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The search for a better adaptation to environmental variation has become prominent to yield stabilization. Indeed, the key points in 

the environmental variation are due to the sensitivity of plants to different biotic and abiotic stresses that characterize the 

environmental production. Moringa oleifera is a medicinal plant recognized for its wide use in the fields of agronomy, phytotherapy 

and nutrition. To achieve that, the objective of this study is to investigate the effect of abiotic stress on the physiological responses 

of M. oleifera plants subjected to different types of stresses, namely drought stress for 20 days and a different concentrations of 

NaCl (5 and 10 g/L). Different constraints were applied to test the influence of environmental factors on plant growth, relative water 

content (RWC), Total non-enzymatic antioxidant capacity (TAC), photosynthetic pigment content, endogenous free proline and 

phenolic compounds. Plants subjected to different stress conditions were compared with control. However, there is a considerable 

variation among the plants studied in response to different types of abiotic stresses. In this study, we found that abiotic stress 

induces a series of morphological disturbances in M. oleifera plants, resulting in reduced growth and RWC. Also there was presence 

of significant reduction in carotenoid levels. However, the adaptive responses of M. oleifera to various stresses have been observed 

by a strong accumulation of endogenous proline and an increase in total polyphenol content and radical scavenging activity (RAS). 

These results could be useful for evaluation of the degree of adaptation of plant growth under environmental constraints. 

Keywords: Moringa oleifera, Abiotic stress, Antioxidant activities, Radical scavenging activity. 

 

Introduction 
Environmental constraints are the main limiting factors of agriculture and crop yield various abiotic stresses are distinguished such 

as water availability (drought and floods), extreme temperatures (cold, frost, heat), salinity, nutritional deficiencies etc., (Verma et 

al., 2013). Salinity and drought are the two main factors limiting the growth and development of plants. They exert osmotic stress 

on plants, disrupting cell structure and physiological function (Larcher, 2003). If one of the stresses becomes too severe and 

exceeds the limits of the plant's resistance, the stress will use the additional energy to activate new physiological and/or biochemical 

mechanisms that allow it to adapt to these adverse conditions (Wang et al., 2003). In response to abiotic stresses, plants develop a 

number of strategies that vary by species and environmental conditions. The plant response to stress is complex, as it depends on 

the severity of the stress, the duration, the stage of development and the state in which the stressed plant is claimed (Yordanov et 

al., 2000; Wang and Frei, 2011). Therefore, it is extremely important to know the basic indicators that can characterize the 

resistance of plants to abiotic stresses. The overall resistance of a plant to stress appears to be the result of numerous phenological, 

anatomical, morphological, physiological, biochemical and molecular modifications that interact to allow the maintaining growth, 

development and production (Singhal et al., 2016). A strategy is defined, at the plant level, as an interconnected set of adaptations, 

subject to natural selection, promoting growth and reproduction in a particular environment (Craine, 2009). Coping with plant 

stresses and climate change, plants develop several adaptive strategies that vary depending on the species and environmental 

conditions. Each specie will respond to stress with different resistance strategies for survival (Chaves et al., 2003). Generally, these 

strategies have been grouped into three categories: escape, avoidance, and tolerance (Levitt, 1980; Kooyers, 2015). Tolerance is 

one of the strategies that allows the plant to perform its physiological functions despite the deterioration in its water state 

(Passioura, 1996). Under stressful conditions, plants develop defense mechanisms. Among these mechanisms, osmotic regulation 

plays an important role in plant stress tolerance or resistance. The plant will have to synthesize organic solutes to regulate its water 

potential (Morgan, 1984; Farooq et al., 2009). Another stress coping strategy is to activate the antioxidant system. Indeed, 

oxidative stress is the cause of great number of abiotic stresses, thus plant cells implement several detoxification systems such as 

substances secondary metabolite, that play an important role in the detoxification process of reactive oxygen species (ROS) (Apel 

and Hirt, 2004; Wang and Frei, 2011). Due to its special environmental, medicinal and dietary properties, Moringa oleifera is a 
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versatile plant whose leaves, flowers, fruits, bark and roots can be consumed directly (Islam et al., 2021). This plant has been 

widely naturalized in tropical and subtropical regions of the world. Its cultivation has been reported from various parts of Africa, 

Arabia, Southeast Asia and South America. M. oleifera has gained importance due to its multipurpose uses and good adaptability to 

both humid and dry climates. These features facilitated its naturalization process in such diverse regions (Gedefaw, 2015; Gandji et 

al., 2018). Accordingly, the purpose of this study is to investigate the adaptive responses of M. oleifera subjected to water and salt 

stresses by measuring antioxidant capacity, radical scavenging activity and endogenous free proline under normal and stressful 

conditions. 

 

Materials and Methods  

Plant material  
Moringa oleifera seeds were purchased from a local market and were originally imported from India. This plant was selected due to 

its usefulness and bioactive contents (phenolic compounds).  

 

Cultivation 
Seeds germinated 3 days after transplanting them into a pot containing 1/3 sand and 2/3 potting soil for easy drainage and regular 

watering. Growth will take place for 3 months in a culture chamber, exposed to a cycle of 16 h light and 8 h darkness at a 

temperature of 30°C. 

 

Application of the different treatments  

Water and salt stresses are applied in the 3rd month of growth.  

Drought stress: Was induced by stopping irrigation for about 20 days. 

Salinity: Caused by sodium chloride (NaCl) in increasing concentrations of 5 and 10 g/L. 

 

Depending on the treatment, the plants are watered with 250 mL of water/solution. 

Control (C): Irrigation water 

Stressed 1(S1): Not watered for 20 days 

Stressed 2(S2): Irrigated with 5% NaCl 

Stressed 3(S3): Irrigated with 10% NaCl  

 

Growth parameters  
 Measurements of the length of the aerial parts of the control and stressed plants (expressed in cm), are made using a 

graduated ruler at the 3rd month of growth. 

 The aerial parts of each plant were weighed separately in the fresh state (Fresh mass, FM), then in the dry state (dry mass, 

DM), after going in oven for 48 h at 80°C. 

 

Determination of relative water content (RWC) 
Leaves’ turgor was evaluated by the determination of RWC according to Barrs (1968). The leafs discs mass was evaluated straight 

away after sampling the fresh mass and incubating the sample in distilled water for 24 h (mass at full turgor). Afterwards, they 

were put in the oven and dried for 24 h at 80°C until their dry mass was obtained. Finally, we calculated the relative water content 

using the following formula: 

RWC=(fresh mass-dry mass) × 100/(fresh mass of full turgor-dry mass) 

 

Determination of photosynthetic pigments content 
The chlorophyll a, b and total carotenoids contents were measured according to Lichtenthaler (1987). A sample of 15 mg of Moringa 

leafs was ground in 1.5 mL of 80% acetone. 

The calculation of the chlorophyll a, chlorophyll b and carotenoid content were based on the following formulae: 

Chl a (μg mL-1)=12.25 × OD663-2.79 × OD647 

Chl b (μg mL-1)=21.5 × OD647-5.10 × OD663 

Chl a+Chl b (μg mL-1)=7.15 × OD663+18.71 × OD647 

Total carotenoids (μg mL-1)=(1000 * D.O470-1.82) × (Chl a-85.02)/198 

 

Free proline content  
The amount of proline in the leaves was carried out according to the approach adopted by Troll and Lindsley (1955) and modified 

by Magné and Larher (1992). A Sample of 50 mg dry mass of leaves was homogenized with 1 mL of distilled water at 90°C for the 

duration of 30 min in a water bath. After centrifugation at 12000 rpm for 10 min, we added 500 μL aliquot of the supernatant with 1 

mL of the reagent mixture (1 g ninhydrin, 40 mL distilled water and 60 mL glacial acetic acid). Afterwards, the mixture was heated 

at 95°C for 30 min in sealed tubes. After cooling down the samples, 3 mL of toluene was added. The content of proline was 

determined by a spectrophotometer at 520 nm and expressed as mg.g-1 DM. 
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Determination of phenolic compounds 

An amount of 1 g of ground sample was added with 50 mL of 80% methanol. The mixture was left for agitation during 24 h in 

darkness. After centrifugation at 6000 rpm for 15 min, the supernatant was used to estimate the phenolic compounds content, 

radical scavenging activity (RSA) and total non-enzymatic antioxidant capacity (TAC). 

 

Total phenol content (TPC) 

The assessment of TPC was carried out by using the protocol of Singleton et al., (1999). A volume of 200 µL of supernatant was put 

in 1.5 mL of the Folin-Ciocalteu reagent (diluted 10 times), and added by 1.5 mL of sodium carbonate solution. After vortexing the 

mixture for homogenization, it was left for incubation in the dark for 90 min. The absorbance of samples was measured by 

spectrophotometry at 725 nm. The phenolics quantification was based on the standard curve of a gallic acid and expressed as mg 

gallic acid equivalent (GAE) per g of DM. 

 

Total flavonoid content 
The flavonoids content was evaluated based on the Aluminium chloride method described by Lamaison and Carnat, (1990). 1 mL of 

methanolic extract was mixed with 2% of aluminium chloride solution (AlCl3) dissolved in methanol. The mixture was incubated at 

room temperature for 15 min. The absorbance was determined by spectrophotometry at 430 nm. The flavonoid quantification was 

based on the standard curve of quercetin and expressed in mg quercetin equivalent (QE) per g of DM. 

 

Total non-enzymatic antioxidant capacity (TAC) 
Total non-enzymatic antioxidant capacity in Moringa leaves was estimated by the method of Prieto et al., (1999). 200 μL of each 

extract was mixed with 1 mL of ammonium molybdate reagent (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM 

ammonium molybdate). The tubes were incubated in a water bath at 95°C for 90 min. After cooling the mixture to room 

temperature; the absorbance of the solution was measured at 695 nm. TAC is expressed in mg ascorbic acid equivalent (AAE) per g 

of DM. 

 

Measurement of radical-scavenging activity (RAS) by the DPPH test  
The efficiency of the extracts to scavenge the DPPH free radical was evaluated according to the method described by Afify et al., 

(2012). The DPPH radical is dissolved in methanol at a concentration of 5 mg/150 mL. To each extract (100 μL) is added 2900 μL of 

DPPH solution. The mixture is incubated in darkness at room temperature for 30 min. The absorbance was measured at 515 nm. 

The RSA of DPPH was determined with the following formula: 

RSA%=100 × (absorbance of control-absorbance of sample/absorbance of control) 

 

Statistical analysis 
Experiments have been carried out at least five times. Means (M) and standard errors (SE) were given as (M ± ES). The statistical 

analyses, based on Student's test, were performed using MS-EXCEL-2007 (Microsoft Corp) software. The results showing a value of 

p ≤ 0.05 were considered as statistically significant.  

 

Results 

Shoot height and biomass of leaves 
The effects of water and salt stress on growth were evaluated after 3 months of growth, by measuring the shoot length of the aerial 

part as well as the weight of the fresh and dry mass of the leaves. Based on the results depicted in Table 1, water and salt stress 

have significantly (p ≤ 0.05) reduced the aerial plant growth compared to the control. Thus, reduction for stressed (S1) was 30% 

whereas the expressed reductions for both stressed S2 and S3 reached respectively 16.58% and 31.79%. 

Along with this growth decline, drought stress also induced a sharp reduction in the weight of the fresh and dry mass of the leaves 

40% and 48.43% respectively (Table 1). The decreases in the fresh and dry weight of M. oleifera ‘s leaves are more important in 

plants watered by 5% of NaCl 30.68% for fresh mass and 30.78% for dry mass. While this reduction is estimated at 17.32% (fresh 

mass) and 10.78% (dry mass) respectively in plants watered at 10% of NaCl. 

 

Table 1. Effect of abiotic stress on height and shoot biomass of Moringa oleifera leaves. C: Control; S1: Drought stress; S2:5% of 

NaCl; S3:10% of NaCl. 

Treatments Shoot Height (cm) 
FM of Leaves 

(mg) 
DM of Leaves (mg) 

C 54.25 ± 0.37a 25 ± 0.77a 6.4 ± 0.08a 

S1 37.75 ± 0.18b 15 ± 1.85b 3.3 ± 0.81b 

S2 46.25 ± 0.17b 17.33 ± 1.41b 4.43 ± 0.45b 
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S3 37.00 ± 0.25b 20.67 ± 1.03b 5.71 ± 0.46a 

The results were statistically assessed using Student's t-test at p ≤ 0.05. The different 
letters in each column indicate the homogeneous groups of the post-hoc test. 

 

Effect of drought and salinity stresses on relative water content (RWC) of Moringa oleifera’s 

leaves 

The relative water content is considered as an excellent indicator of the water status of the plant. Under the conditions of our 

experiment, the analysis of the results obtained in Fig. 1 demonstrated that, in case of a water stress situation, the RWC declines by 

17.49% compared to the control. The presence of 5% NaCl in the medium caused a reduction of 8.95% in RWC. This reduction is 

greater in the plant watered by NaCl at 10% (25.96%) compared to the control. 

 
Fig. 1. Effect of abiotic stress on relative water content of Moringa oleifera’s leaves. Error bars represent the standard errors of the 

means. Different letters show significant differences (p ≤ 0.05). C: Control; S1: Drought stress; S2: 5% of NaCl; S3: 10% of NaCl. 

 

Chlorophyll content 

From Table 2, the chlorophyll a and b contents of M. oleifera’s leaves is not significantly affected by water stress (p ≤ 0.05). Similarly, 

the saline concentrations tested had no negative effect on chlorophyll a and b contents. Nevertheless, under drought and saliny 

conditions, the total carotenoids contents were significantly (p ≤ 0.05) decreased. Thus, we noted a reduction rate of 70% for 

stressed (S1); 57.50% and 40% for stressed (S2; S3) respectively compared to the control. 

 

Table 2. Effect of abiotic stress on chlorophylls and carotenoids contents of Moringa oleifera ‘s leaves. C: Control; S1: Drought 

stress; S2: 5% of NaCl; S3:10% of NaCl. 

Treatments Chlorophyll a (mg.g-1 FM) Chlorophyll b (mg.g-1 FM) Total carotenoids (mg.g1 FM) 

C 1.53 ± 0.18a 2.23 ± 0.10a 0.40 ± 0.03a 

S1 1.26 ± 0.22a 2.20 ± 0.07a 0.12 ± 0.01b 

S2 1.49 ± 0.13a 2.17 ± 0.14a 0.17 ± 0.04b 

S3 1.62 ± 0.34a 1.95 ± 0.11a 0.24 ± 0.03b 

The results were statistically assessed using Student's t-test at p ≤ 0.05. The different letters in each column indicate 
the homogeneous groups of the post-hoc test. 

 

Effect of drought and salinity stress on endogenous free proline content of Moringa oleifera’s 

leaves 
The accumulation of foliar free proline increased significantly (p ≤ 0.05) under the effect of water stress in stressed (S1) (0.091 

mg.g-1 DM) as the triple of the control (0.034 mg.g-1 DM). This corresponds to an increase rate of 167.64% (Fig. 2). Free proline 

content increased significantly (p ≤ 0.05) with salt concentration increase (Fig. 2). Plants watered at 5% and 10% of NaCl had 

increased rates respectively of 174.47% and 194.11% compared to the control. 
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Fig. 2. Effect of abiotic stress on free proline content of Moringa oleifera leaves. Error bars represent the standard errors of the 

means. Different letters show significant differences (p ≤ 0.05). C: Control; S1: Drought stress; S2: 5% of NaCl; S3: 10% of NaCl. 

 

Effect of drought and salinity stress on phenolic compounds and TAC of Moringa oleifera’s 

leaves (GAE) per g of DM 

Phenolic compounds 

The water stress as a whole induced a significant increase (p ≤ 0.05) in the content of phenolic compounds in the leaves of stressed 

(S1), thus leading to an increase in polyphenols (35.05%) and (10. 84%) in flavonoids compared to the control (Table 3). Also, an 

increase of 66.04% for phenols and 86.47% for flavonoids was recorded in plants watered with saline solution at 5%. Nevertheless, 

this increase is less in stressed (S3) estimated at 40.33% for polyphenols and 34.93% for flavonoids. 

 

Total non-enzymatic antioxidant capacity (TAC) 

Water stress caused a significant (p ≤ 0.05) increase in TAC in M. oleifera’s leaves, resulting in an increase rate of 108.73% 

compared to control, (Table 3). The effect of salinity on antioxidant capacity depends on the applied concentration. Indeed, we 

noticed that the TAC is inferior in S2 than S3. More precisely, an increase rate of 133.98% was recorded in the stressed (S2), while, 

it is estimated at 233% in stressed (S3) compared to the control (Table 3). 

 

Table 3. Effect of abiotic stress on phenolic compounds and TAC of Moringa oleifera leaves. C:Control; S1:Drought stress; S2: 5% 

of NaCl; S3: 10% of NaCl. 

Treatments PT mg (GAE).g-1 of DM FT mg (QE).g-1 of DM TAC mg (AAE).g-1 of DM 

C 67.01 ± 0.43b 0.80 ± 0.01b 1.03 ± 0.01c 

S1 90.49 ± 1.16a 0.92 ± 0.02a 2.15 ± 0.30b 

S2 111.27 ± 2.77a 1.55 ± 0.10a 2.41 ± 0.09b 

S3 94.04 ± 2.43a 1.12 ± 0.03a 3.43 ± 0.24a 

The results were statistically assessed using Student's t-test at p ≤ 0.05. The different letters in each 
column indicate the homogeneous groups of the post-hoc test. 

 

 

Effect of drought and salinity stress on DPPH radical scavenging activity of Moringa oleifera’s 

leaves 
The obtained results showed that water stress led to a significant increase (p ≤ 0.05) in the RAS of stressed (S1). It increased from 

60.42% in the control to 92.95% in the stressed (S1); with a rate of 53.83% compared to the control (Fig. 3). Leaf extracts of 

plants treated with NaCl at 5% showed a better RAS (+35.86%) than that of leaves S3 (+5.95%) compared to control (Fig. 3). 
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Fig. 3. Effect of abiotic stress on DPPH radical scavenging activity of Moringa oleifera’ leaves. Error bars represent the standard 

errors of the means. Different letters show significant differences (p ≤ 0.05). C: Control; S1: Drought stress; S2: 5% of NaCl; S3: 

10% of NaCl. 

 

Discussion  

Growth 

The results showed that the different stresses applied influence significantly shoot height and biomass of M. oleifera plants. We 

believe that this decrease is related to the decrease in water potential and turgor of the cell. This results in a decrease in cell 

enlargement with the consequence of growth inhibition. Our hypothesis is in line with the conclusions of many researchers, 

including Boumenjel et al., (2021) who evaluated the level of adaptation and tolerance of Moringa to water stress simulated by 

polyethylene glycol (PEG-6000) (-0.5, -1 and -1.5 MPa). They also have demonstrated that the higher the concentration of PEG-

6000, the greater the reduction in growth. Similarly, Hussein and Abou-Baker (2013) assessed the growth response of M. oleifera 

under saline conditions. These researchers speculated that the detrimental effect of salinity on growth could be the result of a 

reduction in the water availablity in the root zone causing a water deficit, phototoxicity of Na+ and Cl– ions, and an imbalance 

depressing nutrient absorption and transport due to excess of Na+. According to Anjum et al., (2011), the decrease in the biomass 

of Moringa’s leaves under abiotic stress may be due to the reduction of cellular turgor in response to low water availability in the soil 

(drought or salinity). 

 

The relative water content (RWC) 

The relative water content is a key indicator of the degree of cells and tissues’s turgor which is crucial for proper physiological 

functioning and optimal growth. Our results showed that the cessation of watering and the presence of 5 and 10% NaCl in the 

medium led to a significant decrease in the RWC of the M. oleifera ‘s leaves. This decrease in RWC in plants that have undergone 

water and saline stresses (5 and 10% NaCl), could be associated with a strong accumulation of endogenic proline which results in a 

decrease in osmotic potential and an increase in osmotic adjustment capacity. Again, our hypothesis, is in line with findings of Bajji 

et al. (2001) and Slama et al., (2005), who demonstrated that the fall in osmotic potential under deficit conditions is due to the 

increase in the concentration of compatible solutes. Gill et al., (2001); Rama and Nataraja (2009) and Kalina et al., (2016), 

confirmed that lowering the RWC is induced by various abiotic stresses such as drought, salinity, cold and heat stress. 

 

Photosynthetic pigments  

The results concerning the variations in the contents of photosynthetic pigments demonstrated that the chlorophylls a and b are not 

affected by the stresses applied, thus reflecting a better tolerance of Moringa plants to stress. Similarly, research by Gummuluru and 

Hobbs (1989) and Sahitya et al., (2018) reported that chlorophyll is a good indicator of the water stress tolerance threshold. The 

higher this parameter, the more stress tolerant the varieties are. These results lead us to conclude that M. oleifera plants tolerate 

drought and salinity better. In addition, Cornic et al., (2000) estimated that the survival of plants from water deficit is largely due to 

the maintenance of the photosynthetic capacity of the leaves. Nevertheless, carotenoids are negatively affected under conditions of 

water and salt stresses. Similar results were also reported under the same stress conditions in M. oleifera by Boumenjel et al., 

(2021) and Abou El-Leel et al., (2018). The lycopene; β-carotene and xanthophylls contents have been shown to be highly inhibited 

by water and heat stress (Munne-Bosch and Alegre, 2000; Dumas et al., 2003). 

 

Free proline content 
Proline is not only one of the essential amino acids, but also considered as a non-enzymatic antioxidant involved in the response to 

different environmental stresses and proposed as a regulatory molecule or signal that can activate multiple physiological and 

molecular responses (Radjeb et al., 2014). The effect of salt and drought stress resulting in significant accumulations of free proline 

in comparison to the control. Indeed, the imposed water stress considerably increases the proline content was observed. In 
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addition, the proline content increases with the increase of NaCl concentrations. The causes of proline accumulation is related to M. 

oleifera's ability to adjust its cellular content under deficit conditions. Moreover, it has been proven that the accumulation of proline 

in stressed plants constitutes metabolic responses of adaptation to environmental stresses (Ashraf and Foolad, 2007). Our results 

are in agreement with those reported by Abou El-Leel et al., (2018) and Blanchard-Gros et al., (2021). The authors noted an 

increase in proline of M. oleifera plants; Solanum chilense and Solanum lycopersicum subjected to different types of abiotic stresses 

(salinity, drought and heat stress). The main role of proline would be to preserve the turgor of the cell by osmotic adjustment, 

which avoids an efflux of water from the cell. Proline allows plants to increase osmolarity and protect cellular structures under 

abiotic stress. Several studies have confirmed that the content of proline in stress-resistant plants is higher than in sensitive plants 

(Nayyar and Walia, 2003; Gonzalez et al., 2006). This supports the idea that the accumulation of this amino acid may be strongly 

involved in an adaptation mechanism of plants to environmental stresses. This is supported by Chen et al., (1995) who noted a low 

presence of this amino acid in sensitive plants. The ability to accumulate proline is correlated with plants' tolerance to abiotic stress. 

It appears to be the best indicator of stress resistance for certain mechanisms (Hare and Cress, 1997). 

 

Phenolic compounds  
Several studies have shown that the accumulation of secondary metabolites, including polyphenols and flavonoids have been 

associated with water stress, salt; thermal and UV radiation (Achakzai et al., 2009; Hasan et al., 2018). Under water and salt stress 

conditions, we suggest the presence of a relationship between the different stresses applied and the content of phenolic 

compounds. This assumes that polyphenols are considered as a form of defense against environmental stresses. Comparable results 

have also been found in M. oleifera subjected to different types of stress such as water stress (Sakr et al., 2016) and salt stress 

(Nouman et al., 2012), explaining that one of the causes of accumulation of phenolic compounds would be related to the set up of 

oxidative stress which is at the origin of several abiotic stresses. Hence, the implementation by plants of several detoxification 

systems including secondary metabolites. It is widely recognized that abiotic constraints are capable of stimulating the biosynthesis 

of polyphenols (Apel and Hirt, 2004; Hasan et al., 2018). In addition, it is already well known that polyphenols are considered as a 

major group of compounds that contribute to the antioxidant activities of plants in front of biotic and abiotic stresses; as scavengers 

of free radicals due to their hydroxyl groups (Dixon and Paiva, 1995). It has been demonstrated by several studies that the key 

enzyme phenylalanine involved in the phenylpropanoid biosynthesis pathway is strongly stimulated by various abiotic stresses 

(Kangasjärvi et al., 1994; Guo et al., 2008; Oh et al., 2009; Frei et al., 2010). 

 

 

TAC 

According to Prieto et al., (1999), TAC corresponds to non-enzymatic antioxidants that can behave as free radical scavengers by 

direct interventions on prooxidant molecules. Our findings showed that abiotic stress caused a considerable increase in TAC with an 

apparent effect towards stress. Several studies have shown that there is a positive correlation between antioxidant activity and the 

content of total phenolic compounds in stressed plants (Nouman et al., 2012). By taking into account, the results of this study and 

those reported by Nouman et al. (2012), we were able to highlight the existence of a close relationship between the phenolic 

compounds content (Table 3) of M. oleifera ‘s leaves extracts and their antioxidant capacities.  

 

DPPH radical-scavenging activity 

Results of the antioxidant activity of stressed plants towards the DPPH. radical showed higher RAS in stressed (S1) and (S2) 

compared to that of control. According to Wong et al., (2006) and Chang et al., (2012), radical scavenging helps to sweep away the 

potential damage caused by free radicals. The increase in RAS in stressed plants S1 and S2 could be explained by a high 

accumulation of antioxidants such as flavonoids following stimulation of the genes’ expression involved in their biosynthesis pathway 

in response to stress (Guo et al., 2008; Oh et al., 2009). 

 

Conclusion  
Environmental constraints represent major risks to agricultural production. Understanding the mechanisms of tolerance and/or 

resistance of cultivated plants to different abiotic stresses is a lever for the sustainability of plant production. The results of the 

present study showed that Moringa oleifera expressed an adaptive ability to stressful conditions throughout the development of 

certain physiological and biochemical mechanisms; stimulating their non-enzymatic antioxidant system and an increased 

accumulation of endogenous free proline. Our results also revealed that M. oleifera plants adopted different adaptive strategies 

related to the type of the applied stress. Moreover, there appears a certain disparity in the amplification of the total antioxidant 

capacity and the radical scavenging activity. The adaptive responses of this medicinal plant to different types of abiotic stress allow 

us to spread its cultivation on soils affected by salinity or water deficit. 
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