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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 glycolate oxidase were increased. It is speculated that the
enhanced glutamine synthetase and glycolate oxidase activities 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 factors limiting plant growth and development. Drought may
restrain nitrate acquisition by roots as well as restrict the ability 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 plarit 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
(Vincentzet al., 1993; Lillo et al., 1996). Nitrate is the primary
signal inducing the transcription of NR genes. At post-translational level, NR activity is enhanced by sugars and repressed
by glutamine and closely related end-products of N assimilation (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 indirectly related to osmotic adjustment since the synthesis of proline depends on glutamine (Brugiere et al., 1999; Medici et
al., 200314). 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).

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 combination with stress conditions switched the preferred osmolyte type from amino acids (N-containing) to sugars (C-containing).
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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 deficit 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

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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Barley (Hordeurn 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 m M
N. Macronutrient composition at full strength was: 3.0 mM
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