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A B S T R A C T 

 

Changes in freezing injury percentage, malonaldehyde (MDA; as 
indicator of lipid peroxidation), antioxidant enzymes activity and 
proline content were monitored in the leaves of olive cvs. Fishomi 
and Roughani under different freezing temperatures (-5, -10, -15 and 
-20°C for 10 h). The results showed that freezing injury (determined 
by ion leakage analysis) and malonaldehyde (MDA) content of 
Fishomi cultivar were significantly lower than Roughani ones. The 
activities of peroxidase (POD), catalse (CAT), ascorbate peroxidase 
(APX) and polyphenol oxdase (PPO) enzymes of Fishomi were 
significantly higher than Roughani cultivars. However, superoxide 
dismutase (SOD) activity Roghani cultivar was higher than Fishomi 
cultivar. The proline accumulated in leaves of Fishomi was 
significantly higher than Roughani during freezing stress. The results 
demonstrated that freezing injury percent was positively correlated 
with ion leakage percent and MDA content in both cultivars. In 
contrast, SOD, APX, CAT and PPO activities and also proline content 
negatively correlated with freezing injury percent. It can be 
concluded that the lower freezing injury percentage, ion leakage, and 
MDA content followed by the higher antioxidant enzyme activates as 
well as proline content in Fishomi cultivar is a consequence of more 
effective protective mechanisms.  
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1. Introduction 

Freezing temperature is one of the most important environmental factors limiting the productivity and 
distribution of plants (Levitt, 1980). Plant tolerance to freezing injury varies greatly between species and 
genotypes. Freezing-tolerant plants are thought to have cell structures and intracellular components required for 
tolerating both mechanical and osmotic stresses generated by freezing (Nagao et al., 2005). Mechanisms of 
freezing tolerance have also been proposed based on the biochemical and physiological changes related to 
freezing injury (Elstner, 1991). It has been reported that the major target of freezing injury is cell membranes 
(Levitt, 1980). This could increase the level of reactive oxygen species (ROS) and then result in severe oxidative 
injury, give rise to lipid peroxidation, membrane deterioration, protein degradation, nucleic acid damage, 
chlorophyll bleaching, and metabolic function disruption (Lin et al., 2005). Plants have evolved both enzymatic and 
non-enzymatic antioxidant systems to prevent or alleviate membrane damage caused by ROS. The degree of 
damage depends on the balance between the formation of ROS and their detoxification by the antioxidative 
scavenging system. Thus, a high level of protective enzymes and antioxidants is essential for the maintenance of 
the concentration of ROS at a relatively low level, which is required for the survival of plants under low 
temperature stress (Scebba et al., 1998). Previous studies showed that SOD, APX, CAT and POD are the major 
antioxidative enzymes that efficiently scavenge ROS, and which resulted in the enhancement of freezing resistance 
(Jin et al., 2003; Luo et al. 2007; Cansev et al. 2009). Furthermore, PPO activity is also important in the response of 
plants against freezing stress, because they can help to avoid serious oxidative damage induced by freezing 
(Ortega-Garcıa and Peragon, 2009). Indeed, tolerance of plant towards adverse environmental conditions is 
correlated with an increased capacity to scavenge or detoxify ROS (Guo et al., 2006). 

Olive is one of many tropical and subtropical crops which are often grown close to climatic limits of their cold-
tolerance (Bartolozzi et al., 1999); these plants significantly lose their productivity due to an untimely frost or 
extremely cold winter temperatures (Yoshida and Uemura, 1990). In the last few years, the demand for olive oil 
has increased and, as a result, olive tree cultivation has spread outside of the traditional areas (G  َ mez-del-Campo 
and Barranco, 2005). In some cases higher quality oil is sought in areas with cold autumns where the post-ripening 
period is longer (Palliotti and Bongi, 1996). However, olive tree lives in warm temperatures showing low tolerance 
to frost (D’Angeli and Altamura, 2007). These trees can not survive below -12°C (G  َ mez-del-Campo and Barranco, 
2005) and are damaged by frost below -7 °C, reducing productivity (Palliotti and Bongi, 1996). 

Previous studies showed that there is a correlation between some physiological and biochemical 
characteristics such as stomatal density with frost-tolerant in olive genotypes (G  َ mez-del-Campo and Barranco, 
2005, Cansev et al, 2009, Ortega-Garcıa and Peragon, 2009; Cansev et al, 2011, Hashempour et al, 2014). Currently, 
interesting results to quantify cold tolerance have come from the study of some antioxidant enzymes (Cansev et al. 
2009; Ortega-Garcıa and Peragon 2009). A significant increase in the activity of CAT, APX and nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase as well as in dehydrin protein levels in cold-acclimatized olive trees was 
reported (Cansev et al. 2009). In addition, recently was documented that PPO and PAL can be considered elements 
for determining the recovery capacity and resistance to freezing temperatures of different olive varieties (Ortega-
Garcıa and Peragon 2009). However, these studies have examined single or few of protective defense enzymes. 
Moreover, little is known about the changes in the freezing injury level and MDA contents, the increased level of 
defense enzymes such as SOD, POD, CAT, APX and PPO as well as proline content in Iranian olive cultivars. 

In the present study, the changes in the contents of freezing injury level, MDA, the activities of protective 
enzymes and as well as proline content in Fishomi and Roughani cultivars was investigated in detail. 

2. Material and methods 

2.1. Plant material  

One-year-old shoots of two local Olea. europaea L. (cvs. Fishomi and Roughani) were collected randomly 
from 40-year-old trees in the Roudbar olive Research Institute in Guilan province, Iran, in winter (in February, 
2012). Mean of minimum and maximum daily temperatures during experimental recorded in Roudbar region (from 
March 2011 to February 2012) showed in figure 1.  
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Fig. 1. Mean of minimum and maximum daily temperatures during experimental recorded in Roudbar region 

(from March 2011 to February 2012). 
2.2. Determination of freezing injury, Ion leakage of leaves was used to assess freezing injury percent in two 

olive cultivars by exposing shoots to different freezing temperatures. Twenty cm long shoots were cut from the 
each cultivar and put in polythene bags which were closed after the contents had been given a spray of distilled 
water. Five shoots from each cultivar were included in each bag and than polythene bags were placed into a 
programmable test chamber (KATO INC, Japan). The programmable chamber temperature was decreased stepwise 
from 1.5°C/h to -5°C and thereafter 5°C/h until -20°C. Leaf samples were exposed to freezing temperatures (-5°C, -
10°C, - 15°C and -20°C) for 10 h. The control treatment consisted of samples placed directly kept at 4°C in the dark 
for 24 h (unfrozen samples). After exposing samples to each freezing temperature, recovery was performed by 
rising the temperature at the same rate until reaching again the temperature of 4°C for slow thawing. In the next 
step, samples of leaves removed from third node from the top and were used to determine freezing injury. A part 
of leaves samples were frozen in liquid nitrogen and kept at -80°C until further biochemical analysis.  

Ion leakage of leaves was measured as described by Deshmukh et al. (1991) with some modification. Samples 
were cut into equal pieces (10 mm in diameter), placed in the test-tube containing 10 ml of distilled water, and 
kept at 45°C for 30 min in a water bath. The initial conductivity of the solution was measured using a Mi 306 
EC/TDS Meter conductivity meter (“Milwaukee Instruments”, Hungary). The tubes were then kept in a boiling 
water bath for 10 min, and their conductivity was measured once again after cooling to room temperature. 
Percentage of ion leakage for each treatment was converted to percentage of injury as,  

Percentage of injury [%IL (t) – % IL (c) / 100 – % IL (c)] × 100 
where % IL (t) and % IL (c) are measurements of percentage of IL from the respective freeze-treatment 

temperature and the unfrozen control, respectively. LT50, a measure of freezing tolerance, was derived for two 
olive cultivars by determining the freeze test temperature at which 50% injury (midpoint of maximum and 
minimum percentage of injury) occurred, as explained in Lim et al. (1998). 

2.3. Lipid peroxidation (MDA formation), the level of membrane damage was measured by the 
determination of MDA as the end product of membrane lipid peroxidation (Heath and Parker, 1968). Leaves were 
homogenized in the solution containing 10% TCA and then centrifuged at 10 000 g for 10 min. To 1.5 mL of the 
supernatant aliquot, 1.5 mL of 20% (w/v) TCA containing 0.5% (w/v) TBA were added. The mixture was heated at 
95°C for 60 min, cooled to room temperature, and centrifuged at 10 000 g for 10 min. The absorbance of the 
supernatant was read at 532 and 600 nm against TCA solution as a reagent blank. The content of MDA was 
determined according to the method of Heath and Parker, 1968 using the extinction coefficient of 155 mM-1 cm-1 
and expressed in nmol MDA per g fr wt. 

2.4. Enzyme activities, Olive leaves (0.25 g) were homogenized in 1 mL of 50 mM potassium phosphate 
buffer, pH 7.0, and containing 1 mM of EDTA in the presence of PVP. The homogenate was centrifuged at 15000 g 
for 15 min at 4°C. The supernatant was used to measure the activities of SOD, POD, APX, CAT, and PPO and to 
determine total protein content. All assays were done at 25°C using a spectrophotometer (T80, “PG Instrument”, 
UK). 

http://www.electronics-solution.co.th/index.php?p=product&mcat=&cat_id=7&lang=en&catname=KATO+Enviroment+Testing+Equitment
http://www.electronics-solution.co.th/index.php?p=product&mcat=&cat_id=7&lang=en&catname=KATO+Enviroment+Testing+Equitment
http://www.electronics-solution.co.th/index.php?p=product&mcat=&cat_id=7&lang=en&catname=KATO+Enviroment+Testing+Equitment
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2.4.1. SOD (EC 1.15.1.1) activity was determined by measuring its ability to inhibit the photoreduction of 
nitro blue tetrazolium (NBT) according to the methods of Beauchamp and Fridovich (1971). The reaction mixture 
contained 50 mM phosphate buffer (pH 7.0), 200 mM methionine, 1.125 mM NBT, 1.5 mM EDTA, 75 µM riboflavin, 

and 050 µL of the enzyme extract. Riboflavin was added as the last component. Reaction was carried out in test-
tubes at 25°C under illumination supplied by two fluorescent lamps (20 W). The reaction was initiated by switching 
on the light and allowed to run for 15 min, and light switching off stopped the reaction. The tubes were then 
immediately covered with aluminum foil in order to stop the reaction, and absorbance of the mixture was then 
read at 560 nm. SOD activity of the extract was expressed as activity unit/g fr wt. 

2.4.2. POD (EC 1.11.1.7) activity in leaves was assayed by the oxidation of guaiacol in the presence of H2O2. 
The increase in absorbance was recorded at 470 nm (Chance and Maehly, 1955). The reaction mixture contained 
100 µL of crude enzyme extract, 500 µL of 5 mM H2O2, 500 µL of 28 mM guaiacol, and 1900 µL of 50 mM 
potassium phosphate buffer (pH 7.0). POD activity of the extract was expressed as activity unit/g fr wt min. 

2.4.3. CAT (EC 1.11.1.6) activity was assayed according the method of Beers and Sizer (Beers and Sizer, 1952). 
The decomposition of H2O2 was monitored by the decrease in absorbance at 240 nm. The assay mixture contained 
2.6 mL of 50 mM potassium phosphate buffer (pH 7.0), 400 µL of 15 mM H2O2, and 40 µL of enzyme extract. The 
CAT activity of the extract was expressed as activity unit/g fr wt min. 

2.4. 4. APX (EC 1.11.1.11) activity was measured according to Nakano and Asada (1980). The reaction mixture 
contained 50 mM (pH 7.0) potassium phosphate buffer (pH 7.0), 0.1 mM EDTA, 0.25 mM ascorbate, 1.0 mM H2O2, 
and 100 µL of the enzymes extract. H2O2-dependent oxidation of ascorbate was followed by a decrease in the 
absorbance at 290 nm. The APX activity of the extract was expressed as activity unit/g fr wt min. 

2.4.5. PPO (EC 1.10. 3. 1) activity was assayed with 4-methylcatechol as a substrate as described in (Luh and 
Phithakpol, 1972) with some modifications. The assay of the enzyme activity was performed using 2 mL of 0.1 mM 
sodium phosphate buffer (pH 6.8), 0.5 mL of 100 mM 4-methylcatechol, and 0.5 mL of the enzyme solution. The 
increase in absorbance at 420 nm was recorded. The PPO activity was expressed as activity unit/100 g fr wt min). 

2.5. Proline content. Proline content was determined spectrophotometrically by adopting the ninhydrin 
method of Bates et al. (1973). Three hundred mg of fresh leaf samples were homogenized in sulfosalicylic acid; 
then 2 mL of each acid ninhydrin and glacial acetic acid were added. The samples were heated at 100°C for 60 min. 
The mixture was extracted with toluene, free toluene was quantified at 520 nm using L-proline as a standard, and 
its content was expressed as μmol/g fr wt.  

2.6. Statistical Analysis. The experiment was conducted in completely randomized design in factorial 
arrangement. Values presented in the text indicate mean values ± S.E of three replicates. Statistical analysis was 
carried out using SAS software (Version 9.1, SAS Instituted, Cary, NC, USA). Analysis of variance between treatment 
means was carried out with using LSD test at p < 0.05. Correlation coefficients between LT50 and biochemical traits 
were also analyzed using Sigmaplot (version 11).The graphics were done using Excel software.  

3. Results 

3.1. Ion leakage and freezing damage 

Ion leakage values in the leaves of both olive cultivars increased with declining freezing temperature (Figure 
2). The results also showed that ion leakage values in the leaves varied significantly between both Fishomi and 
Roughani cultivars. Roughani cultivar showed higher ion leakage than Fishomi during exposing to all freezing 
temperatures (Figure 2). The minimum ion leakage was found at unfrozen control temperature (29.1 and 31.7 % 
for Fishomi and Roughani cultivars, respectively). In contrast, the highest ion leakage was observed in the leaves of 
both cultivars when exposed to -20°C (58.59 and 63.7 % for Fishomi and Roughani cultivars, respectively).  
 

https://www.google.com/search?q=The+graphics+were+done+using+Excel&tbm=isch&tbo=u&source=univ&sa=X&ei=Wvs9Up7xBKqm4gT554CYCw&ved=0CGwQsAQ&biw=1138&bih=478&dpr=1


A. Hashempour et al. / Agricultural Advances (2014) 3(9) 249-260 

  

253 

 

  

 

Fig. 2. Changes in ion leakage in the leaves of Fishomi and Roughani cultivars under control and freezing 
temperatures. Data are presented as means ± standard errors (n = 3). 

 
The results also showed that freezing injury (expressed by reference to controls) gradually increased when 

freezing temperature declined and reached to maximum level at -20 °C (Figure. 3). The maximum values were 
40.72 and 47.39 % for Roughani and Fishomi cultivars respectively. The percentage of freezing injury varied 
significantly between two olive cultivars (Figure. 3). Roughani cultivar showed higher freezing injury values than 
Fishomi.  

 

 
Fig. 3. Changes in injury percent in the leaves of Fishomi and Roughani cultivars under control and freezing 

temperatures. Data are presented as means ± standard errors (n = 3). 

3.2. Lipid peroxidation 

The levels of lipid peroxidation as measured by the concentration of MDA are shown in figure 4. The MDA 
content in the leaves of the two olive cultivars continuously increased during freezing stress and reached its 
maximum level in -20 °C (Figure. 4). MDA content of Fishomi was significantly higher than Roughani. The results 
also showed that at -5, -10 and -15 °C, MDA levels were significantly greater than control plants in both Fishomi 
and Roughani. The highest MDA content (21.76 nmol/ g fr wt) was observed in Roughani cultivar at -20 °C. 
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Fig. 4. Changes in MDA content in the leaves of Fishomi and Roughani cultivars under control and freezing 

temperatures. Data are presented as means ± standard errors (n = 3). 

3.3. Enzymes activity 

The enzymatic activities of SOD, POD, APX, CAT and PPO in leaves of two olive cultivars were detected under 
different freezing temperatures. 

The effect of freezing temperatures on activity of SOD in leaves of Fishomi and Roughani cultivars were 
shown in figure 5. The SOD activity in Fishomi cultivar didn’t changed at first, but thereafter, its activity gradually 

decreased to 20 °C. The highest SOD activity content (84.59 U/g fr wt) was observed in Roughani cultivar at -10 
°C. SOD activity at -10 °C was significantly greater (21.55 %) than control samples in Roughani cultivar. Freezing 
stress at the level of -20 °C caused significant decrease (31.66 %) in SOD activity of Fishomi leaves when compared 

with control samples and thereafter sharply decreased to 20 °C.  
POD activity of both olive cultivars continuously increased during declining temperature, and reached to the 

maximum level at -10 °C, thereafter gradually decreased to 20 °C (Figure. 6). The results also showed that POD 
activity varied significantly between Fishomi and Roughani cultivars (Figure 6). Fishomi showed higher POD activity 
than Roughani. In general, POD activity in the leaves were 39.16 % and 1.57-fold higher than control samples for 
Roughani and Fishomi cultivars in -10 °C, respectively. 

 
 

 
Fig. 5. Changes in SOD activity in the leaves of Fishomi and Roughani cultivars under control and freezing 

temperatures. Data are presented as means ± standard errors (n = 3). 
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Fig. 6. Changes in POD activity in the leaves of Fishomi and Roughani cultivars under control and freezing 

temperatures. Data are presented as means ± standard errors (n = 3). 
 
As the figure 7 shown, APX activity was significantly decreased when the freezing temperatures declined, in 

comparison with control samples in Fishomi cultivars. The APX activity didn’t change at first time in Roghani 

cultivar but significantly decreased to 20 °C. However, Fishomi showed higher APX activity values than Roughani 
at control sample, -15 and -20 °C. In Roughani cultivar, freezing stress caused a significant decrease in APX 
activities at -15 and -20 °C in comparison with control samples. In Fishomi cultivar, freezing temperatures at -5, -
10, -15 and -20 °C caused 27.27, 32.26, 46.32 and 58.51% decreases in APX activity in comparison with control 
samples. It must be noted that the enzyme activity showed no significant differences between -5 and -10 °C in both 
cultivars (Figure. 7).  

 
 
 

 
Fig. 7. Changes in APX activity in the leaves of Fishomi and Roughani cultivars under control and freezing 

temperatures. Data are presented as means ± standard errors (n = 3). 
 
As shown in figure 8, the activity of CAT changed in leaves of both olive cultivars during freezing stress. In 

general, CAT activity was the highest in control samples and its activity decreased in parallel to declining the 
temperature until -20 °C. The percentage of CAT activity declining at -5, -10, -15 and -20 °C in compared to the 
control was 15.34, 32.16, 57.53 and 74.83%, respectively for Fishomi and 19.05, 65.15, 71.35 and 83.14%, 
respectively for Roughani cultivar.  

The effect of freezing temperatures on activity of PPO in leaves of Fishomi and Roughani cultivars were 
shown in figure 4. The PPO activity in the leaves of the two olive cultivars considerably increased at -5 °C, and 

reached its maximum level but thereafter gradually decreased to 20 °C (Figure 9). The PPO activity values in 
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Fishomi cultivars were 76 % higher than Roughani in -10 °C. The results also showed that PPO activity varied 
significantly between two cultivars. Fishomi cultivars showed higher PPO activity than Roughani (Figure. 9).  

 
 

 
Fig. 8. Changes in CAT activity in the leaves of Fishomi and Roughani cultivars under control and freezing 

temperatures. Data are presented as means ± standard errors (n = 3). 
 

 
Fig. 9. Changes in PPO activity in the leaves of Fishomi and Roughani cultivars under control and freezing 

temperatures. Data are presented as means ± standard errors (n = 3). 

3.4. Proline content  

The proline content in the leaves of the two olive cultivars gradually decreased during freezing stress, and 
reached its minimum levels in -20 °C (Figure. 10). Proline content at control and -5 °C were significantly higher in 
Fishomi than in Roughani. Maximum proline content was 2.4 and 2.6 nmol g FW for Fishomi and Roughani, 
respectively. However, proline content at -15 and -20 °C were higher in Fishomi than in Roughani, It must be noted 
that its content showed no significant differences in both cultivars (Figure 10). 

 



A. Hashempour et al. / Agricultural Advances (2014) 3(9) 249-260 

  

257 

 

  

 
Fig. 10. Changes in proline content in the leaves of Fishomi and Roughani cultivars under control and freezing 

temperatures. Data are presented as means ± standard errors (n = 3). 

3.5. Correlation between freezing injury% and freezing Stress- related various biochemical parameters 

In order to evaluate the relationship between freezing injury percent and freezing stress- related various 
biochemical parameters, Pearson correlation coefficients between freezing injury percent and freezing stress-
related various biochemical parameter were calculated (Table 1). The freezing injury percent was positively 
correlated with ion leakage percent (r= 0.979** and r= 0.981** for Fishomi and Roghani cultivars, respectively) 
and MDA content (r= 0.922** and r= 0. 815** for Fishomi and Roghani cultivars, respectively; Table 1). In contrast, 
SOD, APX, CAT and PPO and activities negatively correlated with freezing injury percent. Furtheremore, a negative 
significant correlation was found between freezing injury percent and proline content. Although considerable 
levels of POD activity increased in the leaves of the two cultivars during beginning of freezing stress, they had no 
significant correlation with freezing injury percent (Table 1). 

 
Table 1 
Pearson correlation coefficients between injury percentage and the levels of 
various biochemical parameters in the leaves of Fishomi and Roughani 
cultivars. 

Variable Correlation coefficient (r) 

 Fishomi Roughani 

Ion leakage % 0.979** 0.981** 
MDA content 0.922** 0.815** 
SOD activity -0.874** -0.589* 
POD activity -0.176

ns
 0.262

ns
 

APX activity -0.843** -0.815** 
CAT activity -.0.914** -0.798** 
PPO activity -0.665** -0.512* 

Proline content -0.692** -.0.727** 
NS, *, ** Not significant or significant at P < 0.05 or 0.01. 

4. Discussion 

We investigated the degree of cell membrane damage by ion leakage and lipid peroxidation in order to 
determine the leaves response of two olive cultivars to various freezing temperatures. Freezing temperatures 
caused a significant increase in ion leakage (Figure 2), freezing injury (Figure 3) and MDA content (Figure 4) in both 
cultivars, indicating that freezing stress could cause damages to the integrity of the cellular membranes and to 
cellular components, such as lipids. According to the results, Fishomi cultivar exhibited a significantly lower 
freezing injury, ion leakage and MDA content than Roghani when exposed to different freezing temperatures. The 
freezing injury percentage was positively correlated with ion leakage percent and MDA content in both cultivars 



A. Hashempour et al. / Agricultural Advances (2014) 3(9) 249-260 

  

258 

 

  

(Table 1). These results are in agreement with previous study in Eupatorium adenophorum by Lu et al. (2008) that 
reported MDA increasing with lowering temperature. Cansev et al. (2011) also indicated that freezing injury 
percentage in olive (cv Gemlik) increasing with lowering temperature. The cultivars difference freezing tolerance 
may be associated with their genetic background and capacity of metabolic defense responses (Zhang and Ervin, 
2008). The scavenging enzymes are a key protein fraction in the acquisition of freezing tolerance in plants (Lee and 
Chen, 1992). To cope with oxidative damage under extremely adverse conditions, plants have developed an 
antioxidant defense system that includes the antioxidant enzymes SOD, APX, POD, CAT (Foyer and Noctor, 2005). It 
is clear that the response of antioxidants system to freezing stress depends on the severity of stress and on the 
cultivars. Tolerant plant species generally have a better capacity to protect themselves against freezing-induced 
oxidative stress, which can also be achieved via the enhancement of the activities of antioxidant enzymes (Luo et 
al., 2007; Cansev et al., 2011). 

According to our results Fishomi cultivar exhibited a significantly higher POD (Figure 6), APX (Figure 7), CAT 
(Figure 8) and PPO (Figure 9) activity than Roughani cultivar when exposed to different freezing temperatures. This 
might demonstrate gene-dependence in changes of antioxidant enzymes. However, it must be noted that the 
activity of SOD showed no significant differences in both cultivars at freezing temperatures expect -10 °C, which at 
this temperature Roughani showed higher SOD activity (Figure 5). SOD is a metallo-enzyme that scavenges the 
toxic superoxide radicals and catalyzes the conversion of two superoxide anions into oxygen and H2O2 (Miyake 
and Yakota, 2000). APX and POD catalyze the breakdown of H2O2. APX together with other reductases can 
detoxify H2O2 by using ascorbate as an electron donor through the Halliwell-Asada pathway (Halliwell, 1987). CAT 
dismutates H2O2 into water and oxygen; this enzyme is located mostly in peroxysomes and glyoxysomes 
(Scandalios et al., 1997). Furthermore, PPOs catalyse the oxidation of O-diphenols to O-diquinones, as well as the 
hydroxylation of monophenols at enzymatic browning reactions (Mayer, 2006). PPOs are also important in the 
response of plants against freezing stress and they can help avoid serious oxidative damage induced by freezing 
(Ortega-Garcıa and Peragon, 2009). Our results showed that SOD, APX, CAT and PPO activities negatively 
correlated with freezing injury percentage. Significantly negative correlations were also found between freezing 
injury percentage and proline content. Although considerable levels of POD activity increased in the leaves of the 
two cultivars during beginning of freezing stress, they had no significant correlation with freezing injury percentage 
(Table 1) Higher activity of antioxidant enzymes in Fishomi under freezing stress suggests that the freezing-tolerant 
olive cultivar possesses a better O2- -scavenging ability. Similar results were reported in olive (Cansev et al. 2009) 
and in Populus (Luo et al., 2007) under freezing stress. Similar to our results, higher APX, CAT and PPO activity was 
also reported in olive under low temperatures (Ortega-Garcıa and Peragon, 2009; Cansev et al., 2009).  

Proline may be inhibits membrane lipid peroxidion in plant tissue by acting as an antioxidant to neutralize the 
chilling-induced free radicals (Xin and Li, 1993). In the present study, freezing stress has decreased proline content 
(Figure 10) and Fishomi cultivar exhibited significantly higher proline content than Roghani when exposed to 
different freezing temperatures. Heber et al. (1973) showed that proline is able to inhibit freezing-induced 
inactivation of membrane activities. 

5. Conclusion 

The results showed that freezing injury percent and MDA content of Fishomi cultivar were significantly lower 
than Roughani ones. The activities of POD, CAT, APX and PPO enzymes of Fishomi were significantly higher than 
Roughani cultivars. However, SOD activity Roghani cultivar was higher than Fishomi cultivar. The proline 
accumulated in leaves of Fishomi cultivar was significantly higher than Roughani during freezing stress. The 
freezing injury percent was positively correlated with ion leakage percent and MDA content in both cultivars. In 
contrast, SOD, APX and CAT activities negatively correlated with freezing injury percent. Significantly negative 
correlation was also found between injury percent and proline content. PPO activity in the leaves of Fishomi 
cultivar had significant correlation with freezing injury but in Roughani cultivar had no significant correlation with 
freezing injury. It can be concluded that the lower freezing injury, ion leakage, and MDA content, followed by the 
higher antioxidant enzyme activates as well as proline content in Fishomi cultivar is a consequence of more 
effective protective mechanisms. 

Acknowledgements 



A. Hashempour et al. / Agricultural Advances (2014) 3(9) 249-260 

  

259 

 

  

The authors wish to express sincere gratitude to the Dr. Ramezani malkroudi and staffs of Olive Research 
Station of Roudbar for provide plants material. 

References 

Bartolozzi, F., Rocchi, P., Camerini, F., Fontanazza, G., 1999. Changes of biochemical parameters in olive (Olea 
europaea L.) leaves during an entire vegetative season, and their correlation with frost resistance. Acta Hort., 
474., 435–440.  

Bates, L.S., Waldren, R.P., Teare, I.D., 1973. Rapid determination of free proline for water stress studies. Plant Soil., 
39, 205-207. 

Beauchamp, C., Fridovich, J., 1971. Superoxide dismutase, improved assays and an assay applicable to acrylamide 
gels. Anal. Biochem., 44, 276–287. 

Beers, P.F., Sizer I.W., 1952. A spectrophotometric assay measuring the breakdown of hydrogen peroxide by 
catalase. J. Biol. Chem., 195, 133–138. 

Cansev, A., Gulen, H., Eris, A., 2009. Cold-hardiness of olive (Oleae uropaea L.) cultivars in cold-acclimated and non-
acclimated stages, seasonal alteration of antioxidative enzymes and dehydrin-like proteins. J. Agric. Sci., 147, 
51–61. 

Cansev, A., Gulen, H., Eris, A., 2011. The activities of catalase and ascorbate peroxidase in olive (Olea europaea L. 
cv. Gemlik) under low temperature stress. Hort. Environ. Biotechnol., 52,113-120. 

Chance, B., Maehly, S.K., 1955. Assay of catalase and peroxidase. Methods Enzymol., 2, 764–775. 
D’angeli, S., Altamura, M.M., 2007. Osmatin induces cold protection in olive trees by affecting programmed cell 

death and cytosketelon organization. Planta., 225,1147-1163. 
Deshmukh, P.S., Sairam, R.K., Shukla, D.K., 1991. Measurement of ion leakage as a screening technique for drought 

resistance in wheat genotypes. Indian J. Plant Physiol., 34, 89–91. 
Elstner, E.F., 1991. Mechanisms of oxygen activation in different compartments of plant cells. In, Pell, E.J., Steffen, 

K.L. (Eds.), Active Oxygen/Oxidative Stress and Plant Metabolism. American Society of Plant Physiology, 
Rockville, MD, pp.13–25. 

Foyer, C.H., Noctor, G., 2005. Oxidant and antioxidant signaling in plants, a re-evaluation of the concept of 
oxidative stress in a physiological context. Plant Cell Environ., 28,1056–1071. 

Gomez del, Campo M., Barranco, D., 2005. Field evaluation of frost tolerance in 10 olive cultivars. Plant Gen Res., 
3, 385–390. 

Guo, F.X., Zhang, M.X., Chen, Y., Zhang, W.H., Xu, S.J., Wang, J.H., An, L.Z., 2006. Relation of several antioxidant 
enzymes to rapid freezing resistance in suspension cultures cells from Alpine Chorispora bungeana. Cryobiol., 
52, 241-250. 

Halliwell B., 1987. Oxidative damage, lipid peroxidation and antioxidant protection in chloroplasts. Chem Phys 
Lipids., 44,327–340. 

Hashempour, A., Ghasemnezhad, M., Fotouhi Ghazvini, R., Sohani M.M., 2014. The Physiological and Biochemical 
Responses to Freezing Stress of Olive Plants Treated with Salicylic Acid. Russ. J. Plant Physiol., 61, 443–450. 

Heath, R.L., Parker, L., 1968. Photoperoxidation in isolated chloroplasts, I. Kinetics and stiochiometry of fatty acid 
peroxidation. Arch Biochem and Biophys., 125, 189-198. 

Heber, D., Tyankoya, L., Santarius K.A., 1973. Effects of freezing on biological membranes in vivo and in vitro. 
Biochim. Biophys. Acta., 291, 23- 37. 

Jin, Y.H., Tao, D.L., Hao, Z.Q., Ye, J., Du, Y.J., 2003. Environmental stresses and redox status of ascorbate. Acta Bot. 
Sin., 45, 795–801. 

Lee, S.P., Chen, T.H.H., 1992. Molecular biology of plant cold hardiness development. In ‘‘Advances in Plant Cold 
Hardiness’’. In, P. H. Li and L. Christersson, (Eds.), pp. 1–30. CRC Press, Boca Raton, FL. 

Levitt, J., 1980. Responses of plants to environmental stress. chilling, freezing, and high temperature stress, vol. 1. 
Academic Press, New York. 

Lim, C.C., Arora, R., Townsend. E.C., 1998. Comparing Gompertz and Richards functions to estimate freezing injury 
in jury in Rhododendron using electrolyte leakage. J. Amer. Soc. Hort. Sci., 123, 246–252. 

Lin, S.Z., Zhang, Z.Y., Lin, Y.Z., Liu, W.F., Guo, H., Zhang, W., Zhang Lin, S.Z., Zhang, Z.Y., Liu, W.F., Lin, Y.Z., Zhang, 
Q., Zhu, B.Q., 2005. Role of glucose-6-phosphate dehydrogenase in freezing- induced freezing resistance of 
Populus suaveolens. J. Plant Physiol. Mol. Biol., 35, 34–40. 



A. Hashempour et al. / Agricultural Advances (2014) 3(9) 249-260 

  

260 

 

  

Lu, P., Sang, W.G., Ma, K.P., 2008. Differential responses of the activities of antioxidant enzymes to thermal 
stresses between two invasive Eupatorium species in China. J. Integr. Plant Biol., 50, 393-401. 

Luh, B.S., Phithakpol, B., 1972. Characteristics of polyphenoloxidase related to browning in cling peaches. J. Food 
Sci., 37, 264–268. 

Luo, L., Lin, S.Z., Zheng, H.Q., Lei, Y., Zhang, Q., Zhang Z.Y., 2007. The role of antioxidant system in freezing 
acclimation-induced freezing resistance of Populus suaveolens cuttings. For. Stud. China., 9, 107–113. 

Mayer, A.M., 2006. Polyphenol oxidases in plants and fungi, going places?. A review. Phytochem., 67, 2318-2331  
Miyake, C., Yakota. A., 2000. Determination of the rate of photoreduction of O2 in the water-water cycle in water 

melon leaves and enhancement of the rate by the limitation of photosynthesis. Plant Cell. Physiol., 4, 335-
343. 

Nagao, M., Minami, A., Arakawa, K., Fujikawa, S., Takezawa, D., 2005. Rapid degradation of starch in chloroplasts 
and concomitant accumulation of soluble sugars associated with ABA-induced freezing tolerance in the moss 
Physcomitrella patens. J. Plant Physiol., 162, 169–180. 

Nakano, Y., Asada, K., 1980. Spinach chloroplasts scavenge hydrogen peroxide on illumination. Plant. Cell Physiol., 
21, 1295–1307. 

Ortega-García, F., Peragón, J., 2009. The response of phenylalanine ammonia-lyase, polyphenol oxidase and 
phenols to cold stress in the olive tree (Olea europaea L. cv. Picual). J. Sci. Food Agric., 89, 1565–1573. 

Palliotti, A., Bongi, G., 1996. Freezing injury in the olive leaf and effects of mefluidide treatment. J. Hortic. Sci., 71, 
57–63. 

Scandalios, J.G., Guan, L., Polidoros, A.N., 1997. Catalases in plants, gene structure, properties, regulation and 
expression. In, Scandalios JG (Eds) Oxidative stress and the molecular biology of antioxidant defense, 1st edn. 
Gold Spring Harbor, New York,pp 343–406 

Scebba, F., Sebastiani, L. and Vitagliano, C., 1998. Changes in activity of antioxidative enzymes in wheat (Triticum 
aestivum L.) seedlings under cold acclimation. Physiol. Plant., 104, 747–752 

Xin, Z. and Li, P., 1993. Relationship between proline and abscisic acid in the induction of chilling tolerance in maize 
suspension-cultured cells. Plant Physiol., 103, 607- 613. 

Yoshida, S. and Uemura, M., 1990. Responses of the plasma membrane to cold acclimation and freezing stress. In, 
Larsson, C.H. and I.M. M  َ ller (eds.), The plant plasma membrane. Springer, Berlin, 293-320. 

Zhang, X., Ervin, E.H., 2008. Metabolic defense responses of bermudagrass during acclimation to freezing stress-A 
review. Acta Hort., 783, 181–194. 


