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Summary: Drought greatly affects normal plant growth, endangering physiological and biochemical processes in
plants. Under the influence of unfavorable environmental conditions, antioxidant protection systems in plant cell can
be activated regardless of the stage of growth and development of plants. The experiment was conducted on three
vetches species (1. sativa, V. villosa and V. pannonica) under PEG-induced drought stress. Activity of antioxidant
enzymes: superoxide dismutase (SOD, EC 1.15.1.1), ascorbate peroxidase (APx, EC 1.11.1.1) and catalase (CAT, EC
1. 11. 1. 6), was determined in shoots and roots of 10-day-old seedlings. Lack of water during germination petiod
activated all the examined antioxidant enzymes in both organs of all tested 7ia species. The activity of SOD and APx
generally increased at higher stress levels, while the enzyme CAT showed different patterns of action in all tested
species. The results of this study suggest that drought stress causes the production of oxygen radicals that lead to

oxidative stress in plants.

Key words: antioxidative enzymes, drought, oxidative stress, [/7cia

Introduction

When it comes to agricultural production, one of
the biggest problems is water deficiency, which causes
reduced average yield of most major crops worldwide
(Zlatev & Lidon, 2012). Drought greatly affects normal
plant growth and morphological structure, endangering
physiological and biochemical processes in plants (Jill et
al., 2012, Zarafshar et al., 2014). It occurs as a tesult of
reduced amount of water in the soil, but it can also
occur as a result of disruption in water adoption by
plants. The problem is also worsened by the fact that
drought can occur as a result of increased salt content in
the soil or reduced air humidity, which is often
accompanied by high air temperature. Therefore, this
category of the abiotic factor is often characterized as a
multidimensional stress.

In conditions of insufficient water, in plant cell
there are over-generations of reactive oxygen species
(ROS) that are responsible for the oxidation of cellular
components like proteins, lipids, DNA and RNA, and
as a final consequence can cause cell death (De
Carvalho, 2008). Water stress affects wide range plant
responses, from cell-level changes to reducing growth
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rates. In order to neutralize ROS, plants developed
defense mechanisms known as antioxidant systems that
regulate the amount of these oxygen species depending on
the needs of the cell (Hossain et al, 2012). Under the
influence of unfavorable environmental conditions,
antioxidant protection systems can be activated regardless
of the stage of growth and development of plants.
Gutterman (2002) believes that the seed is most
resistant to adverse environmental conditions, but
seedlings are the most vulnerable. In addition, the
process of seed germination is not possible without
water and because of this drought significantly affects
the process of germination, emergence and seedling
establishment. The defense of oxidative stress during
the germination and initial growth phase is of great
importance because it is precisely oxidative stress that
directly affects the decrease in cells division, and thus
limits and blocks the growth and development of plants
(Azadi et al., 2013).

Species of the genus iia are some of the high-
quality and cost-effective forms of bulky fodder in many
regions with moderate climatic conditions. Due to its
high nutritional value, vetches are some of the most
cultivated forage legumes, suitable for the production of
animal feed. In addition, they are nitrogen-fixing
leguminous plants useful as natural soil fertiliser (Abbasi
et al., 2014). In Serbia, the economically most significant
vetches are V. sativa, V. villosa and 1. pannonica
(Vujakovi¢ et al., 2011). Although they are suitable for
growing in a wide range of climatic and soil conditions,
Vicia spp. are often susceptible to drought.



Jovici¢ D. et al. Antioxidant enzymes in Vicia seedlings during drought stress

Ratar. Povrt. 2018, 55(1): 1-5

Considering the significance of the antioxidative
mechanism for survival and struggle against stress
factors, the improvement of the antioxidant potential is
an important target for plant breeding (Damerum et al,,
2015). The present study was designed to examine
antioxidant enzyme responses to drought stress in a
three different 1%ia spp. in order to assess their
breeding potential for the creation of drought tolerant
varieties and hybrids.

Material and Methods

The seeds of three vetches species (Iicia sativa, 1icia
villosa, Vicia pannonica) were sown in plastic pots filled
with sterile sand and moistened to field capacity. In
controlled conditions, moisturising was performed with
distilled water, while drought stress was stimulated with
PEG (Polyethylene Glycol 6000 — PEG 6000) in two
different osmotic potential levels (-0.3 MPa, -0.6 MPa)
measured by potentiometer (WP4C, Decagon Devices,
Inc, USA). The pots were placed in a germination
chamber at 20°C. After 10 days, the seedlings’ shoots
and roots were separately collected and used for
analysis.

Determination of Antioxidant Enzgymes Activity

One gram of fresh plant material (shoot and root)
were ground in the ice bath with 10 ml phosphate
buffer (pH 7.8, 50 mM), followed by centrifugation for
10 min.

The supernatant was collected for enzyme assays. The
superoxide dismutase (SOD) activity was determined by
the Auclair and Voisin method (1985) based on the ability
of the superoxide radical to reduce nitro-blue tetrazolium
(NBT) in which blue formazane is formed. Reducing
yellow coloured NBT to blue formazan is used as a
measure of the generation of superoxide radicals in
chemical and biological systems. Glass test tubes
containing the mixture were illuminated with a fluorescent
lamp, while tubes which were not illuminated were used as
blanks. After the illumination for 4 min, the absorbance
was measuted at 560 nm. One unit of SOD activity was
defined as the amount of enzyme required to cause 50%
inhibition of the NBT photoreduction rate. Enzyme
activity was expressed by the number of U ("unit") per mg
of protein. Soluble protein content was determined
according to Bradford (1976).

The activity of ascorbate peroxidase (APx) was
measured by following the oxidation of ascorbate to
dehydroascorbate (Nakano & Asada, 1981).The plant
extract was mixed potassium phosphate buffer (pH 7,
100 mM), 0.1 mM EDTA, 1mM H>O: and 0.25 mM
ascorbate. The enzyme activity was determined by
measuring the decrease in absorbance at 290 nm for 1
min. One unit of APx activity is defined as the amount
of enzyme required for the oxidation of 1 pumol of
ascorbate per minute.

The catalase (CAT) activity was determined by
observing the disappearance (degradation) of H»O»
according to the method of Aebi (1984). One unit of

Table 1. Analysis of variance of main effects and interactions for superoxide dismutase (SOD), ascorbate peroxidase (APx) and
catalase (CAT) under PEG-induced stress in the shoot and the root of V. sativa, 1. villosa and V. pannonica

SOD (shoot) SOD (root)

SS(%) MS p SS(%o) MS P
Treatment (T) 66.0 55.15 0.000%* 78.1 53.69 0.000**
Species (S) 26.0 21.73 0.000%* 13.8 9.49 0.000%*
TXS 8.0 3.36 0.000%* 8.1 2.78 0.000%*

APx (shoot) APx (root)

SS(%0) MS p SS(%) MS P
Treatment (T) 382 534.91 0.000%* 92.4 18279.11 0.000%*
Species (S) 55.8 781.32 0.000%* 3.6 715.08 0.000%*
TXS 6.0 42.44 0.000%* 4.0 391.92 0.000%*

CAT (shoot) CAT (root)

SS(%) MS p SS(%o) MS P
Treatment (T) 79.9 235.59 0.000%* 16.5 32.32 0.000%*
Species (S) 10.5 30.95 0.000** 33 201.16 0.000%*
TXS 9.6 14.13 0.000%* 80.2 255.05 0.000%*

*#*P<0.01
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Table 2. The activities of superoxide dismutase (SOD), ascorbate peroxidase (APx) and catalase (CAT) under PEG-induced stress

in the shoot and the root of . sativa, 1. villosa and V. pannonica

SOD (U/mg of protein) APx(U/mg of protein) CAT(U/mg of protein)
shoot root shoot root shoot root
Controlled 70561017 1244e+027 50220013 672004271 10434121  18.43¢+0.23
conditions
V. sativa PEG-03MPa 106444032 155514032  60.74<+045  133374+1.09  10.77¢+040  25.77¢+0.50
PEG-0.6MPa  1228+032  18.160+0.06  55.03¢+0.85  157.31v+038  20.646+0.97  22.77¢+0.39
Controlled 71451017 129474017 480754048 747051041  13.644046  32.2941.01
conditions
V. villosa PEG-03MPa 9434030 14994022  6023«4052  129.43¢+0.68  11.18<4039  28.92v+0.42
PEG-06MPa  1012440.18  1594<+0.09  61.07<+043  142.77<+1.08  17.39<+0.35  20.07¢+1.00
Controlled 8.147+0.16 131744014 59.1144094 779174025 129844021  19.29%+0.09
conditions
V. pannonica  PEG -03MPa  14.17:40.65  18.09:40.16  79.60:£134  134744£048  13.761£027  24.014+0.30
PEG-0.6MPa 135754048 187064019 772954038  185.07-1030  24.912+037  25.15:+0.16

*each value with the same letter is at the same level of significance for 95% interval compared by Duncan’s multiple comparison test.

CAT activity was defined as the amount of enzyme that
catalyzes the decomposition of 1umol of H>O: per
minute.

Three replicates were performed for each treatment.
The data were analyzed using two-way factorial analysis
of variance followed by the post hoc Duncan multiple
range test.

Results and Discussion

The average values of the activity of the investigated
antioxidative enzymes in tested shoots and roots are
presented in Table 2. ANOVA determined the high
contribution of species and treatments as well as their
interactions (p <0.001) on the activity of all exanimated
antioxidant enzymes in both, shoots and roots (Table 1).

SOD activity increased with heightening drought
intensity in both shoot and root of . sativa and 1. villosa
(Table 2). At the highest level of stress (-0.3 MPa), the
activity of this enzyme was observed in 1. pannonica,
indicating that this enzyme could not overcome the
amount of ROS occurring in the shoot at this level of
stress. The SOD activity in the root increased with
increasing drought intensity in all investigated species.
The highest values in the root were observed in /.
pannonica both in controlled conditions and in exposure
during stress exposure.Many studies have shown that
SOD is one of the first activated enzymes in stressful
environments, whereby it participates in the reaction of
dismutations of superoxide radicals, transforming them
into less toxic O, and H2O,. Thus, SOD reduces the risk
of the formation of a more reactive hydroxyl radical
(Meloni et al., 2003, Gill and Tuteja, 2010). Chakhchar et
al. (2010) state that this enzyme has a crucial role in the
survival of plants in stressful conditions. The significance

of this enzyme is also shown by the fact that an excessive
expression of SOD in transgenic tobacco plants showed
tolerance to multiple stresses, such as drought and
salinity (Badawi et al., 2004). The increased activity of
this enzyme in the shoot and the root in all examined
vetches with increasing stress intensity confirmed these
allegations, indicating its importance in neutralizing ROS
and reducing oxidative stress in conditions of insufficient
water quantity. Further, the decrease in SOD activity, as
observed in the root of 1. pannonica at 0.6, may indicate
that the scavenger activity of this enzyme is threatened or
may be the result of an adaptation of plants to salt stress
(Shahbazi et al., 2011).

In the shoots of 1. sativa and 1. villosa, the APx
activity increased during moderate stress (-0.3 MPa) and
then decreased with further increase in drought
intensity (-0.6 MPa) (Table 2). In the root of all studied
species, the activity of this enzyme increased with
increasing drought intensity. Such results indicate that at
the root of all the studied vetches, the ROS removal
mechanism is based on a constantly increased activity of
SOD and APx. Since APx is a component of the
ascorbate-glutathione pathway and plays an important
role in the process of H2O» scavenging, this enzyme is a
significant factor in the removal of excess cellular ROS
(Foyer & Noctor, 2005). In this experiment, APx was
unable to neutralize a large amount of ROS generated at
the highest level of stress. Increased expression of APx
affects the increased activity of this antioxidant enzyme
and thus protects the shoots and roots from oxidative
stress (De Souza et al,, 2013). Studying rice plants,
Demiral and Turkan (2005) observed a positive
correlation between increased APx activity and lower
intensity of lipid peroxidation, the main cause of cell
membrane damage. Increased peroxidase activity under
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the influence of osmotic stress caused by the solution of
PEG 6000 was found in tolerant genotypes of clover
(Wang et al., 2011), oilseed rape (Mirzaece et al., 2013)
and sugar beet (Sen&Alikamanoglu, 2013).

In the shoot of V. sativa and V. pannonica, CAT
activity increased in -0.3 MPa stress level, but the
difference compared to controlled conditions was not
statistically significant (Table 2). The highest CAT
activity in the shoot was observed at the highest drought
intensity in all examined vetches. This enzyme in the
root of all tested species showed different patterns of
action. In 1. sativa, CAT activity was increased at low
stress level but decrease at high stress level. In 7. villosa,
activity was the highest in controlled conditions, but
decreased following drought stress. In V. pannonica
activity of this enzyme was increasedwith increasing
stress intensity. Increased CAT activity in wheat under
drought stress was recorded especially in sensitive
varieties (Simova-Stoilova et al., 2010). In contrast,
Sharma and Dubey (2005) obsetved a decrease in CAT
activity in rice seedlings during drought stress.

Conclusions

All  three Vicia species showed significant
antioxidant activity in stressful drought conditions
compared with control, but it was not possible to
distinguish species with the most intensive antioxidative
responses based on these results. Therefore, more
detailed research is needed to find the parameters of the
oxidative status that would more reliably rank species
according to their drought tolerance.

The results of this study suggest that drought stress
causes the production of oxygen radicals that lead to
oxidative stress in plants. PEG-induced drought
activated antioxidant enzymes SOD, APx and CAT in
shoot and root of all tested 7sa species. Therefore, it is
very important that newly developed varieties and
hybrids have well developed anti-oxidant protection
systems since this is the key to adjusting and
overcoming permanent climate change.
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Aktivnost antioksidativnih enzima u ponicima grahorica u uslovima suse

Dusica Jovici¢ - Zorica Nikoli¢ - Aleksandar Miki¢ - Branko Milosevic -
Dragana Milosevi¢ - Maja Ignjatov - Dragana Marinkovi¢

SaZetak: Susa znacajno utiCe na normalan rast i razvoj biljaka ugrozavajuéi fizioloske i biohemijske procese. U
nepovoljnim uslovima spoljasnje sredine, antioksidantni sistemi zastite u biljnim celijama mogu se aktivirati bez
obzira na fazu rasta i razvoja biljaka. Ovaj eksperiment je sproveden na tri vrste grahorica (1. sativa, V. villosa 1 1.
pannonica) u uslovima suse indukovane PEG-om. Aktivnost antioksidantnih enzima superoksid dismutase (SOD),
askorbat peroksidaze (APx) i katalaze (CAT) merena je u nadzemnom delu i korenu ponika starim deset dana.
Nedovoljna koli¢ina vode u pocetnim fazama rasta aktivirala je sve ispitivane antioksidativne enzime u nadzemnom
delu i u korenu ponika svih ispitivanih vrsta roda ica. Aktivnost SOD i APx se povecala na visim nivoima stresa,
dok su se kod enzima katalaza uodili razliciti obrasci delovanja u svim testiranim vrstama. Rezultati ovog
cksperimenta ukazuju na povecanu produkciju radikala kiseonika u sus$nim uslovima koji dovode do oksidativhog

stresa u biljkama.

Kljucne reéi: antioksidativni enzimi, grahorice, oksidativni stress, susa
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