Abstract. The genus Scorzonera with approximately 175 species is the largest genus within the Cichorieae tribe. This genus
includes 55 species distributed in different parts of Iran, 17 species of which are endemic. Due to morphological similarity,
the recognition of species is comparatively difficult, thus the anatomical characters can be taken into consideration. To
study anatomical structure, the leaf samples were taken off from herbarium specimens and handmade cross-sections were
prepared and stained with methyl green and carmine. Several slides were studied and photographed with light microscope.
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Introduction

Scorzonera L. (Asteraceae) is the largest
genus belonging to the subtribe Scorzonerinae
Dumort. of the tribe Cichorieae, and is
widespread in the more arid regions of Eurasia
and Northern Africa (BREMER 1994; NAZAROVA
1997; MakBUL 2006; COSKUNGELEBI et al.
2014). It grows mainly in dry areas throughout
the Mediterranean region and Central Asia
(RECHINGER 1977).

The first detailed arrangement of the
genus Scorzonera was given by DE CANDOLLE
(1805). According to the system developed by
him, Scorzonera taxa are perennial herbs and
shrubs with simple, entire, rarely pinnatifid
leaves, phyllaries always deprived of horns,
seeds mainly without or with hollow pedicels
(DuraNn & Hamza0dGLU 2004). Then, the
genus was revised again by Boissier (1875)
and LipscHitz (1935, 1939). Among these
revisions, the work of Lipscuirz (1939) was
more comprehensive (MAKBUL ef al. 2011a).

Currently, Scorzonera is represented by 175
species in the world (MABBERLEY 2008), and
by 55 species in Iran, 17 of which are endemic
(Saravi et al. 2013).

This genus consists of several closely
related species (CHAMBERLAIN 1975). One
of the major taxonomic difficulties of the
genus is the vast of morphological variation
(BREMER 1994) which has not investigated
well enough by experts (KoYUNCU et al. 2014;
MAKBUL et al. 2011b). Anatomical characters
are quite important in the systematics of
Scorzonera. Although the classification of
Scorzonera seems easy, too vast variation of the
genus makes the identification hard (MAKBUL
et al. 2011a, 2011b).

In general, there is little information about
the leaf anatomy of this genus. Makbul (2006,
2011a, 2011b) offered anatomical features of
some Turkish Scorzonera. However there is no
comprehensive anatomical study in Iranian
Scorzonera. Therefore, this research was aimed
to study of Iranian Scorzonera species belonging

© 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. List of Scorzonera species used in this study.

Subgenus

Species

Voucher specimens (TARI)

Podospermum (DC.) Lipsch.

S. lachnostegia (Woronow) Lipsch.

S. laciniata L.

S. songorica (Kar. & Kir.) Lipsch. & Vassilcz.
S. luristanica Rech. f.

S. meshhedensis (Rech. f.) Rech. f.

S. armeniaca (Boiss. & Huet) Boiss.

S. cana (C.A.Mey.) Hoffm.

S. meyeri (K.Koch) Lipsch.

S. radicosa Boiss.
S. persepolitana Boiss.

S. kandavanica Rech. f.

Azarbaijan province: Arasbaran, mount. of S of Kharil,
2000-2500 m, Assadi & Maassoumi 20268

Azarbaijan province: Tabriz, 9 Km Venyar road to Ahar,
1550 m, Maassoumi, Safavi & Ghahremani 82517

Sistan and Baluchestan province: Taftan Mnt., region,
Kharestan, 2200 m Mozaffarian 53002

Kermanshah province: Tang-e Dalkushiar W. of Kerend,
1450 m, Wendelbo & Assadi 16764

Azarbaijan province: 14 km. W of Khoramdareh,
1560 m, Pabo 2718

Tehran province: on the road of Qazvin to takestan,
1050 m, Dini & Bazargan 8428

Kordestan province: just east of bijar, 1920 m, Wendelbo,
Assadi & Shirdelpur 12259

Semnan province: ca. 20 km. N W of Shahroud, above
Nekarman, Khoh-e Shahvar near the top, 3600-3900 m,
Assadi & Mozaffarian 40914

Azarbijan province: Shahbil. Koh-e Sabalan, 3450 m,
Foroughi & Assadil 13929

Tehran province: 20 km from Saveh, Azgin, 1750 m, Dini
& Bazargan 8240

Mazandaran province: Siahbisheh, Chalus valley,
2300 m, Foroughi 157

Pseudopodospermum Lipsch. & Krasch.

S. syriaca Boiss. & C.I. Blanche

S. turkeviczii Krasch. & Lipsch.

S. mucida Rech. f., Aellen & Esfand.

S. leptophylla (DC.) Krasch. & Lipsch.
S. tunicata Rech. f. & Koie

S. phaeopappa (Boiss.) Boiss.

S. raddeana C. Winkl.

S. stenocephala Boiss.

S. szovitsii DC.

Bushehr province: 86 km on road from Genaveh to
Dogonbadan, 350 m, Runemark & Mozaffarian 27298

Kermanshah province: 43 km. N of Kermanshah at right
side of the road, above the village Meimoonabad, Parro
mount., 1475 m, Fattahi & Lashkarbolooki 339

Tehran province: Firuzkuh to Semnan, Torud village
Miantange mount, 2300-2700 m, Safavi 80627

Kerman province: 59 km to Shahr-e Babak from Sirjan,
1800 m, Assadi & Sardabi 42239

Khorassan province: Birjand, W of Esfezar, village,
2080 m, Massoumi, Safavi & Sohrabi 83350

Esfahan province: Kashan, between Abyane and Vazvan
around Maravand village, 1420 m, Mozaffarian 74412

Azarbaijan province: Tabriz, Arpa, Darroci, ca. 6 Km N of
Tabriz, 1681 m, Maassoumi, Safavi & Ghahremani 82498

Khorassan province: Torbat-e Heydariyeh to Mashhad,
around Robat-e Sefid, 1740 m, Massoumi, Safavi, Sohrabi
83363

Azarbaijan province: Urmiyeh, Ghassemlu village,
1500 m, Barri 7707
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to subgenera Podospermum (DC.) Lipsch. and
Pseudopodospermum Lipsch. & Krasch.

Material and methods

In this study, 20 species belonging to 2
subgenera of Scorzonera were selected. The
species sampled are listed in Tab. 1. Materials
were based on the examination of herbarium
specimens from the Institute of Forests and
Rangelands herbarium (TARI).

For studying anatomical structure of species,
the leaf samples were taken off from herbarium
specimens and cross-sections of %5 of the middle
part of blade were prepared and stained by
methyl green and carmine. Appropriate samples
were photographed by light photomicroscope.

Results

Results revealed a number of interesting
features, which are given in Tabs 2 & 3.
It was found that anatomical study might
provide useful characters for classifying and
distinguishing species in the genus.

According to the Flora of USSR (BoBroV &
TzVvELEV 1964), members of this genus are set
in 6 series. According to morphological features
of these series we add some Iranian species to
series. S. lachnostegia and S. luristanica were
placed in ser. Laciniatae; S. meshhedensis was
placed in ser. Armeniacae; S. persepolitana and
S. kandavanica were placed in ser. Alpignae;
and S. mucida, S. tunicata, S. phaeopappa,
S. stenocephala and S. szovitsii were placed in
ser. Leptophyllae. Investigation on anatomical
features partially confirmed this division.

Series 1. Laciniatae Lipsch. F1. URSS 29:
717.1964 (Fig. 1).

Species: S. lachnostegia, S. laciniata,
S. songorica, and S. luristanica (Fig.7).

Morphological features: Biennials with
well-developed leafy stems. Achenes cylindrical,
glabrous.

Anatomical features: In this series the
cross sections are V-shaped. Shape of vascular
bundles of midrib is entire. The midrib diameter
is ca. 320 to 560 ym. Xylem thickness is larger

than phloem thickness in all the species except
S. laciniata. All species have one vascular bundle
in midrib and lower collenchyma, however the
number of the layers varies among the species.

The lamina thickness is 110-193 ym. Palisade
parenchyma of both surfaces consists of 2 layers,
sub-straight to crinkle. Spongeous parenchyma
in middle part of lamina is short and undulate
(except of S. luristanica).

Series 2. Armeniacae Lipsch. F1. URSS 29:
717.1964 (Fig. 2).

Species: S. armeniaca and S. meshhedensis
(Fig. 8).

Morphological  features:  Perennials.
Achenes often hairy, dimorphic — outer achenes
broadened and winged, while inner ones
narrower and wingless.

Anatomical features: In this series the
cross sections are U-shaped. Shape of vascular
bundles of midrib is entire to obovate. The
midrib diameter is ca. 675 pm. Xylem thickness
islarger than phloem thickness in all species. The
number of vascular bundles in midrib is different
(1 in S. armeniaca and 3 in S. meshhedensis);
there is also lower collenchyma, but the number
of its layers differs between species.

The lamina thickness is 131-260 pym. Palisade
parenchyma of both surfaces consists of 2 layers,
substraight to crinkle. Spongeous parenchyma
in middle part of lamina is short and undulate.

Series 3. Canae Lipsch. Fl. URSS 29: 718.
1964 (Fig. 3).

Species: S. cana (Fig. 9).

Morphological  features:  Perennials.
Growing in foothills and foothill plains.
Achenes in lower part truncate and broadened,
"bottle-shaped; outer achenes wider; inner
ones narrow, terete.

Anatomical features: In this series the
cross sections are V-shaped. Shape of vascular
bundle of midrib is ovate. The midrib diameter
is ca. 145 pm. Xylem thickness is larger than
phloem thickness. The species have one vascular
bundle in midrib and and lower collenchyma is
two layered.

The lamina thickness is 358 pm. Palisade
parenchyma oflower and upper surfaces consists
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Tab. 2. Midrib characteristics of Scorzonera species. Scl — shape of cross section of the leaves (em — embowed; u —u-shaped;
v —v-shaped); Shm - shape of midrib (e - elliptic; i - irregular; 0’ — orbicular to semi elliptic; t — triangular); Sem — shape
of vascular bundles of midrib (e — entire; o — orbicular; ob — obovate; ov — ovate;); Mth — midrib thickness; Xth — xylem
thickness; Phth - phloem thickness; Ucth — upper cortex thickness; Lcth — lower cortex thickness; Vbn — vascular bundle

number; Nlc — number of layers of lower collenchyma.

Species Scl Shm Sem Mth Xth Phth Ucth Lcth Vbn Nlc
(pm)  (pm)  (pm)  (pm)  (um)
S.lachnostegia v e o 561.29 23.5 11 77.06  106.56 1 2-3
S. laciniata v o ov 407.86 18.02 2731 195.67 12228 1 3
S. songorica v e o 320.53  20.75 10.43 63.57 68.85 1 1
S. luristanica u e o 469.24 33 17.5 11497 80.68 1 3
S. meshhedensis  u i e 697.27 97.61 47.66 10591 5182 3 3-4
S. armeniaca u i ob 654.38 31.38 12.8 207.36  149.20 1 2
S. cana v e ov 14535 3294 13.26 169.43  76.00 1 1-2
S. meyeri u t ob 732.04 28.15 19.54 427.63 98.53 3 2-3
S.radicosa u i ob 27430 22 17 10443  63.49 1 1-2
S. persepolitana v t e 989.45  39.46 1349 84842 69.71 S 4-5
S. kandavanica i ob 569.02 39.36  28.03 601.66 199.38 1 2-3
S. syriaca v e ov 309.18  24.12 18 47.04  30.78 1 2-3
S. turkeviczii em i o 569.29 43.82 23.59 180.31 42.41 S 3-5
S. mucida em i ov 665.57 51.82  33.05 211.64 91.02 1 S
S. leptophylla u e ov 1803.1 31.6 3629  490.16 94.83 1 5-6
S. tunicata v e ov 509.22  89.96 25.87 24943 5442 3 3
S. phacopappa v i ov 884.89 4720 29.87 56632 7548 S s
S. raddeana u t ov 605.36  38.65  22.54 111.73 7845 4 6
S. stenocephala  u i ov 834.82 4458  30.6 249.11 58.61 3 4-5
S. szovitsii em e ov 316.81 29.82 16.28 42.18 35.58 3 3

of 2 layers, crinkle. Spongeous parenchyma in
middle part of lamina is short and undulate.

Series 4. Alpigenae Lipsch. Fl. URSS 29:
719. 1964 (Fig. 4).

= Ser. Alpigenae Grossh. generis Podospermi DC.
in Zam. po Sist. i Geogr. Rast. Tbil. 13: 66. 1947.

Species: S. meyeri, S.radicosa, S. persepolitana,
and S. kandavanica (Fig. 10).

Morphological features: Forming tussock.
Stem scape-like with few reduced leaves. Leaves
predominantly basal. Capitula large, 1.5-2.5 cm
long (at flowering). Outer involucral bracts
usually comiculate. Achenes slender, cylindrical,
glabrous.

Anatomical features: In this series the
cross sections are U-shaped. Shape of vascular

bundles of midrib is obovate. The midrib
diameter is 274-990 pm. Xylem thickness is
larger than phloem thickness. The number of
vascular bundles in midrib differs (3 in S. meyeri
and 1 in S. radicosa); numbers of the layers of
lower collenchyma is different between species.

The lamina thickness is ca. 133 to 277 pm.
Palisade parenchyma of lower and upper
surfaces consists of 2 layers, substraight to
crinkle. Spongeous parenchyma in middle part
of lamina is irregular.

Series S. Molles Lipsch. Fl. URSS 29: 719.
1964 (Fig. S).

Species: S. syriaca (Fig. 11).

Morphological features: Root tuberous,
near soil surface or deeper. Stems are more
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Tab. 3. Lamina characteristics of Scorzonera species. St — stomata type (1 ~hypoamphistomatic; 2 — epiamphistomatic);
Lth - lamina thickness; Cth — cuticle thickness; Hyth — hypoderm thickness (0 - absent; 1 — present); Ueth — upper
epidermis thickness; Leth — lower epidermis thickness; Cth — cuticle thickness (ab — abaxial; ad — adaxial); La — leaf
anatomy (I - isobilateral one-layered type of palisade parenchyma; 12 - isobilateral two-layered type of palisade

parenchyma); Ppln — number of layers of palisade parenchyma (the numbers from left to right show the number of lower

and upper layers correspondingly, and the symbols show the comparison size of layers); Spln — number of layers of spongy

parenchyma; Ppcwsh — palisade parenchyma cell wall shape (2 - substraight; 3 — crinkle); Spcsh — spongy parenchyma

cell shape (1 - short and undulate; 2 — irregular).

Species St Lth Hyth  Ueth Leth Cth La  Ppln Spln  Ppcwsh  Spcsh
(pm) (pm)  (um)

S.lachnostegia 1 192.69 0 8.28 S.S adzab I 1=1 1 3 1
S. laciniata 1 15851 0 6.99 6.10 ad>ab 12 2=2 2 3 1
S. songorica 1 109.77 0 S5.18 3.21 ad>ab 12 2=2 2-3 2 1
S. luristanica 1 177 0 6.64 7.08 ab>ad 120 2+2 2-3 3 2
S. meshhedensis 1 26091 0 S.S 4.5 ab>ad 120 2=2 2-3 2 1
S. armeniaca 1 131.57 0 5.42 6.30 ab>ad 12 2>2 2 3 1
S. cana 1 35794 0 5.09 8.09 ad>ab 12 2=2 3 2 1
S. meyeri 1 217.54 0 5.20 5.54 ab>ad 12 2=2 2-3 2 2
S. radicosa 1 277.07 0 7 4 ab>ad 12 2=2 2-3 2 2
S. persepolitana 2 23625 0 9.35 6.68 ad>ab 12 2=2 4-5 3 1
S. kandavanica 2 133.01 0 6.18 8.31 adzab 120 2>2 3-4 2 2
S. syriaca 2 241.56 0 3.01 5.90 ab>ad I 1=1 2 3 2
S. turkeviczii 1 22023 0 8.27 6.37 ab>ad I 1=1 2-3 3 1
S. mucida 2 316.02 1 4.66 6.04 ad>ab 12 2=2 2 3 2
S. leptophylla 1 35897 1 6.30 4.13 ad>ab 12 2=2 1 2 2
S. tunicata 2 263.89 0 5.29 4.19 ad>ab 12 2=2 1 2 2
S.phacopappa 2 179.66 0 990 1145 ab>ad 12 2=2 1 2 2
S. raddeana 1 102.16 1 426 6.87 ab>ad 12 2=2 1 2 2
S. stenocephala 1 146 0 7.05 7.24 ab>ad 120 2=2 12 2 1-2
S. szovitsii 2 100.50 0 4.57 6.49 ab>ad 2=2 2-3 2 1-2

or less tall, sulcate, and leafy to apex. Ligulate
florets yellow.

Anatomical features: In this series shape
the cross sections are V-shaped. Shape of
vascular bundles of midrib is ovate. The midrib
diameter is ca. 309 pym. Xylem thickness is
larger than phloem thickness. The species has
one vascular bundle in midrib and 2-3 layers of
lower collenchyma.

The lamina thickness is ca. 241 pm. Palisade
parenchyma of both surfaces consist of 1 layer,
substraight. Spongeous parenchyma in middle
part of lamina is irregular.

Series 6. Leptophyllae Lipsch. F1. URSS 29:
719. 1964 (Fig. 6).

Species: S. raddeana, S. szovitsii, S. mucida,
S. leptophylla, S. turkeviczii, S. phaeopappa,
S. stenocephala (Fig. 12).

Morphological features: Stems scape-like,
short, leafy only in lower part, less often with
solitary leaves, never densely leafy. Tubers nut-
shaped, oval or fusiform, at the soil surface or
deeper. Ligulate florets yellow or red.

Anatomical features: In this series the
cross sections are from U-shaped to embow
shaped. Shape of vascular bundles of midrib
is ovate. The midrib diameter is 316-1803 pm.
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Palisade parenchyma

Fig. 1. Leaf transversal sections of series Laciniatae (drown
from Scorzonera laciniata).

Fig. 2. Leaf transversal sections of series Armeniacae
(drown from Scorzonera armeniaca).

Lower
epidermis

Collenchyma

Secretory cell

Spongy

parenchyma

Fig. S. Leaf transversal sections of series Molles (drown
from Scorzonera syriaca).
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Fig. 3. Leaf transversal sections of series Canae (drown
from Scorzonera cana).
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Fig. 4. Leaf transversal sections of series Alpigenae (drown
from Scorzonera meyeri).
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Fig. 6. Leaf transversal sections of series Leptophyllae
(drown from Scorzonera mucida).
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Xylem thickness is larger than phloem thickness
(except of S. leptophylla). The number of
vascular bundles in midrib differs from 1 to S.
The lower collenchyma was observed in all taxa
of this series but the number of its layers differs
from 3 to 6.

The lamina thickness is ca. 100-358 pm.
Palisade parenchyma oflower and upper surfaces
consists of 2 layers; straight, substraight or
crinkle. Spongeous parenchyma in middle part
of lamina is short, from undulate to irregular.

Midrib. The average thickness of midrib
was from 274 to 1803 ym. S. radicosa had the
thinnest and S. leptophylla had the thickest
midribs.

The midrib is inserted in the central part
of lamina. It shows some differences among
the species, e.g. is singular in S. lachnostegia,
S. laciniata, S. songorica, S. luristanica,
S. armeniaca, S. cana, S. meyeri, S. radicosa,
S.  kandavanica, S. syriaca, S. mucida,
S. leptophylla, but usually consists of three
bundles in S. tunicata, S. stecocephala, S. szovitsii,
S. meshhedensis or five bundles — in S. turkeviczii,
S. raddeana, S. phaeopappa and S. persepolitana.

The shape of vascular bundle of midrib
is different between the two subgenera.
In the subgenus Podospermum it is from
orbicular to obovate, while in the subgenus
Pseudopodospermum it is mostly obovate.

The distance of the vascular bundle from
the lower epidermal layer varies from 30.78 pm
in S. syriaca to 199.38 um in S. kandavanica.
The distance of the vascular bundle from the
upper epidermal layer ranges from 42.18 ym in
S. szovitsii to 848.42 pm in S. persepolitana.

The minimal ratio of xylem length was
observed in S. laciniata (18.02 um) and the
maximal was observed in S. meshhedensis
(97.61 ym). Phloem length was minimal
in S. songorica (10.43 pm) and maximal in
S. meshhedensis (47.66 ym).

The species studied only have lower
collenchyma. The number of layers of lower
collenchyma ranges from a thinnest (1 layer)
in S. songorica to a thickest (6 layers) in
S. raddeana (Tab.2).

Lamina. The cross section of the leaves
in subgenus Podospermum varies from
V-shaped to U-shaped, and in subgenus
Pseudopodospermum — mostly from V-shaped
to embowed.

Lamina mostly had a regular shape and
arrangement. The following layers could be
seen from up to down respectively: cuticle
layer, upper epidermis, palisade parenchyma,
spongy parenchyma, palisade parenchyma,
lower epidermis, cuticle layer. There are some
exceptions such as the existence of a single
lower hypodermis layer (Tab. 3)

The average lamina thickness was from 100
to 358 um. S. szovitsii had the thinnest leaves,
and S. leptophylla had the thickest.

In the species studied, single epidermal
layer was observed. Epidermal cells of lower
surface are usually larger than those in the
upper surface of leaf lamina. The average
thickness of the upper epidermal layer was
between 3.01 pm (in S. syriaca) and 9.90 ym
(in S. phaeopappa); and of lower epidermal
layer — between 3.21 pym (in S. songorica)
and 11.45 pym (in S. phaeopappa). The shape
of epidermal cells on cross sections was mostly
rectangular. Cuticle thickness and trichomes
density in upper epidermis were more than
that of lower epidermis in all of the studied
species.

The structure of palisade and spongy
mesophylls is important in the genus.
Different types of lamina for the species
are discussed by DIaNE et al. (2003). In
particular, in bifacial type (B) palisade
parenchyma is located only in upper side of
lamina, while the rest of the region is filled
with spongy parenchyma. Isobilateral one-
layered type (I) is characterized by presence
of one-layered palisade parenchyma on both
sides of lamina. Isobilateral two-layered type
(12) is characterized by 2-layered palisade
parenchyma represented on both sides of
lamina. Bifacial type was not observed.
In most species we have found I2 type
of organization of palisade parenchyma.
However, in S. lachnostegia, S. syriaca and
S. turkeviczii laminas represent I type

(Tab. 3).



Fig. 7. Leaf cross sections of series Laciniatae: a— Scorzonera
lachnostegia (al - vascular bundle and collenchyma, scale
bar = S0 ym; a2 — phloem and xylem, scale bar = S0 ym);
b - S. laciniata (b1 - general view, scale bar = 250 um;
b2 - vascular bundle, scale bar = 50 um; b3 — collenchyma,
scale bar = 50 ym)

Shape of the upper palisade parenchyma cell
walls is a significant character too. It is substraight
in S. songorica, S. meshhedensis, S. cana, S. meyeri,
S.radicosa, S.kandavanica, S.leptophylla, S. tunicata,

MODERN PHYTOMORPHOLOGY 9 (2016)

S. phaeopappa, S. raddeana, S. stenocephala,
and S. szovitsii; and crinkled in S. lachnostegia,
S. laciniata, S. luristanica, S. armeniaca,
S. persepolitana, S. syriaca, S. turkeviczii, and
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Fig. 7. Continued. Leaf cross sections of series Laciniatae: ¢ - Scorzonera songorica (c1 - general view, scale bar = 250 pm;
2 — midrib, scale bar = S0 ym); d - S. luristanica (d1 - general view, scale bar = 250 um; d2 — midrib, scale bar = 50 pym;
d3 - lamina fragment, scale bar = 50 ym).

S. mucida. Spongy parenchyma in most of the There was sometimes a distinct layer of
species was 2-3-layered with small and irregularly ~ hypodermis adjacent to the epidermis. The
undulated cells, but in S. persepolitana it was hypodermis composed either of transparent
4-S-layered with short and undulate cells. parenchymatous cells or, more rarely, of
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Fig. 8. Leaf cross sections of series Armeniacae:
a — Scorzonera armeniaca (al — general view, scale bar =
250 pm; a2 — midrib, scale bar = SO pum; a3 - lamina fragment,
scale bar = SO um); b — S. meshhedensis (b1 — general view,
scale bar = 250 um; b2 — vascular bundle and secretory cells,

scale bar = 50 ym; b3 — lamina fragment, scale bar = 50 ym).

fibrous cells (METCALFE & CHALK 1957).
Hypodermis was found within the lower
epidermis in S. mucida, S. leptophylla, and
S. raddeana.

Discussion and conclusions

Anatomical characters have a systematic
value in many plants (LERSTEN & CURTIS
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2001), e.g. Epilobium L. (MAKBUL et al. 2008)
and Scrophularia L. (Makbul et al. 2006;
LErSTEN & Curtis 2001; CO$KUNGELEBI
et al. 2012), and may also supply sufficient
useful information in Scorzonera (MAKBUL
et al. 2011a, 2011b). As indicated in the above
literatures, the presence and distribution of

hypodermis, main bundles, collenchyma,
mesophyll, as well as surface features are
particularly important in the taxa examined.
Leaf characters among the morphological traits
are generally considered as most important
in the delimitation of Scorzonera species
(MakBUL 2006). According to MAKBUL
(2006) leaf margin shapes vary among the taxa.
CHAMBERLAIN (1975) also reported that the
width ofleaflamina, type of pubescence, margin
shape, as well as basal and upper leave features
are the most important phenetic characters in
the genus Scorzonera (MAKBUL et al. 2011a).
MakBUL (2006) also indicated that anatomical
properties of root, stem and achenes can also be
used in conjunction with morphological ones
in Scorzonera (MAKBUL et al. 2011a). In the

Fig. 9. Leaf cross sections of series Canae: a — Scorzonera
cana (al - general view, scale bar = 250 pm; a2 - vascular
bundle, secretory cells and collenchyma, scale bar = 50 ym;
a3 - lamina, scale bar = 50 ym).

present study, it was found that foliar phenetic
differences are generally in accordance with
foliar anatomical peculiarities. MAKBUL et al.
(2011a,2011b) stressed that the distribution of
the fibres in Turkish Scorzonera is taxonomically
important. Surprisingly, however, fibers were not
observed in any of studied Iranian Scorzonera.

BoBrov & TzveLEv (1964) in flora of
USSR suggested 6 series for species of subgenera
Podospermum and Pseudopodospermum. Our
results showed that the anatomical characters
are useful in determination of series and
subgenera of the genus Scorzonera because
species belonging to each series and subgenus
show similar features.
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L

Fig. 10. Continued. Leaf cross sections of series Alpignae: ¢ — Scorzonera persepolitana (c1 - vascular bundles and central
cavity, scale bar = 250 um; ¢2 - collenchyma, phloem and xylem, scale bar = 50 pm; ¢3 - lamina, scale bar = 50 ym);
d - S. kandavanica (d1 - vascular bundles and central cavity, scale bar = 250 pm; d2 - collenchyma, phloem and xylem,
scale bar = S0 ym; d3 - lamina fragment, scale bar = SO ym).
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Fig. 11. Leaf cross sections of series Molles: a — Scorzonera syriaca (al — general view, scale bar = 250 pm; a2 - collenchyma,
secretory cells, phloem and xylem, scale bar = S0 ym).
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Fig. 12. Leaf cross sections of series Leptophyllae:
a - Scorzonera mucida (al - general view, scale
bar = 500 yum; a2 — secretory cells, phloem and xylem, scale
bar = 50 um; a3 - lamina fragment, scale bar = S0 ym);
b - S. turkeviczii (b1 - general view, scale bar = 250 um;
b2 - phloem and xylem, scale bar = 50 ym; b3 - lamina
fragment, scale bar = 50 um).
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Fig. 12. Continued. Leaf cross sections of series
Leptophyllae: ¢ - Scorzonera leptophylla (c1 — general view,
scale bar = 250 pm; ¢2 - secretory cells, phloem and xylem,
scale bar = 50 um; ¢3 - hypodermis, scale bar = 50 ym);
d - S. stenocephala (d1 - general view, scale bar =250 pm;
d2 - collenchma, secretory cells, phloem and xylem, scale
bar = 50 um; d3 - collenchyma, scale bar = 50 ym).
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Fig. 13. Leaf cross sections of series Leptophyllae:
a — Scorzonera phaeopapa (al — general view, scale bar
= 250 pm; a2 — phloem and xylem, scale bar = 50 pm;
a3 - collenchyma, scale bar = 50 ym); b - S. tunicata
(b1 - general view, scale bar = 250 pm; b2 — secretory cells,
phloem and xylem, scale bar = 50 pm; b3 - collenchyma,
vascular bundle and spongy parenchyma, scale bar

=50 pym).
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Fig. 13. Continued. Leaf cross sections of series Leptophyllae: ¢ — Scorzonera raddeana (c1 — general view, scale bar
=250 um; c2 - collenchyma, vascular bundle and spongy parenchyma, scale bar = 50 um; ¢3 — phloem and xylem, scale
bar = 50 pm); d - S. szovitcii (d1 - general view, scale bar = S00 um; d2 - collenchyma, secretory cells, phloem and xylem,
scale bar = 50 um; d3 - lamina, scale bar = S0 pm).
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Abstract. The aim of this study was to investigate the influence of aqueous extracts from the leaves of peppermint
(Mentha xpiperita L.) on the seedlings and plants of common sunflower (Helianthus annuus L.). Different concentration
of peppermint leaves extract: 1, 3, S, 10, 15% was used to examine the growth (length), fresh and dry mass of common
sunflower seedlings and plants watered peppermint extracts in phase of growth. We measured the length of seedlings and
separated organs of plant: root, hypocotyl, epicotyl, petioles of the first row and remainder of the shoot. Additionally,
we determined fresh and dry mass of these organs and cotyledons, leaves of the first order and remainder of the leaves.
Depending on the concentration the aqueous extracts showed a stimulatory (low extract concentration) or inhibitory
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Introduction

Growth and development of plants in
natural ecosystems is modified by the physical
and chemical processes resulting from the
neighborhood of other plants (SEKUTOWSKI
et al. 2012; MozpzeN & REeprka 2014;
MozpzeN & OrLmwa 2015; SKRZYPEK et al.
2015a). Plants can react with each other in a
positive or negative way, and they can constitute
protection against pests and fungal diseases
(FincH et al. 2003; INDERJIT & DUKE 2003).
Nowadays, ecology in a common sense is a
fashionable trend and a major element in the
creation of organic farming, which coming back
after years of application of chemical pesticides
and fertilizers (DUKE et al. 2000). According to
STokrosA (2006) an allelopathic compounds
play an important role in the ecological
interactions between organisms and allow their
use in farming practice.

Peppermint (Mentha Xpiperita L.) is one of
the many popular aromatic plants. The species
easily spreads by stolons (Fig. 1) and needs
good fertilization for growth. Therefore, it
should not be planted close to other perennials.
According to ADASZYNSKA et al. (2013) mint
oil and alcohol extract have different chemical
composition. The mint oil is characterized
by the highest share of menthol (24.2%),
izomenthone (11.6%), isomenthol (7.9%),
eucalyptol (6.1%), and menthyl acetate (5.8%).
The alcohol mint extract contained menthol
(34.4%), isomenthone (17.8%), neoizomentol
(7.1%), and precursor of sterols — squalene,
phytol, and stigmast-8 (14) -en-3p- ol.

The aim of this study was to investigate
the effect of aqueous extracts of peppermint
(M. xpiperita) leaves on growth, fresh and
dry mass of seedlings and plants of common
sunflower (Helianthus annuus L.).

© 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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Fig. 1. Mentha Xpiperita — shoot and inflorescence, single
flower and underground stolons.

Material and methods

Material. We used the dry peppermint
leaves (Menthae piperitac  folium) from
company of Flos (Morsko, Poland) and seeds
of common sunflower (H. annuus) from
company of PlantiCo (Zielonki, Poland).
Aqueous extracts from the peppermint leaves
in concentrations of 1, 3, 5, 10, and 15% were
prepared according to method described by
SKRZYPEK et al. (2015b).

Plantgrowth conditions. Sunflowerseeds
(n = 25) were placed on Petri dishes watered

with aqueous extracts from the peppermint
leaves of appropriate concentrations as
follow: 1, 2, 3, 5, 10, and 15% and distilled
water as control. After 3 days the sunflower
seedlings were harvested for measurements.
Besides, the seeds germinated on the distilled
water were planted in sand and watered
extracts from peppermint leaves by 30 days in
greenhouse.

Biometric analysis. The caliper was used to
measure the length of sunflower seedlings (after
72 h) and separately organs of plant (after 30
days): root, hypocotyl, epicotyl, petioles of first
row and the remainder of the shoots.

Fresh and dry mass. For the determination
of the fresh mass of seedlings, root, hypocotyl,
epicotyl, petioles of first row, first leaves,
remainder leaves and remainder of shoot for
plants were weighted. To obtain a dry mass
of the plant material was frozen at -80 °C
and freeze-dried using a lyophilizer, and then
weighted.

Statistical analysis. Statistical analysis
was made using Statistica for Windows 10
(ANOVA/MANOVA) by Tukey’s test forn = S,
atp <0.0S.

Results and discussion

Many studies pointed out at the potential
allelopathic plants in the form of extracts,
decoctions (FINCH et al. 2003; GNIAZDOWSKA
& BoGATEK 2005; KHAN et al. 2005; ROzZYr0
& Parvs 2011; SkRzYPEK et al. 201S5b).
Aqueous extracts of Chelidonium majus L. with
the concentrations of (2%) reduced the length
and mass of wheat seedlings (WRzESINSKA &
SwARCEWICZ 2006). In our study the length
of 72 h H. annuus seedlings, germinated on the
distilled water (control test), were similar to
the length of the germinated seedlings on the
peppermint leaves extracts 1% and 3%. The
length of sunflower seedlings decreased by half,
with increasing concentration of peppermint
extract (Tab. 1).

Fresh mass of seedlings decreased with
increasing concentrations of aqueous extracts
of peppermint compared to the control.
Significant differences in the values of this
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Tab. 1. Length, fresh and dry mass of Helianthus annuus seedlings under influence of aqueous extracts from leaves of

Mentha xpiperita at various concentrations; the mean * SE of S replicates; the values indicated by different letters (in row)

are significantly different at p < 0.05 (Tukey’s test).

Concentration of aqueous extracts of M. xpiperita (%)

Parameter

Control 1 S 10 15
Length of seedlings (cm) 2.27° 2.14° 2.00® 1.66 1.09¢ 0.70°
Fresh mass (g) 3.64" 4.18° 3.58: 3.53: 3.06b¢ 2.82¢
Dry mass (g) 1.08° 1.12¢ 1.04 1.13¢ 1.05° 118

parameter were demonstrated at concentration
of 15%. Interestingly, there were no significant
differences in the dry mass of sunflower
seedlings grown in the control and watered with
rising extracts of peppermint leaves (Tab. 1).

Length of plant organs differed depending
on the peppermint extract concentration and
type of organ. In the case of root, the longest
root after 30 days had the plants watered with 1%
(longer then control) and the shortest: watered
with 10% extract. Remainder of the shoot was
the longest at the control plants and the shortest
with the 10% extract. 10% extracts was the
most inhibiting also for length of hypocotyl and
epicotyl (Tab.2).

Fresh and dry mass of sunflower plants
differed depending on the peppermint extract
concentration. The smallest fresh and dry
mass were found at the concentrations of 5%
and 10%. Slightly larger fresh mass values had
cotyledones, petioles of the first row and first
leaves in most of the extracts concentrations,
relative to the organs of the control plants
(Tabs 3 & 4).

SEkuTOWSKI et al. (2012) showed the
strongest inhibitory effect on the dry mass
and plant height of corn chamomile (Anthemis
arvensis L.) and common poppy (Papaver
rhoeas L.) after applying 10% extract from
coffee grounds. The other two concentrations
2.5% and 5% extracts were characterized by
significantly lower efficiency. SKRZYPEK et al.
(20152, 2015b) showed the negative effect of
aqueous extracts of peppermint on germination
and photosynthetic activity of common
sunflower. It was stated in some studies that
allelopathic compounds in low concentrations
have a positive effect on the seedlings and

plants growth, and high concentrations of these
substances act negatively (JANKOWSKA et al.
2009; KOMOROWSKA et al. 2012).
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Tab. 2. Length of organs of Helianthus annuus plants watered with aqueous extracts of Mentha xpiperita leaves in phase
of growth. The mean + SE of S replicates; values marked with different letters (in row) differ significantly at p < 0.05
(Tukey’s test).

Concentration of aqueous extracts of M. xpiperita (%)

Organ Control 1 3 S 10 15
Length (cm)

Root 15.33" 22.95% 14.24° 10.50¢ 10.18¢ 12.45°

Hypocotyl 9.10® 8.90® 10.53* 6.03" 5.53k 7.14%

Epicotyl 13.73*® 13.53*® 13.85* 13.53*® 8.40° 11.88"

Petioles of the first row 1.74 2.00* 2.01° 1.67< 1.72b¢ 1.41%

Remainder of the shoot ~ 7.80° 4.58° 2.17< 4.08" 1.53¢ 2.55¢

Tab. 3. Fresh mass of organs Helianthus annuus plants watered with aqueous extracts from Mentha Xpiperita leaves
in phase of growth. The mean * SE of S replicates; the values indicated by different letters (in row) are significantly
different at p < 0.05 (Tukey’s test).

Concentration of aqueous extracts of M. xpiperita (%)

Organ Control 1 3 S 10 15
Fresh mass (g)

Root 15.19* 14.75% 14.06° 8.09¢ 7.09¢ 10.66¢
Hypocotyl 5.02° 5.36* 4.19¢ 2414 1.61° 2.33¢
Epicotyl 5.07¢ 6.01° S.13% 3.43% 1.86¢ 3.25¢
Cotyledons 0.36¢ 0.92¢ 1.50° 1.51° 1.50° 1.64°
Petioles of the firstrow ~ 0.23¢ 0.30° 0.36* 0.26" 0.19¢ 0.25%
Leaves of the first order ~ 1.87¢ 2.49° 2.43b 1.62¢ 1.35f 2.02¢
Remainder of the shoot ~ 2.42° 1.25° 1.17° 1.04¢ 0.38° 0.77¢
Remainder of the leaves ~ 3.33° 2.63" 2.70° 1.85¢ 1.06° 1.65¢

Tab. 4. Dry mass of organs Helianthus annuus plants watered with aqueous extracts from Mentha Xpiperita leaves in
phase of growth. The mean * SE of S replicates; the values indicated by different letters (in row) are significantly
different at p < 0.0S (Tukey’s test).

Concentration of aqueous extracts of M. xpiperita (%)

Organ Control 1 3 S 10 15
Dry mass (g)

Root 1.87¢ 2.95° 2.59° 1.09° 0.75f 1519
Hypocotyl 0.45" 0.46% 0.35¢ 0.16¢ 0.12f 0.20¢
Epicotyl 0.41° 0.46 0.37¢ 0.20¢ 0.11¢ 0.234
Cotyledons 0.21° 0.05° 0.11* 0.08* 0.08* 0.11*
Petioles of the first row 0.20° 0.02¢ 0.3 0.02¢ 0.02¢ 0.02¢
Leaves of the first order ~ 0.21° 0.24* 0.23* 0.14¢ 0.12¢ 0.20°
Remainder of the shoot ~ 0.18° 0.11° 0.09¢ 0.08¢ 0.03f 0.07¢

Remainder of the leaves ~ 0.43° 0.34° 0.33° 0.19< 0.12¢ 0.20¢
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EAEKTPOHHO-ITUTOXIMIYHE AOCAIAKEHHA
H*-AT®A31 B KOPEHAX KYKYPYA3H

OAEHA M. HEAYXA ¥, €EAU3ABETA A. KorpatoMm, TaauHA B. IIIEBYEHKO, FOA1S B. OBYAPEHKO

Amnoranis. IlpeacraBaeHi pe3yAbTaTH eAEKTPOHHO-IIUTOXIMIYHOTO AOCAIAJKEHHSI AOKaAisamil Mgz*—aKTHBOBaHoI
H*-AT®asu B KAiTHHAX KOPH AMCTaAbHOI 30HH postary (A3P) xopenis 21-Tm A060BuX pocamH KyKypyAsu (coprm
‘Tlepesicaaschknit’ Ta ‘AOCTaToK’), MmO 3POCTAAM 3a PisHHX yMOB Boaorocti rpynty (70% Ta 20%). Eaexrponmno-
IUTOXIMITHUM MeTOAOM AOBeaeHO ydacTh H*-AT®asu B apanTanii mpopocTKiB KyKyPyASH AO POCTY B yMOBAaX 3HIDKEHOI
BOAOTOCTi IpyHTy. BusiBAeno mepeposmoaia akrusHocti H'-AT®asu B membpaHax xaitun xopeniB A3P pocamx
KYKYPYA3H, 110 3pocTasr Ipu 20% BOAOTOCTi I'PYHTY, y TIOPiBHAHHI i3 TAKMMH y POCAHH, [0 3pocTaAu pu 70% BOAOTOCTi.
Mu npurryckaemo, mo BUABA€HI HAMH BiAMiHHOCTI B 3HIDKEHHI ITAOIIi MPOAYKTIB IIUTOXiMIYHOI peakIrii Ha maasmasemi Ta

36iAbIIIeHH] IXHPOTO BMICTY Ha TOHOIIAACTi BaKyOA€l y KAITHHAX KOPH KOPEHIB 32 YMOB IIOCYXHU CIIPUSIOTH ITiABUIIEHHIO

Karouosi caoBa: Zea mays, eAeKTpOHHO-IIUTOXIMITHA MiKPOCKOTIisl, KOpeHi, MoCyXa IPYHTY, AoKaaizamis H-AT®asu

Incmumym  6omanixy im. MI Xorodnozo HAH VYipainu, eya. Tepewenxiscoka, 2, m. Kuis, 01601, Yipaina;

* o.nedukha@hotmail.com
Bceryn

H*-AT®asa pocamuHmx xaitma e Mg™'-
saaexHo0 i K*-crumyaroroworo,  Bipirpae
Ba)KAUBY DOAb B 6ioeHepreTHui Ta PeryAsmii
pocry kairun (IToAEBOIT 1986; PALMGREN &
HARPER 1999; MARSOMME & BourTy 2000).
Le#t pepmenT BigHOCHTBCA A0 AT®a3 P-tumy
(T06TO POCHOPUAIOIOTHCS MPH KaTaAITHIHOMY
posmenaenni AT®), i Bussasgerbcs Ha
LUTONAAQ3MATHYHIA MeMOpaHi, TOHOIAACTI Ta
eHpoMeM6paHax pocamHHEX KaituH (DEPTA
et al. 1991; ROBINSON et al. 1996a, 1996b).
3a paxyHok eHeprii riapoaisy AT® Mg-
saaexxHa H™-AT®asa mepeHOCHTh IPOTOHH
i3 nMTOMAA3MM B aIONAACT YU Y BaKYOAb,
CTBOPIOIOYH €AEKTPOXIMIYHHUI TPAAI€HT 1OHIB
BOAHIO, SIKMII € CKAQAOBOIO MeMOpPaHHOIO
MOTEHINAAYy KAITMHM M 3a6e3neqye TPaHCIIOPT
PEYOBUH 4epe3 LUTONAA3MATHIHY MeMOpaHy,
TOHOMAACT 4u eHAOMeMOpaHu. Tomy weit
$epMeHT € OAHMM i3 IOAOBHMX KOMIIOHEHTIB
IPOTOHHOI CHTHAABHOI CHCTeMH, sKa Oepe
YYacThb B AAANITHBHIN PeaKIlil BIAIOBiAL KAITHH Ha
AIIO Pi3HOMAHITHHMX €K30T€HHHUX Ta €HAOTEHHHX
daxropie  (SERRANO  1989; PALMGREN

& HARPER 1999). OpHuM i3 BaXAMBUX
¢isiosoriuHux mpowecis, B SKUX Oepe yd4acTb
H*-AT®a3a mnaasmaseMy, € picT pPOCAMHHOL
KAITMHU PO3TArOM, IO aKTUBYETHCS ayKCUHOM
(TToaeBOIT 1986; RAYLE 1973; LUTHEN &
Bo1rGerR 1990; HAGER 2003; HAGER et al.
1991). Axrusnicts H*-AT®asu cTBopioe yMOBH
AASL POCTY KAITHH — 30iABIIEHHS IIBUAKOCTI
pO3TArYy  KAITMHHOI OOOAOHKM, a  TaKOX
CTBOPEHHS I'PAAIEHTY OCMOTUYHHIX PEYOBHH AAS
IXHBOTO BXOAKeHHs B KaiTHHY (SERRANO 1989).
Y 2009 p. €. Pysamescpka 3i cmiBaBTOpamu
(PYAAIIEBCKAS u dp. 2009) MOKasaAH HpsIMHiL
3B'SI30K POCTY KAITHH eIiKOTHAIB IPOPOCTKIB
KyKypyAsu 3 akTusHicTiIo H*-AT®a3zn. MoxxHa
IPUITYyCTUTH HASABHICTD TIPAMOL  3aA€KHOCTI
IHTEHCUBHOCTI POCTY i KAITHH KOp€HiB caMme Bip
aKTHBHOCTI Ta AOKAAI3aIlii ITbOro pepMeHTy.
AwcrasbHa 30Ha postary (A3P) xopenis €
3PYYHOIO MOAGAAIO AASI TAKUX AOCAIAXKEHD, TOMY
IO KAITMHM 1€l 30HU € HaibiAbIn YYTAUBI AO
Al €HAO- Ta eK30reHHUX (aKTOPIB, SAKi MOXKYTb
BIAMBATU HA ITOYATKOBI €TalM POCTY KAITHH
PpO3TAroM, Bip SKOTO 3aA€XKHTb HE TIABKH picT
KOPEHEBOI CHCTE€MH, aA€ M PICT HAA3EMHHUX
oprauip (IsHIKAWA & Evans 1993, 1995).

© 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/ )



76

MODERN PHYTOMORPHOLOGY 9 (2016)

Ta6a. 1. Hymeparyist mpopoCcTKiB KyKypyA3H, IO 3pOCTAAH 32 PI3HUX YMOB BOAOTO3abe3IeueHHsL.

Tab. 1. Numeration of maize seedlings grown under conditions of different moisture.

Howmep Copr KyKypya3u Bik pocaunu BipHocHa BoAoricTh Ajis mocyxu: BigAHOCHa

eKCIIepUMEHTY rpynry (%); TpuBaaicTs BoAoricTb rpyHTy (%);
pocry, Ao0bu TPHBAAICTb POCTY, AOOH

1 ‘Aocrarox’ 21 poba 70% — 21 poba ITocyxa BiacyTHA

2 ‘TlepesicaaBckmit’ 21 poba 70% — 21 poba ITocyxa BiacyTHS

3 ‘AocTaTox’ 21 poba 70% — 11 ai6 20% — 10 ai6

4 ‘TlepesicaaBcbuit’ 21 poba 70% — 11 pAi6 20% — 10 Ai6

ToMy MeTO0 HaIol poboTH 6YAO IOPIBHSIABHE
AOCAIADKEHHS cy6KAiTI/IHHoI AOKaaizanii H*-
AT®a3n B KAITMHAX KOpPH AHCTaABHOI 30HU
POSTATy KOpeHiB NMPOPOCTKIB KyKYPYA3H, SKi
3POCTAAU 32 PI3HUX YMOB BOAO3a0e3IeueHHs.

Marepiaan i MeTOAM AOCAiAKEHD

YMOBH BHPOITYBaHHSI POCAMH. 3epHiBKU
Zea mays L. (coptm ‘Tlepescaascokmit’ Ta

HOCYXOCTIMKi ‘Aocrarox’) HOIIePEeAHBO
3aMOYYBAAHM HA TPU AOOM Ha QiABTPyBaABHOMY
marepi  y  TtempsiBi. Cybcrparom  AAs

BHPOINYBaHHS POCAHMH OyAO OOpaHO IIiCOK,
BU3HAY€HO HOro TIIOBHY BOAOTOEMHICTh Ta
PO3paxoBaHO HEOOXiAHY KIABKICTb BOAM IPH
BiAHOCHI Boaorocti micky 70% (koHTpoAb)

Ta 20% (excmepumeHT) 3a CTaHAAPTHOIO
meropukoro  (CKA3KMH u  dp.  1953).
B xoHTpoAPHMX  Ta  eKCIepUMEHTAAbHUX

AOCAiAAX  BUKOPHMCTOBYBAaAM OAHAKOBHI 3a
CKAAQAOM IICOK. Y €MHOCTi AAS BHPOIIyBaHHS
(BiApO, S A) BCTaBASAM TPYOKy AASL NIOAMBY
Ta ApPeHaXHy cucTeMy. Pocamnu spocrasu y
IOPUPOAHUX YMOBaX IIip IIPO3OPUM TEHTOM
i3 16 TOAMHHHM CBITAOBUM AHeM. 3epHiBKH
BHCAAXYBAAU ¥ 6 eMHOCTeH — 3 KOHTPOABHI Ta
3 excrepuMeHTaAbHi, mo 25-28 y xoxmiit. Ha
MOYATOK eKCIIEPHMEHTY BOAOTICTh CybCTpary
6byaa 70% y Bcix emHOCTAX. MoHiTopuHT
BOAOTOCTi IPYHTY HPOBOAMAU 4epe3 AeHb.
KoHTpoABHI 3pasku IIPOAOBXKYBAAU ITOAMBATH
Ta MATPUMYBaAM BOAOTiCTb Ha piBHI 70%
nporsirom 21 po6u. ExcriepuMeHTaAbHI 3pasku
He IIOAMBAAM, IOYMHAIOUM i3 Apyroi AOOH.
ITporsirom mepmux 11 Ai6 excrepuMeHTy
BOAOTICTb I'PYHTY IIOCTYIIOBO 3HIDKYBAAaCh AO

20%. Taxy 20-TH BIACOTKOBY BOAOTiCTb I'PYHTY
MATPHMYBaAu BIPOAOBX 10 HacTymHux Aib.
CepeaHsI TeMIlepaTypa MOBITPSI IIip Yac AOCAIAY
(04-25.06.2015 poxy) cranosuaa 23,5 £ 3,2 °C;
cepeaHs Boaorictp moBiTpsa — 45,2 £ 11,7%,
HOBTOPHICTb AOCAIAIB — TpHpa3oBa. 3arasbHa
TPUBAAICTD BUPOIIYBaHHS pOocArH — 21 poba.

EAexTpoHHO-IMTOXiMi9HE AOCAiAJKEHHS
H*-AT®azn. O6’cKT AOCAIAKEHHS — KAITHMHM
APYTOro Ta TPeThOIO 30BHIIIHIX IIapiB KOpu
AUCTaAbHOI 30HHU KOpeHiB 21-A000BUX POCAUH
KyKypyA3Hd, IO 3pocTaau 3a ymoB 70% Ta
20% BoaorocTi IpyHTy. AAS IMTOXiMiYHOTO
AOCAIAXKEHHS Mgz*—saAeXHOI H*-AT®asu
BHKOPHCTOBYBAAU €ACKTPOHHO-ITUTOXIMIUHUH
MeTop Baxmreitna-Meliceas B Mopudikamii
H. Beainep (BELITSER et al. 1982). Bippizku
aTeKciB KOpeHiB AOBKUHOIO 6iast 4-6 MM (2 MM
aneKcy Ta 2 MM 30HU MEepUCTeMH i I0YaTKy 30HH
AMCTAaABHOTO pocTAry) dikcyBaan y cymimi 3%
rarotapaabperiay 3 1,5% mapadopmasbaeripom
Ha 0,5 M xakopmaatHoMy Oydepi, pH 7,2
npotsiroM ABox roauH mpu 0 °C. Martepiaa
NpOMHBAAK B ipeHTHYHOMY Oydepi 30 xB.
ta Tpuui B 25 MM Tpuc-MaseaTHOMY Oydepi
npotarom 90 xB. mpu 0 °C. Ilorim marepiaa
inkybysasn mpu 37 °C mporsrom 30 xB. y
cepepaoBHIli, sike MicTHAO 2 MM ATQ®, 2 MM
MgCl,, SO MM KCI, 2 MM Pb(NO3)2 Ta25 MM
TpHUC-MaAeaTHOro 6ydepy. ITisHime mpoMusasu
OypepoM Ta aodikcoByBaaum 1% po3dnHOM
OsO, Ha kakopmaaTHOMy 6ydepi mporsrom
HOui, 00e3BOAXYBaAM B cepil cnupTiB Ta
aIleTOHy 3POCTaIY0i KOHIJeHTpallil, 3aAMBaAl
Yy CyMill eImOKCHAHHMX CMOA eIOH/apaAAUT
32 3araAbHONPHMHHATHM B E€AGKTPOHHIH
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Mmikpockomii  mpoTokoaoM.  KoHTpoabnuit
BapiaHT iHKyOyBaAM B cepepoBHUIi 6e3
ATO®, ioniB Mg** ta K'. AAs nuroxiMivHmx
AOCAIAKEHD OpaAM IO TpU KOpeHi i3 TphoOX
POCAMH KOHTPOABHHUX, IO 3pocTasu mpu 70%
BOAOTOCTi I'PYHTY, Ta IIO TPU KOPEHI i3 TPbOX
POCAMH, IO 3POCTAaAM 32 YMOB 3HIKEHOI
Boaorocri (20%). YabTparToHki 3pisu, oTpumani
Ha yaprparoMi MT-XI, He KOHTpacTyBaAH.
BuBuenns aokaaizanii H-AT®aszu nposopuan
Ha TPAaHCMIiCITHOMY €AeKTPOHHOMY MiKPOCKOTIi
JEM 1200EX. KiabkicHY OIIiHKY eAeKTpOHHO-
LIIABHOTO TIPOAYKTY peakiil, IO MapKyBaB
aokaaizanito H'-AT®asu, mnposoaman i3
BUKOPHUCTAHHAM  KOMIIOTEPHOI  IpOrpamu
Image], sxa Ao3BOAsE AMQepeHIiIOBATH
IHTEHCHMBHICTD OCaAy LMTOXIMIYHOI peakmil
Ha MeMOpaHax Ta KiAbKiCTb MIKCEAIB y LbOMY
ocaal Ipu TOpPIBHAHHI i3 0TOYyIOUUM POHOM
Ha HeraTuBaX. AAS IIbOrO BMKOPHCTOBYBaAU
HeraTuBu i3 OAHAKOBUM  30iAbIIEeHHIM
(x10000). Toporosi 3HaueHHs eAeKTPOHHOI
IABHOCTI BHOMpPAaAd MaHyaAbHO IPH KOXHIM
KiAbKiCHIN OIiHIN. AAS YHUKHEHHS IOMHAKHU
(mpu BuMipi OHy) BUMIDH HPOBOAMAH B
KOXXHIM TOYI]i ITO KiAbKA pa3iB, Ta 3AIMCHIOBAAN
cepepnto oninky. Ha Puc. 3 ta 4 HaBepeHi
CepeAHI  3HAauYeHHS IAONII  eAeKTPOHHO-
IiABHOTO OCapy B YMOBHUX oAMHHIX (X103
TMiKCeAiB). KiapkicTsp MPOaHaAI30BaHHUX
HEraTUBiB y KOXXHOMY BapiaHTi CTaHOBHAA He
menme 10.

Pe3yAbTarH Ta iX 06rOBOpeHHS

3a BurasiaoM 21-,060Bi poCcAUHE KYKYPYA3H,
11O 3POCTAAHM 33 Pi3HMX YMOB BOAOTOCTi IPYHTY
(70% Ta 20%) He BiAPI3HAAMCS: POCAUHU MaAH
3-4 AMCTKM Ta PO3BUHEHY MUYKYBaTy KOPEHEeBY
cucteMy. YoTHpH BapiaHTH POCAMH KyKyPYA3H,
SIKi 3pOCTAAM B Pi3HMX YMOBAX BOAOIIOCTA4YaHHS
rpyury (Taba. 1), 6yau BuKOpHCTaHI AAs
€AEKTPOHHO-MIKPOCKOTIIYHHMX AOCAIAIB.

EAexTponno-nuToximMivHMit aHAAI3
Aokaaisanii H*-AT®asu Ha MeMOpaHax KaiTux
xopu A3P KOpeHiB IPOPOCTKIB KYKYPYA3H
MPOBOAMAM 32  HAfBHICTIO B KAITMHAX
€AEKTPOHHO-IIIABHOTO MTPOAYKTY LIATOXiMi4HOI
depMeHTaTUBHOI peakIlii — oOcaAy CBHHIIO 3

HeOpraHiyHuM (PocPaToM. Y KOHTPOABHOMY
BapiaHTi IIpy BUKOpPHUCTaHHI iHKyGauifiHOro
cepepaoBHIIa, sike He MicTrao AT®, yn ionis K
Ta Mg, eAeKTPOHHO-IIABHHI 0Cap IPOAYKTY
peaxilii He BUSABASIBCSL.

A3P KopeHiB KyKypyA3H, IO 3pOCTaAd
3a ymoBu 70% BoAOrocri rpyHnTy. B xairunax
xopu A3P KOpeHiB ABOX COPTIiB KYKYPYA3H,
IO 3POCTAAU 32 YMOB HOPMaAbHOTO BOAOTOTO
3abesmeuenns, Aokaaizamis HY-AT®asu Ha
IAa3MaAe€Mi MaAa TeTepOreHHMH XapakTep: y
YACTHHU KAITHH (30BHINIHBOrO IIapy Kopu)
IAa3MaA€Ma  XapaKTePU3yBaAach HASABHICTIO
CKyIT4eHb  EeAeKTPOHHO  IiAbHHMX
IIPOAYKTIB peakilii HempaBHAbHOI $opMU Ta
poamipom Bip 100 oo 200 HM (Pnc. 1 A), TOAL
SIK y OiABII BHYTPIWIHIX IIapaX KOPU IPOAYKT
peakiii Ha IAa3MaAeMi BHMABASIBCA Y BHIASAL
ApIOHHX CKyIMeHb M IIOOAUHOKHX TI'PaHyA
(=10 um) mpenumirary (Puc. 1 B-B), a6o x
npoayxT peakiii He BusBasisest (Puc. 1 T, mwkus
kaituna). [lpemumitar y Buraspai  Api6Hux
IPaHYA, AKi OpMyBaAH MarbKe ITIAbHUI TOHKUHN
Iap, BUSBAGHO HAa TOHOIAACTi IL@€HTPaAbHUX
BAKYOAb OIABIIOCTI AOCAIAKYBAaHHX KAITHH
(Puc. 1 T, A). TOHOMAACT HEBEAMKUX BaKyOAb
(alameTpom A0 1 MKM) MpaKTUYHO He MicTHB
rpanya npenunitary (Puc. 1 A), B Toit ke qac
TOHOIIAACT BAaKyOAb 6iAbmux posmipis (>1 Mxm)
MICTMB IIPOAYKT PEAKIlii y BHUTASIAL OKpEMHX
Beauknx (Puc. 1 E) abo apibuux rpanya.
Heo6xiAHO BiAMITMTH HasBHICTDH MpeLuUIITaTy
B aapi (Puc. 1 B) Ta 3piaka y BesukyaspHUX
CTPYKTypax.

BEAHUKHX

A3P KopeHiB HpPOPOCTKIB KYyKypyA3H
32 YMOBH NOCyXH (3HIOKEHOIO BOAOIO
3a6esneuenns). Y xaitunax A3P kopenis
IPOPOCTKIB  KYKypyA3H ABOX COPTiB, IO
3pocraan 10 Ai6 3a yMoB 20% BOAOTOCTi IPYHTY
(Taba. 1), aokaaisaris €AEKTPOHHO-IIIABHOTO
IPOAYKTY nuroximMivHol peakuii Ha H'-AT®asy
BHABACHA SIK Ha ITAA3MaA€eMi, TaK i Ha TOHOIIAQACTI.
Ilpore iHTeHCHBHiCTD NHTOXiMIYHOI peaxuil
3MIHMAQACS Y KAITHHAX KOPH KOPEHIB 000X COPTiB
KYKypPyA3d Yy TIOpIiBHAHHI i3 BIATIOBIAHUMM
3paskamy, mo 3pocrtasu mpu 70% BoaorocTi
rpynry. Lle Bupaxarocs y 3HIDKeHHI IIIABHOCTI
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Puc. 1. Aoxasizania H*-AT®asu y xairmHAX KOpH KOpeHiB POCAMH KyKYPYA3H, IO 3pOCTaAH 3a ymMoB 70% Boaorocri

rpyury: A-B — copr Tlepesicaascrkuit’; T-E — copt ‘Aocrarox. CTpiAkaMm BKa3aHO €AeKTPOHHO-IABHHI MPOAYKT
muToximivroi peaknii H*-AT®asnoi akTusHOCTI. Penepra MiTka = 1 Mk

Fig. 1. The localization of H*-ATPase in cortex cells of maize plant that was grown at 70% soil moisture:
A-B - cv. ‘Perejaslavsky’; I-E — cv. ‘Dostatok’. An electron dense precipitate of H'-ATPase activity is indicated by arrows.
Bar=1 pm.
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Puc. 2. Aoxanizanis H*-AT®asu y xaiTMHaX KOpH KOPeHiB POCAMH KyKyPYA3H, IO 3pOCTaAM 3a yMOB 20% Boaorocri

rpyury: A, B — copr TlepesicaaBckuit’; B — copr ‘Aocrarox. CTpiAkaMm BKa3aHO eAeKTPOHHO-IIABHHI IIPOAYKT
muToximivroi peaknii H*-AT®asnoi akTusHOCTI. Penepra miTka = 1 Mkm.

Fig. 2. The localization of H*-ATPase in cortex cells of maize plant that was grown at 20% soil moisture:
A, B - cv. ‘Perejaslavsky’; B — cv. ‘Dostatok’. An electron dense precipitate of H*-ATPase activity is indicated by arrows.
Bar=1pm.
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Bonorictb rpyHTY

Puc. 3. 3miHa MAOIIi €AEKTPOHHO-IIABHOTO IIPOAYKTY LIUTOXiMIYHOI peakirii H*-AT®a3H0i akTUBHOCTI Ha MAa3MaAeMi

xaitun kopu A3P xopeHis ABox copris (‘TIepesicaaBcbkuit’ Ta ‘AOCTaTOK’) KyKypyA3U 32 yMOB 3HIDKEHHS BOAOTOCTi IPYHTY.

ITaoma npoayxry peakii, Ha sxy npunapae 100 mikceais, mopaHa y BIAHOCHHX OAMHMITSIX AaHi OTHMaHi i3 BAKOPHCTaHHAM

mporpamu Jmage J.

Fig. 3. The change of area of electron dense products of cytochemical reaction shown of H*-ATPase activity on plasma
membrane in cortex cells of DEZ of maize roots (cv. ‘Perejaslavsky’ and cv. ‘Dostatok’), that grown under decrease of soil
moisture. The area occupied by reaction product presents by the relative units amount, on which 100 pixels are the share.

The data are received by using of Image]J software.

MpPOAYKTYiB peakuii Ha maasmasemi (Puc. 2 A, B)
Ta 30iABIIEHHI IJiABOCTI IIPOAYKTY peaxiil
Ha TOHOMAACTI 6iabmocTi AOCAIAXKYBaHHUX
kaitun (Puc. 2 A-B). IlpoaykT nuToxiMivHOi
pakuii BKpuUBaB MeMOpaHy BakyoAi Marbke
CYLIAPHMM  €A€KTPOHHO-UIIABHUM  OCaAOM,
TOAl K Ha IIAa3MaAeMi TPOAYKTH peakiil
BUSIBASIAMICSL  3PiAKa, Y BHUIASIAL TTOOAMHOKHX
rpanya. IpenumiTaT peaxiii TakoX BUABACHO Y
BesukyaspHux crpykrypax (Puc. 2 B).

Kiabkicunit amaais. KiabkicHHME aHaAi3,
i3 BUKOpHCTaHHAM nporpamu Image J, maomi
IPOAYKTIB LIUTOXIMIYHOI PeaKIlii — eAeKTPOHHO-
LIIABHUX 30H, IO MApKyBaAM AOKaAi3alio
H*-ATQa3u, y A0CAipXyBaHHX KAITHHAX KOpH
A3P ABOX COPTiB KYyKypyA3H IIOKa3aB AOCTOBipHi
3MIHM 3a YMOB 3HI)KE€HHS BOAOTOCTI IDYHTY.
3a MOB MOCYXH IIAONIA IIPOAYKTY peakxilii Ha
MAA3MaA€Mi Y KAITMHAX KOPU KOPEHIB POCAMH

copry ‘Aocrarox’ 3aMeHuMAACs B 2,37 pasy, a 'y
copry ‘Tlepesicaasebkuit’ — prpudi (Puc. 3). Toai
SIK Ha TOHOIIAACTi KAITUH KOPH KOPEHIB POCAUH
copTy ‘AoCTaToK’ IAOIIA MPOAYKTY peaxiiii Ha
H*-AT®asu 36isbmmaacs yTpudi, a y copry
‘TlepesicaaBcpkuit’ — B 2,4 pasw, y IOPiBHAHHI i3
TIAOIIIAMHU TIPOAYKTY peakiiii y KAITHH KOpeHiB,
mo 3pocrasu 3a ymoB 70% BOAOTOCTI I'PYHTY
(Puc. 4).

TakuM YMHOM, EAeKTPOHHO ITMTOXiMidHe
cy6KAiTHHHe AOCAIAKEHHS AOKaAi3arrii
H*-AT®asu y xaiTHHAX 30BHIIIHIX MapiB KOpH
A3P KxopeHiB KyKypyA3H i3 BHKOPHUCTAHHAM
KAAQCHYHOTO MeToay BaxmTeiina-Meiiceas B
Mopudikanii H. Beairep (BELITSER etal. 1982)
IIOKA3aA0 HASBHICTb THUIIOBHX EAEKTPOHHO
I[iIAbHUX TPaHyA CBUHIIIO Pb(NO3)2, SIKi,
pearyroun i3  HeopraHiuHUM  ¢ocdarom,
$opMyBaAuM HEpO3UMHHHI, SK y BOAl, Tak i
posunnHuKax (CUPTi Ta arleToHi), mpenumiTaT
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Puc. 4. 3miHa NAOI eAEKTPOHHO-IIABHOTO IPOAYKTY IIMTOXIMIYHOI peaxiii H*-AT®a3H01 akTUBHOCTiI Ha TOHOMAACTI
xaitun A3P kopeHiB ABOX copTiB (‘HepeﬂCAaBCBKI/Iﬁ’ Ta ‘AocraTox’) KYKYPYA3H 32 YMOB 3HIDKEHHSI BOAOTOCTi TPYHTY.
TTaoma npoayxry peaxuii, Ha sy npumapae 100 mikceais, mopaHa y BIiAHOCHUX OAMHHILIX. AaHi OTHMaHi i3 BAKOPHCTaHHAM

mporpamu Jmage J.

Fig. 4. The change of area of electron dense products of cytochemical reaction shown of H*-ATPase activity on tonoplast
in cortex cells of DEZ of maize roots (cv. ‘Perejaslavsky’ and cv. ‘Dostatok’), that grown under decrease of soil moisture.
The area occupied by reaction product presents by the relative units amount, on which 100 pixels are the share. The data

are received by using of Image]J software.

poamipom Bia 10 po 200 BM. Bukopucranus
AQHOI MOAEAL (KAiTI/IH KOpH  AMCTAaAbHOI
30HM pOSTATYy KOPeHIiB) AASL AOCAiAXKeHHS
Aokaaizanii H*-AT®asu € AOCHTb BpAAUM.
Tax sax xaituanm A3P po3MIIylOTbCS MiX
30HOI0 MEPHMCTEMHU Ta 30HOIO MBHUAKOTO POCTY
KAITUH PO3TATOM, i 3a AAHMMH AiTepaTypu BxKe
He AIAATBCH, a TOYMHAIOTH PICT IOBIABHUM
postsarom (IsHIKAWA & Evans 1993, 1995).
Came Ha TakMX KAITMHAX KOPU MU BHSABHAH,
IO Ha TOHOIAACTi HEBEAUKUX BaKyOAb MEHIIe
1 MxM B AlaMeTpi IPOAYKT peakijil BiACyTHIH,
BiH ITOYMHAE BUSABASTUCS HA TOHOIIAACTI AWIIE
Yy BAaKyOASiX, sIKi ITOYMHAIOTH 30iABIIYBATHCS
(>1 MKM) Ta Ha TOHONAACTi BEAMKHX
LIEHTPAABHUX BaKyOAb.

Biasomo, mo H'-AT®asza 6epe yuacTp
B TPaHCIOPTi OCMOTHYHHX PpE€YOBMH 3a
YMOB HAsIBHOCTI BIiAIIOBIAHOIO TIPaAI€HTY
(SERRANO 1989). Bpaxosyroun orTpumani

HaMU AaHi Ta BUILle 3a3HaY€HI AaHI AiTepaTypy,
MOXXHA  BUCYHYTH  TIpUNYIIEHHS, IO
H*-AT®aza ToHOmAacTy kairmm xopu A3P
KODEHIB KyKyPYyA3U aKTHBYBAaAacs AMIIE IIPH
MIABUIEHH] I'PaAiEHTY OCMOTHYHUX PEYOBHH
MDX [IUTO30A€M Ta BaKYOASIMH, SIKi 30iAbIIyBaAH
CBill po3Mip OYMHAIOYM Bip 1 MKM.
HassaicTp IpeLHUIITaTy Ha
LUTONAA3MITHYHIA ~ MeMOpani  6iabmocTi
AOCAiAXYBaHUX KAaiTuH A3P KOpeHiB pocAuH,
IO 3POCTaAM 3a YMOB onTumasbHoi (70%)
BOAOTOCTi IPYHTY CBiAYHTD, IO Ileil pepMeHT
Oepe aKTHBHY yd4acTh B POCTi KAITHH,
HepPeKavyI04H IPOTOHH i3 IUTO30AI0 B alIOTIAACT
AASL IOTO TIAKHMCAEHHS, a 3HAQUUTDh aKTUBAIlil
pH-3asexxHUX ¢epMeHTIB po3NyImeHHS Ta
CHHTe3y IIoAicaxapuAiB OOOAOHKH, 30KpeMa
KCHAOTAIOKaH €HAOTPaHCTAIOKO3UAA3H,
eHAO-P-1,4-TATOKaHA3M  Ta  MEKTHHMETHUA-

ecrepasu  (SASIDHARAN et al  2011;
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HEepyxA 2015), SKi MOYMHAIOTH iHTEHCHBHO
CHHTE3YBaTHUCS IIPU POCTi KAITHH PO3TATOM.
Omxe, anaaiz aokaaizanii H*-AT®asu Ha
MeMmbpaHax kaitTun kopu A3P mokasas, mo
HE3aAEXHO BiA COPTY KYKYPYA3H Ta Bip yMOB
spocranusapocanH, H*-AT®asaroxasizyBasacs
Ha IIAa3MaAeMi, TOHOIIAACTi IJ€HTPAaAbHOI
BaKyOAl Ta MeMOPaHAX Be3UKYASIPHUX CTPYKTYP
AocaipxyBanux kaituH. IlporTe, iHTeHCHBHICTD
nuToXiMiYHOI peaknii Oyaa 30iAblieHa Ha
TOHOTIAACTI Ta 3HIDKEHA Ha MTAA3MaAeMi KAITHH
32 YMOB IIOCYXHU. PIAKO TPAaIASIIOTBHCS TAOOYAH
€ACKTPOHHO-IIIABPHOTO OCaAy Ha IIAa3MaAeMi
KAITUH 32 YMOB IOCYXH, IIO, OYEBUAHO,
CBiAYaTh MPO  HEPIBHOMIPHHH  PO3IOAIA
$epMeHTaTUBHOI AaKTHBHOCTI Ha IIAa3MaAeMi.
Toal X Ha TOHOIAACTI LIEHTPAABHOI BaKyOAi
3a YMOB IIOCYXH PO3Mip Ta MAOIIA IPELHUITITaTy
AOCTOBIpHO 36iAblLIeH] MalKe B yCiX KAITHHAX,
IO, OYEeBUAHO, CBIAYMTb TIIPO IHTEHCHBHE
i AKACAEHHS BaKyOAl Ta HIATPUMaHHS BUCOKOTO
Typropy 3a yMOB THOCyxu. BiacyTnicTs
NpeUuIiTaTy  LUTOXiMIYHOI  peakmil Ha
TOHOTIAACTI HEBEAHKHX BAKYOAD, IK B KOHTPOAI,
TaK i 32 YMOB [TIOCYXH, Ta [IOCHA€HE MAPKYBaHHSA
TOHOIIAACTY LIEHTPAABHHUX BaKyOAb CBIAYHTD
PO CYTTEBi BiAMIHHOCTi y (YHKIIiOHyBaHHI
HEBEAMKHX Ta BEAUKHX  (LjeHTPaAbHHUX)
BaKyOAb, AaHAAOTIYHO TOMY, IO OIKMCAHO AAS
Ai30COM pi3HOTrO pO3Mipy y TBAPMHHHUX KAITHH
(LoLLMANN-RAUCH 2005). OwueBmaHO, B
3aA€XHOCTI Bip PO3MIpy BaKyOAl pOCAMHHOI
KAITUH, QYHKI[iOHYBaHHS IPOTOHHOI IOMIIM Ha
TOHOIIAACTI CHABHO PI3HHTBCS: 9UM OIABIIHI
poamip Bakyoai y kaitumax AS3P kopenis
KYKYPYyA3H, TuM Buma akTuBHicTs H'-AT®azn.
BpaxoByroun  aaHi  AiTeparypu = mpo
YTBOPEHHSI KAAcTepiB QepMEeHTHHX OAUHHIIb
H*-AT®asu nHa mem6panax (SONDERGAARD

et al.  2004) Ta  pesyAbTaTM  HAWKX
eKCIIEPUMEHTIB  IIpO  30iAbIIEHHS  ITAOLI
MPOAYKTIB  peaklii Ha TOHOIAACTI KAITHH
A3P mpopocTkiB 3a YMOB IIOCYXH, MOXHA

MPUITYyCTUTH, IO aKTUBHICTh AOCAIAXKYBAHOTO
depmenty 3HAYHO i ABUIYETHCS B
AOCAIA’KYBAaHUX KAITHHaX KOPEHiB KYKYyPyA3H
3a YMOB B3HIDKEHHS BOAHOIO 3a0e3IledeHHs.
OueBHAHO, IO MMAOIIA MPOAYKTY LUTOXIMIUHOI
peakuii BHM3HAYAETHCS AKTHBHICTIO pobOTH

depMeHTy, TOOTO IHTEHCHBHICTIO YTBOPEHHS
HeopraHiuHoro ¢ocoary. OTxe, 3HAYHHUH
po3Mip Ta BeAMYMHA IDAOIIL MpeLMIITaTy
32 YMOB IOCYXH BIiAOOPaXye IiABHIIEHY

riapoaituyny  aktuBHicT H*-AT®asu Ha
TOHOIIAACTi, @ MOXXAMBO, IO IIOCHACHHS
aKTHBHOCT] ¢epMeHTy  IOB’SI3aHO 3
$opMyBaHHIM KAACTepiB $epMeHTHHX

oausHIb (SONDERGAARD et al. 2004).

BusiBaeHuit HaMH IepeposIoAis AoKaAizarii
axtuBHOCTi H*-AT®asu B kaiTHHaAX KopH
KOpEeHiB KYKYPYyA3H, IO 3POCTaAHM 3a Pi3HMX
YMOB BOAO3a0e3edeHHsT MOXKANBO [TOB SI3aHUI
i3 i3opopmamum 1BOro  PepMeHTy, sKi
XapakTepHi AAs [IeBHOTO TUIly MeMOpan. Cxoxi
AaHi paHiure 6yAu ompcaHi IpU BUKOPUCTAaHHI
IMyHOIIUTOXIMIYHOIO METOAy B  KAITMHAX
KOpPEHIiB ABOX AiHIM TOPOXy: YYyTAMBUX AO
NaClI rta meuyTAuBHX AO 3acoaenHs (85 mM
NaCI) (Ormos & HEeLLiN 1997). Asropu
AOITyCKAIOTb  iCHyBaHHS pisHHX i30popMm
H*-AT®a3u B pisHEX MeMOPaHHHX CTPYKTypax
Y KAITHHAX IIUX ABOX AiHiN ropoxy. HasBHicTp
isopopm H*-ATDasu BusBAEHO i BKOACONITHASIX
kykypyasu (Frias et al. 1996). Mu He
BUKAIOYAEMO IO B KOPEHAX KYKYPYA3U TaKOXK
MOXYTb 6yTH pi3Hi i30pOpMH IbOTO PpepMeHTY,
a TaKOX pi3Hi i y ABOX COPTiB KYKYpPYyA3H, SIKi
mu BuB4YaAu. Ao TOro x Bipomo, mo AT®dasHa
AaKTHBHICTb Ha IIAa3MaAeMi i3 KOpeHiB €
BUAO3aA€XKHA: TaK y KopeHsAXx Lycopersicon
esculentum Mill. AT®asHa aKTHBHICTD CHABHO
HOHIDKYBAAACh IicAS OOpPOOGKM MPOPOCTKIB
COABOBUM PO3YHMHOM, TOAL fK y NHPOPOCTKiB
iHIIOro BHAY — rOpOXy, siKi 6YAM apanmToOBaHi
AO 3aCOA€HHS, aKTHUBHICTbh LbOTO (epMeHTy
Ha IIAa3MaAeMi He BIiAPI3HSAMCA Bip Takol y
KOHTPOABHHX 3paskiB  (SANCHEZ-AGUAYO
etal. 1991).

BucHoBkHn

1. EAeKTPOHHO-IIHUTOXIMIYHUM METOAOM
y kxaitmHax xopu AS3P KOpeHiB KyKypyA3u
ABox coptiB ‘TlepesicaaBcpkuit’ Ta ‘Aocrarox’
HE3aAEKHO BiA YMOB BOAO3a0e3eueHHS IPYHTY
BusBaeHa H'-AT®aza Ha nmromaasMaTHIHIN
MeMOpaHi, TOHOIIAACT] LIeHTPAABHUX BaKyOA€N
Ta AAPI.
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2. 3a pomomoron mporpamu Image]
BCTAaHOBAGHO BIIAMB 3HIDKEHHS BOAOTOCTi
rpyary (A0 20%) Ha mAOW TIPOAYKTY
LIMTOXIMIYHOI peakiil, o MapKy€e AOKaAi3alliro

H*-AT®asu y KaiTUHaX KOpH KOpeHiB
KYKypyA3d. AOCTOBipHe 3HIDKEHHS IIAOIII
MPOAYKTY peaklii Ha LHMTONAA3MaTHUYHIN

MeMOpaHi Ta 30iAbIIEHHS Ha TOHOIAACTI
LIEHTPAABHUX BaKyOAeH, OYeBHUAHO, CIIPUSE
apanTanii POCAMH AO I'PYHTOBOI IOCYXH.
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ELECTRON-CYTOCHEMICAL STUDY OF H*-ATPASE IN MAIZE ROOTS
OLENA M. NEDUKHA ¥, EL1ZAVETA L. KORDYUM, GALINA V. SHEVCHENKO, JULIA V. OVCHARENKO

Abstract. The results of electron-cytochemical study of the localization of Mg**-activated H*-ATPase in Zea mays cortex
cells of distal elongation zone (DEZ) of roots of 21-days old plants (cv. ‘Perejaslavsky” and cv. ‘Dostatok’) grown under
different soil moisture (70% and 20%) are presented. The participation of H*-ATPase in processes of maize adaptation
to the conditions of reduced soil moisture was confirmed by electron-cytochemical method. The redistribution of H*-
ATPase activity location in the cell membranes of DEZ cells of roots are revealed under influence of lowered soil humidity
(to 20%). We proposed that the detected differences in reducing of products area of cytochemical reaction on plasma
membrane and increasing of their area on tonoplast of vacuoles in the cells of DEZ of roots under conditions of drought
obviously enhance turgor cells for optimize their growth and optimal physiological state and also for plant adaptation to

reduce moisture in the soil.
Key words: Zea mays, electron-cytochemical microscopy, roots, soil drought, H*-ATPase location

M.G. Kholodny Institute of Botany NAN Ukraine, Tereschenkivska str. 2, 01004 Kyiv, Ukraine; * o.nedukha@hotmail.com
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YABTPACTPYKTYPA XAOPOITAACTIBI ®OTOCHUHTETHUYHI
IIITMEHTU ITAABAIOYUX TA 3AHYPEHUX BAH1 BOAHOI
ITATIOPOTI SALVINIA NATANS (L.) ALL. BOHTOTEHE3I

Muxkoaa ITEPBATIOK ¥, ATALST BABEHKO, [IPHUHA KOCAKIBCHKA

Anoranis. IlpeacTaBaeHi pesyAbTaTH IOPIBHSABHOTO aHAAI3y YABTPACTPYKTYPH XAODPOINAACTiB Me3odiay i BmicTy
CI)OTOCI/IHTeTI/I‘iHI/IX MrMEHTIiB y MAABAOYUX i 3aHYPEHMX Y BOAY BasX OAHOPIYHOI Pi3HOCIOPOBOI HaHOpOTi-I‘iApOCI)iTa
Salvinia natans (L.) All. Ha pisaux cTapisx onTorenesy. Bcranopaeni wiTki BIAMIHHOCTI B yABTpacTpyKTYpHiit oprauisanii
$OTOCHHTETHYHMX OpPTaHeA Ta BMICTi IIiIrMeHTIB NMAABAIOYMX i 3aHypeHHUX Bail. XAOPOIAACTH KAITHH Me30iAy MAABAIOUUX
Bl MAIOTh AOOPE PO3BHHEHY CHCTEMY THAAKOIAHUX MeMOPaH 3 YHCEABHIMH I'PAHAMH | MiCTSITb 6araTo KpOXMAaABHUX 3epeH.
TloxasaHo, 10 y 3aHypEHHX Basix BiAOYBa€TbCsi OPMYBAHHS MEHIINX 32 PO3MIPOM XAOPOIIAACTIB i3 HE3HAYHUM BMiCTOM
KPOXMaAI0 y crpoMi. 3adikcoBaHi TaKoK BIAMIHHOCTI B KiAbKOCTi Ta po3Mipi rpaHaAbHHX KOMIIAEKCIiB xaopomaacTis. Ha
cTaaii pOpMyBaHHS CIOPOKAPIIIB BiAMiueHi AGCTPYKTHBHI 3MiHH Y GOTOCUHTETHYHHX MeM6paHaX XAOPOTIAACTIB o06ox
tumniB Bait. [TokasaHo, mo BMiCT pOTOCHHTETHYHHX IIIrMEHTIB y IIAABAIOYHX BasX YABIUi, @ HA OKPEMHX CTAALIX OHTOreHe3y
BTPUYi IIEPEBUITYBAB TAKHH Y 3aHyPEHHUX. Y Ipolieci OHTOreHesy 3agikcoBaHHi PicT BMICTY ¢pOTOCHMHTETUYHHUX IiIrMEeHTIiB
y maaBarounx Basx. Ha crapii popmyBanHs criopokapmiis BiA6yBaAOCb 3MEHIIeHHS BMICTy XAOPOQiAiB i KapOTUHOIAIB Y
3aHypeHux Basix. OOroBopIoeThCs 3B 130K MK BHSIBAHHMH BIAMIHHOCTSIMH i pyHKIIOHAABHOIO aKTHBHICTIO IIAABAIOYHX i
3aHYyPEHMX Bail y IPOIleCi OHTOTeHe3y BOAHOI ManopoTi S. natans.

Karouosi caoBa: Salvinia natans, yAbTpacTpyKTypa XAOPOIIAACTIB, Bal, OHTOreHe3, pOTOCHHTETHYHI IIrMeHTH

Tucmumym 6omatixu im. M. I Xoroonozo HAH Yipainu, ya. Tepewenxiscoka, 2, 01601, Kuis, Ypaina; * mshcherbatyuk@ukr.net

Beryn
BuBuenHss  cTpyKTypHO-yHKITIOHAABHIX
0COOAMBOCTENl  pI3HUX  OpraHiB  POCAHH-

riapoiTiB, sIKi 3pOCTaIOTh Ha MeXKi IIOBITPSIHOTO
1 BOAHOTO CE€PEeAOBMIN] BAKAMBI AASL PO3YMiHHA
MeXaHi3MiB  apanTalii pOCAMH A0  YMOB
HaAMIpHOTO 3BOAOXKEHHS. AAs 6araTbox BUAIB
TaKMX POCAMH XapakTepHa rerepodiais, ska
MIPOSIBASIETBCS Yy CTPYKTYPHO-PYHKIIOHAABHUX
BIAMIHHOCTSIX AMCTOBHMX ITAQCTHHOK, TOOTO
y ¢opmyBaHHI pisHMX 32 MOpPQOAOri€l0 Ta
AQHATOMIEI0 AMCTKIB Ha OAHIl pOCAMHI B
3aAeXHOCTI Bip KoMOiHanii yMOB icHyBaHHS
(BErCU 2004; HEAYXA 2011a).

CaabBinis maaBatowa  (Salvinia  natans
(L.) AllL) - oaHOpiuHa mMamOpOTH-TIAPODIT
(Puc. 1) 3 AiTHPO-3eA€HUM PEHOPHTMOTHIIOM,
CIIOPAaAMYHO — PO3IMOBCIOAKEHA B YKpaiHi
(YorpHa 2001; AyBuHA ma in. 2003).
PocanHa icHye Ha MeXXi ITOBITPSIHOTO i BOAHOTO
CepeAOBHI] 1 XapaKTepH3YETbCS BiAMIHHOIO

OYAOBOIO IIAQBAIOYMX 1 3aHYPEHHX Y BOAY
$oTOCHHTEe3yI0UHX OPTaHiB.

S. natans opmye 3aHypeHi Bal AOCHUTbH
crenudivHOI aHATOMI4HO] OyAOBH
(Bercu 2006), xoTpi 3a mopdoaorieo
6iabme Harapyiorh kopeni (Puc. 2), opHak
YiTKO BCTAaHOBAEHO, IO BOHH 3aKAAAAIOTHCS
aImKAaABHOIO ~ MEpHCTEMOI0  cTebAa,  SIK
OAMH 3 TpPbOX AMCTOBUX IPHUMOPAIIB Ha
KOXHOMY  Kiabui-myToBni  (PRINGSHEIM
1863; CROXDALE 1978, 1981). B misnimux
poboTax BKAa3yeTbCs, WO 3aHypeHi OpraHu
y IpeACTaBHUKIB poay Salvinia e ¢axrmdano
BUAOSMiHeHMMH — AucTKamu  (LEMON &
PosLUSzNY 1997; BARTHLOTT et al. 2009). ABa
AWICTOBI IPMMOPAIl pPO3BMBAIOTHCA Y IAABAKOYi
Bai, a Tperiit $opmye poscideHy Ha OaraTo
cerMeHTiB KopeHenoai6uy cTpykrypy (Puc. 2).
IToBipoMASIAOCE, IO $OTOCHHTETUIHMI allapaT
3aHYpeHHuX Bail S. natans B mporeci OHTOreHe3y
MAIOPOTi IBUAKO AETPAAYE i BOHH BUKOHYIOTh
AuIle  BCHCHY  YHKIIO, 3abesmedyrodun

© 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. 3araabHuit Burasia copodiry Salvinia natans y npupoAHHX yMOBax Ha HOBepxXHi crosra0i Boaoimu (MibxpiunHcpkuit

perioHaAbHMIT AAHAIIAQTHHI TIAPK).

Fig. 1. Salvinia natans in wild nature on the surface of the pond (Mizhrichynskyi Regional Landscape Park).

MiHepaAbHe O KHBAEHHS Ta TIa3000MiH i3
BoAHUM cepeposumeM (XOAOAHUI 1956).
BcraHoBAeHO, MO AASL MABOAHHUX AMCTKIB
KBITKOBUX POCAHMH-TiAPO]ITiB XapaKTepHUM €
3HIMDKEHHS aKTUBHOCTI aCUMIASAIII ByTAEKUCAOTO
rasy (SAND-JENSEN & FROST-CHRISTENSEN
1999) i 3MeHmeHHs iHTeHCHBHOCT] 6i0CHHTE3Y
$POTOCHHTETUYHHUX  IrMEHTIB, IOPiBHSHO
i3 HAABOAHMMHU Ta TIIAQBAIOYMMHU AUCTKAMHU
(RYEN 1985; YANG et al. 1987; HEKPACOBA
u dp. 2003). BuBYeHHA eAeKTPOHHO-
MiKpPOCKOTIYHO1 Oya0BU XAOPOTIAACTIB
MepeBaXKHO IMPOBOAMAOCH Y KBITKOBMX BOAHUX
pocann (HeEayxa 20115; KauMEHKO 2014),
TOAL AK YABTPACTPYKTYpPy (OTOCHHTETUYHUX
opraHeA Ta  BMIiCT  (OTOCHMHTETUYHHX
MrMEeHTiB y MAABalOYMX 1 3aHYpPeHHX Basx
ManopoTer-riApoPiTiB  He  AOCAIAXYBAAH.
Tomy, MeTo0 Hamol poboTH OYAO AOCAIAMTH
YABTPACTPYKTYypHY OYAOBY XAOpPOIIAACTIB Ta
$oHA OTOCHHTETHYHHUX IIITMEHTIB AAS TOITYKY
3B’513Ky MDXK BHSBAEHHUMH BiAMIHHOCTSIMH I

$YHKIIIOHAAPHOIO aKTHMBHICTIO MAAQBAIOYUX i
3aHYpEHMX Ball y IPOIjeCi OHTOreHe3y BOAHOI
mamopoTi S. natans.

Marepiaan i MeToAM AOCAIAKEHD

PocamnHuit MaTepiaa AAS AOCAIAXKEHD
36upasn  Bopopomx 2015 p. y mTyuHHX
BOAOMMax AecHsSHCbKOrO paitoHy M. Kwuesa.
Matepiaa AAsl BU3HAYeHHS BMICTY IIirMeHTiB
BiAbupasn B cepepuni uepBus (mepma
AOCAiA>XKYBaHA CTaAiﬂ), B APYTifl A€KaAl AMITHA
(Apyra AOCAiAXKYBaHA CTaAiﬂ) i B cepepuHi
BepecHs  (Tpers  AOCAiAXyBaHa  crapis),
YABTPAaCTPYKTYPY XAOPOIIAACTiB BHBYAAM 3
MarepiaAy 310paHOrO y IIepIIy Ta TPETIO CTAAO.
ABI mepm AOCAIAXXYBaHI cCTall 36iraroTbcs
3 aKTUBHMM BETeTATHBHUM pPOCTOM cTebAa
Ta Bail crnopodiry S. natans. 3oxpema, Mix
[epIIOI0 Ta APYIOI0 CTAAISIMU AOBXHHA cTebAa
36iAbmyBaAacs1 YABIYi, SIK i KiABKICTDb KiAeIlb Ha
HBOMY i3 SIKX PO3BHBAANCS Bai, Takox 3pocTasn
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Puc. 2. Opna saHypena (miaBoaHa) BHAO3MiHeHa Bas Salvinia natans (3B) i amixaabHa 6pyHbKa cTebAa 3 MOAOAUMH
maaBarounmu Basimu (AB).

Fig. 2. The single submerged leaf of Salvinia natans (3B) and stem apical bud with the young floating leaves (AB).

po3MipH, fK IAABAIOYUX TaK i 3aHYPEHHX Ba.
Kpim TOro, y Apyry AOCAIAXXKyBaHY CTaaifo
CIIOCTEPIraAOCsi  TaAyxeHHS  crebaa.  ITip
9ac TPeTbOl  CTaAil BiAGyBaAOCH AKTHUBHE
GOpMyBaHHSM CIOPOKApMIiiB 0iAs OCHOBH
MABOAHMX Ball 1 ITOYaTKOM BiAMHUPaHHSA
BereTaTUBHOI MaCH.

Aasi aHaAi3y POTOCHHTETUYHMX IIiIrMEHTIiB
MarepiaA 3BaXKyBaAHW, ¢ikCyBaau y pipkomy
asori i 36epiraaum mpu Temmeparypi -40 °C.
dorocunTeTHYHI mirMeHTH ekcrparyBaau 80%
aIleTOHOM i BU3HAYAAM 32 3aTaAbHOIPHHMHATHAM
metopoM (WELLBURN 1994). BumiproBaHms

eKCTHHIIII po34nHiB MIPOBOAUAU Ha
cnexrpoporomerpi  Shumadzu  UV-1800
(Amowis).

AAsS  YyABTPACTPYKTYPHOIO AOCAiAYKEHHS
BUpi3aAu AIASHKM TKaHUH po3mipom 3X1 MM
3 CepeAHbOI YACTHHH IAACTHHKHM IAABAKOYUX
Ball MDX KPAa€M Ta LIEHTPAABHOIO JKHMAKOIO i
BiApi3kM 1O S5 MM pO3CiY€HMX CerMeHTiB-
AOAD BUAO3MiIHEHHUX 3aHYpEHUX Bail.

Marepiaa ¢ikcyBaan OIiBAHI OXOAOAXEHHM
3%  pO3YMHOM  TAYTapOBOTO  AABAETIAY
(“Fluka”, Himewuuna) wnHa ¢ocparHOMy
oydepi, pH 7,2. ITocrdikcamnis BipbyBaaacs
y 1% posunni Terpoxcupay ocmito (“Pelco’,
CIIA) na Qocdarnomy 6ydepi. Marepian
3HEBOAHIOBAAM CEpi€I0 PO3YMHIB €THAOBOTO
COHUPTY 3POCTAI0YO0I KOHIIEHTPALl i alleTOHOM
i 3aAMBaAM B CyMilll eMOKCHAHUX CMOA — eIIOHY
3 aPAAAMTOM 3TiAHO 3 MeTOAOM IIIEPBATIOK ma
in. (2015). Aas TPAHCMICIHOI eAeKTPOHHOL
MIKPOCKOIiI TOTYBaAM YABTPATOHKI 3pism
rosmuuow 400-500 A Ha YABTPaMiKpOTOMi
LKB-3 (IlIsenis). 3pism KOHTpacTyBaAu
PO3YMHOM IMTpaTy CBUHIIIO BIPOAOBX 1§
XBHAMH 1 AOCAIAXKYBaAM B TPAHCMICITHOMY
eAeKTpoHHOMy  Mikpockomi — JEM 1230
(“JEOL’, SInoHis) 3a MPUCKOPIOIOYO] HANPYTH
80 xB. MopdomeTpuyHuit aHAAI3 IIPOBOAMAM
3a pomomoroio mporpamu Image] 1.49 aas
Windows,  BHKOPHCTOBYIOUM  MacCIITaOHY
AIHIFKY €AEKTPOHHO-MIKPOCKOILIYHUX
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Puc. 3. XAOpOIAACTH KAITHH TlapeHxiMu naaBatodoi (A) Ta saHypeHoi Bupoaminenoi sai (B) nanopori Salvinia natans
y mepiop iHTeHcHBHOTO pocry pocauuu (mepma crapisn). 36ibmenns x15000. YmopHi ckopouenns: Ip - rpawa;
Kp - xpoxmaan; KC - kaitunna crinka; ITa — maacrorao6yaa; Cr — crpoma.

Fig. 3. The chloroplasts in parenchyma cells of Salvinia natans floating (A) and submerged (B) leaves at the stage of
intensive growth (the first stage). x15000. Abbreviations: I'p — grana; Kp - starch grain; KC — cell wall; ITa - plastoglobule;

Cr - stroma.

300pasKeHs. Orpumani pes3yAbTaTH
CTaTUCTHYHO 00pobasam B mporpami Excel
craHpapTHoro  makery Microsoft  Office
2013. AocroBipHicTb pi3HMII OIiHIOBAAM 32
t-kputepieM Cr’10A€HTa, BUKOPUCTOBYIOUH 5%
pisenb snauymocti (P<0,05).

Pe3yAbTaTH Ta iX 06rOBOpeHHS

BuBueHHS yABTPACTPYKTYpH XAOpOIIAACTiB
Me30QiAy ITAABAIOYHX Ta 3aHYPEHUX Bail BUSBUAK
YiTKi BIAMIHHOCTI B IXHil 6yAOBi. Y mepiop
BiAGOpy MarepiaAy, Ha cTaall iHTEHCHBHOIO
pocty cnopodiTy, B cepepuHI 4YepBHA
XAOPOIIAACTH  KAITMH Me30QiAy IAaBalOYMX
Bail MAAH AOOpe PO3BHHEHY CHUCTeMy MeMOpaH
THUAAKOIAiB, sKi (POPMYIOTh YHMCAGHHI TpaHH.

Dopma xaopomaactiB Oyaa eaircomopibHOIo,
AOCHUTb  BUAOBXEHOIO, TIPaHM piBHOMipHO
POSIOAIASIAMIC 'y CTPOMi, THAAKOIAM TpaH y
KAlTHHAX Me30Qiay Oyan A0Ope poO3BHHEHI
Ta IJIABHO IPHMASITAAH OAMH AO OAHOTO, IxXHi
MeXIi — AOCTaTHbBO YiTKi Ta eAeKTPOHHO-IiIAbHI
(Puc. 3 A).Y cTpoMi XAOPOTIAACTIB IIAABAIOYNX
Ball BiAMiY€HO 3HA4YHY KiABKICTb BHAOBXEHMX
KPOXMAAbHHX 3epeH AOBXHHOIO MoHap 0,5 Mkm
i He3HA4HY KIiABKICTb OCMi€IABHUX CTPYKTYpP —
[IAQCTOTAOOYA.

XAOPOIAACTH KAITHH NTAPEHXIMU 3aHypPeHUX
Ball MaAM MaiDKe YABiUI MEHIIMH po3Mip
(Puc. 3 B). Y mnopisHaHHI 3 XAOpOIAAcTaMH
[IAABAFOYHX Bail, MEMOPAH THAAKOIAIB 3aHy PEHIX
Bail BiA3HAYAAMCh ACIO BHIIOK €AEKTPOHHOIO
IIABHICTIO Ta HEYTKUMH MeXaMH. J3pipka
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0.5 uym

Puc. 4. XaopomaacT i3 9acTkoBO
3pyHHOBAHOIO MeMOpaHHOIO
cucremoro (A) Ta XAopomaacT 3
inTaktHUME Membpamamu (B) y
TIAQBAIOYOL

KAITHHAX  IapeHXiMH

Bai Salvinia natans B mepiop
$opmyBaHHS

CcTapis).
YMmoBHI  cKOpOYeHHS:
I'p - rpama; KC -
CTIHKa; M -
ITa - maacTorao6yaa.

Fig. 4. The chloroplast with
partly  destroyed  membranes
(A) and chloroplast with intact
membranes (B) in parenchyma
cells of Salvinia natans floating
leaf at the stage of sporocarps
formation (the third stage).

CIOPOKApMiiB
(tpers 36iAbleHHs
x15000.
KAITHHHA

MITOXOHADIS;

x15000. Abbreviations: Tp — grana;
KC - cell wall; M - mitochondrion;
IIa - plastoglobule.

BiAMiueHO pOpMyBaHHS HEBEAMKUX KPOXMAABHHX
3epeH Ta OKPEMIX IIAACTOTAOOYA.
OCHOBHI YABTPACTPYKTYPHI ITOKa3HUKHU

XAOPOTIAACTIB  KAITHH  Me30¢iAy  ABOX
TumiB  Ban  S. natans TpeacTaBAeHi B
Taba. 1. XapakTepHo, IO ($OTOCHHTETHYHI
OPTaHEAM IAABAIOYMX i 3aHYPEHHX BaM YiTKO
BIAPI3HAIOTBCA He AHWIIe 3a 3araAbHHMH
posmipamMm, a ¥ 3a IAOMEI0 TIpaH Ta
KIiABKICTIO THAAKOIAiB y oaHiM rpami. Takox
AAS  XAOPOIIAACTIB 3aHYyPEHUX Bal YiTKO
BCTAaHOBACHO 3HayHe 3MEHIIeHHS KiAbKOCTi
KPOXMaABHHX 3€PEH Y CTPOMI Ta IX IAOIII.

Biporiano, mo BusBAeHi BiAMiHHOCTI
y OyAOBI XAOpOIIAACTIB 3aHypeHHMX Bail
O0OYMOBAIOIOTBCSL ~ IIOCTIMHMM  3aTiHEHHSIM,

CIIPUYMHEHUM IAAQBAIOYHMH BasMH. 3araAoM,
mopibHI BipoMocTi OTPHMaHi AAS IIABOAHMX
AWCTKiB  IHIIMX BHAIB  BOAHHX POCAMH
(N1ELSEN 1993; HEAYXA 20116; KAMUMEHKO
2014; Heayxa 2015). OpHak, Ha BigMiHY Bia
Ha3eMHHUX BHAIB DPOCAMH, KOTPi BEreTyITb
B yMOBax 3aTiHeHHs, MeMOpaHHa CHCTeMa

XAOpOMAACTIB  3aHypeHux Bad S. natans
XapaKTePU3YEThCSl 3HAYHO MEHIUIOK IAOUIEIO.
OTpumani  pe3yAbTaTH  OMOCEPeAKOBAHO
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Ta6A. 1. YABTpacTpyKTYpHi IIOKA3HUKH XAOPOIIAACTIB KAITHH Me30(iAy IAABalOUMX i 3aHypeHux Bait Salvinia natans y

TIEPIIY AOCAIAJKYBaHY CTaAilo.

Tab. 1. The ultrastructural parameters of chloroplasts in mesophyllous cells of Salvinia natans floating and submerged

leaves at the first investigated stage.

ITokasuuk

BapianT

ITaaBaroui Bai 3anypeni Bai

CepeaHs AOBXHHA XAOPOIIAACTIB (Aosra BiCb), MKM
CepeAHs! IMPUHA XAOPOTIAACTIB (KOPOTKa Bich), MKM
T1Aoma nepepizy OAHOTO XAOPOIIAACTA, MKM?

CepeaHs KiABKICTb I'paH Ha Iepepi3 0OAHOTO XAOPOIAACTa
CepeAHs KiABKIiCTb THAAKOIAIB y rpaHi

CepeaHsi 1A0IIa OAHIET TpaHH, MKM

CepeaHs KiAbKIiCTb KDOXMAABHHX 3ePeH Ha Iepepis
OAHOTO XAOPOTIAACTA

TTAOma KPOXMAABHUX 3€PEH Y CTPOMI XAOPOIIAACTY, MKM”

6,59+0,27 3,0620,33
1,41+0,14 0,92+0,16
5,56+0,51 2,16+0,28
24,50+1,17 18.83£1,78
6,54+1,52 4,3+1,04
0,038+0,011 0,026+0,009
4,11+0,48 0,81+0,48
1,630,23 0,14+0,10

BKa3yIOThb Ha Te, II0 OCHOBHUM IIPOAYLIEHTOM
ACUMIAATIB € XAOPOIIAACTH KAITHH IIAAQBAIOYUX
Bal, TOAi fAK (OTOCHHTeTHYHI OpraHeAn
3aHYpPEHHX y BOAY BaH, BipOTriAHO, BUKOHYIOTb
AOIIOMDKHY QYHKIIiIO, 3a0e31eyI04H He3HAYHY
YaCTKy TIPOAYKTiB IEpBUHHOTO CHHTE3y Y
BEreTyro4oi B MOBITPAHO-BOAHMX YMOBax
ManopoTTIo S. natans.

Y  kaiTuHax mapeHxiMu o6ox  THmiB
Ball Ha cTaali ¢OpMyBaHHI CHOPOKAPIIiB
BIAMIYEHO LIAMM PsA AECTPYKTHUBHUX 3MiH Yy
Oya0oBi xAopomaacTiB. 3oxpema, 3adikcoBaHO
pyfiHaLi0 MeMOpaH IpaHAABHHX THAAKOIAIB,
HOpYIIeHHS  MDKIPAHAABHHUX ~ 3€AHAHD Y
xaopomacrax (Puc. 4 A; Puc. S A).Y crpowmi
XAOPOIIAACTIB MaibKe He OYAO KPOXMAABHHX
sepeH. Kpim Toro, BiaOyBarocs HaOyxaHHS
30BHIIIHbOI MeMbpaHu XAOPOITAQACTIB,
CIIOCTEpPIraAMcs 3MiHM I'yCTUHU CTPOMM i 3MiHH
y MDKIDaHAaABHIMl AaMeAspHil MeMOpaHHIN
CUCTEMi. XapaxrepHOIO 0co6AuBicTIO
XAOpOIIAACTIB  S. natans 'y 1eit mepioa €
HAsIBHICTP BEAMKOI KIABKOCTi IAQCTOTAOOYA
y CTpoMi, sKi pO3TallOBYIOTbCA PpsSAAMU
(Puc. 4 A), wacro B mepudepiiiniit yacruni
XAOPOIIAACTIB [IAQBAIOYHX Bail, 30epiraroun
KOHTAKT 3 AaMeAaMH CTpoMHu. Bipomo, mpo
I1051Ba BEAMKOI KIABKOCTI ITAQCTOTAOOYA CBIAYHTB
PO BUCOKMH piBeHb OKHUCHHUX IIPOLECIB y
KAITMHAX, a TaKO)XX CTPECOBHUH CTaH, 30KpeMa
BHACAIAOK Al CBiTAQ HaAMiIpHOI iHTE€HCHBHOCTI,

abo Bucokoi Temmeparypu (AUSTIN et al.
2006; BREHELIN et al. 2007). B opnomaposiit
AIIIAHIA OOOAOHII IAACTOTAOGYA IPHCYTHI
AlITIAHI KOMIIOHEHTH THAAKOIAHUX MeM6paH,
TOAL SIK y IX SIAp] 3HaFiAeHI CTPYKTYpHi 6iAKH
i ¢pepmenTu. I3 maacroraobyaamu acoLiioOTh
LiAMI PSIA KUPOPO3YMHHKX pedoBHH (SPICHER
& KessLer 2015). VrBopeHHS 3HA4HOL
KIABKOCT] IIAQCTOTAOOYA Ha 3aBEPLIAABHIN CTaALl
oHTOreHe3y cropodiry S. natans moxe OyTH
NOB’sI3aHe i3 aKTUBHUM CTapiHHSAM MAmopoTi i
PpeyTHAI3aIil0 XAOPOIAACTIB IPH 3aBepIIeHHI
dopMyBaHHA cCrHoOpokapmiiB i3 Mikpo- Ta
MaKpOCIOpaMH.

Taxum 4YuMHOM, y Ied Iepiop MOXHA
KOHCTaTyBaTH IPAaKTUYHO IIOBHE IIEPETBOPEHHS
YaCTMHM  TONyAALll  XAOpOIAACTiB  Ha
CTPYKTYpPH, SIKi 32 OYAOBOIO AEILO HAraAyIOTb
XPOMOIIAACTH, i sIKi, YaCTKOBO a00 IOBHICTIO
BTPaTHAU 3AATHICTb AO GoTOCHHTE3Y. BopHOUAC,
Y KAITHHAX IMapeHXiMU MAABAIOYHX i 3aHypeHHuX
Bail, sadikcoBano Hassmicts (a0 40%
TIepEerASHYTHX) I[IAKOM iHTAKTHIX XAOPOTIAACTIB
(Puc. 4 B; Puc. S B), mo rosopurs mpo
IpOTiKaHHS (POTOCHHTETHYHOTO IIPOIeCy Ha
3aBepIIAAbHUX CTaAisfX BereTanii pocaunm. Lle y
CBOIO 4epry 0COOAHMBO BaXKAUBO AASI AO3PIBaHHS
CIIOPOKAPIIIIB 31 CIOPaMH.

TTopi6HO AO BUSIBACHOL Y KAITHHAX MABOAHMX
auctkiB Nuphar lutea (L.) Smith B3aemopii
opranea (KauMEHKO 2014), y xaiTmHax
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Puc. 5. Xaopomaactu i3 4acTKoBO
3pYHHOBAHOIO MeMOpaHHOIO
cucreMoro Ta MiToxouapii  (A)
i XAopomaacT 3 iHTaKTHHMH
meMbpanamu  (B) y  xairumax
MApeHXiMU 3aHypPEeHOI BUAO3MiHEHOI
Bai mamopoti Salvinia natans B

nepiop GOpMyBaHHS CHOPOKApIIiB

(TpeTﬂ CcTapis). 36iAblIeHHs
x15000.  YMOBHI  CKOpOYeHHs:
I'p - rpama; KC - xairunna
CTiHKA; M - MiTOXOHAPis;
ITA — maacToraobyaa.

Fig. 5. The chloroplasts with

partly destroyed membranes and
mitochondria (A) and chloroplast
with intact membranes (B) in
parenchyma cells of Salvinia

natans submerged leaf at the
stage of sporocarps formation
(the  third  stage).  x15000.
Abbreviations: Ip -  grana;
KC - cell wall; M — mitochondrion;
IIa - plastoglobule.

3aHypeHHuX Bail S. natans 3 XAOPOIAACTaMHU JaCTO
KOHTAKTYIOTb 2-3, a iHOAI 6iAblle MITOXOHAPIi
okpyraoi abo oBaapHOI Qopmu 3 A0Ope
possunenowo cucremoro kpuct (Puc. S A).
B oxpemux BHIaskax, MU CIOCTepiraAM IIcTb
KOHTAKTYIOUYHX 3 XAOPOIIAACTOM MiTOXOHAPIH.
YenimuicTy apamraifii A0 HaBKOAHIIHHOI'O

CepeaoBHINAa  3HAYHOIO
BiA OIITUMAABHOTO
ACUMIAAIIIMHOTO amapary,
CTaHy SKOTO € BMiCT i
$OTOCHHTETUYHHUX
aHAAI3 TTAABAIOYMX i 3aHYpeHUX Bail S. natans y

MIpOI0  3aAEXKHTD
$YHKIIIOHYBaHHA
ITOKA3HUKAMU
CHiBBIAHOIIIEHHS
mirmeHTiB.  bBioximiuHui

BCi TPH AOCAIAXKYBaHI CTaAll IOKa3aB HASABHICTD
xaopodiaiB a i b Ta KapormHOIAIB. Bwmicr
$OTOCHHTETHYHUX IIIrMEHTIB Yy IIAABAIOYUX
BasgX YABIYi, a Ha OKpeMHX eTamax yTpudi
NepeBUIlyBaB TaKMH Y 3aHYPEHHUX Yy BOAY
(Puc. 6 A, B ). BusBaeHO, MO BipAHOIIEHHS
xaopodisy a Ao xaopodiay b, sk i cyma
XAOPOQIAIB  OYAM AOCTOBIPHO MEHIINMH Y
3aHypeHHUX Basx, HDK y maaBatounx (Taba. 2).
AuHaMmika BMICTy IIirMEeHTIB KOPEAIOE 3
AQHMMH  YABTPACTPYKTYPHOIO  AOCAIAXKEHHS
XAOpOTIAACTiB. 30KpeMa, Y XAOPOIIAACTaX
3aHYpeHHUX Bail, POPMYIOTbCS T'PaHU MEHIIOl
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Ta6a. 2. CriBBiAHOIIEHHS OCHOBHMX KAACiB IIrMEHTIB B
onrorenesi Salvinia natans.

Tab. 2. The ratio of main pigments classes at the different
stages of ontogeny Salvinia natans.

Opran a+b a/b a+b/xap.
TepIa AOCAiAXKyBaHa CTaAis

rAaBaroyi Bai 0,23 2,9 4,18

3aHypeHi Bai 0,1 2,3 5,0
APYTa AOCAIAXKYBaHa CTaAis

rAaBaroyi Bai 0,25 3,1 3,09

3aHypeHi Bai 0,15 2,04 5,0
TPeTs AOCAIAXKYBaHa CTaAls

MAaBarovi Bai 0,43 2,6 5,4

3aHypeHi Bai 0,09 2 2,25

maomji. Y cBOIO Yepry, BiAOMO, 1110 OCHOBHUH IIyA
$OTOCHHTETHYHUX IIrMEHTIB MiCTUTHCS caMe B
MeMOpaHax THAAKOIAIB rpas (AHAPHAHOBA U
TaruyeBckuii 2000; EverT 2007; KO4uyBEN
u 0p. 2014). YABTPaCTPYKTypPHHI aHAAI3 TAKOXK
BUSBMB MEHIIY KIiABKICTD (OTOCHHTETHIHUX
OpraHeA y KAiTMHaX Me30(iAy 3aHypeHUX Bail.
ITpore, uepe3 AOCTaTHBO CKAAAHY i pi3HYy popmy
KAITHH ITapeHXiMH IIAABAIOYUX 1 3aHypeHUX Baii,
PO3PaxXyHOK KiABKOCTI XAOPOTIAACTIB Yy HUX HE
IIPOBOAMBCSL.

Caip  Bip3HAUMTH, 1O T[AAaBarO4i  Bal
aKTUBHO (OTOCHHTE3YIOTb BIIPOAOBX YCbHOTO
mepioay Bereraril, MAalOTb sCKPAaBO 3eAeHe
3abapBAeHHs, OOYMOBA€He BHCOKUM BMICTOM
xaopodiay a. Y ABI Imepmi  AOCAIAXYBaHI
cTaali 3aHypeHi Bai MalOTh CBiTAe Oypo-3eseHe
3a6apBAeHH5[, IO BiAIIOBiAA€ HH3BKOMY BMICTY
XAOpogiay i BIAHOCHO BHCOKIM KiABKOCTI
kapotuoipiB (Puc. 6 B). Bussaeno sHaunmit
$oHA MIrMeHTIB y IAABAIOUMX BasfX Ha CTaAil
$opMyBaHHS CIOPOKApIIiiB, a y 3aHypeHMX Basix
Ha CTaAil iHTeHcuBHOro pocty cnopodiry. Ha
CTaAll OpMyBaHHS CIOPOKAPIIiB Y MAABAIOYUX
BasfX KIABKICTP XAOpOgiry ¥ KapOTHHOIAIB
3POCTaAQ, TOAL SIK Y 3aHYpeHUX — 3MEHIIyBaAaCh
(Puc. 6 A, B). XapaxTepHo, o y MOpiBHAHHI
3  AWCTKOBMMM  IIAACTMHKAMM  HAa3eMHHX
kBiTkoBux pocaun (Kouveei u dp. 2014;
BABENKO et al. 2014), naaBatoui Ta saHypeHi
Bai mamopori-riApodira S. natans MicTATH
3HaYHO MeHine XA0OpodiaiB a Ta b. Heeanka

KIiABKIiCTb $oTrocuHTETHYHUX IIirMEHTiB
3adikcoBaHa AASL GaraTbOX POCAHH-TIAPOQITIB
1 BBOXKAETHCS AAANTALIMHUM IPUCTOCYBAHHAM,
KOTpe 3MEHIIyE€ PYHHALI0 KAITHH BHACAIAOK
dotooxucaenns (Heayxa 2011a).

IIpoBeaeHi AOCAiAKEHHS BMABUAM  YiTKi
BIAMIHHOCTi CTPYKTYPH XAOPOIIAACTIB Ball ABOX
THIiB y S. natans. 30Kkpema, y XAOPOIAACTaX
ITAQBAIOYHX Ball HASIBHA BEAMKA KIiABKICTb IpaH,
IO CKAAAQIOTBHCA 3 4-7 TUAAKOIAIB, @ KpOXMaAbHI
3epHa POPMYIOTHCS 3HAYHUX po3MipiB. Toal sx
YABTPACTPYKTypa (OTOCHHTE3YIOUMX OpraHeA
MMABOAHMX Bail S. natans moaibHa A0 Takol
y TIABOAHHX AHWCTKIB IHIIMX BHAIB BOAHHMX
POCAMH i, O4€BUAHO, 3yMOBAEHA PO3MINPEHHAM
CBITAO3OMPAaABHHMX KOMIIAEKCIB 32 PaxyHOK
xa0podiay b i KapoTHHOIAIB, XOUa 3BHUYANHO He
HaOyBae 3HAYHUX CTPYKTYPHUX AAANTALIMHHX
MIPUCTOCYBaHb AO YMOB IOCTIMHOTO
3ariHeHHS. APYrolo OCOOAMBICTIO CTPYKTYpHU
XAOPOTIIAACTIB 3aHYpPEHHX BaH, SKa BiApI3HAE IX
BiA XAOPOIIAACTIB IAABAIOYHUX, € 3HAYHO MEHIIA
KIABKiCTb KpOXMaAI0. AAsl Bail, 3aHyPEHHX Y BOAY,
XapaKTepHe 3HIDKEHHS KiABKOCTi XAOPOIIAACTIB
i3 KpOXMaAeM MalbKe Ha MMOPAAOK, Y IOPiBHAHHI
i3 maaparounmu. Lle mATBEPAKYETHCS AAHUMH, A€
ITOKA3aHO AOCTOBipHE 3MEHINEHHS BKAIOYEHHS
i30TOITy BYTAEIIO B KPOXMAAb IiABOAHUX AMCTKIB
6araTbox riApOQiTiB, TOPiBHAHO 3 MAABAIOYMMH
i HapBopaHmMu auctkamu (HEKPACOBA u dp.
2003). Ile opHA BUSABAGHA HaMH OCOOAMBICTB
3aHypeHUX Bail S. natans —  3HIDKEHHA
cymapHoro BmicTy xaopodiais (a+b) y 6iabm
HDK ABa pasd M 3HIDKEHHS CIiBBIAHONIEHHS
xA0po¢iaiB a/b, MOPIBHAHO 3 IIOKA3HUKAMHU
nAaBarovyMx Bail. BinoMo, 1i o3Haku xapakrepHi
AASL POCAHWH, IO POCTYTb y 3aTiHKY 3a YMOBax
Hu3bKOi ocBiTAeHOCTi (HEKPACOBA u dp. 1998;
EverT 2007).

Ha crapii $opmysanHs crnopokapmiiB 3
ITOYaTKOM IIePiOAy BIAMUPAHHS BereTaTHBHUX
OpraniB, MeMOpaHHA CHCTEMa XAOPOIIAACTIB
Yy KAITHHAX, AK ITAAQBAIOYMX, TaK 1 IIABOAHMX
Ball PyMHYETHCS, 3 SBASIETBCS BEAUKA KiABKICTB
r[AaCTorA06yA y ix crpomi. ITopsip 3 1pum 3HauHA
YaCTHHA IONYASLil XAOpOIAACTiB 30epirae
IIAKOM IHTAaKTHy CTPYKTypy, 3abesredyrouu
yCIiIIHEe AO3piBaHHA TIeHEePaTMBHUX OpTaHiB
PpOCAMHH.
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Puc. 6. ITirmenTnuit ciexTp maasatounx (A) i sanypenux (B) ait Salvinia natans ua pisuux etamax ontorenesy: 1 — mepua

CTaAisl; 2 — ApyTa CTapis, 3 — TpeTs cTapis.

Fig. 6. The content of pigments in floating (A) and submerged (B) leaves of Salvinia natans at the different stages of
ontogeny: 1 — the first stage; 2 — the second stage; 3 — the third stage.

TaxuMm 4YuMHOM, B KAiTHHaX Me30¢iay
MMAQBAIOYUX U MIABOAHMX Ball CIOCTEPIraroThCs
BiAMIHHOCTiHa piBHi OTOCHHTETUYHOIO allapaTy
1 BMiCTy IIIrMEHTIB, 10, y CBOIO Yepry, CIPUINHIOE
Ppi3HHUIIO B IHTEeHCHUBHOCTI IPOTIKaHHA
TOAOBHOTO  (i3i0OAOTIYHOTO MpOLeCy POCAUH
— ¢doTocunTesy. XapakTep YABTPACTPYKTYpH
MAACTHA Y KAITHHAX IIAQBAIOYMX BaM BKasye,

IO CaMeé BOHM € OCHOBHHMHU IIPOAYLI€HTaMHU
acumiagriB. Lo  Tedy TakoX  AOBOASTD
Pe3yAbTaTH IrMEHTHOIO aHaaidy. PesyabraTn
AOCAIAXKEHHS OTIOCEPEAKOBAHO BKa3yIOThb Ha Te,
o POTOCHHTETHYHI IPOLIeCH, SKi MPOTIKAIOTH
y 3aHYPEHHX y BOAY BasiX 3a0e3IeUyIOTH AyXKe
HEe3HaYHy 4YaCTHHY IPOAYKTUBHOCTI POCAWHM.
Haromicrs, mipBoAHI Bai BUKOHYIOTb (yHKIIiIO
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ra3o06MiHy 3 BOAHHM CEpeAOBHUIEM, PYHKIIIO
MiHEPAaABHOTI'O KMBAEHHS, & TAKOXK CTabiAI3yIOTh
POCAMHY TOBIIi BOAM.
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THE ULTRASTRUCTURE OF CHLOROPLASTS AND PHOTOSYNTHETIC PIGMENTS IN FLOATING
AND SUBMERGED LEAVES OF WATER FERN SALVINIA NATANS (L.) ALL DURING ONTOGENY

MYKOLA SHCHERBATIUK ¥, LIDIA BABENKO, IRYNA KOSAKIVSKA

Abstract. The results of the comparative analysis of chloroplast ultrastructure and analysis of photosynthetic pigments
content in floating and submerged leaves of water fern Salvinia natans (L.) All at the different stages of ontogeny are
presented. The ultrastructure of photosynthetic organelles and pigments content are significantly different in floating and
submerged leaves. The chloroplasts of parenchymal cells of floating leaves have a well-developed membranous system
with many grana and contain many starch grains. Submerged leaves were shown to form smaller chloroplasts with low
starch content in the stroma. A smaller number and smaller size of grana complexes in chloroplasts were marked, too.
Destructive changes in the photosynthetic membranes of chloroplasts in both types of leaves were observed at the stage
of sporocarps formation. The content of photosynthetic pigments in the floating leaves was twice higher than in the
submerged leaves, and at the certain stages of ontogeny three times higher. During development of the plant, a content
of photosynthetic pigments raised up in the floating leaves. At the stage of sporocarps formation, some reduction of
chlorophylls and carotenoids content in submerged leaves occurred. In this article, we discuss the relationship between
the identified differences and the functional activity of floating and submerged leaves during growth and development of
water fern S. natans.

Key words: Salvinia natans, leaf, chloroplasts ultrastructure, ontogenesis, photosynthetic pigments
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YABTPACTPYKTYPA IIOBEPXHI HACIHHUH BUAIB
HIAPOAY XYRIDION (TAUSCH) SPACH POAY
IRIS L. (IRIDACEAE) ®AOPU YKPATHU

C.A. JKuranosa ' ta O.A. dyTorHA b2

Amnoranis. AocaipXeHa yABTPaCTPYKTypa IIOBEPXHi HACIHHEBOI WIKIPKH BUAIB miApoay Xyridion poay Iris daopu Yipaisu.
AocaipKeHi HACIHUHU XapaKTePU3YIOThCS SK CIIABHIMM, TaK i BIAMiIHHUMH O3HaKaMH. AO CIIABHHX MOP(OAOTIYHUX O3HAK
HaAeXaTb: pOpPMa Ta IIOAOKEHHS py6unka (OKpyTAMil, HeBEAMKHI, 32 TIOAOSKEHHSM — 6a3aAbHHIL); pOpMa Ta Mexi KAITHH
TecTH (MOAITOHAABHI, IX MexXi Maibke He HPOI‘A}{AaIOTI)CS{) ; XapakTep MOTOBUIE€HHs Ta CTYTIiHb 3BUBUCTOCTi aHTUKAIHAADHUX
CTiHOK (piBHOMipHo IIOTOBIIIEHi, HpS[Mi). 1Ti o3Haxwm, Ha HaITy AYMKY, MOXYTb 6yTI/I AOAATKOBHMMH AiarHOCTHYHHMH Ha PiBHI
poay. Po3pisHsAIOThCS HACIHMHM THIIOM KyTUKYAH, TUIIOM YABTPACTPYKTYPH IIOBepXHi, $OopMOI0 Ta po3mipom HacinuH. L1i
O3HAKH, HA HAII [IOTASIA, 3ACAYTOBYIOTh Ha BUKOPUCTAHHS B IKOCTi AlarHOCTUYHUX Ha BUAOBOMY piBHi. Biepure poocaipxena
yAbTpacTpyKTypa Hacinus I. pontica ta I sintenisii subsp. brandzae.

Karouosi caosa: Iris, Xyridion, yasrpacrpykrypa, Hacinusa, CEM

! Tncmumym Gomanixu im. M.I. Xorodnozo HAH Yipainu, eys. Tepewjenkiscvka, 2, m. Kuis, 01004, Yipaina; snizil@rambler.ru
2 Bomaniunuii cad im. axad. O.B. Qomina HHL] «Incmumym 6Giorozii> Kuigcvko2o Hayionasvrozo ynisepcumeny imeni Tapaca

IMesuenko, 8ya. C. Ilemarwopu 1, m. Kuis, 01032, Ycpaina; oksana_drofa@yahoo.com

Beryn

Pip Iris L. — Hali6iAbIIMIL 32 KiABKICTIO BHAIB
Y pOAuHi Iridaceae, HaAeXHTD AO i APOAMHHA
Iridoideae Eaton. Pia HapaxoBye 6AHM3bKO
280 BupiB, mommpenux y IliBHiumill miBKyAi,
roaroBHEM umHOM, Ha Cepepnbomy Cxoai Ao
Kurato Ta fImoHil, a TakoX XapaKTepH3y€ETbC
3HAYHOIO BUAOBOIO Pi3HOMaHITHICTIO y EBpomiTa
Iisniyniit Amepuni (GOLDBLATT & MANNING
2008). OpHi€lo 3 HaNrOAOBHIMHMX NPO6AEM
POAYy Ha CBOrOAHI € pisHE pPO3yMiHHSA HOrO
o6csry. BiapmiicTp cHCTEMaTHKIB Ha CbOTOAHI
NpUiMAIOTh cucTeMy popy B. MATHEW (1989),
3rizHO 3 siKo10 pip Iris BkAaIoyae B cebe micTh
miapoaiB. Yei «6e360poai» ipucu y niit cucremi
BipAHeceHI A0 OAHiel cekuii Limniris (Tausch)
Spach. ITpore, me y 1961 p. I. Posionenko
BKa3yBaB Ha Te, IO IPyma «6e300popux> ipucis
€ (iAOTeHeTHYHO AABHBOIO I TI'eTepPOreHHOI0
(PoAnOHEHKO 1961). TereporenHicTs AanOi
IPYIHUITATBEPAXKYETHCS HararbMa AOCAI AHIKAMH
(IIHEEP 1999; WILSON 2006,2011; KPABLIOBA
u JKuHKUHA 2008; AAEKCEEBA 2010; CRESPO
VILLALBA 2011). Bupu «6e36opopux> ipucis

B IPOIECi AOBroi IPUCTOCYBAABHOI €BOAIOII
PO3AIAMAMCH Ha ABi  eKOAOrO-MOpQOAOTivHi
TPYIIH, IPUYPOUYEHi AO TIOCYIIAMBHX Ta BOAOTHX
Micp 3pocTanHs. I'pyma BuAiB, mpuypodennx
AO TIOCYIIAMBHX MICI[b, TaKOX BHSBHAACA
reTepOreHHOI0, I B pe3yAbTari OaraTropidHOI
mpani I Popionenko BuBiB ix i3 poay Iris B
axocti oxpemux poais: Ophioris (Y.T. Zhao)
Rodionenko (PopnoHEHKO 2004), Xyridion
(Tausch)  Fourr.  (PopuoHEHKO 2005),
Sclerosiphon Nevski T1a Eremiris (Spach)
Rodionenko (PopmoHEHKO 2006). AocuTb
Beauky (6ias SO BHAIB) Tpymy BoAOTOAIOGHHX
ipucis I. PoaioHeHKO 3ampomoHyBaB BiAHECTH
Ao oaHoro poay Limniris (Tausch) Reichenb.
(POAMOHEHKO 2007) uepes iX reHeTHYHy
OAHOPIAHICTD.

B Ykpaini 3pocraioTh IpeACTaBHUKU ABOX 3
BUIleO3HaYeHUX poaiB — Xyridion ta Limniris.
O06’exTaMu AQHOI CTATTi € CyXOAIOOHI BUAM IPYIIH
Xyrid ion, IKy MU IIOAAEMO Y 6iAbI TPaAULIITHOMY
posymiHHi B sikoCTi miapoay poay Iris sl. Ha
TepUTOPii YKpalHU AQHHIA ITiAPiA TPeACTaBACHUI
4OTHMpMa BHMAAMM 1 ABOMAa TNABHAAMH —

I halophila Pall., I pseudocyperus Schur.,

© 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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I. graminea L., I. pontica Zapal., I spuria L.
subsp. musulmanica (Fomin) Takht., I sintenisii
Janka subsp. brandzae (Prodédn) D.A. Webb &
Chater. ABa 3 Hux 3aneceHi A0 YepBoHOI KHUTH
Yxpainu: I pontica Ma€ CTaTyC «BPa3AHUBHII>,
L pseudocyperus — <piaxicuuit> (A1ayx 2009).

AaHa poboTa IpUCBSIMEHA AOCAIAXEHHIO
YABTPACTPYKTYpH TIIOBEpPXHi HACIHMH IUX
TakcoHiB. CTPYKTypHI 0COOAMBOCTI IAOAIB Ta
HaCiHMH MAIOTb AASL CUCTEMATHKHU i iroreHii
MOKPUTOHACIHHUX POCAMH Ba)XAMBE, 4YacTo
— IeplIoveprose, 3HayeHHS. DBesmepeunum €
TBEPAKEHHS, IO O3HAKM aHATOMIYHOI 6y,A,OBH
HAaCiHMH Ta HACIHHEBUX IOKPHUBIB KOHCEPBAaTUBHI
1, BHACAIAOK €BOAIOLIIMIHOI HE3BOPOTHOCTI, MAIOTh
BAOXAUBE AIaTHOCTHYHE 3HA4YeHHS, BiAirparodyu
B 0ararbOX BHIIAAKAX BUPIIAABHY POAb Y
TAaKCOHOMIYHUX peKOHCTpyKuisx (NETOLITZKY
1926; KaaEH u dp. 1951; LTuHrep 1958;

I'PYmIBUITKHIT 1961; KaaAEH 1964;
SINGH 1964; VauGHAN 1970; TuxomMuros
1972; MEeauksH 1973, 1988a, 19886;

STEBBINS 1976; BACUAEBCKASI 1 MEAUKSH
1982; MEAUKAIH U HEMUPOBUY-AAHYEHKO
1988; AAHHAOBA 1996; KyAbBAEBA 1996;
TaxkHAJAN 1997; OabmiAHCBHKUM 2009, 2012;
ITeperrum 2014; IIEPErPUM 1 BAKYAEHKO
2009; Ileperpum 1 ®yrTopHA 2013).
HeoOxipHICTD TaKUX AOCAIAXeHD Yy TaKCOHiB
popunu Iridaceae  BH3HAYA€ETHCSI  BHCOKOIO
AQTHOCTHUYHOIO  IIHHICTIO O3HAK HACIHUH
Ha BupoBomy piBHi (POAMOHEHKO 1961;
APTIOIIEHKO 1990; MANNING & GOLDBLATT
1991; EroL et al. 2006; J)KuranoBa 1 OyTOPHA
2013, 2015; ZuryGaLova & FuTorNa 2013;
®yToPHA 1 JKuraaosa 2014; ZHYGALOVA
et al. 2014). W. Dykes (1913) smepme
BUKOPHUCTaB MOP(OAOriuHi O3HAKM HACIHUH
aas cuctemaruku poay Iris. TI. Poaionenko
(PoanOHEHKO 1961) ommcas mopdoaorio
Hacinma 120 BuAiB ipuciB. ¥V 6iapmn mi3Hix
poborax (DAHSE 1992; AAEKCEEBA U
MuroHoBA 2007; KpaBL1oBA U JKMHKUHA
2008; AAEKCEEBA 2010; AAEKCEEBA u Op.
2011 Ta iH.) 3araAoM AOCAipAXXeHa MOPQOAOTis
HacinuH 79 BUAIB popy Iris.

B Ykpaini MOAiOHi AOCAIAKEHHS
npaktudro BipcyTHi. A. Cikypa Ta 1. Cikypa
AAAML  XapAaKTepUCTUKH TIAOAIB Ta HaCiHMH

IIPEACTAaBHHKIB POAMHHU Iridaceae, BKAIOYarOumn
10 Buis Iris propu Ypainu (CIkyPa 1 CIKYPA
2003), mpoTe, Ha HAII [IOTASIA, AQHi Pe3yAbTaTH
HE € AOCTOBIpHMMHM 4Yepe3 HEKOPEKTHHM
BiA6ip 3pasKiB AASL AOCAIAXKEHD (HeKopeKTHa
HOMEHKAATypa TOLO).

AHaAi3 AiTepaTypu TIOKa3aB, MO cCepea
IIPEACTABHHUKIB AOCAIAXKYBAaHOTO MApOAY
MOpPQOAOTiI0 HACIHMH OYAO BHBYEHO Y BHAIB
I halophila ta I graminea, Taxox iCHYIOTH
¢parmenTapHi paHi Mo Mop¢oAoTii HaciHMH
I musulmanica ta I pseudocyperus. 1. pontica
Ta I sintenisii subsp. brandzae pocaiaxyroTbcs
HaMu Brepme. BuBueHHS yABTpacTpykTypu
HaCiHMH LIMX TAKCOHIB BKpai HeOOXiAHO AAS
OTPUMAaHHS HOBHX AIArHOCTMYHHUX O3HAK 3
METOI0 IX KOHCTPYKTHBHOTO BMKOPUCTAaHHS B
cucremarui i gpirorenii poaunu Iridaceae. Tomy
BCTAaHOBA€HHS 0COOAUBOCTEH YABTPACTPYKTYPU
HOBepXHi HACIHUH BUAIB miapopy Xyridion poay
Iris sl. ¢paopu VYkpaiHu, BHSBAEHHS BHAOBOI
crieniku Ta AIArHOCTHMYHOI 3HAYYMOCTI IX
O3HAK Ha PI3HUX TaKCOHOMIUHHUX piBHsX 0yA0
MeTOI0 HAIIOI pOOOTH.

Marepiaan i MeToAM AOCAIAKEHD

AAst pocaipxeHHS OyB  BUKOPHCTAHHUI
repbapHuil  Marepiaa,  3i0paHmil = HamH
mpA 4Yac eKCIeAWIiMHUX BHI3AIB, a TaKOX
BiaiOpani 3pasku 3 repbapiiB ImcruryTy
6ortamiku iMm. M.I. Xoaopmoro (KW) Ta
YepHiBellbKOTO HAI[iIOHAABHOTO YHIBepCHUTETY
im. JO. ®epproprua (CHER). AAS AOCAiAXeHHS
YABTPAcCTPYKTYPH IMOBEpPXHI HACIHMH, MaTepiaA
$ixcyBaAM Ha AQTYHHHUX CTOAMKAX i HATTMAIOBAAM
TOHKUM IIAPOM 30A0Ta. YABTPAcTPYKTYpYy

NmoBepxHi BHMBYaAM 3a Aomomororo CEM
JSM-6060 LA.

AAsL  XapaKTepUCTHKH  YABTPACTPYKTypU
HaciHHeBoI ~ mKipku  Oyaa  3acTocoBaHa
Tepminosoris W,  STERN  (1992) Ta
W. BARTHLOTT (1981). Bcaia 3a
W. BartHLOTr (1981), MEH pospisHsEMO

IIepBUHHY Ta BTOPUHHY CTPYKTypu. Ilepsunna
CTPYKTypa XapaKTepHu3ye MaKpoMOp(OAOTiio
HACiHMH 1 BH3HAYAETHCS HU3KOIO  O3HAK.
HafiBaxkausinni 3 Hux - QopMa KaiTuH
(isoAiaMeTpani qu BI/IAOB)KeHi), KpHMBH3HA
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MepPUKAIHAABHUX CTiHOK (BHITYKAi, BBirHyTi,
npsvi), dopMa Ta peAbed AHTUKAIHAABHUX
crinok (mpsMi, BurHyTi, moToBmeHi a6o 6e3
OTOBIjEHb) Ta PeAbed. 3aAEKHO Bip BUCOTH,
pO3MillleHHs, CTYNEHIO 3AMTTS Ta TOBIJUHU
KYTHUKYAH aHTUKAIHAABHUX CTIHOK KAITHH, MeXi
KAITHH MOXyTb OyTH BU3HaueHi abo Hi, mpsiMi
um kpuBi (3BUBMCTI, XBHAACTI Ta iH.), BBirHyTi
4K MAACKi. BropunHa ckyapnTypa xapakrepusye
MikpoMopdoaoriro HaciHMH 1 BH3HAYAETHCS
CKYABITYPOIO Ky TUKYAM.

AocaipxeHi 3pasKu (HOAaIOTbC}I
3a OpPHriHAABHHM TEKCTOM eTHKEeTKH).
L halophila: 1. Mapuynoasckuit  p-H,
XomyToBcKast I[[eAUHA. 03.08.1934.

E. Kapnayx (KW).; 2. Bopommaosrpasckas
064, Kpacnoponckuit p-u, c. IlopropHoe.
CoAOHYAKOBBIN AyT TO AOHIly Ha IPaBOM
Gepery. 23.07.1951. M. Koros, E. Kapaayx,
[ Kysuenosa (KW).; 3. Mukoaaiscbka 06a.,
Bosnecencpkmit p-H, PanmHcpka AicoBa aada
Ha niamaHOMY cremy. 05.07.1949. ®. I'punb
(KW).; 4. Ayrancbka o6a., MiroBcbkuit p-H.

3anoBipgHuk «Crpisenpkuit  crem>». Ilaaro.
06.08.1957. TI. Hlampunceka, O. Ay6osux
(KW). 5. Opaecpbka o06a., Bpapiescpuit

p-H, c¢. H. MuxaiiaiBka, TpynamMu Ha CTeIly.
05.07.1937. C. Bapauenxo (KW). I. sintenisii
subsp. brandzae: 1. Ilpyr-AHicTpoBChbKe
Mexupivus, YepriBenpka 06A., HoBoceannpkuit
p-H, Mbk cc. Bamumnenp-TapaciBii, ciHokichi
AYKH B3AOBX 3aAi3HMYHOI Kkoaii. 07.09.2009.
O.  Boayma, A. Toxkaproxk, O. Aicap
(CHER). I. graminea: 1. Yepuisenpka 06a.,
Hosoceampkuit p-H, ¢. Banumkisni. 3acoaeni
AYKH B3AOBX 3aAi3HMIN, BUXOAMTb Ha HAaCHIL
26.06.2010. SLIL. Aiayx (KW). I pontica:
1. Amempomerposckast 06A., KpuBoposxckuit
p-H, CepbuHoO-TefikoBKa, KAMEHHUCTAs CTEIb Ha
rpanuTax y aeca. 27.06.1953. M. Koros (KW).

Pe3yAbTaTH Ta iX 06rOBOpeHHs

Hmxde nHaBOAMMO MOpdoOAOriuHi ommcu
HACiHUH AOCAIAKEHUX BHUAIB.

Iris sintenisii subsp. brandzae. Hacinuuu
IPYIIONOAIOHOI $popMH, GAHCKYYi, KOpPUUIHEBI.
Cepeanboro posmipy (AoBkuHA — 4-5 MM,
mupusa — 3-4 mm) (Puc. 1). Py6unk oxpyrauii,

HEBEAMKHMIL, 32 IIOAOKEHHSIM — 0a3aAbHUIL
Kyrukyaa raapeHpka, AOOpe pO3BHHEHa B
ycix pocaipxennx HacimuH., KaiTmHE TecTH
HOAITOHAABHI, ITSITH- 260 WIECTUKYTHI, IX MeXi
Maibke He MporaspaoThesa. Ilepukainasphi
CTiHKM KAITMH HaCiHHEBOI MIKipKHU A€IO YBirHyTi,
TAAAEHBKI. AHTUKAIHAABHI CTIHKY KAITHH 3aBXAHN
PiBHOMipHO MOTOBLIEH], mpsMi. Mu BU3HaYaEMO
peabed HACIHMH AOCAIAXKYBAaHOTO BHAY, SK
HeBupasHo-koMmipyacruii (Puc. 2).

Iris graminea. Hacinunn D-moai6Hi,
bAnCKyi, CBITAO-KOPHUYHEBOTO abo
KOPHUYHEBOTO KOABODY, 3MOPIIKYBATi.

Cepeanporo posmipy (AOBKMHA HaciHMH —
3-4 MM, mupuHa — 2,5-3 mm) (Puc. 3). Py6unx
OKPYTAHIL, 200 KaIAeIIOAIOHOI $pOpMHY, 3 ICKPaBO
BUPa3HUM BaAUKOM, HEBEAMKHI, 32 IIOAOXKEHHAM
— 6asaapHuil. Kyrukysa 6oposeHdacroro Tuiry
(6oposeHkH KOpOTKi, He HepeKpHBAIOTHCH),
AOOpe pO3BHHEHA B yCiX AOCAIAXKEHHX HACIHUH.
KAITHHH TeCTH IOAIrOHAABHI, ITSTHKYTHI,
ix mexi uirki. IlepuxaiHaAabHi CTiHKM KAiTHH
HAaCiHHEBOI MIKIpKM TIAACKi, IX CKyABIOTypa
OoposeHdyacTa. AHTUKAIHAABHI CTIHKH KAITHH
3aBXAU PiBHOMIpHO MOTOBIIeHi, mpsmi. Peabed
Hacinunu cirvacruit (Puc. 4).

Iris  halophila. Hacizuau D-moai6Hi,
OAnCKyi, CBITAO-KOPUYHEBOTO abo
KOPUYHEBOTO KOAbOPY, 3MopuryBati. Hacinuau
BeAuki (AOBXHMHA HaciHMH — 5-6 MM, HIMpUHA
- 3,54 mm) (Puc. S). Py6unk oxpyrauii,
HEBEAMKMIl, 32 IIOAOKEHHSAM — 0a3aAbHHUI
(Puc. 9). Kyrmkyaa 6GoposeHYacToro THILy,
AOOpe pO3BHHEHA B yCiX AOCAIAXKEHHX HACIHUH.
KaiTiHY TecTH MOAIroHaABHi, IX MeXi MalKe He
nporasipaoThes. TlepukainaAbHi CTIHKM KAITHH
HAaCiHHEBOI INKIPKU TIAACKi, A€IIO BHIIYKAi,
CKYABIITypa iX rAapeHbKa. AHTHKAIHAABHI CTIHKM
KAiTHH He moToBmeHi, mpsMi. Tunm peabedy
Bapilo€ Bip TAAAEHDKOTO A0  (OAIKYAIPHOTO
(Puc. 6).

Iris pontica. Hacinuuu rpymonopi6Hol
dopMu, OAMCKyYi, CBITAO-KOpHYHEBI abo
xopuunesi. CepepHboro posmipy (AOBXuHA
- 3,5-4,5 mm, mupuna — 2,5-3 mm) (Puc. 7).
Py6uuK OKPYTAMil, HEBEAUKHUIL, 32 IIOAOKEHHSIM
— 6asaapHuil. KyTukysa 3MOpIIKYBaToro Tuiy,
AOOpe pO3BHHEHA B YCiX AOCAIAXKEHNX HACIHUH.
KaiTMHM TecTH IMOAIroHaAbHi, IX Mexi CAaOKO
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Puc. 1. CEM. 3araavuuit Burasip Hacinuuu Iris sintenisii  Pmc. 2. CEM. YAbTpacTpykTypa NOBepXHi HaciHHEBOI
subsp. brandzae. wikipku Iris sintenisii subsp. brandzae.

Fig. 1. SEM. General view of the seed of Iris sintenisii subsp. ~ Fig. 2. SEM. The ultrastructure of Iris sintenisii subsp.
brandzae. brandzae seed surface.

Puc. 3. CEM. 3araapuuit Burasp Hacimmaum Iris  Pmc. 4. CEM. YAbTpacTpykTypa NOBepXHi HaciHHEBOI
graminea. mxipxu Iris graminea.

Fig. 3. SEM. General view of the seed of Iris graminea. Fig. 4. SEM. The ultrastructure of Iris graminea seed surface.

Puc. 5. CEM. 3araapHuit Burasp Hacimmau Iris  Pmc. 6. CEM. YapTpacTpykTypa NOBepxXHi HaciHHEBOI
halophila. ukipxu Iris halophila.

Fig. 5. SEM. General view of the seed of Iris halophila. Fig. 6. SEM. The ultrastructure of Iris halophila seed surface.
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Puc. 7. CEM. 3araapHuii BUTAspA HaciuwHu Iris

pontica.

Fig. 7. SEM. General view of the seed of Iris pontica.

mporaspaoThcs. IlepukainaspHi cTiHKM KAiTHH
HaCiHHEBOI WKIpKM 3A€TKa YBIrHYTi, MOBEPXHS
3MOpIIKyBaTa. AHTHUKAIHAABHI CTiHKU KAITHH
3aBXAU PiBHOMIpHO MOTOBILeHi, nmpsami. Peabed
Hacinunu komipuactuit (Puc. 8).

KpiM  AOCAipAXKEHHX  HaMH  TaKCOHiB,
IpeACTaBHUKaMH  Hmiapopy  Xyridion, mo
3pOCTAalOTh Ha TepUTOpil YKpaiHM TakoX €
I pseudocyperustal. spuriasubsp. musulmanica.
GUVENG et al. (2005), pocaipxyroun HaciHHHM
I spuria subsp. musulmanica mis cBiTAOBUM
MIKpOCKOIIOM, BCTAaHOBHAM, IO HACIHUHHU

Puc.

9. CEM. 3araapHuil Burasp py6umka Iris

halophila.
Fig. 9. SEM. General view of the hilum of Iris halophila.

Puc. 8. CEM. YAbTpacTpyKTypa IIOBepXHi HaCiHHEBOI
mxipxu Iris pontica.

Fig. 8. SEM. The ultrastructure of Iris pontica seed surface.

Beanki (14x2S mm), D-mopi6roi $opmmu.
KAiTHHM TeCTH ITOAIrOHAABHI, Ha TOTIEPEYHOMY
mepepisi 30BHINIHI ITapap€pPMaAbHI  CTiHKH
KAITUH TAAAeHBKI i TOHKI. B nenrpaapmiit
JACTHHI HACIHMHM BOHHU BHIIYKAl, Ha BiAMiHY
Bip mepudepuuynoi  piagaxu.  IloBepxnsa
HaCiHMH IiA CBITAOBMM MiKPOCKOIIOM CiT4acTa
Y LIeHTpi Ta XBUASCTA IO nepudepii HaCIHMHM.
Bueni 3asHa4aroTh, MO Ile MOB'SA3aHO 3 THUM,
[0 eK30TeCTa IIIIAbHO IPUAATAE AO ME30TeCTH
amme 3 ABOX cropin. Taki ocobamBocTi
BISIBACHI HaMU TaKoX y Hacinuuax I. halophila
(KOAiKyA;IpHHfI TUN peAbedy, He IMJiAbHe
npuasranns exsorectn). e 1. Popionenko
(POAMOHEHKO 1961) 3a3HavaB, o HaCiHUHU
I musulmanica (L spuria subsp. musulmanica)
cxoxi 3a 6ypsoBoro A0 L halophila. OpaHax,
YABTPACTPYKTYPy HACiHMH IIiA CKAaHYHOUUM

€AeKTPOHHUM MiKpOCKOIIOM BYEHi He
AOCAIAXKYBaAH.
Maxpomopdoaoriuna 6YAOBa HaCiHUHU

I pseudocyperus omucana y «Atlas of seeds
and fruits of Central and East-European
flora»  (BoyNansky &  FarGAaSovA
2007), mpoTe mell BUA TaM IIOAAETHCSA B
Aaxocti cuHoHiMy 1. graminea. 3a paHEME
aBTOpIB  aTAaCy, HACiHMHHM ITPEACTaBHHKIB
I graminea  obepHeHOSIIENOAIOH],  BeAHKi
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(5-5,6x3,8-4,2 mMM). ABTOpH 3a3HAYAIOTH, WIO
[OBepXHS HACIHMH 3MOpIIKYBara 3 A06pe
supaxennm pade. 3T. ApTromEeHKO (1990)
3a3HavaAa, IO HAsABHICTD 4YM BIACYTHICTB,
a TaKOXX pPO3MiIpM HACiHHEBOrO IIBa MalOTh
3HAYEHHS AASL CHCTEMATHKHU. Pe3yAbraTn Hammx
aocaipxenp 1. graminea (ormcn HAaCiHUH AHB.
BUIIlE) ACTO He Y3TOAXYIOTbCS 3 PE3YABTATAMHE
CAOBALIPKUX KOAEl, 1 BKa3ylOThb Ha Te, IO
HACiHMHM IIPEACTAaBHUKIB AAHOT'O BUAY HE MAIOTh
pade. 3a 6pakoM MaTepiaAy, HaM He BAAAOCDH
AOCTEMEHHO  AOCAIAUTH  YABTPACTPYKTYPY
Hacinuu I pseudocyperus.

TakuM 4UHOM, AOCAIAKeHI BHAM IiAPOAY
Xyridion poay Iris sl. ¢aopu VYipainu
XapaKTepU3YIOTbCS IPyIIONOAIOHO0
(I. sintenisii subsp. brandzae, I. pontica)
a6o D-mopi6uoro (I. graminea, 1. halophila)
¢opmoro HacimmH. 3a po3MipoM HaciHUHH
AOCAIAXKEHHX 3pa3KiB cepepHi (I. sintenisii
subsp. brandzae, I pontica, 1. graminea) a6o
Beauxi (I halophila). Py6uux 3a moAoxeHHAM
6a3aAbHUILB YCiX AOCAIAYKEHUX BUAIB, OKPYTAOL
¢opmu. KaiTuHn TecTn moairoHasbHi B ycix
AOCAiAYKEHUX BHAIB. 30BHIIIHI MepUKAiHAABHI
CTiHKM IAacki (I. gmminea), AeIO YBIrHYTI
(L. sintenisii subsp. brandzae, 1. pontica),
sunyxai (I halophila). ARTHKAIHAABHI CTiHKM
norosmeni (I sintenisii subsp. brandzae,
I pontica, 1. graminea) a6o x ui (I halophila).
Kytukyaa raapenpka (I sintenisii  subsp.
brandzae ), 6oposenuacta (I graminea,
I halophila), swmopmxysara (I pontica),
AOOpe pO3BHHEHa B VCIX AOCAIAXKEHHX
3paskiB. Peabed HACIHMH AOCAIAXKEHHX BHUAIB
HeBupasHo-komipuactuit (I sintenisii subsp.
brandzae) abo xowmipuactuit (I pontica),
cirsactuit (I graminea),  KOAiKyAspHHIX
(I halophila). 3a wmixpomopdororianumu
O3HaKaMM HaNbOiAbII MOAIOHMMHM € HaciHUHHU
BUAIB L sintenisii subsp. brandzae ta I. pontica
(macinmmm 3MOPIIKYBATi, IPYLIOMOAIOHOI
OpMH, KOMipUacTa YABTPACTPYKTYpa).

BucHosBxn
Orxe, AOCAiAXKEHI  HaMH  HACIHHUHU

BUAIB mipapoay Xyridion poay Iris sl. ¢paopu
VkpaiHM XapaKTepH3YIOTbCSA SK CIIABHHMH,

Tak i1 BipMiHHUME oO3HaKamMu. AO CIIABHUX
O3HAK HaAeXaTb: ¢QopMa Ta IOAOKEHHS
pybunxa (oxpyrmﬁ, HeBEAUKUH, 3a
MOAOXKEHHSM — 0a3aAbHUIL); THII KYTHKYAH
(3MomeyBaToro THIy, AOOpe pO3BHUHEHA B
YCIX AOCAIAXKEHMX HaCiHI/IH) ; popma Ta Mexi
KAITHH TecTu (TOAIrOHaAbHI, X Mexi Maitke
He HPOI‘AHAaIOTbCSI); XapaKkTep MOTOBINEHHS
Ta CTYHiHb 3BHUBUCTOCTI aHTMKAIHAABHMX
CTIHOK (piBHOMipHO IIOTOBIIEHi, HpS[Mi).
I1i osHaky, Ha Haumy AYMKY, MOXYTb OyTH
AOAATKOBHMHU AIarHOCTMYHMMH Ha PiBHI pOAY.
AO BiAMIHHUX O3HAK HACiHMH HAA€XaTb: THII
KyTHUKYAHM, THII YABTPACTPYKTYpH IOBEpXHi,
¢opma Ta posmipu HacimuH. Ili o3naxu, Ha
Halll TIOTASIA, 3aCAYTOBYIOTh Ha BHUKOPHCTAHHS
B SKOCTi AlaTHOCTMYHHMX Ha BHAOBOMY piBHi.
AAs TATBepAXKeHHS piBHA  AlarHOCTHYHOI
3HAYYIIOCTiI O3HAK YABTPACTPYKTYPHU HACiHUH Y
poai Iris s.l. HeobXiAHI MOAAABIII AOCAIAXKEHHS
IHIIMX TAaKCOHIB POAY.
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THE ULTRASTRUCTURE OF THE SEEDS SURFACE OF THE SUBGENUS XYRIDION (TAUSCH) OF
GENUS IRIS L. (IRIDACEAE) OF THE FLORA OF UKRAINE

S.L.ZHYGALOVA ' & O.A FUTORNA 2

Abstract. The surface ultrastructure of seeds coat of the subgenus Xyridion of the genus Iris L. from Ukrainian flora was
examined. The studied seeds are characterized by both common and distinct features. The common features are: the
shape and position of hilum (roundish, small, by position — basal); the shape and limits of cells of the test (polygonal,
their boundaries are almost not visible); the character of thickening and tortuosity degree of anticlinal cell walls
(uniformly thickened, straight). These features, as we suggest, could be additional diagnostic at the genera level. The
distinct characteristics are: the type of cuticle; the type of seeds shape, the shape and the size of seeds. We suppose these
characteristics as additional diagnostic at the species level. The seeds ultrastructure of I pontica and L sintenisii subsp.
brandzae has been studied for the first time.

Key words: Iris, Xyridion, ultrastructure, seeds, SEM
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