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We investigated how an abiotic factor, i.e. salinity, affects specific intracellular organelles of cells
of the root cap. We focused on: 1) amyloplasts, which are specific plastids of the cap that perform
important metabolic and sensory functions; and 2) mitochondria, which protect cells from ROS
damage by changing their ultrastructure. In our work we studied the ultrastructural changes of
these organelles in different areas of the root cap under NaCl and Na2SO4 impact. We showed
that the amyloplasts (statoliths) and mitochondria of the columella and the peripheral zone of the
cap change their structural organisation in the presence of NaCl. Under action of Na2SQOs, in
plastids of columella the number of starch grains decreases dramatically, the cells of the periph-
eral part of the cap do not contain the amyloplasts, and the proplastids that do not store or store a
little starch grains, which is attributed to leucoplasts with typical lamellae characteristic for root
cortex cells. Thus, Na2SO4 influence has the most significant effect on the plastids of the root
cap, and plastids of the cells of the peripheral zone of the cap are subjected to the most signifi-

cant changes under salinity stress.
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INTRODUCTION

The root cap is located in the apical part of the root of most
species of higher plants and performs a number of important
functions, such as protection against mechanical damage
when penetrating the root into the soil, carrying out various
tropic functions (gravitropism, hydrotropism, etc.), and pro-
duction of specific cells and mucilage that create favourable
conditions for the existence of plant growth-promoting bac-
teria in the zones of the rhizoplan and rhizosphere (lijima et
al., 2008; Dessaux ef al., 2016). In many plants, the cells of
the peripheral part of the root cap are exfoliated and turn
into the border cells that perform protective functions. Thus,
the functions of the root cap are provided by a balanced pro-
liferation of proximal meristematic cells and a regulated de-
tachment of distal mature cells (Kamiya et al., 2016).

The root cap consists of the columella zone occupying its
central part and the peripheral zone of the cap, which ex-
tends to the cells of the apical meristem and the distal part
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of the root extension zone (Hetherington et al., 2016).
Above the columella are situated the cell-initials of the root
cap meristem. In dicotyledons like Nicotiana tabacum L.,
apart from the quiescent centre, three types of root initials
are seen — one is responsible for the formation of the vas-
cular cylinder, the second gives rise to both the cortex and
endodermis, and the third initiates the epidermis and the
cap. This type of structural organisation of a meristem is
classified as “closed”. The cell-initials of root cap generate
the first tier of the columella, which is then sequentially dif-
ferentiated into the second and third tiers. Thus, in
columella, the cell layers contain developing, functioning
and degenerating cells.

In roots with the “closed” type of organisation of the apical
meristem, the peripheral cells of the cap are released as
sheets or groups of dead border cells (border-like cells),
which unlike true border cells, are not alive. It is known that
in the peripheral layer of the cap the processes of pro-
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grammed cell death begin, which lead to the formation of
the exfoliated dead cell layers (Hamamoto et al., 2006).

Under the influence of different abiotic stresses, various dis-
turbances of the proliferation, growth and differentiation of
the root cells (Ghosh and Xu, 2014) have been observed,
and therefore much attention is paid to studying the condi-
tion of meristematic tissues under stress conditions. In the
cap, with the exception of the initials, columella and periph-
eral cells are represented by subpopulations of terminally
differentiated cells (Hamamoto et al., 2006). Presently there
is a lack of information on how the cells and organelles in
the cells of columella and the peripheral layer of the cap re-
spond to abiotic stress factors. The study of the structural
and functional changes of these cells to different stress im-
pacts can provide an answer to the question of how the cap
performs its protective functions.

One of the damaging effects of salinity is oxidative stress,
which results in a significant increase in reactive oxygen
species (ROS) (Gill and Tuteja, 2010). However, the mech-
anism of damage and ultrastructural features of the organi-
sation of cristae and form of mitochondria can differ signifi-
cantly: increase in size and loss of cristae, and decrease in
size and increase of density with pronounced rhomboid
cristae, often filled with electron-dense material, probably
remnants of mitochondrial matrix (Ciamporové and Mistrik,
1993). Salt stress under light conditions causes changes in
the following order in sweet potato cells: vacuolation, de-
velopment and partial swelling of ER; decrease in mito-
chondrial cristae and swelling of mitochondria (Mitsuya et
al., 2000). Recent results have identified mitochondria as
centres of stress-induced generation of reactive oxygen spe-
cies in plants. Previous work showed that depolarisation of
the plant mitochondrial membrane during stress results in
the release of programmed cell death (PCD)-inducing fac-
tors in the cytosol in a fashion similar to the onset of ani-
mal-like PCD. Herein, we report significant similarities of
animal-like PCD and salinity stress-induced plant PCD.
Short-term salinity stress (3 h) led to depolarisation of the
mitochondrial membrane and release of cytochrome c
(CYT-c) (Andronis and Roubelakis-Angelakis, 2010). In
studying photosynthetic tissues, we observed a significant
change in leaf mesophyll mitochondria when plants were
cultivated in the presence of salts, which had features char-
acteristic of NaCl and Na,SO, isosmotic concentrations.
Since the osmotic pressure of the solutions did not differ, it
could be assumed that the toxicity of the ions of these salts
is different (Baranova et al., 2007). This question is impor-
tant because natural salinity is rarely accompanied by chlo-
ride salinization used commonly in scientific experimental
practices, but often includes sulphate, sodicity, etc., includ-
ing mixed types (Bresler et al., 2012).

Structural features of columella cells (statocytes) are: their
structural polarisation, the presence of specialised plastids
(amyloplasts) with starch inclusions, which perform the
functions of statoliths, the non-canonical organisation of the
ER system (Zheng and Staehelin, 2001). We have previ-
ously observed (Lazareva, 2011) that salts cause a signifi-
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cant disruption of the morphology of the root, which ac-
quire bends or have a spiral shape. This influence can be as-
sociated with gravitropic effects (Hodson and Mayer, 1987)
and therefore the study of starch-containing plastids (stato-
liths) at the root tip was the subject of our study.

Amyloplasts, other plastids and mitochondria have special-
ized important metabolic, synthetic, and sensory functions.
In our work we studied the structural changes of these or-
ganelles in different zones of the cap when exposed to isos-
motic concentrations of NaCl and Na,SO, salts.

We determined differences in starch distribution between
plastids of different zones and cell types of the root cap.
This cytological approach showed notable structural
changes in plastid structure during prolonged salt treatment.
Our results are important for future biochemical and physio-
logical analysis and assessment of accumulation of storage
compounds in cells of different plant organs and tissues.

MATERIALS AND METHODS

Object of study. Tobacco plants of Nicotiana tabacum L.
of cv. Samsun were grown for seven days on paper bridges
in vitro in test tubes on V2 liquid Murashige—Skoog medium
with isosmotic concentrations of NaCl (97.4 mM) or
Na,SO, (77.5 mM), which corresponded to 405.2 kPa or 4
atm (Lazareva et al., 2017). Both solutions used had the
same osmotic values, but different anions (CI" and SO4")
and molarity of Na* (Na,SO, contains Na+ 1.6 times more
than NaCl). The average light intensity was 50 W / m2, the
temperature is 25 + 2 °C and the humidity is 60-70%.

Light and transmission electron microscopy. Root tips
(0.5-0.7 mm long) were fixed for 24 hours at +4 °C in 2%
glutaraldehyde (firm) solution on 0.1 M Na-phosphate
buffer (pH 7.2) with sucrose (15 mg/ml), and then two
times rinsed with buffer. Postfixation of the material was
carried out in a 1% aqueous solution of OsO,. Dehydration
with ethyl alcohol and the embedding of the material in ep-
oxy resin were carried out according to the standard proce-
dure. The polymerisation was carried out in two stages (day
+34 °C, day +60 °C). During fixation, 5-7 “random” frag-
ments were selected in the same zone, in this case, the root
tip. Experiments were done in three replications. For analy-
sis, at least three “random” roots were selected, from which
semi-thin sections were made. After reaching the middle
(longitudinal section), cutting of the root was stopped, and
the section was photographed. After contrasting, they were
viewed under an electron microscope and sample images
were taken from each sample. Further, for the analysis, pho-
tographs were taken of plastids and mitochondria in accor-
dance with different zones (tissues) for visual analysis (with
an magnification of 5000) and selecting images with char-
acteristic plastids with an magnification of 8-17000 for
high-quality images. Semi-thin (1.5 um) and ultra-thin (500
um) transverse sections of the root tips were obtained on the
microtome LKB-V (Sweden) and placed respectively in a
drop of resin on a slide or on copper blends coated with a
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form-blank film. Samples were analysed with an Olympus
light microscope. Ultrathin sections were stained with ura-
nyl acetate, then with lead citrate, and examined under a
transmission electron microscope H-500 (Hitachi, Japan) at
an accelerating voltage of 100 kV.

RESULTS

Structural organisation of the root cap. The root cap of
the control tobacco plants had a typical structure for roots of
dicotyledonous plants and consisted of initial cells, colu-
mella occupying its central part, and the peripheral zone of
the cap, which surrounded the columella zone and bordered
on the apical meristem, initials and differentiating cells of
the epidermis (Fig. 1a). Above the columella were the mer-
istematic cells of cap initials and epidermis (calyptrogen)
(Fig. 1a, d). It is known that columella cells (statocytes) are
formed from the calyptrogenic cells of the apical meristem.
Statocytes are larger in size than meristem cells due to pres-
ence of a vacuole, and their plastids accumulate starch in-
clusions, significantly increasing the size of the plastid and
the size of the cells (Fig. 1a). It is assumed that they have a
polarised form (their nucleus is located in the upper half of
the cell). Amyloplasts with starch granules (statoliths) are
located in the lower part of the cells. This location is due to
the fact that amyloplasts have a high density of 1.5 g/cm3,
while the surrounding cytoplasm has a density of about
1 g/cm3 (Su et al., 2017). In tobacco columella consisted of
three tiers of cells. The first cell tier (the smallest in

columella) is derived from the initials, the cells of the sec-
ond tier are larger and contain more vacuoles, and the third
tier of cells (the largest) differentiates into the peripheral
layer of the cap, which is represented by one or two layers
of cells. The cells of the peripheral layer of the cap are
highly vacuolated and have a smaller cytoplasm volume.
The cytoplasmic density of these cells was significantly in-
creased; their shape was elongated and flattened, in contrast
to the rounded cells of the central zone of columella (Fig.
la, d). It is possible that this might be due to the retention of
the vacuolar volume under disturbance of water flow into
the cytoplasm in relation to a change in the spatial connec-
tion of cells of the peripheral zone with the columella cells
and the resulting loss of turgor leading to a change in the
shape of the cells and the water content of the cytoplasm.

NaCl treatment caused a change in both the size of the cap
and columella cells by a factor of 2, and 1.2-1.5, respec-
tively, and in the peripheral zone by a factor of 2-2.5. These
changes mainly affected the thickness of the cells, which
was probably caused by a decrease in water supply or a de-
crease in the osmotic pressure of the solutions coming from
the suction zone (Fig. 1b, d). In the cap cells there was a de-
crease in size and disturbance of the vacuole fusion, and a
chaotic distribution of amyloplasts. The cytoplasm of
columella cells was insignificantly different in appearance
from the cytoplasm of the cells of the cap initials, which
probably indicated a reduction in the rate of differentiation
of the cap cells in the presence of NaCl (Fig. 1b, d).
Na,SO, increased the size of the cap is 1.3 times. The ob-
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Fig. 1. Sections of the control plants roots of tobacco (a, d), under the influence of NaCl (b, e), under the influence of Na2SO4 (c, f); a—c, semi-thin sections;
d—f, ultrathin sections from the columella zone and the peripheral part of the root cap. Abbreviations used: rci, initiali, col, columella, pc, peripheral cells of

the root cap. Scale bar (a—c) is 50 pym, scale bar (d—f) is 20 pm.
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served swelling of the statocytes was probably due to an in-
crease in the volume of the vacuoles (by 1.5 times) and at
the expense of cells of the peripheral layer of the cap (by
1.2 times) (Fig. lc, e). Under the action of NaCl, the cyto-
plasm was denser than in cells of cap of the control variant.

Ultrastructural organisation of plastids. Plastids in the
cell-initials of meristem were heterogeneous in size and
shape, and these organelles probably represented various
transitional forms that were differentiated from proplastids
characteristic for meristematic tissues. They had an inho-
mogeneous density, loosened stroma with light zones,
which were probably zones of nucleoid location (Fig. 2a).

Under the action of NaCl and Na,SO, a significant change
in the ultrastructural organisation of plastids was observed,
which can probably be characterised as different transition
forms from the proplastide to the leucoplast (Fig. 2d, g).
The stroma of plastids had a denser structure and the lighter
zones were weakly pronounced, probably due to a reduction
in nucleoid activity. There were single plastoglobules and
starch inclusions in the stroma. In addition, lamellar struc-
tures of light colour and membrane formations having
osmiophilic dark contents were observed in the stroma. In
some cases, the relationships of these structures with dark
osmiophilic inclusions characteristic of proteinoplasts are
noted (Vigil and Ruddat, 1985). Plastids typical for colum-

Fig. 2. Ultrastructural organization of plastids in the root cap of the roots of the control plants of tobacco (a—c), under the influence of NaCl (d—f) and under
the influence of Na2SO4 (g-i). a, d, g, plastids in cells from the root cap initial zone (rci); b, e, h, amyloplasts of statolith in columella cells (col); c, f, I,
amyloplasts and plastids in the cells of the peripheral zone (pc) of the root cap. Abbreviations used: pr, proplastids; am, amyloplast; Ip, leucoplast; la, lamella;

m, mitochondria, s, starch. Scale bar = 1 pm.
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ella statocytes in all stages of differentiation, amyloplasts
performing the functions of statoliths, were present in con-
trol plants (Fig. 2b). The border of the amyloplast had an
uneven edge, the outer membrane was fragmented, the
starch granules were evenly distributed over the stroma, and
the stroma contained amorphous osmiophilic contents un-
evenly distributed in the plastid volume. Statoliths in
columella cells of the control plants were arranged in
groups, probably related to a gravitropic function. It is be-
lieved that these structures differ from amyloplasts storing
starch: in statocytes, starch granules (statoliths) have a
boundary layer, which binds all the starch granules to a joint
system inside the amyloplast (Stachelin et al., 2007).

Under the action of NaCl the amyloplasts (statoliths) are
also present in columella cells of all stages of differentiation
(Fig. 2e). The size of these plastids was somewhat less than
the size of the statoliths in the columella cells of the control
plants (approximately 1.2 times). The size of the starch
granules did not differ from that in the control, and they
were evenly distributed in the homogeneous granular
stroma of the amyloplast. The plastid membrane was clearly
identified in the sections.

Under the action of Na,SO, amyloplasts in statocytes con-
tained 1.5-2 times larger starch granules than in amylo-
plasts of control cells. In addition, the number of starch
grains was much (more than 10 times) less (1-2 grains per
section). Furthermore, such starch grains had a different
electron density (Fig. 2h) and different nature or function.

According to some publications, the processes of pro-
grammed cell death are initiated in peripheral cells of the
cap in plants with a closed organisation of the apical
meristem (Hamamoto et al., 2006). In these cells the
amyloplast statoliths are also fairly well pronounced (Fig.
2¢). They lose their rounded shape, acquire an indefinite
form, have a granular stroma, and have more clearly delin-
eated outer membranes than in columella cells. Starch inclu-
sions are characterised by smoother edges.

Under the action of NaCl in periferal cells of a cap, typical
amyloplasts with an internal structure similar to amyloplast
structure of columella cells under the same conditions, were
observed. The plastid shape, as in the control, was irregular
and had significant bends; the starch inclusions were char-
acterised by a smoother surface (Fig. 2f), as in the control
cells (Fig. 2c).

However, when plants were exposed to Na,SO,, the plas-
tids from this outer boundary zone of the cap became simi-
lar to typical leucoplasts: dense stroma without lighter in-
clusions, with single or multiple light lamellae (Fig. 2i). The
inclusions of starch and plastoglobules were single and
small (not shown).

Ultratructural organisation of mitochondria. To deter-
mine the effect of Na*, CI', SO42' ions on the most impor-
tant structural component of the eukaryotic cell, which en-
sures the energy stability of the processes of cellular

Proc. Latvian Acad. Sci., Section B, Vol. 73 (2019), No. 1.

metabolism, we studied the ultrastructural organisation of
mitochondria in the areas of root cap initial cells (rci),
columella (col) and peripheral cells (pc) (Fig. 3a-c). The use
of iso-osmotic salt solutions allows to take into account the
effect of CI" and SO42" anions in the experimental model
(Lazareva et al., 2017). Structural organisation of mitochon-
dria in the cells of the root cap showed clear differentiation
depending on the tissue (Fig. 3). The mitochondria in the
root cap initials of control plants had a typical structural or-
ganisation. The shape was round or oval, single cristae
could be identified in the section, containing a mitochondial
DNA light zone surrounded by loose matrix with a clear
granular structure corresponding to typical prokaryotic ribo-
somes (smaller in comparison with ribosomes located in the
cytoplasm) (Fig. 3a). NaCl treatment caused an increase in
the number of cristae on the mitochondria sections of rci
(more than ten times). In addition, the size of light areas of
the matrix and the number of ribosomes were decreased
(Fig. 3d). Na,SO, treatment caused a decrease in the area of
the cut by a factor of 1.5, and hence, the reduction of mito-
chondrial volume. Formation of parallel located cristae was
observed. The matrix occupied an insignificant volume of
mitochondria, and was not well distinguishable in a number
of sections (Fig. 3g). Mitochondria of columella cells of the
control plants had a typical mitochondrial structure charac-
teristic of dying cells. These organelles had uneven edges
and invaginations of envelope. The large rhombus-like
cristae of irregular shape filled the entire volume. The mem-
branes were contrasting. A darkly coloured matrix retained
the granular structure characterised by large amount of ribo-
somes (Fig. 3b). Under the NaCl treatment, the mitochon-
dria in the columella cells retained a rounded or oval shape,
were filled with a relatively loose matrix, had from 5 to 13
cristae per cut and a denser cell cytoplasm than in the con-
trol cells. This probably indicates a delay in the differentia-
tion (aging) of the cells of this zone under NaCl exposure
(Fig. 3e). Na,SO, caused similar changes in mitochondria
of columella cells. Their shape remained round. They con-
tained groups of cristae and a more loosened matrix than
under NaCl exposure. On a number of sections it was possi-
ble to identify light zones with clearly visible mitochondrial
DNA (Fig. 3h).

Mitochondria of cells of the peripheral zone had a
ultrastructure characteristic for dying cells of the cap and
epidermis. The mitochondria located in the dense cell cyto-
plasm had a slightly curved edge of outer membrane, small
rhombus-like cristae, and osmiophilic stroma with an amor-
phous structure in which small inclusions, presumably ribo-
somes, were dispersed. A number of mitochondria had large
section areas, possibly indicating a reduction in fission or
fusion processes characteristic for these organelles (Fig. 3c).
The mitochondria of pc cells under the action of NaCl re-
tained an oval form. They contained blocks of chaotically
located flattened cristae. Matrix or fragments containing
DNA were not visible in the organelles (Fig. 3f). Na,SO,
treatment resulted in a similar change in the structural or-
ganisation — the filling of the entire internal area with
blocks of parallel cristae (Fig. 3i).
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Fig. 3. Ultrastructural organisation of mitochondria in the root cap of the control plants of tobacco roots (a—c), under the influence of NaCl (d—f) and under
the influence of Na2SO4 (g—i). a, d, g, mitochondria in cells from the root cap initial zone (rci); b, e, h, mitochondria in columella cells (col); c, f, I, mito-
chondria in the cells of the peripheral zone (pc) of the root cap. Abbreviations used: m, mitochondria, cw, cell walls; d, dyctiosome; s, starch grain. Scale bar

= 800 nm.
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DISCUSSION

Salinity has a number of known effects characteristic of
most of abiotic osmotic and oxidative stresses due to the
toxic effects of ions (Baranova et al., 2007). Earlier, we
showed that the ultrastructural organisation of plastids and
the quantity of storage reserves deposited in plastids are
sensitive to the action of ions of the salts on alfalfa
(Baranova et al., 2007), tobacco (Baranova et al., 2009) and
tomato plants (Baranova et al., 2011). The sensitivity of the
processes of polysaccharide metabolism, utilisation and for-
mation of starch grains to abiotic stresses is confirmed by
previous studies on the presence and structural organisation
of the plastids of the photosynthetic part of plants — the
leaf mesophyll leaf (Poljakoff-Mayber, 1975; Sam et al.,
2003; Ahmed et al., 2013). At present, it is obvious that in
addition to changes to the photosynthetic compartment of
the leaf, it is necessary to investigate the localisation of
starch in root cells. This makes it possible to determine
damage to the long-distance transport of polysaccharides to
the root and alterations in the processes of development of
the root system and provision of mitochondria with energy
for the production of ATP (Fanello et al., 2017; Thalmann
and Santelia, 2017). Thus, in modern studies much attention
is paid to controlling the presence and location of starch as
the main reserve polysaccharide in plastids of various root
tissues (Ibrahim et al., 2017, Acosta-Motos et al., 2017).

Our studies showed that the plastids of the cap initials,
columella cells and the peripheral zone of the cap differ in
response to NaCl and Na,SO,. In the cap initials the action
of both salts was accompanied by the condensation of
plastid stroma, and the appearance of lamellar structures
and starch inclusions, which apparently have a storage func-
tion. Under NaCl treatment, amyloplasts in the cells of the
columella and the peripheral zone of the cap did not change
their structural organisation. This is consistent with results
of a study on the effect of salinity (0.15 M NaCl) on the
ultrastructure of cellular organelles (Usatov et al., 2014) in
which plastids in the cells of the root of wheat were ob-
served to be most sensitive and the degree of the detected
changes depended on the concentration of salt.

However, under the effect of Na,SO, the number of starch
inclusions was decreased in amyloplasts of columella cells,
and the population composition of the plastids was changed
in cells of the peripheral part of the cap; amyloplast
statoliths were not detected, and cells contained proplastids
that did not contain or contained little starch grains, as in
plastids characteristic of meristematic tissues.

It is known that plastids of different areas of the cap can
contain several types of inclusions — starch, protein glob-
ules (bodies), different crystals and plastoglobules (Kiss and
Sack, 1989). Meristematic cells of the cap initials have plas-
tids with single starch grains. Cells of columella contain
starch-rich plastids (amyloplasts), which contain two types
of starch inclusions: in the form of storage inclusions and
performing the functions of statoliths. Amyloplast statoliths
contain small starch grains. When the direction of the axis
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of the root changes, statoliths under the action of gravity
move to a new area of the cytoplasm. Statoliths are consid-
ered as a gravity sensing structures. In contrast to ordinary
starch grains, the statoliths are almost not consumed by the
plant for metabolic processes. Amyloplast statoliths differ
in structure from amyloplasts storing starch: in statoliths,
the starch granules have a boundary layer 0.1-0.3 um thick.
This boundary layer binds all the starch granules to a joint
structural system inside the amyloplast (Staehelin et al.,
2000). Also, proteinoplasts, which are plastids containing
protein inclusions, are found in root cells of tobacco (Vigil
and Ruddat, 1985). In the study of Hodson and Mayer
(1987) it was demonstrated that the anatomy and ultra-
structure of the root tip of cultivated isolated pea roots
changed after 24-hour exposure to 120 mM NaCl. In the
cells of the apical zone of root the degradation of mitochon-
dria and increased vacuolation were observed. Furthermore,
the grouping of amyloplasts around the cell nuclei was
noted. Authors suggested that salinity can affect the
gravitropic reactions of root (Hodson and Mayer, 1987).
When studying the effect of NaCl and Na,SO, on the trans-
formation of the cytoskeleton of the alfalfa root cells we
found a significant change in the shape of the roots. They
had significant bends and often formed a spiral structure at
increased concentrations (Lazareva et al., 2017). However,
at the applied concentration no such reaction was observed
in the roots of tobacco. However, displacement of the
statoliths towards the nucleus under the action of NaCl, and
a significant decrease in the starch content under the action
of Na,SO, were observed, with an increase in the salt con-
centration. Changes in the shape and fine organisation of
plastids upon salinisation are a reversible adaptive response
that is consistent with the observations made in other stud-
ies on barley (Xi, 1995).

Differences in the structural organisation of mitochondria
and cytoplasm in cells of all tissues of the cap (Fig. 3) in
the salinization treatment suggest that the differentiation of
cells in the presence of NaCl and Na,SO, is significantly
delayed. It can be assumed that the death of cells of the cap
and the release of metabolites into the external environment
with respect to the tip of the root will also be delayed,
which can be explained by the decrease in the activity of
microorganisms associated with plant roots during salinisa-
tion (Lareen ef al., 2016). The “younger” state of the cyto-
plasm and mitochondria of the cap cells probably facilitates
the active maintenance of the metabolic and energy pro-
cesses provided by the mitochondria under the action of
salts (Fig. 3e, 1), unlike to the “older” mitochondria in the
columella cells and the peripheral zone of the cap of control
plants (Fig. 3b, c).

In addition to gravitropism, hydrotropism also occurs in
plants, in which the growing tip of the root performs a sen-
sory role (Ponce et al., 2008). To implement hydrotropism,
plants must overcome the dominant influence of gravitrop-
ism. It was shown that a moisture gradient or water stress
caused the rapid degradation of statoliths and a decrease in
starch content in the columella cells of Arabidopsis thaliana
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and radish (Raphanus sativus). In this case, the roots stimu-
lated to hydrotropism showed a reduced gravitropic re-
sponse. The authors of the study concluded that the weaken-
ing of the gravitropic response is associated with a loss of
statoliths, which occurs in response to an increase in the
moisture gradient or water stress (Takahashi er al., 2003).
The degradation of amyloplasts in columella cells with a
hydrotropic response occurs by autophagy (Nakayama et
al., 2012), which is known to primarily focus on the sur-
vival of cells, but is also one of the mechanisms triggering a
variant of programmed cell death (Ustiin et al., 2017).

CONCLUSIONS

The most significant effect on plastids of the root cap in
plants treated with equal isoosmotic concentrations was ob-
served under sulfate salinization. Changes affected the plas-
tids, mitochondria, and vacuoles of all studied tissues of the
root cap. Plastids and mitochondria of the cells of the pe-
ripheral part of the cap underwent the most noticeable
changes during salinisation. It was found that isoosmotic
concentrations of NaCl and Na,SO, caused a change in the
amount of starch grains in the plastids of collumella cells
and peripheral cells: decrease in the NaCl treatment and dis-
appearance in the Na,SO, treatment. This effect might be
caused both by the action of different anions in the compo-
sition of the salts, and due to the difference in the concen-
tration of sodium ions. We found that the statocytes of the
root cap of the tobacco and their organelles were highly
sensitive to the action of salts. It was shown that the struc-
ture of plastids in the cells of this zone under salinity was
characterised by delay of development and a disturbance of
starch accumulation. This observation can be useful in the
development of simplified assessment tests for sensitivity to
the action of salts.

Our data demonstrate the importance of structural analysis
of plant cells and tissues before biochemical and physio-
logical studies, which are based on evaluation of total
amounts of various parameters and do not take into account
the number, condition, ratio and size of cells of various tis-
sues. In the future we plan to extend our studies to include
also biochemical and physiological methods.
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ORGANOIDU ULTRASTRUKTURALAS IZMAINAS TABAKAS SAKNU UZMAVU SUNAS SALS IETEKME

Paradits, ka NaCl un Na2Og4 ietekmé notiek atSkirigas organoidu izmainas dazadas saknu uzmavu zonas.
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