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ABSTRACT

Asphodelus aestivus Brot. (Walter) is the dominant geophyte species on degraded areas of eastern Mediterranean Basin.
Because it has a stress-tolerant strategy and it is a competitive ruderal. We studied the activities of antioxidant enzymes
(ascorbate peroxidase, APX; superoxide dismutase, SOD; catalase, CAT) in the root tubers of A. aestivus from Bursa, Turkey
over one year. There was a seasonal variation in antioxidant enzyme activities. The CAT and APX showed similar variation
model in which the activity was highest in July (9.3 £ 2.7 units/mg protein and 141.9 + 52.7 units/mg protein) and lowest in
August (1.2 £ 0.6 units/mg protein and 14.5 + 2.3 units/mg protein). The SOD activity increasing in summer months was
reached up the highest level in late summer (297.6 + 48.1 units/mg protein). The significant negative correlations were also
found between enzyme activities and water contents of soils (p<0.05). The increased antioxidant enzyme activities in summer
and late summer periods may be a protective and acclimation mechanism against drought stress. These results indicate that
drought can induce enzymatic antioxidant defence system in A. aestivus and this system may help to this species to spread on
degraded Mediterranean environments.

Keywords: Drought, Antioxidant enzymes, Asphodelus aestivus, Root tubers, Mediterranea

1. INTRODUCTION

Many conservations studies pay attention to Mediterranean ecosystems because of their high
biodiversity [1, 2]. These ecosystems are under the effects of Mediterranean climate conditions. Hot
and dry summers are characteristic to Mediterranean climate and they cause to seasonally repeating
aridity conditions [3]. Plant growth in Mediterranean-type ecosystems is usually limited by water
deficiency which is accompanied by high solar radiation and high temperatures during the summer [4].
Water deficit periods are also common in Mediterranean winter and there has been an increase in the
frequency and severity of aridity in the Mediterranean basin®. Under these extreme environmental
conditions, the nutrient and water acquisition capability of plants, which determine the ecosystem
sustainability, are restricted. In considering the climate change, many studies report that the changes in
Mediterranean climate comprise elevated mean temperatures, lower precipitation as well as heat waves
and droughts [6, 7, 8]. According to climate change projections which are reporting the higher
temperatures and changes in seasonal precipitation patterns, Mediterranean ecosystems potentially will
meet the intensified seasonal aridity conditions [9, 10]. Therefore, it is important to know the
responses of Mediterranean plant to these conditions.

Plants have some mechanisms for coping with extreme conditions resulting from the low water
availability related to high light levels and temperatures during the summer period. Such mechanisms
include osmotic adjustment, regulation of stomatal opening, modification of cell wall characteristics
and extensive root system [11]. As well as other environmental stress types, aridity may cause to
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decreased stomatal conductivity [12]. This leads to decreased leaf internal CO; and the formation of
reactive oxygen species (ROS) by enhanced leakage of electrons to molecular oxygen [13]. Although
ROS are involved in growth regulation, development, responses to environmental stimuli and cell
death, they can be harmful for cellular components. Therefore, ROS scavenging mechanism plays a
crucial role in adaptation capability of plants to stress conditions and their survival on these
conditions. Plants have a cooperative system composed of both enzymatic and non-enzymatic
antioxidants to overcome the excesses ROS [14]. Some compounds of non-enzymatic system
antioxidants like tocopherols, carotenoids, flavones, anthocyanins can protect plant cells against
oxidative injury. Additionally, plants possess enzymatic mechanisms to detoxify the ROS, including
activation of antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT) [15].

In addition to extreme environmental conditions leading to drought stress in plants, Mediterranean
ecosystems are under the anthropogenic pressure by various activities and these ecosystems have been
changed or degraded [16]. The plant cover is represented by ‘maquis’ and geophytes in degraded areas
and the typical geophyte species in last degradation stage of these ecosystems in the eastern
Mediterranean Basin is Asphodelus aestivus Brot. (Walter). According to Ayyad and Hilmy [17] and
Le Houérou [18] ‘‘asphodel geophyte-deserts’” or ‘‘asphodel-semi deserts” terms can be used to
express these ecosystems. Since A. aestivus can handle the difficulties of Mediterranean climate [19]
and it is resistant to disturbance [20], it can be dominant on degraded areas such as slopes of
agricultural lands, roadsides and on calcareous soils in pastures Mediterranean environments.
According to Pantis et al. [19] the wide distribution of A. aestivus on many countries of Mediterranean
Basin may be explained by it’s a competitive ruderal and stress-tolerant strategy. In addition, we
previously showed that the high nitrate assimilation [21] and heavy metal accumulation capacity [22]
could help to A. aestivus for dominating on degraded Mediterranean environments. According to
Kirmuzi et al. [23] seasonal variations in proteases (endopeptidase, leucineaminopeptidase and
carboxypeptidase) of tubers appear to be harmonized with the Mediterranean climate and can ensure
the domination of this species in degraded areas. We hypothesize that the seasonal responses of
Mediterranean geophytes to aridity can alleviated by activities of some antioxidative enzymes of root
tubers. Thus, we evaluated the activities of three antioxidant enzymes, SOD, CAT and APX, in the
root tubers for 1 year.

2. MATERIAL AND METHOD

Study area. The study site is located (40°16"21"” N and 28°39’11" E) on Bursa City from north-west
part of Turkey. It is characterized by Mediterranean climate with wet and mild seasons from autumn
to spring and with dry and warm seasons from spring to autumn. The annual mean temperature is 14.6
°C and the coldest month is January (1.7 °C). The mean maximum temperature reaches up to 30.9 °C in
August. The precipitation generally occurs in the form of rain during winter and spring with an annual
precipitation of 697 mm [26]. The soil moisture and temperature regimes of study site are xeric and
thermic [27]. Agriculture and animal husbandry are the main land use practices around the study area.

Asphodelus aestivus Brot. (A. microcarpus Viv.) spreading all over the Mediterranean basin is a
perennial tuberous root geophytes [20]. It has two phonological phase within its lifecycle. One of them
is photosynthetic active. This phase begins with leaf emergence at early autumn and ends up with
senescence of the above-ground plant parts at late spring. The other is inactive phase which represented
by belowground parts [19, 24]. Flat leaves (40-90 cm in length and 2-4 cm in width) developed by
over-wintering root tubers from a shoot apex in February-March. Flowering stalks (70-170 cm tall)
bears 60-200 flowers occurs during April-May. Many tuberous roots attached mother plant. After
senescence at June, many tuberous roots stand out to the mother plant [25].

Sampling and analyses. The study was conducted in a natural habitat of degraded maquis vegetation
around the Taspinar village of Bursa City between 09.05.2007 and 06.05.2008. Three plant samples
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were harvested from a 10x10 m area on each sampling date. After the tuberous roots were removed
from the plants, they were washed with tap water and then with distilled water, respectively. Three
subsamples of tuberous roots were taken from each plant for analysis (n=9). The tuberous roots which
are not used were stored at -70°C in a freezer.

Fresh plant material (1 g) was homogenized with 3mL buffer solution (50mM Na-phosphate buffer; pH
7.8), ImM EDTA and 2% PVP in an ice bath for the enzyme extraction and assays. After
homogenization, plant materials were centrifuged at 14 000g for 40 min at 4°C. The supernatants were
used for the determination of the SOD and CAT activities, as well as the soluble protein content. For
the determination of the APX activity, 2mM ascorbate was added to the above buffer solution. While,
SOD activity was determined according to the method described by Beauchamp and Fridovich [28], the
determination of CAT and APX activities was made according to Lester et al. [29] and then protein
content was determined [30]. Tissue water contents were determined and these data were used for
calculation of enzyme activities and protein determination.

The activities of enzymes are expressed as units per mg protein. One-way ANOVA was used to
evaluate differences among the investigated enzyme activities. Tukey’s honest significant difference test
was used to determine the differences among the periods. The simple correlations between antioxidant
enzyme activities and soil water contents (%) provided by our previous study [21] were also tested. All
the statistical tests were performed at a significance level of 0.05 using SPSS 16.0 for Windows [31].

3. RESULTS

In our previous study, we determined water contents (%) in the soils of A. aestivus and we found
annual fluctuations (21). This data were presented in Figure 1. Soil water contents were decreased
sharply lower in summary season. Variations in the activities of antioxidant enzymes (SOD, CAT and
APX) during the 1-year study period are shown in Figures 2-4. Additionally, correlations between soil
water contents and antioxidant enzyme activities were presented in Figure 5. Similar to soil water
contents, the antioxidant enzyme activities changed significantly during the growth period (P < 0.05).
For instance, while the highest SOD activity level was observed in the root tubers taken at September
2007 (297.6 + 48.1 units/mg protein), we found the lowest SOD activity value in January 2008 (46.57
+ 8.38 units/mg protein). The SOD activity levels determined in February, March, April and May 2008
were low (70.3 £ 12.7 units/mg protein, 83.3 + 25.0 units/mg protein, 65.0 £ 13.1 units/mg protein,
91.9 + 32.9 units/mg protein; respectively) and similar to the SOD activity level determined in January
(Figure 2). We observed significant negative correlation between SOD activity in root tubers and soil
water contents (r?=0.375; p<0.05) (Figure 5).
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Figure 1. Seasonal fluctuations of soil water content (%), [The values with the same letters are not significantly different at
the a= 0.05 level. Values are the means + standard errors].

The APX activity patterns during a 1-year period are shown in Figure 2. APX activity was highest
(141.9 £+ 52.7 units/mg protein) in July 2007. However, it began to decrease in September (102.5 + 14.6
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units/mg protein). The APX activity was lower in the winter months, January to February 2008 (14.5 +
2.3 units/mg protein and 21.4 + 6.4 units/mg protein). Interestingly, it began to increase in April (76.9
+ 7.4 units/mg protein) but then decreased in May 2007 (35.5 + 5.9 units/mg protein) (Figure 3). A
significant negative correlation was found between APX activity in root tubers and soil water content
(r?=0.454; p<0.05) (Figure 5).
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Figure 2. Seasonal fluctuations of SOD activity in root tubers of Asphodelus aestivus. [The values with the same letters are
not significantly different at the a= 0.05 level. Values are the means + standard errors].

We also found that CAT activity in root tubers of A. aestivus changed during the studied year (p<0.05);
it varied between 1.2 + 0.6 units/mg protein and 9.3 + 2.7 units/mg protein (Figure 4). The seasonal
fluctuation model for CAT activity was similar to the APX fluctuation model. The highest CAT activity
value was observed in July 2007, while the lowest value was measured in January 2008. Additionally,
we found a significant negative correlation between CAT activity in root tubers and the soil water
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Figure 3. Seasonal fluctuations of APX activity in root tubers of Asphodelus aestivus. [The values with the same letters are
not significantly different at the o= 0.05 level. Values are the means + standard errors].
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Figure 4. Seasonal fluctuations of CAT activity in root tubers of Asphodelus aestivus. [The values with the same letters are
not significantly different at the o= 0.05 level. Values are the means + standard errors].
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Figure 5. Simple correlation coefficients (r2), significant levels (possibility, P), and linear regression equations (Y = a + bx)
between water content of the soil samples and antioxidative enzyme activities in root tubers of Asphodelus
aestivus. (P < 0.05 significant correlation)

4. DISCUSSION

Sakar et al. [21] measured previously variations in soil moisture content of A. aestivus which is
accordance with the pattern of Mediterranean climate (Figure 1). The hot and dry summer period is
typical for Mediterranean climate and leads to seasonally recurring aridity [3, 10]. Despite these
conditions, A. aestivus has ability to maintain it’s survival and to become dominant on degraded areas
of Mediterranean regions. This situation can be related to the capacity of this species to cope with
difficulties of Mediterranean climate [19] and to resist the most common disturbances in its habitat
[20]. Moreover, it has been reported that A. aestivus is a competitive ruderal and shows stress-tolerant
strategies, which may indicate the distribution of this species on the Mediterranean environments in
the whole world [19].

The present study was aimed to better understand the response of A. aestivus to drought stress related
to low soil water content. We found that the examined antioxidant enzyme activities showed seasonal
fluctuations synchronized with the soil water contents. The high APX and CAT activities in the root
tubers were determined in the summer, when soil water contents decreased although the activities of
these enzymes were low during the winter. These results and significant negative correlations between
enzyme activities and soil water contents (p<0.05) indicate that the enzymatic antioxidant defence
mechanism of this Mediterranean plant species was induced by drought. These findings are in
agreement with the results of the few studies indicating the contribution of antioxidant enzymes in the
defence systems of species such as Capparis ovata Desf. [12] and Quercus ilex L. [32].

Similarly, Daniels et al. [33] found an increase in non- enzymatic antioxidant capacity based on total
polyphenol content in bulbs and roots of South African bulbous geophyte Gethyllis multifolia L. Bolus
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under drought stress. Additionally, Peksel et al. [34] showed that Asphodelus aestivus has powerful
antioxidant activity that is based on non-enzymatic antioxidants. In our study, the high APX, CAT and
SOD activities in the root tubers of A. aestivus can be related to this plant’s life cycle, which consists
of an active phase (autumn-late spring) and an inactive (summer) phase [19, 24]. These enzymes can
help to maintain the survival during the drought period and to enable the leaf emergence in the
autumn.

We concluded that there were seasonal fluctuations in the activities of antioxidant enzymes of A.
aestivus which are harmonized with Mediterranean climate. The increased antioxidant enzyme
activities in summer and late summer periods may be the part of a mechanism of this plant for
protection and acclimation to arid conditions. Our results may help our understanding of the effects of
the antioxidant defense mechanism on the domination of A. aestivus in the degraded areas in
Mediterranean environments.
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