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The exchange of ions between plant tissues and the external solution in vitro
exhibits prominent biphasic kinetics. This is generally ascribed to the differ-
ent contribution of the two compartments — apoplast and symplast — involved
in the process. In this regard, an electro-diffusion model of the leakage is
proposed in the paper. On the basis of the balance of fluxes through the
plasmalemma and the cell wall, a system of differential equations describing
the ion concentration in the outer solution is found. For a wide range of the
system’s coefficients, its behaviour is well approximated by a previously
obtained analytical function. The values of the function’s parameters,
derived from the fit with experimental data, correlate adequately with the
water deficit conditions of the samples. Hence, these parameters may be

used to characterize the physiological status of the investigated plants.

Introduction

The efflux of substances from plant tissues submerged in
solution is widely used as a measure of the membrane
permeability in the investigation of various stress condi-
tions (Garty et al. 2000, Sailerova and Zwiazek 1993,
Saltveit and Hepler 2004), factors of growth and devel-
opment (Celikel and van Doorn 1995) and genotype
specificity. In many cases, it is determined by the ana-
lysis of the conductivity of the solution in which the
tissues are incubated. Thus, distilled water with samples
in it gradually increases its conductivity owing to the
leakage of ions from the internal cellular space under
disturbed membrane permeability.

The conductometric assessment of the ionic content
of liquid media offers some clear advantages as non-
expensive and easily maintainable apparatus and possi-
bilities for routine analysis in outdoor conditions.
Furthermore, as with most of the electrochemical meth-
ods, this technique is accurate and sensitive enough and
allows high reproducibility of the results. The use of
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conductometry for these purposes has not lost its cur-
rency in spite of the time elapsed from the first reported
works (Dexter et al. 1932). This is revealed by the
literature in which a permanent tendency for improve-
ment of the method is observed (Premachandra et al.
1992, Vasquez-Tello et al. 1990).

At the same time, some questionable points exist.
First, the lack of selectivity regarding the contribution
of the different ions can be noticed. Evidently, conduc-
tometry itself is not able to ensure such an option. For a
lot of studies, however, this obstacle can be overcome
with the use of empirical relations between the conduc-
tivity of the external solution and the concentration of
the basic ions (mostly K*) flowing from the samples
(Palta et al. 1977). Such relations can be obtained by
independent measurements of the concentrations with
the aid of additional methods (e.g. atomic emission
spectroscopy). Another set of issues is connected with
the results’ interpretation in terms of physicochemical
and electrochemical parameters of the cell membrane.
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Summary

The effect of polyethylene glycol-induced osmotic stress on
the activity of nitrate reductase, glutamine synthetase, and
glycolate oxidase in leaves of young barley plants grown
under two nutrient-supply regimes was studied. The activity
of nitrate reductase gradually decreased after polyethylene
glycol (PEG) application, while glutamine synthetase and gly-
colate oxidase were increased. It is speculated that the
enhanced glutamine synthetase and glycolate oxidase activ-
ities are due to increased flux of metabolites through the
photorespiratory cycle. Prominent increase in concentrations

1 Introduction

Water and nitrogen (N) availability are among the major fac-
tors limiting plant growth and development. Drought may
restrain nitrate acquisition by roots as well as restrict the abil-
ity of plants to reduce and assimilate nitrogen (Frechilla et al.,
2000). Nitrate reductase (NR) is the first and rate-limiting
enzyme in the nitrate-assimilation pathway (Lillo et al., 1996).
Its activity was shown to decline in water-stressed leaves in a
wide range of plant species (Bandurska, 1993; Flores et al.,
2000; Correia et al., 2005). The regulation of this particular
enzyme is related to several internal and external factors
(Vincentz et al., 1993; Lillo et al., 1996). Nitrate is the primary
signal inducing the transcription of NR genes. At post-transla-
tional level, NR activity is enhanced by sugars and repressed
by glutamine and closely related end-products of N assimila-
tion (Liet al., 1995; Yaneva et al., 2000; Lillo et al., 2004).

Glutamine synthetase (GS) is an important enzyme in higher
plants involved in the re-assimilation of ammonium (NH;)
from photorespiration. Glutamine synthetase activity is indir-
ectly related to osmotic adjustment since the synthesis of pro-
line depends on glutamine (Brugiere et al., 1999; Medici et
al., 2003/4). Glycolate oxidase (GO) is a key enzyme in the
glycolate pathway of photorespiration that is enhanced in
conditions of water deficiency, and this process represents
an intersection of N and carbon (C) turnover (Haupt-Herting
and Fock, 2002).

Physiological and biochemical strategies of plants to tolerate
dehydration are objectives of interest in recent studies (Bajji
et al., 2000; Ghisi et al., 2002). The appropriate provision
with carbohydrates and amino acids in the required amounts
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of free proline, reducing sugars, and free amino acids was
observed. The possible contribution of these cellular solutes
to the process of osmotic adjustment and the role of mineral
supply is discussed. It is suggested that low N supply in com-
bination with stress conditions switched the preferred osmo-
lyte type from amino acids (N-containing) to sugars (C-con-
taining).

Key words: glycolate oxidase / nitrate assimilation / osmolites /
proline /water deficit

must be achieved by efficient communication, regulation, and
coordination of N and C metabolism (Foyer et al., 1998). The
foliar concentrations of major cellular osmolytes such as free
amino acids and sugars have been measured in plants grown
under different N supply in order to gain insight into their
possible action as signaling compounds (Man et al., 1999;
Correia et al., 2005). In the present study, water deficit was
imposed to plants grown under two mineral-supply levels to
evaluate whether the relationships between N nutrition and
the quantities of C- and N-containing compatible solutes
were merely correlative or could be varied by causes other
than dehydration. The aim was to determine the effects of
mineral nutrition on the response of young barley plants to
moderate water stress caused by PEG 8000. Polyethylene
glycols (PEGs) are a family of neutral, osmotically active
polymers often used in plant physiology to induce water defi-
cit by lowering the osmotic potential of the nutrient solution
and thus limit water availability for the plant (Steuter et al.,
1981). The use of these osmotica gives very precise and
reproducible results, which is more difficult to accomplish
using soil cultures. The degree of stress was assessed by
monitoring some aspects of the process of N assimilation,
accumulation of solutes, and the development of water
deficit.

2 Materials and methods

2.1 Plant material and imposition of stress

Barley (Hordeum vulgare, L.) plants from cultivar Odesskii,
known for its adaptation to water-stress conditions in the field,
were used. After surface sterilization, seeds were germinated
for 48 h on wet filter paper in Petri dishes in a thermostat at
25°C in the dark. The seedlings were transferred to either
25% (reduced) or 100% (full strength) Knop nutrient solution
for the experiments, the respective N levels being 2 and 8 mM
N. Macronutrient composition at full strength was: 3.0 mM
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The amino acid proline is accumulated in plant tissues in response o a variety of stresses.
The existence of two routes for its biosynthesis is well documented, Flowever, little is known
about the contribution of each pathway to the accumulation of free proline under stress
conditions, In the present siudy voung barley plants were subjected 1o osmoltic stress by
treating their roots with 253% polyethylene glycol. Prior to stress imposition roots were incu-
bated for 24 h in nutrient solution containing proline or one of its metabolic precursors:
glutamate and ornithine. Free proline quantity in the leaves was measured before and after
stress. Relative water content (RWC) was used as a measure of the plant water status. Foliar
proline levels showed a significant increase in ornithine- and proline-pretreated plants com-
pared to the control. Nevertheless, no considerable changes in leaf RWC were observed. It
was shown that before siress application only ornithine but not glutamate was immediately
metabolized to proline. Under stress conditions, however, both precursors were converted
into proline. The possible role of this amino acid in the processes of post stress recovery

15 discussed,
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Introduction

It is well known that one of the first symptoms
of abiotic stress in plants is the accumulation of
free proline in the tissues. Drought and salinity as
well as suboptimal temperatures may all lead to
the development of osmotic stress (Hsu er al.,
2003 Aziz ef al., 1998: Simon-Sarkadi ef al., 2006).
It is assumed that increased proline content may
be due to the following: enhanced biosynthesis,
slow rate of degradation, and/or increased prote-
olysis (protein hydrolysis). In plant cells proline
is synthesized from glutamate via A'-pyrroline-5-
carboxylate (P3C) in two consecutive reactions
catalyzed by P5C synthetase and P3C reductase
(Delauney and Verma, 1993). Apart from this
metabolic route an alternative biosynthetic path-
way is present in plants, which leads to proline
from ornithine, involving the catalytic activity of
the enzyme ornithine aminotransferase (OAT)
{Mestichelli et al., 1979). The amino acid arginine
may also contribute to proline synthesis via orni-
thine and involving the enzyme arginase (Boggess
and Stewart, 1976). The two main metabolic path-
ways (from glutamate and from ornithine}) are spa-
tially separated, Synthesis of proline from gluta-
mate is located in the cytosol while the ornithine
pathway is compartmentalized in mitochondria.

(39— 507520080100 -0101 3 D600

Due to the existence of at least two biosynthetic
pathways, the control of proline synthesis is rather
complicated. Regulation is accomplished at two
levels: enzyme activity and gene expression. Evi-
dence exists for feedback regulation of the proline
biosynthesis with the end product acting as an in-
hibitor of the reaction. Under stress conditions,
however, this regulation is disturbed and despite
the high level of proline its synthesis continues
(Zhang er al., 1995; Yoshiba er al., 1997). In the
present study we examined the contribution of two
proline precursors {ornithine and glutamate) to
stress-induced proline accumulation in leaves of
young barley plants.

Materials and Methods

Barley seeds (cv. Pamina) were superficially
sterilized with sodium hypochlorite (NaQCl) and
germinated on wet filter paper in a thermostat
{25 °C) in the dark for 24-48 h. Seedlings were
grown in a phytostat chamber (12 h photoperiod,
25°C, 60% relative humidity) on full strength
Knop nutrient solution until the stage of the first
fully developed leaf was reached. Macronutrient
concentration was: 3.0mm Ca(NO3);, 1L5mm
KH-PO,, 2.0 my KNO;, 0.8 mv Mgs0,, 1.3 mm
KCL In the different variants 10-dayv-old barley
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In the present study the physiological status of two wheat (Triticum aestivum L.)
cultivars subjected to polyethylene glycol-induced dehydration is evaluated. Wheat seedlings
were exposed to either 8-d-long mild (15% PEG) or 24-h-long severe (30% PEG) osmotic
stress by immersing their roots in PEG-supplemented Knop nutrient solution. Relative water
content in the leaves and the levels of free proline, malondialdehyde, and hydrogen peroxide
were chosen as indicative parameters corresponding to the degree of stress of the treated
plants. Electrolyte leakage from leaf tissues of control and stressed plants was compared in
terms of the common parameter Injury index used for characterizing cell membrane stability.
In addition, a model test system was established for preliminary stress evaluation based on the
kinetics of ion leakage. Short term exposure to higher concentration of PEG was considered to
be more harmful than prolonged mild stress as judged by RWC, proline and hydrogen perox-
ide accumulation, and injury index. The two cultivars demonstrated more obvious dissimilari-
ties under conditions of prolonged mild stress than under severe stress.

Keywords: clectrolyte leakage, hydrogen peroxide, malondialdehyde, osmotic stress,
polyethylene glycol, proline, wheat

Introduction

To maintain productivity while growing in unfavorable conditions is essential to all crop
plants. Some physiological traits have been associated with yield potential (Richards et al.
2002; Hoffmann and Burucs 2005) suggesting that selection for such traits could be useful
for screening physiologically superior genotypes to improve genetic yield gains. Drought
is among the most damaging abiotic factors (Smirnoff 1998). Besides its direct impact on
water status osmotic stress often harmfully affects plant cell membranes. Symptoms of
these adverse processes include oxidation of unsaturated fatty acids, protein degradation,
and the resultant loss of selective permeability of membranes (Smirnoff 1993; Hoekstra
and Golovina 1999). To overcome or avoid lethal dehydration of their tissues plants react
to low water potentials by increasing the intracellular concentration of ‘compatible’ sol-
utes in a process known as osmotic adjustment (Serraj and Sinclair 2002; Larher et al.

* Corresponding author; E-mail: konstvk@abv.bg

0133-3720/820.00 © 2009 Akadémiai Kiado, Budapest



PlantBreeding

fh.i_

4

.’/

I 4]

5

Plant Breeding 131, 81—87 (2012)
© 2011 Blackwell Verlag GmbH

doi:10.1111/j.1439-0523.2011.01918.x

Molecular cytogenetic identification of a wheat-Aegilops geniculata Roth
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Abstract

The karyotypic constitution of a wheat-Aegilops geniculata 2M&(2A)
disomic substitution line, isolated from backcross progenies of a
wheat-Ae. geniculata amphiploid, was determined using multicolour
fluorescence in situ hybridization and genomic in situ hybridization.
The ability of the 2M#® chromosome to compensate for wheat
chromosome 2A was studied in relation to phenotypic traits and the
growth and physiological responses of seedlings to polyethylene glycol
(PEG)-induced osmotic stress. Plants of the substitution line had
altered spike and seed morphologies, increased tillering, moderately
reduced productivity and maintained better seedling growth in stress
conditions. PEG treatment caused severe stress, resulting in consider-
able water loss from the leaves. Under this stress, the substitution line
retained better leaf water status and suffered less oxidative damage
than the wheat parent, as indicated by higher relative water content
and lower malondialdehyde accumulation. These changes were
consistent with more sustained membrane stability in the substitution
line, evidenced by the lower value of the membrane injury index and
the less-prominent increase in ion efflux from the apoplast.

Key words: drought — goat-grass — membrane stability —
seedling growth — stress tolerance — Triticum aestivum

The Aegilops genus, which is closely related to Triticum,
represents a large reservoir of valuable genes that could be
exploited for wheat improvement (Schneider et al. 2008).
Within the genus, Aegilops geniculata Roth (2n = 4x = 28,
MEMEU2U®) has useful agronomic traits, such as good adapt-
ability to extreme climatic conditions, especially to drought
(Molnar et al. 2004, Schneider et al. 2008).

An essential step in the transfer of alien chromatin into
wheat is the development of chromosome addition and
substitution lines (Gale and Miller 1987). Up to now, one
complete set of wheat-Ae. geniculata addition lines was pro-
duced by Friebe et al. (1999), and a few other addition lines
were isolated by Landjeva and Ganeva (1999) and Stoilova
and Spetsov (2006). Only the 5M#(5D) wheat-Ae. geniculata
substitution line has been reported (Dhaliwal et al. 2002).

Detection and identification of alien chromatin introgressed
into the wheat genome can be effectively accomplished using
the molecular cytogenetic techniques fluorescence in situ
hybridization (FISH) and genomic in situ hybridization
(GISH). Multicolour FISH, using repetitive sequences such
as pTa7l, pScll9 and pAsl or pAsl-like (Afa family)
(described in Sepsi et al. 2008), allowed individual chromo-

somes of both wheat and Aegilops species to be distinguished
(Mukai et al. 1993, Schneider et al. 2003, 2005, Badaeva et al.
2004, Molnar et al. 2011). With the aid of the GISH technique
using differentially labelled total genomic DNA, it was possible
to discriminate the U- and M-genome chromosomes in the
allotetraploid species Ae. geniculata and Ae. biuncialis and to
visualize the Aegilops chromatin in wheat-Aegilops introgres-
sion lines (Schneider et al. 2005, Molnar et al. 2011).

Wheat/alien substitution lines were used to study homoeol-
ogous relationships between wheat and related species and the
ability of alien chromosomes to compensate for phenotypic
and physiological traits (Molnar et al. 2007). The 5M¥(5D)
wheat-Ae. geniculata substitution line was used to transfer leaf
rust resistance into bread wheat (Dhaliwal et al. 2002).
However, no information is available on the ability of any
Ae. geniculata chromosome to compensate for a wheat chro-
mosome regarding drought tolerance traits.

Water deficit is one of the most widespread abiotic stresses,
limiting wheat productivity in drought-prone environments. In
continental climates with temporary early-season drought, the
capacity of germinating seed to withstand water shortage near
the soil surface and to develop adequate roots, coleoptiles and
shoots for emergence is critical to early seedling growth
(Richards et al. 2000). Much of the injury to plants experi-
encing drought stress, especially at early developmental stages,
is associated with osmotic stress. At the cellular and subcel-
lular levels, osmotic stress triggers various physiological
responses, including excessive production of reactive oxygen
species (ROS), leading to dysfunction of cell membranes
(Smirnoff 1993). Oxidative stress is indicated by the accumu-
lation of hydrogen peroxide (H,O,) and malondialdehyde
(MDA) and is manifested as a loss of membrane selective
permeability accompanied by ion leakage from the cells (Blum
and Ebercon 1981). The ability to maintain cell membrane
stability is one of the most characteristic physiological com-
ponents of stress tolerance (Blum and Ebercon 1981). The
degree of cell membrane disturbance is usually expressed as an
injury index (Bandurska and Gniazdowska 1995) or is
estimated by studying the kinetics of ion efflux (Kocheva et al.
2005).

The treatment of plant roots with solutions of high
molecular weight polyethylene glycol (PEG) has been widely
used to induce osmotic stress in hydroponic culture systems

wileyonlinelibrary.com
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Young plants of the two wheat cultivars Katya and Prelom, differing in their reaction to
drought in the field, were grown in soil in pots, and their water status was assessed as well
as the intensity of gas exchange, chlorophyll fluorescence, and accumulation of compatible
solutes and hydrogen peroxide after 7 days of dehydration. It was established that cv. Katya
displayed markedly better tolerance to soil drying in comparison with cv. Prelom. This was
partly due to the more effective control of water balance, activity of the photosynthetic
apparatus, and metabolic activity of leaves under stress. Consequently, lower amounts of
hydrogen peroxide were accumulated and a lower membrane injury index was determined.

Key words: Chlorophyll Fluorescence, Injury Index, Oxidative Stress

Introduction

Plants possess various mechanisms for tolerat-
ing, avoiding or resisting water deficit stress (Grif-
fiths and Parry, 2002; Kramer and Boyer, 1995).
Maintenance of a better leaf water content under
stress correlates with certain metabolic changes
in the cytosol leading to osmoregulation in cells
(Handa et al., 1983), changes in the plant phyto-
hormone balance (Mittler, 2002), reorganization
of the photosynthetic apparatus (Lawlor, 2002;
Cornic and Fresneau, 2002), and various mor-
pho-anatomical changes (Pankhurst and Loucks,
1972). The limitation of transpiration under stress
is associated with reduced CO, absorption from
the atmosphere by the leaf and leads to certain
disturbances in the activity of the photosynthetic
apparatus. Among them are the destructive role
of excess light on the activity of photosystems
I (PSI) and II (PSII), disturbed regulation of
photochemical reactions of photosynthesis, and
development of oxidative stress (Lawlor, 2002;
Mittler, 2002; Bartosz, 1997). The reason for this
is the decreased utilization of NADPH due to re-
duced CO, consumption. Directing the excess of

Abbreviations: PS, photosystem; ROS, reactive oxygen
species; RWC, relative water content; SLA, specific leaf
area.

electrons generated by PSII and I to other accep-
tors such as oxygen may be regarded as a protec-
tive mechanism for the photosynthetic apparatus
against the excess energy when it is accompanied
by scavenging of reactive oxygen species (ROS)
(Lawlor, 2002; Cornic and Fresneau, 2002). An-
other mechanism is the dissipation of this ener-
gy in the form of heat from the light-harvesting
complexes of PSI and II by means of the xan-
thophyll cycle (Neubauer and Yamamoto, 1992)
and eventually by activation of photoinhibition
processes (Cornic, 1994; Biehler and Fock, 1996;
Cornic and Fresneau, 2002; Lawlor, 2002). Some
of these photoprotective mechanisms may be as-
sessed through changes in the chlorophyll fluo-
rescence parameters. An important element of
plants’ protection mechanism against water stress
is the metabolic turnover and synthesis of osmoti-
cally active substances (compatible solutes) that
influence the water retention capacity of the cells
(Stewart and Larher, 1980). Another mechanism
counteracting stress is the reduction of the cell
area and changes in the leaf morphology which
confine the absorption of excessive light from the
leaf. Cereal plants in general have drought toler-
ance mechanisms which may interrelate all of the
above-mentioned mechanisms (Cattivelli et al.,
2008). Hence, the determination of differences in
the physiological tolerance to water deficit stress

© 2012 Verlag der Zeitschrift fiir Naturforschung, Tiibingen - http://znaturforsch.com
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Abstract: Hydroponically grown wheat seedlings of two prominent Bulgarian cultivars (Katya and Prelom) were subjected to 48 h
osmotic stress with PEG 8000 and were then rehydrated. The degree of stress was evaluated by monitoring relative water
content, lipid peroxidation level, and accumulation of free proline and hydrogen peroxide in the leaves. Anatomy and
ultrastructure of leaf tissue were observed under light microscopy. After imposition of stress, drought tolerant cultivar
Katya displayed higher free proline content and significantly lower malondialdehyde and peroxide concentration in leaves
than in the leaves of susceptible cultivar Prelom. After 24 h of rehydration Katya showed better ability to restore leaf water
status and an apparent tendency towards recovery, whereas Prelom sustained higher levels of hydrogen peroxide, lipid
peroxidation products and free proline and markedly low relative water content. Here, we have uncovered some of the
characteristics displayed by cultivar Katya that enable it to survive and recover from severe osmotic stress. Interestingly,
there was congruence between our results and the high level of cultivar Katya drought tolerance observed in the field.

Keywords: Hydrogen peroxide * Lipid peroxidation ¢ Osmotic stress ¢ PEG « Proline * Rehydration
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Abbreviations:

MDA — malondialdehyde;

PEG — polyethylene glycol;
ROS - reactive oxygen species;
RWC - relative water content.

1. Introduction

The ability to survive periods with low water supply
is of great importance to all land plants. Possession
of such a trait would be of practical use regarding
crop plants and cereals in particular for they are
main food resource worldwide. The preservation of
plant functions at low plant water potential, and the
recovery after water stress are the major physiological
processes that contribute to the maintenance of high
yield under drought periods [1]. In order to understand
the mechanisms that enable plants to survive stress it

* E-mail: konstvk@abv.bg

is appropriate to study the reaction of tolerant species
and compare it to other non-tolerant ones [2]. Drought
causes various morphological, physiological and
biochemical changes in plants. Among its harmful
effects is the generation of highly reactive oxygen
species (ROS). Some of them, hydrogen peroxide in
particular, are also formed as products of normal cellular
metabolism but when present at high concentrations
may cause serious damage to biological molecules
including lipid peroxidation, protein degradation
and DNA nicking [3,4]. Free proline accumulates in
many living organisms in response to a wide range
of stresses such as water shortage, salinity, extreme
temperatures, and high light intensity [5]. It participates
in the complex cellular process of osmotic adjustment
and is generally recognized as a stress marker [6].
The aptitude of some species to accumulate proline
in high concentrations is often viewed as an adaptive
trait towards dehydration [7,8]. The aim of the present
work was to evaluate the reaction of two widespread

@ Springer

498




8

Physiologia Plantarum
An International Journal for Plant Biology

Physiologia Plantarum 150: 88—94. 2014 © 2013 Scandinavian Plant Physiology Society, ISSN 0031-9317
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Received 4 March 2013; measurements of the ion efflux from leaves and their quantitative interpretation
revised 10 May 2013 by a theoretical model based on the laws of diffusion. Experimental data are
readily fit with the model and results are in accordance with relative water
doi:10.1111/ppl. 12074 content of dehydrated barley (Hordeum vulgare) seedlings of two distinct

cultivars. Some new parameters obtained from fitting are proposed as reliable
indicators of the leaf status. They appear to be helpful in further distinguishing
the behavior of two separate cellular structures with respect to their electrolyte
permeability. It is concluded that the established method based on the kinetics
of ion leakage is adequate for evaluation of contrasting genotypes under
normal and stress conditions. Furthermore, it could be used as a simple and
powerful tool for routine analysis and screening for drought tolerance in crops.

Introduction ion efflux from plant tissues (Roy et al. 2009, Sikder and
Paul 2010). Increased electrolyte leakage is indicative of
changes in membrane stability which is observed under
various stress conditions including salinity (Pérez-L6pez
growth and development. At the cellular level, a5 2009), drought (Guo et al. 2010), high temperatures

geze.ral stres; response fls theb alc.cumukllz.atlr?r; of 'O;:S (Corbineau et al. 2002), low temperatures (Campos et al.
and Increased amount of metabolites which lower the 2003, Repo et al 2004, Uemura et al. 2006) and is

osmotic potential. lons are transported and relocated for
homeostasis to be maintained, while compatible solutes
are synthesized to protect proteins from dehydration and
participate in osmotic adjustment (Ming et al. 2012).
One of the harmful effects of desiccation is connected
with the generation of reactive oxygen species (ROS)
whose primary targets are cell membranes (Kuzniak and
Urbanek 2000, Apel and Hirt 2004). ROS may cause
lipid peroxidation which is often associated with changes
in membrane permeability, composition and structure
(Campos et al. 2003). A widely used technique for the
assessment of membrane stability is the measurement of

Drought induces a range of morphological, physiological
and biochemical changes in plants and limits their

also suitable for assessment of root viability (Radoglu
et al. 2007). The well-known Injury index has been
used as a screening test for drought and salt tolerance
in wheat (Bajji et al. 2002, Farooq and Azam 2006).
However, this otherwise convenient parameter, does
not distinguish the contribution of ions from specific
cellular compartments to the entire amount of leakage.
In a previous work (Kocheva et al. 2005), we developed
a diffusion model which differentiated the involvement
of the plasmalemma and the cell wall in the overall flux
of ions. The aim of this work was to study the effect of soil
drought on leakage kinetics parameters and its linkage

Abbreviations — MDA, malondialdehyde; PAR, photosynthetically active radiation; ROS, reactive oxygen species; RWC,
relative water content.

88 Physiol. Plant. 150, 2014
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Introduction

Abstract

Water deficiency is a major constraint to wheat productivity in drought prone
regions. The wheat DELLA-encoding height-reducing genes (Rht) are associated
with significant increase in grain yield. However, the knowledge of their benefit
in dry environments is insufficient. The objective of the study was to examine the
effect of induced drought on leaf water content, level of oxidative stress, cell
membrane stability, accumulation of osmoprotectants and activity of some anti-
oxidant enzymes in wheat near-isogenic lines carrying the alleles Rht-BIb (semi-
dwarfing) and Rht-Blc (dwarfing) in comparison with the tall control Rht-Bla.
Six-day-long water deprivation was imposed at seedling stage. Plants carrying
Rht-Blc and, to a lesser extent, those carrying Rht-Blb performed better under
stress compared with Rht-Bla in terms of more sustained membrane integrity,
enhanced osmoregulation and better antioxidant defence. These differential
responses could reflect pleiotropic effects of the Rht-BI gene associated with the
accumulation of the mutant gene product, that is, altered DELLA proteins, or
might be related to allelic variations at neighbouring loci carrying candidate genes
for proteins with a major role in plant water regulations and stress adaptation.
These findings might be of importance to breeders when introducing Rht-BI
alleles into wheat cultivars designed to be grown in drought liable regions.

fatty acids in cell membranes, are typical symptoms of the
development of the accompanying oxidative stress (Selote

Water deficiency is a major stress factor affecting plants at
different developmental stages and at various levels of
their organization. In continental climate environments,
autumn-sown wheat frequently experiences early season
drought stress during seedling establishment. Such early
setbacks can constrain the subsequent growth and develop-
ment and may finally result in a substantial yield reduction
(Blum 2011). At the organ and tissue level, the harmful
consequences of drought include disturbed balance
between water uptake by roots and loss of shoot water
through transpiration flow, causing tissue water deficiency
and associated osmotic stress. Generation of reactive
oxygen species (ROS), such as hydrogen peroxide (H,O,)
(Sairam and Saxena 2000, Apel and Hirt 2004, Singh et al.
2012), and accumulation of malondialdehyde (MDA), a
secondary by-product of the oxidation of polyunsaturated

© 2013 Blackwell Verlag GmbH, 200 (2014) 83-91

and Khanna-Chopra 2006). Subsequent lipid peroxidation
may disturb membrane integrity and thus lead to loss of
selective permeability causing ion leakage from damaged
tissues (Blum and Ebercon 1981).

The plant adaptive responses to drought are mainly
focused to maintain water homeostasis and membrane sta-
bility, and limit the consequences of the developing oxida-
tive stress. A general biochemical adaptation at the cellular
level is the accumulation of organic solutes such as amino
acids, sugars and polyols which improve osmotic potential
and water uptake ability (Chen and Jing 2010, Sperdouli
and Moustakas 2012). Besides acting as osmoprotectants,
these low molecular weight and highly soluble substances
may contribute for maintaining membrane integrity, stabi-
lizing enzymes or proteins and minimizing oxidative dam-
age (Matysik et al. 2002, Chen and Jing 2010). In addition,

83



10

Brief communication

Variation in ion leakage parameters of two wheat genotypes with
different Rh#-B1 alleles in response to drought

Konstantina V KocHEvA™, SVETLANA P LANDIEVA and GeoraGt I GEORGIEV

Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences,
‘Acad. G. Bonchev’ str., bl. 21, 1113, Sofia, Bulgaria

*Corresponding author (Fax, +359-2-873-99-52; Email, konstvk@abv.bg)

The reaction to soil drying was evaluated in two Triticum aestivum near-isogenic lines carrying different alleles of the
height-reducing gene Rht-B1I based on an improved method for assessment of electrolyte leakage. The two lines were
previously shown to differ in their physiological responses to induced water deficit stress. Drought was imposed for 6
days on 10-day-old seedlings. lon efflux from leaves was measured conductometrically in multiple time points during
the 24 h incubation period, and the obtained biphasic kinetics was interpreted according to a previously developed
theoretical model proposing different leakage rates through the apoplast and the symplast. Most of the model
parameters were able to properly differentiate the two closely related genotypes. The mutant Rht-B/c displayed lower
and slower electrolyte leakage in comparison with the wild-type Rhi-Bla. It was speculated that the RAr genes
expressing defective DELLA proteins might be involved in water stress response through modulation of cell wall
stiffness, which influences its capacity for ions retention, and also by their contribution to ROS detoxification, thus
indirectly stabilizing cellular membranes. The presented analytical approach relating processes of ion and water flow
in and out of the cell could be used for characterization of membrane and cell wall properties of different genotypes
under normal and stress conditions.

[Kocheva KV, Landjeva SP and Georgiev GI 2014 Variation in ion leakage parameters of two wheat genotypes with different Rht-B1 alleles in

response to drought. J. Biosci. 39 753-759] DOI 10.1007/s12038-014-9471-7

1. Introduction

Development of water deficit stress in plants is the common
consequence of the unavailability of water to cells in condi-
tions such as drought, high salinity and extreme temperatures
(Hare er al. 1998; Sperdouli and Moustakas 2012). Cell
membranes are the main targets of damage, which is gener-
ally associated with metabolic disturbances, leading to gen-
eration of reactive oxygen species (ROS) (Hare ar al. 1998;
Thapa et al. 2011; Kocheva et al. 2014b).

The most widely employed technique for assessment of
membrane integrity is by estimating the Injury Index based
on ion leakage from damaged plant tissues (Blum et al.
1997, Prasil and Zamecnik 1998; Farooq and Azam 2006;
Chipilski et al. 2012). Electrolyte leakage was used as a
selection marker for differentiation of drought-tolerant

Keywords.

http://www.ias.ac.in/jbiosci

Published online: 20 October 2014

genotypes, which tended to leak at lower rate compared
to sensitive ones (Whitlow ef al. 1992; Pelah et al. 1997;
Bajii et al. 2002; Roy et al. 2009). However, inability to
distinguish ion fluxes through different cellular compart-
ments is one disadvantage of the method. This problem
was recently solved by establishing a kinetic approach
based on measurement of ion leakage from plant tissues
at multiple time points (Kocheva et al. 2005). Diffusion
processes between the apoplast and the symplast have
been elucidated lately by introducing the rates of ion
fluxes through cell walls and membranes. respectively, as
promising parameters for evaluation of leaf water status
(Kocheva et al. 2014a). The proposed improved model
suggested that not only membrane permeability but also
diffusion through the cell wall (apoplast) were influenced
by dehydration.

Cell wall; drought; electrolyte leakage; membranes; semi-dwarfing genes; wheat

J. Biosci. 39(5), December 2014, 753-759, © Indian Academy of Sciences 753
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Introduction

Abstract

Wheat reduced height (Rht) genes encode modified DELLA proteins, which are
gibberellin insensitive, accumulate under stress, restrain growth and affect plant
stress response. The seedling reaction to soil water deficit regarding leaf gas
exchange and chlorophyll fluorescence was compared in near-isogenic lines car-
rying the alleles Rht-Bla (tall), Rht-B1b (semi-dwarfing) and Rht-Blc (dwarfing)
and was related to leaf water content and anatomy. Under drought, Rht-Blc line
was characterized by less decreased CO, assimilation, delayed non-stomatal limi-
tation of photosynthesis and higher instantaneous water use efficiency. The func-
tional state of its photosynthetic apparatus was better preserved as evidenced by
the less decreased actual quantum yield (®pgy;) and potential maximum quantum
yield (F,/F,,) of PSII, and the less increased quantum yield of non-regulated
energy dissipation (®no). Rht-B1b line also tended to perform better than Rht-
Bla, but differences were less pronounced. Although the leaves of both dwarf
lines were smaller, thicker and more pubescent, their water content was not
higher in comparison with the tall line. Nevertheless, in Rht-Blc, leaf thickness
was less decreased and mesophyll cells were less shrunk under drought. The more
effective performance of the photosynthetic machinery of dwarf lines under water
deficit could be explained by a combination of morpho-anatomical and
metabolic characteristics.

both restrain growth and increase plant survival (Achard
et al. 2008). As DELLAs do not have a clearly identified

Soil water deficit is a leading environmental challenge for
the developing plant. It triggers various physiological
responses among which changes in photosynthesis (Lawlor
and Tezara 2009) and modifications in leaf anatomy (Vas-
sileva et al. 2012). The adverse effects of this stress on pho-
tosynthesis lead to plant growth inhibition and eventually
to substantial loss in yield. Wheat is rather sensitive to
drought and genetically determined differences in resis-
tance to water stress among genotypes exist (Molnar et al.
2004, Wu and Bao 2011a,b, Marcinska et al. 2013). One of
the mechanisms for adaptive modulation of plant growth is
mediated by DELLA proteins. They are nuclear transcrip-
tional regulators with central role in gibberellin (GA)
signalling. Under stress, these proteins accumulate and

434

DNA-binding domain, they are likely to regulate the
expression of their target genes by interacting with other
transcription factors. DELLAs are rapidly subjected to pro-
teolysis after becoming part of a complex with GA and the
GA-GID1 receptor (GA-INSENSITIVE DWARFI) (Sun
2010). In wheat, DELLAs are encoded by the wild counter-
parts of the reduced height (Rht) genes. Dwarfs with a
broad range of plant height have been achieved through the
introduction of mutant alleles at the Rht-Bl and Rht-DI
locus on chromosomes 4B and 4D, respectively. Mutations
in these genes affect DELLAs binding to GID1, but not
their transcriptional regulatory activity (Pearce et al. 2011).
The result is size reduction at cellular, organ and whole
plant level due to hampered GA-induced degradation of

© 2014 Blackwell Verlag GmbH, 200 (2014) 434-443
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Tzvetan Darakchiev, Yavor Chapanov

INVESTIGATION OF THE OSCILLATION
OF THE VERTICAL AT OBSERVATORY “PLANA”

{(Summary)

The main cases of the developed in the Central
Laboratory for Geodesy of BAS methods for
determination of the nontidal changes of the
vertical at o given point from the Earth’s surface by
the permanent astronomical observations of the
geographic latitude are described. Some essential
results and conclusions of the investigation of the
latitude changes and nontidal oscillations of the

vertical at Geodetic observatory Plana for the period
1987-2001 are pointed out. Some of the nontidal
changes of the latitude and vertical are explained by
the earthquakes, long-period variations of the gravity
and horizontal plate motion. The references include
publications and other works of the authors, which
are connected with the described methods.

Adpecy na aemopuine:

Carc.tperan Japaxdauen,

w.e.ara, Aeep Yanasos,

1113 Cogws, yu. Axkaun 1T Bonuew™, 641, 1,

Ueu rpasiia nabopaiopus no sdcta reogesws ups AN

Koucrantnaa B. Kouesa, I'eoprun U, ['eoprues

KMHETUKA HA EJIEKTPOJIMTHOTO U3TUYAHE
OT PACTUTEJIHU TbKAHU, JUPYZUOHEH MO/JEJ

Fier i iero Ha BelecTss O PACTHTENHE ThKd-
HIL HTOTOLCIT B Pa3TBOPR, CE M3NOJI314 ILMPOKO Ka-
TO MAPKL 24 MEMOPARHE T I1POIYCKITHBOCT [1PH H3-
CHEHBAHE HA Pa3NiIHN CTPECOBH YCROBUS, (PAKTO-
P HA PACTEN M PABBHTHE, TEHOTHITHK 0COBenoCTH
B3 B MHOTO caivaan 7O ¢¢ QRPEARIs € ITOMOLLTY
Hy KOWAYKTOMETPHIHM TEXHUKN 33 aHaANH3 Ha I1po-
BOMIMOCETY HI PA3TBOPA, B KOR'TO THKANIUWTE CE OC-
PUBST A3 MPECTONAT 3d PASNMYEH NePHOA OT BPEME,
TuRa, JICCTHANPRHATA BOJ/LA, B KOATO TLPBOH -
HOCO THOCTARAT 0DBpAIMTE, CLBCEM €CTECTBEHO
HOCTCHZHHO TIOBHINIBA [IPOSOLMMOCTTY CH TOPALM
HABAHIHCTO B HEA Ha TOHH OT BbTPEKAETBUHOTO
HPOCTPAHCTBO MO LEACTBHE M KOHUESHTPALHOH-
IS UL LIEITT TLPH HAPYIHEHA HOPMANHA MeMO P H-
Hd NPOHHILAEMOCT.

KOHAYKTOMETPHYHOTO HIMEPBUHE Hd HOHHOTO
ChBPAGIHNG B TEUHH CPEiIM  IPSIIAra peliia
VAODUTBA, KUTO! eBTHIG 1 JlecHa 33 0BCiyXnaHe
GUAPATYPU. BBIMONKHOCTH 34 CKCNPECHA PYTHIHHA
ouelika, pabora B niBbluabopaTopHn ycnosHs.
CrulespeMeHHO, KAKTO MOBEUETO EAEKTPROXMMM -
HIt MCTOMM, KOMJIYKTOMCTPHATA € HOCTATLUHO UyR-
CTBHICIHA M NPELIM3HA, ¢ MHOTO Jobpa nosTopse-
MOCT HA Pe3YATATHTE. BENPEKU Ye ¢ HAMUMHANO J0C-
Td BpeMe OT NLPBUTE HOKNAABAHK paboTH B Tasu
HacoKa |1], MeTOUBT He ¢ H3ryDun CROATA AKTYan-
Hoct. Topa ce BMXCIA OT JINTEPATYPATH, B KOSTO Ce
HafuodaBsar TERMEHLIMH KbLM YCLBLPLUIEHCTBUNE
YPes H3NOM3BAHETO HA 1O-IPEUM3HH NPOTOKOIH,
OTYHTALLK 0COOEHOCTHTE Ha KOHKPETHOTO M3CALL-
sanc [2; 3] Hapen ¢ Tosa, pasbnpa ce, CbllUecTBy-
BAT M RAKOM Mpobnemu. Ha nmupso MacTo ToBA €
NUIICATE MR CEAEKTHUHOCT 110 OTHOLUEHHME HA ITPU-

7 Caumcimrne 3z BAH, 4/2006

HOCA OT PABNIUHHTC FiOHH, KOATO KOHAYKTOMETIH-
AT caMa 1o ¢eOe CH 1€ & B CLCTORHME 14 1aue. 3a
MHOTO M3CNIESIBAHWA NPEYIATE MOKE LA 61:}16 npeo-
HOASHE © H3NON3BAHETO HA EMNMPMUYHM 32BHCH-
MOCTH, CBEBP3BAHIH NMDOBOJIWMMOCTT: Hil BLHUIHMA
[A3TBOD € KOHUEHTPAMMATA Hi OCHOBHHTE BULOBE
Honu (Hafi-peuc K, wathnuau ot obpasunTe (4],
Tasu BPb3KE CE NONYHABA OT HE3ABMCHMO OTIDEIE-
NAHE HA BRHIPOCHHATE KOQHIEHTPpanu ¢ LONLAHMH-
TENKW MCTON U(HTO Hanp. ATOMHO-EMHCHOHH
Cl'[el("[‘pOCKOI'HH{),

ﬂpyI HEMAMILK KPDLI BLIPOCKH € CBDLR3UaH © HH-
TEPMPETAUMATA Ha PEIYITATHTEC NO OTHOMICHHC Hd
(]JHBHKOXMMHLIIIHTC H ENEKTPOXUMHYHHTE Itdpa-
METDH HA KREThunata Membpana, QUeBHIHO, KOH-
AYKTOMETPHUHATE HaHMK NPEACTARST elia 060b-
WEeHH XaPAKTEPHOTHIG Hd CHEKTROANTHHTE TEUOBE
OT BHTPEKNETHEUHOTO ITPOCTPAHCTBO. Oe3 [l Kasba T
HEILOQ CLIIBCTBENG 3 MROHMLEACMOCT O M T PRIHC-
MeMOpaHHMA NOTCHLMAL, KOMTO MY onpedensit. To-
Ba BHACH M3BCCTHA HEACHOTA ¥ YCIOKHARA KOPEKT-
Harta OUEHKA HA ChCTOMHMETO HA MBMﬁpaHHTE.

Hes3aBucHmMO OT CIIOMEHATHTE 3aTPYAHEHHS H
AHCKYCHORHH MOMEHTH, KOHAYKTOMETDUHNOTO jle-
HUHUpAHE HA HOHHUTE YTECUKK OT PACTHTENHH Th-
KaHHW npeisiard HeHHa Hll(]')O[_‘)ME.lI.lIrIH 3a MCMﬁpEll-i-
HHUTC U3MCHEHHMS, JIBIDKAIIM CE HA DA3IMUHM Bbi-
AEUCTRUA HAY OKQNHATA Cpeja, CTdpeene Ui TpeTH-
pane s raboparopnn yeaosus |5: 6], B peauua npo-
YUBAHWA Ta3H 1-1Hd)0pmaum CLIBECTREHO AOITLIBA
0b1aTa KAPTUHA Ha DU3KMONOIrHYHOTO ChCTORHME
Ha pacTeHHATa [7; B].

Hapen cne cneundmysaTa enekrponpoBoiau-
MOCT, TOJIYHABAHA AUPEKTHO OT MIMEPBAHHATA, B

49
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W3NON3BAHE HA MNEr-TECT 3A @U3UONOTMYHA OLIEHKA
HA CYXOYCTOWYMBOCTTA HA EYEMUKA

KoHctawtuna Kovesa, Meopru W. MNeoprues
MietutyT no g NOTMA Ha pac BAH Codua

Peziome

2007. Mano

mima Ha

Koueaa, K., I". I'e
Ha cyxoy

3acylasaHeTo & efHo 0T OCHOBHWTE BLIABACTENA Ha CPEATE, KOWTO OrpaHu4aBaT
PacTesa, PasaUTHETO W NPOAYK TTa Ha Manct TO HE (PUINONOMMHHWTE
H BHOXMMIHHI MEXAHHUIMK HA AENTALMA KbM CTPEC 8 OCHOBEH NOAXOA NPW M3y4aBade Ha
CYXOYCTORHMBOCTTE HE KyNTYPHWTE Buaoee. OCHOBHU METABONWUTHIM PRAKLIMM CA DCMOTHUHD

Ha MMEM-meecm 3a chusvonozuyna oUeHka

NPUCTIoEE Perynauua Ha sogoc , BKTUBHOCT Ha (hOTOCHHTETHUHWA anapar.
NaGopatopHute ckp T METoaW 3a Ha (PHAKONOMMMHWTE MEXAHWIMKA Ha
yeTOR T Ha pac umar NPeAMMCTEa NP NONCKUTE ONUTH Nopanm

CBOATA EKCAPECHOCT, BL3MOMHOCT 33 NOBTOPEHUS W HafnexwHocT. Oceen ToRa, Npk Tean
TecTose ce waGArEa BIAMMOAEHCTBMETO MEX/Y CTPECOBETE, KOBTO YEcTo NbTH ce
naBmopasa B npupogata. B npeanomenara onwiHa NOCTEHOBKA BOAEH CTPEC C8 NOCTWIA
4pe3 TpeTMpaHe HA KOpeHWTe Ha 10-OHEBHW EYEMWYHW DACTEHWA € Pa3TBOp Ha
nonveTunedrnukon. C HE BOAHWA AeMUNT Ce OXapaKTepUanpa ¢ BenuKHaTa
OTHOCHTENHO BOAHO CbAbpkanue. 3a oUeHKa HA UIMONOrMUHOTO ChCTOAHWE ca
M3CNENBAHK HAKOW MOPHONOruaHK, BUOXMMMYHK U BUodKUanuHn napameTpu Ha
cTpecupanuTe obpasuy: BUOMETPHYHM NOKAIATENM >KONWHECTBO HATPYNIEHN OCMONUTH,
CTeneH Ha yBpewaaHe Ha kneTeyHuTe membpanu. Ha Gazarta Ha nonydenuTe peayntam
€8 IUCKYTHPA MOMEN 33 OLUEHKA Ha (BMIMONOTMYHOTO CHCTORHWE HA COPTA EUEMWK W
HEMBATA NPUNOKUMOCT B CENEKLIMOHHATE NPAKTHEE.

Knioyoen aymu: Bopew crpec — MNE — ocmotiyHo npucnocobasade — nNporig —
kneTkyHa membpatina ctabunHocT

Abstract

Kocheva, K.V, and G.I. Georglev. 2007, The use of PEG-test for physiological evalua-
tion of drought-tolerance in barley

Drought is a major abiotic factor which limits growth, development and productivity of
crop plants and barley in particular. Clarification of physiological and biochemical mecha-
nisms of stress adaptation is a basic approach towards selection for higher drought-toler-
ance. Metabolic reactions such as osmolic adjustment, cell membrane stability, water rela-
tions, and aclivity of the photosynihetic apparatus are of great importance. Laboratory
screening techniques for evaluation of physiological mechanisms of plant resistance have
certain advantages compared to field studies. They allow precise regulation of the degree
of stress treatment and avoid interaclion between stress factors, which often oceurs in
natural conditions. In the present study waler stress was induced by treating the roots of
10-day-old barley seedlings with polyethylene glycol. This osmoticum simulates dehydra-




14

GENERAL AND APPLIED PLANT PHYSI0LOGY — 2009, VoLUME 35 (3—4), pp. 127-133
©2009 ISSN 1312-8183 Published by the Institute of Plant Physiology — Bulgarian Academy of Sciences
Available online at http://www.bio21.bas.bg/ipp/

SpeCIAL ISSUE (PART I) — PROCEEDINGS OF THE XI NATIONAL CONFERENCE ON PLANT PHYSIOLOGY
18—19 November 2009, Sofia, Bulgaria

PARAMETERS OF CELL MEMBRANE STABILITY AND LEVELS OF
OXIDATIVE STRESS IN LEAVES OF WHEAT SEEDLINGS TREATED
WITH PEG 6000

Kocheva K.”, T. Kartseva?®, S. Landjeva’, G. Georgiev'

Institute of Plant Physiology, Bulgarian Academy of Sciences, Acad. G. Bonchev Str,
BI. 21, Sofia 1113, Bulgaria

’Institute of Genetics, Bulgarian Academy of Sciences, Tzarigradsko shosse, 13 km,
Sofia, Bulgaria
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Summary. Wheat (7riticum aestivum L.) seedlings of cv. Chinese Spring (CS) and hybrid Line
73 (breeding material based on a wide cross CS x Aegilops geniculata Roth) were grown for 7
days on a half strength Hoagland nutrient solution and afterwards transferred to 15 % PEG 6000.
Changes in the parameters of cell membrane stability (electrolyte leakage Kinetics), level of
oxidative stress (MDA and hydrogen peroxide content) and leaf water status assessed by RWC
during 5-days (mild) and 8-days (strong) water stress were investigated. The longer stress duration
caused stronger dehydration. RWC of the leaves was strongly reduced in both genotypes. The
level of water stress in the parental genotype correlated with greater lipid peroxidation (assessed
as higher content of MDA) and reduced membrane stability (higher electrolyte leakage from
damaged tissues) in leaves. These disturbances in the parental genotype corresponded to higher
concentration of hydrogen peroxide of which Line 73 showed lower values. The selected genotype
Line 73 disclosed higher tolerance to osmotic stress with PEG 6000 in laboratory conditions as
assessed by the studied parameters.

Keywords: electrolyte leakage: H,O,: osmotic stress; polyethylene glycol; wheat.

Abbreviations: MDA — malondialdehyde; PEG — polyethyleneglycol; RWC — relative
water content.

*Corresponding author: konstvk@abv.bg
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Aegilops geniculata chromosome introgressions into bread wheat and their
effects on plant physiological responses to abiotic stress

S. Landjeval, K. Kocheva', V. Nenova', A. Sepsiz, I. Molnar®, A. Schneider?, T. Karceva', G.
Ganeva', G. Georgievl, M. Molnz’tr-Lélng2

"Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, Sofia, Bulgaria;
? Agricultural Research Institute, Hungarian Academy of Sciences, Martonvasdr, Hungary

The wild relative of wheat Aegilops geniculata Roth (syn. Ae. ovata L.) is an allo-tetraploid
species (2n=4x=28, genome formula MEM®U®U®) native to the Mediterranean region,
Southern Europe, the Aegaeis, North Africa, southern parts of Crimea, Near and Middle East,
and western arc of the Fertile Crescent (van Slageren 1994). It is a potentially important
source of genes for improving wheat earliness, disease resistance and tolerance to abiotic
stress, including drought and mineral deficiencies (Zaharieva et al. 2001; Neelam et al. 2010).
The establishment of wheat-alien chromosome substitution lines allows the study of genetic
effects of the individual alien chromosomes in wheat background and their ability to
compensate missing wheat chromosomes for phenotypic and physiological traits (Molnar et
al. 2007). This work describes the production of wheat-Aegilops geniculata chromosome
substitution lines, their cyto-molecular characterization, and the physiological responses of
seedlings to induced osmotic stress and Fe-deficiency stress.
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ION LEAKAGE AND LEAF ANATOMY OF BARLEY PLANTS
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Summary. In the present study the physiological status of two barley (Hordeum vulgare, 1..)
cultivars subjected to dehydration was evaluated. Ten-days-old plants were exposed to soil
drying by withholding irrigation. The degree of stress was assessed by comparing leaf water
content and the levels of malondialdehyde and hydrogen peroxide of treated and control plants.
Cell membrane stability was evaluated based on electrolyte leakage from leaf tissues. It was
ascertained that besides the commonly used Injury index leakage kinetics gave additional
information about the changes in ion concentrations in leaf symplast and apoplast which could
be used for preliminary stress evaluation of contrasting genotypes. The examined cultivars
differed in their water content which corresponded to the extent of membrane injury caused by
dehydration. Exposure to drought caused a significant decrease both in leaf thickness and total
area of mesophyll cells. The most obvious change in leaf anatomy was the disappearance of
vacuoles in mesophyll cells which contributed to the leakage of the major part of electrolytes
during the fast phase of the kinetics. The involvement of the cell wall and the vacuole in osmotic
stress response are briefly discussed.

Key words: barley; drought stress: electrolyte leakage; hydrogen peroxide; leat' anatomy;
malondialdehyde; vacuoles.

INTRODUCTION

Droughtcausesvariousmorphological,
physiological and biochemical changes
in plants. One of the harmful effects
of desiccation is connected with the
generation of reactive oxygen species such
as hydrogen peroxide and products of lipid
peroxidation, such as malondialdehyde,
whose primary targets of damage are cell
membranes (Kuzniak and Urbanek, 2000;
Fu and Huang, 2001; Kiraly and Czovek,
2002). Electrolyte leakage from plant

*Corresponding author: konstvk@abv.bg

tissues is widely used for the assessment
of stress impact on cell membrane
stability (Bajji et al., 2002; Repo et al.,
2004; Farooq and Azam, 2006; Roy et al.,
2009). Solutes leak both from the symplast
(cytosol) and the apoplast (including cell
walls, xylem elements and extracellular
spaces). The largest compartment in
the cytosol of a mature plant cell is the
vacuole which may occupy more than
80% of the total cell volume. Due to their
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Abstract

A bilateral project between the Institute of
Plant Physiology and Genetics at the Bulgarian
Academy of Sciences and The Slovak University
of Agriculture in Nitra entitled 'Drought as a
challenge for improved screening of cereal gen-
otypes for sustainable plant production' was
funded by the Bulgarian Ministry of Education,
Youth and Science and the Slovak Research and
Development Agency, The main goal of the
Project /s to study drought tolerance mechanisms
n wheat and barley as important crops and to
offer confident criteria for evaluation and
screening of genetic resources under wrifavora-
bie climate conditions. The relationship between
leaf water deficit, structural changes in leaves,
cel membrane stability, osmo/ytes accumulation,
development of oxidative stress and photosystem
Il efficiency in some of the most widely used
Bulgarian and S/ovak wheat and barley geno-
types under drought conditions will be investigat-
ed. On the basis of the obtained new data, a
modd for drought resistance in cereals would be
established. /t might facilitate breeders in their
pursuit of drought tolerance and sustainable

pert production.

INTRODUCTION

Climate change evokes a need for better
characterization of plant responses to stress and
deeper understanding of physiological mecha-
ravs related to adaptation and productivity un-
der adverse conditions. Soil drought is the abiot-
cfactor which most seriously limits growth and
development of crop plants and negatively af-
fects their yield. Clarification of physiological
and biochemical mechanisms of stress adapta-
don is a basic approach towards breeding for
ligher drought tolerance in crops. Metabolic re-
adors such as osmotic adjustment, cell mem-

&—

brane stability, plant water status under stress,
and their relation to the activity of the photo-
synthetic apparatus are among the most com-
mon parameters for selection of tolerant plant
genotypes (Zivcak et al., 2008; Chipilski et al.,
2012). In order to better identify the aspects of
drought tolerance, an integration of methodo-
logical approaches and investigation of plant re-
sponses to stress on multiple levels of organiza-
tion (from molecular to organ and whole-plant
level) is necessary. Laboratory screening tech-
niques for evaluation of physiological mecha-
nisms of plant resistance have certain advantag-
es compared to field studies. They allow precise
regulation of the degree of stress treatment and
avoid interaction between stress factors, which
often occurs in natural conditions.

Wheat and barley are the most important
cereal crops in many countries. In this regard, a
bilateral project between the Institute of Plant
Physiology and Genetics at the Bulgarian Acade-
my of Sciences and The Slovak University of Ag-
riculture in Nitra entitled 'Drought as a chal-
lenge for improved screening of cereal geno-
types for sustainable plant production' has been
funded by the Bulgarian Ministry of Education,
Youth and Science and the Slovak Research and
Development Agency. The main goal of the
Project is to study drought tolerance mechanisms
in cereals and to offer confident criteria for
evaluation and screening of genetic resources
under unfavorable climate conditions. Some of
the most widely distributed Bulgarian and Slovak
wheat and barley genotypes will be used for
scanning the phenotypic variation in response to
drought stress. An interdisciplinary approach will
be applied and new methods and innovative
technologies will be implemented. The research
will be of particular importance to breeding
practice and will render better understanding of
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CBbABLPHAHUE HA MPOMIUH U MUTMEHTW B JINCTA OT YEPBEHA BJTIACATKA
(FESTUCA RUBRA L.) N AHTTINACKN PAWPIAC (LOLUIM PERENNE L.) MPU
PA3NMNYHW NOYBEHU N NONNBHW YCNOBUA

Hopa Nosanosa', KorcTaHtuHa Kouesa?, Metwp Metpos?, Meopru eoprues?®
1 NlecoTexHuueckn ynusepcutet, Coduma
2 IHCTUTYT NO (M3NONOrMA Ha pacTeHMATa M reHeTuka, Benrapcka akagemus Ha HaykuTe,
Y P
Codwmsn

Pesiome

MpW Cb3naBaHeTO Ha TPEBHMU NIIOLWM € BAKHO A0 Kakea CTeneH u3nonisaHute BuaoBe ca TONepaHTHW KbM 3acylla-
BaHeTo. BamHO e v 00 Kakea cTeneH Te morat ga 6baaT MakcMManHo OT3UBYMEM KbM Hanv4yweTo Ha BOAa. Y Hac Hai-
UeCcTO Ce W3NOoN3BaT CMECKM OT YepBeHa BnacaTKka (Festuca rubra L) v aHrnwicku pairpac (Lolium perenne L). [oba-
BAHETO Ha CTPOWTENHW OTNambuM KbM MO4YBaTa faBa Bb3MOXHOCT f1a Cé WUMWTUPAT NOYBEHWTE YCNOBWA B 3eneHuTe
nnoww. WacneneaHeTo Ha BOAHOTO CbAbpMaHue Npu pasnuyHu YCNoBWA Ha cpeparta gonpuHaca 3a No-nbuhiHo pasbu-
paHe Ha Heo6xoaMMOCTTa OT BogHa 06eane4eHocT. CBo60OAHMA NPONWMH B NIMCTHUTE ThKaHW € WHAWKaTOP 3a Hanu4ueTo
Ha cTpec. YBenu4eHoTo My CbAbp}KaHWe KOpenupa ¢ HamanABaHeTo Ha OTHOCUTENHOTO BOAHO CbAbpKaHue. Cbavp-
aHMETO Ha (POTOCMHTETWMYHU NUIMEHTU B iMCTaTa € NnokasaTen 3a 06110TO hU3MONOrMHHO CHLCTOAHME W B HaCTHOCT 38
hOTOCMHTETUYHATa aKTMBHOCT Ha PacTeHWeTo. C nony4eHuTe pe3ynTati ce NOTBBLPXAABa, Ye Te3n napameTpu morat
yCrewwHo na 6baaT U3Non3saHn KaTo MHAMKATOPK 38 CbCTOAHMETO Ha BMAOBE, LUMPOKO N3N0M3BaH B npaKkTuKaTa.

Knroyoen aymu: OTHOCUTENHO BOAHO CbAbpXaHwe, NPonuH, XJ'IODOChH.I'i, aHTPOMNOreHHW NOYBU, YepBeHa BnacarTKka,

pairpac, yp6aHmawpaHu TepuTopun.

Key words: relative water content, proline, chlorophyll, anthropogenic soils, fescue, ryegrass, urban areas.

Yson

3acyluaBaHeTo € e4HO OT OCHOBHUTE Bb3Aenc-
TBWA Ha CpepaTa, KOeTo orpaHudasa BoaooGmeHa
Ha KYNTYpPHWTE W AUBM pacTeHuA u uHxubupa pac-
Texa, passuTMeTO W pasnpocTpaHeHveTo um. Cre-
neHTa Ha Bb3AENCTBME Ha HepocTMra Ha Bopa B
foyeata 3aBMCM CWIHO OT CBOWCTBaTa Ha nouse-
Hua cyb6eTpart [2]. Cpen dakTopuTe, BNUAELUU He-
raTUBHO BbPXY TE€3U CBOICTBA Ha NO4YBUTE Ca MNPO-
Lecu Ha yp6aHucTnyHO 3ambpcaAsaHe. BnoweHoTo
nnogopoaue v BoaoobMeH Ha Takusa No4BK U3NC-
KBa KakTo onTumaneH u3bop Ha u3nonssaHara
thnopa, Taka u NOAAbPMKaHE Ha ONpeaeneH pexum
Ha BopocHabpaAeaHe. 3a OLEHKa Ha peakuuATa Ha
pacTeHuATa KbM HebnaronpuATeH BOAEH PEeXum
Ha Mo4ysaTa LUMPOKO Ce M3MON3BaT HAKONKO (hnau-
onoruuHu napametpu. Cpen TAX € OTHOCUTENHOTO
BOAHO CbAbPXKAHWE Ha NUCTaTa - BaeH (PU3nono-
rM4eH napameTbp 3a CbCTOAHWETO Ha BOAOOOMEHA
B YCNOBMA Ha BOAEH CTPEC W XapaKkTepucCThKa Ha
cTeneHTa Ha 3acylwasaHeTo [5, 9]. CbabpxaHneTo
Ha cBobogeH MPONUH M KOHUEeHTpauwATa Ha Xno-
pPOUIHUTE NMUITMEHTW B NUCTaTa, M3NoN3saHn KaTo
MapKep Ha (DOTOCUHTETUYHUA CTaTyC Ha pacTeHu-
ATa, ca cpen meTabonuTMTe C BaHa apanTaunoH-
Ha ponA B pacTeHWATa KbM BojeH cTpec [4, 8,
12]. Peguua macnepBaHuA MoKaseaTt, Ye CbLLecT-
BYBa BUCOKa CTEMeH Ha Kopenauua Mexay u3bpo-
eHuTe U3NONOrUYHA NnapameTpu U HUBOTO Ha 3a-
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cylwasaHe B pacTeHMATa, KOeTo npeanonara TAX-
HOTO M3MON3BaHe NpW OLEHKa Ha TonepaHTHOCTTa
Ha pactutenHua sua [3, 6, 10, 12].

Llenta Ha HacToAwoTO w3cneasaHe Oe pa ce
yCTaHOBU Bpb3KaTa MeXAy HUBOTO Ha BOAOCHA0-
OABaHe, CbCTaB Ha No4vBeHuA cybcTpaT U npome-
HUTE B CbAbPXKAHWETO Ha CBOOOAEH MPOMUH, KOH-
LleHTpauma Ha xnopodun a u b 1 OTHOCUTENHOTO
BOAHO CbAbpMaHue B NMCTa Ha [ABa PacTuTeNHW
BUAa, LWMPOKO W3Mon3saHu nNpu usrpawajaHe Ha
3eNeHW NnowmM Ha cunHo ypbaHusupaHa cpeaa, -
yepBeHa BnacaTXa (Festuca rubra L.) v aHrnuicku
paiirpac (Lolium perenne L.).

OnucaHne Ha onNUTHaTa NOCTaHOBKa

HacToAwmWTe MscnegsaHuMA ca NpPoOBefeHn C g2
pacTUTeNnHW Buga — uepseHa BnacaTka (Festuca
rubra L.) v aHrnuiickn pawrpac (Lolium perenne
L). PacTeHnATa ca OTrnexaaHw KaTto CbAoB NOYBEH
ONUT C M3NON3BaHe Ha anysBuanHo-nvBapgHa noYea
6e3 npumecu v Takasa ¢ 25% pobGaseHn npumeck
(cTpoutenHu oTnagbuum). MpunaraWu ca gsa no-
nuBHW pewuma — 80% v 50% TIMNB, oT Kouto
80% MIMB moraT pa 6bgaT pasrnemxaaHn KaTo of-
TUManHK YCNOBWA Ha OTrmexpgaHe Ha TpesuTe
(koHTpona). PacTteHuATa ca oOTrnexpaHy B MNpo-
ObMKEeHne Ha eduH BeretTaumoHeH Ce30H.

MaTtepuanute ca cbebupaHu OT eauH onuT ¢ Mo
3 noBTOPEHWA 3a BCEKWU OT W3CNeABaHUTe Nnokasd:
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A SIMPLE IMPEDIMETRIC DEVICE FOR IN SITU
ANALYSIS OF PLANT TISSUES

Philip N. Simeonov, Konstantina V. Kocheva*, Valery K. Kochev,
Georgi I. Georgiev™

(Submitted by Academician A. Petrov on March 5, 2013)

Abstract

Construction and major features of a set-up suitable for impedance analy-
sis of plant tissues are disclosed in the paper. The measuring device is based
on a simple scheme operating in conjunction with the PC sound card. While
many programmes running directly on sound card are capable of simulating im-
pedance analyzer, their performance is not consistent when chemical or biolog-
ical systems are explored. The main reason is a relatively low input impedance
of the card itself. An addition of coordinating preamplifier between the sample
and the audio input of the PC drastically improves the implementation of the
set-up. On the other hand, a specially designed measuring head gives possi-
bilities for straightforward assessment of plant tissue’s electrical parameters in
situ at various ambient conditions. Some examples of impedance analysis of
intact leaves are given and their behaviour in regard to a preliminary imposed
desiccation is briefly discussed.

Key words: impedance analysis, leaf desiccation, plant water relations

Introduction. Drought and freezing are the basic abiotic factors limiting
plant growth and development. They cause various morphological, physiological
and biochemical changes in plants. As far as water and ions are ubiquitous parti-
cipants in these phenomena, it is clear, that electrochemical methods of investiga-
tion would be of a primary interest. Indeed, to date many such techniques are used
for evaluation of the stress consequences. Conductometric measurement of elec-
trolyte leakage from plant tissues, for example, is widely accepted for assessment
of cell membrane injury [*3]. Electrochemical impedance spectroscopy (EIS),
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ELECTROLYTE LEAKAGE AND K" IONS CONTENT IN THE LEAVES OF WHEAT
PLANTS SUBJECTED TO POLYETHYLENE GLYCOL TREATMENT

Konstantina Kocheval, Krasimira Tasheva', Georgi Georgiev', Miroslav Karabaliev’
'Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences
Acad. G. Bonchev str., bld. 25, 1113 Sofia, Bulgaria
*Trakia University, Faculty of Medicine, Department of Physics and Biophysics,
11 Armeiska str., 6003 Stara Zagora

ABSTRASCT
The effect of PEG-induced osmotic stress on relative water content and electrolyte
leakage from the leaves of two contrasting wheat (Triticum aestivum, L) cultivars was compared
in the study. Drought tolerant cv. Katya retained higher water content in the leaves after
imposition of osmotic stress in comparison with cv. Prelom. Higher amount of potassium ions
tended to leak from the leaves of stressed cv. Prelom plants and the overall electrolyte leakage
from the leaves of this cultivar was also greater in comparison with cv. Katya. It was concluded
that capacity for better water retention in the tolerant cv. Katya could be connected with the
retention of potassium ions which participate in many cellular processes and represent the major
osmotic solute in plant cells. Lower electrolyte leakage from stressed Katya leaves in
comparison to Prelom was indicative of less damaged cellular membrane permeability which
could be connected with superior protective mechanisms.
Key words: electrolyte leakage, polvethylene glycol, potassium ions, wheat.

Wheat is a major and widely distributed crop which is often exposed to climatic adversities.
Among the abiotic factors affecting yield and quality of production drought is one of the most frequent.
Owing to the complex nature of drought tolerance, the problems related to plants ability to withstand
water deprivation require investigation at many different levels. Study of physiological processes in
plants under suboptimal or stress conditions could contribute to our knowledge of metabolic plasticity
and could reveal some of the mechanisms involved in overcoming the effects of unfavorable
environmental conditions. Induction of stress in laboratory conditions has certain advantages over field
experiments as controlled growing conditions offer better reproducibility of the results and the
possibility for separate evaluation of a particular limiting factor thus avoiding the interference of
stressors. The use of polyethylene glycol (PEG) solutions for the induction of osmotic stress provides an
option for precise control of the degree of dehydration within a wide range of osmotic potentials (Filek
et al. 2012).

Cellular membranes are among the first targets of water stress and plant dehydration. Commonly,
changes in membrane organization and composition lead to enhanced electrolyte leakage which could
be determined by conductometric measurement. Ion leakage from plant tissues is widely used as a
measure of cell membrane stability in the assessment of the impact of various stress factors. It is
measured by common techniques for analysis of conductivity of the solutions in which tissues are
immersed (Bajji et al. 2002). Thus the conductivity of distilled water in which the samples are
submerged naturally increases owing to the flow of ions from the intercellular spaces driven by
concentration gradient in the process of diffusion. When the normal membrane permeability is disturbed
an increased leakage occurs. The implementation of conductometry as a highly sensitive and precise
method is justified for assessment of ion leakage from plant tissues since it offers valuable information
of membrane damages caused by various environmental factors (Filek et al. 2012). In numerous
investigations this data substantially expands the view of the plant overall physiological status.
Empirical dependences exist which connect conductivity of the outer solution to the concentration of
main ion species (mostly K") flowing out of plant tissues (Palta and Li, 1980). Potassium is the most
abundant ion in the plant cell which is related to its multiple functions such as osmoticum, role in

Volume IV, Number 6, 2014
Plant studies 47
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EFFECT OF SAMPLE PREPARATION ON PARAMETERS
OF ELECTROLYTE LEAKAGE KINETICS
FROM TRIFOLIUM LEAVES

Konstantina V. Kocheva, Georgi I. Georgiev
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Abstract

The paper employs a recently developed method for assessment of elec-
trolyte leakage kinetics from plant leaves based on conductometric measure-
ment of ion eflux and its quantitative interpretation by a theoretical model.
Experimental data were readily fit with the model and variation of obtained
parameters was explored with respect to sample preparation. The presented
analytical approach relating processes of ion and water flow in and out of the
cell could be used for characterisation of membrane and cell wall properties
under normal and stress conditions. However, sample preparation should be
chosen with caution, especially in cases where tissue damage due to excision
could mask the expected stress injury.

Key words: electrolyte leakage, cell walls, membranes

Introduction. Measurement of the amount of electrolyte leakage from plant
tissues is a long-standing method employed in plant physiology studies for eval-
uation of the functional status of cellular membranes (membrane permeability)
under various environmental stresses [ 4]. The commonly used Injury index cal-
culates the degree of damage in treated samples as related to untreated ones thus
giving only relative values for estimation of harmful consequences of the imposed
stress on cell membranes [°]. Comparison of untreated samples is not possible us-
ing the Injury index, because damage is expressed as percentage of the control [°].
The inability to accurately distinguish ion fluxes could be pointed out as another
weakness of the method. These problems were recently solved by establishing
the kinetic approach for analysis of diffusion processes based on conductometric
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INTERACTION OF CHLORSULFURON TREATMENT AND IRON
DEFICIENCY OR EXCESS IN YOUNG PEA PLANTS

Nenova V", K. Kocheva

Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, Acad. G.
Bonchev Street, Bldg. 21, 1113 Sofia, Bulgaria

Received: 17 October 2014 Accepted: 05 December 2014

Summary: Nutrient stress may modify plant reaction to herbicide treatment. On the other hand,
herbicides might induce or aggravate nutrient disorders. The separate and combined effects of
chlorsulfuron (CIS) and iron supply on growth, photosynthetic pigment content and functional
state of the photosynthetic apparatus, assessed by chlorophyll fluorescence measurements, were
compared. Young pea plants were grown hydroponically in a growth chamber, supplied with
iron, ranging from complete deficiency to excess (0, 2- optimum concentration, 10 or 50 mg.I"
Fe) and sprayed with CIS (0. 10° or 10°M). Both Fe deficiency and strong Fe excess reinforced
the inhibitory effect of CIS on shoot and root biomass, while low Fe excess (10 mg.I"' Fe) slightly
mitigated the herbicide effect on growth, but affected negatively PSII activity. Separately, Fe
deficiency and CIS decreased the chlorophyll and carotenoids content. Due to a concentration
effect, when both factors were in combination the chlorosis of Fe deficient plants as well as the
imbalance between the pigments were less pronounced. Fe deficiency was the individual stress
with the strongest negative effect on the photosynthetic apparatus when estimated by chlorophyll
fluorescence. In combination with CIS, this effect was softened. The negative effect of CIS on
the fluorescence parameters was evident at 10°M and was reinforced when combined with 50
mg.I" Fe. Individual stressors as well as their combinations caused an increase in electrolyte
leakage from leaf tissue, which was an indicator for the occurrence of cell membrane injury.
It was concluded that the effect of CIS depended not only on its concentration, but also on Fe

supply.

Citation: Nenova V., K. Kocheva, 2014. Interaction of chlorsulfuron treatment and iron deficiency
or excess in young pea plants. Genetics and Plant Physiology, Conference “Plant Physiology and
Genetics — Achievements and Challenges”, 24-26 September 2014, Sofia, Bulgaria, Special Issue
(Part 2), 4(3—4): 140-154.

Keywords: Chlorsulfuron; combined stress; Fe deficiency: Fe excess; herbicides; Pisum
sativum L.

Abbreviations: ALS — acetolactate synthase; Chl. — chlorophyll; CIS — chlorsulfuron; DM —
dry matter; DMC — dry matter content; Fe — iron; IGA — index of growth alteration; PSII —
photosystem II.
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IMPLEMENTATION OF A KINETIC MODEL FOR EVALUATION OF LEAF
ION LEAKAGE FROM SUNFLOWER (HELIANTHUS ANNUUS) PLANTS
SUBJECTED TO HIGH ZINC AND LEAD CONCENTRATIONS

Kocheva K.", M. Chavdarova, E. Gesheva, S. Doncheva, G. Georgiev

Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, Acad. G.
Bonchev str., Bldg. 21, 1113 Sofia, Bulgaria
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Summary: In the present study, the effect of excess Zn and Pb ions added to the nutrient solution
of hydroponically grown sunflower plants was studied in order to evaluate their impact on
the properties of leaf tissue by employing an electrolyte leakage kinetics model. Based on the
behavior of model parameters, it was demonstrated that treatment with excess Zn had a stronger
effect on leaf leakage kinetics than Pb. This could be attributed to the higher mobility of Zn
ions which were more readily transported towards the leaves in comparison to Pb. Ion fluxes
through different subcellular compartments, namely apoplast (including cell wall) and symplast
(comprising the vacuole and cell membranes) were used to explain the changes in ion leakage
kinetics as reflecting the functional status of cellular membranes.

Citation: Kocheva K., M. Chavdarova, E. Gesheva, S. Doncheva, G. Georgiev, 2015.
Implementation of a kinetic model for evaluation of leaf ion leakage from sunflower (Helianthus
annuus) plants subjected to high zinc and lead concentrations. Genetics and Plant Physiology,
5(1): 23-28.

Key words: Electrolyte leakage; Pb; metal toxicity; sunflower; Zn.

INTRODUCTION

Metal toxicity is a common abiotic

factor experienced by land plants
worldwide. In contrast to organic
pollutants, heavy metals cannot be

biologically or chemically degraded,
and thus may accumulate locally or
be transported over long distances
(Gonzalez-Mendoza et al.. 2009). The
effect of toxic concentrations of metals
on plant metabolism is of particular

*Corresponding author: konstvk@abv.bg

importance for growing crop plants in
contaminated areas (Verbruggen et al.,
2009). Sunflower is a major crop which
is also known for its ability to accumulate
toxic concentrations of different elements
from the substrate (Krystofova et al.,
2009). There is an increasing interest in
heavy metal detoxification in plants and
assessing the fluxes of harmful ions across
cell membranes is especially important
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KoncranTuna Kouepa, ®ujann CuMeoHOB,
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MN3CIEABAHE HA ITPOMEHUTE I1PU JTEXU/IPATALIUA B IMCTA
OT OBUKHOBEHA INIIEHUIIA (TRITICUM AESTIVUM, L.) YPE3
EJIEKTPOXUMHNYHA UMIIEJAHCHA CIIEKTPOCKOIIHNSA

BbBEJIEHUE

HenpexbcHato 3acuiBamuar ce HWHTEpEC KbM
M3MOJI3BaHE Ha EJIEeKTPOXUMHYHHTE METOAW 33 H3-
clieZiBaHE Ha TPOIECUTE B OMOJOTMYHU OOEKTH Ce
oTpeness OT ChIIECTBEHATA POJIsl, KOSTO UTPASIT €NIeK-
TPOXMMHUYHHUTE MPOLIECH B XKHUBaTa Kietka. OT apyra
cTpaHa, OBP30TO Pa3BUTHE HAa AHATUTHYHATA €JIEK-
TPOXUMHS B ITOCIIETHO BpeMe CHAOIH yUSHHUTE C HOBH
MOIITHA CPEJICTBA 3a M3BIMYaHE Ha MH(pOpPMAIUs 3a
Te3W TpoLecH Ha MoJeKyaHo HuBo. [lopamu penuma
CBOM INPEUMYIIECTBA KaTO YyBCTBUTEIHOCT, HEMHBA-
3MBHOCT, CPAaBHUTEIIHO MPOCTa M HECKBbIIA amnapary-
pa, T CH U3BOIOBA €IHO MHOTO IIHUPOKO MPHIIOKEHHE
0COOEHO B MHTEPIUCHUIUIMHAPHUTE HAy4YHU Halpas-
nenns. Cpes eNeKTPOXMMUYHNATE METOAM 3a aHaJH3
CBIIIECTBEHO MSCTO 3aeMa HMIEJAHCHUSAT ITOJIXOJ.
[lpnnaraneTo Ha €NEKTPOMArHUTHO JIbUEHHE BBPXY
oOpasell ¢ oryie]l OleHKa Ha HeroBaTa eJeKTPOXUMHY-
Ha XapaKTepUCTHKA OMPEaesis TO3U MOAXO0 KaTo eNleK-
TPOXMMUYCH U CHEKTPOCKOIINYCH €THOBPEMEHHO, aKO
M3MEPBAHETO Ce IPOBEXK/IAa IIPH Pa3IMIHU YE€CTOTH Ha
BB30yXmamus curaai. Tosa ¢opMmyimpa Hampasie-
HHUETO KaTO eJIEKTPOXMMHWYHA MMIIEJJAaHCHA CIIEKTPO-
cxormust (EUC) [1]. Upes EUMC wmorar ga Opmar m3-
MEPBAHU AUETICKTPUYHUTE U CICKTPUUHUTE CBOMCTBA
Ha JlaJieHa cpelia B aJieH MOMEHT, KaTo (DYHKIIUS OT
YecToTara Ha eJICKTPOMAarHUTHOTO JBbUEHHE, C KOETO
OuBa oOxpuBana. [1o TO3M HAYMH MOTAaT 1a Ce U3CIEN-
BaT YECTOTHO3aBUCHMHUTE TaCHBHH EJIEKTPUUIECCKH
CBOMCTBA (T.. UMITEIaHCa WITH KOMIUIEKCHATa TIPOBO-
JMMOCT) Ha pa3in4Hu cucTeMH. Bemnara TpsOBa na
ce o0ObpHE BHUMaHUE, Ye M3CIICIBAHETO Ha MMIIE/IaH-
ca Ha XUMHUYHU U OMOJOrMYHHU CUCTEMHU M3HCKBA IO-
CIEIMATHO OTHOILICHHE Hal-MalKo MOpaay ABE MpPU-
YUHU — CTpEMEXka KbM ,,HEBApUPALLO* Bb3JAEHCTBUE
(3a a He ce MPOMEHAT MapaMeTpPHUTe B XOJa Ha M3-
MEpBAHETO) U IO CHIIECTBO HEIWHEHHNS OTTOBOP Ha
cucremara. Hanocienpk Te3n moaxomau ce odorarnxa
M C TIO-MOJIEPHHU TEXHHUKH Ha 0a3ara Ha HOBU METOIH
U YCTPONCTBA, KOUTO JOBEA0XA A0 MOsBaTa Ha CKaHU-
pamara EVC u umnenancHara ToMmorpadusi.

PazpaboTBaHeTO Ha Bce MO-MH(POPMATUBHM U JieC-
HU 32 0o0CIyXBaHe (PM3NYHU METOIH 3a M3CIIe/BaHE

Ha (PU3HOIIOTHYHOTO CHCTOSTHHUE HA JKUBH OOCKTH OT
IBJITH TOIMHM CE pajiBa Ha 3aCIy’KEHO BHUMAHHE OT
CTpaHa Ha CIENHaJINCTHTE B obiacTTa. be3 cbMmHe-
HUE EKCIIEPUMEHTAIHUTE METOIH, JaBallld Bb3MOXK-
HOCT PYTHHHO Ja C€ ONPEAEIAT Pa3IMyHU ChCTOSHUS
Ha XUBaTa KICTKAa OT KMBOTHHCKH, MUKPOOUAICH U
pacTUTEJIEH MPOU3XO/ B OPraHU3MH, TIOCTaBEHU TPH
CTpEecOBH ycJoBus, 0e3 Ja ce HapyllaBa [[e0cTTa Ha
00eKTa, cTaBaT BCe TO-TIPHUBJIEKATEITHH 33 N3CIIeA0Ba-
tenmte. OT 0cOOSHO 3HaYeHNE ca TAKMBA METOIMYHH
MOAXOMN TIPH H3CJIEBAHE HAa PACTUTEITHH OOEKTH,
MOJUIOKEHH Ha Pa3lWYHU BUAOBE AOHMOTHYEH WIIU
ouotnueH crpec [2, 3]. M3cnenBanusaTa ¢ elIeKTpoO-
XMMUYHHU TTOJXOAM, BKJIIOUHTETHO H3IIOJI3BAaHETO Ha
texuukn Ha EMC npn n3yuaBane Ha (HU3HOIOTHATA
1 €KOJIOTHATA Ha PACTEHHATA, Ca 0COOEHO BaYKHH, Thil
KaTo pacTeHHsTa Karo OTBOpEHa TepMOAMHAMHYHA
cHucTeMa ca IMo-TSCHO 0OBBP3aHU C KOHTHHYyMa I104-
Ba—pacTeHrne—aTMocdepa, 3a pa3iiuKa oT APYT'H KUBH
opraHusmu [4].

EnexTpoxuMuyHUTE METOIHU 3a OLIEHKA Ha BOJHO-
COJIEBOTO CHCTOSTHHE HA KIIETKHUTE ca 0COOEHO edek-
TUBHH TIPH M3CJIEIBAaHUS BBPXY PACTEHHS, THH Karo
TAXHOTO Tsu10 chAbpAxa 10 90 % Boxa u iionu. Hawuc-
THHA HEMAJIKO METO/IM, 0a3upaHy Ha eJIeKTPOXUMHY-
HU MPUHIUIN, ca OUIN YCIEIIHO U3MOJI3BAHM JJOCETa
BbB (DM3HOJIOTHATA U OMOXMMHUATA HA PACTCHUSTA 32
1a0opaTOpHHU U MOJICBU U3cieaABanus. be3 mpetennnn
3a M3YEPIIATEeTHOCT MOXKEM Jla CIIOMEHEM Ha ITbpPBO
MSCTO aMITEPOMETPUYHNTE METOIN M YCTPOWCTBA 3a
OTIpe/IeIITHEe Ha KUCIIOPOJHOTO OT/EIsTHE U ra3000me-
Ha TIpu poTocuHTe3aTa [5, 6]. ChII0 Taka KOHIYKTO-
METPUYHUST METOJ 3a OlleHKa Ha MeMOpaHHaTa cTa-
OMITHOCT Ha KJICTKUTE IO EJICKTPOIUTHOTO M3THUYAHE
OT pa3nuyHu ThKaHu [7, 8] U ycTaHOBKHUTE, Oa3upa-
M ce€ Ha M3MEpBaHe JUENeKTPUYHUTE CBOWMCTBA HA
o0pasnuTe, ca 4ecTo M3MOJI3BAaHU BbB (DH3HOJIOTHATA
IIpYU U3y4aBaHe Ha cTpeca B pacteHusita [9 — 12]. Io-
CIICTHUSAT CITOMEHAT TO/IX0/] (PaKTHIEeCKH MOXeE Ja ce
pasmieka KaTo pa3lipeHue Ha KOHAYKTOMETPUSTA B
KOMIUIEKCHATa OOJIACT Ha €IEKTPOMAarHUTHUTE U3MeEp-
BaHUS. B TO3W CMHUCHI OTTOBOPHT HA CHCTEMATa IOJ
(opmara Ha nMIIeganc (KOMIUIEKCHO CHIIPOTUBICHUE
WA €KBUBAJICHTHHS My aJJMHTAHC, KOMIUIEKCHA ITPO-
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ABSTRASCT

Osmotic stress induced by incubation of young wheat (7riticum aestivum, L) plants roots
in PEG 8000 solution led to reduction in leaf relative water content and caused increased ion
leakage from the leaves. Higher amounts of metal caions tended to leak from the leaves of
stressed compared to untreated plants and the overall electrolyte leakage from PEG-treated
samples was also greater. It was concluded that the capacity for better water retention could be
connected with the retention of potassium ions, which participate in many cellular processes and
represent the major osmotic solute in plant cells. Enhanced electrolyte leakage from stressed
leaves could be indicative of altered membrane permeability or could be connected with specific

protective mechanisms involved in the process of osmotic adjustment at the cellular level.
Key words: cell membranes, electrolyte leakage, metal cations, polyethylene glvcol, wheat.

Water deficit severely inhibits plant growth and development thus limiting production and
performance of cultivated plants. Dehydration causes wilting and decrease in cell turgor and thus
contributes to the increasing of ion concentration in the cytosol. When plants are exposed to water
deprivation certain inorganic ions and so called compatible solutes tend to accumulate in the cytosol
in a process known as osmotic adjustment (Filek et al., 2012; Hare et al., 1998). These osmolytes
lower cellular osmotic potential, allow turgor maintenance and protect biomacromolecules against
destabilizing effects of oxidative stress.

Study of physiological processes in plants under suboptimal or stress conditions could
contribute to our knowledge of metabolic plasticity and could reveal some of the mechanisms
involved in overcoming the effects of unfavorable climatic conditions. A common and widely
applied alternative to measuring drought stress response in the field is to study the reaction of plants
to polyethylene glycol (PEG)-induced osmotic stress under laboratory conditions. The use of PEG
solutions for the induction of osmotic stress provides an option for precise control of the degree of
dehydration within a wide range of osmotic potentials (Filek et al., 2012).

Plasma membranes are the first receptors of stress and they can protect the cell through
modifications that affect perception and rigidity of cellular structures (Farooq and Azam 2006).
Changes in membrane organization and composition lead to enhanced electrolyte leakage which
could be determined by conductometric measurement (Bajji et al., 2002). Increased ion leakage has
long been used as an indicator of stress impact on cell membrane permeability (Prasil and
Zamecnik, 1998). The implementation of conductometry as a highly sensitive and precise method is
justified for assessment of ion leakage from plant tissues since it offers valuable information of
membrane damages caused by various environmental factors (Farooq and Azam 2006; Roy et al.
2009). In numerous investigations this data substantially expands the view of the plant overall
physiological status.

Wheat (Triticum aestivum, 1..) is an important and widely distributed crop which is often
exposed to the environmental adversities. Investigating plant stress responses is essential for
understanding the mechanisms leading to tolerance and adaptation. The aim of the present study
was to assess the effect of osmotic stress on ion accumulation and leakage in young wheat plants
and their relation to membrane functioning under normal conditions and dehydration.
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