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Environmental stresses represent the most limiting factors for agricultural pro-
ductivity worldwide. These stresses impact not only current crop species, they are also
significant barriers to the introduction of crop plants into areas that are not currently
used for agriculture. Stresses associated highly with temperature, salinity and drought,
singly or in combination, are likely to enhance the severity of problems to which plants
will be exposed in the coming decades. These growth conditions, along with the in-
creasingly higher summer temperatures from year to year contribute to the drastic
decrease in crop productivity and quality.

It is well known that most of the native and anthropogenic stresses induce simi-
lar physiological reactions in higher plants. These primary non-specific events include
flh?xn («)a_sl 2in oxidative enzyme activities, level of stress markers and free proline content

The aim of this study is to evaluate the effect of high temperatures and the rela-
tively reduced low air humidity (which mimics the conditions during the hot summer
day) on one of the most important cash crop in Bulgaria — tobacco, which is grown in
regions with low soil fertility, limited availability of water, and normally high temper-
atures. The levels of some enzymes (assumed to be a part of a system which renders
protection against oxidative burst) and stress markers were determined.

Materials and methods. PLANT MATERIAL, GROWTH CONDITIONS AND TREAT-
MENT. In the experiments tobacco (Nicotiana tabacum L.) cv. Nevrokop plants were
used. The plants were grown as a soil culture in plastic pods (d = 20 cm, h = 15 cm,
soil:perlite, 2:1, v/v; growth conditions — 16/8 h light/dark photoperiod, 25°/20° C
day/night temperatures; air humidity about 80%). At 9-10 leaf stage the plants were
subjected to high temperature stress (HTS) for 7 days. During each day the temper-
ature was elevated from 30 to 45° C (from 9:00 a.m. to 12:00 a.m.), till 5:00 p.m. the
temperature was kept and after that it dropped again till 30° C. Soil humidity was
kept about 60%, and that of the air was — 55-65%. All measurements were made 24,
72 and 168 h after the beginning of HTS.

BIOMETRIC AND BIOCHEMICAL MEASUREMENTS. Fresh weight was estimated be-
fore the plants were dried at 105° C to constant weight. For the analyses the following
methods were used: Relative leaf water content (RWC), FLETCHER et al. [!]; total
phenol content, DUNNING et al. [2]; free proline content, BATES [3]; electrolyte leakage,
DORFFLING [4]. Lipid peroxidation (as malondialdehyde, MDA equivalents) was esti-
mated as the thiobarbituric acid reactive material using the molar extinction coefficient

1Part of this study was presented as a poster at the XII FESPP Congress, 21-25 July, 2000, Hungary.
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Abstract

Comparative studies on the effects of temperature treatments on the wild type
and an ethylene insensitive mutant (efid) of Arabidopsis thaliane (L.) Heynh were
performed. Thirty-day-old plants grown on soil/perlite mixture were subjected to
low (4 °C) or high (38 °C) temperature for 24 h in darkness. The measurements
of glutathione and activity of glutathione-S-transferase were performed 0, 24, 28
and 120 h after the cessation of the stress programme. The temperature treatments
provoked a rise both in total and in the oxidized glutathione content. There were no
significant differences in these parameters in the mutant plants. Since the changes in
the glutathione-S-transferase activity followed similar trends, it was supposed that the
increment of the total amounts of glutathione in wild type plants was due mainly to
the activation of glutathione/ascorbate cycle detoxifying the hydrogen peroxide excess
resulted from temperature induced oxidative events. The data presented demonstrate
the previously reported lower susceptibility of the eti5 mutant than the wild type to
extreme temperatures.

Key words: Arabidopsis thaliana, glutathione, glutathione-S-transferase, tem-
perature stress, oxidative events, ethylene

Abbreviations: AOS - active oxygen species, GSH - reduced glutathione,
GSSG - oxidized glutathione, CDNB - (1-chloro-2,4-dinitrobenzene), GST -
glutathione-S-transferase, GR - glutathione reductase; NEM — N-ethylmaleimide

Introduction. Oxygen is essential for the aerobic life, yet reactive oxygen inter-
mediates can be highly toxic to cells. Because of their reactive nature, activated oxygen
species (AOS) can lead to DNA, protein, and membrane damage [}]. To protect them-
selves against AOS, plants have developed a variety of enzymatic and non-enzymatic
antioxidant mechanisms. During oxidative stress the balance between the scavenging
capacity of the antioxidant systems and production of AOS is disturbed [2]. The poten-
tial of AOS production is greatly enhanced by a wide variety of environmental stresses,
and it is thought that the ensuing damage results from the accumulation of these AOS
to levels exceeding the cell antioxidant capacity [3].

The tripeptide glutathione {(GSH; y-glutamylcysteinylglycine) is an important an-
tioxidant which plays a crucial role in the defence against AOS [4]. GSH is the most
abundant non-protein thiol in plant cells and is present at millimolar concentrations
[5]. GSH functions both as a scavenger of free radicals, and as a component of the
GSH/ascorbate cycle. It also plays a role as a cofactor in GST-mediated detoxification
of electrophilic compounds. The ability of cells to withstand an oxidative stimulus de-
pends at least in part on the capacity for de novo GSH synthesis [?], and the frequency
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EFFECT OF HERBICIDE GLYPHOSATE ON GLUTATHIONE
LEVELS, GLUTATHIONE-S-TRANSFERASE AND
GLUTATHIONE REDUCTASE ACTIVITIES IN TWO PLANT
SPECIES

L. Miteva, S. Ivanov, V. Alexieva, E. Karanov
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Abstract

The effect of herbicide glyphosate [(N-phosphonomethyl)glycine] on the endoge-
nous level of glutathione (total and oxidized), amount of free thiol groups, and activity
of some related to its metabolism enzymes (glutathione reductase and glutathione-S
transferase) was studied. As model systems two species of vascular plants, pea (Pisum
sativum L.), and wheat (Triticum aestivum L.) were used. An enhancement of the
level of total glutathione and free thiol groups accompanied by augmentation of the
activity of glutathione-S-transferase was found. The glyphosate application provoked
an increase of the GSSG/TG ratio.

Key words: herbicide stress, glyphosate, glutathione, glutathione-S-transferase,
glutathione reductase

Abbreviations: TG - total glutathione; GSSG - oxidized glutathione; GST
— glutathione-S transferase; GR — glutathione reductase; DTNB - 5,5'-dithio-bis(2-
nitrobenzoic acid); CDNB - 1-chloro-2,4-dinitrobenzene

Introduction. Glutathione (y-Glu-Cys-Gly) is one of the most spread forms of
organic sulfur in plants. It has various functions both in plant and in animal organisms.
First of all it is very important part of the protective and defence system. It acts as
an antioxidant against active oxygen species. Glutathione takes part in glutathione-
ascorbate shuttle (Halliwel-Asada cycle) where it provides electrons for reduction of
ascorbate. Reduction of glutathione is completed by the enzyme glutathione reduc-
tase (GR, EC 1.6.4.2.). GR is an enzyme found in both photosynthetic and in non-
photosynthetic tissues [!] with evidences for its presence in the chloroplasts [2]. With
participation of the enzyme glutathione peroxidase (GPox, EC 1.11.1.9) glutathione
has direct function as scavenger of hydrogen peroxide. A well-known function of glu-
tathione is detoxifying of different xenobiotics as herbicides and heavy metals by con-
jugation. The process can be accomplished with or without the participation of the
enzyme glutathione-S-transferase (GST, EC 2.5.1.18) [3-5]. This detoxifying process
usually has two phases: conjugation and compartmentation of the conjugates, which
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EFFECTS OF PROLONGED ACTION OF SUB-HERBICIDE
CONCENTRATIONS OF ATRAZINE ON THE
PHOTOSYNTHETIC FUNCTION OF PEA PLANTS

P. Lambrev, S. Ivanov*, V. Goltsev**

(Submitted by Corresponding Member E. Karanov on November 27, 2002)

Abstract

The effect of low atrazine concentrations on young pea plants was monitored
during their development by means of fluorescence induction analysis. It was shown
that atrazine in concentrations compatible to those found in underground and surface
water has a significant gradually increasing impact on the photosynthetic function.

Key words: herbicide residuals, atrazine, chlorophyll fluorescence

Introduction. Triazines are one of the economically most important and widely
used groups of selective herbicides. The main representative of this group is atrazine (2-
chloro-4-isopropyl-6-ethyl-s-triazine). It is well known that the extensive agricultural
use of any herbicides has caused their wide accumulation in underground and surface
water and soil, as well as their distribution by aerosols [1:2]. Unfortunately, limited
information is available about the post-effects of atrazine and other s-triazines in rela-
tion to their main targets — the plant species susceptible to their action. The herbicide
efficiency is most commonly judged by the Iy plant growth inhibition [3]. The effect
of herbicide residuals on the productivity of crops grown on areas previously treated
with atrazine was scarcely studied [4].

Photosynthesis is the primary target of the triazines. Atrazine blocks the pho-
toinduced electron transport by specific binding to the Qgp-site of the D1 protein in
the Photosystem 2 (PS 2) reaction centre [>6]. A popular non-destructive probe of the
functional state of the photosynthetic apparatus is the chlorophyll fluorescence [7:8]. Di-
rect registration of fluorescence induction transients with high time resolution has been
used to screen the fate of the excitation energy within the photosynthetic apparatus
and the electron transport through PS 2 [9].

Materials and methods. As a model system pea ( Pisum sativum L., cv. Manuela)
plants were used. Seeds were soaked on tap water for 4-6 h and put on moisturised
filter paper in Petri dishes for germination (25 °C, in the dark, 72 h). Seedlings
were grown as a water culture (Hoagland-Arnon nutrient medium, changed every

This work was supported by the Swiss National Science Foundation (SCOPES grant
No 7BUPJ062408.00/1).
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COMPARATIVE EFFECT OF 2,4-D ON THE GLUTATHIONE
LEVELS, GLUTATHIONE-S-TRANSFERASE AND
GLUTATHIONE REDUCTASE ACTIVITIES IN PEA
(PISUM SATIVUM L.) AND WHEAT
(TRITICUM AESTIVUM L.)

L. Miteva, S. Ivanov, V. Alexieva
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Abstract

The effect of herbicide 2,4-D [2,4-dichlorophenoxy acetic acid] on the endogenous
level of glutathione (total and oxidized), amount of free thiol groups, and activity of
some related to its metabolism enzymes (glutathione reductase and glutathione-S
transferase) was studied. As model systems two species of vascular plants with differ-
ent sensitivity to herbicide, pea (Pisim sativum L.), and wheat (Triticum aestivum
L.) were used. An enhancement of the level of total glutathione and free thiol groups
accompanied by an augmentation of the activity of glutathione-S-transferase in wheat
plants was found. Opposite tendencies were observed in more sensitive pea plants.

Key words: herbicide stress, 2,4-D, glutathione, glutathione-S-transferase, glu-
tathione reductase, thiol groups

Abbreviations: 2,4-D - 24-dichlorophenoxy acetic acid; TG ~ total glu-
tathione; GSSG - oxidized glutathione; GST - glutathione-S-transferase; GR - glu-
tathione reductase; DTNB - 5, 5'-dithio-bis(2-nitrobenzoic acid); CDNB — 1-chloro-
2,4-dinitrobenzene.

Introduction. Herbicide stress is a situation plants have to deal with frequently.
2,4-D (2,4-dichlorophenoxy acetic acid) is widely used auxin-type herbicide. It is se-
lective herbicide, which is active against dicotyledonous weeds in cereal crops [1]. Pea
and wheat are plants with different sensitivity to this xenobiotic so that these plant
species were chosen for studying the physiological responses in relation to some aspects
of glutathione metabolism. ‘

It is supposed that growth inhibition caused by 2,4-D treatment is due to supra-
optimal auxin-induced ethylene evolution. 2,4-D has a hormonal-like physiological ac-
tivity, and, that is why it is easily taken in the plant. It may cause hormonal imbalance
and uncontrolled growth, which might exhaust the plant and be another reason for the
plant death [2].

Thiol groups in the cell play extraordinarily important roles in almost all aspects
of cellular function [3]. Tripeptide glutathione (7-L-Glu-L-Cys-Gly) is one of the widely
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EFFECT OF TWO DAILY AND LOW-INTENSITY UV-B
RADIATIONS ON GROWTH AND STRESS MARKERS IN
YOUNG PEA (PISUM SATIVUM L.) PLANTS

Z. Katerova, V. Alexieva, S.Ivanov, S. Mapelli*, E. Karanov

(Submitted on March 26, 2003)

Abstract

The effect of two regimes of UV-B irradiation differing in their duration on the
levels of growth and some stress markers in young pea plants was studied. The plants
were irradiated daily during 3 weeks for 20 or 60 s. All measurements were made on
the 7th, 14th, and 21st day, 20 h after the cessation of the stress programmes. For
the experiments leaves from different nodes (2nd, 3rd, 4th and 5th) were separated.
Growth in higher UV-B radiation resulted in significant reduction of stems’ fresh
weight. Both stress regimes dropped MDA content. An increase in amounts of free
proline, hydrogen peroxide and electrolyte leakage was observed; the effect was more
pronounced in the older leaves when more prolonged UV-B was applied.

Key words: UV-B radiation, stress markers, pea

Abbreviations: UV-B - ultraviolet-B radiation; MDA — malondialdehyde;
H202 — hydrogen peroxide; LP — lipid peroxidation; SH — free thiol groups; TBA
— thiobarbituric acid; ROS - reactive oxygen species; FW - fresh weight

Introduction. Stratospheric ozone depletion by anthropogenic halocarbons led
to an increase in the flux of UV-B radiation reaching the earth’s surface [!]. Although
UV-B is only a minor component of solar radiation, due to its high energy, its potential
for causing biological damage is exceptionally high and even small increases could lead
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ENDOGENQOUS FREE AND BOUND
POLYAMINE CONTENT IN TOBACCO
PLANTS SUBJECTED TO HIGH
TEMPERATURE 3TRESS

D. Todorova, D. Parvanova*, T. XKoastantinova*, S. Ivanov,
D. Djilianov*, V. Alexieva

(Submitted by Corresponding Member E. Karanov on ¥arch 25, 2003)

Abstract

The levels of free and bound putrescine, spermidine and spermine were mea-
sured in leaves of tobacco plants subjected to high temperature treatmeunt for 7 days.
Polyamine contents were determined at 24, 74 and 168 h after the beginning of
the stress programme. It was established that moderate enduring high temperature
stress provoked a rise of the free putrescine as a stress marker, as well as bound to
macromolecules polyamines which play a protective role against the damaging oxy-
gen species. However, continuous stress led to a decrease of polyamine levels and
diminished possibility for plant survival.

Key words: high temperature stress, Nicotiana tabacum L., polyamine, pu-
wrescine, spermidine, spermine

Abbreviations: HTS ~ hign temperature stress; PA — polyamines; Put — pu-
trescine, Spd —'spermidine, Spm ~ spermine

introduction. Aliphatic polyamines are ubiquitous amines synthesized in both
prokaryotic and eukaryotic organisms [}]. In plants, they exist in both free and bound
forms. There are two classes of polyamines bound either to low-molecular-mass (TSA-
soluble) or to high-molecular-mass (TCA-insoluble) compounds (12} Accumnlation of
polyamines has been shown under a variety of stress factors, including high salinity,
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PLANT GROWTH REGULATING ACTIVITY OF SOME
FLAVONOIDS
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(Submitted by Academician E. Karanov on January 21, 2004)

Abstract

Flavonoids represent a class of plant cell constituents of phenolic nature compris-
ing a large number of compounds with diverse physiological functions. The growth
regulating properties of series of flavonoids isolated from natural sources, as well as
commercially obtained standards were studied by means of their effect on the enlarge-
ment of excised segments of wheat coleoptiles. The influence of the compounds on
IAA-oxidase activity was also monitored in a wide concentration range. Correlation
was established between the growth regulating effects of the compounds and their
influence on IAA-oxidase activity: the compounds stimulating coleoptile elongation
acted as inhibitors of IA A-oxidase and vice versa. Some aspects of structure—activity
relationships were also outlined.

Key words: flavonoids, plant growth regulators, IA A-oxidase

Introduction. With more than 4500 different representatives known thus far, the
flavonoids constitute an enormous class of natural phenolic products [11 Flavonoids
possess a wide range of physiological functions. Hence, many plant-animal interactions
are influenced by flavonoids. The colour of flowers and fruits which often functions to
attract pollinators and seed dispersers results primary from vacuolar anthocyanins. Re-
lated flavonoids, such as flavonols, flavones, chalcones and aurones, also contribute to
colour definition [2]. Specific flavonoids can also function to protect plants against UV-
B irradiation (kaempferol). Others can act as insect feeding attractants (isoquercetin).
In contrast, condensed tannins such as proanthocyanidins add a distinct bitterness or
astringency to the taste of plant tissues and function as antifeedants. The flavonoids
apigenin and luteolin serve as signal molecules in legume-rhizobium bacteria interac-
tions facilitating nitrogen fixation. In a related function, isoflavonoids are involved in
inducible defence against fungal attack in alfalfa and other plant species. Moreover, var-
ious flavonoids also have been extensively studied in view of the perspective of health
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Transgenic tobacco plants accumulating osmolytes show reduced
oxidative damage under freezing stress
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Abstract

We studied the reaction to the oxidative component of freezing in several tobacco lines, transformed with genes coding for enzymes
involved in the synthesis of osmoprotectants (proline, fructan or glycine betaine) along with their wild type. The levels of some oxidative stress
markers (leakage of electrolytes, hydrogen peroxide and malondialdehyde) as well as the activity of antioxidative enzymes catalase (EC
1.11.1.6.) and guaiacol peroxidase (EC 1.11.1.7.) have been followed at acclimation, 12 and 24 h freezing and at recovery. Freezing for 24 h
resulted in severe damages for the wild type. A corresponding increase of electrolyte leakage, hydrogen peroxide and malondialdehyde
contents, a rise of peroxidase activity and inhibition of catalase activity occurred in the non-transformants. Similar, but significantly lower
trend of the same parameters has been found for the transgenic lines. Moreover, the oxidative markers returned to their normal levels when the
transformants were able to recover from freezing. It could be speculated that transfer of genes, coding for accumulation of osmoprotectants,
is related to reduced intensity of freezing-induced oxidative processes. Our lines and model system could serve as a good prerequisite for
additional studies to gain further insights into the complex role of osmoprotectants in freezing tolerance.

© 2003 Elsevier SAS. All rights reserved.

Keywords: Freezing; Osmolyte; Oxidative stress; Transgenic tobacco

1. Introduction accumulation of low molecular weight metabolites, known
as compatible solutes or osmolytes—amino acids (e.g. pro-
line), sugars and sugar alcohols (sucrose, fructan, mannitol)
and quaternary ammonium compounds (glycine betaine)
[15,30]. It is generally accepted that these compounds serve
as osmoprotectants, increasing the ability of cells to retain
water not disturbing the normal cellular function [40]. The
most obvious function of these compounds is osmotic adjust-
ment. Apart from this role, it is suggested that they have other
properties in plants suffering from oxidative stress, protect-

ing cells against the production of hydroxyl radicals

Sub-zero temperatures are among the major factors limit-
ing geographical distribution of cultivated plants and their
productivity. Freezing acts directly, when ice masses me-
chanically tear the tissues and indirectly by dehydration
resulting from growth of extracellular ice.

Plants have evolved various protective mechanisms that
allow acclimation to freezing stress. One of them is the

Abbreviations: AtPro26, transgenic plants carrying the P5CS gene from

Arabidopsis thaliana for proline accumulation; DTT, dithiotreitol; Fru52,
transgenic plants carrying the SacB gene for fructan accumulation; GB9Y,
transgenic plants carrying the codA gene for glycine betaine accumulation;
GDHP, guaiacol dehydrogenation product; H,O,, hydrogen peroxide;
MDA, malondialdehyde; ROS, reactive oxygen species; VacPro29, transge-
nic plants carrying the P5CS gene form Vigna aconitifolia for proline
accumulation; WT, wild type plants.

* Corresponding author.

E-mail address: d_djilianov @abi.bg (D. Djilianov).

© 2003 Elsevier SAS. All rights reserved.
doi:10.1016/j.plaphy.2003.10.007

[4,34,35].

In common with other abiotic stresses, freezing causes
increased production of activated oxygen species able to
inactivate enzymes and damage cellular components [22,26].
Oxidative stress occurs when the defense capacity of plants is
broken by the formation of free radicals. A relationship
between freezing and oxidative stress was originally postu-
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Summary

We studied the systemic effects after infection of susceptible and resistant
(expressing HSR) wheat plants with leaf rust (Puccinia recondita f.sp. tritici) on the
amount of hydrogen peroxide and activity of some ROS scavenging enzymes.
Measurements were performed 7 and 21 days after inoculation. In susceptible cultivar
(Sadovo 1), an inhibition of activity of catalase and GST was found. By contrast, in
resistant cultivar (Kristal), the infection caused an activation of these enzymes.
Moreover, it was established that cv. Kristal plants possess constitutive higher levels of
hydrogen peroxide, as well as higher superoxide dismutase activity.

© 2004 Elsevier GmbH. All rights reserved.

Introduction

Rust fungi are obligatory plant pathogens that obtain
their nutrients from living host cells. Economically
they are one of the most important biological agents
that render damages on wheat plants. The most
common response of resistant plants to cellular

invasion by fungal pathogens is a rapid cell death,
which is named hypersensitive response (HSR). The
death of infected areas blocks the pathogen’s
development. HSR is not, however, an obligatory
component of the plant’s defense—there are also
pathosystems in which the resistance is not related to
the manifestation of HSR (Heath, 1997).

Abbreviations: GST, glutathione-S-transferase; HSR, hypersensitive response; ROS, reactive oxygen species; SOD, superoxide

dismutase

*Corresponding author. Tel.: +3592979 36 81; fax: +3592739952.

E-mail address: sivanov@obzor.bio21.bas.bg (S. Ivanov).
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Cumulative Effect of Low and High Atrazine Concentrations
on Arabidopsis thaliana Plants!

S. V. Ivanov, V. S. Alexieva, and E. N. Karanov

Acad. M. Popov Institute of Plant Physiology, Bulgarian Academy of Sciences,
ul. Acad. G. Bonchev 21, Sofia, 1113 Bulgaria;
e-mail:sivanov@obzor.bio21.bas.bg
Received September 12, 2004

Abstract—Atrazine belongs to the widely used herbicides blocking the electron transport chain in chloroplasts,
thus resulting in the generation of active oxygen species. In the present work, we demonstrated that, at low con-
centrations mimicking residual amounts, atrazine enhanced the susceptibility of Arabidopsis plants to further
treatments with the same herbicide applied at the recommended field rate. Arabidopsis thaliana plants were
treated three times (at five-day intervals) with 1 UM atrazine. Five days after the last treatment, the plants were
sprayed with 5 mM atrazine. Atrazine increased the levels of lipid peroxidation products, hydrogen peroxide,
and ion leakage, and caused changes in the activities of antioxidant enzymes, such as superoxide dismutase,

guaiacol peroxidase, and catalase.

Key words: Arabidopsis thaliana - antioxidant enzymes - residual amounts of atrazine - oxidative stress

INTRODUCTION

Under normal environmental conditions, the plants
are exposed to a complex of stress factors which could
be formally divided into two major groups, i.e., natural
(for example, extreme temperatures, water shortage, or
logging) and anthropogenic (pesticides, heavy metals,
air pollutants and an increased UV-radiation) [1]. Now-
adays, the combination of natural and anthropogenic
stressors is a worldwide phenomenon.

Theoretically, two main effects of unfavorable con-
ditions are possible, namely plant death or adaptation to
the new environmental situation. Some cases are
known when a weak stress factor enhances the plant
adapting capacity to a subsequent stress. A typical
example is a higher frost resistance after a short expo-
sure to low positive temperatures or water shortage [2].
On the other hand, the combination of acid rain with
high temperatures appears to be highly detrimental and
provoked the death of entire forests [1].

The presence of high levels of both water and soil
pollutants is now a typical situation in most regions.
The persistence of most herbicides in the soil varies
from several weeks to months (and even years).
Although each herbicide is applied for a particular
crop-weed situation at limited rate, area, and time

! This article was submitted by the authors in English.

Abbreviations: AOS—active oxygen species; MDA—malondial-
dehyde; NBT—nitro blue tetrazolium; PSII—photosystem II;
SOD—superoxide dismutase.

period, during the following months some residual
amounts of the herbicide are spread usually by rains
and underground water over larger areas and contact
with other crop plants and ecosystems. Such herbicide
spreading cannot be easily followed, and at low con-
centrations these compounds undoubtedly reach those
plant and animal organisms, at which they were not
aimed initially. In these cases, they combine their influ-
ence with the effects exerted by unfavorable environ-
mental conditions, both natural and anthropogenic.
Moreover, in crop fields some additive effects take
place due to the subsequent application of herbicides at
normal rates.

Atrazine frequently contaminates soil, groundwater,
rivers, and ponds [3]. The highest detected residual
amounts reach 1mg/kg soil [4]. Usually, in the agricul-
tural areas this herbicide can be detected in 1-100 ug
per kg soil or liter water [3, 5-7]. On the other hand, it
was reported that in some plants the same atrazine con-
centrations exhibit cytokinin-like properties [8].

The aim of our experiments was to find how some
trace amounts of atrazine could affect the adaptive
capacity of the Arabidopsis thaliana plants to subse-
quent acute stress factors. The severe stress was
induced by the same herbicide but applied at the lethal
dose normally recommended for agricultural practice.
Since the primary phytotoxicity of atrazine is due
mainly to the overgeneration of active oxygen species
(AOS), we considered the amounts of produced hydro-
gen peroxide and the level of lipid peroxidation mea-
sured in malondialdehyde (MDA) equivalents as crite-
ria for the development of free-radical chain reactions
causing an oxidative damage to plant tissues.

1021-4437/05/5202-0213 © 2005 MAIK “Nauka /Interperiodica”
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EFFECTS OF LONG-TERM TREATMENT WITH LOW
CONCENTRATIONS OF HERBICIDES ATRAZINE,
GLYPHOSATE AND 2,4D ON IAA OXIDASE ACTIVITY
IN YOUNG PEA PLANTS
S. Ivanov, Z. Katerova, E. Ivanova, V. Alexieva
(Submitted by Academician E. Karanov on November 24, 2004;
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Endogenous IAA content in plant tissues can be modulated via oxidative decar-
hoxylation on the side chain of IJAA by IAA oxidase. In plants IAA oxidase activity
displays some isoforms of unspecific peroxidases. Usually, stimulation in IAA oxidase
activity after treatment with various stress agents corresponded with reducti £
endogenous IAA content and growth inhibition. Atrazine, 2,4D and glyphosate have
been widely nsed as herbicides in crop production. The aim of this study was to
evaluate the effects of long-term treatment with low céncentrations of these herbi-
ides on IAA oxidese activity in young pea plants. Plants were grown hydroponically.

ine and 2,40 were added to the nutrition medium in concentration 01wl and
M, and glyphosate in 1 uM- and 10 uM, respectively. Leaf mmaterial
nd 14 days after the beginning of the experiment. In general,
‘th low concentrations of 2,4D and glyphosate enhanced, and atra
provoke significant changes in JAA oxidase activity. On the basis of our resulis
vrevious research in this area we concluded that the changes in IAA ovidss
strongly correlate with total peroxidase activity in plant cell. Additionally, we sy
ted that the reduction of IAA content by TAA oxidase activity could be a secondary
effect from the activation of some unspecific peroxidases.

Key words: auxin, JAA oxidase, peroxidase, atrazine, 2,410, glyphosate,

Abbreviaticns: AOS — reactive oxygen species; IAA — indole-3-acetic
9.41) — 2, 4-dichiorophenoxyacetic aciu

rotroduction. Auxins affect numerous processes during plant growth and de-
velopment including cell division and elongation, differentiation, apical dominance,
tropisms, senescence, and flowering. Endogenous TAA content in plant tissues can be
modulated via several pathways including synthesis, decompeosition and transport of
free or conjugated TAA. One well knows that IAA metabolic pathway consists of aerobic
oxidative decarboxylation on the side chain of JAA by TAA oxidase leading to forma-
ol f or indole-3-methanol or 3-methylene oxindole [1]. It is known since 1¢
TAA oxidation is catalyzed by horseradish peroxidase. In tobacco i
\ cxidase activity exhibits only P-type basic guaiaccl peroxidase M) S
i L of TAA oxidase in etiolated pea epicotyls was studied by W

Their results demonstrated that the enzyme activity is asso
rith Golgi apparasus and to a lesser degree with lysosonies and e 16
. Tn most of the research works in this area the rise of TAA oxidase activity
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UV-PROTECTING PROPERTIES OF EXOGENOUSLY APPLIED
FLAVONOIDS ON EXCISED CUCUMBER COTYLEDONS

I. Sergiev, V. Alexieva, S. Ivanov, V. Bankova*, S. Mapelli**,
E. Karanov
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Abstract

The effects of exogenously applied pectolinarin and its aglycone acetylpectoli-
narin, and chalcone were studied in relation to some stress markers, endogenous con-
tent of total flavonoids and anthocyanins, and the activity of glutathione-S-transferase
in UV-irradiated isolated cucumber (Cucumis sativus L., cv. Levina) cotyledons. We
established that in this model system the flavonoids pectolinarin and acetylpectoli-
narin rendered protective action against UV stress. The reasons of the observed in-
crease in the glutathione-S-transferase activity after application of these compounds
are also discussed.

Key words: UV-irradiation, flavonoids, stress

Abbreviations: GST - glutathione-S-transferase, MDA - malondialdehyde

Introduction. Relatively small part of the total solar irradiation reaches the
Earth surface. Passing through the atmosphere the total flux is significantly reduced,
and the composition of UV radiation is modified. Shortwave UV-C is completely ab-
sorbed by the atmospheric gases, UV-B is additionally absorbed by the stratospheric
ozone, while UV-A is hardly absorbed by the ozone. Since in the recent decades the
ozone layer has decreased mainly due to the human activity, the impact of UV-B irradia-
tion is becoming of high importance for all living organisms []. Elevated UV irradiation
induces multiple effects on plant organisms such as DNA damage, photosynthesis reduc-
tion, and biomembrane peroxidation, alterations in the secondary metabolism, as well
as a number of stress and photomorphogenesis responses [?]. The continuously changing
environmental conditions force the plant organisms to elaborate adaptive mechanisms
to survive. In general, plants respond in a different manner to UV irradiation either
by activating repair mechanisms or by stimulating protection mechanisms to overcome
the stress factor. The most spread protective mechanism against damaging irradiation
is the biosynthesis of UV-absorbing compounds ([3 . In plants, such secondary metabo-
lites, mainly phenolic compounds, flavonoids, and hydroxycinnamate esters accumulate
in the vacuoles of epidermal cells where they soothe UV component of sunlight with
minimal effect on photosynthetic active radiation and thus decrease the infiltration of
UV into the deeper cell layers [%45]. Flavonoids, including anthocyanins, play diverse
roles in flowering plants — during reproduction, anthocyanin pigments serve as polli-
nator attractants {6}, flavonoids are found to be induced during various environmental
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ALTERATIONS OF THE CONTENT OF HYDROGEN PEROXIDE
AND MALONDIALDEHYDE AND THE ACTIVITY OF SOME
ANTIOXIDANT ENZYMES IN THE ROOTS AND LEAVES OF

PEA AND WHEAT PLANTS EXPOSED TO GLYPHOSATE
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Abstract

The effect of the herbicide glyphosate [(N-phosphonomethyl)glycine] on the en-
dogenous level of hydrogen peroxide and malondialdehyde and on the activity of
some antioxidant enzymes (superoxide dismutase, catalase and guaiacol peroxidase)
was studied. The herbicide was applied as a nutrient solution as well as by leaf spray-
ing. The leaves and roots of two speciej of vascular plants — pea (Pisim sativum L.),
and wheat (Triticum aestivum L.) were used as model systems. It was found that
glyphosate causes accumulation of hydrogen peroxide and malondialdehyde in both
species. In addition, glyphosate application provoked an augmentation of the activity
of investigated antioxidant enzymes. The effect of glyphosate was better expresed in
wheat plants. The effect of herbicide was less pronounced in the roots of both plants
than in their leaves. As a whole, our experiments for the first time unambiguously
show that glyphosate causes oxidative events in two different plant species.

Key words: herbicide stress, glyphosate, hydrogen peroxide, antioxidant en-
Zymes ,

Abbreviations: EPSPS - 5-enolpyruvylshikimic acid-3-phosphate synthase,
AOS - active oxygen species, SOD — superoxide dismutase; CAT — catalase, POX
— guaiacol peroxidase, MDA - malondialdehyde, DTT — dithiothreitol, PVP -
polyvinylpyrrolidone, GST — glutathione-S transferase; GR — glutathione reductase

Introduction. Glyphosate [(N-phosphonomethyl)glycine] is one of the most wide-
ly distributed herbicides in the world [q It is a very effective herbicide used in both
agricultural and nonagricultural lands. It is toxic to practically all plant species, but

~monocotyledonous are more sensitive to its action E] In 1980, STEINRUCKEN and
AMHREIN [3] revealed that the key enzyme inhibited by glyphosate is 5-enolpyruvyl-
shikimic acid-3-phosphate synthase (EC.2.5.1.19). Additional evidences that EPSPS is
the target site of its action were provided by STALKER et al. [4]. These authors isolated
a mutant form of the enzyme from Salmonella typhimurium, which is a unicellular
resistant ‘to the action of glyphosate. EPSPS is involved in shikimic acid biosynthetic
pathway. Shikimate pathway is an essential part of the plants’ biosynthetic cycle and

723



Hoxnanu ma Brarapckara akageMus Ha HAYKWTE
Comptes rendus de I’Académie bulgare des Sciences

Tome 58, No 5, 2005

EXPLORATIONS COSMIQUES

METHOD FOR DETECTING STRESS INDUCED CHANGES IN
LEAF SPECTRAL REFLECTANCE

D. Krezhova, T. Yanev, St. Lukov, P. Pavlova*, V. Aleksieva®*,
D. Hristova***, S. Ivanov™*
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Abstract

A method combining statistical approaches, cluster analysis and discriminant
analysis was developed to reveal and assess arising changes in the leaf spectral re-
flectance characteristics of plants treated with different stressors. Treated and control
plant leaves’ spectral data 'in the visible and near infrared ranges and their colour
coordinates transformed with affine and perspective transformations were processed.
The efficiency of the method was verified on sets of multichannel spectral reflectance
data of leaves of tomatoes plants infected with tomato mosaic tobamovirus.

Key words: leaf reflectance, spectral reflectance characteristics, multichannel
spectrometer, stress, tomato mosaic tobamovirus

Introduction. Remote sensimg techniques are very useful tools in assessing ex-
pected changes in the structure and functioning of ecosystems. On ground remote
sensing allows for a rapid evaluation of vegetation properties in a nonintrusive way
[L2]. The remote sensing of the optical properties of plants subjected to stress provides
the prospect to early detect symptoms below the subjective detection level and timely
to mitigate the risk of their action [3-5]. The extent to which the different stress factors
can cause correspondingly different changes in the spectral signatures for a given veg-
etation species is not well established yet. The degree to which the spectral response
to a particular stressor may vary among species remains questionable as well [6]. There
is increasing number of studies pointing out that leaf reflectance changes due to stress
are more consistently detected in the visible range (400=-720 nm). In the other range of
reflected solar spectrum (730 + 2500 nm) the induced changes were found to be rather
similar for many common stressors and vascular plant species [7]. :

A large number of spectral vegetation indices were suggested for on ground and
space remote sensing studies aimed at the monitoring of the biomass, phenology and
physiological conditions of plants [3-10]. The reflectance characteristics can also pro-
vide a rapid and easy alternative means for assessment of the pigment concentrations

This work was supported by the National Science Fund of the Bulgarian Ministry of Education
and Science, Grant CC-1404/2004.
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Abstract

The effect of different NaCl concentration on some oxidative parameters and
unspecific defence compounds in two plant species differing in their sensitivity to salt,
cotton (Gossypium hirsutum L. cv Ogosta) and common bean (Phaseolus vulgaris L.
cv Dobrujanski 7) was studied. The endogenous content of H2Og, proline, phenols as
well as the level of lipid peroxidation were measured on the 11th, 17th and 24th day
after salt treatment. Regarding the level of lipid peroxidation in salt-stressed cotton
and bean plants an enhancement of MDA content was observed which did not differ
significantly between the two species. Hydrogen peroxide content increased markedly
in salt-treated bean plants, peaking on the 24th day. By contrast, during the whole
experiment reduced levels of HpO3 in treated cotton plants were measured. Generally,
our results showed that more salt-tolerant cotton plants possess constitutive and salt-
inducible (only for HoO3) lower levels of hydrogen peroxide and MDA. Moreover, by
contrast with bean, cotton plants rapidly accumulated proline and phenol compounds
in response to salinity stress.

Key words: salinity, cotton, bean, lipid peroxidation, hydrogen peroxide, phe-
nols, proline

Abbreviations: MDA — malondialdehyde, ROS — reactive oxygen species, TCA
— trichloracetic acid, FW — fresh weight

Introduction. Excessive soil salinity is among the main abiotic stresses limiting
the distribution of plants in natural habitats and is of great significance for agriculture.
High levels of salinity caused by elevated salt concentrations in soil solution strongly
reduce plant growth and development and result in significant yield losses of a wide
variety of crops all over the world. Currently, almost 7% of all land area (1000 million
ha) and about 5% of cultivated land (77 million ha) are affected by salinity [1:?]. The
high soil salinity is generally caused by NaCl. The detrimental effect of this salt on
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The phenylurea cytokinin 4PU-30 protects maize plants against
glyphosate action
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Abstract

The effects of the phenylurea cytokinin 4PU-30 and the herbicide glyphosate, applied alone and in combination on young maize plants
were investigated. The influence of the compounds on the changes of growth, chlorophyll content, levels of hydrogen peroxide, and some
stress markers, the activities of peroxidase, catalase, and glutathione-S-transferase, as well as glutathione amount were measured 3, 6, and
10 days after the treatment. The application of glyphosate increased the levels of lipid peroxidation, glutathione, and free proline content,
ion fluxes, and the activity of catalase, guaiacol peroxidase, and glutathione-S-transferase, i.e., along with the inhibition of its target
enzyme the herbicide induced also an oxidative stress. We found that the phenylurea cytokinin 4PU-30 alleviated in some extent the det-
rimental effects due to the glyphosate action. Moreover, we speculated that the cytokinin renders its protective action by induction of
“hardiness” in the antioxidant defense systems in maize plants similarly to the effects observed after the application of some herbicide saf-

eners.
© 2006 Elsevier Inc. All rights reserved.

Keywords: Phenylurea cytokinins; 4PU-30; Herbicide safeners; Glyphosate; Maize; Oxidative stress; Glutathione; Hydrogen peroxide

1. Introduction

Glyphosate [(N-phosphonomethyl)glycine] is a highly
effective broad-spectrum, non-selective, post-emergence
herbicide which is used extensively worldwide. The target
site of glyphosate action is the enzyme 5-enoylpyruvylshiki-
mate-3-phosphate synthase [1,2]. The inhibition of this
enzyme causes an accumulation of shikimic acid and a con-
secutive diminish in the biosynthesis of aromatic amino
acids, auxins, vitamins, as well as a number of key metabo-
lites produced via the shikimate pathway, all this leads to a
suspended plant growth, and in turn to plant death [3]. The
glyphosate degradation appears to be very slow or is not
taking place in higher plants [4]. Several classes of pesticides
(including sim.-triazine and dichloroacetamide herbicides)
are metabolized in plants into glutathione conjugates by
the action of the enzyme glutathione-S-transferase (GST)

* Corresponding author. Fax: +359 2 739952.
E-mail address. verea@obzor.bio21.bas.bg (V.S. Alexieva).

0048-3575/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.pestbp.2006.01.001

[5]. Presently, the role of glutathione in glyphosate detoxifi-
cation (conjugation) has not been exactly elucidated. How-
ever, increased levels of non-protein thiols, especially
glutathione, as well as glutathione-S-transferase activity
due to glyphosate action in several plant species were
recently reported [6-8]. These observations give a ground
for a search of factors which could enhance the plant toler-
ance to the unfavorable consequences due to the glyphosate
action and thus to alleviate the herbicide toxicity.
Cytokinins are the class of plant hormones which were
first identified as factors promoting cell division and have
been implicated in many aspects of plant growth and devel-
opment. Proper application of hormone-containing prod-
ucts can not only enhance the plant growth but also can
improve the stress tolerance [9]. For example, the treatment
with kinetin protects creeping bentgrass subjected to
drought [10], and use of zeatin riboside alleviates heat stress
injury [11]. Phenylurea cytokinins are compounds evoking
growth response comparable to or higher than the adenine
derivatives [12,13]. It was found that the application of
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Separation and Quantification of the Cellular Thiol Pool of Pea
Plants Treated with Heat, Salt and Atrazine
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Abstract: A novel procedure for the separation of the cellular thiol pool according to the molecular weight and localization of
compounds with sulphydryl groups is presented. This simple and rapid method allows the differentiation of thiols into three major
fractions—low molecular weight (LMT, primarily glutathione and free cysteine), protein-bound (TPT) and pellet-bound (PBT, associ-
ated with cell walls and broken organelles). Moreover, determination of the ratio between surface (readily reactive) thiols (ATG) and
those that are more or less buried in the protein structure (BTG) can be achieved. In intact pea leaves, the amounts of the total
thiols (LMT + PBT + TPT) varies from 2.5 to 4.8 umol/g of fresh material. The data for LMT, PBT and TPT were related to each other
in the approximate ratio 1:2:7. Treatments of pea plants with high temperature, salinity and low amounts of atrazine affect these
sulphydryl types differently. For a greater understanding of the applicability of this method to physiological research, the main
mechanisms leading to alterations in the cellular thiol pool are discussed. Furthermore, it is suggested that the proportion of
available to buried thiols (ATG/BTG) in proteins could be used as a convenient marker for stress impacts. Copyright © 2007 John

Wiley & Sons, Ltd.

Keywords: atrazine; glutathione; protein-bound; salt/high temperature treatments; thiol groups; sulphydryl types.

INTRODUCTION

Thiol groups play a primary role in the formation of
disulphide bonds required for tertiary and quaternary
structure of proteins, redox control of enzyme activity
and detoxification of reactive oxygen species and
xenobiotics (Haugaard, 2000). Generally, according
to the molecular weight of the compounds in which
thiols are found, they may be divided into two groups—
low-molecular-weight (LMT) and high-molecular-weight
thiols.

The tripeptide glutathione (y-glu-cys-gly, or homo-
glutathione in leguminous species) is the main non-
protein, acid-soluble LMT in most organisms (Alsher,
1989). In plants, glutathione (GSH) is thought to be
between 3 and 10mwm, and is present in the major
cellular compartments (Leustek and Saito, 1999). GSH
is involved in the redox regulation of the cell cycle
and in the protection of thiol groups in proteins.
Furthermore, this tripeptide is a substrate for the
glutathione-S-transferases that catalyse the conjuga-
tion of GSH with herbicides, xenobiotics and organic
hydroperoxides and, most importantly, in the context
of oxidative stress resistance, GSH is a donor of reduc-
ing equivalents for the scavenging of reactive oxygen
species (ROS) (Kranner and Grill, 1996; Foyer et al.,
1997).

* Correspondence to: S. Ivanov, Institute of Plant Physiology, Bulgarian
Academy of Sciences, Sofia, Bulgaria.
E-mail: sivanov@obzor.bio21.bas.bg

Copyright © 2007 John Wiley & Sons, Ltd.

High-molecular-weight thiols refer to sulphydryl
groups located in protein molecules. In proteins differ-
ent types of cysteine residues are found. Some of them
are reactive or available (ATG), and others are more or
less buried (BTG) in the protein structure (Haugaard,
2000). A number of biochemical reaction sequences
appear to depend on the presence of free -SH groups
in enzymes for full activity. In chloroplasts, the major
target enzymes with dithiol-disulphide redox regulation
are glucose-6-phosphate dehydrogenase, NADP-malate
dehydrogenase and fructose-1,6-bisphosphatase
(Jacquot et al.,, 2002). Generally, the dithiol-disulphide
reactions, being rapid and readily reversible, are ideally
suited to control protein function. This mechanism
of redox control is emerging as a major regulatory
mechanism in signal transduction.

Several methods are used for the quantitative deter-
mination of thiol groups in biological samples—
titrimetric, amperometric, spectrophotometric and
enzymatic. Most widespread for its simplicity and
rapidity is the spectrophotometric method described
by Ellman (1959). A number of authors have proposed
procedures for the differentiation of thiols according
to the molecular weight of the compounds in which
they are detected. As early as 1963, Sedlak (1963)
investigated changes in protein-bound thiol contents
from the liver of rats fed on cabbage. Later Sedlak
and Lindsay (1968) developed a procedure for the
quantification of -SH groups, dividing them into total,
protein-bound and non-protein sulphydryl groups. For
the estimation of total and protein-bound thiols the
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Abstract

We studied the effect of salinity on the activity of microsomal NADPH:cytochrome P450 reductase (CPR, EC 1.6.2.4) and NADH:ferricyto-
chrome b5 oxidoreductase (BSR, EC 1.6.2.2) in two dicotyledonous plant species differing in their sensitivity to salt, cotton (Gossypium hirsutum
L. cv Ogosta) and common bean (Phaseolus vulgaris L. cv Dobrujanski 7). A significant inhibition of fresh weight of salt-treated bean plants was
observed, while cotton was affected to a much lesser degree. NaCl application resulted in a significant increase in the activity of both reductases,
but was more pronounced in salt-tolerant cotton. We suppose that alterations in BSR and CPR activities may be targeted to the maintenance of
membrane lipids. Most probably, plants use both enzymes (B5R and CPR) and their respective electron donors (NADH and NADPH) to reduce
cytochrome bs, which can donate reducing equivalents to a series of lipid-modification reactions such as desaturation and hydroxylation.

© 2007 Elsevier Masson SAS. All rights reserved.

Keywords: Common bean; Cotton; NADH:ferricytochrome bs reductase; NADPH:cytochrome P450 reductase; Salt stress

1. Introduction

Two main electron-transfer systems have been identified in
the endoplasmic reticulum (ER) membrane of plant cells. One
includes NADH:cytochrome b5 oxidoreductase and cyto-
chrome bs and the other contains the NADPH-dependent
NADPH:cytochrome P450 oxidoreductase.

Microsomal NADH:cytochrome b5 reductase B5R
(NADH:ferricytochrome bs oxidoreductase, EC 1.6.2.2) is
a membrane-bound, FAD-containing flavoprotein. The enzyme
is part of an ER associated redox chain that transfers electrons

Abbreviations: BSR, NADH:ferricytochrome b5 reductase; CPR, NADPH:
cytochrome P450 reductase; ER, endoplasmic reticulum.
* Corresponding author. Tel.: +359 2 979 2694; fax: 4359 2 873 9952.
E-mail address: 1brankova@abv.bg (L. Brankova).

0981-9428/$ - see front matter © 2007 Elsevier Masson SAS. All rights reserved.
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from NADH to cytochrome b5 which is an intermediate elec-
tron donor in various lipid-modification reactions including
NADH-dependent fatty acid desaturation, desaturation of sterol
precursors and fatty acid hydroxylation [19,21]. NADPH:cyto-
chrome P450 reductase CPR (EC 1.6.2.4) is a membrane-
bound flavoprotein. The primary subcellular location of CPR
is the ER membrane, but it can also be found in the chloroplast
outer membrane, because some typical P450s enzymes are
localized in chloroplasts [30]. CPR contains FAD and FMN
as prosthetic groups and transfers reducing equivalents from
NADPH to diverse P450 monooxygenases that participate in
a broad range of reactions in plants, including biosynthesis of
secondary metabolites such as phenylpropanoids, terpenoids,
alkaloids, lignins and compounds such as signalling molecules,
fatty acids, lipids, defense related chemicals and plant hor-
mones [5,12,20]. Plant P450s are also involved in the detoxifi-
cation of different xenobiotics, including herbicides [2].
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ABSTRACT. Mung bean seedlings (Vigna radiata L.) of the cultivar Tainan No. 5 (a chilling-sensitive cultivar) pretreated
with multiple sprays of 200 mm H,O, showed a tolerance to chilling at 4 °C for 36 h, measured by electrolyte leakage,
that was greater than that induced by a single treatment and similar to that induced by cold-acclimation at 10 °C for
48 h. Two H,0, treatments at an interval of 3 h gave the optimum chilling tolerance. Tolerance induced by H,O, could
be distinguished from that induced by acclimation at 10 °C according to length at 4 °C and corresponding electrolyte
leakage. Chilling tolerance induced by H,0, depended on accumulation of glutathione (GSH), which could be
significantly reversed by pretreatment with buthionine sulfoximine (BSO). In contrast, tolerance induced by
incubation at 10 °C for 48 h in light was neither accompanied by accumulation of GSH nor reversed by BSO,
suggesting that there are at least two independent mechanisms of developing chilling tolerance. Chilling tolerance of
both cold-acclimated and H,O,-treated seedlings was decreased by ethyleneglycol-bis(aminoethylether)-NV,/V'-tetra-
acetic acid (EGTA) but not by ruthenium red, indicating that the influx of Ca* from extracellular, but not
intracellular, pools is an important signal in the induction of tolerance. In confirmation, sprays of Ca*" could be

substituted for H,O,.

Environmental stress causes considerable losses in pro-
ductivity of many crops. Among various stresses, low temper-
ature is one of the most crucial signals affecting plant growth
and even leading to death (Sung et al., 2003; Veal et al., 2007).
Extensive study on oxidative stress has demonstrated that
exposure of plants to low temperature always induces the
overproduction of reactive oxygen species (ROS), such as
superoxide radical (O,7), H,O,, and hydroxyl radical (HO")
in plant cells (Hung et al., 2005). ROS are highly reactive to
membrane lipids, protein, and DNA; they are believed to be one
of the major contributing factors to chilling injuries (Cls) and to
cause rapid cellular damage (Hariyadi and Parkin, 1993;
O’Kane et al., 1996; Prasad, 1996). When plants are exposed
to low temperature, electron-transport chains tend to form O,
which dismutates to form H,0,. Furthermore, in chloroplasts,
low temperature limits the dark reactions, thus limiting the
supply of NADP" and favoring reduction of O, by photosystem
II. Therefore, exposure to low temperature in combination with
high light intensity leads to more serious damage in plants
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(Allen and Ort, 2001). In mitochondria, inhibition of ATP
formation or electron flow through cytochrome b stimulates
O, formation by complex I and by ubiquinone (Elstner, 1991).
Plants have evolved both enzymatic and nonenzymatic
mechanisms to scavenge the ROS rapidly evolved under low-
temperature stress (Apel and Hirt, 2004; Scandalios, 1993).
Among the antioxidant mechanisms, the ascorbic acid (AsA)—
GSH cycle is a key component for elimination of ROS,
especially H,O, (Kingston-Smith and Foyer, 2000; Noctor
et al., 2002). In the AsA—GSH cycle, AsA reduces both O,
and H,O,. In turn, the crucial antioxidant, GSH, reduces
dehydroascorbate to regenerate AsA; meanwhile, GSH itself
is oxidized to form GSH disulfide (GSSG). NADPH, catalyzed
by glutathione reductase (GR), then reduces GSSG to regenerate
GSH (Kocsy et al., 2000a, 2000b, 2001). Therefore, inhibition
of GSH synthesis by a specific inhibitor, BSO, could dramat-
ically decrease the chilling tolerance of mung bean seedlings
and maize (Zea mays L.) (Kocsy et al., 2000b; Yu et al., 2002,
2003). Experimental evidence also indicates that the level and
redox state of GSH might serve as indicators of plant responses
to environmental stresses such as chilling (Foyer et al., 1997;
May et al., 1998; Tausz et al., 2004). However, how plants sense
low temperature and then transmit a precise signal to eventually
elevate the cellular GSH levels is still far from clear.
According to our present understanding of signal trans-
duction in plant cells, (Ca**).y plays a pivotal role. The second
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Abstract

Ascorbate is a main antioxidant molecule in plants. In the present study we
demonstrate alterations in the endogenous ascorbate content in two plant species:
pea and wheat treated with herbicides with different mode of action. All three herbi-
cides used (atrazine, glyphosate, and 2,4-D) induced overproduction of active oxygen
species (AOS) in plant tissue. Treatment with 2,4-D increased ascorbate content in
wheat (a tolerant species), while in pea (sensitive), a decrease was detected. In both
plant species atrazine caused a drop of ascorbate content in the end of the experi-
mental period. Our results demonstrate that the decrease of ascorbate in susceptible
to herbicides plants is accompanied with dead of treated plants. On the contrary, in
herbicide resistant plants an evaluation of ascorbate levels was detected.

Key words: 2,4-D, antioxidants, atrazine, glyphosate, pea, wheat

Introduction. In modern agriculture, plants are frequently exposed to the im-

pact of different kind of herbicides. Atrazine [6-chloro-N-ethyl-N’-(1-methylethyl)-
1,3,5-triazine-2,4-diamine], 2,4-D [2,4-dichlorophenoxy acetic acid], and glyphosate [N-
(phosphonomethyl) glycine] are some of the most widely used herbicides for the last
40 years [1]. The main target site of atrazine is the exchangeable quinone (Qy) in
the photosystem II reaction centre. As a result of this inhibition excitation energy
generated by photosystem II cannot be dissipated through the normal electron flow
beyond Q,, and singlet oxygen is generated [2]. Treatment of susceptible plant species
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SALICYLIC ACID ALLEVIATES LEAF RUST-INDUCIBLE
OXIDATIVE PROCESSES IN WHEAT PLANTS
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ABSTRACT

We studied the effect of salicylic acid (SA) treatment on the amount of some oxida-
tive stress markers as well as the activity of catalase and peroxidase in compatible
wheat-rust (Puccinia recondita f.sp. tritici, race 176) interactions in field experiments.
The application of SA was carried out by single and/or triple spraying with Exin R,
containing 4.5% w/v SA as an active ingredient (0.5 mM final concentration). The
biochemical determinations were made 61 days after inoculation with leaf rust, 49 days
(first), 35 days (second), and 16 days (third) following each treatment with Exin R®.
Infection with leaf rust provoked a rise in levels of lipid peroxidation (MDA content)
and free proline, enhanced peroxidase and inhibited catalase activities. The applica-
tion of SA eliminated these effects. Generally, in this study we demonstrated that a
compatible leaf wheat-rust interaction caused oxidative stress and the treatment with
SA alleviated pathogen-inducible oxidative processes. We suppose that the SA could
act as a protector by activation of the antioxidant defense of wheat plants.

Keywords: catalase, peroxidase, Puccinia recondita, oxidative damage, salicylic acid,
wheat.

AIMS AND BACKGROUND

Plants have developed defense mechanisms against phytophatogens that include pre-
formed physical and chemical barriers, as well as expression of a set of genes. The
infection of plants by necrotising pathogens can induce a broad-spectrum resistance
to subsequent attack. This non-specific resistance phenomenon has been termed sys-
temic acquired resistance (SAR) (Ref. 1). Salicylic acid (SA) has an important role
in the development of SAR. Initially, SA has been proposed as a key signal leading to

* For correspondence.
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ABSTRACT

The influence of extraction medium and sample preparation on the total antioxidant capacity (TAC) of pea plants leaves is
investigated. Sodium acetate buffer (pH 5), potassium phosphate buffer (pH 7.5), methanol or 0.1% w/v trichloroacetic acid
(TCA) were used for homogenization. TAC was measured in the crude supernatants (one-step procedure). The pellets were
extracted with acetone and their TAC values were added to those from the previous assay (two-step procedure). The values
for TAC of the acetone extract, the low-molecular and protein fractions derived from a partial fractionation of the probes are
used in the proposed by us new three-step method. The results indicate that TAC of the probes processed with the two or three-
step procedure is significantly higher than that of the crude supernatants (one-step procedure). On the basis of this study we
recommend two-step protocol as a minimum and buffer with slightly acid pH or TCA for extraction when plant material is
investigated. The highest results were obtained when the new three-step procedure for sample preparation and sodium acetate
buffer as an extracting agent were applied. Moreover, the separation of the cellular antioxidants into three different fractions is

especially useful for studying the effects of aging, processing and storage on the antioxidant capacity.

Keywords: antioxidant capacity, pea plants, TEAC, FRAP,
sample preparation

Introduction

The antioxidant system in plants is very complex, with
antioxidants having different targets, sizes and interactions
with each other. Halliwell (8) defined biological antioxidants
as “molecules which, when present in small concentrations
compared to the biomolecules they are supposed to protect,
can prevent or reduce the extent of oxidative destruction of
biomolecules”. They can be divided into enzymatic (e.g
superoxide dismutase, catalase, glutathione peroxidase) and
nonenzymatic (e.g. glutathione, vitamin E, ascorbic acid).
Total Antioxidant Capacity (TAC) is a parameter that takes into
account all the synergistic and cumulative interactions between
the known and unknown antioxidants present in the sample.
Several methods have been developed to measure the TAC of
biological samples including plants. Some of the most used
are “TRAP” (Total Radical-Trapping Antioxidant Parameter),
“TEAC” (Trolox Equivalent Antioxidant Capacity), “ORAC”
(Oxygen-Radical Absorbance Capacity), “FRAP” (Ferric/
Reducing Antioxidant Power) (24). Sample preparation and
extraction solvents are vital (3) but the information on how it
affects the subsequent measurements is insufficient. Different
authors used various protocols for extraction of antioxidants.
Usually, water-soluble and water-insoluble fractions were
assessed separately (two-step procedure). For extraction of
water-soluble antioxidants water or different buffers were used.
Water-insoluble antioxidants were extracted with acetone or
chloroform. Numerous authors used solely methanol (one-step
procedure) as an extracting agent.
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The purpose of this work is to determine how different
extraction mediums and sample preparation affect the TAC of
plant material. In addition to the one and two steps procedures
used by other authors, we developed a three-step method
for sample preparation. The new approach shows highest
values for TAC in comparison to the standard procedures.
Moreover, our method discriminates between water-soluble,
water-insoluble lipophilic and protein antioxidants within one
sample. For TAC evaluation two widespread assays, TEAC
and FRAP were used.

Materials and Methods

In the experiments, pea plants (Pisim sativum, L.) cv. Pleven
4 were used. Seeds were soaked in tap water for 6 hours,
and germinated for 3 days on a moisturized filter paper in a
germination chamberat25°C. Plants were grown hydroponically
on a half-strength Hoagland’s solution with trace microelements
in a growth chamber (photoperiod 12/12h, photon flux density
70-90 pmol.s'.m, temperature 25°C, relative air humidity 60-
70%). All samples were collected from second leaf stage.

A scheme describing the procedure for sample preparation
is presented in Fig. 1. The plant material for homogenizations
was gathered at the same time from a random sample. The
0.5 g leaves were ground with a pestle and mortar in sodium
acetate buffer (0.1 M, pH 5), potassium phosphate buffer
(0.1 M, pH 7.5), methanol or 0.1% (w/v) trichloroacetic acid,
respectively. The homogenate were centrifuged at 15 000 g for
30 min and the resulting supernatants (crude fraction) were
analyzed for TAC, as reported below (one-step procedure).
In the two-step procedure all pellets, except that from the
methanol slurry, were extracted with 3 mL of acetone under
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Abstract

Pea (Pisum sativum L., cv. Scinado) seedlings were exposed at midday to
short pulses of UV-C radiations for two weeks. Low and moderate regimes were
used: C1 (0.01 J em™2 d™') and C2 (0.03 J cm™2 d~!). Hydrogen peroxide
(H202) and major antioxidant enzyme activities were determined in the 2nd
pea leaves after 7, 10 or 14 consecutive days of UV-C irradiations. The rise in
H505 levels was incident (7d C1) or constant (after C2 regime). The activities
of superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX)
and glutathione-reductase (GR) decreased, whereas guaiacol-peroxidase (GPX)
and glutathione-S-transferase (GST) were increased. The alterations were ex-
pressed primarily in C2-treated plants. In conclusion, nevertheless the activa-
tion of GPX and GST the enzymatic antioxidant defence failed under prolonged
influence of short pulses of UV-C irradiation

Key words: UV-C radiation, antioxidant enzymes

Abbreviations: APX — ascorbate peroxidase; CAT — catalase; GPX —
guaiacol-peroxidase; GST — glutathione-S-transferase; GR — glutathione-reduc-
tase; HoOo — hydrogen peroxide; ROS — reactive oxygen species; SOD — super-
oxide dismutase; UV — ultraviolet radiation

Introduction. Ultraviolet radiation is divided into three classes: UV-A (315—
400 nm), UV-B (280-315 nm) and UV-C (200-280 nm). Important, due to its
highest energy UV-C quickly creates high levels of damage, more than UV-B
[1]. At present, UV-C does not reach the Earth’s surface, except high mountain
locations due to its absorption in the atmosphere [2]. In the last decades, stud-
ies on ultraviolet radiation-induced effects in plants have mainly regarded UV-B
exposure, but recently the studies of UV-C effect on plants have been revalu-
ated [3-5]. High levels of UV-C radiations can generate oxidative stress in plants
via overproduction of different reactive oxygen species (hydrogen peroxide, su-
peroxide, hydroxyl radicals and singlet oxygen) [1: 4 5]. Reactive oxygen species
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Abstract

The behaviour of the antioxidant defence system was studied in pea ( Pisum
sativum L., cv. Scinado) leaves after exposure of intact plants to short pulses
of ultraviolet-B (UV-B) radiation. Low and moderate regimes were used, Bl
(4.4kJm~2d~!) and B2 (13.3kJ m~2 d~1), for two weeks. Hydrogen peroxide
(H202) levels increased moderately after 7 and 10 days of B1 and B2 treatments.
At the end of the experiment (14d UV-B) accumulation of HoO2 was found
only in B2-irradiated plants. The activities of superoxide dismutase (SOD) and
glutathione-reductase (GR) were not noticeably changed. A substantial increase
was found in guaiacol-peroxidase (GPX) and glutathione-S-transferase (GST)
activity (only in B2 treated plants), whereas the activity of catalase (CAT)
and ascorbate peroxidase (APX) decreased. In conclusion, the activation of
enzymatic antioxidant defence system was not noticeable when plants were
exposed to prolonged and low levels of UV-B radiation.

Key words: antioxidant enzymes, hydrogen peroxide, UV-B radiation,
pea plants

Abbreviations: APX — ascorbate peroxidase; CAT — catalase; GDHP —
guaiacol dehydrogenation product; GPX — guaiacol-peroxidase; GST — gluta-
thione-S-transferase; GR — glutathione-reductase; HoO5 — hydrogen peroxide;
ROS - reactive oxygen species; SOD — superoxide dismutase; UV — ultraviolet
radiation

Introduction. Depletion of the ozone layer and changes in climate increased
UV-B (280-315 nm) radiation and its negative impact on organisms. UV-B ra-
diation can generate oxidative stress in plants via overproduction of different
reactive oxygen species (hydrogen peroxide, singlet oxygen, superoxide and hy-
droxyl radicals) [1:2]. Reactive oxygen species (ROS) have capacity to cause dam-
ages in proteins, DNA and lipids that led to changes in different plant functions
and plant death [3-4]. Nonenzymatic compounds (e.g. ascorbic acid, glutathione,
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ABSTRACT

Recent environmental changes challenge world agriculture and reconfirm the importance of wild flora as useful source of valuable
traits. Due to their extreme desiccation tolerance, the so called “Resurrection plants” are extensively studied and characterized.
The Bulgarian endemic species Haberlea rhodopensis, apart from its typical resurrection capacity is very interesting also as a
potential source of bioactive compounds with putative application in pharmacology, veterinary medicine and cosmetics. Here
we discuss our approaches to Haberlea in the frames of the NSF funded project DO02-105 “Centre for sustainable development

of plant and animal genomics”.

Keywords: resurrection plants, Haberlea

molecular analysis
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rhodopensis,

Background

The recent climatic changes increase the percentage of arid,
abandoned regions which until recently were known as crop
lands. Global warming and deterioration of agricultural
areas are results of many factors including human errors and
improper crop management. This worst scenario challenges
plant scientists in their efforts to improve the reaction of crop
plants to unfavourable environments and to secure sustainable
development. Wild flora with its broad biodiversity has always
been a source of new ideas and genetic material. On the other
hand, the paradigm of sustainable development demands a
complex, holistic approach to wild plant species. The search
is not only for traits to be transferred to the crops but also for
characteristics, if available, that will make the wild plant an
attractive producer of valuable bioactive compounds.

In this respect, the so-called resurrection plants can be
considered as excellent model systems because of their unique
desiccation tolerance (7, 21, 24). Their mature leaves can lose
more than 90% of relative water content and survive in such
conditions long periods (months, years) of dryness. Upon re-
watering, they recover very fast and restore their photosynthetic
activity within several hours. These plant species belong to
different botanical families; they live in different habitats and
under various environmental challenges. Their only common
feature that is under investigation so far is the ability of their

1414

vegetative tissues to withstand long periods of full desiccation
and to recover rapidly upon re-watering (2, 30).

Investigations with various resurrection plants became
particularly intensive in the recent 10 years and were
extensively reviewed elsewhere (18, 19, 30). Among others,
Craterostigma plantagineum, Myrothamus flabellifolia and
Xerophyta viscosa are used not only as models of desiccation
tolerance but already for system biology oriented directly
to improve the reaction of valuable crops like maize and
grapevine to unfavorable environments (19).

The aim of the present mini-review is to highlight the current
state of the art in the studies with Haberlea rhodopensis —
resurrection plant species, endemic for Bulgaria and to outline
the investigations planned in the frames of the NSF funded
DO002-105 project “Centre for sustainable development of
plant and animal genomics”.

Object of Studies

Bulgariaisamongthe few countries in Europe where resurrection
plants live in natural habitats. Haberlea rhodopensis Friv was
documented in the middle of 19" century and was among the
first plants recognized as a genuine resurrection plant (8).
Both with its relative Ramonda serbica Pancic they belong to
Gesneriaceae and prefer shady slopes and limestone rocks. It
is considered a homoiochlorophyllous plant species, as far as it
preserves most of its chlorophyll content during dehydration.
Parameters of the reaction to desiccation and recovery have
been extensively studied with main target photosynthetic
complex and transpiration (9, 10, 11, 13, 14, 22, 23), dynamics
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Abstract Pea (Pisum sativum L.) seedlings were exposed
to low, moderate, and high regimes of ultraviolet-B (UV-
B) (1d-B 4.4, md-B 13.3, and hd-B 26.5 kJ m 2 dayfl), or
ultraviolet-C (UV-C) (1d-C 0.1, md-C 0.3, and hd-C
0.6 kJ m™2 day™ ") radiations. Concentrations of total
phenols, free proline, and low-molecular thiol groups were
determined in the last formed (young) and older leaves
after irradiation for 7, 10 or 14 consecutive days. Shoot
length and weight did not change markedly after 14 days of
1d-B and 1d-C, but reduced substantially after moderate and
high regimes of both UV-B and UV-C. Proline decreased
upon high doses of irradiation, while in 1d-B treated plants,
by contrast, an increase was observed. The reduction in
total phenols and thiols was stronger after hd-B than after
hd-C irradiations, although an induction was found in 1d-B
treated plants. In contrast to 1d-B, 1d-C regime led mainly
to reductions or insignificant changes in proline, phenols,
and thiols. Therefore, the stress-protection mechanisms are
different between low UV-B and UV-C irradiation regimes
in regard to proline, phenols, and thiols.
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Introduction

The damaging effect of ultraviolet (UV) radiation increases
with shorter wavelengths because UV-C (100-280 nm)
photons possess more energy than UV-B (280-315 nm).
Due to the depletion of the ozone layer, UV-B radiation has
an increasingly negative impact on living organisms. At
present, UV-C radiation does not reach the Earth’s surface,
except in high mountain locations, due to its absorption in
the atmosphere (Hider et al. 2007). However, direct solar
UV-C radiation (0.3 pJ cm™2) was registered by KCl:Eu>"
dosimeters at ground level in Madrid on clear-sky days,
which was six orders of magnitude lower than UV-B
(Cérdoba et al. 1997).

In the last few decades, studies on ultraviolet radiation-
induced effects in higher plants have mainly considered UV-
B exposure. In algae, however, the effect of UV-C attracted
more attention (Duval et al. 2000). Recently, studies of
UV-C effect on higher plants have been re-evaluated (Casati
and Andreo 2001; Shama and Alderson 2005; Prochazkova
and Wilhelmova 2007). In a review Shama and Alderson
(2005) considered hormetic (beneficial) effect of low UV-C
irradiation doses (0.5-9.0 kJ m™~?) in commercial prospects
to prevent pathogen disease and delay senescence during
fruit storage. UV-B and UV-C photons have enough energy
to destroy chemical bonds, causing photochemical reaction
in molecules of high biological significance (nucleotides,
nucleic acids, proteins, lipids, photosynthetic pigments)
(Stapleton 1992; Frohnmeyer and Staiger 2003; Edreva
2005). Thus, they become sensitive targets for UV-damage.
UV-B light modifies plant morphology, reduces growth, and
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Abstract

Pea (Pisum sativum L., cv. Scinado) seedlings were exposed to low doses of ultraviolet-B (UV-B; 4.4 and 13.3 kI m?d™?)
or UV-C (0.1 and 0.3 kJ m? d™) radiation for 14 d. Aminocyclopropane carboxylic acid (ACC), indoleacetic acid (IAA)
and abscisic acid (ABA) contents were quantified by gas chromatography coupled to mass spectrometry (GC-MS). The
accumulation of ACC upon irradiation was dose-dependent. ABA content was reduced and IAA content increased upon

UV-C treatment whereas the UV-B doses used did not cause significant changes in ABA and IAA contents.

Additional key words: abscisic acid, aminocyclopropane carboxylic acid, indoleacetic acid, Pisum sativum, stress.

Due to depletion of the ozone layer, UV-B (280 - 315 nm)
radiation has an increasing negative impact on living
organisms. At mid latitudes, the biologically effective
radiation UV-Bge may reach up to around 6 kJ m?d™ but
in some regions higher values (about 13 kJ m?d*) were
detected (Paul 2001). Except for high mountains, UV-C
(200 - 280 nm) does not reach the surface of the Earth,
due to its absorption in the atmosphere (Hader et al.
2007). Nonetheless, Cordoba et al. (1997) detected a
direct solar UV-C radiation, reaching the ground in
Madrid (700 m as.l) at levels of 3x10°® kIm?d*
registered by KCI:Eu** dosimeters.

Abscisic acid (ABA), indole-3-acetic acid (IAA) and
the ethylene precursor 1-aminocyclopropane-1-carboxylic
acid (ACC) are important regulators of plant responses to
abiotic stresses. ABA is considered as a stress hormone
that modulates adaptation to various stresses including
UV-B radiation (Albinsky et al. 1999). IAA and other
auxins are involved in developmental processes like
growth, apical dominance and lateral root initiation

Received 3 March 2008, accepted 5 July 2008.

(Ljung et al. 2001). Ethylene is an important element in
both stress response and adaptation. Environmental
stresses and hormonal signals stimulate the ethylene
production through synthesis of ACC (Yu and Yang
1980, Hyodo et al. 1985, Nara and Takeuchi 2002,
Nakajima et al. 2002). There is scarce information
regarding the influence of UV-B on IAA (Huang et al.
1997, Yang et al. 2004), ABA (Rakitina et al. 2001,
Yang et al. 2004) and ACC (Nara and Takeuchi 2002)
contents and until now nothing seems to be published on
the effect of low UV-C doses. Therefore we concentrated
upon the effects of two-week UV-B and UV-C treatments
on the ACC, ABA and IAA contents in pea seedlings.
Pea (Pisum sativum L., cv. Scinado) seeds were
germinated 3 d on moist filter paper in the dark. The
seedlings were transferred to Hoagland’s solution and
grown in a growth chamber (12-h photoperiod,
photosynthetic photon flux density of 160 umol m?s™,
temperature of 24 + 2 °C, air humidity of 60 - 70 %).
Three days later, seedlings were exposed to UV radiation

Abbreviations: ABA - abscisic acid; ACC - aminocyclopropane carboxylic acid; B1 - 4.4 kim2d?UV-B; B2 - 13.3kIm?d?!
UV-B; C1 - 0.1kIm?d?UV-C; C2 - 0.3kim?d* UV-C; IAA - indoleacetic acid; PAR - photosynthetically active radiation;
PFBBr - pentafluorobenzyl bromide; UV - ultraviolet radiation; UV-Bgg - biologically effective dose of UV-B radiation.
Acknowledgements: This work was supported by grant from the Interuniversity Poles of Attraction Programme (IUAP-V P5/13) and
by specialization fellowship No 13DA-1Z/JDW/BUL/2003-2004/03-2250 from the bilateral cultural program between the Ministries
of Bulgarian and Flemish Community. The authors wish to thank Sevgi Oden for the help with hormone measurements.
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Abstract The effects of exogenously applied
hydrogen peroxide on the antioxidant system of pea
plants were investigated. Ten-day-old pea seedlings
were sprayed with 2.5 mM H,O, and 24 h later with
0.2 mM PQ. Samples were taken 0, 2 and 5 h after
the start of illumination. The protective effect of
H,0, was evaluated by monitoring of parameters
related to the damage caused by PQ. The treatment
with PQ led to a severe leakage of electrolytes from
leaf tissues. Malondialdehyde level increased in PQ
treated plants, but remained unchanged in H,O, pre-
treated ones after 5 h of illumination. Increased
catalase and glutathione-S-transferase activity was
observed in pea plants treated with H,O, and PQ.
Ascorbate peroxidase activity decreased significantly
after paraquat application, but pre-treatment with
H,0, prevented ascorbate peroxidase inhibition to
some extent. Increased guaiacol peroxidase activity
was detected after HO, application. PQ application
caused a drastic decline in the levels of thiol-group
bearing compounds, reduced glutathione and ascor-
bate, while the quantity of oxidized glutathione and
dehydroascorbate were increased. The results pre-
sented on changes in enzymatic and nonenzymatic

1. Moskova () - D. Todorova - V. Alexieva -

S. Ivanov - I. Sergiev

Acad. M. Popov Institute of Plant Physiology,
Bulgarian Academy of Sciences, Acad. G. Bonchev Str.,
Bl. 21, 1113 Sofia, Bulgaria
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antioxidants suggest that preliminary H,O, applica-
tion to pea plants treated with PQ, alleviates the toxic
effects of the herbicide.

Keywords Antioxidants - Hydrogen peroxide -
Paraquat - Pisum sativum - Stress markers

Abbreviations

APX  Ascorbate peroxidase
AsA Ascorbic acid

DHA  Dehydroascorbic acid
GSH  Reduced glutathione
GSSG Oxidized glutathione
GST Glutathione-S-transferase
H,O0, Hydrogen peroxide
MDA  Malondialdehyde

PQ Paraquat

ROS Reactive oxygen species
SOD  Superoxide dismutase

Introduction

Oxidative stress emerges as a result of unfavorable
environmental conditions leading to generation of
reactive oxygen species (ROS), such as superoxide
radicals (O, ), hydroxyl radicals (HO), and hydrogen
peroxide (H,O,), which are highly detrimental to the
cells. Similarly, oxidative stress occurs in response to
pathogen attack and during the natural processes of
senescence. It is a widespread phenomenon and leads
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L. P-E. Miteva?, S. V. Ivanov®, and V. S. Alexieva*
¢ Resbiomed EOOD, 4A Simeonovsko Shouse Blvd. Sofia, Bulgaria;
Jax: +359-2-952-2407; e-mail: miteva_[@abv.bg
b Centre of Food Biology, 1592 Sofia, Bulgaria
¢ Acad. M. Popov Institute of Plant Physiology, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria
Received July 29, 2008

Abstract—Our previous studies have demonstrated that application of glyphosate caused oxidative events in
young pea and wheat plants. In this work, the changes in the endogenous level of glutathione (total and oxi-
dized) and the activities of glutathione reductase (GR) and glutathione S-transferase (GST) after treatment
with glyphosate were studied in pea plants (Pisum sativum L., cv. Skinado). Glyphosate was applied in two
ways: (1) by leaf spraying with 10 mM solution; and (2) in nutrient medium as 0.01 mM solution. Measure-
ments were made in both leaves and roots. Root and leaf treatments provoked the increase in both total and
oxidized glutathione contents. Both types of herbicide application caused activation of GR in treated organs.
Slight increase was detected also in untreated roots. It was found that glyphosate application to leaves pro-
voked strong enhancement in the GST activity in leaves, while its root application stimulated the enzyme
activity in the roots. We observed the higher GST activity in the organ directly treated with herbicide. Fur-
thermore, we suggested that the activated isoforms of GST(s) participated in detoxification of hydrogen per-
oxide and lipid peroxides.

Key words: Pisum sativum - glutathione - glutathione reductase - glutathione S-transferase - glyphosate - oxida-

tive stress
DOI: 10.1134/S1021443710010188

INTRODUCTION

Glutathione ([y]-Glu-Cys-Gly) is a multifunc-
tional tripeptide found in plants and animals. It is the
main nonprotein, low-molecular thiol in most organ-
isms [1, 2]. Glutathione participates in a variety of detox-
ification, transport, and metabolic processes [3—5]. It is
a donor of reducing equivalents in the glutathione—
ascorbate shuttle (Halliwell—Asada cycle) [2]. In this
process, a reduced form of glutathione becomes oxi-
dized in order to reduce dehydroascorbate (which is
transformed into ascorbate). Restoration from the oxi-
dized form of glutathione back to its reduced form is cat-
alyzed by glutathione reductase (GR, EC. 1.8.1.7). Glu-
tathione participates also in direct peroxide detoxifi-
cation. In this reaction, reduced glutathione (GSH)
reacts with hydrogen peroxide (or another organic
peroxide) to yield water (or water and alcohol) and
glutathione dimer (GSSG). The process is accom-

! This text was submitted by the authors in English.

Abbreviations: CDNB—1-chloro-2,4-dinitrobenzene; DTNB—
5,5'-dithio-bis(2-nitrobenzoic acid); GR-—glutathione reduc-
tase; GSH—reduced glutathione; GSSG—oxidized glutathione;
GST—glutathione S-transferase; PVP—polyvinylpyrrolidone;
SOD—superoxide dismutase; TG—total glutathione.
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plished by glutathione peroxidase (EC 1.11.1.9) or
glutathione S-transferase (GST, EC. 2.5.1.18).

Important function of glutathione is its ability to
maintain sulfhydryl groups of intracellular proteins in
the correct oxidation states [2]. The TG/GSSG ratio
is essential for the cell homeostasis and provides infor-
mation regarding the capability of plants to withstand
the oxidative stress [2]. Some authors suggest that the
glutathione redox state can be a valuable stress marker
in plant ecophysiological studies [6].

Glutathione is responsible for detoxification of
potentially harmful molecules, such as pesticides or
heavy metals [4]. The process of conjugation can be
accomplished spontaneously or in the presence of
GST. The important role of GST for detoxification of
many herbicides is well known [5, 7]; furthermore,
some authors suggest that GST may play a significant
role in the process of phytoremediation [8]. Glu-
tathione also participates in the metabolism of various
compounds, including the aromatic organic mole-
cules responsible for plant color, flavor, and fragrance,
storage form of reduced sulfur, etc. [2, 3, 7].

Glyphosate is a nonselective, post-emergence her-
bicide, widely used to eliminate unwanted plants both
in agricultural and nonagricultural landscapes [9]. It is
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ABSTRACT

In the present study, the level of thiol species and activity of related enzymes were
investigated in Aspergillus niger B77 to analyse their role in overcoming the stress
caused upon exposure to cadmium ions (0—-70 mg/l). Significant increases in the
levels of low molecular non-protein thiols, total protein thiols, including glutathione
(GSH) were observed. In addition, significant increases in the activity of glutathione
S-transferase (GST), more clearly expressed in the earlier exponential growth phase
(12th h), were noticed in response to Cd(Il) ions. The results obtained showed that
the elevation of the levels of thiol species and GST activity ceased by Cd(Il) ions is
a part of the detoxifying system of Asp. niger B77.

Keywords: Aspergillus niger, thiol species, glutathione, GST, cadmium ions.

AIMS AND BACKGROUND

Heavy metal pollution is an environmental problem of worldwide concern. When they
accumulate in living cells, their toxicity markedly inhibits the growth processes!~ and
can rapidly induce the synthesis of thiol compounds and enzymes, such as glutathione
(GSH), phytochelatins, glutathione S-transferase (GST, EC. 2.5.1.18) and glutathione
reductase (GR, EC.1.6.4.2.) (Refs 4-6). Cell survival depends on the ability to regulate
the intracellular concentration of metal ions. Thus, it is not surprising that microbes
have developed heavy metal resistance systems. In some cases, metal resistance has
been shown to be due to differences in the levels both of heavy metal uptake and
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719



Oxidation Communications 33, No 4, 948-955 (2010)

GLUTATHIONE INVOLVED IN STRESS RESPONSE DOES NOT
DETERMINE THE RESISTANCE AGAINST SINGLET OXYGEN IN
PEA (Pisum sativum L.) PLANTS
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ABSTRACT

Glutathione (GSH) is a major antioxidant in most aerobic organisms. In this study we
investigated the alteration of GSH content in pea plants treated with singlet oxygen
producing photosensitiser eosin. Derooted pea plants were infiltrated with three con-
centrations of eosin (1, 10 and 50 pM) and exposed to continuous light or darkness
for 48 h. Eosin treatment combined with continuous light led to significant increase
of total GSH content in all experimental groups. The lowest and middle eosin con-
centrations decreased percent of oxidised glutathione (GSSG), but highest (50 uM)
increased it. In parallel dark experiments eosin did not provoke any essential changes
in GSH and GSSG amounts.

When the plants were pretreated with GSH synthesis inhibitor buthionine sulfox-
imine (BSO) the foliar GSH levels were considerably decreased. Separate treatments
with eosin reduced fresh weight of pea plants, but BSO alone did not provoke any
significant differences. Paradoxically, applied together eosin and BSO caused some
rise in the fresh weight compared to the single eosin. Generally, our results showed that
plants with blocked GSH synthesis are more resistant to singlet oxygen. Enhancement
of GSH level after treatment with eosin is not connected with activation of singlet
oxygen detoxification mechanisms.

Keywords: antioxidant defense, BSO inhibitor, glutathione, pea, singlet oxygen.

AIMS AND BACKGROUND

The generation of reactive oxygen species (ROS) such as hydrogen peroxide, su-
peroxide and hydroxyl radicals, and singlet oxygen ('O,), occurs at all times during
plant growth and development. Singlet oxygen is a member of the ROS family. It is

* For correspondence.
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INTRODUCTION

ABSTRACT

Because of their unique tolerance to desiccation, the so-called resurrection plants
can be considered as excellent models for extensive research on plant reactions to
environmental stresses. The vegetative tissues of these species are able to withstand
long dry periods and to recover very rapidly upon re-watering. This study follows
the dynamics of key components involved in leaf tissue antioxidant systems under
desiccation in the resurrection plant Haberlea rhodopensis and the related non-res-
urrection species Chirita eberhardtii. In H. rhodopensis these parameters were also
followed during recovery after full drying. A well-defined test system was developed
to characterise the different responses of the two species under drought stress.
Results show that levels of H,0, decreased significantly both in H. rhodopensis and
C. eberhardtii, but that accumulation of malondialdehyde was much more pro-
nounced in the desiccation-tolerant H. rhodopensis than in the non-resurrection
C. eberhardtii. A putative protective role could be attributed to accumulation of
total phenols in H. rhodopensis during the late stages of drying. The total glutathi-
one concentration and GSSG/GSH ratio increased upon complete dehydration of
H. rhodopensis. Our data on soluble sugars suggest that sugar ratios might be
important for plant desiccation tolerance. An array of different adaptations could
thus be responsible for the resurrection phenotype of H. rhodopensis.

resurrection plants are expected to have superior free radical-
scavenging mechanisms, both in their cytoplasm and in

It is expected that a systems-biology approach will lead to a
significantly improved understanding of the mechanisms
associated with plant desiccation tolerance (Moore et al.
2009). In this respect, the so-called resurrection plants can be
considered as excellent model systems (Gaff 1971; Oliver
et al. 2000; Proctor & Tuba 2002; Toldi et al. 2006). These
species belong to different families, live in different habitats
and are exposed to a wide range of environmental challenges.
However, they share one common feature — their vegetative
tissues are able to withstand long periods of complete desic-
cation and yet can recover very rapidly upon re-watering
(Oliver 1996; Scott 2000; Farrant et al. 2003; Bartels 2005;
Toldi et al. 2009). Acquisition of desiccation tolerance is a
complex process that is probably due to an elaborate set of
specific adaptations. It has been postulated that different res-
urrection species may use a mixture of different protective
metabolites to allow complete dehydration tolerance
(Kranner et al. 2002; Kranner & Birtic 2005). In addition,

vacuoles, to cope with the severe stresses. It has recently been
suggested that vacuolar compounds such as fructans might
be involved in vacuolar antioxidant mechanisms (Van den
Ende & Valluru 2009).

Bulgaria is among the few countries in Europe where res-
urrection plants grow in the wild. Haberlea rhodopensis Friv
and Ramonda serbica Pancic belong to the Gesneriaceae. Both
species prefer shady slopes and limestone rocks and are
found at a wide range of altitudes in mountain areas. H. rho-
dopensis was among the first plants recognised as genuine res-
urrection plants (Ganchev 1950). It is considered a
homoiochlorophyllous species, in that it can preserve most of
its chlorophyll during dehydration. Photosynthesis and tran-
spiration during desiccation and recovery have been exten-
sively studied in H. rhodopensis (Markovska et al. 1994, 1995;
Peeva & Maslenkova 2004; Georgieva et al. 2005, 2007, 2008;
Peeva & Cornic 2009). Lipid and sterol changes in leaves
(Stefanov et al. 1992) and some aspects of compatible solute

Plant Biology 13 (2011) 767-776 © 2011 German Botanical Society and The Royal Botanical Society of the Netherlands 767
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ABSTRACT

In the recent years the studies of plants on DNA level have become unavoidable ap-
proach in almost any research in plant genetics and physiology. Often, the task of an
intended research is assessing the influence of different nutrition schemes, chemicals
or substances on the molecule of DNA. Therefore, the reliability of the methods reveal-
ing damages in DNA molecule is very important for the explanation of the obtained
results. One of the most popular methods for detection of DNA damages is the comet
assay. The pea (Pisum sativum L.) plant is one of the few exceptions of experimental
organisms on which the popular method of the comet assay has not yet been applied.
The difficulties of the comet assay execution on photosynthetic cells compelled us to
modify the method. In this study we present a faster and more reproducible variant
of the comet assay application on photosynthetic active plant tissues.

Keywords: the comet assay, DNA damage, plant cell, singlet oxygen.

AIMS AND BACKGROUND

Single cell gel electrophoresis (SCGE) also called the comet assay has been developed
as a method for detection of damages in the molecule of DNA (Ref. 1). Nowadays
the method of comet assay is gaining enormous popularity due to its broad spectrum
of applications. It is extensively used for genotoxicity testing of substances such as
industrial chemicals, biocides, agrochemicals, food additives and pharmaceuticals?.
The comet assay is a simple technique, faster and cheaper than the other methods for

* For correspondence.
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Abstract Atrazine frequently contaminates soil, groundwa-
ter, rivers, and ponds. It is well know that acute doses (1—
5 mM) of atrazine induce massive generation of singlet
oxygen by blocking photosystem II. The sublethal concen-
trations of this herbicide, similar to those found in the
environment, also reduce growth and disrupt photosynthesis
in a long-term aspect, but exact mechanisms remain much
uncertain. In this study the effects of environmentally rele-
vant atrazine levels, ranging from 0.1 to 10 uM, on pea
plants were characterized for up to 20 days. The plants
exposed to continuous influence of atrazine exhibited per-
turbed redox homeostasis with increases of the lipid perox-
ides, the total and oxidized glutathione pools and elevated
guaiacol peroxidase and glutathione-S-transferase activities.
In contrast, the long-term atrazine impact did not affect
superoxide dismutase activity whereas the catalase was
inhibited. The perturbations of the redox status and the

Handling Editor: Peter Nick

Electronic supplementary material The online version of this article
(doi:10.1007/s00709-012-0378-6) contains supplementary material,
which is available to authorized users.

S. Ivanov (D<)

Centre of Food Biology,

PO Box 120, Sofia 1592, Bulgaria
e-mail: sivanov714@abv.bg

E. Shopova - P. Kerchev - I. Sergiev * L. Miteva * D. Polizoev -
V. Alexieva

Institute of Plant Physiology and Genetics,

Bulgarian Academy of Sciences,

Acad. G. Bonchev Str., bl. 21,

1113 Sofia, Bulgaria

P. Kerchev
Centre for Plant Sciences, Faculty of Biology, University of Leeds,
Leeds LS2 9JT, UK

recruitment of the antioxidant machinery imply that the
sublethal atrazine concentrations alter the poise between
production and scavenging of reactive oxygen species. Taken
together these results show that the long-term impact of sub-
lethal atrazine has hallmarks of oxidative stress most probably
triggered by generation of singlet oxygen.

Keywords Atrazine - Antioxidant enzymes - Singlet
oxygen - Glutathione - Hydrogen peroxide - Lipid
peroxidation

Introduction

Atrazine [6-chloro-N-ethyl-(1-methylethyl)-1,3,5-triazine-
2,4-diamine], and other s-triazines, have been widely used
as herbicides in USA (according to the US Environmental
Protection Agency) and probably throughout the world for
the last 50 years. It is primarily used on maize, sorghum, and
sugarcane. The triazines belong to the herbicides that de-
grade most slowly in soils and water. Under field conditions,
less than 5% of the atrazine and 1% of simazine in soil is
degraded for 1 month (Taylor 1995). Atrazine frequently
contaminates soil, groundwater, rivers, and ponds. Concen-
trations were as high as 120 pg/liter in agricultural basins,
14 pg/l in urban basins, and 22 pg/l in river basins (Cox
2001). The highest measured residual amounts of simazine
in agricultural surface soils reach 1,000 pg/l (Braun and
Hawkins 1991). Typical environmental contaminations in
agricultural lands vary in diapason 1-100 pg/l or kg soil
(Van Maanen et al. 2001; Vitanov et al. 2003). Water quality
monitoring data show that in England and Wales, more than
10% of the surface and groundwater samples investigated
from, the amounts of s-triazines (including atrazine) exceeded
European standard (0.1 pg/l) for quality of drinking water

@ Springer
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INTERACTION BETWEEN STRESSES

V. Alexieva, S. Ivanov, |. Sergiev, E. Karanov

Acad. M. Popov Institute of Plant Physiology, Bulgarian Academy of Sciences, Acad.
G. Bonchev Sr., Bl. 21, 1113 Sofia, Bulgaria (http: //www.bio21.bas.bg/ipp/)

“|f we wish to under stand life we must study death”
Levitt, J., 1980

Summary. Normally, under natural conditions, plants are subjected to the
influence of at least two different stressfactors. The physiological responses
of plants, exposed to two subsequent stress factors differing in their intensity
or duration are reviewed. In the experiments presented here, the effects of
some hatural (water depletion, extreme temperatures), and anthropogenic
(UV-B irradiation and herbicides) stresses, applied alone and in combination
were studied. As ameasure of the interaction between stresses, the changes
in biometric parameters, thelevels of some oxidative stress markers and activ-
ity of defence enzymes were monitored in pea, wheat, or maize seedlings
(grown aswater culture) and in Arabidopsis plants. The relationships between
the metabolic changes observed, and the degree of cross-synergism or cross-
adaptation to the interacting stresses are discussed.

Key words: Stressinteraction, Active oxygen species, Stress markers, Cross-
synergism, Cross-adaptation

Abbreviations: MDA — malondialdehyde

Abiotic and biotic stresses cause alterations in the normal physiological processes of
all plant organisms, including the economically important crops. Plant damage and
decrease in their productivity take place most often due to naturally occurring un-
favourable factors of the environment (natural stressfactors) - extreme temperatures;
water deficit or abundance; increased soil salinity; high solar irradiance; early autumn
or late spring ground frosts; pathogens etc. Recently, along to these factors plant or-
ganismsare imposed to alarge scale of new stressorsrelated to human activity (anthro-
pogenic stress factors) —toxic pollutants such as pesticides, noxious gasses (SO,, NO,
NO,, NO,, O;and photochemica smog); photooxidants; soil acidification and mineral
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Effect of Atrazine on Glutathione Levels,
Glutathione S-Transferase and Glutathione Reductase
Activities in Pea and Wheat Plants

Lyua P-E. MITEVA, Sercer V. IVANOV, VEra S. ALEXIEVA
and EMANuiL N. KARANOV
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Abstract

Miteva L.P-E., Ivanov S.V.,, ALexieva V.S., Karanov E.N. (2004): Effect of atrazine on glutathione levels, glutathione
S-transferase and glutathione reductase activities in pea and wheat plants. Plant Protect. Sci., 40: 16-20.

Changes were studied in the endogenous level of glutathione (total and oxidised), and in the amount of free thiol
groups as caused by the herbicide atrazine on two species of plants with different sensitivity to it.The activities of
two enzymes related to glutathione metabolism (glutathione reductase and glutathione S-transferase) were also
determined. The application of the herbicide on leaf increased the levels of total and oxidised glutathione in pea
and wheat plants. Increased activity glutathione S-transferase in wheat plants was found.

Keywords: atrazine; pea; wheat; glutathione; glutathione S-transferase; glutathione reductase

For more than 40 years, triazines have been among
the most successful selective herbicides used in
agriculture; their representative most widely used is
atrazine: 2-(ethylamino)-4-chloro-6-isopropylamino-
1,3,5-triazine. Like all s-triazines, atrazine is an
inhibitor of photosystem 2 (PS2). As a result of this
inhibition, the excitation energy generated by PS2
cannot be dissipated through the normal electron flow
beyond Q_, and singlet oxygen is generated (Coss
1992). The application of herbicide concentrations of
triazines enhanced the amount of hydrogen peroxide
and also increased the amounts of oxidative lipid
peroxidation products and ion fluxes in pea plants
(ParLeTT & DODGE 1980; Ivanov et al. 2003).

Glutathione (GSH) plays important and well-
defined roles in the metabolism and detoxification
of numerous pesticides including herbicides that

16

can initiate oxidative stress in plants (Kom1ves
& GurLNer 2000). GSH is a component of the
glutathione-ascorbate shuttle which is part of the
antioxidant system in plants (Fover et al. 2001).
Glutathione reductase (GR, EC 1.6.4.2) plays
an important role in restoring reduced form of
glutathione (FoyeEr & Harriwerr 1976; Lascano
et al. 2001). Detoxification of different pollutants,
including atrazine, by conjugation is another of the
glutathione functions (SHiMABUKURO et al. 1970). The
process can take place spontaneously or as a result of
the activity of the enzyme glutathione S-transferase
(GST, EC. 2.5.1.18) (Kom1ves & GurrLNERr 2000).
Beside its function in detoxification, glutathione
has an additional protective role in the reduction
of cytotoxic hydroperoxides (which arise as a result
of oxidative stress) to the respective alcohols (Dixon
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Peaiome: Cmpecogama husuoniozus Ha pacMmenuama ulyvaga ev3delicmauemo Ha nebnazonpuameume ycro-
aus Ha OXONHamMa cpeda aLPXy pacmeRuAma. B Hacmoswama nySnuKkauus ce pasanexdam 0CHOBHU NOMOXeHUS
8 MeppuAMma Ra cmpeca, adanmupaHu KeM Hyxdume Ha pacmumennume Hayku. Mpedcmasenu ca ev3anedume
Ha ncaedemo om chepemeHnume uscnedosamenu paomeiwy 8 oGracma. Hanpasey e onum 0a ce dadam de-
PUHULLU Ha EB2aPCKU HA HAKOU WAPOKD U3NoN3eaqHu mepmuky, flocodenu ca abanpuemume 3a kacugukayun
Ha cmpecosume gakmopt nodxodu, Kaxkmo U ocHosRUMe Abmulia 3a npudoiusane #a ycmoduusocm om pac-
mexusma. Moxalanu ca pasnuyuAma 8 MexaquaMume Ha adanmayus mexdy wusomnume U pacmeruama. fpu-
gedeHy ca pedulia npuMepu, UROCMPUPaLLY U3NOMNIBAHEMD Ha paafluvHume cnocobu 3a npudobugaHe Ha ye-
modyuaocm e 3emedenckama npakmuka. Quckymupanu ca npobieMume u Npecnexmusume, NpouIMuYaliy om
HagAU3aHeMo 8 CENCKOMO CIMONaHCMA0 Ha PACMEBHUA C NDOMEHEH 28HOM.

Krrovwosu dymu: cmpec, yomogyusocm, adanmayus, monepaqm+yocm, Uibrasane Ha cmpeca, MpaHcaeHHL pac-

melus

S. IVANOV, Acad. M. Popoyv Institute of Plant Physiology, Bulgarian Academy of Sciences, 1113

Sofia. STRESS AND RESISTANCE IN PLANTS

Abstract: Plant stress physiology deals with the effect of unfavourablie conditions of enviranment on the plants. In
this study the main topics of the theory of siress adapted to the plant science are described. The conceptions of
the most of contemporary investigators working in this area are pointed out. An attempt for correct definitions of
some wide used terms was made. The adopted for classification of stress factors approaches are indicated. The
main ways for acquirements of plant siress resistance are noticed. The differences in mechanisms of adaptation
between piants and animals are described. The various approaches for the achievement of acquired plant resist-
ance in agricuitural practice was iflustrated by some examples. The problems and perspectives as a resull of the
entering of transgenic crops in agrcullure are also discussed.

Key words: stress, resistance, adaplation, folerance, stress avoidance, lransgenic crops

Mpes CROETO OHTOrEHE TUYHO Pa3BUTUE PaACTEeHUA-
Ta ca NOANOXEHU Ha AeRCTBMETO HA peaMua Hebna-
ronpuaTHW deakTopu HA OKoNHAaTa cpeaa (Hapwuyanu
YCNoBHO cTpecopu). NoaoBHK abagedcTens Npeaua-
BUKBAT HEraTUBHU U3MEHEHUA B AWBUTE PACTUTENHW
NEMYNauMK U CHIWKaBaT JOBMBUTE OT 3EMERENCKUTE
Kyntypu {Tatn. 1}. MUsyyasaHeTo Ha NOCNegCcTBKMATA
OT AEWCTBMETO Ha OIPOMHOTO MHorooBpasune oT cTpe-
COpW e NpeaMeT Ha OenHocT Ha cTpecosata duano-
Norvst Ha pactennATa. B HacToswara nybnukauua e
HanpaeeH ONWT fa Ce NPESCTaBAT HAKOW OCHOBHW No-
TloXeWna B TeOpWRTa Ha cTpeca, ananTpankw KbMm
HYXAnTe Ha pacTUTENHUTE HayKK.
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TepMUHDBT "cTpec” e 8bBeAEH 3a MbLPBU NbT B Me-
AMUMHATS oT kKaHaackuA yueH Selye {1936; 1956). Ka.
To noHATUe oBauye Tol npouanuia ot dvavkara (BuK
donbnHenve 1). KnacuyeckoTo onpegeneHue Ha
Selye 3a cTpec e opMynNUPaHo No cNeAHUA HaJvuH:
Beuyku evrwHy eu30elcmaun 3a opaaHuIMume ca
cmpecupawiu thakmopu {cmpecopu). Te npedussux-
gam cmpec U € pe3ynmarm Ha Mo3u cmpec UmMa cne-
uupuYHa peakyus U HecneyuguyeH obi, omaoeop.
Mpea 1980 r. Jacob Levitt (1980) nasa cnegnara fe-
ci:uuwuug 3a ctpec (op): Beexu gpakmop om oKOfHa-
ma cpeda, cnocoben 0a npeduzeuxa yapexdaHus 6
MueUmMe op2aHuIMU.
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Pasiome

npeBaHTHBHaTa pOAS'I Ha (:bﬂ,!\M.l—lF!HVIHTB. C dHTUMOKCK-
AGHTHA TTPUPOAA CNPRAMO peaud 3aD0AA2aHUS € OTAABHA
uiBecTHa. TOTAAHWUAT AHTHOkcuAanTeH KanauwteT {TAK)
NO3BOAABA CPABHABAHE HA PASAMHHY XPAHUTEAHN fIDOAYK-
T 110 OTHOLEHUE HE HTUOKCHAAHTHO ChABPKAHUE ¢ HOP-
MUPAHE Ha AHEBRUS NDUEM OT GHTAOKCUAGHTU CPAMO
HYXAMTE Ha opranuima. B pabotara e uicaeapan TAK v

* KOAMYECTBOTO Ha (PEHOAHWTE CBEANHEHNSA Ha CEpws KO-
" MEPCUAHYW COKODBE, MPOW3BEAEHW OT MACADBE Ha PA3ANY-
H¥ pacTUTEAHK BUAUBE. 3a onpeaeasne na TAK ca usnoa-
3BAHN ABA WUPOKO pa3npocTpaHenyn metoaa (FRAP v
ABTS). PeayaraTiTe NoOKaimaT, u€ HEIABUCMMO OT MEeTOAA
i H2 OMPEAGARHE HAN-BHCOKE AHTHOKCMAAHTHA CuAl qpure-
Wapa COKbT OT KaNCHA, 4 HAW-HMCKA OT aHaHac. OcraHaan-
% Te CokoBe Ce KAICWPAT Ha NAIAMYHW N03VUWMKA B 3aBUCK-
@ MOCT OT UINDAIYBAHUTE aHAANTUNHW TecTose. Kopeaauns-

e caaba. AHTHMOKCWAAHIHUAT KanauuTeT Ha W3ICARABAHUTE
COKOBE HE € MPaBONPONOpuUMOHaAeH na TAK Ha nAOAQBE-
TC, OT KOWUTQ TC Cca NpOV3BEABHN. Tozu pGBVATaT noKasea,
de TAK Ha NAOAOBWTE COKOBE M HEKTZpW e CMAHO 33Bucim
OT TEXHOAOTAATA 33 NOAYYABAHETO MM,

KarovoBu gysmu: ABTS arasus. FRAP awanu3, nogobu co-
xoBe, momaney aHMUOKCUJaNMEr Kanauumen, QeHoAU

Total antioxidant capacity of commercial
fruit juices

Pavel lvanov Kerchev, Elena Kostova Ivanova,

Sergei Veselinov Ivanov
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of Sciences, Acad. G. Bonchev str,, bl.2T, 1113, Sofia, Bulgaria;
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Summary

The preventive role of antioxidants against numerous



XPAHW H HG;KO .

3OBUCUMOCT HOl QHTUOKCUIQHTHIA KANQUUTET
HQ BKCTIEPUMEHTOITHY YEPBEHN BUHQ O
COPTOBMTE PONMYMA 1 KOMTIOHEHTHIS ChCTCB
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Pe3tome

PEANLLA M3CAEABEHNA NOKa3BaT, Ye YEPBEHWUTE BUHA Ce
XapakTepuIupar C BUCOKD ChAbPXKAHUE HA ChEAMHEHWS,
NDUTEAARALIM aHTUOKCMAAHTHU cBOWCTBRA. tacToauwaia
pabora nma 3a uen Aa ce nscreasa ToTaaHust AHTHOKCH-
aanten Kanauuter (TAK) ha cepna excnepumeHTaAHmn yep-
BEHM BHHA, NOAYYEHM OT pasAMiHW coprose rposae. Ao-
NbAHUTEAHC € HanpaBEH KOPEAaLLMOHEH dHaAN3 ME)KAY
KOMNOHEHTHWS ChiTan Ha Buhata n TAK. Buhara ca npowms-
BEACHU OT 5 COPTA YePBEHO FPO3AE, OTTACAaHU B palioHa
Ha rpaa, MNaesen, pekoata 2004 r., npepaboteru B noAxo-
AALLA TEXHOADIUMHA 3PFACCT, B YCAOBMATA HA MUKPOBWHN-
ULMpaHe No KaacuYeckara Cxema 3d NPOoOMIBOACTBO Ha
uepBenu BuHa. 3a onpeaeasine Ha TAK ca uanoaszsanu Apa
meroaa - FRAP w ABTS (TEAC). U cnopes ABara aHaauT1u-
HW TecTa KAAcaLMsTa Ha YepBeHHTE BUHA e caeaHata: [la-
Mmua, (5,84 memoa Fe?*/ma 3a FRAP 1 1,37 memoa Trolox/
Al < Temia < Mepao < [Muuo noap < Kabaphe co-
BUHLOH (34,81 mkmoa Fe?"/ma 3a FRAP 1 8,19 mimon
Trolox/ma). HabaloAABa CE MOACXMTEAHR KOPEAALS MEX-
AY TAK u chappkanneto Ha denoan (rERAP 0,996, rABTS
0,989), anmoyualiv (rrmv 0,834, 1..- 0,821), npoauH (r,, .
0,702, 1., 0,690), GeATbUm {reesp 0,968, 1 0,978), Turpy-
EMW K-HM, 73XaPU U AAKOX0A. V3HEeHaABaUIO BPL3IKATA HA
TAK € KOAUYECTBOTO Ha PEaKTMBOCTOCOOHUTE THOADBH IPY-
M BLE Buhata e obpatHonponopunonaara (r, ., -0,881,
Mot ~0.907). Basupaiky €C ha Te3n pesyataim Hie NPeaAno-
Adrame, ye OCHOBHA npeanocTtaska 3a sucokvar TAK Ha
YEPBEHUTE BUNA € IHAUUTEAHOTO ChAbPXKanue Ha beHoan,
AHTOLIMAHH, NPOAUH 1 DeATbLM.

KuouoBu gymu: ABTS (TEAC) ananus, aHmuokcuganmen
kanayumern, FRAP anaaus, vepBenu Buna, nposun, geHoay,
muoaoBu epynuy
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Summary

Numerous studies indicate that red wines are rich in
compounds possessing antioxidant properties. The present
study aims at investigating the Total Antioxidant Capacity
{TAQ) of a series of red wines. Additionally, a correlation
coefficient between TAC and some compounds is obtained.
Crape from 5 cultivars cultivated in Pleven district, vintage
2004 is used. TAC is determined according to FRAP and
ABTS (TLAC) methods. Both assays rank the red wines as
follows: Pamid (5.84 wmal Fe2*/ml for FRAP and 1.37
#mal Troloxkml) < Camsa < Merlot < Pinot Noir <
Cabernet Sauvignon (34.81 ;emol Fe’*/ml for FRAP and
8.19 #maol Trolox/ml}. A positive correlation between TAC
and the content of phenols {r,,,,, 0,996, ars 0,989, antho-
cyanins (1. 0,834, r . 0,821), proline (r . 0,702, r,
0,690), proteins (r,.,. 0,968, r,. . 0,978), sugars and alco-
hol is observed. Surprisingly, the relationship between TAC
and the amount of reactive thiol groups is reverse (r .. -
0,881, r_,, -0.901). On the basis of these results we as-
sume that the high TAC of red wines is mainly due to the
significant content of phenols, anthocyanins, proline and
proteins.

Keywords: ABTS (TEAC) assay, antioxidant capacity, FRAP
assay, red wines, profine, phenols, thiol groups

Bueegenne

Bce no-roasm BpOR €NUMAEMHOACTMYHN M3CAEABAHHA
10Ka3BaT MPeBaHTUBHATA POAR HA PEAULIA MPUPOAHN Npo-
AYKTM CNPAMO PasHO0Dpashu NATOAATUMHY CuCTORHMS -
OT ChPAEHMHO-CbAOBIK 3aD0oAsiBaHWA AO pak. Tesn Habawae-
HUS CTUMYAMPAXA MPOYYRAHETO HA NPOAYKTH OF pacTure-
A€H NPOUIX0A, TOIHATH OT BEKOBE, B TbPCEHe Ha Tepanes-
T4HM areHTi. DaKTLT, Y€ YMEPEeHaTa KOHCYMALMA Ha BK-
HO e CBbP3AHA C HAMAARBAHETO HA PUCKA OT ChPABMHO-
ChACBU 3aD0ARBaHNS, € u3BeCTeH ¢ umeTo "MIpeucku na-
paaokc', QPEHCKNAT MapaAoKe (MAAKOTO CAyYan Ha Chp-
AEBUYHO-CHADNRY 3aDOASBAHWA CPeA HACCACHUETO Ha HOXHa
MpaHumns na poHa na Boratata Ha HACUTEHH MACTHU KKCe-
AvHU ameTa) Be OTaaaeH Ha PeAOBHOTO KOHCymMpaHe Ha
uepseno suro, (Renaud and Oe Lorgeril, 1992). Tt karo
Te3M NATOAGIMYHN CbCTOSHUA C& CBbP3BAT € YBPEXAAHUY,
NPUYMHEHN OT CBOBOAHM paankasn, B morao aa ce abob-
UM, Y& NPUCHCTBALLNTE B YEPBEHWTE BUHA ChEAMHEHUS
MPOSBABAT aHTMOKCUAAHTHE AKTUBHACT.

BuHara cbabpKar roasm Hpon GeHOAHN CheAMHEHUS,
TOBEYETO OT KOWTO Ca C pacTUTEAEH NPou3xoa,. Modth acuu-
KH OT TAX NPUTEXRKABAT AHTMOKCUAIHTHH ceoncrea. Bramox-
HOCITa 32 EKCTPAXMPAHETO UM OT CEMKHTE U AIOCTIUTE HA
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" Pea Plants (Pisum sativum L.) under Herbicide
Action

D. D. Krezhova', T. K. Yanev', V. S. Alexieva’, S. V. Ivanov’
ISolar-Terrestrial Influences Laboratory {STIL), Bulgarian Academy of Sciences, krezhova@stil.bas.bg
Acad. G. Bonchev Str., Bl. 3, 1113 Sofia, Buigaria
? Institute of Plant Physiology, Bulgarian Academy of Sciences, verea@obzor.bio21.bas.bg
Acad. G. Bonchev Str., Bl. 21, 1113 Sofia, Bulgaria

Abstract - Based on high resolution leaf spectral
reflectance data » new technique was developed and applied to
detect damages of agricultural plants under the action of Jow
intensity stress factors (berbicides) which at very low
concentrations could mot be established by the standard
biochemical and biometric techniques. Results are presented
from a remote sensing study of the peculiarities of the leafl
spectral reflectance of pea plants (Pisum sativim L.) treated with
atrazine and 2.4-D (2.4 - phenoxyacetic acid) at three low
concentrations (0.01 gM, 0.1 uM and 1 pM, respectively 2.15,
215, and 215 pg/l for atrazine and 2.59, 25.9, and 259 pg/l for
24-D) as compared to the field dose of these herbicides

. commonly used in the sgricultural practice. The physiclogical
status of the plants was assessed using biometric and
biochemical parameters such as length, fresh weight, dry weight
and electrolyte leakage. The high-resolution spectral data were
obtained using a multichannel spectrometer in the visible sud
near infrared ranges of the electromagnetic spectrum in 128
channels at a spectral resolution (halfwidth) of 2.6 nmn. Using the
technique which employs discriminant analysis and other
statistical methods we established the presence of Statistically
significant differences in the arising varistions of the leafl
spectral reflectance characteristics between control and treated
plants in the green (520+580 nm), red and near infrared
(690+800 nm) ranges of the spectrum.

1. INTRODUCTION

Remote sensing techniques are well-established already
non-intrusive tools in assessing changes in the structure and
functioning of ecosystems, The remote sensing of the optical
properties of different cultural plant species subjected to
stress factors gives the possibility to distinguish symptoms
below the subjective level of detection and timely to mitigate
the risk of their action {1, 2]. In the last years there is &
significant growth in the amount of published information for
research efforts aimed to reveal the relation between the
spectral reflectance properties of vegetation, its pigment
concentration and biochemical parameters [3+5]. The spectral

0-7803-8977-8/05/$20.00 ©2005 IEEE.

characteristics of vegetation are determined mainly by
scattering and absorption characteristics of the intemal leaf
structure and biochemical constituents. The pigments are the
main factor that controls the leaf spectral response in the
visible range whereas the water content is the determinant
factor in the near and infrared ranges [6, 7). Chlorophyll
content, in particular, is indicative of photosynthetic capaciry,
productivity and stress. Its. change leads to variations or is
reflected by leaf spectral reflectance in the region
669+747 nm ("red edge” and “slope”) which is a reliable
indicator for stress in plants [8, 9].

Atrazine and 2.4-D are the economically most important
herbicides and have been widely used in crop production for
the last 40 years. Atrazine [6-chloro-N-ethyl- (l1-
methylethyl)-1, 3, S-triazine-2.4-diamine] is primarily used
on maize, sorghum, and sugarcane. Photosynthesis is the
major target of the atrazine, It blocks the photoinduced
electron transport by specific binding to the Q, site of the D1
protein in Photosystem 2 reaction center [10]. In fact, the
herbicide-induced toxicity seems to require light and is
thought to involve chlorophyll-mediated singlet oxygen ('Oy)
generation. The general view is that as the energy flow is not
being used for photosynthetic electron transfer. the chances of
forming triplet chlorophytl are increased, leading to 'O,
formation and oxidative damage [11+13].

2.4-D (2.4-dichlorophenoxyacetic acid) is a typical
phenoxy herbicide, as it was introduced after the World War
H and has shown excellent efficacy in the control of weeds.
The endogenous control of auxin {plant hormone) levels is
disturbed in plants treated with 2.4-D. This herbicide usually
induces several abnormalities in growth, cell division, and
morphology [11, 12].

It is well known that the extensive agricultural use of
atrazine and 2.4-D has caused their wide accumulation in
underground, surface, and tap water, soils, as well as their
distribution by aerosols. ' The atrazine belongs to the
herbicides which degradation in soils and water is occurring
relatively slowly, Under field conditions less than 5 % of the
atrazine and 1 % of simazine (similar herbicide) in soil is
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Fluorescence of leaves of pea plants treated with low concentrations of herbicide atrazine
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The effect of herbicide atrazine on the leaf fivorescence of pea plants (Pisum sativum; L., cv. Scinado) is in
the scope of this research. Plants were grown hydroponically in a growth chamber at standard conditions. Three
day old seedlings were subjected to treatment with the sublethal amounts of herbicide, Atrazine was added 1o the
nutrition medium in concemtration (.01, 0.1, and 1 pM. These concentrations are analogous to the
environmental contaminations measured for this herbicide. The measurements were taken on the 8* and 14*
days following the treatments. The fluorescence of detached leaves from 1%, 2% and 3™ leaf nodes of control and

treated plants were examined.

The leaf fluorescence was excited by 470 nm monpchromaric light and registered by means of the
Spectrometric System SPS-1, developed in Solar-Terrestrial Infiuences Laboratory, BAS.
Area and positional features (specific wavelengths) of the fluorescence spectrwn were used ag parameters to

characterize the spectrum distribution.

Statistically significant differences were established between the mean values of indices of the fluorescence
spectra of leaves of control and treated with 0.1 and I uM atrazine concentrations planis. The most pronounced
changes in the fluprescence spectra of leaves of rreated plants were observed at wavelength 684.3 nm.

Introduction .

Atrazine [§-chloro-N-eihyl-(1-methylethyl)-1,3,5-triazine-
2,4-diarnine] belongs to the group of triazines and has been
one of the most used herbicides in agriculture for the last
several decades. It is mainly used for selective weed control
in corn, sorghum and sugarcane. The target plants for atrazine
consist of a wide variety of broadleaf and some grassy weeds,

The primary mechanism of action of atrazine is the
inhbition of photosynthesis. It acts as a non-reducible analog
of Qb that attaches itself to the Qb-site of the DI protein in
photosystem 1 reaction center and blocks electron transport
in chloroplasts, thus halting CO2-fixation and production of
ATP and NADPH2, all peeded for plant growth. [1].
Moreover, as a result of the inhibition of photosynthetic
electron flow chlorophyll molecule is not able to dissipate its
excitation energy and so forms a high reactive triplet
chiorophyll molecule. This triplet chlorophyll molecule reacts
with oxygen resulting in the production of singlet oxygen
102. The singlet oxygen and triplet chlorophyll molecules
cause lipid peroxidation, loss of membrane integrity and other
oxidative damages [2].

The extensive agricultural use of atrazine has caused its
wide accumulation in soils and waters. It is highly persistent
in soils, has a relatively long half-life and significant amounts
of it can be found in soil for more than a year after treatment
{3]. Because atrazine does aot absorb strongly to soil particles
it has a high potential for groundwater pollution despite its
moderate solubility in water [4]. Typical contaminations in
agricultural areas are in the range of } - 100 pg per kg soil or
liter water as maximal amount} reach up to 1 mg [5, 1. The
breakdown of atrazine is performed mainly through chemical
hydrolysis followed by degradation By soil microorganisms
and depends on the specific environmental conditions [7].

The influence of subherbicide concentrations analogous to
the residual herbicide amounts in soils and waters on plants is
poorly investigated. Jettmer et al. [8] demonstrated the
sensibility to atrazine of 22 plaot species growing for 21-28

REMOTE SENSING

days on a soil-free system containing different concentratic
of atrazine. The results obtained are rather noteworthy. Th
herbicide reduces the fresh weight of barley by 30% (ID30]
up to 50% (ID50) in a concentration of 25 pg/l (sunflower=
50 ug/; wheat—100 pgA, ete.). Moreover, De la Torre and
Burkey [9] and Lambrev et al. [10] showed that sublethel%
concentrations of atrazine disrupted the normal photosynd:
thetic function of plants (barley and pea, respectively) and thet
effect observed was amplified with time. These results are.
clear indication that the long-term influence of trace ammount
of arrazine probably leads to an effect similar to that observed
after a single application of field doses. On the other hand i
was reported that in some plants the same atrazine:
concentrations exhibit cytokinin-like properties [11].

Purpose of the researches N

The aim of this study is to investigate the effect of the
sublethal atrazine concentrations on the leaf flnorescence of
yourg pea plants |

Materials and methods

As a model system pea plants (Pisum sativum L. ¢V
Scinado) were used. Seeds were soaked in tap water for 6-8 h
and germinated on the wet filter paper in a germination
chamber at 250C in the dark for 3 days. Seedlings were
grown hydroponically in Hoagland - Arnon nutrient solution
in growth chamber (12/12 h day/night photoperiod; 60 — 90
pmol m-2 s-1 photon flux density; 26/220C day/might
tempera-ture; 60 -70 % air humidity) The atrazine stock
solution (0.1 mM) was prepared using Tween-80
(0.05% wi/v). Three-day-old seedlings were subjected (o
herbicide treatment, Atrazine was added to the nutrient
solution in 0.01, 0.1 and 1 uM concentration. The chosen
concentrations are based upon the residual amounts of the
herbicide measured in the envirgpment. Nutrient medium was
renewed twice a week. All measurements were made with the
1%, 2 and 3" leaves on the 8™ and 14“ days after the
beginning of the experiment.
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Effects of low concentrations of paraquat on the leaf spectral reflectance of pea plants
(Pisum sativum L.)

D. D. Krezhova’, T. K. Yanev', 5. V. Fangv’, V. S. Alexieva®, S. L. Lukov’, I T. Hiev!

! Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, Sofia. Bulgaria, dkrezhova@stil.bas.bg
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Results from a remote sensing study on arising changes in leaf spectral reflectance of pea plants in the
visible and near infrared spectral vanges due to herbicide action are presented and discussed. The herbicide
paraguat was applied at three low concentrations (0.01 uM, 0.1 uM and I uM) as compared with the herbicide
fleld dose used in the agricultural practice. The paraguat is strongly toxic and its usage is restricted but because
of the fast and typical effects forced in planis it is exceptionally appropriate for a model in studying herbicide
action mechanisms. To assess the statistical significance of the differences found berween leaf spectral
reflectance characteristics of conrrol and treated plants we applied an approach based on discriminant analysis
and other sratistical methods. High resolution spectral data were obrained using a STIL-BAS designed
multichannel spectrometer. It was operared in the spectral range 480+810 nm in 128 channels with 2.6 nm
spectral resolution fhalfwidth) and 2 mm ! spatial resolution. The plant physiological status was assessed using
biometric parameters such as fresh weight of the aboveground part of the plants and fresh weight of their root
system. Statistically significant changes were established berween the spectral reflectance characteristics of
leaves of conirol and treated plants with herbicide concentrations of 0.1 pM and I uM.

Introductwn
" The spectral remote sensing in the visible and near infrared
;-(VNIR) ranges of the electromagnetic spectrum finds more
“and more wide application (o investigale in defails the
- physiological responses of plants to the conditions of growth

- -and the adaptation to eavironment on the basis of their optical

- .properties. In general, the spectral reflectance of plant leaves
water content and
*boncentration of biochemical substances [1+3]. The changes
in leaf metabolism affect the basic growth processes such as
hotosynthesis, transpiration, mineral nutrition etc. and they
~ire of an essential importance for the understanding of plant
development and adaptation to the environmental siresses

_714+6]. In the last years there is an increasing amount of

“Aublications with results from studies on the impact of

different stresses on the spectral peculiarities of plants
7+11]. There is however a number of not yet clarified
“faspects regarding the stress physiology of plants and its

Aeflection on their spectral reflectance characteristics (SRC).
tis not enough clear as well the extent to which a [ow-~

“dintensive but with a prolonged action stress factor exerts an
lufluence on the biochemical and spectral reflective
= _properues of the plants.
™ In spite of the ever increasing requirements for protection
#0f the environment the use of herbicides is a mandatory
“zpractice in the production of nutrition products for countries
'Wlth a developed agriculture. The contemporary herbicides
. are the result from many years of research and selection. The
- Yearly application of herbicides leads however not only to the
kaﬁq.ulsmon of tolerance of the weed species to them but to
‘s8Rl accymulation in the soils and the surface and
the number of publications
Iegarding the action of residual amounts of agrochemicals on
i main targets ({ne piants) is very limited.
One of well studied herbicides with a contact action is the
PIraquar, As a chemtical compound it is known since 1930
nder the pame of methyl viologen and it was used as an
ﬁ"ldlzmg reducing indicator but it was only just in the 50-ies

“IREMOTE SENSING

to reveal its herbicide property [12]. Its advantages could be
expressed most generally with the following [13, 14].
solubility in water and stability at a physiological pH, quick
inactivation in soil, and an easy oxidation of its reduced form
by molecular oxygen. The photo oxidation of thylakoid and
other cell membrane lipids provoked by paraquat is the
reason for plant death. The membranes are especially
sensitive to the lipid peroxidation because they contain non-
saturated fatty acids such as linolic (18:2) and linoleic (18:3).
The molecular oxygen even without any herbicide effect is
produced during the photolysis of water and generates active
oxygen species but their amount significantly increases in the
presence of paraquat and the endogenous protective systems
of plants do not have enough capacity for their detoxification.
It should be noted however that because of the extremely high
toxicily of paraquat not only for plants but for warm-blooded
as well in some countries of the world it became forbidden
and in others its usage is limited. Nevertheless, because of the
fast and typical effects brought in plants this herbicide is
widely used as a suitable model in investgating the
mechanisms of herbicide action.

During the last year our research has been focused on the
influence that exert different herbicides (airaZine, glyphosate,
paraquat, 2.4-D) when applied at low concentrations (Q.G1
uM, 0.1 uM, and | pM) as compared with the field doses
used in agricultural practice on the reflective power of leaves
of agricultural plants in the VNIR spectral range and on their
biometric parameters and some stress markers [15, 16].

The present paper reports on results from a study of the
particular influence of the herbicide paraquat on the speciral
reflectance characteristics of leaves of pea plants and
potential changes in the physiologic status of the plants which
was assessed by biometric parameters.

To assess the statistical significance of the established
differences between leaf spectral reflectance characteristics of
untreated (control) and treated with the herbicide paraquat
plants we applied the approach that we have developed
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Peszrome: ly6rukayuama npegcemaBs ocHOBHUME acnekmu om @GU3UOAO2UYHOMO U 6UOXUMUYHOMO
gelicmBue Ha cuHanemHus Kucaopog (CK) 8 pacmeHusma. OnucaHu ca peakyuume, Bogewu ga obpa-
3yBaHemo My, MexaHuamume Ha cBemauHHo-3abucumMa npogykyus npu ¢gomocuHmesama, Kakmo U
cBpbxeeHepupaHemo Ha CK caeg Bb3geldcmBue ¢ pasauyHU CbegquHeHUs (Xepbuyugu, éaepuna). Pasae-
gaHu ca xumuyHume BsaumogeticmBusi mexgy CK u ocHOBHUME 6U0A02UYHU MaKPOMOAEKYAU. LJUCKymu-
paHU ca MexaHu3Mume 3a gemokcugukayus Ha CK 8 pacmumenHume kaemku. [lpegemabeHu ca 0CHOB-
HUMe XUnome3su 3a poASma My Kamo cugHarHa MoAeKyAa, uscaegBaHusama, cBbp3aHu ¢ mbpceHe Ha pe-
uenmopu 3a CK, kakmo u u3noa3BaHemo Ha MymaHmu U mpaHcgopMmaHmu 3a pewabaHemo Ha me3u
3agayu. OnucaHo e yyacmuemo Ha CK B8 3awumHume peakyuu Ha pacmeHusma u Bpe3kume ¢ 6mopudy-
Hus MemaboausbM. [TpuBegeHu ca npumepu, oHazaegsaBauwu MHo2006pasHUMe achekmu om geucmBue-
mo My Kamo akmuBHa KucAopogHa Qopma.

KarouoBu gymu: cuHaAemeH KUCAOPOg, akmuBHU KUCAOPOgHU GopMU, pacmeHus, Xepbuyugu, aHmMUoOK-

cugaHmu

E. IVANOVA, S. IVANOV, Acad. M. Popov Institute of Plant Physiology, Bulgarian Academy of
Sciences, Sofia. SINGLET OXYGEN IN PLANTS - GENERATION, DETOXIFICATION AND PHYS-
IOLOGICAL FUNCTIONS

Abstract: The present publication features the main aspects of the physiological and biochemical action of
singlet oxygen in plants. A description in made of the reactions leading to its generation, the mechanisms of
light-induced production during the photosynthesis and the overproduction of singlet oxygen after treatment
with various compounds, e.g. herbicides and dyes. The chemical reactions between singlet oxygen and the
main biological macromolecules are presented. The mechanisms by which singlet oxygen is detoxified in
plant cells are discussed. The major hypotheses for its role as a signal molecule, the search for singlet oxy-
gen receptors and the use of mutants and transformants for achieving these objectives are reviewed. The
role of singlet oxygen in plant defense response and its connections with the secondary metabolism are
described. The various aspects of its function as an active oxygen species are amply illustrated.

Key words: singlet oxygen, reactive oxygen species, plants, herbicides, antioxidants

AkTnBHU KucnopogHu dopmu (AK®). Ot Bpe-
meTo, Korato Joseph Priestley (1775) oTKprBa KUCNO-
poda, Npoy4YBaHUATa BbpxXy CBOMCTBATa Ha TO3U MU3K-
NMIOYNUTENHO BaXKEH 3a XXUBUTE OpraHu3Mum XumMu4yeH
eneMeHT He cnupart. bescnopHaTta My HE06X0AUMOCT
3a ronsama yacT OT 6UONOTMYHUTE NPOLECKH KOHTpac-
TMpa C HeraTuBuTe, CbNbTCTBALUM HEroBOTO
nenctaue. MHOrobponHun nacnensaHus nokassar, ue
Te ca cneacTBume OT CNOoCOBHOCTTa My ga dopmMupa
akTuBHU KnucnopoaHu dopmu (AK®D) 1 cnperHaToTto ¢
TOBa pa3BUTME Ha panKanoBu peakLumn B 610norny-
HUTe o6ekTn. Han-o6wo, AKOD morat fa ce pa3genar
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Ha cBo6ogHWN pagukanu 1 monekynu (taén. 1). Ceo-
6OOHUTE paaukanu no onpegeneHune ca Yyactuuu,
MMaLWW HECOBOEHN eNeKTPOHWU. Hal-CblleCTBEHN 3a
KNBUTE OpraHu3mun ca in vivo obpasyBalinuTte ce cy-
nepokcuanu (*0,7) n xuapokecunHn (*OH) pagvkany,
kakTo 1 BogopoaHuaT nepokeup (H,0,) 1 CUHIEeTHU-
aT kucnopofa (CK). CynepokcuaHUAT pagukan e nbp-
BUAT NMPOAYKT OT pedyKuMaTa Ha KucnopojHarta Mo-
neKyna u B To31 CMUCbN MOXe Aa 6bae pasrnexxaaH
KaTo npeplecTeeHnK Ha octaHanute AKO (1).

0, —

(H) *0,” - H,0, - *OH +H,0 - 2H,0 (1)
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AHMuUokcugaHmeH kanauumem
Ha boA2apcku kuceau maeka

Cepzel BeceauHoB BaHoB',
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Bezlenme]

Buazapckomo kuceao Maako, NoAyueHD caeg pepMeHrmauun
om MAeuHo-kuceaume bakmepuu Lactobacillus bulgaricus

u Streptococcus thermophilus, e opusuHaseH, npouabexgaH
om BekoBe npogykm. PegoBHama koHCyMauus Ha kuceao
Masko Bogu go peguua npoguaakmuuHu U aevebHu edekmu
3a nompebumeaume. B Hacmosawama paboma e uacaeg-
BaH momaaHusm aHmuokcugaHmeH kanayumem (TAK) Ha
kuceau maeka, noAyusHU 0m 4 NPOMULLAEHU cuMBuomuuHu
sakBacku (LBB.BY 37-18, LBB.BY 28-22, LBB.BY 144-12,
LBB.BY 130-54), egHa cmapmepHa kyamypa, uioaupaHa om
pacmeHus (,C) u uaxogHomo npacHo kpaBe masko. MNpogyk-
mum ¢ kpadHo pH 4,7 e noaydeH caeg unkybupase Ha 43°C.
Mpegu onpegeanHemo Ha TAK npofiume ca pa3geaeHu Ha
HuckomoaekyAaHa BogopazmBopuma, AaunoguaHa u BeamvuHa
¢pakuuu. 3a ouenka Ha TAK ca uznoaaBaHu gBa memoga

- FRAP (Ferric Reducing/Antioxidant Power) u TEAC (Trolox
Equivalent Antioxidant Capacity). Hau-8ucok cymapeH TAK

U chopeg gBama aHaaumu4HU Memoga npumexkaBam mae-
kama noayyeHu om 3akBacka 144-12 - 2,48 mmol Trolox/k2
{TEAC) u 2,37 mmol Fe?'/kz (FRAP), coomBem+o. Hau-
Hucku cMOUHOCMU ca OMYemeHU 3a U3XOgHOMO NPACHD
manko. HabalogaBam ce couecmBeru passudun mexkgy TAK
Ha kuceaume maeka, NODAyYEHU om omgeaHume 3akBacku.
OcHoBHa poaa 3a popMupaHe Ha Bucokus TAK Ha kuceaume
maeka, B cpaBHerue ¢ npAcHOMO MARKD, UMam AUNOGUAHU-
me aHmuokcugaHmHu cveguHeHus. CbaAacHO pesyAamamu-
me om Hacmoauwama paboma TAK Ha kuceaume MAeka e
no-Bucok om mosu Ha HAKou 3eAeHuyuu U naogoBe (kpac-
maBuuu, mukBuuku, BaHaHU, guHAa u gp.).

KalouoBu gymu: ABTS (TEAC) aHaau3, anmuokcugaHmer
kanauumem, FRAP aHaau3, 3akBacku, kuceao masko, Lacto-
bacillus bulgaricus u Streptococcus thermophilus
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Summaiyj

Bulgarian yogurt, prepared after fermentation with Lacto-
bacillus bulgaricus and Streptococcus thermophilus, is an
original product known from centuries. The regular intake
of yogurt leads to various preventive and healing effects for
the consumers. In the present study is investigated the total
antioxidant capacity (TAC) of yogurts prepared with 4 com-
mercial symbiotic starters (LBB.BY 37-18, LBB.BY 28-22,
LBB.BY 144-12, LBB.BY 130-54), and ons starter C isolated
from plants. TAC of the initial bovine milk is also estimated
as a standard. The product was produced at 43°C with final

pH of 4.7. Prior to the determination of TAC the probes were
separated on water-soluble, lipophofilic and protein fraction.
Two methods for measurement of TAC were used - FRAP
(Ferric Reducing/Antioxidant Power) and TEAC (Trolox
Equivalent Antioxidant Capacity). Highest TAC according to
the both methods was observed for the yogurt prepared with
starter 144-12 — 2.48 mmo! Trolox/kg (TEAC) and 2.37 mmol
Fe?'/kg {FRAP), respectivaly. The lowest values are detected
in the initial fresh milk. Moreover, there are substantial dif-
férences between TAC of the yogurts prepared with distinct
starters. Primary role for the higher TAC of the yogurts in
comparisen to the fresh milk has the lipophilic antioxidants.
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Remote sensing of the effect of the herbicide glyphosate
on the leaf spectral reflectance of pea plants (pisum
sativum 1.)

D.D. Krezhova & T.K. Yanev
Solar-Terrestrial Influences Laboratory (STIL), Bulgarian Academy of Sciences,
Acad. G. Bonchev Str, bl.3, 1113 Sofia, Bulgaria; dkrezhova@stil.bas.bg

S.V. Ivanov & V.S. Alexieva
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Acad. G. Bonchev Str, bl.21, 1113 Sofia, Bulgaria; vera@obzor.bio21.bas.bg

Keywords: leaf spectral reflectance, pea plant, stress, herbicide, discriminant analysis

ABSTRACT: Results from a remote sensing study on leaf spectral reflectance changes of
pea plants due to herbicide glyphosate action applied at three concentrations (0.1 pM, 1
uM and 10 pM), low as compared to the herbicide field dose used in the agricultural
practice are presented and discussed. The glyphosate is one of the most frequently used
herbicides in Bulgaria, mainly in the common agriculture regions. Leaf spectral
reflectance data were obtained by a multichannel spectrometer designed in STIL-BAS.
The data were registered in the visible and near infrared spectral ranges (480 <+ 810 nm)
in 128 channels with 2.6 nm spectral resolution (halfwidth) and 2 mm? spatial resolution.
The spectrometric measurements were performed on fresh, immediately picked off pea
leaves in two leaf node on the 14th day after treating with the herbicide. To assess the
statistical significance of the differences between leaf spectral reflectance characteristics
of control and treated with the three glyphosate concentrations plants we applied an
approach based on discriminant analysis and other statistical methods. The fresh weight
of the plants was used as the biometric parameter to assess the changes in the plant
physiological status. Statistically significant differences at p < 0.05 between the spectral
reflectance characteristics of control and treated plants were established in the four most
informative for plants spectral ranges: green (520 < 580 nm), maximal chlorophyll
absorption (630 — 680 nm) red (690 <+ 730 nm) and near infrared (740 + 810 nm).

1 INTRODUCTION

In the precision agriculture many studies have been devoted to the use of biotic
information to diagnose plant responses to changing environment. To obtain the adequate
information a special emphasis has been laid on the application of non-destructive and
non-invasive measuring methods. In this respect remote sensing technologies provide an
important tool to aid site-specific management of crops. Remote sensing has the potential
to provide real-time analysis of the attributes of a growing crop. The results of such
analyses form the basis for making timely management decisions that affect the outcome
of the current crop. The information on plant response to growth conditions that is
supplied by remote sensors such as spectrometers, radiometers etc. is used to achieve the
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xapakmepucmuku Ha nuBo
no Bpeme Ha pepmeHmauus
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FPeslonme

MacnegeaHn ca npomeHuteé B TOTAnHWA AHTWOKCH-
AaHTeH Kanauwtet (TAK), ChALMKAHUETO Ha rMyTaTHOH M
obwwm eHanu No Bpeme HA NMBOBAPHUA hepMeHTauuo-
HeH npouec (0 — 144 vac). YcraHoBeHo e, Ye NpU eqHakBH
Apym TexHanoruvHu napametpu, TAK Ha nueoTto ce dop-
MHUpa rIaeHo Nag JeicTBMETO Ha NUBOBAPHWUTE APOXOM.
Mo epeme Ha epMeHTALMNATA, HAW-BUCOKM CTORHOCTH
3a TAK ce gocTurat B nepuona 72 — 96 Jac (1,102 Fe*

mkMan/mn — FRAP Tect), kKoeTo ChOTBeTCTBA HA MAKCH- .

MYMHWTE B CbbPXAHWETO Ha rNyTaTHOH M NALTHOCTTA HA
ApoxaeHaTa kynTypa. OceeH kato nokasaten 3a 3apaBo-
cnoBHuTe edekTu oT koHcymauusTa, TAK moxe aa ce na-
nonaea KarTo kpMTAPHA 3a nonbop Ha NOAXOAALLM LaMoBe
ApOXaW U MapKep Ha NPOLEeCUTE Ha STapeeHe U NPOMEeHH-
Te BbB BKYCA U apOMaTa Ha NMBOTO.

Knrovoau dymu: momaneH aHmuoKkcudaHmeH Karna-
yumem (TAK), nueceapru dpoxdu, pepmenmaius, FRAP

- mecm, anymamuoH

Changes In Antioxidant
Characterizations During
The Brewery Fermentatio

: Sitvia Mileva', Vera Alexieva®, Sergel van
1Institute of Cryobiology and Food Technolegy, 134 Car Borls il «
1618, Sofia Bulgs

2Acad. M. Fopov Institute of Plant Physiology, Bulgarian Acads
of Sciences, Acad. G. Bonchev str, bl.21, 1113, Sofia, Bulgs
3Centre of Food Biclegy, Sofia 1592, po box |

Summany ,
The changes in Total Antioxidative Capacity (TA
and in the amount of glutathione and total phencls dur}
the brewery fermentation were investigated. Under eq
technological conditions, the Total Antioxidant Capacity
the beer depends mainly on the type of the brewing yes
During the fermentation the highest levels of TAC we
reached between the 72nd and 96th hour (1,1 Fe?* i
mi, FRAP assay), which corresponds to the maxim
in the content of glutathione and the density of the
culture. Apart from using TAC as an index for the held
effects due to the consumption of the beverage, it can
used as criteria in the selection of suitable yeast stdf
and as a marker in the processes of aging and chaan
the taste and flavour of the beer. %
Key words: Total antioxidarit capacity (TAC), M
yeast, fermentation, FRAP assay, giutathione h

2B Eegenue)
leHepupaHeTo Ha aKTMBHU KMCIOPOAHU YacTULW
€ HelameHHa YacT oT MeTabanuaMa Ha BCUYKA opra
Mo ceoATa xMMKYHA Npupona AKY ca xakTo
LM paguKanu, Taka M ctabunun monexkynu (Pryor 19
Bucokata peaxktusocnocoBHoOCT Ha AKY e npmmﬂg
pearupar ¢ XNeTbuHUTE BENTLUM, NMNUAN U HYKITEHNG
. KucenuHu. OKCUOATUBHUTE MOAMMDMKALMN HA KIKHOW
6uononMMepy ca B OCHOBHATA Ha MHOXKECTBO 3aﬁonﬂ
H1S, KATO ATEpPOCKepo3a, KaTapakTH, HAKOM BUAORE R
W op. BrNioUBaHETO BLB BCEKMHEBHATa AMETa Ha Xpll
C BMCOKO ChAbpXdHUe Ha @HTMOKCWOAHTW Urpae sam
pons 3a nogabpxaHe Ha obWmMa aapasocnoneH 3
xopara (Halliwell and Gutteridge 2002). ;




Remote Sensing Study of the Influence of
Herbicides Fluridone and Acifluorfen on the
Spectral Reflectance of Pea Plant Leaves (Pisum
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Abstract - Results from a remote sensing study of the leave
spectral reflectance of pea plants (Pisum sativam L. cultivar
Scinado) treated by the photosynthetic herbicides fluridone and
acifluorfen are presented. According to the mode of action,
fluridone belongs to F1 (photobleaching) group of herbicides,
and acifluorfen - to the group E as classified by the Herbicide
Resistance Action Committee. The pea plants were grown
hydroponically in a growth chamber in a nutritious medium to
which the herbicides were added at two low concentrations (1
pM, 0.1 uM for fluridone, and 25 uM, 2.5 uM for acifluorfen).
The high-resolution spectral data were obtained in the visible
and near infrared ranges of the spectrum {450~850 nm) using a
USB2000 fiber optic spectrometer at a spectral resolution
(halfwidth) of 1.5 nm. After data analysis, optimal spectral
intervals for evaluation of the herbicide action were specified.
The changes occurring in the spectral reflectance of the pea
plants were assessed in four intervals: 520580 nm (region of
maximal reflectivity of green vegetation), 640680 nm (region of
maximal leave absorption), 690+720 nm (red edge region), and
720+770 nm (near infrared region) using the t-criterion of
Student and linear discriminant analysis. Statistically sigmificant
differences were found between the spectral reflectance data of
leaves of control and treated with herbicides plants at a
significance level p<0.05 for the twe fluridone concentrations
and for 25 puM concentration of acifluorfen. The applied
approach provides fast and reliable remote sensing of plant
response to the environment.

I.  INTRODUCTION

The knowledge of spectral reflectance of crops has
facilitated the development and use of various remote sensing
methods for non-destructive monitoring of plants growth and
development and for the detection of many environmental
stresses which limit plant productivity. Coupled with rapid
advances in computing and position locating technologies
spectral remote sensing is now capable of providing detailed

1-4244-1057-6/07/$25.00 ©2007 IEEE.

spatial information on plant response to their local

environment.

In a number of studies it has been determined that
spectrally similar changes in leaf spectral reflectance,
transmittance, or absorptance occur in response to various
biotic and abiotic stressors including pathogen inoculation,
dehydration, flooding, low temperature, high salinity,
tropospheric ozone, and herbicides among species that ranged
from grasses to crops and trees [1+4]. Due to the in vivo
absorption properties of chlorophyll, the spectral changes are
most clearly pronounced in the green-yellow and far-red
spectral regions. For leaves or entire canopies, such spectral
changes were shown to provide early or even pre-visible
indications of plant stress [5+7]. Increased reflectance in the
red edge region (690+720 nm) is a particularly genetic
response, providing an earlier or more consistent indicator of
stress. The consistency with which leaf optical properties near
700 nm change in response to stress among causes of stress
and species indicates a general mechanism by which such
changes occur {8, 9].

There are many attempts to achieve a better understanding
of relationships between leaf spectral response to stress and
changes in the content of chlorophyll and other pigments in
an effort to develop improved methods of evaluating plant
responses to environment [10+15].

While spectral reflectance depends on such factors as
available light, species, site, maturity, nutrient status, and leaf
orientation of vegetation, one of the first general visual
symptoms of physiological injury is vegetation yellowing, or
chlorosis. However, depending on the nature of the stress and
its effect on the plant’s physiology, changes may occur in the
infrared wavelengths before arising in the visible spectrum
[16, 17]. In other words, chlorosis may appear after other
changes appear that are not visible to the naked eye.

If a stress is manifested as a change in water concentration
(turgor pressure) of a plant, typically the infrared wavelengths
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AHTHOKCHIAHTEH KAAUMTET HA CPO3JE U AJTKOXOJTHH HAIIUTKY
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Pesiome

Konu4ecTsoto H KadecTBOTO HA AHTHOKCHIOAHTHTE ca eAHM OT HaH-ChUIECTBEHuTe
daktopH, oOycnaBsmM, 71IPABOCNOBHHTE CBOHCTBZ HA XPAHHUTE H HANMTKHMTE. [lpey
MOC/eHHTe FOIWHN B HAYJHATA NMUTEpaTypa HaBnele TEPMUHBT “ToTaiteH AHTHOKCHAAHTeH
Kanaumrer - TAK”. TAK e eKCOepHMEHTAIHO ONpPEOENAH KOJHMYECTBEH MoKalaren,
M3pasABaml CIOCOOHOCTTA HA BCEKM OHOMOrMYeH o0ekT na obe3ppewna ¢cBOOONHH panHKay.
MHoro6poiHiuTe mpeANMCTBA Ha MpouUedypuTe 3a onpeneniHe Ha TAK, Haizoxuxa 6sploto
MM YCBOSBAaHE B XDPaHUTENHO-BKYcOBaTa [POMHMILIEHOCT. B Hactosmata pabota ca
npeicTaseHd HAKpaTko MeToaute 3a wiMepeane Ha TAK. Pascnemasu ca obrmactute wa
npwioxenue Ha TAK B HayYHWTE H HAYIHO-IPHIOKHHTE pa3paboOTKH, CBBPIAHH C XPAHHTE ¥
HanUTKHTe. Kato npumepH ca NpenCTaBeHH H3C/IEXBAHHA Ha aBTOPUTE, HIMON3BATM 3a
eKCIIEPUMEHTATHI 0DEKTH FPO3.e, BHHA, TMBO U IP. ‘

KinodoBu qyMu: aHTHOKCHIAHTEH KaMmauuTeT, BHHA, rpo3ne, ruso, FRAP, TEAC

ANTIOXIDANT CAPACITY OF GRAPE AND ALCOHOLIC DRINKS

Sergei Ivanov', Vera Alexieva’, Tatyana Yoncheva®, Lyuba Miteva®, Elena Ivanova®, Pavel
Kerchev’
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Abstract

The health impact of foods and beverages presents in the human diet is due to the
quality and quantity of their antioxidant content. The terrn “Total Antioxidant Capacity -
TAC” has been widely used throughout recent years. TAC shows the ability of a sample to
scavenge free radicals and is quantified by several assays. The numerous benefits of the
procedures for determination of TAC, quickly established these test as useful tools in food-
processing industry. Herewith, the basic methods for quantification of TAC are briefly
reviewed. The areas of application of TAC related to food and beverages are discussed. As an
example, the investigations of the authors regarding grape, wines and beer are described.

Key words: antioxidant capacity, wines, grape, beer, FRAP, TEAC

KomndecTeoTo M kadecTBOTO HAa AHTHOKCHAAHTHUTE € €IMH OT HAH-ChIIECTBEHHTE
¢aktopH, obycmapdamu 31paBOCNOBHUTE CBOHCTBA HA XpaHMTE, HAMHTKHTE M BHHATA, T.K.
AKTHBHUTE KHCITOPOIHH 9acTHL{A YIacTBaT B MPOLIECHTE HA CTapeeHe Ha OpraHU3MHTE, KaKTO H
B mosede ot 100 suma domectu {Ames et al. 1993; Halliwell and Guttendge 2002).
AHTHOKCHIAHTHTE €3 MOJEKY/TH, ChObDKAUIH C& B CPABHHUTENHO HUCKH KOHLIEHTPALWM BBB
BCHUKH OHONOrHYAW OOCKTH, KOMTO MOral [a HaMandBaT CTelMeHTa HA OKCHIATHBHO
paIrpakaaHe, MM HAMBIHO A NpPEANa3Bat OCTaHaTHTe GUOMONEKYMH OT BIaUMOJEACTRHE C
AKTHBHUTE KHCTOPOIHW (dopmu. IlopedeTo aBTOpH pa3fNeNsST AHTHOKCHOAHTUTE HA HHUCKO- H
BHCOKOMOSIEKY/THH, Win eH3uMHd H Heewsumud (Halliwell 1990, Halliwell and Guiteridge
2002). Ot cBosA cTpaHa, HHCKOMONEKYTHUTE aHTHOKCHIAHTH CE Pa3esAT HA BOJOPA3TBOPHMH
u nunopwiHk. Ourypa | MokasBa HaW-CHIUECTBEHHTE 32 OPraHU3MHMTE AHTMOKCHIAHTHH
CBEIHHEHUA.
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Detection of Herbicide Contamination in Plants through
Changes in Leaf Spectral Reflectance and Fluorescence

D. Krezhova®, T. Yanev', I. lliev!, L. Brankova?, S. lvanov?, V. Alexieva?

ABSTRACT

Remote sensing techniques were applied for investigation of the leaf spectral reflectance
and fluorescence of pea plants (Pisum sativum L.) treated by herbicides, atrazine and
paraquat at three concentrations (0.01 pM, 0.1 uM and 1 pM) which are lower than the
herbicides field dose used in agriculture. High-resolution spectral data for leaf reflectance
in the visible and near infrared ranges (480—810 nm) of the spectrum and for
fluorescence in the spectral range 650—850 nm were obtained with two multichannel
spectrometers. The arising changes in spectral characteristics were estimated by a
technique, which employs discriminant analysis and other statistical methods. Statistically
significant differences were established between leaf reflectance of control and treated
plants with herbicides concentrations 0.1 and 1 uM in the four investigated spectral
ranges (green, red, red edge and near infrared). Several indices used in order to
characterize the differences between fluorescence spectra of leaves of control and
herbicide treated plants confirmed the presence of stress except for the lowest
concentrations.

INTRODUCTION

One potential use of remote sensing is in the assessment and management of natural areas.
Remote sensing in this field has focused on the spectral and spatial properties of vegetation and
surrounding landscape, and the biophysical characteristics of crops (Goel et al. 2003). This
knowledge has facilitated the development and use of various remote sensing methods for non-
destructive monitoring of plant growth and helped in the detection of many environmental stresses
that limit plant productivity. Coupled with rapid advances in computing and position locating
technologies, remote sensing from ground, air, and space-based platforms is now capable of
providing detailed spatial and temporal information on plant response to their local environment,
which is needed for site-specific agricultural management approaches (Pinter et al. 2003, West
et al. 2003).

1x Address for correspondence: Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, Sofia,
Bulgaria, E-mail address: dkrezhova@stil.bas.bg (D. Krezhova)

’Institute of Plant Physiology, Bulgarian Academy of Sciences, Sofia, Bulgaria

3Centre of Food Biology, Sofia 1592, PO Box 120, Bulgaria
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Abstract

Number of investigations shows that consumation of foods and drinks with high content
of antioxidants have preventive or therapeutic effect towards many ilinesses. Grape, as well
as wine (especially red wine) and juices prepared from grape are among the foods that have
high concentration of natural antioxidants. In the present work total antioxidant capacity (TAC)
of 7 different grape varieties was investigated. Three of the grape varieties are typical wine
cultivars: Cabernet sauvignon, Strogosia and Gamza. The other 4 varieties Bolgar, Brestovitsa,
Palieri and Hamburg misket are mainly desert varieties although they can be used for wine
production as well. For TAC analysis two standard analytical tests were used: FRAP and
TEAC. The highest TAC was detected in Palieri (4.4 umol Fe?'/g FW for FRAP, 2.8 umol
Trolox/g FW for TEAC) and Cabernet sauvignon. With lowest TAC was Gamza variety (2.6

1'4TEAC)'
Key words: total antioxidant capacity, grape, wines, FRAP, TEAC

FRAP?

Peavua nacneasaHunsa Nokassar, Ye KOHCYMalmnaTa Ha XpaHu U HanuTKK C BUCOKO ChabpyKaHue Ha
AHTMOKCOAHT OKa3Ba NpeBaHTMBEH W/NNK TepaneBTUYeH etheKT CNPAMO MHOTO LLIMPOKO pasnpocTpaHeHu
Bonectu. po3aeTo, BUHaTa (0cOBEHO YEPBEHUTE), KAKTO W BCUYKI MPO3A0BM COKOBETE, Ce npuincnasar
KbM XpaHUTENHWTE NPOAYKTUTE, NpUTEXaBaLl M BUCOKM KOHLEHTPALMM eCTECTBEHM aHTUOKCHAaHTW. B
NpoBeOeHOTO U3CMeABaHe e onpeneneH TOTanHWAT aHTUOKCUAaHTEH KanauuTeT Ha rpo3ae, CboMpaHo
0T 7 oTAenHW copta nosu - KabepHe coBuHboH, Ctoprosua, Msm3a, Bonrap, Bpectoeuua, Manuepu u

Xambyprcku MUCKET.



Jlo3e u BUHO

AHTNOKCMOAHTEH KAMALNTET HA
[PO3ME N ANIKOXOJIH HANUTKI

KonnuecTeoTO U KAYECTBOTO HA aHTUOKCHIOAHTITE
€ eOuH OT Hall-CblLEeCTBEHUTE (akTopu, 06yCNnaes-
LW 30pABOC/IOBHUTE CBOWNCTBA HA XPaHWTE, HamMWT-
KMTE U BUHATA, Tbil KATO aKTUBHUTE KUCNOPOAHK Ya-
CTUUM y4acTBar B NPOLECUTE HA CTAPEEHE HA opra-
HM3MUTE, KaKTo 1 B noeede ot 100 Bupa Gonectu
(Ames et al. 1993; Halliwell and Gutteridge 2002).
AHTNOKCHOAHTUTE CA MONEKYNN, CbAbpPXKALiM CE B
CPaBHUTENHO HUCKW KOHLEHTPALWN BbB BCUYKN B1O0-
NOTWYHN 0BEKTU, KOUTO MOTaT 1a HamanaBar CTeneH-
Ta HA OKCWOATWBHO Pa3rpaxgaHe, Wnn HambiHO Aa
npennassar ocTaHanuTe GUOMONEKYNU OT B3aUMOEN-
CTBME C AKTMBHWTE KUCNOPOOHU dopmu. [1oBEYETO
ABTOPY PA3nEnaT aHTUOKCUAAHTUTE HA HUCKO- U BI-
COKOMONEKYMHU, NN EH3UMHI 1 HeeH3uMHU. OT CBOS
CTpaHa, HUCKOMOMNEKYNHNTE aHTMOKCUOAHTY CE pas-
LenaT Ha BOAOPa3TBOpMMI U nunopunHu. Qurypa 1
MNOKa3Ba HAN-CbLUECTBEHUTE 3 OPraHU3MUTE aHTU-
OKCUOAHTHU CheOUHEHUS.

lpes nocnegHuTe rogHN UHTEPECHT KbM AHTIA-

AHTUOKCUOAHTK

/\.

HHCKOMOTEKY/JIHH

Bonopasrsopumu JlumopazTeopuMH

»ackopbar (ButamuH C)
FINyTaTuoH

»heHOMHW CheNHEHNA
»NponuH

FTUONCHALPKALL A MONEKYN
(Hanp. UMCTEWH), 3axapu v ap.

» Tokodbeponiu (BuTamuH E)
# KapoTuHoMau
> Apym

Katanasa

FApym

BHCOKOMOJIEKY/THH

» (DYHKUMOHANHW TPYNK B CLCTasa Ha
GentbyuTe (THonM)

» eHanmn obesepexaallin AK
Gynepokcmy, grovyTasa

INYTaTUOH TpaHcdepasa
IMYTaTUOH pegykTasa
ackopbar gexuapopeaykTasa

CWAAHTHN CBONCTBA BLB BMHATA € CYPOBWHATA 32 TAX-
HOTO NPOM3BOACTBO - rpo3neto. Camo no cebe cu,
NPUEMAHETO Ha rpo3ae Cbllo BOAW [0 NONOXUTENHU
30paBOCNOBHU edexTi 3a xopara. Hanpumep, nacnen-
BaHeTo Ha Stein u Keevil (1999) nokassa, ue KOHCY-
MUPAHETO Ha rpo3a0B COK noHmkara LDL okucneHue-
T0 NPy GOJHM OT KOPOHAPHA apTepus.

3a 3apoBonABaHe Ha HapacTBaluMsA WHTEpEC
KbM aHTHOKCUOAHTHUTE XapaKTepuCTUKN Ha Xpa-
HUTE, HANUTKNTE W BMHATA NpPEe3 NOCNEAHNTE r0-
LBUHU B HAyYHaTa nuTeparypa HaBnese TepMUHLT
»ToTtaneH Autuokcuganted Kanaunrer - TAK”. Mo
pedunuung, TAK e ekcnepuUMeHTanHO onpenensH
KONMYeCTBEH NOKa3aTen, n3pasapall, cnoco6HOCTTA
Ha BCEKW OUONOrnyeH 06eKT 1a 06e3Bpexaa ceoodom-
Hu papukanu. TAK no3sonaga fja ce QTuuTar CuHep-
TUCTUYHUTE, KyMYNATUBHUTE U AHTArOHUCTUYHNTE B3a-
UMOJENCTBUA MEXOY OTAENHWUTE aHTUOKCUAAHTH B
npo6ute. Kb HacToAWMA MOMEHT B ynoTpe6a ca
BLBEAEHN HAKOMKO AECETKM MeToga 3a onpene-
ngaue Ha TAK. Hail-wmpoko usnon-
3BaHN B NpakTUKaTa ca 4 meTopa:
ORAC (Oxygen-Radical Absorbance
Capacity), TRAP (Total Radical-
Trapping Antioxidant Parameter),
TEAC (Trolox Equivalent Antioxidant
Capacity) u FRAP (Ferric/Reducing

nepokcunaau (FMyTaThoH, ackopbar ) Antioxidant POWG[).

Penuua npegumMcTea Ha npoueny-
pute 3a m3mepsaHe Ha TAK, karo
Obp3KHa, HUCKA LEHa, BhAMOKHOCT

=
Quzypa 1. KniouoBu anmuokcuganmu B 6uonozuyHuMe 06eKkMy. 3a CTaH#ApTM3aLna, ynotpe6a Ha

OKCMJAHTNTE HenpeKbCHATO HapacTea. Buxara, oco-
OEeHO YepBeHNUTE, CE NPUYNCNABAT KbM HANUTKWTE,
NPUTEXABALLM BUCOK KOHLEHTPALMM Ha ECTECTBE-
HUl AHTHOKCUAAKTH. YIIEPEHATA KOHCYMALNA HA BUHO
€ CBbP3aHa C HaMansBaHeTO HAa PUCKA OT CbpaeUHO-
CbO0BW 3360M1BAHNA, T.HAP. ,(PEHCKN Napanokc”.
(DpeHcKNAT Napagoke, KOWTo NPeacTaBnaBa Mankoro
Cllyyan Ha CbpAeYHO-CbOBU 3a60nsABaHusa Cpeq
HaceneHneTo Ha loxkHa PpaHums Ha GoHa Ha GoraTis
Ha HACUTEHN MACTHM KUCEMMHU XPaHUTENEH PEXUM,
Ce 06ACHsIBA C PEOOBHOTO KOHCYMMUPAHE HA YEePBEHO
BUHO. Tbil Karo Te3W NatonoruyHi CbCTOSHWA HA
CbpAEYHO-CbOBATA CMCTEMA C& CBbP3BAT C YBPEX-
AAHKUA, MPUYUHEHN OT aKTUBHUTE KUCNOPOAHN YacTy-
L1, Br Morno pga ce 0606LUIK, Ye MPUCHCTRALLMTE B Uep-
BEHUTE BHA AHTWOKCUAAHTHI CbEAMHEHUA Ca KNHOYO-
Ba NPUYNHA 33 HABNIOAABAHWA NPOPUNAKTUYEH EDEKT.
BuHara coobpxar ronam 6poi GeHoNHN CbeanHeHns,
MOBEYETO OT KOUTO Ca C pacTuteneH npousxon. lMoytn
BCWYKM OT TAX NPUTEXABAT CNOCOBHOCTU 3a 06E3B-
peXknaHe Ha akKTUBHUTE KMCNOPOOHU YacTuum. Pasou-
pa ce, 0OCHOBEH W3TOUHMK HA CbEOMHEHNS C aHTUOK-

48 /Cn. ,3emegenue naoc”, 6p. 1, 2009 2.

LINPOKO Pa3nocTpaHeHa anaparypa u apyri, Hano-
KNXa GbP30TO UM YCBOABAHE B XPAHUTENIHO-BKYCO-
Bata npomuwwneHoct. 06nacTuTe Ha NPUNOKEHNE Ha
TO3U BUJ N3CNENBAHUSA BCE NOBEYE C& paslluupsBar.
3acera Ham-pa3nOCTPaHEHN Ca EKCMEPUMBHTUTE,
CBbP3aHN CbC CPABHUTENHU U3CNENBAHUS HA aHTU-
OKCUIAHTHOTO CbAbPXaHWNE Ha XPaHu W Hanutku,
BKMIUMTENHO BUHA M NUBO, OT Pa3NuyeH Npousxop.

B cnepsawmnte aésaun we 6bAAT pasmeaHn
HaKpaTKo HAKOWN pa3padoTKu, OCLLECTBEHN UT aB-
TOPMTE HA HacToAwWaTa cTaTua. B padoTata Ha Kep-
yeB 1 cbaeT. (2005), ce otuuta TAK Ha cepus ekcne-
PUMEHTANHW YEPBEHN BUHA, NONYYEHN OT 5 pasnny-
HW COPTOBE rposae, pekonta 2004r. 3a onpenensHe
Ha TAK ca nanon3sanu oea metona - FRAP u ABTS
(TEAC). W cnopen oBara aHanuTnyHK TeCTa Knacauu-
ATA Ha YepBeHKTE BUHA € cnepHara: Mamug < [bm3a
< Mepno < MNMuto Hoap < Ka6epHe coBuUHbOH (Dury-
pa 2). [lonbAHUTENHO € HANPaBEH KOPENaLMOHEH aHa-
N3 Mexay KOMNOHEHTHKUS CbCTas Ha BUHaTa n TAK.
Habniopnaea ce nonoxutenHa kopenauna mexaoy TAK
I CbAbPXKAHNETO HA PEHONM, AHTOLNAHW, aMUHOKM-



XpaHu u Hayka

CpaBHumeneH aHaAu3 Ha aHMu-
okcugaHmMHOMO CbgovprkaHue Ha
nuBo om movpaoBckama MmpeXka

Cepren UBaHoB', CunBus MuneBa?, EneHa LLlonoBa3, JlunusHa BpaHkoBa®, Bepa AnekcueBa®

"LeHTbp no Bruonorus Ha XpaHuTe;

2AHCTUTYT NO KPUOBMONOTMA N XPaHUTESNHW TEXHOIOTNN,
SMHCTMTYT No pmsmonorns Ha pacTeHusita n reHeTuka,

Beslome

[MMBOTO € BUOTEXHOMOMMYEH NPOAYKT MNO3HAT OT APEB-
HocTTa. NoHacTosilemM ce npousBexaar Xvnsau Mapku,
BCSIKa CbC CBOMTE YHMKaIHW KavecTBa U BKyc. Hapen c
OpyruTe KOMMOHEHTU, B MUBOTO Ce CbAbPXAaT U Pa3HOO-
6pasHun aHTMokcuMaaHTu. B npegctaBeHata pabota e us-
crnegBaHO CbAbpPXaHWEeTO Ha aHTuokcuaaHtn B 14 Buaa
npovsBedeHo B bbnrapus m 3akyneHo OT TbprosckaTta
Mpexa nueo. Pesyntatute nokasear, Ye TOTanHUAT aH-
TMokcuaaHTeH kanaumteT (TAK) Ha Te3u mapku nuBo e
CXOfEH C M3MepBaHusTa U3BbPLLEHM OT Apyrin asTopu. B
abComnTHY CTOMHOCTY CbAbPXaHUETO HA aHTUOKCUOAHTH
B MVMBOTO € aHarorn4yHo Ha ToBa B 6envTe BMHA U NO-BUCO-
KO OT MokasaTtenute OTYETEHM 3a HAKOU MfI0J0BU COKOBE.
THMHOTO NMBO MpUTEXaBa OKOMo ABa NbTu No-Bucok TAK
ot cBeTtnoTto. Mexay otgenHute 6paHaoBe NMBO ce Ha-
6niogasat ronemu pasnuyuung B ctomHoctute 3a TAK, koeTo
Han-BepOATHO € CreACcTBME OT KAYECTBOTO Ha CypOBUHUTE
N TEXHONMOMMYHUTE XapaKTePUCTUKM Ha NMPOU3BOACTBO.

KnrouoBu gymu: momarneH aHmuokcuOaHmeH Karia-
uumem (TAK), nuso, TEAC mecm, FRAP mecm

XpaHume/\HokaycoGa NpoMULIAEHOCM
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JAbstract;

Beer is a biotechnological product known to the
mankind since the dawn of time. Thousands of different
brands are produced nowadays, each having its unique
qualities and flavour. Apart from the other components,
beer contains various antioxidants. We have studied the
antioxidants present in 14 commercially available beer
brands bought on the Bulgarian market. Our data show
that the total antioxidant capacity (TAC) of those brands
is similar to previously published results of other authors.
TAC of beers is close to that reported for white wines and
higher than some fruit juices. Dark beers are characterized
with twice higher antioxidant content than the light ones.
There are significant differences between the studied
brands which are probably due to variability of the raw
material and technological regimes.

Key words: Total antioxidant capacity (TAC), beer,
TEAC assay, FRAP assay, glutathione

BuBEegeHUE

Mo3HaTo olle OT APeBHOCTTA, NMBOTO BMHArM e 6uno
OCBEeXMWTENHa HanuTka Hocellla Cbe cebe cu xapakTepHuTe
XMEroB apomMart 1 BKyC. TO ce Mpou3Bexaa OT MbIHOLEH-
HW €CTECTBEHU CYPOBUHM: MarlL, OT e4EMUK UMK MleHnua,
XMen, NMBHM Apoxau v Boda. Kakto m npu octaHanute
HaTypanHu XpaHu, B MMBOTO CE CbAbPXaT PasfuYHU Mo
CBOsAITa MpMpOAAa M 3HaYeHWe BELLECTBA: BbIMEXvapaTy,
aMUHOKMNCENVHKW, BUTaMUHK (ocobeHo oT rpynata B), aH-
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The Total Antioxidant Capacity (TAC) of 11 red and 9 white Bulgarian wines was determined using three different methods (TEAC, FRAP
and DPPH). Part of the wines was cultivar defined and other part was a blend of several grape cultivars. Different vintages were used for
some wines to make it possible to compare the influence of aging on the antioxidant capacity of the final product. All red wines possess
more antioxidant compounds than the white ones as confirmed by the three methods. The highest TAC from the white wines showed
a White wine blend, vintage 2006, and Tamyanka. The lowest TAC had the wine produced form Muskat cuitivar. An interesting correlation
confirmed by the three methods was observed among the wines Chardonnay vintage 2001, 2004 and 2006 — as the oldest one had the best
antioxidant characteristics. No significant differences were found between the values for the first 6 red wines with highest TAC — Cabernet
sauvignon, vintage 2001, 2005, 2006; Merlot, Mavrud and Melnik. The Lozishka gamza wine had the lowest antioxidant content. With the
aging, the wine Cabernet sauvignon decreased its TAC measured according to the TEAC assay.

Key words: wine, antioxidant capacity, TEAC, FRAP, DPPH
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Several research studies have established an inverse
correlation between the consumption of food rich in
antioxidants and the occurrence of diseases such as
inflammation, cardiovascular  disease, cancer, and
ageing-related disorders (Cao et al., 1998; Lee et al., 1999;
Duffy et al., 2001; Anderson et al., 2001; Roberts et al., 2002).
Dietary antioxidants, including polyphenolic compounds,
vitamin E and C, and carotenoids, are believed to be effective
nutrients in the prevention of these oxidative stress related
diseases (Halliwell and Gutteridge, 2002).

Red wines are rich in polyphenolic compounds and their
moderate consumption has been recognized as beneficial to
health for centuries (Waterhouse, 2002). The rare occurrence
of cardiovascular diseases among the population of southern
France, known for its diet rich in saturated fatty acids, was
related to the regular consumption of red wine. The
phenomenon is known as the “French paradox” (Renaud and
De Lorgeril, 1992). The beneficial health effects of polyphenols
are ‘mainly related to their antioxidant properties (Bors and
Michel, 2002). However, not all positive effects have to be
related to the polyphenols. Furthermore, the synergistic and
cumulative interactions between the known and unknown
antioxidants and the matrix of the sample have to be taken into
account when regarding the antioxidant properties of wines.
The only way to detect all the substances having antioxidant
properties and the exact role they play is to use different
methods for determination of the Total Antioxidant Capacity
(TAC). The meaning of TAC in the following investigation refers
to the cumulative capacity of the antioxidants present in the

sample to detoxify reactive oxygen species (Sanchez-Moreno,

2002; Kerchev and lvanov, 2008).
Wine has been known in Bulgaria since ancient times.
Today, vine-growing and wine-making plays a crucial role in the

economy of the country. The wine industry contributes to the
steady development of rural regions and infertile areas,
maintains the ecological balance and encourages the
appropriate and efficient use of the country’s resources. Thus
an investigation aiming at evaluating the quality and possible
health effects of Bulgarian wines in terms of antioxidant
properties will be usefui not only as a scientific indicator for wine
producers. It will also benefit the final consumer and reveal the
quality of this product of importance.

The purpose of this study is to investigate the antioxidant
properties of wines produced in Bulgaria. Our research was
focused on the TAC of selected commercial and experimental
red and white wines. Wines from different vintages and distinct
grape cultivars were compared according to their antioxidant
characteristics.

Materials and methods

Experimental objects and sample preparation

Twenty wine samples (9 white and 11 red) produced in different
regions of Bulgaria, from different grape cultivars and vintages
were used for the research. Five of them, Muskat (2004),
Tamyanka (2004), Traminer (2004), Mavrud (2005) and Melnik
(2005) were bought at the market. The rest of the wines was
produced in the Experimental wine cellar of the Institute of
Viticulture and Enology, Pleven. Two white and one red wine
were blended from several cultivates. Different vintages from
Chardonnay (2001, 2004, 2006), White wine blend (2005,
2006), Cabernet sauvignon (2001, 2005, 2006) and Cabernet
sauvignon clone D1 (20083, 2006) were chosen in the present
study.
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EFFECT OF PROLONGED ACTION OF SUBHERBICIDE
CONCENTRATIONS OF 2,4-D ON THE GROWTH AND SOME
STRESS MARKERS OF PEA (PISUM SATIVUM L.) PLANTS
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Abstract

The effect of prolonged action of low concentrations of herbicide 2,4-D was stud-
jed. As a model system pea plants (Pisum sativum L.) were used. The plants were
grown as water cultures and the herbicide was added to the nutrient medium at con-
centrations 10~%, 10~ and 10~7 M. The chosen concentrations are 1000 to 100000
times lower than those used in field practice and mimic residual amounts in under-
ground water. Fresh and dry weight ratio, chlorophyll level, relative water content and
amount of some stress markers (free proline and hydrogen peroxide) were measured
on the 5th, 10th, 15th and 20th day after the beginning of the stress programme. It
was found that all subherbicide concentrations studied of 2,4-D inhibited growth and
relative water content and increased the level of stress markers studied.

Key words: herbicide, 2,4-D, stress markers, residual amounts of herbicides

Weed control through the use of herbicides is becoming an increasing trend in
modern agricultural practice. Despite of extensive attempts to save the environment,
the application of pesticides is inevitable technique in crop production [!]. However,
repeated use of even the most effective herbicides normally caused shifts within weed
population to weed species nearly as tolerant to the herbicide as the crop themselves [2].

Unfortunately, a little information is available about the post-effect of the widely
used herbicides. It is well known that even the fact that each herbicide is used for a
particular crop-weed situation and is applied in a strictly determined dosage, area and
period of time, usually in the following months some remaining amounts of the herbicide
are spread by rains and underground water on considerably larger areas than those
where they have been initially applied. Such herbicide contamination even as traces
(very low concentrations) get in contact with another crop plants and ecosystems. The
precise process of the herbicide dispersion is difficult to be followed, but even in low
concentrations the compounds undoubtedly reach plant and animal organisms, which
initially were not intended to be affected [3].

The aim of this study was to evaluate the effect of low concentrations of 2,4-D,
which mimic the residual amounts of this herbicide in soils and underground water.
For this (}i)urpose growth parameters, chlorophyll content and some stress markers were
measured.

89
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Abstract

The effect of prolonged action of low concentrations of herbicide 2,4-D was stud-
ied. As a model system pea (Pisum sativum L.) plants were used. The plants were
grown as water cultures and the herbicide was added to the nutrient medium at con-
centrations 105, 1078, and 10~7 M. The chosen concentrations are 1000 to 100000
times lower than those used in field practice and mimic residual amounts in under-
ground water. The activities of some stress defence enzymes (catalase, CAT, peroxi-
dase, POA, superoxide dismutase, SOD, glutathione-S-transferase, GST) were mea-
sured on the 5th, 10th, 15th and 20th day after the beginning of stress programme. It
was found that even the lowest concentration of 2,4-D increased the activities of POA,
SOD, GST, while CAT activity was strongly inhibited. The higher concentrations of
herbicide caused an increase in most of the investigated enzymes activity.

Key words: herbicide, 2,4-D, stress defence enzymes, residual amounts of her-:
bicides

Introduction. The effects and mode of action of the most widely used herbicides
are known and described in details [12]. Moreover, for most of them the soil persistence
and residual amounts are also well documented [3-5]. However, with a small exception,
a little information is available about the action of their effects on the growth of crops
which are not intended to be preliminary affected.

The persistence of the most used herbicides in the soil ranges from several weeks
to months (and even years). Despite the fact that each herbicide is used for a par-
ticular crop-weed situation and is applied in a strictly determined dosage, area and
period of time, usually in the following months some residual amounts of the herbicide
are spread by rains and underground water on far larger areas than those on which
they have been initially applied. These herbicide traces get in contact with other crop
plants and ecosystems. The precise process of the herbicide dispersion is difficult to be
followed, but even in low concentrations the compounds undoubtedly reach the plant
and the animal organisms, which initially have not been the aim of this impact. Stress
factors with characteristics such as low intensity, different chemicals and duration, pe-
 riodically influence the plant populations, and combine with additional unfavourable
_environmental conditions (natural and anthropogenic).
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Abstract

The effect of sub-herbicide concentration of 2,4-D and high temperatures applied
alone and in combinations was studied. As a model system young pea plants (Pisum
sativumn L) were used. [t was found that combined application of both stressors inhib-
ited plant growth, increased the level of stress markers (leakage of electrolytes, proline,
hydrogen peroxide content and amount of malondialdehyde) more significantly than
those provoked by single treatment. An extra accumulation of the amount of stress
markers can be considered as an oxidative burst.

Key words: herbicide, 2,4 1), stress markers, low concentrations of herbicides,
high temperatures, oxidative burst

Introduction. The synthetic auxins represent one of the economically most im-
portant and widely used group of selective herbicides. A typical phenoxy herbicide
2,4-D (2.4-dichlorophenoxyacetic acid) is a pioneer herbicide, as it was introduced af-
ter the World War II and has shown excellent efficacy in the control of weeds. 2 4-D
exhibits strong hormonal auxin activity and brings about growth inhibition in broad-
leaved plants. Presently, it is one of the most used herbicides of the selective weed
control [-?]. The environmental fate of 2,4-D and of its derivatives was emphasized
and reviewed extensively. Accordingly, the soil persistence of 2,4-D (and some of its
derivatives) varies from 59 to 390 days (depending on the soil and climatic condi-
tions) [*]. Such contaminations even as traces come into contact with other crop plants
and ecosystems. Recently, we have shown the effect of prolonged action of low 2,4-D
concentrations on the growth, level of some stress markers and activities of stress de-
fence enzymes in young pea plants [#?]. Inhibition of plant growth and activation of
defence systems were found. However, it should be clearly noted that the concentration
of 2,4-D studied — 0.1 gM is almost equal to the values detected both in surface and
in underground water. The low herbicide concentrations applied in our model system
can be estimated as ¥trace amounts”, and the result of their action can be considered
as “post/or side effect” of 2,4-D application.

Normally, under environmental conditions plants are exposed to a complex of
stress factors [6]. The changes in the seasonal or/and daily temperature is one of the
most important factors affecting plant development and, in general, plant productivity.
Unfortunately, little information is available about the interaction between the effect
of herbicides and other environmental conditions. In this study interaction between
the low concentration of herbicide 2,4-D and high temperatures on the growth and
some stress markers in young pea plants was investigated. The day/night temperature
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Abstract

The effect of sub-herbicide concentration of synthetic auxin 2,4 D and high tem-
peratures applied alone and in combination was studied. The pea plants grown as
water cultures were used as a model system. The herbicide was added to the nutri-
ent medium at concentration 1 uM. Five days later part of the plants was subjected
to 48 h high temperature stress. It was found that heat and combined treatment
increased the activity of stress defence enzymes guaiacol peroxidase, superoxide dis-
mutase, and glutathione-S-transferase but inhibited catalase activity (only at combi-
nation). The changes observed are most probably due to oxidative events induced by
the stressors in the plants.

Key words: Pisum sativum, low concentrations of herbicides, 2,4 D, synthetic
‘auxin, high temperatures, defence enzymes, oxidative processes, stress interaction

Abbreviations: SOD - superoxide dismutase, GST - glutathione-S-transferase,
2,4 D - 24-dichlorophenoxyacetic acid, IAA — indole-3-acetic acid

Introduction. For more than 50 years synthetic substances possessing auxin ac-
tivity have been among the most successful herbicides used in agriculture [1f A typical
phenoxy herbicide (2,4 D) is a pioneer herbicide, as it was introduced after the World
War II and has shown excellent efficacy in the control of weeds. The environmental fate
of 2,4 D and its derivatives were emphasized and reviewed extensively. Accordingly, the
soil persistence of 2,4 D (and some of its derivatives) varies from 59 to 390 days (de-
pending on soil and climatic conditions) [2]. According to Environment Agency, 1999
[%], an increased level of 2,4 D was found in 5.4% of all collected underground water
samples. These herbicide traces get in contact with crop plants and ecosystems. Re-
cently we have shown the effect of prolonged action of low 2,4 D concentrations on the
growth level of some stress markers and activities of stress defence enzymes in young
pea plants [45]. Inhibition of plant growth and activation of defence systems was found.

Normally, under environmental conditions plants are exposed to a complex of
stress factors. The changes in the seasonal or/and daily temperature is one of the most
important factors affecting plant development and in general, plant productivity. In
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