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Abstract - In spite of the great nutritive and pharmacological potentials of buckwheat, data about the abiotic stress toler-
ance of this plant species are very limited. The aim of this work was to analyze the biochemical and molecular response of 
buckwheat plants in the middle vegetative phase against short- and long-term salt stress. Changes in relative water con-
tent, level of lipid peroxidation, content and localization of H2O2 as well as changes in antioxidative enzyme activity and 
expression of ubiquitin and dehydrins, were investigated. Reasons for observed buckwheat salt stress sensitivity as well as 
possibilities for enhancing stress tolerance are discussed.
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IntRODUCtIOn

Salinity in soil or water is of increasing importance 
to agriculture because it causes stress to crop plants. 
Plants exposed to an excess amount of salts such as 
naCl underwent osmotic stress, water deficit and 
ionic imbalances. The production of reactive oxygen 
species (ROS) is also increased under saline condi-
tions (Hasegawa et al., 2000). excess amounts of ROS 
are harmful to many cellular components, including 
membrane lipids, photosynthetic pigments, proteins 
and DnA.   

Higher plants possess very efficient enzymatic 
and non-enzymatic antioxidative defense mecha-
nisms that allow the scavenging of ROS and protec-
tion of cellular components from oxidative damage. 
The enzymatic defense mechanisms include the ac-
tivities of enzymes regenerating the reduced forms of 
antioxidants, such as ascorbate peroxidase (APX, eC 

1.11.1.11), glutathione reductase (GR, eC 1.6.4.2), 
and ROS-interacting enzymes (ROS scavengers) 
such as superoxide dismutase (SOD eC 1.15.1.1), 
catalase (CAt, eC 1.11.1.6), non-specific soluble 
guaiacol peroxidases (POD, eC 1.11.1.7) etc. 

In addition to this, abiotic stresses provoke the 
expression of the other mechanisms that protect cells 
from detrimental structural and functional changes. 
It is predicted that plants under stress conditions acti-
vate protein turnover machinery in order to degrade 
stress-damaged and environmentally-regulated pro-
teins. Despite the fact that plants possess ubiquitin-
independent machinery for degradation (kurepa 
and Smalle, 2008), ubiquitin-26S proteasome-medi-
ated proteolysis still remains the main mechanism. 
In light of this, the changes in the free ubiquitin level 
and appearance of ubiquitin conjugates might reflect 
the effect of stress on protein turnover (O’Mahony 
and Oliver, 1999).  
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Besides ubiquitin, there are many proteins, e.g. 
chaperons, leA (late embryogenesis abundant) and 
leA-like proteins, which are involved in protein 
quality control. Dehydrins (DHns-leA2; D11 fam-
ily) are a group of thermo-stable, highly hydrophilic 
proteins ubiquitously produced in plants in response 
to water stress (Close, 1997; Cellier et al., 1998; Rinne 
et al., 1999). They are believed to play an important 
role in drought protection, although there is no di-
rect evidence of their function. Dehydrins may also 
act as free radical scavengers and may sequester ions 
(Collet et al., 2004; Hara et al., 2004). 

Buckwheat (Fagopyrum esculentum Moench) 
is a crop plant with high grain nutritive value and 
other useful properties (Pomeranz, 1983). The cul-
tivation of this species is dependent on many en-
vironmental factors, e.g. temperature, salinity, nu-
trients etc, affecting the yield and reproductive po-
tential of the plant (Slawinska and Obendorf, 2001; 
taylor and Obendorf, 2001; Matsuura et al., 2005). 
The aim of this study was to investigate some of the 
biochemical and molecular changes in buckwheat 
plants subjected to salinity in order to better un-
derstand the mechanisms of plant response to this 
specific environmental stress. For this purpose, 
buckwheat plants in the middle vegetative phase 
were exposed to enhanced salinity conditions and 
the salinity effects were monitored in terms of 
relative water content (RWC), ROS accumulation, 
level of lipid peroxidation, activity of antioxidative 
enzymes (SOD, CAt, PODs, APX, GR), as well as 
through the expression analysis of ubiquitin and 
dehydrins. 

MAteRIAlS AnD MetHODS

Plant materials and stress treatments

Buckwheat (Fagopyrum esculentum Moench, cv. Dar-
ja) has sown and grown in a greenhouse at the Insti-
tute of Molecular Genetics and Genetic engineering 
in Belgrade under optimal conditions. Plants in the 
phase of 4 formed leaves, assigned as the middle veg-
etative phase, were picked out and further grown hy-
droponically either in 1/2 Murashige-Skoog nutrient 

solution (Murashige and Skoog, 1962) supplemented 
with 10, 25 and 100 mM naCl for salt stress treat-
ment, or in a nutrient solution without added salt as 
a control. leaves assigned as second (2, in order of 
appearance) were harvested from the treated as well 
as the control plants after 2 and 7 days.

Estimation of water content

The relative water content (RWC) in the leaves was 
determined for each salt treatment and calculated ac-
cording to the formula (Barrs and Weatherly, 1962):

RWC (%) = [(fresh weight - dry weight) / (saturated 
weight - dry weight)] ▪ 100

The leaf dry weight was measured after oven dry-
ing at 105°C for 24 h, and the saturated weight was 
measured after incubating the leaves in moist filter 
paper for 24 h in Petri dishes at room temperature.

Lipid peroxidation assay

The level of lipid peroxidation was determined by 
measuring the amount of malondialdehyde (MDA) 
produced by the thiobarbituric acid reaction as de-
scribed by Heath and Packer (1986). The crude ex-
tract was mixed with the same volume of 0.5% (w/v) 
thiobarbituric acid solution containing 20% (w/v) 
trichloroacetic acid. The mixture was heated at 950C 
for 30 min and then quickly cooled in an ice-bath. 
After centrifugation at 3500xg for 10 min, the ab-
sorbance of the supernatant was monitored at 532 
nm. The MDA content was calculated per mg of leaf 
dry weight and the level of lipid peroxidation was ex-
pressed in respect to the control (100%).

In situ hystochemical detection of hydrogen peroxide

In situ hystochemical localization of hydrogen per-
oxide (H2O2) in buckwheat leaves was performed 
according to Thordal-Christensen et al. (1997) and 
the accumulation of H2O2 was visually detected. This 
method is based on H2O2-catalyzed polymerization 
of 3,3-diaminobenzidine (DAB). leaves from each of 
the treated plants as well as the control were cut with 
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a razor blade and supplied with a 1 mg/ml solution 
of 3,3-diaminobenzidine (DAB) for 4 h. The leaves 
were then immersed in boiling ethanol (96%) for 20 
min and DAB polymerized in the presence of H2O2 
was visualized as a brown precipitate. 

Protein extract preparation

Frozen leaves were ground in liquid nitrogen and the 
powder was suspended in an extraction buffer con-
taining 50 mM potassium phosphate (pH 7.0) and 
0.1 mM eDtA. The homogenates were centrifuged 
at 15000xg for 20 min and the supernatant fraction 
was used for the assays of enzyme activity as well as 
for Western blot analysis. All steps were carried out 
at 4°C. The protein concentration in the extracts was 
determined according to Bradford (1976) using a 
Bio Rad assay kit and bovine serum albumin as the 
standard.

Enzyme assays

Catalase activity was assayed in a reaction mixture 
(1.5ml) composed of 50mM potassium phosphate 
buffer (pH 7.0), 0.1 mM eDtA, 2 mM H2O2 and 20 
µl crude extract. The reaction was started by adding 
H2O2 and the activity was followed by monitoring 
the decrease in absorbance at 240 nm (Aebi, 1984). 
Catalase activity was expressed as ΔAbs240 min-1mg-1 
protein. Ascorbate peroxidase activity was assayed as 
described by nakano and Asada (1981) using a re-
action mixture containing 50 mM potassium phos-
phate buffer (pH 7.0), 0.1 mM eDtA, 0.5 mM ascor-
bate, 10 mM H2O2 and 20 µl crude extract. Ascorbate 
peroxidase activity is expressed as ΔAbs290 min-1mg-1 
protein.

Soluble peroxidase activity was determined in 
the crude extract by measuring the increase in ab-
sorption at 470 nm due to the formation of tetra-
guaiacol, in a reaction mixture containing 50 mM 
potassium phosphate buffer (pH 7.0), 0.1 mM 
eDtA, 0.1 mM guaiacol and 20µl crude extract. 
The reaction was started by adding H2O2 (final con-
centration - 10mM). POD activity was expressed as 
ΔAbs470 min-1mg-1 protein. 

Superoxide dismutase activity was measured ac-
cording to Beauchamp and Fridovich (1971). Crude 
extract (50 µl) was added to the reaction mixture 
containing 50 mM potassium phosphate buffer (pH 
7.0), 0.1 mM eDtA, 13 mM methionine, 2 µΜ ribo-
flavin and 75 µM nitro blue tetrazolium (nBt). The 
reaction was started by exposing the mixture to cool 
white fluorescent light for 15 min. SOD activity was 
expressed as ΔAbs560 min-1mg-1 protein.

Glutathione reductase was measured according 
to Foyer and Halliwell (1976). The assay medium 
contained 0.025mM phosphate buffer (pH 7.8), 0.5 
mM GSSG, 0.12 mM nADPH-na4 and 50µl of ex-
tract. nADPH oxidation was determined at 340 nm. 
Activity was expressed as Δabs340 min-1mg-1 protein.

Western blot analysis of stress-related proteins

Proteins (50 μg) were resolved by 12% SDS-
PAGe according to laemmli (1970) and then trans-
ferred for 40 min at room temperature to a PvDF 
membrane (Millipore) using a Biometra semi-dry 
transblotter at a constant current of 5 mA/cm2 mem-
brane. The membranes were then blocked overnight 
with 5% dried non-fat milk in tBSt (10 mM tris-
HCl pH 8.0, 150 mM naCl, 0.05% tween 20). The 
blots were used for the immunochemical detection 
of ubiquitin and dehydrins.

Ubiquitin was detected using rabbit anti-ubiqui-
tin antiserum (Calbiochem), according to the instruc-
tions of the manufacturer. Dehydrins were detected 
according to Close et al. (1993). After incubation 
with the primary antibodies, the membranes were 
incubated for 1 h in a 1:15 000 dilution of secondary 
antibody (goat anti-rabbit IgG whole molecule, al-
kaline phosphatase conjugate - Sigma) in tBSt. The 
signals were detected using an AP buffer (100 mM 
tris-HCl pH 9.5, 100 mM naCl, 5 mM MgCl2) and 
nBt/BCIP as a substrate.

Statistics

The level of lipid peroxidation and enzyme activities 
were determined in three independent experiments 
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with three replications each. All data obtained were 
subjected to statistical analysis using the Sigma stat 
program. Comparisons with P<0.05 were considered 
significantly different. In all the figures, the spread of 
values is shown as error bars representing standard 
errors of the means.

ReSUltS AnD DISCUSSIOn

Plant response to salt stress occurs in two phases: the 
first is the osmotic,and the second is the ionic phase 
(Munns and tester, 2008). In order to distinguish the 
osmotic and ionic effects of salt stress on buckwheat, 
biochemical and molecular changes in buckwheat 
leaves were monitored after short exposure (2 days, 
osmotic phase) as well as longer exposure (7 days, 
ion-specific phase). According to salinity-induced 
visible foliar changes and the behavior of the plants 
during continued salt exposure, a threshold level for 
buckwheat salt tolerance was determined at 25 mM 
naCl. Based on this observation buckwheat can be 
considered as salt-sensitive plant species.  

The disruption of water potential, as well as redox 
homeostasis, is among the deleterious effects of salin-
ity stress on plants. The present study shows that salt 
treatments of buckwheat plants was accompanied by 
a reduction of water content in the buckwheat leaves 
(not shown). treatments with 10 and 25 mM naCl 
during two days caused a moderate decrease of the 
RWC relative to the control (decreasing of 20% and 
22%, respectively). However, 100 mM naCl caused a 
dramatic lowering of RWC. After 7 days of exposure, 
the RWC was 60% and 50% for 10 and 25 mM naCl 
treatment, respectively, while after exposure to 100 
mM naCl the plants were almost completely dehy-
drated (RWC 4%). Wilting at 100 mM naCl was the 
typical visible sign of foliar damage. The exclusion 
of excess salt in the form of observed salt crystals on 
leaf blades was a consequence of the high transpira-
tion rate. These observations suggest a low capacity 
of buckwheat leaves for water retention and osmotic 
adjustment.

lipid peroxidation is often used as an indicator 
of oxidative stress (Hernandez and Almansa, 2002). 

naCl induced oxidative stress in buckwheat leaves in 
a dose-dependent manner, as evidenced by the in-
crease in the MDA content (Fig. 1). The high level of 
lipid peroxidation suggests that a significant eleva-
tion of ROS in the buckwheat leaves occurred during 
exposure to salinity. 

to see if salinity induced the formation of H2O2, 
buckwheat leaves were stained with DAB for in situ 
detection of H2O2. In the leaves of salt-treated buck-

wheat plants, increased H2O2 accumulation was visu-
alized in response to all applied salt concentrations 
after 2 days of exposure (Fig. 2), suggesting that the 
salt-shock induced a rapid dose-independent pro-
duction of H2O2. longer exposure (7 days) did not 
enhance the staining intensity, which was decreased 
in comparison to the intensity visualized after 2 days 
of exposure. Furthermore, longer exposure restricted 

Fig. 1. effect of salinity on the level of lipid peroxidation in buck-
wheat leaves. The level of lipid peroxidation was determined as 
MDA content and expressed in percentage relative to the control. 
values are the means of three different experiments with three 
replicated measurements ± Se. Significant differences P<0.05.
k-control (untreated) plant.



BUCkWHeAt ReSPOnSe tO SAlt StReSS 71

the staining to vascular tissue, whereas during short-
er exposure H2O2 was accumulated in leaf tissue in 
the form of localized focuses. localized accumula-
tion of H2O2 could represent a possible protective 
mechanism enabling the majority of leaf tissue to 

properly perform photosynthesis and other meta-
bolic processes. vascular localization of H2O2 during 
longer salt exposure could suggest a protective func-
tion ensuring the maintenance of the photosynthetic 
competence in leaf tissue, as well as a possible signal 

Fig. 2. In situ detection of hydrogen peroxide accumulated in buckwheat leaves under salinity treatments. A. DAB staining of hydrogen 
peroxide in buckwheat leaves after two days of exposure to 0 mM naCl (a), 10 mM naCl (b), 25 mM naCl (c), 100 mM naCl (d). B. 
DAB staining of hydrogen peroxide in buckwheat leaves after seven days of exposure to 0 mM naCl (a), 10 mM naCl (b), 25 mM naCl 
(c), 100 mM naCl (d).
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function in the coordination of stress response on 
a whole-plant level. It was shown that the accumu-
lation of hydrogen peroxide preceded the phase of 

senescence initiation in the veinal tissue (niewia-
domska et al., 2009). The observed pattern of hydro-
gen peroxide accumulation in the leaves of 25 mM 

Fig. 2. In situ detection of hydrogen peroxide accumulated in buckwheat leaves under salinity treatments. A. DAB staining of hydrogen 
peroxide in buckwheat leaves after two days of exposure to 0 mM naCl (a), 10 mM naCl (b), 25 mM naCl (c), 100 mM naCl (d). B. 
DAB staining of hydrogen peroxide in buckwheat leaves after seven days of exposure to 0 mM naCl (a), 10 mM naCl (b), 25 mM naCl 
(c), 100 mM naCl (d).



BUCkWHeAt ReSPOnSe tO SAlt StReSS 73

naCl-treated plants indicated a state of senescence 
initiation. Further salt exposure caused senescence 
process progression, enabling the survival of young-
er leaves. The lack of DAB staining in response to a 
higher salt concentration (100 mM naCl), may be 
an indication of vascular tissue collapse, which is in 
agreement with the observed accelerated premature 
senescence and abscission of leaves. 

In addition to the absence of correlation between 
applied salt concentration and hydrogen peroxide ac-
cumulation, there was no correlation between H2O2 

accumulation and level of lipid peroxidation. This 
observation suggests the build-up and role of other 
ROS in cell damage as well as the existence of effi-
cient H2O2 detoxifying systems. Among antioxida-
tive enzymes and ROS scavengers, only SOD activity 

Fig. 3. effect of salinity on antioxidative enzyme activity in buckwheat leaves. values are mean ± S.e. based on three replicates and 
shown as a percentage relative to the control (100%). 
k-control (untreated) plant.
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was decreased compared to the control (Fig. 3). Such 
a decrease could be due to some stress-induced dam-
age of the enzyme and may lead to the accumulation 
of superoxide anion (O2 

-). Moreover, hydrogen per-
oxide could be formed by other activities (kranner 
and Birtic, 2007; Halliwell and Gutteridge, 1999; Rea 
et al., 2002). All of these activities could be respon-
sible for the observed level of lipid peroxidation and 
H2O2 accumulation after 2 days of salt exposure (Fig. 
1 and Fig.  2). 

Hydrogen peroxide generated during stress ex-
posure is decomposed by the activities of CAt, PODs 
and APX. The activity of CAt was unaffected, where-
as the activities of PODs and APX were induced by 
salinity treatments, especially by 10 mM naCl dur-
ing 2 days of exposure (Fig. 3). A further increase of 

naCl concentration decreased the activity of PODs, 
APX and GR, compared to the activity of 10 mM 
naCl. After 7 days of exposure, the highest increase 
in the activities of these antioxidative enzymes was 
at 25 mM naCl. The increased activity of PODs and 
APX indicated their important role in H2O2 detoxifi-
cation. The prominent increase in the activity of APX 
and GR suggests the involvement of ascorbate and 
glutathione in the antioxidative response of buck-
wheat. Ascorbate and glutathione are important in 
the regulation of senescence (vanacker et al., 2006). 
Also, the GSH/GSSG ratio can influence the ubiqui-
tin-dependent protein degradation pathway (The-
riault et al., 2000).  

The data presented here show that the expres-
sion of ubiquitin and ubiquitin conjugates were in-

Fig. 4. effect of salt stress on the expression of ubiquitin and the accumulation of ubiquitin conjugates in buckwheat leaves. Proteins 
from buckwheat leaves (50 μg) were resolved by SDS-PAGe and free ubiquitin as well as ubiquitin conjugates were detected by Western 
blot using anti-ubiquitin antibodies. 
1-4: buckwheat plants treated for 2 days with 0 (1), 10 mM naCl (2), 25 mM naCl (3), 100 mM naCl (4).
5-8: buckwheat plants treated for 7 days with 0 (6), 10 mM naCl (5), 25 mM naCl (7), 100 mM naCl (8). MW is a molecular mass 
standard (Fermentas).
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duced by salt treatments and that the highest level 
of free ubiquitin as well as ubiquitin conjugates was 
observed at 25 mM naCl after 2 days of exposure, 
and at 100 mM naCl after 7 days of the treatment 
(Fig. 4). This could be an indication of stressful con-
ditions, suggesting a high level of ubiquitin-depend-
ent protein turnover. However, the accumulation of 
ubiquitin conjugates may indicate the low level of 
proteolysis. It was also shown that longer exposure 
to salinity alleviated the salt-induced expression of 
free ubiquitin, suggesting the higher rate of protein 
ubiquitination (10 and 25 mM naCl after 7 days). 
The ubiquitin profile observed at 100 mM naCl af-
ter 7 days suggests the reduction of the ubiquitina-
tion process and proteolysis, which is in agreement 
with the general metabolic reduction under condi-
tions of severe water loss. 

Dehydrins as stress-protective proteins are in-
duced in vegetative tissues in response to different 

kinds of stress including dehydration, salinity, cold 
and heat stress (khedr et al., 2003). Western blot 
analysis of dehydrins in buckwheat leaves revealed 
a salt-enhanced expression of 36 kDa dehydrin in 
a dose-dependent manner during 2 days of expo-
sure (Fig. 5). the pre-existence of 36 kDa dehy-
drin and its quantitative regulation during stress 
indicate that this protein is required for normal 
metabolism and its up-regulation by stress should 
provide more amounts required during stress. It 
was shown in barley that one dehydrin was present 
in well-hydrated seedlings, but that under water 
stress, many others were newly synthesized (Close 
et al., 1993). the observed dehydrin-like protein 
in buckwheat leaves and its quantitative regulation 
suggest that buckwheat stress protection relies on 
the action of an individual protein instead of the 
coordinated action of a whole set of dehydrins. It 
may be one of the reasons for buckwheat sensitiv-
ity to salt stress. 

Fig. 5. effect of salt stress on the expression of dehydrin-like proteins in buckwheat leaves. Proteins from buckwheat leaves (50 μg) were 
resolved by SDS-PAGe and dehydrin-like proteins were detected by western blot using anti-dehydrin antibodies. 
1-4: buckwheat plants treated for 2 days with 0 (1), 10 mM naCl (2), 25 mM naCl (3), 100 mM naCl (4).
5-8: buckwheat plants treated for 7 days with 0 (5), 10 mM naCl (6), 25 mM naCl (7), 100 mM naCl (8). MW is a molecular mass 
standard (Fermentas).

Abbreviations:
APX - ascorbate peroxidase; CAt - catalase; DAB- 3,3-diaminobenzidine; DnA - deoxyribonucleic acid; eDtA - ethylene diamine tetra 
acetate; GR - glutathione reductase; MDA - malondialdehyde; MW-molecular weight; nBt - nitro blue tetrazolium; POD - peroxidase; 
ROS - reactive oxygen species; RWC- relative water content; Se - standard error; SOD -superoxide dismutase.
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In conclusion, the observed sensitivity of buck-
wheat plants to salt treatments at the middle veg-
etative developmental stage could be attributed, at 
least in part, to the failure of osmotic adjustment, 
uncoordinated activity of CAt, PODs, APX and 
GR with SOD activity resulting in significant oxi-
dative stress, as well as to the reduction of stress-
specific protectants, such as dehydrins. It is evi-
dent that salt treatment induced rapid osmotic and 
oxidative stresses which are later followed by in-
creased leaf senescence as a consequence of ionic 
stress. According to our results, by demonstrating 
the very detrimental multi-level effects of salinity 
in buckwheat plants, we believe that new strategies 
for improving buckwheat stress tolerance can be 
developed.

Acknowledgments - This work was supported by the Minis-
try of Science and technological Development of Republic 
of Serbia, as a part of research project 143017. The authors of 
this paper wish to thank Dr timothy Close, Department of 
Biochemistry, University of California, Riverside, for kindly 
providing anti-dehydrin antibodies. 

ReFeRenCeS

Aebi, H. (1984). Catalase in vitro. Methods Enzymol. 105, 121-
126.

Barrs, H. D., and P. E. Weatherly (1962). A re-examination of the 
relative turgidity technique for estimating water deficits in 
leaves. Australian J. Biol. Sci. 15, 413-428.

Beuchamp, C.O., and I. Fridovich (1971). Superoxide dismutase: 
improved assays and an assay applicable to acrylamide gel. 
Anal. Biochem. 44, 276-287.

Bradford, M.M. (1976). A rapid and sensitive method for the 
quantization of micrograms quantities of protein utilizing 
the principle of protein-dye binding. Anal. Biochem. 72, 
248-254.

Cellier, F., Conéjéro, G., Breitler, J.C., and F. Casse (1998). Mo-
lecular and physiological responses to water deficit in 
drought-tolerant and drought-sensitive lines of sunflower. 
Accumulation of dehydrin transcripts correlates with tol-
erance. Plant Physiol. 116, 319-328.

Close, T.J. (1997). Dehydrins: a commonality in the response of 
plants to dehydration and low temperature. Physiol. Plant. 
100, 291-296.

Close, T.J., Fenton, R.D., and F. Moonan (1993). A view of plant 
dehydrins using antibodies specific to the carboxy termi-
nal peptide. Plant Mol. Biol. 23, 279-286. 

Collet, H., Shen, A., Gardner, M., Farrant, J.M,; Denby, K.J., and N. 
Illing (2004). towards transcript profiling of desiccation-
tolerance Xerophyta humilis: Construction of normal-
ized 11k X .humilis cDnA set and microarray expression 
analysis of 424 cDnA in response to dehydration. Physiol. 
Plant. 122, 39-53.

Foyer, C.H., and B. Halliwell (1976) The presence of glutathione 
and glutathione reductase in chloroplasts: a proposed role 
in ascorbic acid metabolism. Planta 133, 21-25.

Halliwell, B., and M.C. Gutteridge (1999). Free radicals in biology 
and medicine. 3rd ed. Oxford University Press USA 

Hara, M., Fujinaga, M., and T. Kuboi (2004). Radical scaveng-
ing activity and oxidative modification of citrus dehydrin. 
Plant Physiol. Biochem. 42, 657-662.

Hasegawa, P.M., Bressan, R.A., Zhu, J.K., and H. Bohnert (2000). 
Plant cellular and molecular responses to high salinity. 
Annu. Rev. Plant Mol. Biol. 51, 463-499. 

Heath, R.L., and L. Packer (1986). Photoperoxidation in isolated 
chloroplasts.I. kinetics and stochiometry of fatty acid per-
oxidation. Arch Biochem. Biophys. 125, 189-198.

Hernandez, J.A., and M.S. Almansa (2002). Short-term effects of 
salt stress on antioxidant systems and leaf water relations 
in pea plants. Physiol. Plant. 115, 251-2579.

Khedr, A.H.A., Abbas, M.A., Wahid, A.A.A., Quick, W.P., and 
G.M. Abogadaiiah (2003). Proline induces the expression 
of salt-stress-responsive proteins and may improve the ad-
aptation of Pancratium maritimum l. to salt stress. J. Exp. 
Bot. 54, 2553-2562.

Kranner, I., and S. Birtic (2005). A modulating role for antioxi-
dants in desiccation tolerance. Integr. Comp. Biol. 45, 734-
740.

Kurepa, J., and J.A. Smalle (2008). Structure, function and regu-
lation of plant proteasomes. Biochimie  90, 324-335.

Laemmli,U.K. (1970). Cleavage of structural proteins during the 
assembly of the head of bacteriophage t4. Nature 227, 
680-685. 

Matsuura, A., Inanaga, S., and K. Murata (2005). Differences in 
the vegetative growth between common and tartary buck-
wheat in saline hydroponic culture. Plant Product. Sci. 5, 
533-538.

Munns,R., and M. Tester (2008). Mechanisms of salinity toler-
ance. Annu. Rev. Plant Biol. 59, 651-681.



BUCkWHeAt ReSPOnSe tO SAlt StReSS 77

Murashige,T., and F. Skoog (1962). A revised medium for rapid 
growth and bioassays with tobacco cultures. Physiol. Plant. 
15, 473-479.

Nakano, Y., and K. Asada (1981). Hydrogen peroxide is scav-
enged by ascorbate-specific peroxidase in spinach chloro-
plasts. Plant Cell Physiol. 22, 867-880.

Niewiadomska, E., Polzien, L., Desel,C., Rozpadek,P., Miszalski, 
Z., and K. Krupinska (2009). Spatial patterns of senescence 
and development-dependent distribution of reactive oxy-
gen species in tobacco (Nicotiana tabacum) leaves. J. Plant 
Physiol. 166, 1057-1068.

O’Mahony, P.J., and M.J. Oliver (1999). The involvement of ubiq-
uitin in desiccation tolerance. Plant Mol. Biol. 41, 657-
667.

Pomeranz, Y. (1983). Buckwheat: Structure, composition and 
utilization. CRC Crit. Rev. Food Sci Nutr. 19, 213-258. 

Rea, G., Metoui, O., Infantino, A., Federico, R., and R. Angelini  
(2002). Copper amine oxidase expression in defense re-
sponses to wounding and Ascochyta rabiei invasion. Plant 
Physiol. 128, 865-875.

Rinne, P.L., Kaikuranta, P.L., van der Plas, L.H., and C. van der 
Schoot (1999). Dehydrins in cold-acclimated apices of 
birch (Betula pubescens ehrh.): Production, localization 

and potential role in rescuing enzyme function during de-
hydration. Planta 291, 579-589.

Slawinska, J., and R.L. Obendorf (2001). Buckwheat seed set in 
planta and during in vitro inflorescence culture: evalua-
tion of temperature and water deficit stress. Seed Sci. Re-
search 11, 223-233.

Taylor, D.P., and R.L. Obendorf (2001). Quantitative assessment 
of some factors limitimg seed set in buckwheat. Crop Sci. 
41, 1792-1799.

Theriault, A., Wang, Q., Van Iderstine, S.C., Chen, B., Franke, 
A.A., and K. Adeli (2006). Modulation of hepatic lipopro-
tein synthesis and secretion by taxifolin, a plant flavonoid. 
J. Lipid Res. 41, 1969-1979.

Thordal-Christensen, H., Zhang, Z., Wei,Y., and D. Collinge, 
(1997). Subcellular localization of H2O2 in plants. H2O2 
accumulation in papillae and hypersensitive response 
during the barley-powdery mildew interaction. Plant J. 
11, 1187-1194.

Vanacker, H., Sandalio,L.M., Jimenez,A., Palma, J.M., Corpas, F.J., 
Meseguer, V., Gomez, M., Sevilla, F., Leterrier, M., Foyer, 
C.H., and L.A. del Rio (2006). Roles for redox regulation 
in leaf of pea plants grown on different sources of nitrogen 
nutrition. J. Exp. Bot. 57, 1735-1745.




