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Olive is one of the most important cultivated Mediterranean plants. in order to determine the differences 
in frost resistance of two, two-year-old olive cultivars (Olea europaea cv. Leccino and cv. Oblica) grow-
ing on different types of nutrient substrates (soil and coconut fibres), the trees were exposed to low tem-
perature (–5 °C) in the dark. It was shown that low temperature caused an increase in H2O2 concentration, 
level of lipid peroxidation and carbonyl protein content in both cultivars and on both nutrient substrates, 
respectively. The CAT and APX activities significantly varied depending on the cultivar, the nutrient 
substrate type and the time of exposure to low temperature. Cv. Oblica and cv. Leccino growing on coco-
nut fibres showed a better antioxidative response to low temperature probably due to the higher nitrogen 
and phosphorus concentration established in this type of nutrient substrate. That positive antioxidative 
response determined on coconut fibres was more pronounced in leaves of cv. Leccino. 
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intrOductiOn

Throughout life cycle, plants are exposed to many unfavorable environmental condi-
tions such as extreme temperatures, excessive light, salinity, drought and pollution. 
Low temperature has been recognized as a unique environmental impact on plant 
growth, productivity and distribution. Whether, and to which extent a plant becomes 
damaged by exposure to low temperature depends on many factors, such as its devel-
opmental stage, and morphological and physiological condition at the time of expo-
sure [5]. Low temperature has direct influence on different physiological and bio-
chemical processes. Photosynthesis is known to be one of the most temperature-
sensitive processes and it can be significantly inhibited by low temperature [24]. Also, 
there is evidence that low temperature induces an accumulation of reactive oxygen 
species (ROS), which can have harmful effects on lipids, proteins and nucleic 
acids [14]. Malondialdehyde, a product of lipid peroxidation and carbonyl protein 

* Corresponding author e-mail address: ivnastolfa@yahoo.com



342 Tanja Žuna Pfeiffer et al.

Acta Biologica Hungarica 64, 2013

content are sensitive indicators of oxidative damage. It was shown that lipid peroxida-
tion [2] and protein carbonylation [32] increase in response to low temperatures. The 
control of ROS levels during stress events is attained by a network of antioxidative 
enzymes and non-enzymatic compounds [28]. The enzymatic antioxidant system 
includes superoxide dismutase (SOD; EC 1.15.1.1) which catalyzes the hydrogen 
peroxide formation, catalase (CAT; EC 1.11.1.6) and ascorbate peroxidase (APX; EC 
1.11.1.11) which are able to remove the produced hydrogen peroxide. CAT is found 
predominantly in peroxisomes [28]. There are evidences that CAT activity changed 
under low temperature conditions mainly in correlation with plant cold-hardiness [8, 
21, 25]. APX is one of the key enzymes of the ascorbate-glutathione cycle mainly 
found in the chloroplasts, cytosol, mitochondria and peroxisomes [3]. An increase in 
APX activity was expressed more pronouncedly in low temperature tolerant plant 
species [17].

Plant mineral nutrition status is an important factor that affects the ability of plants 
to cope with unfavourable environmental conditions [6]. Lately, organic substrates 
like coconut fibres have been introduced as growing media or growing media con-
stituents for containerized plants because they have a relatively high level of different 
nutrients [12]. However, it has been shown that mineral nutrition can affect the level 
of plants frost tolerance [33, 34]. Nitrogen (N) and phosphorus (P) are of great impor-
tance with regard to their effects on enzyme activation, protein synthesis, photosyn-
thesis and energy transfer [38]. 

Olive (Olea europea L.) is an evergreen, Mediterranean plant that is highly appre-
ciated due to the nutritional value of its fruit and leaves with positive impact on 
humans’ health. Recently, there has been a higher demand for olive production in 
Croatia and in the whole Mediterranean region. Because of that, breeding areas are 
expanded to alleviate altitudes with specific climate characteristics: low temperatures 
and frost in winter and early spring with risk of drought and salinity stress in summer 
which can limit olive growth and productivity. 

Recently, selection of cold hardy olive cultivars was based mostly on field observa-
tion and identification of the main freezing injury symptoms. In addition, electrical 
conductivity measurement provided the classification of some olive cultivars with 
regard to cold tolerance. the study revealed that the sensitivity of olive tissues was 
in the order roots > leaves > shoots > vegetative buds. Cv. Leccino was described as 
cold tolerant according to conductivity measurement [27] and moderately tolerant 
according to ionic leakage measurement [4]. An autochthonous Dalmatian cultivar 
Oblica makes up 75% of the total number of olive trees in Croatia [36] and to our 
knowledge, there are no data regarding cold tolerance of this cultivar. evaluation of 
olive response mechanisms to low temperatures is far from complete so further inves-
tigations regarding olive antioxidative responses and effects of mineral nutrition are 
necessary.

In order to establish a possible effect of low temperature to leaf antioxidative 
response, the olive cultivar and nutrient substrate dependent differences in CAT and 
aPx activities were determined. in this study, H2O2 level, lipid peroxidation inten-
sity and carbonyl proteins content in leaves of two olive cultivars, as potential mark-
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ers of oxidative stress due to low temperature conditions were measured. We hypoth-
esized that olive cultivars grown on coconut fibres enriched with macronutrients have 
a better antioxidative response to night frost damage. 

Materials and MetHOds

Plant materials

Experiments were performed on two-year-old olive cultivars (Olea europaea cv. 
Leccino and cv. Oblica) during winter (in February). Olives were grown in the green-
house and at a day length of 12 h. Ten plants of each cultivar were grown in 4.5 l pots 
on the soil, and ten plants in 4.5 l pots on the coconut fibres (Maas Pharmma, Sri 
Lanka).The soil contained 3.19% of humus, 0.17% of total nitrogen, 34.6% CaCO3, 
6 mg P2O5/100 g soil, 32 mg K2O/100 g soil and has a pH 8.15. The coconut fibres 
contained 534 mg NO3

–/l, 147 Ca2+ mg/l, 30.6 P3
– mg/l, 175 K+ mg/l and have pH 

6.47. Plant materials were exposed to low temperature of –5 °C in the dark during the 
one (12 hours), two (24 hours) and four (48 hours) nights and then transferred to 
initial conditions established in the greenhouse. Fully expanded, uniformly sized 
leaves were collected randomly. five repetitions were made from composed samples 
of each cultivar separately.

Biochemical analyses

Immediately after freezing period, leaf tissues were cut into small pieces and trans-
ferred in liquid nitrogen with addition of polyvinylpyrrolidone (PVP). Approximately 
0.25 g of obtained fine powder was extracted with 1 ml of 100 mM potassium phos-
phate buffer, pH 7.0 for CAT and with 1 ml of 100 mM potassium phosphate buffer, 
pH 7.0 with addition of 5 mM sodium ascorbate and 1 mM ethylenediaminetetraac-
etate (EDTA) for APX activity determination. The homogenate were centrifuged at 
18,000 g for 15 min at 4 °C. The supernatants were used for enzymatic assay. CAT 
total activity was measured by following the decrease in absorption at 240 nm during 
2 min as H2O2 was catabolised [1]. The enzymatic reaction was started by the addi-
tion of 20 µl enzyme extract in 1980 µl of 50 mM potassium phosphate buffer,  
pH 7.0 with 10 mM H2O2. aPx activity was determined according to nakano and 
Asada [30] spectrophotometrically by measuring the decrease in the absorption at  
290 nm during 2 min. The enzymatic reaction was started by adding 10 µl of 12 mM 
H2O2 in 990 µl of reaction mixture. The reaction mixture consisted of 50 mM potas-
sium phosphate buffer pH 7.0 with 0.1 mM EDTA, 50 mM ascorbic acid and 100 µl 
of protein extract.

Fine powder obtained by maceration in liquid nitrogen without PVP was used for 
the determination of H2O2 concentration and level of lipid peroxidation. The total 
H2O2 content in leaf tissue was evaluated as described by Mukherjee and 
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Choudhuri [29]. Macerated leaf powder was extracted with 1 ml of cold absolute 
acetone and centrifuged for 3 min at 1000 g on 4 °C. On the supernatant then were 
added 400 µL of titanium oxysulphate and 500 µl of 25% ammonium hydroxide solu-
tion (v/v). The precipitated peroxide-titanium complex was solubilised with 1 ml of 
2 M H2sO4. The absorbance of the supernatant was measured at 415 nm against blank 
and total H2O2 content was determined using the standard curve plotted with known 
concentration of hydrogen peroxide. 

The level of lipid peroxidation was measured using the 2-thiobarbituric acid 
(TBA) reaction [15]. 0.5 ml of the plant homogenate (extracted with 0.1% trichloro-
acetic acid, w/v) was mixed with 1 ml of the TBA-reagent (0.5% thiobarbituric acid 
in 20% trichloroaceticacid, w/v) and the reaction was developed for 30 min in boiling 
water bath. The levels of TBA-conjugated substances were calculated using the 
extinction coefficient of 155 mM cm–1 from the data read at 532 nm after applying 
the correction read at 600 nm (for non-specific absorption).

Total carbonyl protein content was measured according to Levine et al. [23]. 
200 µl of extract for CAT assay was mixed with 300 µl of 10 mM 2,4-dinitrophenyl-
hydrazine (DNPH) in 2 M HCl. For the blank 200 µl of extract was mixed with 
300 µl of 2 M HCl. The mixtures were incubated in the dark at room temperature for 
1 h. During the incubation period tubes were mixed every 15 minutes. The proteins 
were precipitated by adding 500 ml of 10% (w/v) TCA to the mixtures on ice for five 
minutes. after centrifugation at 12,000 g for 10 minutes at 4 °C, the pellets were 
washed 3 times with 500 ml of ethanol/ethyl acetate (1:1) mixture. After the final 
wash, protein pellets were resuspended in 1 ml 6 M urea in 20 mM potassium phos-
phate buffer (pH 2.4) in sonicator. The tubes were centrifuged at 10,000 g for 10 
minutes at 4 °C to remove any left over debris. The absorbance was measured at 
370 nm.

Statistical analysis

Data were analyzed by one-way analysis of variance (ANOVA) with 5 replicates 
from every leaf type. the mean values were compared using lsd test. differences 
were considered significant at P ≤ 0.05. All statistical analyses were done with 
Statistica 7.1. software (StatSoft, Inc. 2005). 

results

The variations in the activities of both evaluated enzymes were related to the duration 
of the freezing period, to the analysed olive cultivar and to the used nutrient substrate 
type (Fig. 1). 

Measurements performed immediately after plant freezing showed that a low tem-
perature affected CAT activity differently in cv. Oblica and cv. Leccino. After 
12-hour-long freezing, it increased in the leaves of cv. Leccino on the coconut fibres 
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for 22.3% but decreased in cv. Leccino on the soil for 23.2% compared to CAT activ-
ity in leaves at the beginning of the experiment. Also, CAT activity decreased in 
leaves of cv. Oblica on the coconut fibres for 14.3% time and on the soil for 50.3% 
compared with CAT activity in leaves at the beginning of the experiment. After a 
24-hour-long freezing, a further increase in CAT activity occurred in leaves of cv. 
Leccino on the coconut fibres but decrease in CAT activity in leaves of cv. Leccino 
on the soil. At the same time, there were no significant differences in CAT activity in 
leaves of cv. Oblica on both nutrient substrates. After a 48-hour-long freezing, the 
CAT activity decreased for 44.7% and 53% in cv. Leccino on coconut fibres and soil, 
respectively. In leaves of cv. Oblica on the coconut fibres, activity was similar to that 
measured in leaves after a 12-hour-long freezing. On the other hand, CAT activity 
increased in cv. Oblica on the soil for 25.9% as compared to a 24-hour-long freezing.

Following the changes in APX enzyme activity (Fig. 1) during low temperature 
treatments dynamic fluctuations in leaves of both examined cultivars were found. 
After a 12-hour-long freezing APX activity significantly increased in leaves of both 

Fig. 1. Changes in CAT (A) and APX (B) enzymes activities in leaves of two olive cultivars on different 
nutrient substrates with respect to exposure time to low temperature. Bars represent standard deviations 
(n = 5). Legend: Oc – Olea europaea cv. Oblica on coconut fibre; OS – Olea europaea cv. Oblica on the 

soil; LC – Olea europaea cv. Leccino on coconut fibre; LS – Olea europaea cv. leccino on the soil
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cultivars on the coconut fibres but decreased in leaves of both cultivars on the soil. 
After a 24-hour-long freezing, there were no differences in APX activity between cv. 
Oblica on the soil and cv. Leccino on both nutrient substrates. After a 48-hour-long 
chilling, APX activity increased in leaves of cv. Oblica on coconut fibres for 47.1% 

Fig. 2. Hydrogen peroxide content (A), lipid peroxidation intensity (B) and protein carbonyl content (C) 
in leaves of two olive cultivars on different nutrient substrates with respect to exposure time to low tem-

perature. Bars represent standard deviations (n = 5). For abbreviation see legend below Figure 1
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and in leaves of cv. Oblica on the soil by 9.4% as compared with plants at the begin-
ning of the experiment. The APX activity decreased in leaves of cv. Leccino on the 
soil for 49.9% but at the same time on the coconut fibres it reached the initial values 
measured at the beginning of the experiment.

At the beginning of the experiment there were no significant differences in leaf 
H2O2 content between cultivars on both nutrient substrates (Fig. 2). After a 12-hour-
long freezing H2O2 content significantly increased in leaves of cv. Oblica on both 
nutrient substrates and in leaves of cv. Leccino on the coconut fibres. At the same 
time, the H2O2 content slightly decreased in leaves of cv. leccino on the soil. after a 
24-hour-long freezing H2O2 content increased in leaves of both cultivars on the soil 
but significantly decreased in leaves of cv. Leccino on the coconut fibres. After a 
48-hour-long freezing, H2O2 content increased in leaves of cv. Oblica on the coconut 
fibres for 19.9% and in leaves of cv. Oblica on the soil for 40% as compared with 
plants at the beginning of the experiment. At the same time, the H2O2 content in 
leaves of cv. Leccino on the coconut fibres achieved values at the beginning of the 
experiment while in leaves of cv. Leccino on the soil the H2O2 content was signifi-
cantly higher (19.6%). 

Lipid peroxidation and protein carbonyl content were measured to detect the level 
of cell membrane injury by freezing-induced oxidative stress (Fig. 2). Lipid peroxida-
tion significantly increased in leaves of cv. Oblica on both types of nutrient substrates 
as well as in leaves of cv. Leccino on the coconut fibres after a 12-hour-long freezing 
while in leaves of cv. Leccino on the soil significant increase in lipid peroxidation was 
measured barely after a 24-hour-long freezing. However, the highest level of lipid 
peroxidation was detected after the 48-hour-long freezing in leaves of both cultivars 
regardless of nutrient substrate. 

Already, the carbonyl content increased in leaves of cv. Leccino on the coconut 
fibres after the 12-hour-long freezing but in cv. Oblica on both nutrient substrates and 
cv. Leccino on the soil after the 24-hour-long freezing. Nevertheless, the highest car-
bonyl content was detected after the 48-hour-long freezing in leaves of both cultivars 
regardless of nutrient substrate. 

discussiOn

The earliest symptom of oxidative stress caused by low temperature is a damage of 
photosynthetic apparatus expressed as reduced CO2 fixation and disturbance in chlo-
rophyll a fluorescence patterns [35]. Therefore, it is difficult to interpret the observed 
metabolic differences in relation to mechanisms of freezing tolerance when plants are 
exposed to light and low temperature at the same time. In addition, studying the 
effects of low temperature in the dark is important because olives in agricultural 
habitats generally experience the lowest temperatures at night. 

although, there were no differences in H2O2 concentration between two olive cul-
tivars on different nutrient substrates in natural conditions, the application of low 
temperature on olive plants leaves caused a marked increase in the level of H2O2. the 
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transient accumulation of H2O2 in low temperature conditions was reported in sev-
eral studies [11, 31]. It has been suggested that H2O2 has dual effect on plant cell 
components. It serves as a signal to induce the synthesis of ROS-scavenging enzymes 
but it also can have a deleterious impact on cell components when accumulated to 
higher levels [16, 19]. The enhancement of H2O2 levels by freezing can be alleviated 
through the combined activity of CAT and APX [21]. In our study, we found that CAT 
and APX activities displayed alternations in leaves of both olive cultivars. CAT activ-
ity was mitigated during the entire experiment in leaves of both cultivars in the soil. 
In contrast, in leaves of cv. Leccino on coconut fibres initial increase in CAT activity 
was replaced by its reduction after 48 hours of freezing. This decrease in CAT activ-
ity is in a good agreement with data for cat activity under low temperature condi-
tions obtained in tobacco and cereals [17, 31]. Moreover, Cansev et al. [7] reported 
cat activity decrease in non-aclimated olive leaves under low temperature stress.

APX activity was induced in leaves of both cultivars on coconut fibres after 12 h 
while in cv. Oblica in the soil APX induction appeared after 48 h of freezing. In leaves 
of cv. Leccino in the soil APX activity was mitigated during the entire experiment. 
the increase in aPx activity in low temperature conditions found in the present study 
is in agreement with results of several previous investigations [11, 25]. It was report-
ed that low temperature preferentially enhances the APX activity but it reduces CAT 
activity [10]. A few possible causes of CAT activity reduction might be a decrease in 
CAT expression, accumulation of endogenous CAT inhibitors or inhibition by high 
H2O2 concentration [9, 36]. Under the inhibition of CAT activity, alternative H2O2-
scavenging mechanisms can be activated [39] as shown in our study by increased 
APX activity. In addition, APX compared to CAT has higher affinity to H2O2 [3]. Our 
findings suggested that despite the antioxidant enzymes’ co-operative response, there 
was no efficient elimination of excess H2O2. transient increase of H2O2 during the 
entire experiment resulted with higher lipid peroxidation intensity and higher car-
bonyl protein content in leaves of both olive cultivars. It is generally accepted that 
ROS causes accumulation of damaged proteins that are more susceptible to aggrega-
tion and degradation by cell protease [20]. So, higher carbonyl protein content could 
be due to inhibition of protease activities caused by low temperature [32]. The delete-
rious effects of excess ROS on cell membranes proteins was also found in maize [18]. 

Although olives are the most frost-resistant species among the subtropical fruit 
trees, olive cultivars may differ in frost hardiness [4]. However, cv. Leccino has gen-
erally been categorized as cold tolerant [4, 27]. In the present study, cv. Leccino 
showed better antioxidative response to low temperature on both nutrient substrates 
compared to cv. Oblica. That is in agreement with our previous investigation regard-
ing the leaf anatomical and biochemical characteristics of the described cultivars. Cv. 
Leccino leaves have bigger areas of upper and lower epidermis, higher total soluble 
phenols content [40] as well as higher non-photochemical quenching (NPQ) at high 
light conditions [22], opposite to cv. Oblica. 

In the present study, both cultivars showed better antioxidative response to low 
temperature conditions on coconut fibres compared to antioxidative response on the 
soil. Such response could be associated with higher concentrations of major macro-
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nutrients in this type of nutrient substrate where 2.5 times higher nitrogen and 4.5 
times higher phosphorus concentrations were found compared to optimal concentra-
tions. High nitrogen fertilization rates applied in the nutrient substrates, however, are 
known to increase cold hardiness [13] in some species but also to reduce cold hardi-
ness in others [26]. Application of phosphorus even in small concentration, in contrast 
to nitrogen, has generally been found to increase cold tolerance in plants [37]. In our 
study, it is difficult to separate the effects of the foregoing macronutrients on olive 
frost hardiness. 

Different physiological events which take place during freezing stress need to be 
further elucidated in order to obtain a complete picture of olive cultivar leaf response 
to low temperature conditions.

cOnclusiOns

To the best of our knowledge, this is the first report to demonstrate the time dependent 
changes in the antioxidative response under the low temperature conditions in leaves 
of two investigated olive cultivars on different nutrient substrates. An obvious oxida-
tive stress in olive leaves could be detected based on the increased H2O2 concentra-
tion, level of lipid peroxidation and carbonyl protein content. Better antioxidative 
response was established in both olive cultivars growing on coconut fibres, which can 
be related to higher macronutrients concentrations assessed in this type of nutrient 
substrate. Also, in the foregoing nutrient substrate, cv. Leccino showed a better anti-
oxidative response than cv. Oblica. Based on the obtained results, we can assume that 
the higher concentration of macronutrients established in coconut fibres, may have 
influence on active metabolism maintenance and energy flow required for olive frost 
resistance.
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