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Using a cytochemical method and laser confocal microscopy, a sensitivity of content and distribution
of monolignols in the leaves of Phragmites australis, grown in different natural conditions, was
established. The leaves at stage of vegetative growth of two ecotypes of Ph. australis, which grew in
water and on land, were studied. We present results obtained by comparing the data on the leaves of
Ph. australis of air-water and terrestrial plants growing in natural conditions (Kyiv, Ukraine). It was
found that the decrease in soil moisture leads to an increase in ratio of syringyl monolignol to
guaiacyl (S/G) and to an increase in total content of monolignols (S+G) in epidermis and tissues of
vessel bundles of the terrestrial plants. It was assumed that changing the ratio of monolignols and
changing their content in the epidermis of leaves of terrestrial reed plants is one of the mechanisms of
plant adaptation to lower soil moisture, which reduces transpiration and maintains optimal water
potential in leaves of Ph. australis growing on land. Based on the obtained experimental data, we
believe that high content of syringyl monolignol, which gives high strength to leaves and stems of
terrestrial reeds, can serve as a marker for commercial use of these plants in various sectors of

economy.
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Fluctuations in soil water balance in biotopes,
such as flooding or soil drought, cause changes in
the structural and functional organization of plants,
leading to the activation of adaptive mechanisms in
response to stress (Tyree & Cheung, 1977; Varta-
petian & Jackson, 1997; De Micco & Aronne,
2012). Therefore, for survival in changed
conditions, plants developed numerous
mechanisms of tolerance at tissue, cellular and
molecular-genetic levels. Main problem during
flood is the shortage of oxygen and CO,, so
flooding causes formation of an aerenchyme in
plant roots to store oxygen and CO, (Armstrong et
al., 1994; Jackson &, Colmer, 2005). In conditions
of soil drought, reduction of water supply by plant
root system leads to significant changes in
structure of roots and leaves, functioning of
stomata and change of composition of cell walls in
epidermis leaves to maintain an optimal water
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balance in plants in dry areas (Granier & Tardie,
1999; De Micco & Aronne, 2012). Drought stress
is considered to be a condition in which water
potential and turgor are reduced, as a result, a plant
potentially has to stop or inhibit photosynthesis

and metabolism, which can even lead to cell
death (Chaves et al., 2009). Analysis of complex
drought responses, ranging from stress perception
to transcriptional and physiological responses,
involves numerous interrelated processes in which
lignin can maintain water potential in tissue by
regulating cuticular and stomata transpiration,
reducing water consumption (Hu et al., 2009).

Lignin and its constituents monolignols are
one of the main structural polymers in cell wall of
higher plants, fulfils a number of functions, among
which mention should be made of their remarkable
mechanical strength properties, and wall impassa-
bility for water. Lignin is a complex biopolymer of
aromatic alcohols, which are synthesized in cell
walls. Lignin is highly branched and composed of
cross-linked units of three monolignols: p-
hydroxyphenyl (H), guaiacyl (G), and syringyl (S)
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phenylpropanoid units (Boerjan et al., 2003).
Lignin synthesis depends on tissue type, organ and
species (Fengel, & Wegener, 1984; Monties,
1998). This biopolymer can reduce speed of cell
growth and participate in plant adaptation to stress,
changing structure of cellular wall matrix,
providing impassability of water and water
solutions through walls, and forming in epidermis
or other tissues a barrier to pathogens. It is known
that wall lignification intensify plant resistance to
pathogens invasion (Moura et al., 2010). It is
possible that phenomenon occurs because of
monolignols are characterized by hydrophobic
feature, forming covalent and hydrogen bonds
between polysaccharides (Boerjan et al., 2003).

In nature, there are known plant species that
can grow normally in water and in terrestrial soil.
One of such species is Phragmites australis (Cav.)
Trin. ex Steud, helophyte, which is characterized
by a wide geographical distribution amplitude
(Clevering & Lissner, 1999; Packer et al., 2017),
and by using in agriculture, building industry and
energy technologies. Vegetative organs (leaves,
roots) and seeds of Ph. australis are also used in
medicine at treatment of colds and bacterial-viral
diseases (Zhang et al., 2016; Tewksbury et al.,
2002). This species grows both on banks of rivers
and lakes, and far from water, in field or in
mountains.

Considering the above-noted data on lignin
properties we supposed that in the mechanism of
tolerance of Ph. australis plants growing in water
and on drought soil the lignin and its monolignols
can participate, regulating transport of water
through apoplast. Therefore, the aim of our work
was to carry out a comparative analysis of the
presence, distribution and content of lignin mono-
mers guaiacyl and syringyl in the leaves of Ph.
australis plants growing in water on the river bank
and in moderate drought soil away from the shore.

METHODS

The object of study was the leaves of
Phragmites australis plants that grow in water and
on terrestrial soil. Plants were harvested at the veg-
etative phase of plant growth on June 2019. Air-
water plants grew in water along-shore of the Ve-
netian Strait (left shore of Dnipro River, in Kiev,
Ukraine) on the depth of 40-50 cm. Terrestrial
plants grew near 10-15 meters far from the shore in
a sandy soil. The temperature of water was + 24°C
and of air — + 27°C. Leaves from 12-13 plants of
each ecotype were used for the biochemical and
the microscopic investigations. To study the locali-
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zation and relative content of monolignols (sy-
ringyl and guaiacyl) in leaf cells, a cytochemical
method was used according to the protocol of
Wuyts and co-authors (2003). Leaf sections (near
20 um of thickness) were hand cut from middle
part of fresh leaf samples. For the detection of
monolignols, samples sections were stained within
2 min with 0.25% (w/v) diphenyl boric acid-2-
aminoethyl ester (DPBA) (Sigma) in H,O, then
washed and fixed with 0.5% solution of paraform-
aldehyde in phosphate buffer (pH 7.2). The leaf
sections were visualized with a laser scanning mi-
croscope LSM 5 Pascal (Carl Zeiss, Germany). For
detection of complex DPBA-syringyl fluorescence
a laser was excited at 340-380 nm, and the fluores-
cence emission detected at 430 nm wavelength;
and for detection of complex DPBA-guaiacyl fluo-
rescence a laser was excited at 450-490 nm, and
the fluorescence emission detected at 520 nm
wavelength, using an x10, x20 and x40 objectives.
Chlorophyll auto fluorescence was excited at 440
nm and fluorescent emission detected at 660 nm.
Fluorescence intensity of monolignols was meas-
ured in the cell walls as a function of emissions’
wavelength using the PASCAL program. For sta-
tistical treatment we took for three leaves from
each plant, in every leaf took at least 30 different
cells (epidermis, photosynthesizing parenchyma,
and tissue of vascular bundle). Values of cyto-
chemical results were expressed as the mean and
standard error. Statistical significance of relative
content of monolignols in cell wall was determined
using a Student’s test (p < 0.05) and Origin 6.1
program.

To determine a moisture content of the soil
on which the terrestrial and air-water plants grew,
the soil samples were taken at depth of approxi-
mately 35-40 cm from the surface. Standard bio-
chemical method was used to determine the rela-
tive water content of the soil. This method based
on drying the soil specimens in a thermostat at
temperature of 105°C to constant weight (Arasi-
movich, 1987). The soil humidity of air-aquatic
plants was 79.3 + 2.1%, and the soil humidity of
terrestrial plants was 43.3 + 1.7 %.

RESULTS AND DISCUSSION

Leaves of air-water and terrestrial Phrag-
mites australis plants were characterized by a simi-
lar linear shape, but were different in size (Fig. 1,
A-D). The height of air-water plants of reed in
phase of vegetative growth ranged from 90 to 130
cm. The height of terrestrial plants of reed ranged
from 120 to 165 cm.
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Fig. 1. General view of Phragmites australis grown in water (A) and on terrestrial soil (B). The
appearance of leaves of air-water plants (C) and terrestrial plants (D), located on graph paper (one di-
vision is 1 mm). Figure E and F are transverse sections of leaves of plants grown in water (E) and in
terrestrial soil (F); Signs: Bull — bulliform cells, E — epidermis, M — mesophyll, V.b — vascular bundle.

Bar =200 pm.

The leaves of reed grown on shallow water
were shorter and narrower than the leaves of plants
grown on terrestrial soil. The average leaf size of
reeds grown in water was 51 = 7 cm at long axis
and 1.3 £ 0.5 cm—at short axis (Fig. 1, C). The
water content of the leaves was 62.8 + 0.5%. The
structure of leaf was isolateral (Fig. 1, E). The
thickness of the leaf blade in area of recess or de-
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pression ranged from 200 to 380 microns, in the
area of combs, where conductive bundles lies,
ranged from 300 to 600 microns. The adaxial epi-
dermis was characterized by the presence of six to
seven large bulliform cells in depression area. The
number of mesophyll layers in recess zone ranged
from four to six, while in conduction zone there
were eleven to twelve layers. In cross sections, the
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Fig. 2. Micrographs of cytochemical fluorescence of monolignols in the leaf cells of Ph. australis
grown in water. Localization of syringyl - blue fluorescence, guaiacyl — green, chlorophyll — red.
Monolignols are shown: A - syringyl+guaiacyl; B - syringyl, C - guaiacyl, D, E, D' and E' - histograms
of fluorescence intensity of syringyl (blue line), guaiacyl (green line) and chlorophyll (red line). Bars =

100 um.

shape of epidermal cells is oval, of mesophyll cells
- almost round, and rarely elongated - in the area of
conduction bundles. The average size of cells of
the upper epidermis was (height x width) 33 + 1,4
X 63 = 2,1 um, the lower epidermis - 38 + 2,1 x 52
+ 1,7 um, mesophyll cells - 56 +£4,3 x 59 £ 2.7 um,
respectively. The average number of chloroplasts
per section of one mesophyll cell was 5.82 + 0.40.

The anatomical and morphological features
of terrestrial plants of reed were similar to those
that grew in water; the structure of leaf plate was
isolateral (Fig. 1, F). Differences were manifested
in increasing the length and width of leaf blade.
The average size of leaf blade was 71 £ 8.9 cm at
long axis and 2.5 = 0.2 cm - at short axis (Fig. 1,
D). The water content of leaves of terrestrial reed
was 57.2 + 0.7%. On the transverse sections of
leaves, the upper surface of plate was almost flat,
the lower - wavy with the formation of combs in
areas of vascular bundle. The area of hollow con-
tains four layers of mesophyll, the area of ridges,
near the leading beams - from eight to ten layers.
The thickness of leaf in the area of depression was
180-320 microns, the thickness in area of combs,
where conductive bundles are, ranged from 300 to
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320 um. The shape of cells of epidermis and mes-
ophyll was similar to that of aquatic plants. The
average size of cells (height x width) of the upper
epidermis was 11 £ 0.7 x 14 £ 1.1 um, the lower
epidermis - 11 £ 1.7 x 19 £ 1.3 pum, mesophyll
cells-20 + 1.7 x 17 = 0.9 um. The average number
of chloroplasts per cut of mesophyll cells was 6.3 +
0.28.

Laser confocal microscopy

Air-water plants. Cytochemical analysis of
leaf monolignols of Ph. australis grown in water
are shown as blue fluorescence for syringyl and as
green fluorescence for guaiacyl in cell walls of
epidermis, tissues of vascular bundle (outer
parenchyma sheath, inner parenchyma sheath and
vessels), sclerenchyma and bulliform cells (Fig. 2,
A-C). But the fluorescence intensity of DPBA-
syringyl and DPBA-guaiacyl complex was
different in the tissues (Fig. 2, D, D', E, E' and
Table 1). The fluorescence intensity of syringyl
(blue line), guaiacyl (green line) and chlorophyll
auto fluorescence (red line) is shown on the histo-
grams (Fig. 2, D' and E'), where the ordinate is flu-
orescence intensity (in relative units), abscissa—
distance (um), which was scanned on the (D and
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Table 1. The intensity of complex DPBA-syringyl and DPBA-guaiacyl fluorescence in leaves
of air-water Phragmites australis (data are means + SD of 3 replicates; 30-35 cells of epidermis,
30-35 parenchyma cells of sheath in vascular bundle, 15-20 bulliform cells and 12-15 cells
of vessels 30-35 cells of mesophyll in each replicate)

Tissue/cell wall Intensi?y of monolignols f_Iuorescence, relative units e
Syringyl |  Guaiacyl | S+G
Adaxial epidermis
Periclinal wall 82+11 162+ 3.7 244 + 14 0.506
Anticlinal wall 71+3.9 47+13 118 +5.1 1511
Abaxial epidermis
Periclinal wall 62+2.1 130+ 10 192 +12 0.476
Anticlinal wall 33+£1.9 71+43 104 +£6.2 0.464
Mesophyll No observed 17+23 17+23 0
Vascular bundle
Vessels 8312 41 +£3.7 124+ 153 2.024
Cells of outer sheath 50+3.3 40+3.1 90+ 6.1 1.250
Cells of inner sheath 80+5.7 30+2.7 119+8.4 2.051
Sclerenchyma 100 £9.1 50+4.1 150+13.2 2.000
Bulliform cell 47+33 50+4.7 90+ 8.0 0.940

E) and is shown as white line. Cell walls of
sclerenchyma, vessels, inner sheath of bundle and
periclinal walls of epidermis had the greatest
fluorescence intensity of DPBA-syringyl. DPBA-
guaiacyl complex was more only in the periclinal
walls of adaxial and abaxial epidermis. It should be
noted that in the walls of mesophyll syringyl and
guaiacyl were almost not observed, and only single
mesophyll cells were characterized by very weak
fluorescence. The size of S/G ratio in cells took
place in the next order: vessels, inner sheath of
vascular bundle, sclerenchyma > walls of outer
sheath and anticlinal walls of adaxial epidermis >
bulliform cells and anticlinal walls of abaxial
epidermis (Tab. 1). It was revealed that maximum
frequency for syringyl in the epidermal cell was
221040 pixels, the maximum frequency for
guaiacyl was 748706 pixels, and the maximum
frequency for auto fluorescence of chlorophyll was
887503 pixels. Thus, maximum fluorescence for
guaiacyl was almost in three times more than that
for syringyl.

Terrestrial plants. The fluorescence of mon-
olignols in leaves of Ph. australis grown in terres-
trial soil was like to that in leaves of plants grown
in water along-shore of the Venetian Strait. Cyto-
chemical analysis of the DPBA-syringyl and
DPBA-guaiacyl complex in leaves was revealed
blue fluorescence of syringyl and green fluores-
cence of guaiacyl in cell walls of epidermis, all
types’ cells of vascular bundle, sclerenchyma and
bulliform cells (Fig. 3, A-C). There were some dif-
ferences in fluorescence intensity of monolignols
in cell walls of epidermis, and in walls of bundle
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sheath. The level of fluorescence intensity of mon-
olignols is presented in Fig. 3 (D, D', E, E") and
Tab. 2.

The fluorescence intensity of syringyl (blue
line), guaiacyl (green line) and chlorophyll auto
fluorescence (red line) is shown on the histograms
(Fig. 3, D' and E"), where the ordinate is fluores-
cence intensity (in relative units), abscissa—
distance (um), which was scanned on the (D and
E) and is shown as white line.

It is necessary to note that syringyl was not
at all finded in mesophyll of terrestrial plants’ leaf,
and only weak fluorescence of guaiacyl was
observed in some mesophyll cells near adaxial
epidermis. The values of the ratio of syringyl to
guaiacyl (S/G) in cell walls of terrestrial Ph.
australis” leaves were situated in such order: cells
of outer sheath of vascular bundle > vessels, cells
of inner sheath of vascular bundle, sclerenchyma >
walls of adaxial epidermis and bulliform cells >
walls of abaxial epidermis (Table 2). It is revealed
that maximum frequency for monolignols in leaves
of terrestrial plants also was more than that in
leaves of air-water plants. It was determined that
maximum of fluorescence of syringyl in the
epidermal cell was 464110 pixels, the maximum of
fluorescence of guaiacyl was 519348 pixels, and
the maximum of auto fluorescence of chlorophyli
was 703855 pixels. Thus, maximum fluorescence
of syringyl was in two times more than that in
leaves of air-water plants, while the maximum
fluorescence of guaiacyl was almost in 1.44 times
less than that in leaves of air-water plants.



NEDUKHA

Intensity
250

200

Profile

B

Fig. 3. Micrographs of cytochemical fluorescence of monolignols in the leaf cells of Ph. australis

grown in terrestrial soil. Localization of syringyl - blue fluorescence, guaiacyl —
— red. Monolignols are shown: A - syringyl + guaiacyl; B — syringyl; C — guaiacyl, D, D', E and E' -

green; chlorophyll
his-

tograms of fluorescence intensity of syringyl (blue line), guaiacyl (green line) and chlorophyll (red line).

Bars = 200 um.

Thus, we have shown that in the phase of
vegetative growth of Ph. australis’ plants grown
on the canal bank in the water and terrestrial plants
germinating far from the shore had leaves of dif-
ferent size. Terrestrial plants had larger leaves, but
the thickness of the leaf blade and cell sizes were
smaller than those of air-water plants. It is known
that this index is very sensitive to change of mois-
ture in leaves and moisture of soil. It is known that
even in case of weak soil drought (-2.2 MPa) in
Zea mays cells there was observed inhibition of S-
phase of cell cycle (Setter & Flannigan, 2001), and
in Helianthus annuus’ leaves there was observed
inhibition of GO and G1 phases (Granier & Tardie,
1999). Besides, it is possible that two ecotypes Ph.
australis studied by us can be of different ploidy,
which is known to influence the size of leaves and
cells. There was early established that the octo-
ploid, hexaploid, and decaploid plants of this spe-
cies (Pauca-Comanescu et al., 1999) differ in cell
size and morphological signs. It is shown that the
species with smaller ploidy is characterized by the
smaller size of cells and nuclei (Robinson et al.,
2018).
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The early investigations of structural-
functional indices of leaves of Alisma plantago-
aquatica growing in water and on terrestrial soil
shown clear differences in structure of cells and
some differences of biochemical indices (Nedukha
et al., 1998a; 1998b; Kordyum et al., 2003). In
these works using the method of light microscopy,
electronic microscopy and electronic cytochemis-
try it was established clear signs of difference in
structural and functional indicators of the impact of
moderate drought of soil on plants of Alisma plan-
tago-aquatica in the phase of vegetative growth
and the phase of budding-flowering. They showed
that in the leaves of terrestrial plants the cell sizes
were smaller, the thickness of cuticle and wax in-
creased 2-5 times, the content of cellulose, carote-
noids and chlorophyll (a+b) increased too, whereas
the content of callose in epidermis and mesophyll
decreased. Based on the results of our experimental
investigations and above-noted data, the following
conclusions could be made: the differences in cell
size and leaf thickness of Ph. australis can be at-
tributed to signs of adaptation to environment and
to phenotypic plasticity of studied species that is
manifested under the change of both endogenous
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Table 2. The intensity of complex DPBA-syringyl and DPBA-guaiacyl fluorescence in leaves
of terrestrial Phragmites australis (data are means + SD of 3 replicates, 30-35 cells of epidermis,
30-35 parenchyma cells of sheath in vascular bundle, 15-20 bulliform cells and 12-15 cells
of vessels 30-35 cells of mesophyll in each replicate)

Tissue/cell wall IntensiFy of monolignols f_Iuorescence, relative units /G
Syringyl |  Guaiacyl | S+G
Adaxial epidermis
Periclinal wall 135+ 12 142 +£2.7 277 £ 14.7 0.950
Anticlinal wall 87+3.7 84 +12 171 £ 15,7 1.035
Abaxial epidermis
Periclinal wall 77+£2.2 150+ 12 227+14.2 0.513
Anticlinal wall 73+29 124 £ 10 197 £12.9 0.588
Mesophyll No observed 47 £2.7 47 £2.7 0
Vascular bundle
Vessels 137+ 11 51+2.7 188 +13.7 2.686
Cells of outer sheath 200 £ 19 47 +£2.1 247 £21 4.255
Cells of inner sheath 125+ 10 53+£25 178 £ 12.5 2.358
Sclerenchyma 125+ 10 62+3.1 182 +13.1 2.016
Bulliform cell 55+3.5 57+4.1 112+7.7 0.965
and exogenous factors. This question remains open The increased content of the studied

and studies to be continued.

The use of cytochemical method and laser
confocal microscopy allowed us to reveal the
presence of syringyl and guaiacyl monolignols in
leaves of Phragmites australis grown in different
natural conditions. There were the general and
different signs concerning these monolignols in
leaves of common reed plants in depend on
moisture of soil on which these plants grown.
General signs were: 1) presence of syringyl and
guaiacyl in the investigated leaves regardless of
conditions of growth of plants; exceptions were
cell walls of mesophyll, in which syringyl was not
detected, and guaiacyl - in the form of trace
amounts; 2) high values of syringyl in the cell
walls of vessel, the cells of sheath of vascular
bundle and sclerenchyma. Whereas, different
cytochemical signs were next: the increased total
content of syringyl and guaiacyl (S+G) and
increased ratio of S/G in leaves of terrestrial plants
in comparison with that in leaves of air-water
plants. We observed the presence of monolignols
in epidermis and vascular bundles, whereas it was
very poor in single mesophyll cells. Presence of
lignin and its monomers in tissues of vascular bun-
dle and epidermis is a known fact and typical sign
for many plant species, including Populus
sieboldii x P. grandidentata vessels (Sato et al.,
2004), sclerenchyma fibrils and sclereids of Arun-
do donax and Phragmites karka leaf (Shakoor et
al., 2016), in trichoma’s and in epidermis internode
of Hordeum vulgare (Begovici et al., 2015), and
other numerous species of Monocotyledons and
Dicotyledons (Lourenco, Pereira, 2017).
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monolignols in the leaves of terrestrial Phragmites
australis” plants compared with the content of
these monolignols in the leaves of air-water plants
can be explained as follows. It is known that
epidermis is the one barrier and protection of leaf
from action of UV radiation, which is provoke
intensified synthesis of lignin (Hilal et al., 2004).
Besides, lignin and its monomers are the chemical
barrier increasing cell protection from penetration
of water and invasion of pathogens (Menden et al.,
2007). Except it, it is known that this sign (S/G)
testifies to the increase of mechanical durability of
cells (Christiernin, 2006). Taking into account the
above and the results of our experiments about the
greatest fluorescence of monolignols in the
epidermis cells of terrestrial Ph. australis we can
suppose that terrestrial plants’ leaves of reed
receive a higher dose of ultraviolet radiation than
leaves of reed in plants growing in water. Based on
our experimental data, we believe that the high
content of syringyl, which gives high strength to
the cells and tissues of terrestrial plants of reed,
can serve as a marker for the use of reed plants in
various industries.

In addition we see that the presence of these
monolignols, and also their ratio in the cell walls of
epidermis and vessels correlates with the data
received for angiosperms dicotyledons terrestrial
species (Baucher et al., 1998). It is known that
lignin is the most important secondary metabolite
synthesized by phenylalanine/tyrosine metabolism
during the differentiation of distinct cell types.
Lignin and its monomers participates in adaptation
of plant to water regime changes, altering structure
of cell wall matrix, providing passage of water and
aqueous solutions through cell walls of vessels
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(Barros et al., 2015). It is known that many cell
types can to synthesize lignin, including elements
of conductive bundles, where lignin protects the
hydro-mineral composition of cell juice from
leaking and counteracts the effects of gravity in
sclerenchyma and vascular tissue. Lignin also
maintains a mechanical strength of an central axis
of organ from wind and rain, and participates in
mechanical anti-gravity support of vegetative
organs, and also is capable to reinforcement tensile
strength of cell wall (Gibson, 2012).

Lignin present in cells of bundle sheath of
vascular bundle is like to that in differentiated tis-
sues of xylem and phloem. As a complex phenolic
polymer, lignin increases cell wall stiffness of con-
ductive bundles, increasing hydrophobicity of cell
walls, it protects plants from invasion of various
pathogenic fungi and microorganisms into leaf and
stem cells (Schuetz et al., 2014). The differences of
relative content of lignin in different epidermal
cells which we revealed in Ph. australis’ leaves
can be explained by the next. It is known that pe-
roxidase and laccase are involved in lignin synthe-
sis. These are key enzymes, involved in polymeri-
zation of lignin monomers (Berthet et al., 2011).
Besides, plant protection during drought occurs not
only at the cell level, but also at the molecular one.
Researchers noted the increased activity of CoA
reductase (cinnamyl-CoA reductase, CCR) enzyme
and cinnamyl alcohol dehydrogenase, and the ex-
pression of relevant genes (Fan et al., 2006). Tak-
ing above-noted and our results, we can suppose
that enhanced synthesis of monolignols (S and G)
in the leaves of Phragmites australis terrestrial
plants is due to activation of the respective en-
zymes.

The phenomenon of an increase in content
of lignin in the leaves of terrestrial reed, which
grew under conditions of relative drought of soil, is
noteworthy. Extreme drought, as well as a high salt
stress, usually occurs at the same time and causes
osmotic stress, which causes plant cells to lose wa-
ter, significantly inhibiting plant growth and de-
velopment, or even can to die (Chaves et al.,
2009). Lignin exactly can decrease the water flow
off cells, which occurs with complete or partial
cessation of transpiration, which helps to support
the osmotic balance and cell integrity (Monties,
1998). Taking into account the above mentioned
data and the results of our experiments on
increasing the ratio S/G in cells of conductive
vessels and cells of the upper epidermis in leaves
of Ph. australis terrestrial ecotype, we assume that
the main factor that influenced on this indicator is
decrease of soil moisture.
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Conclusions

The cytological study of leaves of Ph.
australis at vegetative stage of growth of plants
grown in water and in moderate drought in nature
conditions was shown the differences in leaf size,
thickness of leaf blade and cell size. Smaller sizes
of cells and thickness of the leaf plate of terrestrial
plants of reed testify to phenotypic plasticity of the
investigated species, which contributes to its
growth in moderate drought.

The presence of monolignols syringyl (S)
and guaiacyl (G) was detected in the leaves of
plants grown on river bank and in plants on
moderate drought soil with the cytochemical
method and laser confocal microscopy. It was
found that the decrease of soil moisture lead to
increase of syringyl and guaiacyl content and S/G
ratio of in cell walls of the adaxial epidermis and
tissues of vessels. We assume that the increase of
lignin content in the cell walls of leaf epidermis of
the terrestrial plants lead to reduce a cuticular and
stomatal transpiration and to optimization of water
balance of plants grown in moderate soil drought.
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BIIJIMB YMOB 3POCTAHHA HA BMICT MOHOJIII'HIHIB
Y JIUCTKAX PHRAGMITES AUSTRALIS

O. M. Henyxa

Inemumym 6omanixu im. M.I'. Xonoonozo
Hayionanenoi akademii nayk Yxpainu
(Kuis, Ykpaina)

E-mail: o.nedukha@hotmail.com

3a TOMOMOTOI0 MUTOXIMIYHOTO METOMYy Ta Jla3epHOI KOH(OKaIbHOI MIKPOCKOMIii BCTAHOBIIEHI Bif-
MIHHOCTI y pO3ITOIiJIi Ta BMIiCTi MOHOJITHIHIB y icTKax pociauH Phragmites australis, mo 3pocramu
Y pI3HUX MPHUPOIHUX YMOBaX. JINCTKU TOCIIIKYBaJH HA CTAIil BETeTaTUBHOTO POCTY JBOX CKOTHIIIB
Ph. australis. TlpeactaBneni pe3yabTaTd, OTPUMaHi [UIAXOM MOPIBHSHHS JaHUX sl TUCTKIB Ph.
australis TIOBITPSIHO-BOJHUX Ta CYXOJIUIBHHX POCIHH, L0 3pOCTajHM B NpUpoAHHMX yMmoBax (Kwuis,
VYkpaina). BcraHoBEHO, 110 3MEHIIEHHS BOJIOTOCTI I'PYHTY NPHU3BOAUTH A0 30UIbIICHHS CHIBBIJ-
HOUICHHSI MOHOJIITHIHIB CUPUHTUTY JIO TBAsMJIY Ta ITiJBULICHHS 3arajbHOTO BMICTY MOHOJITHIHIB B
emiJiepMici Ta TKaHUHAX MPOBIAHUX MYYKIB JIUCTKIB CyXOAUILHUX POCIUH. BUCIIOBIGHO MpHIyIIEH-
H#, 1110 3MiHA CITiBBiTHOIICHHS MOHOIITHIHIB Ta 3MiHA iX BMICTY B €MiIepMici JIMCTKIB CYyXOAUTHHUX
POCIIMH OYepeTy € OJHMM 3 MEXaHi3MIB ajanTalil pOCIMHU IO 3HIKEHHS BOJOTOCTI IPYHTY, IO
CIpHsi€ 3MEHIICHHIO TPaHCHIpalii Ta MATPUMAHHIO ONTHMAaJIbHOTO BOJHOTO ITOTEHIIIATy B JIMCTKAX
pocnuH Ph. australis, 10 3pocTany Ha cyxonoui. Ha mincraBi oTpuMaHUX eKCIIEpUMEHTAIbHHX J1a-
HUX 3pO0JICHO BUCHOBOK, III0 BUCOKUI BMICT MOHOJITHIHY CHPHHTIIY, SIKHI HaJa€ BUCOKOI MIITHOCTI
JIMCTKaM Ta cTe0JIaM CyXOAUTEHOTO 0YepeTy, MOXKE CITY)KHTH MapKepoM JIsi KOMEPLIiHHOTO BUKOPH-
CTaHHs [IUX POCIINH y PI3HUX Taly3sX HapOIHOI'O rOCIIOIAPCTBRA.

Karouosi ciioBa: Phragmites australis, nienin, éonocicme tpynmy, aucmku, nazepro-kongokaivha
MIKPOCKONIsA

BJIMSIHUE YCJIOBUM MTPOU3PACTAHUSA HA COAEP)KAHUE
MOHOJIMTHUHOB B JIUCTbAX PHRAGMITES AUSTRALIS

E. M. Henyxa

Hnuemumym 6omanuxu um. H.I'. Xonoonoeo
Hayuonanvnoii akademuu nayx Yxpaunoi
(Kues, Yxpauna)

E-mail: o.nedukha@hotmail.com

C TIOMOIIBI0 INUTOXUMHYECKOTO METO/A M JIa3epHOW KOH(OKaIbHOW MHUKPOCKONHMH OOHAPYKEHBI
OTIMYMS B PACIpPENCNICHUH W COJCPKaHWM MOHOJIMTHHHOB B JIMCThSX pacteHuid Phragmites
australis, koTopble mpou3pacTagd B Pa3IMYHBIX NPHUPOJHBIX YCIOBHAX. JIMCTBS HCCIEIOBAIM Ha
CTaJUM BET€TaTHBHOTO POCTa ABYX 3KOTUNOB Ph. australis. B paboTe mpeacTaBieHbl pe3ylbTaThl,
MIOJTydCHHBIE MTyTEeM CPaBHEHHUS AAHHBIX JUIA JUCTheB Ph. australis BO3AYNTHO-BOIHBIX U CYXOILyT-
HBIX PAacTEeHHH, KOTOpPBIE POCIH B €CTEeCTBEHHBIX ycinoBuax (KueB, Ykpauna). YcraHOBIEHO, 4TO
YMEHBIIIEHHE BIaKHOCTH MOYBBI IPUBOANT K YBEITHUEHHIO COOTHOIIEHHSI MOHOJUTHUHOB CUPHUHIU-
JIa K TBaALMITY ¥ TOBBIIICHUIO OOIIETo coepKaHus MOHOJIMTHUHOB B SMTUIEPMHUCE M TKAHSAX MPOBO-
JSIIAX MYYKOB JIHCTBEB CYXOMYTHBIX pacTeHmi. [Ipemmosaraercs, 9To M3MEHEHHE COOTHOIICHUS
MOHOJIUTHUHOB U UX COJEPXKAHUS B SIMUAEPMUCE JTUCTHEB CYXOIYTHBIX PACTEHUN TPOCTHHKA SBIS-
eTcsl OJHUM M3 MEXaHM3MOB aJlalTallii PACTEHUH K CHIKEHHUIO BJIQXKHOCTH ITIOYBBI, YTO CIIOCO0-
CTBYET YMEHBIIECHUIO TPAaHCIHMPALUU U MOJAEPKAHUIO ONTUMAIbHOIO BOJHOIO MOTEHIHUAana B JU-
cteix Ph. australis, pactymero Ha cyme. Ha ocHOBE MOJIy4eHHBIX 3KCIEPUMEHTAIBHBIX JaHHBIX
CIENaHO 3aKJIIOYEHUE, YTO BBICOKOE COJEPKAHUE MOHOJIIMTHUHA CUPHUHIHIIA, KOTOPBIM MPUAAET BbI-
COKYIO TIPOYHOCTH JIUCTBSM M CTEOJISIM CyXOITyTHBIX PAaCTEHHH, MOXET CIIy’)KUTh MapKepoM IS UX
KOMMEPYECKOTO HCIOIB30BAHMUS B PA3IMIHBIX OTPACIISIX HAPOTHOTO X03sHCTBA.

KuaroueBble cyoBa: Phragmites australis, nueHUH, 61ANCHOCMb MNOUBbLL, JUCTbA, JA3EPHO-
KOHGQOKANbHASL MUKPOCKORUSA
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