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The Hormetic dose-response relationships resulting from environmental polluting agents are often characterized by low dose 

stimulation and high dose inhibition, which confirms as well the general phenomenon of hormesis with a considerable implication 

related to the ecological risk assessment. In the present paper, an approach based on a plant model attempts to describe an 

assessment of the hormoesis effect of cadmium (Cd) on the morphophysiological and biochemical results on durum wheat. The 

results show that a poor cadmium concentration induces a stimulation of catalase activity It also resulted in an electrolyte release 

from the plasma membrane as well as an induction of glycine betaine. On the other hand, the treatment with a strong concentration 

of cadmium resulted in an inhibition of catalase activity, as well as a downward of betaine glycine and electrolytes. The results are 

exposed in an inverted U-shaped curve. The phenomenon of cadmium-induced hormesis in durum wheat can be linked to the 

activation of adaptive pathways. 
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Introduction 
Hormesis is a biphasic dose-response phenomenon characterized by a poor dose stimulation and a high dose inhibition (Calabrese, 

2008). It is known that the manifestation of paradoxical effects is as the following: 

The hormesis is a quantitative manifestation of a mending process of an adaptive nature, and these adaptive phenomena responses 

account for a specific kind of hormesis (Olivieri, 1999; Calabrese et al., 2007; Calabrese, 2008; Mattson, 2008). 

At the cellular ladder, exogenous substances are often at the origin of the oxidative stress, mainly contributing to the lipid 

peroxidation (Guo et al., 2007, Razinger et al., 2008). 

Faced with these aggressions, plants develop defense mechanisms to keep the cellular homeostasis. (Issaad et al., 2014). 

A large number of studies proves that the hormesis effect is maybe related to the oxidative stress level (Yang et al., 2007). 

Cadmium (Cd) is extensively recognized as an environmental contaminant of soil, and it leads to hormesis responses in some 

organisms (Calabrese et al., 1999, Nascarella et al., 2003, Lair et al., 2008).  

Heavy metal pollution has become one of the most critical environmental problems (Elkhawaga, 2011). The discovery of metals is a 

fundamental and basic step in the human history, which is considerably present in all compartments of the environment, particularly 

in water and their concentrations vary according to the element taken into the consideration (Maud, 2005). 

Cadmium is toxic at small concentrations and plants are influenced by this toxicity (Habi, 2009) as it represents a non-biodegradable 

heavy metal and thus lasts in the environment for long periods of time. 

In this present research we focused on the study of the hormesis phenomenon on hard wheat plants treated with cadmium. 

 

Materials and Methods 
Our work was performed in the Cell Toxicology Laboratory of Badji Mokhtar Annaba University. 

Biological material 

The biological material used in this piece of research is durum wheat of the family Poaceae specifically Triticum durum Desf. The 

organs chosen to carry out this study are: the leaves and roots. The samples come from the Algerian Cereals Interprofessional 

Office (OAIC) of El Hadjar, Annaba, Algeria. We used the Semito Ord variety. 

 

Chemical equipment 
In our work we have used cadmium chloride (CdCl2): inorganic compound consisting of cadmium and chlorine. 

We used seven concentrations: (5 μM, 10 μM, 20 μM, 50 μM, 100 μM, 500 μM, and 1000 μM). The carried-out tests in our 

experiment were the subject of three repetitions and the obtained results are expressed by the average. 
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Conduct of the test 

Durum wheat seeds are placed in Petri boxes with filter paper at a rate of 10 per box (Table 1). 

Table 1. The various concentrations of cadmium. 

 

Compound 

Concentrations (µM) 

T C1 C2 C3 C4 C5 C6 C7 

Cadmium 0 5 10 20 50 100 500 1000 

 

Three repetitions are performed to each cadmium concentration. The treatment is carried out by the watering of seeds on a volume 

of 7.5 ml/box to each prepared solution in the course of 4 days. Distilled water is used for the control. 

 

Studied parameters 

The germination percentage 

The percentage of germination is identified after 48, 72 and 96 hours of treatment. The number of seeds which have sprouted and 

whose length of at least one of their roots exceeds 2 mm is considered having sprouted (Ben Hamouda et al., 2001). 

 

Membrane integrity 

The percentage of cellular integrity consists of measuring the release of electrolytes generated by the partial destruction of the 

plasma membrane. 

In this method we first took of 3 samples (stage 1 slip) from each level of stress, then rinsed them with distilled water, and then cut 

them into small pieces of 1cm and collected into test tubes containing 10 ml of distilled water.  

The tubes are tightly closed with cotton and aluminum foil and maintained 24 hours at room temperature. 

After 24 hours, the first interpretation is performed using a conductivity meter while gently placing the probe in the tube after 

calibration of the device. 

The second reading is performed after 24 hours of the first time after tubes autoclaving at 80°C for 20 minutes. 

We take 0.5 g of plant material (leaves) which are placed in 20 ml of distilled water for 48h at 25°C. They are left to cool. Then we 

add 0.5 ml of H2SO4 and we let them in ice for 1h. The samples reading is carried out using a spectrometer at a wavelength of 365 

nm. (Grieve and Grattan, 1983). 

 

Enzymatic determination 

Preparation of the enzymatic extract 

The enzymatic extract used in our work is prepared for the determination of catalase activity. 

After 14 days of treatment, the fresh roots of both varieties of T. durum (1 g) are ground cold with a mortar in 5ml of phosphate 

buffer (50 mM phosphate, pH 7.5). The homogenate is then filtered with an adequate cloth before cold centrifugation (12000 g for 

20 min). The supernatant obtained is used as an extract determine the enzymatic activity. 

The method used is that of (Cakmak and Horst, 1991, Boscoloa et al., 2003). The decreasing in absorbance is recorded withing 

three minutes for a wavelength of 240 nm and a molar linear extinction coefficient ε=39400 M-1.cm-1.L 

Reaching a final volume of 3 ml, the reaction mixture contains: 100 μl of the crude enzyme extract, 50 μl of 0.3% H2O2 hydrogen 

peroxide and 2850 μl of phosphate buffer (50 mM, pH7.2). 

The calibration of the device is done in the absence of the enzyme extract. The reaction is triggered by the addition of hydrogen 

peroxide. The catalase activity is expressed in nmol/min/mg of proteins. 

 

Statistical analyzes 

 All measurements were replicated three times. Mean values and standard gaps (S.D.) were calculated by Microsoft Office Excel 

2007 regarding all data in this article. 

 

Results 

Percentage Of Germination (%) 
Fig. 1 represents the germination percentage of durum wheat seeds of Simeto variety measured during 4 days (48h, 72h and 96h). 

In this bar chart we note that the percentage of germination of seeds treated with cadmium increases according to time and 

decreases according to the control. The statistical study reveals that cadmium-treated seeds decrease has reached 50%. 



Hormetic Responses of Durum Wheat (Triticum durum desf.) against Cadmium Stress 

   

Ukrainian Journal of Ecology, 12(6), 2022 

 

 

 
 

Fig 1. Effect of Cadmium on Germination Percentage (%) 

 

Membrane integrity 
The Fig. 2 represents the membrane integrity expressed by the percentage of released electrolytes at the durum wheat root treated 

by low and high cadmium concentrations. 

 
Fig 2. Study of the Hormesis Phenomenon on the Membrane Integrity (same letter is the same statistical response). 

The Fig. 2 shows an upward in the release of electrolytes in roots exposed to concentrations: 10, 20, 50, 100 and 500 μm. The 

highest concentration (1000 μm) causes a downward in the percentage of electrolytes. This increase is 17% according to the 

control. 

 

Catalase activity 

Fig. 3 refers to the evolution of the catalase activity in the durum roots treated with various concentrations of cadmium. 

 
Fig 3. Study of the of hormesis phenomenon on the catalase activity. 

Effects of different Cd concentrations on the durum roots indicate a stimulation at poor concentration and inhibition at high 

concentration. 

The Fig. 3 shows stimulation at the concentration 20 μm (A) compared to 0, 5, 10, 500 and 1000 μm.  
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Betaine glycine 

Fig. 4 shows the average Betaine Glycine content in the durum wheat leaves treated by the different cadmium concentrations. 

 
Fig. 4. Hormesis Phenomenon on Glycine Betaine Study.  

 

We notice that treatment by low concentrations induced a stimulation of the average grade of Glycine Betaine. The stimulation 

threshold is recorded at the 20 μm concentration (A) and tends to fall at the strongest concentrations. This decrease is 130% (D) 

according to the threshold (A). 

 

Discussion and Conclusion 
The homesis phenomenon is used in toxicology as a study model aiming to carry out chemical risk assessments. It has been 

established that with plants the challenge with different levels of stress is an adaptive process, reminiscent with the hormesis 

phenomenon this stress can be considered as "eustress" (beneficial stress) if the effect is similar to the hormetic effect at low doses 

of a toxin, or "distress" (harmful stress) if its level causes an irreversible or negative damage on the plant (Hideg et al., 2013) 

Glycine betaine (GB) is among the numerous compounds found in plants and known for their response to abiotic stress (Venkatesan 

and Chellappan 1998, Mansour 2000, Mohanty et al., 2002, Yang et al., 2003). GB is mainly present in the chloroplast where it 

perfoms an essential role in the adjustment and protection of the thylakoid membrane and in keeping the photosynthetic efficiency 

(Robinson and Jones, 1986, Genard et al., 1991). Many studies show that GB accumulates as a response to stress in plants 

including sugar beet (Beta vulgaris), spinach (Spina-cia oleracea), barley (Hordeum vulgare) and wheat (Triticum aesivum) 

(Weimberg et al., 1984, Fallon and Phillips, 1989, McCue and Hanson, 1990, Rhodes and Hanson, 1993, Yang et al., 2003). 

The percentage of cell integrity is a measure of electrolyte release following partial destruction of the plasma membrane. Various 

studies have shown that heavy metal treatment increases the level of electrolytes in the tissues of plants. However, our results 

show an increase in electrolytes in roots treated at low concentrations. While the roots treated with high concentrations show a 

decrease in membrane integrity percentage. Similar results have been reported in a study on the guava seedlings stressed by lead 

(Wang et al., 2010) and the work of Lian et al., 2011 on the stimulating effect induced by a low concentration of cadmium on 

Lonicera japonica Thunb. Our results coincided with the phenomenon of the hormesis in toxicology (Calabrese and Baldwin, 2005; 

Rouabhi et al., 2006; 2008), which implies an effect of stimulation through weak doses and a reduction at strong doses. Oxidative 

stress is responsible for membrane destruction due to a disruption in the balance between ROS production and the effectiveness of 

antioxidant defense (Wiegand and Pflugmacher, 2005). 

As for catalase activity, our results stress the major role of the enzyme in the cadmium hormetic effect on the antioxidant system of 

durum wheat; they match the results of Yan et al., 2009, which highlighted the hormetic effect of cadmium on antioxidant enzymes 

activity in the earhworm Eisenia fertida. The analysis of the results recorded in our experimental sample show that cadmium at low 

concentration leads to a moderate production of ROS, that can be seen in a release of electrolytes. These ROS cause the stimulation 

of a cellular defense system among which glycine betaine and catalase activity. This stimulation has alowed the development of an 

adapting mechanism in the treated wheat, with high cadmium concentrations. 
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