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ABSTRACT  
 

Pot experiments were carried out on cucumber (Cucumis sativus L.) plants at wire house of the 
National Research Center, Dokki, Giza, Egypt to assess the impacts of low temperature on cucumber 
plants cultivated on January during 2012 and 2013 in order to achieve early production during April to 
improve cold tolerance, hydrogen peroxide (0.5, 1, 2 mM) and α-tocopherol (25, 50, 100 mg/l) were 
investigated. The work focused on study the effect of hydrogen peroxide or α-tocopherol separately on 
growth criteria (plant height, number of leaves, dry weights of leaves and stems of cucumber/plant), 
proline, soluble sugars, carotenoids, antioxidant enzyme (CAT, POX) activities, hydrogen peroxide, 
lipid peroxidation, electrolyte leakage, H2O2 scavenging activity and yield. Obtained results revealed 
that plants grown under low temperature and foliarly treated after transplanting with H2O2 at the 
concentration of 1mM followed by 0.5mM and α-tocopherol at the concentration of 50 mg/l mitigated 
the harmful effects of low temperature stress through the enhancement of their protective parameters, 
such as antioxidant enzymes activity, proline, soluble sugars and carotenoids. H2O2 at 1mM followed 
by α-tocopherol at 50mg/l recorded the highest increments in growth criteria, POX activity, proline, 
souble sugars and carotenoids contents. Remarkable decreases were also obtained in H2O2 , MDA and 
electrolyte leakage (EL) with H2O2 or α-tocopherol treatments. The results also, showed that the highest 
value of yield per plant was recorded with plants received hydrogen peroxide at the concentration of 
1mM. Based on the obtained results, it could be suggested that the protection mechanism had helped 
the plants to increase their tolerance against low temperature stress, through mainly the decrease in 
membrane damage symptoms leading to intercellular osmotic adjustment. 
 
Key words: Antuoxidant enzymes, H2O2  scavenging activity, Cucumber , Low  temperature , MDA, 

proline 

 
Introduction 
 

In nature, plants often face the challenge of severe environmental conditions, which include 
various biotic and abiotic stresses that exert adverse effects on plant growth and development causing 
considerable losses in the crop productivity (Kassab et al., 2012; Abd El-Motty and Orabi, 2013). 
Cucumber plant (Cucumis sativus L.) is one of the important vegetable crops in Egypt. Cucumber is 
usually cultivated in the open field in Egypt during March and April where the prevailing temperatures 
are suitable for growth and development of cucumber plant. Maximum yield is obtained at the end of 
May and June. Promotion of early production of cucumber is an attractive approach to satisfy the local 
need and to increase export (Orabi, 2004; Orabi et al 2010). If the plants are to be cultivated in 
December, January and February, they will be subjected to low temperature. Minimum level of night 
temperature during these months drops several times below 10°C. Cucumber is a heat-loving plant and 
will suffer from cold stress which causes chilling injury when exposed during their lifecycle to 
temperatures below 10-15°C and down to 0°C. (Orabi, 2004). Miura and Tada (2014) mentioned that 
the temperature is a major factor of abiotic stresses and it is a key determinant of crop productivity. 
Since, the amount and rate of the uptake of water and nutrients are decreased by low temperature. . 
Chilling induces oxidative stress (Prasad et al, 1994; Orabi, 2004). where it has been suggested that 
during exposure to low temperatures the normal mitochondria electron transport might be disrupt, 
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causing the production of reactive oxygen species (ROS)( Prasad et al, 1994; Purvis et al., 1995; 
Orabi,2004) .Generally, environmental stress frequently reduced plant growth through over production 
 of reactive oxygen species (ROS) which damage various macromolecules and cellular structures (Apel 
and Hirt, 2004), cellular membrane, photosynthetic apparatus and enzymes (Lukatkin, 2003) and lead 
to the death of cells (Liu et al., 2010;Mekki et al., 2010; Orabi and El Neomani, 2015; Orabi and Abdel 
Hamid, 2016). These ROS, such as hydrogen peroxide, superoxide and hydroxyl ions, resulting in 
oxidative damage at the cellular level (Mekki and Orabi, 2007; Hussein and Orabi, 2008; Orabi and 
mekki, 2008; Hussein et al., 2009; Goud and Kachole, 2011). It is worthy to mention that, ROS may 
play two very different roles: exacerbating damage or signaling the activation of defense responses (Yi 
et al., 2014). Since, ROS in low concentration act as signaling molecules mediating a variety of 
physiological responses, including stomatal movement and gene expression (Orabi, 2004; Orabi and 
Abd El-Motty, 2013; Yi et al., 2014). Meanwhile, over accumulation of ROS damage almost all cell 
components including membrane lipids, chloroplasts, pigments, enzymes and nucleic acids (Orabi et 
al., 2014; Goud and Kachole, 2011; Orabi and El Neomani, 2015). Plants protect cells and sub-cellular 
systems from the cytotoxic effects of these active oxygen radicals with both non- enzymatic and 
enzymatic antioxidant systems such as carotenoids, ascorbic acid, a-tocopherol, proline, SOD, 
peroxidase and catalase (Orabi 2004; Mekki and Orabi, 2007; Hussein and Orabi, 2008; Orabi and 
Mekki, 2008; Orabi and Abd El Motty, 2013). 

H2O2 is the most stable form of the ROS and is capable of rapid diffusion across cell membrane 
(Upadhyaya et al., 2007). H2O2 is a strong oxidizing agent accumulated upon various stress. High level 
of H2O2 damages photosynthesis and initiates programmed cell death (Dat et al., 2000). On the other 
hand, when the amount of H2O2 is maintained at normal level by a series of antioxidant enzymes, it acts 
as a second messenger and coordinates with other important signal molecules to protect plants from 
stresses and triggering stress tolerance (Orabi 2004; Li et al., 2011). H2O2 regulates the expression of 
numerous genes involved in plant defense and the related pathways such as antioxidant enzymes, 
defense proteins and transcription factors (He et al., 2009; Abass and Mohamed, 2011). H2O2 has been 
shown to act as a key regulator in a broad range of physiological processes including senescence (Peng 
et al., 2005), stomatal movement, cell growth and development (Deng et al., 2012). Hung et al. (2005) 
and Terzi et al. (2014) mentioned that the endogenous H2O2 concentration depended on the balance 
between its production rates and its utilization by enzymatic and non-enzymatic way. The fluctuation 
of H2O2 level in plants should spatially and temporally reflect changes in the environment. Exogenous 
application of H2O2 at low concentrations signals the induction of defense responses in plants against 
oxidative stresses (Prasad et al., 1994) and assists in triggering stress resistance mechanism (Kumar et 
al., 2010). Indeed, it has been shown that pretreatment of mung bean seedlings with low concentrations 
of H2O2 induces chilling tolerance (Yu et al., 2003). H2O2 treatments improved osmotic stress resistance 
of two cucumber varieties by activating antioxidant system (Liu et al., 2010).In addition, Li et al. (2011) 
stated that exogenous H2O2 treatments prevent the increase of oxidative stress and endogenous H2O2 

concentration in plants and enhance tolerance of plants to salt stress by enhancing the production of 
enzymatic and non- enzymatic antioxidants which can quench the ROS and decrease lipid peroxidation. 

In recent years, the importance of carotenoids and tocopherols has been increasingly rec- 
ognizeddueto theemerging knowledgeof their healthbenefits. Because humans can synthesize neither 
carotenoids nor tocopherols, they rely on their uptake through diet for the  production  of vitamin A and 
the supply with vitamin E (Fraser and Bramley, 2004). Tocopherols are a group of compounds 
synthesized only by photosynthetic organisms and are involved in the quenching and scavenging of 
1O2(Neely et al., 1988) and act as highly efficient recyclable chain reaction terminators for the removal 
of polyunsaturated fatty acid (PUFA) radical species generated during Lipid peroxidation (Munne-
Bosche and Falk, 2004).  Furthermore, tocopherols contribute to membrane stability by influencing its 
fluidity and permeability (Fryer, 1999) and might participate in protection of the D1 protein against 
high light (Trebst  et al., 2002). Tocopherols are believed to protect chloroplast membranes in plants 
from photo oxidation and help to provide an optimal environment for the photosynthetic machinery, 
their accumulations also occur as a response to variety of abiotic stress including high light, drought, 
salt and cold and may provide an additional line of protection from oxidative damage (Munne´- Bosch 
and Algere, 2002). 
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Material and Methods 
 

Two pot experiments were conducted during two successive winter seasons (2012 and 2013) at 
wire house of National Research Centre, Dokki, Giza, Egypt, to study the effect of three levels of H2O2 
(0.5, 1, 2 mM) and  α-tocopherol (25, 50, 100 mg/l) on growth, fruit yield and  some biochemical    
constituents    of cucumber (Cucumus sativa L.,  cv.  Alpha beta).  Cucumber  seedlings  obtained  from 
protected greenhouse of the Ministry of Agriculture and  Land  Reclamation  (MALR)  were  used  in  
this experiment. Seedling (one true leaves) were transplanted carefully with the surrounding soil to 40 
cm diameter pots at the beginning of second week of January.  Each pot filled with 13kg of a mixture 
of loam clay soil and sand soil at the ratio of 1:1 (w/w) mixed with 6.7g of super phosphate and 3.25g 
of ammonium nitrate. The seedlings were cultivated at a density of 5 seedlings per pot. The plants were 
supplied with water according to their requirements which was governed by climatic conditions. Each 
pot received 3.25g ammonium nitrate weekly for a period of 4 weeks. The pots were arranged in 
complete randomized block design with three replicates for each treatment. The replicates were 
represented by five pots. The plants were sprayed  twice,  one  day  after transplanting and one week 
later with solutions of either Hydrogen peroxide (H2O2) at the rate of 0.5,1, 2mM or α-tocopherol (Toc) 
at the rate of 25, 50, 100mg/l, while the control plants were sprayed with tap water. 
 
Data recorded 
  

Random samples of plants were collected at 50 days after transplanting from each treatment to 
determine some growth parameters (plant height, leaves number / plant, dry weights of leaves and 
stems/plant) as well as estimate proline, soluble sugars, carotenoids, antioxidant enzyme (CAT, POX) 
activities,H2O2 scavenging activity and oxidative damage (H2O2 ,MDA, EL). At harvest time, the fruits 
were collected at time intervals when they were about 10 cm in length, weighed and then the fruit yield 
was determined. 

 
Statistical analysis 
 

Statistically significant differences between means of the two seasons after tested the variances  
homogeneity according to Snedecor and Cochran (1980). The values of L.S.D. were calculated 
whenever F values were significant at 5% level.  

 
Biochemical analysis 
 

 Soluble sugars were determined according to the anthrone sulphoric acid method yemm and 
willis, (1954) Proline concentration was determined by the method of Bates et al. (1973). 
Carotenoid content was determined according to Jensen (1978).For enzyme determination: The 
method used for extracting the enzyme was that of Mukherjee and Choudhuri(1983). Catalase (CAT, 
EC 1.11.1.6) activity was assayed according to the method of Aebi (1983) by the decrease of absorbance 
at 240 nm for 1 min as a consequence of H2O2 consumption. Peroxidase (POX, EC 1.11.1.7) activity 
was determined according to the method described by Nakano and Asada (1981) as the increase of 
absorbance at 470 nm due to oxidation of guaiacol in the presence of H2O2 and formation of 
tetraguaiacol. Hydrogen peroxide (H2O2)   scavenging    activity    was    determined as described by 
Ruch et al. (1989). The generated hydrogen peroxide (H2O2) content was measured according to Jana 
and Choudhuri (1981).Lipid peroxidation was determined by measuring Malondialdehyde (MDA) 
contant as described by Dhindsa et al. (1982) and leakage of electrolyte measurements according to 
Gilley and Fletcher (1997). 
 
Results and Discussion 
 
Growth characters 
 

The most effective treatment was 1mM H2O2 rather than 2mM as it gave the highest  
increases in different studied growth parameters (plant height, number of leaves per plant and 
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dry weights of leaves or stems) followed by 50mg/l α-tocopherol as compared with the control 
(Table 1). Therefore we suggest that the growth of cucumber plant could be improved by 
exogenous H2O2 at concentrations lower than the injury level. At higher concentrations of 
exogenous H2O2, cells suffered oxidative damage and some structures of the cells were 
destroyed (Deng  et  al., 2012). H2O2 application might promote cell division (Hameed et al., 
2004) and secondary wall formation (Abass and Mohamed 2011). H2O2 takes part in 
reinforcement of plant cell wall (lignification, cross-linking of cell wall structural proteins),  
phytoalexin  production  and  resistance  enhancement (Quan et al., 2008). Abass and Mohamed 
(2011) observed that exogenous application of H2O2 to common bean enhanced the root growth 
and fresh weight under drought stress. Moreover, Goldani et al. (2012) showed that foliar 
application of H2O2 can improve oregano shoot and root dry weight and alleviate adverse effects 
of salinity. Exogenous H2O2 also mediates the growth of primary root, lateral roots, and root 
hairs (Jiang et al., 2012) and significantly promote the formation and growth of adventitious 
roots of cucumber (Li et al., 2007). 

H2O2 is a strong oxidizing agent accumulated upon various stress. The stress alleviating 
effect of H2O2 may be attributed to signaling by this versatile metabolite (Wahid et al., 2007; 
Orabi et al., 2015; Orabi and Sadak, 2015). The promotive effect of α-tocopherol on growth 
and biochemical traits beside protection under stress was reported by El-Quesni et al. (2009) 
and Orabi and Abdelhamid (2016). 

 
Fruits yield 

 
Data presented in Table 1 and Fig 1. Demonstrated that all H2O2 and α-tocopherol 

treatments caused significant increases in yield of cucumber relative to control plants. Moreover, 
H2O2 treatments (0.5 mM and 1.0 mM) caused the highest significant increase in the yield of 
cucumber followed by α- tocopherol treatments (50, 100mg/l). 

These results are in a good agreement with Orabi et al. (2015) on two cultivars of tomato 
plants grown under low temperature. Moreover, Hameed et al. (2004) stated that exogenous 
application of H2O2 provided more vigorous root system in wheat, that can be used to increase 
nitrogen uptake resulting in better growth and yield (Liao et al., 2004). 

The enhancement effects of a-tocopherol on faba bean yield were proved earlier by other 
researchers on different plant species (Sakr and El-Metwally, 2009; Soltani et al., 2012; Orabi 
and Abdelhamid, 2016). 

 
Table 1: Mean values for vegetative growth characters and fruit weight (g/plant) of cucumber plants grown 

under low temperature and treated with   H2O2 or α-tocopherol. 
Treatments Plant height 

(cm) 
No. 

of leaves 
Leaves dry 

weight 
(g) 

Stem dry 
weight 

(g) 

Fruit weight 
(g/plant) 

Control 11.16 5.00 0.50 0.27 175.55 
25 mg/l α-toc 12.33 6.33 0.59 0.32 261.16 
50 mg/l α-toc 15.50 7.67 0.72 0.38 324.49 
100 mg/l α-toc 14.00 7.33 0.63 0.34 288.30 

  0.5 mM H2O2 13.33 7.33 0.69 0.36 355.52 
  1 mM H2O2 16.67 8.67 0.80 0.43 410.29 
2 mM H2O2 15.00 8.00 0.74 0.35 342.02 
LSD 5% 1.72 0.94 0.04 N.S 23.59 
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Fig. 1: Effect of H2O2 and  α-tocopherol on yield (g/ plant) of cucumber plants. 

 
Changes in Protectant Concentrations 
 
Changes in Total Soluble Carbohydrate Concentrations 
 

H2O2 level (1mM) or α-tocopherol (50mg/l) resulted in more significant increases in total 
soluble carbohydrates of cucumber plants under low temperature as compared with the control 
(Table 2). Exogenous H2O2 applications might protect water status of the tissues by providing 
osmotic regulation. These increases in sugar concentration may be a result of the degradation of 
starch (Fischer and Holl, 1991). Starch may play an important role in accumulation of soluble 
sugars in cells. The accumulation of soluble sugars compounds protects cell under stress (Orabi, 
2004; Orabi et al., 2013) by balancing the osmotic strength of the cytosol with that of the vacuole 
and the external environment, these compounds also interact with cellular macromolecules as 
enzymes and stabilize their structure (El-Tayeb, 2006). Soluble sugars may also function as a 
typical osmoprotectant, stabilizing cellular membranes and maintaining turgor. Soluble sugars can 
function in two ways, which are difficult to separate: as osmotic agents and as osmoprotectors. 
Where, sugars stabilize proteins and membranes, most likely substituting the water in the formation 
of hydrogen bonds with polypeptide polar residues (Bohnert et al, 1995) and phospholipid 
phosphate groups (Strauss and Hauser, 1986). 
 
Changes in Proline Concentration 

Treatment of cucumber plants with different concentrations of H2O2 caused more significant 
increases in proline contents (table 2). Accumulation of proline in plant tissues in response to 
different abiotic stresses may play an important role against  oxidative damages  caused by  ROS 
due to its action as a single oxygen quencher (Gill and Tuteja, 2010), participating in cellular 
osmotic adjustment, buffering cellular redox potential, stabilising membrane and protein 3D 
structure, and protecting subcellular structures, such as mitochondria and chloroplasts, under  
adverse environmental conditions. (Ashraf and Foolad, 2005; Kavi-kishor et al., 2005; Yamada et 
al., 2005) as well as participating in the induction of stress responsive genes. Exogenous H2O2 
treatment has been shown to prevent the increase of oxidative stress and endogenous H2O2 
concentration in plants and enhance tolerance of plants to cold stress by  enhancing the production  
of enzymatic and non- enzymatic antioxidants (as proline) which can quench ROS and  decrease 
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lipid peroxidation (Huang et al., 2006; Talukdar, 2012). In the present study, accumulation of 
proline content under cold stress was increased by the application of H2O2 and reversed the 
deleterious effects of cold stress. Similar to our data (Guzel and Terzi, 2013; Yang et al., 2009). It 
has been documented that proline helps in detoxification of toxic ions and protects cell from ROS 
damages (Kavi-kishor et al., 2005; Yang et al., 2009). 

a-tocopherol application at 50 mg L—1 followed by 100 mg L—1, resulted in significant 
increase in proline content (table 2) suggesting an excellent mechanism of plants to decrease the 
osmotic potential. These results support the hypothesis that proline accumulation is a part of 
physiological response of  the  plant  to   intense   stress   (Ain-Lhout   et al., 2001). Our results are 
in accordance with Orabi and Aabdelhamid (2016) on faba been plants under salt stress 

 

Table 2: Mean values for soluble sugars, proline and carotenoids of cucumber plants grown under low 
temperature and treated with H2O2 or α-tocopherol. 

Treatments Soluble sugars 
mg/g DW 

Proline 
µmol g/l FW 

Carotenoids 
mg/g FW 

Control 55.07 2.62 0.48 
25 mg/l α-toc 59.16 3.47 0.52 
50 mg/l α-toc 71.32 4.87 0.61 
100 mg/l α-toc 65.00 4.18 0.57 

  0.5 mM H2O2 73.75 5.13 0.59 
  1 mM H2O2 80.07 5.65 0.68 
2 mM H2O2 74.30 4.52 0.51 
LSD 5% 5.77 1.82 N.S 

 

Changes in carotenoid concentration 
 

Data in Table 2 shows a considerable increase in carotenoid content with H2O2 or α-  
tocopherol treatments in this concern, in chickpea leaves, the carotenoids were measured and 
effective elevation over control was observed under salinity stress (Mishra et al., 2009). Moreover, 
deleterious effects of salinity stress on leaf carotenoids have been reported in several crops such 
as Onion (Husseine and Orabi, 2008) and faba bean (Orabi and Abdelhamid, 2016) carotenoids 
might play a role as a free radical scavenger (Sakr and El-metwally, 2009). Therefore, increase of 
carotenoids in genotypes treated with salinity could enhance their capacity to reduce the damage 
caused by ROS, which in turn increased chlorophyll content of such plants (Azooz, 2009), where 
carotenoids play a key role incontrolling the cellular level of free radicals and peroxides (Apel and 
Hirt, 2004). Regarding α-tocopherol effect Orabi and Abdelhamid (2016) recorded remarkable 
increases in carotenoids in faba been under salt stress. 
 
Changes in antioxidant enzymes and H2O2 scavenging activities 
 

Data in Table 3 indicated that H2O2 treatments caused slight increases in CAT activity 
accompanied by significant increases in the activities of POX relative to control plants in cucumbir 
grown under low temperature conditions. The increases in POX activities were more pronounced 
due to H2O2 treatments than α-tocopherol treatments. Moreover, H2O2 treatment at 1.0 mM showed 
the highest significant effect. 

H2O2, a stress signal, could trigger the activation of antioxidants in plants to alleviate the 
oxidative damage and leading to improve physiological attributes of the plant under stress (He et 
al., 2009). Moskova et al. (2009) mentioned that treatment with H2O2 did not influence catalase 
but increased the activity of POD. Similarly, Liu et al. (2010) stated that H2O2 treatments induced 
POD activity in cucumber leaves. Furthermore, exogenous H2O2 may induce oxidative stress 
tolerance by enhancing the activities of POD and PPO under various biotic and abiotic stresses 
(Goud and Kachole (2011). 

Ahmad et al. (2012) stated that at suboptimal condition of low temperature, priming maize 
seeds with SA and H2O2 induced activities of scavenging enzymes for increasing the chilling 
tolerance. 
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Regarding α-tocopherol effect, the CAT activities were clearly increased after application 
of α- tocopherol at 50 mg L—1 followed by 100 mg L—1, this may contribute advantages to 
cucumber plants (Table 3). 

CAT eliminates H2O2 by breaking it down directly to form water and Oxygen. Thus, this enzyme 
does not require a reducing power and has a high reaction rate but a low affinity for H2O2 (Willekens et 
al., 1997, Orabi, 2004). Increases in the activity of CAT, have been reported in cucumber (Orabi 2004) 
alfalfa( Wang et al., 2009) onion (Hussein and Orabi, 2008) fodder beet (Kassab et al., 2012 ) . 

 
Table 3: Mean values for activity of CAT, POX (µmole/g FW) and H2O2 scavenging (%) of  cucumber 

plants grown under low temperature and treated with H2O2 or α-tocopherol. 
Treatments CAT 

µmole 
POX 

µmole 
H2O2 scavenging 

% 
Control 64.67 2.44 62.71 
25 mg/l α-toc 85.06 3.11 63.95 
50 mg/l α-toc 97.48 4.10 71.36 
100 mg/l α-toc 77.41 4.93 68.64 

  0.5 mM H2O2 71.67 4.59 70.12 
  1 mM H2O2 81.23 5.41 72.59 
2 mM H2O2 75.50 5.87 63.70 
LSD 5% 7.26 0.25 3.76 

 
Guaiacol peroxidase is among the enzymes that scavenge H2O2 in chloroplasts which is 

produced through dismutation of —O2 catalyzed by SOD. Increased peroxidase (POX), or 
sometime referred as POD activity has been reported in salt-tolerant and sensitive species of 
cucumber (Orabi, 2004) of alfalfa (Wang et al., 2009) of sorghum (Ahmed et al., 2010) faba 
bean (Orabi and Abdelhamid, 2016). a-Tocopherol has appeared to play a major role in 
chloroplastic antioxidant network of plants. Therefore, it contributes to preservation of an 
adequate redox station in chloroplasts, and to maintaining thylakoid membrane structure and 
function during plant development and in plant responses to stress (Munne´-Bosch and Alegra, 
2002; Munne- Bosch, 2005). Similar to our results (Sakr and El-Metwally, 2009; Orabi and 
Abdelhamid, 2016) recorded increments in the antioxidant enzymes in response to α-
tocopherol application on wheat and faba bean against oxidative stress. 
The exposure of cucumber plants to chilling stress and treated with H2O2 or α-tocopherol (table 
3) resulted in an obvious increase in hydrogen peroxide scavenging activity, in this respect, Ibrahim 
et al, 2013. found that exposure of wheat leaves to UV-B irradiation or heat stress resulted in a 
more pronounced increase in superoxide anion radical scavenging in tolerant cv Tritichum aestivum 
than in the susceptible cv Triticum durum and prolonged exposure of the wheat plants to heat or 
UV-B stress resulted in a significant reduction in the rate of subsequent superoxide anion radical 
scavenging activity. Moreover , Orabi and El Neomani, (2015) demonstrate that either of 
superoxide onion radical or hydrogen peroxide scavenging were generated in faba bean plants 
grown under drought stress and further enhanced in response to exogenous proline addition as one 
of the plant protectant capable to overcome reactive oxygen species (ROS) resulted in plant 
tolerance. These results are also supported by Larkin et al., (2003). 

However, the enhancement of hydrogen peroxide scavenging activities in response to low 
temperature and further enhanced in response to H2O2 at minor conceration or α-tocopherol (table 
3) revealed and ascertained the occurrence of an oxidative stress that catalyzes the production of 
reactive oxygen species, consequently accumulating and resulting in several damages which are 
judged by the criteria and behaviors of the different antioxidants or by other meaning through 
enzymatic and non enzymatic antioxidants beside protectants(Orabi and El Neomani, 2015; Orabi 
et al., 2016). The overproduction of ROS resulted by oxidative stress would be engaged different 
pathways of the antioxidant system for their removal where better protection by H2O2 as a signal 
agent and α- tocopherol as an antioxidant led to low level of plant damages in this investigation. 
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Changes in oxidative damage: 
 

Data presented in (Table 4). Shows that Either H2O2 or α-tocopherol treatments caused 
significant decreases in H2O2, MDA and EL values in cucumber plant relative to control plants. 
Moreover, H2O2 treatment at 1.0 mM caused the highest significant decrease in the three 
parameters where it acts as a signal agent at minor concentrations for the activation of defence 
responses (Orabi, 2004; Orabi et al., 2015). 

Environmental stresses always result in cellular membrane injures including the increase of 
membrane permeability and MDA content due to oxidative damage and they are considered to be 
sensitive stress markers (Orabi, 2004; He et al., 2009; Hussein and Orabi, 2008; Mekki and Orabi, 
2007; Orabi and Mekki, 2008). AzevedoNeto et al. (2005) reported that addition of H2O2 to the 
nutrient solution induced salt tolerance by enhanced activities of antioxidants and reduced 
peroxidation of membrane lipids in leaves and roots of maize. Likely, He et al. (2009) stated that 
seed treatment with H2O2 could greatly alleviate the deleterious effects of drought on the membrane 
integrity and stability in the wheat seedlings through reducing membrane damage rate and MDA 
content. Liu et al. (2010); Abass and Mohamed (2011); Terzi et al. (2014) summarized that H2O2 
treatments at low concentrations enhanced stress tolerance by increasing some metabolite and 
phytohormone levels as well as decreasing MDA and endogenous H2O2 concentration in plants. 

 

Table 4: Mean values of oxidative damage for cucumber plants grown under low temperature and  treated  
with H2O2 or α-tocopherol. 

Treatments H2O2 
µmole/g FW 

MDA 
µmole/g FW 

EL 
% 

Control 10.19 7.13 51.22 
25 mg/l α-toc 9.62 6.11 47.15 
50 mg/l α-toc 7.71 5.22 38.53 
100 mg/l α-toc 8.33 5.80 44.84 

  0.5 mM H2O2 7.85 4.91 37.98 
  1 mM H2O2 6.43 4.32 30.89 
2 mM H2O2 8.07 5.42 42.25 
LSD 5% 0.62 0.49 4.52 

 
Hydrogen peroxide can cross biological membranes rapidly, once inside the cell, it can react 

with Fe2+ and Cu2+ ions to form cytotoxic hydroxyl radical (Govindarajan et al., 2004). Treatment 
of plants with H2O2 caused a substantial reduction of the H2O2 content and this effect was much 
stronger in the low level of H2O2 (1mM) (table 4) these results are in agreement  with those 
obtained (Liheng   et al., 2009; Wang et al., 2013). 

In this concern, H2O2 can diminish the injuries in cell membranes through enhancing the 
antioxidant potential of plant under stress conditions and partly maintained membrane 
permeability as well as reduced the amount of ion leakage. Our results are in a good accordance 
with Orabi et al., 2015 on tomato plants and Orabi and Sadak, 2015 on wheat plants. On the other 
hand, decrements have occurred as a result of a-tocopherol application ascertain that plant 
tolerance would be attained to scavenge ROS produced under low temperature. These results are 
similar to those  results reported by Orabi and Abdelhamid, (2016) under salt stress. 
 

Conclusion 
 

It could be concluded that all H2O2 (0.5,1,2 mM) and α-tocopherol treatments 
(25,50,100mg/l) have positive effect on growth, protectant concentrations, antioxidant enzymes 
(POX and CAT) activity and ROS (eg H2O2) scavenging activity and fruits yield of cucumber 
plants grown under low temperature conditions . On the other hand, these treatments caused 
obvious decreases in H2O2, MDA and EL values. It is worthy to mention that, H2O2 treatment at 
1.0 mM was the most pronounced treatment. 
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