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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

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 Kþ) 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.

Abbreviations – PEG, polyethylene glycol

Physiol. Plant. 125, 2005 1

Physiologia Plantarum 125: 1–9. 2005 Copyright � Physiologia Plantarum 2005, ISSN 0031-9317

1



�������	���� �
 ������ �	������� �� ��� �������� �
 ����� ��������� ��
������������ ����������	��� ���� ���� ������
��������� �� ��������� ������  � ���������� ��� !���� �� �	�"��#!����

� ����	�
�� � ����� ����	����� �������	�	�� �� ������� �
����	�� ������� � ��	������ �����  � ������� ����� !�� "��
��	� ���#� �
����	�

�������� ����� "$� "%%&

$	����
'�� ���� � ������������ ������(	��
��� �����	� ������ ��
��� ���	�	�� � �	����� ���
������ ��
���	�� ����������� ���
��������� �)	���� 	� ������ � ��
�� !����� ������ ���*�

���� �*� �
��	���+�
���� ���	��� *�� ��
�	��� '�� ���	�	��
� �	����� ���
����� ����
���� ��������� ���� ������������
������ ,�- . ����	���	��� *�	�� ��
���	�� ���������� ��� ���+
������ �)	���� *��� 	��������� �� 	� ����
����� ���� ���
�������� ��
���	�� ���������� ��� ��������� �)	���� ���	�+
	�	�� ��� �
� �� 	�������� �
) � ����!��	��� ����
�� ���
���������	������ ������ ����	���� 	������� 	� ����������	���

� ��� ����	��� ���
�	�� �
����� ��� ��� ��	�� ��	�� *��
�!������� '�� ����	!�� �����	!
�	�� � ����� ����
��� ���
���
�� ��� ������� � �����	� ��/
������ ��� ��� ���� � �	�����
�
���� 	� �	��
����� �� 	� �
������� ���� ��* 0 �
���� 	� ���+
!	���	�� *	�� ������ ����	�	��� �*	����� ��� �������� ����+
���� ���� ��� ��	�� ��	�� ,0+�����	�	��. �� �
���� ,1+���+
��	�	��.�

��� �����% ��������� �)	���� 2 �	����� ���	�	���	�� 2 �����	��� 2
����	�� 2*���� ��	�	�

� "%%& 3�4-5+617 6�����  �!7 8 1�� 9 ��� 3�	���	� �:#;+<&#%2%&2%#%;+�

�� ����� 	
��� ��� ���� "%%&� ���� �(; &' % �%��%%"2/����"%%;"=�<" �

�  �����	�����

3���� ��� �	������ ,0. ���	��!	�	�� ��� ����� ��� ��/�� ��+
���� �	�	�	�� ����� ���*�� ��� ������������ >��
��� ���
������	� �	����� ��?
	�	�	�� !� ����� �� *��� �� �����	�� ��� �!	�+
	�� � ������ �� ���
�� ��� ���	�	���� �	������ ,��������� �� ����
"%%%.� 0	����� ���
����� ,0@. 	� ��� 	��� ��� ����+�	�	�	��
��A��� 	� ��� �	�����+���	�	���	�� ����*�� ,���� �� ���� �$$;.�
��� ���	�	�� *�� ���*� �� ����	�� 	� *����+�������� ������ 	� �
*	�� ����� � ����� ����	�� ,����
����� �$$#B ����� �� ����
"%%%B ������ �� ���� "%%=.� '�� ���
���	�� � ��	� ����	�
���
��A��� 	� ������� �� ������� 	������� ��� �)������ ������
,�������� �� ���� �$$#B ���� �� ���� �$$;.� 0	����� 	� ��� ��	����
�	���� 	��
�	�� ��� �������	��	�� � 0@ ������ �� ����+�������+
�	���� ������ 0@ ���	�	�� 	� �������� !� �
���� ��� ���������
!� ��
���	�� ��� ������� ������� ���+����
��� � 0 ���	�	��+
�	�� ,�� �� ���� �$$=B ���� � �� ���� "%%%B ���� �� ���� "%%:.�

 �
���	�� ���������� , �. 	� �� 	�������� ��A��� 	� �	����
������ 	������� 	� ��� ��+���	�	���	�� � �����	
� ,07�

: .
��� ���������	���	���  �
���	�� ���������� ���	�	�� 	� 	��	�+
����� ������� �� �����	� ��/
������ �	��� ��� �������	� � ���+
�	�� ������� �� ��
���	�� ,��
!���� �� ���� �$$$B "����� ��
���� "%%#2:.�  �������� �)	���� , C. 	� � D�� ��A��� 	� ���
��������� ����*�� � ���������	���	�� ���� 	� �������� 	�
����	�	��� � *���� ��	�	����� ��� ��	� ������� ����������
�� 	��������	�� � 0 ��� ���!�� ,1. �
������ ,#�
$�%#�����!
��� ���� "%%".�

����	����	��� ��� !	�����	��� �������	�� � ������ �� ��������
��������	�� ��� �!/���	��� � 	������� 	� ������ ��
�	�� ,��&&�
�� ���� "%%%B '���� �� ���� "%%".� '�� �������	��� ����	�	��
*	�� ���!��������� ��� ��	�� ��	�� 	� ��� ��?
	��� ���
���

�
�� !� ���	���� !� �	�	��� ����
�	���	��� ���
���	��� ���
�����	���	�� � 0 ��� 1 ����!��	�� ,�(�� �� ���� �$$<.� '��
��	�� ����������	��� � ��/�� ����
��� ��������� �
�� �� ���
��	�� ��	�� ��� �
���� ���� !��� ����
��� 	� ������ ���*�

���� �	����� 0 �
���� 	� ����� �� ��	� 	��	��� 	��� ���	�
����	!�� ���	�� �� �	����	�� �����
��� ,"�� �� ���� �$$$B
������ �� ���� "%%=.� �� ��� ������� ��
��� *���� ��	�	� *��
	������ �� ������ ���*� 
���� �*� �	�����+�
���� ������ ��
����
��� *������ ��� �����	����	�� !��*��� 0 �
��	�	�� ���
��� ?
���	�	�� � 1+ ��� 0+�����	�	�� ������	!�� ���
���
*��� ������ ��������	�� �� ��
�� !� ���	�� !� ��
��� �����
���� ��������	��� '�� �	� *�� �� ������	�� ��� ����� �
�	����� �
��	�	�� �� ��� �������� � ��
�� !����� ������ ��
�������� *���� ������ ��
��� !� �- <%%%� ������������
������� ,�- �. ��� � ��	�� � ��
����� �����	����� ���	��
�������� ���� 
��� 	� ����� ����	����� �� 	��
�� *���� ��	+
�	� !� ��*��	�� ��� �����	� ������	�� � ��� �
��	��� ���
�	��
��� ��
� �	�	� *���� ���	��!	�	�� �� ��� ����� ,���
��� �� ����
�$<�.� '�� 
�� � ����� �����	�� �	��� ���� ����	�� ���
������
�	!�� ���
���� *�	�� 	� ���� �		�
�� �� �������	��

�	�� ��	� �
��
���� '�� ������ � ������ *�� �������� !�
���	���	�� ���� ������� � ��� ������� � 0 ���	�	���	���
���
�
���	�� � ���
���� ��� ��� ����������� � *����
��	�	��

( )������ �� �������

(�� *��� ������ �� ���������� �
 ������

������ ,#���
)  
�!���� 4�. ������ ��� �
��	��� C����D		�
D��*� �� 	�� �������	�� �� *����+������ ����	�	��� 	� ��� 	����
*��� 
���� ���� �
���� ����	�	A��	��� ����� *��� ����	�����
�� :< � �� *�� 	���� ����� 	� ����	 �	���� 	� � ���������� ��
"=E1 	� ��� ���D� '�� �����	��� *��� ���������� �� �	����
"=F ,���
���. �� �%%F ,
�� ��������. 9��� �
��	��� ���
�	��
�� ��� �)���	������ ��� �������	�� 0 ������ !�	�� " ��� < ��
0� ������
��	��� ������	�	�� �� 
�� �������� *��G #�% ��H 1�������������G >�� 9� 6� 9������B �+��	�G D�����DI�!��!�

2



3
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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: electrolyte 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.
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Abstract

The karyotypic constitution of a wheat-Aegilops geniculata 2Mg(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 2Mg 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,
MgMgUgUg) has useful agronomic traits, such as good adapt-

ability to extreme climatic conditions, especially to drought
(Molnár 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 5Mg(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 pTa71, pSc119 and pAs1 or pAs1-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, Molnár 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, Molnár 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 (Molnár et al. 2007). The 5Mg(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 (H2O2) 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

Plant Breeding 131, 81—87 (2012) doi:10.1111/j.1439-0523.2011.01918.x
� 2011 Blackwell Verlag GmbH
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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 

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 
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Abstract:
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.
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The article discusses an improvement of a previously developed method for
assessment of ion leakage from plant tissues as a gauge of membrane and
cell wall performance under stressful environment. It employs conductometric
measurements of the ion efflux from leaves and their quantitative interpretation
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
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

Drought induces a range of morphological, physiological
and biochemical changes in plants and limits their
growth and development. At the cellular level, a
general stress response is the accumulation of ions
and increased amount of metabolites which lower the
osmotic potential. Ions 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

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

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-López
et al. 2009), drought (Guo et al. 2010), high temperatures
(Corbineau et al. 2002), low temperatures (Campos et al.
2003, Repo et al 2004, Uemura et al. 2006) and is
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
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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-B1b (semi-

dwarfing) and Rht-B1c (dwarfing) in comparison with the tall control Rht-B1a.

Six-day-long water deprivation was imposed at seedling stage. Plants carrying

Rht-B1c and, to a lesser extent, those carrying Rht-B1b performed better under

stress compared with Rht-B1a in terms of more sustained membrane integrity,

enhanced osmoregulation and better antioxidant defence. These differential

responses could reflect pleiotropic effects of the Rht-B1 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-B1

alleles into wheat cultivars designed to be grown in drought liable regions.

Introduction

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 (H2O2)

(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

fatty acids in cell membranes, are typical symptoms of the

development of the accompanying oxidative stress (Selote

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,

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

J Agro Crop Sci (2014) ISSN 0931-2250

9



10



DROUGHT STRESS

Wheat Rht-B1 Dwarfs Exhibit Better Photosynthetic
Response to Water Deficit at Seedling Stage Compared to
the Wild Type
V. R. Nenova1, K. V. Kocheva1, P. I. Petrov1, G. I. Georgiev1, T. V. Karceva1, A. B€orner2 &
S. P. Landjeva1

1 Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, Sofia, Bulgaria

2 Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), OT Gatersleben, Stadt Seeland, Germany

Keywords

DELLA proteins; drought stress; dwarfing

genes; leaf anatomy; Triticum aestivum

Correspondence

V. R. Nenova

Institute of Plant Physiology and Genetics

Bulgarian Academy of Sciences

‘Acad. G. Bonchev’ str.,

Block 21

1113 Sofia

Bulgaria

Tel.: +359 2 9792678

Fax: +359 2 8739952

Email: nenova@bio21.bas.bg

Accepted July 14, 2014

doi:10.1111/jac.12090

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-B1a (tall), Rht-B1b (semi-dwarfing) and Rht-B1c (dwarfing)

and was related to leaf water content and anatomy. Under drought, Rht-B1c line

was characterized by less decreased CO2 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 (ΦPSII) and potential maximum quantum

yield (Fv/Fm) of PSII, and the less increased quantum yield of non-regulated

energy dissipation (ΦNO). Rht-B1b line also tended to perform better than Rht-

B1a, 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-B1c, 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.

Introduction

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 (Moln�ar et al.

2004, Wu and Bao 2011a,b, Marci�nska 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

both restrain growth and increase plant survival (Achard

et al. 2008). As DELLAs do not have a clearly identified

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 DWARF1) (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-B1 and Rht-D1

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) 434–443434
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Aegilops geniculata chromosome introgressions into bread wheat and their 
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The wild relative of wheat Aegilops geniculata Roth (syn. Ae. ovata L.) is an allo-tetraploid 
species (2n=4x=28, genome formula MgMgUgUg) 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 (Molnár 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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Abstract
A bilateral project the lnstitute o f

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 o f cereal gen
otypes for sustainable plant production' was
funded by the Bulgarian Ministry of Education,
Youth Science and the Slovak Research and
Development Agency, The main goal o f the
Project to study drought tolerance mechanisms
in wheat and barley as important crops and to
offer confident for evaluation and
screening of genetic resources under favora

climate conditions. The relationship between
leaf water structural changes in leaves,
cell membrane stability, accumulation,

of oxidative stress and photosystem
efficiency in some o f the widely used

and vak wheat and barley geno
types under drought conditions will be investigat-
ed. On the basis o f the obtained new data, a
model for drought resistance in cereals would be
established. might facilitate breeders in their
pursuit of drought tolerance and sustainable
plant production.

INTRODUCTION
Climate change evokes a need for better

characterization of plant responses to stress and
deeper understanding of physiological mecha-
nisms related to adaptation and productivity un-
der adverse conditions. Soil drought is the
cfactor which most seriously limits growth and
development of crop plants and negatively

their yield. Clarification of physiological
and biochemical mechanisms of stress

is a basic approach towards breeding for
drought tolerance in crops. Metabolic re-

actions 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 et al., 2008; Chipilski et
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 lnstitute 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 o f fer  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 o f particular importance to breeding
practice and will render better understanding of
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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 [1–3]. Electrochemical impedance spectroscopy (EIS),
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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 efflux 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 [1–4]. 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 [5]. Comparison of untreated samples is not possible us-
ing the Injury index, because damage is expressed as percentage of the control [6].
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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