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ABSTRACT  

Due to global climate change, temperature stress is becoming the major area of concern for 
the researchers worldwide. The reactions of plants to these stresses are complex and have devastating 
effects on plant metabolism, disrupting cellular homeostasis and uncoupling major physiological and 
biochemical processes. Temperature stresses change the normal homeostasis of plant cells when 
disrupt photosynthesis and increase photorespiration. Severe stress usually causes massive 
accumulation of Reactive oxygen species (ROS) and the initiation of programmed cell death (PCD) 
and necrosis of the tissues. Over production of ROS under Severe stress are highly reactive, toxic and 
damage proteins, lipids, carbohydrates which ultimately results in oxidative stress. Several pathways, 
which are present in plant cells, enable correct equilibrium of the plant cellular redox state and 
balance fluctuations in plant cells caused by changes in environment due to stressful conditions. High 
temperature stress is considered to be one of the major abiotic stresses for restricting crop production 
worldwide. On other hand, low temperature as major environmental factor often affects plant growth 
and crop productivity and negatively impact crop yields. Various strategies are found to cope with 
oxidative stress for induction of acquired tolerance to extreme temperatures in plants. Among these 
processes is the external application of certain compounds for better growth and metabolism including 
micronutrients, organic acids, vitamins or signal oxidants (as H2O2 &SA) to protect cell membranes 
which lead to stability and the maintenance of permeability for the scavenging of these reactive 
oxygen species and enable plants for induction of enzymatic ( SOD, CAT, POX, APX, GR, etc) and 
non enzymatic antioxidants ( ASA, GSH, α- tocopherol, Carotenoids, etc) for alleviation and 
management of oxidative stress. 
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Introduction 

World’s population is increasing at an alarming rate and is expected to reach about nine to ten 
billion by the end of year 2050. The growing population will result in considerable additional demand 
for food (Waraich et al., 2011) and it will also contribute towards changing climate, which is an 
alarming issue to the world’s food safety. Due to the effect of various abiotic stresses the food 
productivity is decreasing and to minimize these losses is a major concern for all nations to cope with 
the increasing food requirements (Mahajan and Tuteja, 2005). Temperature stresses (high and low 
temperature) are the major environmental factors affecting plant growth, development and also induce 
morphological, physiological and biochemical changes in plants. According to a report of the 
Intergovernmental Panel on Climatic Change (IPCC) (IPCC Expert Meeting Report, 2007) the global 
mean temperature will rise 0.2 ºC per decade in the coming years. This change in global temperature 
may alter the geographical distribution and growing season of agricultural crops (Porter, 2005). High 
temperature may adversely affect vital physiological processes like photosynthesis, respiration, water 
relations and membrane stability and also modulate levels of hormones, primary and secondary 
metabolites (Hemantaranjan et al., 2014). Furthermore, for the duration of plant ontogeny, enhanced 
expression of a variety of heat shock and stress-related proteins and production of ROS constitute the 
major plant responses to heat stress (Hemantaranjan et al., 2014). Higher ROS concentrations are 
associated with lipid peroxidation and leakage of electrolytes. (Mekki and Orabi, 2007; Orabi and 
Mekki, 2008; Ahmed et al., 2009, 2010; Orabi et al., 2015a) mainly cellular membranes are 
particularly susceptible to oxidative damage (Suzuki and Mittler, 2006). In addition, acquired 
thermotolerance, i.e., the ability of plants to develop heat tolerance was shown to be mediated in 
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plants by enhancing cellular mechanisms that prevent oxidative damage under high temperature 
conditions  in  crops  (Suzuki and Mittler, 2006; Abd El-motty and Orabi, 2013). According to various 
studies, different types of signal transduction pathways and defense mechanisms due to heat stress are 
involved in sensing of ROS and helpful in providing thermotolerance to crop plants (Hasanuzzaman 
et al., 2013a). In contrast, low temperature stress or cold stress is another factor that often affects plant 
growth and productivity and leads to substantial crop losses (Orabi, 2004; Miura and Furumoto, 
2013). Cold stress or low temperature, which includes both chilling stress (<20◦C) and freezing stress 
(<0◦C) is  one of the most significant abiotic stresses of agricultural plants, affecting plant 
development and yield and consequently reducing crop production (Thakur et al., 2010; Orabi et al, 
2014,2017a). It results in micro-organelle disruption, phase transition in cell membrane lipids and 
generation of ROS (Kim et al., 2013). It also induces cascades of alterations in metabolic pathways 
which include changes in membrane fatty acid composition, activity of antioxidant enzymes, gene 
regulation and changes in redox state (Shahandashti et al., 2014). According to various reports, 
mechanisms governing the temperature response in higher plants concerned to improve the cold 
tolerance in agricultural crops (Thakur et al., 2010; Orabi et al., 2010). Various cellular changes, 
which are induced by either high temperature or low temperature lead to the overproduction of toxic 
compounds, especially ROS that result in oxidative stress (Mittler, 2002; Orabi et al., 2017b, 2018a,b). 
ROS have toxic potential effects as they can induce protein oxidation, DNA damage, lipid 
peroxidation of membranes (malondialdehyde content) and destruction of pigments (Hussein and 
Orabi, 2008; Hussein et al., 2009; Mekki et al., 2010; Orabi and Abd Elhamid, 2016; Orabi et al, 
2018c), however plants have evolved variety of responses to extreme temperatures that help in 
minimizing damages and provide cellular homeostasis (Kotak et al., 2007). Direct link exists between 
ROS scavenging and plant stress tolerance under temperature stress conditions which is often related 
to enhanced activities of antioxidative defense enzymes to gain stress tolerance to either high 
temperature or low temperature stress (Huang and Guo, 2005; Almeselmani et al., 2009). Plant Redox 
changes result in modification or induction of various physiological and bio- chemical processes 
through enzymatic and non enzymatic antioxidant capacity (Orabi and El noemani, 2015 ; Orabi et 
al., 2018d) these regulatory networks including ROS and antioxidants by reprogramming 
transcriptome which include the set of all RNA molecules, proteome including all proteins expressed 
by genome and metabolome such as metabolic intermediates, hormones and other signaling molecules 
etc. (Foyer and Noctor, 2009). There are various strategies to cope with environmental stresses for 
induction of acquired tolerance and alleviation of oxidative stress. 
 
1- Oxidative stress under extreme temperature 
 

Among all the stresses, temperature stresses (cold or heat) can have devastating effects on 
plant growth and metabolism, also leading to alterations in redox state of the plant cell which is one of 
the important consequences of the fluctuating environment conditions (Bita and Gerats, 2013). A 
delicate balance exists between multiple pathways residing in different organelles of plant cells, 
known as cellular homeostasis (Kocsy et al., 2013). This coordination between different organelles 
may be disrupted during temperature stresses due to variation in temperature optimum in different 
pathways within cells (Hasanuzzaman et al., 2013a). The constancy of temperature, among different 
metabolic equilibria present in plant cells, depends to a certain extent on a homeostatically-regulated 
ratio of redox components, which are present virtually in all plant cells (Suzuki et al., 2011). Several 
pathways, which are present in plant cells enable correct equilibrium of the plant cellular redox state 
and balance fluctuations in plant cells caused by changes in environment due to stressful conditions 
which are otherwise sensitive to changes in environmental conditions, especially temperature stresses 
(Foyer and Noctor, 2012). These stresses alter the normal homeostasis of plant cells by disrupting 
photosynthesis and increasing photorespiration (Noctor et al., 2007). A direct result of stress-induced 
cellular changes is overproduction of reactive oxygen species (ROS) in plants which are produced in 
such a way that they are confined to a small area and also in specific pattern in biological responses. 
The production of ROS is an inevitable consequence of aerobic metabolism during stressful 
conditions (Bhattacharjee, 2012). ROS are highly reactive and toxic, affecting various cellular 
functions in plant cells through damage to nucleic acids, protein oxidation, and lipid peroxidation, 
eventually resulting in cell death (Orabi et al., 2013,2015b,2016).  
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ROS system consists of both free radicals including superoxide (O−2), hydroxyl radicals 
(OH−), non-radicals like hydrogen peroxide (H2O2) and singlet oxygen (1O2) (Gill and Tuteja, 2010). 
During stress conditions, these species are always formed by the leakage of electrons from the 
electron transport activities of chloroplasts, mitochondria, and plasma membranes or also as a by-
product of various metabolic pathways localized in different cellular compartments (Sharma et al., 
2012). Moreover, ROS damage chloroplast, reduce carbohydrate synthesis and exportation, attack cell 
membranes, lead to their degradation and leakage  of cell solutes, denaturation of proteins and 
enzymes, damage of nucleic acids, degradation of chlorophyll and suppression of all metabolic 
processes, leading to senescence and death of cells and tissues (Wahid et al.,2007). Depending upon 
their concentrations, ROS play dual role as both deleterious and beneficial species in plants (Orabi et 
al., 2015b). At low/moderate concentrations, ROS act as second messengers in various intercellular 
signaling pathways that mediate many responses in plants, thus regulating cellular redox state whereas 
at higher concentrations they have detrimental effects on plant growth (Sharma et al., 2012). 

 

High temperature stress: 
 

Higher temperature stress either accelerates the formation of toxic reactive oxygen species 
(ROS), i.e., H2O2, OH -O-2 levels within plant tissues or impairs the normal defense mechanisms 
against ROS toxic effects.  

Lipid peroxidation activation which is one of the possible results of a rapid response to stress. 
The drastic increase in lipid peroxidation due to HT stress was reported by many researchers ( Wu et 
al., 2010). Several lines of study indicated that under heat-stress conditions, malondialdehyde (MDA), 
a product of peroxidation of unsaturated fatty acids, has been used as a good indicator of free radical 
damage to cell membranes (Tommasino et al.,2012) 

In Phaseolus vulgaris, increased H2O2 content was observed at 46– 48◦C, which further led to 
lipid peroxidation in membranes and accumulation of malondialdehyde (MDA), in chickpea (Cicer 
arietinum), at 40/30◦C (day/night) temperatures under controlled conditions, symptoms of heat stress 
arise in the form of chlorosis of leaves, membrane damage and loss of viability of tissues. The damage 
to the plants becomes intensive at 45/35◦C (Kumar et al., 2011) that was attributed to increased 
oxidative damage as lipid peroxidation and H2O2 content, which was relatively greater in heat-
sensitive genotypes, especially at 40/30 and 45/35◦C.  
 
Low temperature stress 

Stressful low temperatures lead to disruption of respiration by affecting respiratory rate which 
may at first increase in response to chilling, Low temperature stress is also responsible for the 
production of ROS in plant cell (Guo et al., 2006). In extreme cold beyond the plants tolerant level or 
in chilling sensitive plants the activities of antioxidant enzymes are reduced which accelerate the 
accumulation of ROS in higher amount. Production of ROS severely affects electron transfer and 
biochemical reactions (Solanke and Sharma, 2008). Low temperature-induced oxidative stress 
decreases phospholipid content, increases lipid peroxidation, free and saturated fatty acid content 
(Chen and Arora, 2011). This stress damages lipid, protein, carbohydrate and DNA [Gill and Tuteja 
2010], thus it alters the enzyme activities, bio‐ chemical reactions and plant physiological processes 
including photosynthesis, respiration, nutrient movements, transpiration which negatively affect 
plants survival, development and finally yield . In extreme cases ROS induced oxidative stress causes 
cell death (Apel and Hirt, 2004) 

 
2-Extreme Temperature – induced programmed cell death 
 
High temperature: 
 

High temperatures significantly affect plant growth and development by triggering massive 
metabolic, physiological, and genetic reprogramming. Like other abiotic stress factors, heat shock is 
known to induce PCD (Vacca et al., 2004). Programmed cell death is an active, genetically controlled 
process in which cells are selectively eliminated in a highly coordinated, multi-step fashion through 
the involvement of specific proteases and nucleases. Thus, only cells that are destined to die are 
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2 destroyed and no damage to the neighboring cells is inflicted. Tobacco cells treated with high 
temperatures produce drastically larger quantities of ROS. These are a prerequisite for a successful 
PCD since addition of the antioxidants ascorbate or superoxide dismutase (SOD) to the cultures 
supports cell survival (Petrov et al., 2015).   

Mitochondria also play an important role in these conditions. They release functionally active 
cytochrome c in a ROS-dependent manner, which contributes to the activation of caspase-like 
proteases in the cytosol that execute the PCD program (Vacca et al., 2006). For example, in severe 
heat shock treated cells is a down regulation of antioxidant proteins observed. This in turn leads to the 
perturbation of the redox homeostasis and plays a role in the PCD events. When subjected to shorter 
or less intensive heat stimuli plants can become primed and thus more resistant to subsequent stressful 
events. This enhanced thermo tolerance is achieved by an improved antioxidant capacity, which in 
wheat seedlings is based on upregulated expression and higher activities of SODs, GR, and 
peroxidases (Wang et al., 2014) and once again confirms the importance of ROS homeostasis for 
plant performance under these conditions. 

It has been proposed that heat shock transcription factors (HSFs), which are central to the 
coordinated expression of heat shock proteins (HSPs) and other stress-related genes, have an 
important role in the ROS-mediated response to heat stress because they may function as ROS-
sensitive sensors (Miller and Mittler, 2006). Both, the HSF and HSP genes are highly induced by ROS 
(Piterkova et al., 2013). Lack of HSFA2 causes accumulation of higher ROS levels, more severe 
mitochondrial dysfunction and a lower survival rate due to increased PCD (Zhang et al.,2009).  

 
 Low temperature: 
 

  Low temperature (both chilling and freezing) on its own can also induce PCD in plants 
(Lyubushkina et al., 2014). Winter wheat (Triticum aestivum L.) cell cultures exposed to freezing 
treatment (−8◦C) undergo PCD accompanied by ROS accumulation, DNA fragmentation, and the 
release of cytochrome c from mitochondria into the cytosol (Lyubushkina et al., 2014). Lesion 
Simulating Disease Resistance 1 (LSD1) is a plant-specific negative regulator of PCD and its 
mutation causes ROS accumulation and runaway cell death (Diet- rich et al., 1997).  

Low temperature is particularly damaging when combined with elevated light intensities. 
During such conditions, the photosynthetic electron transport chains are over reduced, there is 
increased generation of ROS, and the antioxidant system cannot cope with it. As a result, photo 
inhibition or/and cell death occurs (Murata et al., 2007). 

 
3- Alleviation of Oxidative stress  
 

These ROS are continuously reduced/scavenged by plant antioxidative defense systems  
which  maintain  them  at  certain steady-state levels under stressful conditions. An efficient anti-
oxidative system comprising of the non- enzymatic as well as enzymatic antioxidants is involved in 
scavenging or detoxification of excess ROS (Sharma et al., 2012). Plants have developed these 
antioxidants to counteract ROS thereby protecting cells from oxidative damage, various enzymatic 
antioxidants  comprise of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase 
(GPX), enzymes of ascorbate-glutahione (AsA-GSH) cycle such as ascorbate peroxidase (APX), 
monodehydroascorbate reductase (MDHAR), dehydroascorbate reductase (DHAR), and glutathione 
reductase (GR) (Foyer and Noctor, 2003) whereas Non-enzymatic antioxidants include phenolics, 
ascorbate (AsA), glutathione  (GSH),  carotenoids, and tocopherols (Gill and Tuteja, 2010). Increased 
activities of many antioxidant enzymes have been observed in plants to combat oxidative stress 
induced by various environmental stresses and also to maintain cellular homeostasis (Almeselmani et 
al., 2006). Maintenance of a high antioxidant capacity to scavenge the toxic ROS has been linked to 
increase in tolerance of plants to these environmental stresses (Hasanuzzaman et al., 2013b). 
 
High temperature:- 
 

Under HT stress, plants are found to accumulate enhanced amount of non-enzymatic 
antioxidants and upregulate the activities of antioxidant enzymes. However, in most of the cases these 
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enhanced activities are not sufficient for stress tolerance in plants, especially in susceptible genotypes 
(Almeselmani et al., 2009 ) who observed that the activities of SOD, APX, CAT, GR and POX were 
increased significantly at all stages of growth in heat-tolerant cultivars (C 306) in response to heat 
stress while the susceptible cultivar (PBW 343) showed a significant reduction in CAT, GR and POX 
activities. While investigating the induction of antioxidant enzymes (SOD, APX, GR and CAT) in 
wheat shoot under HT stresses, Badawi et al. (2007) observed that three wheat genotypes (Fang, Siete 
Cerros and Imam) showed differences in their antioxidant enzyme activities. Importantly, Fang, the 
heat tolerant genotype, showed higher SOD, APX, GR and CAT activities under HT stress  compared 
to the other two genotypes which indicated the role of the antioxidant defense system in conferring 
heat stress tolerance. In a set of wheat (Triticum aestivum) genotypes thermotolerance acquired was 
correlated with higher activities of antioxidants such as catalase and superoxide dismutase, higher 
ascorbic acid concentration and less oxidative damage (Almeselmani et al., 2006). 
 
Low temperature 
 

Low temperature stress was found to enhance the transcript, protein, and activity of different 
ROS scavenging enzymes of antioxidative machinery which is linked to acquisition of stress tolerance 
(Janska et al., 2009) 

In a subsequent study in chickpea, Turan and Ekmekci (2011) exposed the chickpea cultivars 
to chilling treatment and reported the enhanced activities of PSII and anti-oxidative enzymes in 
acclimated plants. Higher activities of CAT, APX and GR were found in pod walls of tolerant 
genotypes of chickpea which led to increased translocation of GSH from pod wall to seeds and 
contribute to ROS scavenging and tolerance to pod wall against low temperature stress (Kaur et al., 
2009). Soybean seedlings exposed to very low temperature treatments (1◦C) resulted in increased 
activities of anti-oxidative enzymes (Borowski and Michalek, 2014). The tolerant genotypes of some 
cereals growing under cold stress showed higher expression of antioxidants implicating their role in 
governing the cold tolerance. 

 
4. Induction of heat tolerance and redox Homeostasis 
 

     Among the various methods to induce heat tolerance is the induction of heat tolerance 
through low-temperature hardening , thermal conditioning and foliar application of or pre-sowing 
seed treatment with, low concentrations of inorganic salts, organic compounds osmoprotectants, 
signaling molecules (e.g., growth hormones) and oxidants (e.g., H2O2) 
 
High temperature: 
 
Treatment with organic compounds  
 

To induce heat tolerance organic acids as antioxidants play an important role in plant 
metabolism(Singh et al., 2010) At environmental stresses as heat stress, organic acids due to their 
molecules auto (ox- reduction) properties, act as cofactors for some specific enzymes, i.e., dismutases, 
catalases and peroxidases, those catalyzed breakdown of the toxic H2O2, OH, O-2 (radicals) (Aono et 
al., 1993) Organic acids (citric acid or oxalic) as non enzymatic antioxidants in chelating these free 
radicals and protecting plant from injury could result  in prolonging the shelf life of plant cells and 
improving growth characters (Rao et al., 2000). Citrate is considered to be the most powerful organic 
anion, followed by oxalate and malate, to mobilize phosphorous in the soil (Bolan et al., 1994). 

The beneficial effect of this physical chemical action in the roots of wheat, buckwheat, 
legumes and triticale, can be interpreted by the formation of stable molecular complexes between 
carboxylic acids and metallic cations favoring the availability and absorption with increase in the 
vigor of the plant (Yang et al., 2000). Organic acids have been implicated in various roles in the 
metabolic and physiological responses of plants to water stress (Franco et al., 1992). The role of 
organic acids in water stress is well investigated by many authors (Timpa et al., 1986 and Marschner, 
1995) they reported that the synthesis and breakdown of organic acids serve as a mechanism for pH 
regulation in plant cell.  Sadak and Orabi, (2015) treated wheat plants with two organic acids (citric 
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and oxalic) with different concentrations (0.0, 100 and 200 mg/l) and showed increases in the amount 
of IAA, GA3 and cytokinins, DNA and RNA with decreases in ABA contents, MDA and H2O2 
contents compared with untreated plants. The activities of CAT and SOD enzymes increased 
significantly in response to different treatments of either citric acid or oxalic acid. High temperature 
induced the synthesis of new proteins, these proteins are members of heat  shock proteins. Citric acid 
or oxalic acid induced synthesis of certain responsive proteins. These proteins might interfere with 
increasing thermotolerance of wheat plants. 
 

Treatment with polyamines 
 

A numerous growing evidences have suggested that polyamines  ( Pas) are not only involved 
in the regulation of plant developmental and physiological processes (Matin-Tanguy,2001 , 
Paschalidis and Roubelakis, 2005), but also play important roles in modulating the defense response 
of plants to diverse environmental conditions (Katsukabe et al., 2004). PAs such as spermidine (Spd) 
and spermine (Spm) occur ubiquitously in plants, together with their diamine precursor putrescine 
(Put) (smith, (1985). It has been found that PAs have been reported as efficient antioxidants for many 
experimental systems, exerting effect through the protection of cellular components such as cell 
membranes, nucleic acids and polyunsaturated fatty acids from the oxidative damage (Besford et al., 
1993). It is believed that these polycationic molecules stabilize cellular membranes, thereby 
minimizing changes in permeability and loss of  fluid (Shen et al., 2000), Exogenous polyamines 
could reduce stress symptoms caused by ozone (Ormond and Beckerson, 1986) , and increase the 
tolerance of vegetables to low and high temperatures(Wang, 1994) . 

exogenous application of 4 mM spermidine improved tomato heat resistance by improving 
chlorophyll fluorescence properties, hardening and higher resistance to thermal damage of the 
pigment-protein complexes structure, and the activity of PSII during linear increase in temperature 
(Murkowski, 2001). Orabi and Sadak, (2015) stated that application of 40 mg/L spermin on wheat 
plant recorded better metabolities and seed quality beside induction of better protection during its 
developmental stages. Spermin scored higher levels of total phenol and PAL Enzyme activity 
compared to paclobutrazol treatment or untreated plants. Also, Orabi et al., (2017b )studied the effect 
of Putrescine & arginin on washington orange under new reclaimed soil which suffered from 
temperature fluctuatians and reported increments in fruit tolerance through various enzymatic and non 
enzymatic antioxidant systems.  

 
Treatment with micronutrients and biofertilizers 
 

 Among micronutrients, zinc which is closely involved in the metabolism of RNA and 
ribosomal content in plant cell which lead to stimulation of carbohydrates, protein and the DNA 
metabolism(Fox and Guerimot, 1998) . Zinc is also, required for the synthesis of tryptophan, IAA 
precursor (Amberger, 1982). Zinc plays a significant role in many vital metabolic processes(Aravind 
amd Prasad, 2004) for instance; Zn is a cofactor for several enzymes such as anhydrates 
dehydrogenases, oxidase and peroxidase(Vallee and Auld, 1990) . Zinc protects chloroplasts (Aravind 
amd Prasad, 2004). In addition, the possibility of using natural biofertilizers and safety substances 
which are rich sources of phytohormones in order to improve plant  growth  and productivity has 
gained a great attention nowadays. Yeasts act as natural safety biofertilizer and rich source of 
phytohormones (especially cytokinins), sugar, vitamins, enzymes, amino acids and  minerals (khedr 
and Farid, 2000. The enhancement effect of yeast might be attributed to its stimulating  effect on 
enzyme activity, production of some phytohormones, improving the uptake of nutrients and convert 
insoluble form of phosphorous into soluble one to enhance phosphorous availability to plants, all of 
which increased vegetative growth of plant (Abbas, 2013) . It also releases CO2 which reflected in 
improving net photosynthesis (Khalil and Ismael, 2010). Improving growth and productivity of 
different plant species by application of yeast extract were recorded by Khalil and Ismael, (2010), 
Abbas, (2013). Selenium functions in the active site of a large number of selenium-dependent 
enzymes  such as glutathione peroxidase (GSH-Px), which has antioxidant activity (Rotruck et al., 
1973).  Abd El-Motty and Orabi (2013) treated Navel Orange trees with zinc, silinium and yeast  
under newly reclaimed sandy soil which is mostly exposed to a combination of stress conditions 
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including temperature fluctuations and found that Zinc at 1000 mg L-1 recorded the highest increment 
in SOD, PPO and total phenols. In DPPH assay Zinc at 1000mg L-1 exhibited the strongest 
scavenging potential followed by yeast at 10g L-1 and selenium at 100mg L-1, the unripe fruit juices 
have displayed stronger antioxidant activity when compared to ripe fruit Juices. Foliar spray with Zinc 
at the concentration of 1000mg L-1 followed by yeast at 10g L-1 then selenium at 100mgL-1 
enhanced the protective parameters such as antioxidant enzymes, total phenol and free radical 
scavengers and consequently helped the plants to decrease lipid peroxidation, increase their tolerance 
and improved yield and fruit quality. 
 
Low temperature: 
 
Treatment with α-tocopherol, ascorbic acid and reduced glutathione 
 

In this concern, Orabi et al., 2017a working on cucumber plants, treated with α-tocopherol 
could raise plant resistance to cold stress through induction of  enzymatic and non enzymatic capacity. 

AsA  can  directly  scavenge  O2.−,  H2O2,  
1O2   and  .OH (Karuppanapandian et al., 2011) 

ascorbate (AsA) can also act as a secondary antioxidant(Smirnoff, 2000). Ascorbate could be able to 
reduce superoxide to hydrogen peroxide and also reacts with singlet oxygen at a relatively fast rate. 
During the mitogen-activated protein (MAP) reaction, hydrogen peroxide is quenched by ascorbate 
peroxidase when using ascorbate as a hydrogen donor.   Furthermore,   ascorbate   seems   to recycle 
α-tocopheroxyl radicals to α –tocopherol(Fryer, 1992) and inhibits the peroxy radical-initiated 
oxidation of methyl linoleate(Larson, 1988). Glutathione is also regarded as an integral part of anti 
oxidative system of the plant cell against oxidative stress, and contributed to the cellular defence and 
protection (Potters et al., 2002). AsA and GSH are important antioxidants in plants, and high levels of 
both AsA and GSH pools are a requisite for AsA– GSH cycle(Foyer and Shigeoka 2011). AsA– GSH 
cycle plays an important role in keeping the equilibrium between the ROS production and scavenging. 
The cycle includes APX, MDHAR, DHAR and GR that are involved in detoxification of H2O2 in a 
series of cyclic reactions (Noctor and Foyer 1998).  

Effect of ascorbic acid and red. Glutathione on cucumber plants grown under low temperature  
(January – April). Minimum temperature ranged from 5 to  10 ˚C. was studied by Orabi (2004). 

Results attained with respect to the regulation of APX and GR showed obvious enhancement 
of APX and GR activity in plants treated with suitable concentrations of ascorbic acid (400 ppm) or 
red. Glutathione (200 ppm) and grown under low temperature in the three studied stages. These 
treatments might maintained the reduced glutathione ratio GSH/GSSG required for the proper 
protection of cells against photoinhibition. The reduced glutathione ratio is regulated through GR 
which is the limiting step for regeneration of ascorbate. 
 
Treatment with stress signals (H2O2 & SA) 
 

 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 enzyme, it acts as a second messenger and coordinates with other important signal 
molecules to protect plants from stresses and triggering stress tolerance (Noctor and Foyer, 1998).  
H2O2 has been shown to act as a key regulator in a broad range of physiological processes including 
photosynthesis (Noctor and Foyer, 1998). 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).  
Indeed, it has been shown that pretreatment of mung bean seedlings with low concentrations of H2O2 
induces chilling tolerance, H2O2 treatments improved osmotic stress resistance of two cucumber 
varieties by activating antioxidant system (Liu et al., 2010).  Moreover, Orabi et al, 2017a studied how 
to overcome cold stress damage on cucumber plants through treatments with mild concentrations of 
the stable radical H2O2 which attained plant tolerance through free radical scavenging activities. 
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Salicylic acid (SA) acts as an endogenic phytohormone from phenolic compounds (among the 
group of ortho hydroxyl benzoic acid), having the ability of antioxidant defense system and regulates 
various physiological and biochemical processes in plant such as: stomata conductivity (Hayat et al., 
2010), activity of photosynthesis pigments, maintenance of tissue water contents and reduced 
membrane permeability (Farooq et al., 2008), adjustment the activity of antioxidant enzymes 
(Carvalho et al., 2011), and tolerance to environmental stresses (Kabiri et al., 2012).Salicylic acid is 
an important signaling molecule in plants, improved chilling tolerance and synchronous emergence of 
maize by activation of antioxidants (Farooq et al., 2008). The application of 0.5 mM SA improved the 
cold tolerance of maize, cucumber, and rice (Kang and Saltveit, 2002). Potatoes treated with 0.1 mM 
SA exhibited freezing tolerance (Mora-Herrera et al., 2005). The application of  0.5 mM SA solution 
by spraying on the leaves or irrigating the roots of banana seedlings for 1day improved the chilling 
tolerance (Kang et al., 2003).  In addition, Orabi et al., 2018a treated mandarin fruits with SA and 
Aspirin under cold storage, found decrements in lost and decayed fruits as a result of enhancement of 
some enzymatic activities (CAT,APX, POX) and total phenols with little lipid peroxidation in the 
treated fruits. 

Orabi et al. (2010) reported that SA increased APX and GR activities and diminish the 
injuries in cell membranes through enhancing the antioxidant potential of plant under cold stress 
conditions and partly maintained membrane permeability as well as reduced the amount of ion 
leakage. Kabiri et al. (2014) mentioned that pretreatment with SA was evidenced by a reduction in the 
level of lipid peroxidation and leakage of electrolytes from plant tissues as well as by more intensive 
growth processes as compared to control  plants.  

Moreover, Orabi et al. (2015b) investigated the physiological role of the two signal molecules 
( H2O2 and SA) in inhancement of chilling tolerance of two tomato cultivars grown under low 
temperature conditions in sand- ponic culture 

all H2O2 and SA treatments (0.5 mM and 1.0 mM) have positive significant effect on growth, 
growth regulators (GA3, IAA and ABA), antioxidant enzymes (POD and PPO), total soluble solids, 
antioxidant activity, and yield of the two tomato cultivars grown under low temperature conditions. 
On the other hand, these treatments caused significant decreases in CAT enzyme, MDA and EL%. It 
is worthy to mention that, H2O2 treatment at 1.0 mM was the most pronounced treatment. 

Recently, it could be useful for the better agriculture to clearly understand the redox control 
of plant growth, development and flowering, based on the various studies on redox environment, the 
modification of the cellular redox state to increase the yield and stress tolerance in plants and to 
improve agriculture. 
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