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Abstract: The current study aimed to explore the antioxidant system of five legumes inhabiting regions with different 
conditions. In these legumes, H2O2 generation and lipid peroxidation enhanced in roots of plants inhabiting the 
Mediterranean region (MR) and Sinai (S) where high soluble salts and low water content in the soil were estimated. High 
levels of phenols and ascorbic acid were detected in shoots of these plants compared with those inhabiting the Nile 
region (NR) or Oases (O), which characterized by low soluble salts and high water content. There were great variations 
between species in their responses to adverse conditions, and enhanced activities of antioxidant enzymes were 
recorded in plants inhabiting the more stressful habitats. Roots and shoots of legumes responded differentially to 
oxidative stresses regarding the induction of enhanced or suppressed activities of a definite antioxidative enzym. While 
CAT activity increased in shoots, GP activity greatly stimulated in roots of legumes at different habitats. The activity of 
APX decreased in roots but increased in shoots by the harsh conditions of habitate showing minimum and maximum 
activities in roots and shoots, respectively, in plants inhabiting S. The activity of CAT and APX increased in shoots by 
increasing the concentration of H2O2, while the over expression of GP gene in roots enhanced scavenging H2O2 to a 
level between 6% to 37% of its concentration in shoots. Genes expression of the antioxidant enzymes (CAT, GP and 
APX) more regulated, especially in shoots, by the environmental constraints than the differences between species.  

Keywords: Antioxidation, melilotus indicus, medicago polymorpha, trifolium resupinatum, trigonella hamosa,  
Vicia sativa. 

1. INTRODUCTION 

Exposure of plants to unfavorable environmental 
conditions such as temperature extremes, heavy 
metals, drought, water availability, air pollutants, 
nutrient deficiency, or salt stress can increase the 
production of ROS e.g., 1O2, O2

-, OH- and H2O2. To 
protect themselves against these toxic oxygen 
intermediates, plant cells and its organelles like 
chloroplast, mitochondria and peroxisomes employ 
antioxidant defense systems. A great deal of research 
has established that the induction of the cellular 
antioxidant machinery is important for protection 
against various stresses [1, 2, 3]. Response and 
adaptation to environmental stresses are probably 
complex phenomena involving many physiological and 
biochemical processes that likely reflect changes in 
gene expression and in the activity of enzymes and 
transport proteins [4, 5].  

Abiotic stress induces the accumulation of ROS in 
the cells, which can cause harsh oxidative damage to 
the plants, thus inhibiting growth and grain yield. The 
equilibrium between the production and scavenging of 
ROS is commonly known as redox homeostasis. 
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However, when ROS production prevails the cellular 
scavenging capacity, thus unbalancing the cellular 
redox equilibrium, the result is a rapid and transient 
excess of ROS, known as oxidative stress [6, 7]. To 
avoid potential damage caused by ROS to cellular 
components, as well as to maintain growth, 
metabolism, development, and overall productivity, the 
balance between production and elimination of ROS at 
the intracellular level must be tightly regulated and/or 
efficiently metabolized. This equilibrium between the 
production and detoxification of ROS is sustained by 
enzymatic and nonenzymatic antioxidants [8, 9, 10]. 
The enzymatic components comprise several 
antioxidant enzymes, such as superoxide dismutase, 
catalase, glutathione peroxidase, guaiacol peroxidase, 
peroxiredoxins, and enzymes of the ascorbate-
glutathione cycle, such as ascorbate peroxidase, 
monodehydroascorbate reductase, dehydroascorbate 
reductase and glutathione reductase [8, 11]. H2O2, 
which is not a free radical, toxicity is reduced by 
removing it enzymatically (i.e. by catalase or ascorbate 
peroxidase) or by complexing Fe (III) and Fe(II) with 
compounds such as tannic acid and proanthocyanidins 
and thus prevent OH- generation [12, 13]. 

Nonenzymatic components include the major 
cellular redox buffers ascorbate and glutathione as well 
as tocopherol, carotenoids and phenolic compounds 
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[9, 14, 15]. The degree to which the activities of 
antioxidant enzymes and the amount of antioxidants 
increase under different stress conditions is extremely 
variable among several plant species. The level of 
response depends on the species, kind of stress, and 
the metabolic state of the plant. Many stress situations 
cause an increase in the total antioxidant activity [16]. 

The purpose of the current study was to verify the 
differential antioxidative responses to the harsh 
conditions in five wild legumes inhabiting four different 
Egyptian phytogeographical regions. Also, the study 
aimed to achieve the differences between shoots and 
roots of these legumes in responses to environmental 
stresses and their antioxidation systems. 

2. MATERIAL AND METHODS 

2.1. Sampling 

Locations inhabited by five legumes Melilotus 
indicus L., Medicago polymorpha L., Trifolium 
resupinatum L., Trigonella hamosa L. and Vicia sativa 
L. were chosen for sampling. These species represent 
the most common legumes, and so they selected to be 
reoccurring in the studied sites. The locations were 
representing four distinctive Egyptian 
phytogeographical regions: Nile region (NR; at Assiut 
city), Oases (O; at Al-Kharga), Mediterranean region 
(MR; at Burg Al-Arab) and South Sinai (S; at Saint 
Katherine). On the bases of average temperature 
across the sampling season, soil water content and 
total soluble salts, S and MR considered more stressful 
than O and NR. The average maximum temperature of 
the sampling season was 23 ± 2, 23 ± 2, 19 ± 1, 15 ± 3 
ºC; while average minimum temperature was 8 ± 2, 10 
± 2, 10 ± 1, and 4 ± 2 ºC at NR, O, MR and S, 
respectively. The percentage of water content of soil 
was 30.8, 20.8, 13.7 and 8.5, while the percentage of 
total soluble salts in the dry soil was 0.12, 0.14, 0.11 
and 0.18 at NR, O, MR and S, respectively [17]. 

At each site, three individuals (as replicates) of 
every plant species were taken out, washed thoroughly 
by distilled water to get rid of soil particles and dropped 
dry quickly by absorbent tissue. Sufficient tissues from 
the shoots and roots were taken, each sample was 
wrapped up in aluminium foil, and the three replicates 
for each species were rolled in another strip of 
aluminium foil and immersed immediately in liquid 
nitrogen until transferring it to Lab. for analyses.  

 

2.2. Concentration of Hydrogen Peroxide 

The hydrogen peroxide content in the shoot and 
root tissues were colorimetrically measured as 
described by Mukherjee and Choudhuri [18]. The 
samples were removed from liquid nitrogen and a 
defined weight (0.1 g) of shoot or root was extracted 
with 5 ml cold acetone. From this extraction, 3 ml was 
mixed with 1 ml of 0.1% titanium dioxide in 20% (v/v) 
H2SO4 and the mixture centrifuged at 6000 rpm for 15 
min. The intensity of yellow color of the supernatant 
was measured at 415 nm. The concentration of H2O2 
was calculated from a standard curve plotted with 
known concentration of H2O2 and expressed as  
mg/g FW. 

2.3. Lipid Peroxidation (Malondialdehyde “MDA” 
Content) 

Lipid peroxidation in roots of legumes was 
determined as 2-thiobarbituric acid (TBA) reactive 
metabolites as described by Madhava Rao and Sresty 
[19]. The root tissues (0.45 g from the liquid nitrogen-
immersed samples) were homogenized with 5 ml of 
0.1% trichloroacetic acid (TCA). The homogenate was 
centrifuged for 10 min. at 10,000 rpm. For every one ml 
aliquot, 4 ml of 20% TCA containing 0.5% TBA was 
added. The mixture was heated at 95 ºC for 30 min., 
and then cooled quickly on an ice-bath. After that, the 
mixture was centrifuged at 10,000 for 15 min. and the 
absorbance of the supernatant monitored at 532 nm. A 
calibration curve was made using 
1,1,3,3,Tetramethoxypropane, and the level of lipid 
peroxidation was expressed as nmol MDA/g FW.  

2.4. Determination of Total Phenols 

Free phenols were determined according to Kofalvi 
and Nassuth [20]. The tissues of shoots (0.5 g) were 
extracted in 5 ml of 50% methanol for 90 min. at 80 ºC. 
The extract was centrifuged at 14,000 rpm for 15 min 
and the total phenols were determined in the 
supernatant using Folin-Ciocalteu's reagent. One 
hundred microliters of the extract were diluted to 1 ml 
with water and mixed with 0.5 ml 2 N Folin-Ciocalteu's 
reagent and 2.5 ml of 20% Na2CO3. After 20 min. at 
room temperature, absorbance of samples was 
measured at 725 nm with a Unico UV-2100 
spectrophotometer. Concentration of total phenols in 
the extract was estimated from a standard curve 
prepared with gallic acid and expressed as mg gallic 
acid equivalent (µ g GAE /g FW). 
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2.5. Determination of Ascorbic Acid 

Ascorbic acid was determined according to Jagota 
and Dani [21]. Leaves (0.2 g) were ground with liquid 
nitrogen and suspended in 2 ml 5% TCA. The 
homogenate was centrifuged at 10,000 rpm for 15 min 
at 4 ºC and to 0.2 ml of this homogenate, 0.8 ml of 10% 
TCA was added. After vigorous shaking the tubes were 
kept in an ice bath for 5 min and centrifuged at 3000 
rpm for 5 min. The extract (0.5 ml) was diluted to 2.0 ml 
using bi-distilled water, thereafter 0.2 ml of diluted Folin 
reagent (Folin-Ciocalteu's reagent of 2 M concentration 
was diluted 10-fold with bi-distilled water) added to the 
extract and the tubes vigorously shaken. After 10 min, 
the absorbance of the blue color developed was 
measured using Unico UV-2100 spectrophotometer at 
760 nm. According to this method, the dilution of Folin 
reagent and acidic pH may prevent the interference of 
those substances that can react with Folin (proteins 
and phenols react with Folin in alkaline media, pH ≈10). 
The concentration of ascorbic acid was calculated from 
a standard curve (in the range of 5-50 µg AsA) and 
expressed in mg g-1 FW. 

2.6. Extraction and Determination of Antioxidant 
Enzymes 

Root or shoot tissues (0.5 g from the liquid nitrogen-
immersed samples) were ground to a fine powder in 
liquid N2 then homogenized in 5 ml of 100 mM 
potassium phosphate buffer (pH 7.8) containing 0.1 
mM ethylenediamine tetraacetic acid (EDTA) and 0.1 g 
polyvinylpyrrolidone (PVP). The homogenate was 
centrifuged at 18,000 rpm for 10 min at 4 ºC and the 
supernatants were collected and used for the assays of 
catalase, guaiacol peroxidase and ascorbate 
peroxidase. All colorimetric measurements were made 
at 20ºC using a Unico UV-2100 spectrophotometer. 
The specific activity was expressed as units/mg 
protein. Protein concentrations in the enzyme extract 
were determined by the method of Lowry et al. [22]. 

Catalase (CAT; EC 1.11.1.6) activity was 
determined by measuring the rate of H

2
O
2

conversion 
to O

2
 for one minute according to modified method of 

Aebi [23]. The assay medium (3 ml) consisted of 2.8 ml 
50 mM potassium phosphate buffer (pH 7), 100 µl 
enzyme extract and the reaction was initiated by 
addition of 100 µl 10 mM H2O2. The decrease in 
absorbance at 240 nm was recorded for one minute. 

 

Guaiacol peroxidase (GP; EC 1.11.1.7) activity was 
determined according to the method of Tatiana et al. 
[24]. The assay medium (3 ml) consisted of 2.7 ml 30 
mM potassium phosphate (pH 7), 200 µl 6.5 mM H2O2, 
and 100 µl enzyme extract. The reaction was started 
by addition 100 µl of 9 mM catechol. The increase in 
absorbance at 470 nm was recorded for one minute. 

Estimation of ascorbate peroxidase (APX; EC 
1.11.1.11) activity was determined according to the 
method described by Nakano and Asada [25]. The rate 
of hydrogen peroxide-dependent oxidation of ascorbic 
acid was determined in reaction mixture contained 2.7 
ml of 50 mM potassium phosphate buffer (pH 7), 100 µl 
5 mM H2O2, and 100 µl enzyme extract. The reaction 
was initiated by addition of 200 µl (0.5 mM) ascorbic 
acid. The oxidation rate of ascorbic acid was estimated 
from the decrease in absorbance at 290 nm for one 
minute. 

2.7. Statistical Analysis 

Data were subjected to statistical analysis using 
SPSS (version 19). One-way ANOVA was performed 
followed, when the effect was significant (P< 0.05), by 
the post hoc Duncan’s multiple-range test for 
comparison between means at P < 0.05. Factorial 
ANOVA was carried to achieve the effect of regions, 
species and their interaction on different parameters 
estimated in plants and partial eta square “η2” was 
calculated as: η2 = SSbetween / SStotal. Correlation 
analysis (Pearson correlation) was performed to obtain 
the relation between some parameters. 

3. RESULTS 

3.1. H2O2 and MDA 

The data recorded in figure 1 revealed that the 
contents of H2O2 in both of shoots and roots and MDA 
in roots of all studied legumes are significantly different 
due to different magnitudes of oxidative stress at their 
habitats. High H2O2 and MDA contents were generally 
recorded in legumes inhabiting MR and S, while low 
contents were detected in plants inhabiting NR and O. 
The extremely highest content of H2O2 was estimated 
in shoots of M. indicus at different habitats (2.12 - 4.12 
mg/g FW), while the lowest content was found in 
shoots of M. polymorpha. In general, the 
concentrations of H2O2 in shoots of all studied species 
were greatly higher than that detected in roots  
(Figure 1a). Amongst roots, those of M. polymorpha 
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inhabiting Sinai contained the highest concentration of 
H2O2 (0.33 mg/g FW). The content of MDA in roots of 
V. sativa inhabiting MR was significantly high (173.39 
nmol/g FW) as compared with the other species 
(Figure 1b). Concentrations of H2O2 were correlated 
with MDA in legumes roots; significant correlation in M. 
polymorpha (r-value= 0.91*), strong in M. indica (0.74) 
and T. resupinatum (0.75), and weak in T. hamosa 
(0.44) and V. sativa (0.49). As shown in Table 1, 
differences between species have the greatest 
magnitude of effect on differences in H2O2 contents in 
shoots (η2 > 0.56), while interaction between species 
and regions have the greatest magnitude of effect on 
contents of MDA and H2O2 in roots (η2 > 0.52). 

Table 1: The Partial Eta Square (η2) for the Magnitude of 
Effect of Species, Region or their Interaction 
on Different Parameters 

Parameter Species Region Species * Region 

H2O2 in shoot 0.556 0.178 0.246 
H2O2 in root 0.263 0.113 0.522 
MDA in root 0.341 0.105 0.546 

Phenols in shoot 0.043 0.441 0.492 
AsA in shoot 0.221 0.414 0.322 

CATactivity in shoot 0.112 0.705 0.154 
CATactivity in root 0.361 0.106 0.475 
GPactivity in shoot 0.047 0.464 0.465 
GPactivity in root 0.185 0.132 0.627 

APXactivity in shoot 0.101 0.512 0.372 
APXactivity in root 0.027 0.417 0.500 

 

 
Figure 1: Content of Hydrogen peroxide (mg H2O2 g-1 FW) in shoots and roots (a) and lipid per oxidation (nmol MDA g-1 FW) in 
roots (b) of five wild legumes inhabiting four different habitats. NR, Nile Region; O, Kharga Oases; MR, Mediterranean Region 
and S, Sinai. Data are means ± SD, n= 3. For each species, means with different letters are significantly different at P<0.05 
according to Duncan test. 
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3.2. Non-Enzymatic Antioxidants: Free Phenols and 
Ascorbic Acid  

Contents of free phenols (Figure 2) and ascorbic 
acid (Figure 3) differed significantly among the studied 
legumes as affected by abiotic variations between 
habitats. The highest content of free phenols and 
ascorbic acid were recorded in legumes inhabiting MR 
and S compared with those inhabiting NR or O. 
Amongst the studied plants, T. resupinatum contained 
the lowest level of free phenols (25.83 µg/g FW) and 
the highest level of ascorbic acid (2.61 mg/g FW). In 
contrast, M. polymorpha achieved higher content of 
free phenols (251.67µg/g FW) and low content of 
ascorbic acid (0.64 mg/g FW). As indicated by η2 
(Table 1), variation between habitats have a magnitude 
of effect on contents of phenolic compounds and As A 
higher than that for species. 

3.3. Antioxidant Enzymes 

The present study proved that the activity of 
antioxidant enzymes differ significantly amongst the 
studied legumes (Figure 4a-f). The highest activities of 
CAT, GP and APX in shoots were estimated in most 
legumes inhabiting MR and S compared with those 
inhabiting NR and O (Figure 4a, c, e). It is very 
interesting to note that the activity of CAT (in contrast 
to GP) in shoots (Figure 4a) was more effective than in 
roots (Figure 4b) of legumes; in roots the activity was 
weak and variable. T. resupinatum showed the highest 
CAT activity (1.34 unit /mg protein) compared with 
other studied species (Figure 4a). The minimum GP 
activity was found in M. indicus (0.002 unit /mg 
protein). In M. indicus, the activity of CAT in shoots of 
plants collected from NR, O and MR decreased by 
about 81%, 73% and 66%, respectively, as compared 

 
Figure 2: Content of free phenolic compounds (µg GAE g-1 FW) in the shoots of five legumes. Statistics as in Figure 1. 

 

 
Figure 3: Content of ascorbic acid (mg g-1 FW) in the shoots of five legumes. Statistics as in Figure 1. 



68      Global Journal of Botanical Science,  2017 Vol. 5, No. 2 Ramadan et al. 

with individuals inhabiting S. The GP enzyme in all 
shoots of legumes inhabiting NR achieved the 
minimum activity, but at the three other regions the 
enzymatic activities were variable from species to 
another (Figure 4c). In T. hamosa, the activity of APX 
in shoots of plants collected from NR, O and MR was 
reduced by 54%, 38% and 15%, respectively, as 
compared to those inhabiting S (Figure 4e). In shoots 
of T. resupinatum, the APX activity reduced by about 
84%, 13% and 22% in plants inhabiting NR, O and S, 
respectively, as compared with those inhabiting MR 
(Figure 4e). Variation between habitats has the main 

effect on the activity of antioxidant enzymes in shoots, 
while the interaction between species and regions has 
the highest magnitude of effect in roots of legumes 
(Table 1). 

The averages of pooled data of all species indicated 
that CAT activity increased in shoots by increasing 
stress conditions of the habitat, while it approximately 
unchanged in roots (Figure 5a). Regardless the habitat 
conditions, CAT activity in shoots was significantly 
higher than that in roots reaching to more than 5-fold in 
plants inhabiting Sinai. Guaiacole peroxidase activity in 

 
Figure 4: Catalase (CAT, a and b), guiacole peroxidise (GP, c and d) and ascorbate peroxidise (APX, e and f) activities (unit 
mg-1 protein min-1) in shoots and roots, respectively, of the five-studied wild legumes at different habitats. For each species, 
means ± SD (n= 3) with different letters are significantly different at P < 0.05 according to Duncan test. 
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plants sampled from MR and S was significantly higher 
than that sampled from NR or O. The GP activity in 
roots was ranging between 2- to 12-fold of that in 
shoots (Figure 5b). A different trend is shown for APX 
activity where it increased in shoots and decreased in 
roots by increasing stress conditions (Figure 5c). In 
plants inhabiting NR and O (the less stressful habitats), 
APX activity in roots was significantly higher than that 
in shoots and vice versa in plants inhabiting the more 
stressful habitats, MR and S. 

4. DISSCUSION 

The studied annual legumes were selected to be 
common in four phytogeographical regions of Egypt 
with significant variations in temperature, soil salts, EC, 
organic matter, water content and pH [17]. The present 
study clearly indicated that there is a critical role of the 
environmental conditions on antioxidant systems of 
wild legumes. There is remarkably differentiation in 
activities of enzymatic and non-enzymatic antioxidant 
systems in studied plants as influenced by differences 
in abiotic factors of their native habitats. Amongst ROS, 
H2O2 is one of the most abundant in aerobic biological 
systems in higher plants, being highly reactive and 
toxic. On the other hand, H2O2 is considered a 
signaling molecule in plants that mediates responses to 
various biotic and abiotic stresses [26]. However, the 
harmful or benefit effects of H2O2 on plants are 
depending on its concentration. Hydrogen peroxide can 
spread cross cell membranes and be transported to 
other compartments, where it can carry out as a 
signaling molecule or be eliminated [27]. In shoots of 
the five legumes studied in different habitats, the 

concentrations of H2O2 were very high and ranging 
between 3- and 32-fold of that in roots. The highest 
H2O2 content was estimated in shoots of legumes 
inhabiting the arid regions MR and S. In addition, H2O2 
did not lead to increasing phenols or AsA in shoots, 
instead there were very weak or –ve correlation in most 
studied legumes. McKersie et al. [28] found that levels 
of ascorbate in leaves of alfalfa, generally declined with 
mild water stress.  

Determination of MDA which is a secondary end 
product of polyunsaturated fatty acid oxidation is widely 
used to measure the extent of lipid peroxidation as 
response of oxidative stress. The rate of lipid 
peroxidation is used as an indicator to evaluate the 
tolerance of plants to oxidative stress as well as the 
sensitivity of plants to salt stress [29]. Our results 
showed that oxidation of lipids were affected by 
environmental stress such as heat, drought and 
salinity. However, there was a significant decline of 
MDA content in roots of legumes inhabiting NR and O 
compared with those inhabiting MR or S. A similar 
results were obtained from studies on rice [30], alfalfa 
[31], cotton [32] and wheat [33, 34]. Increasing MDA 
content in roots of T. hamosa and V. sativa, despite the 
concentration of H2O2 unchanged significantly, have 
lead to a suggestion that both species more sensitive 
to their habitat conditions than the other studied 
species. Although the level of H2O2 in roots of T. 
resupinatum, T. hamosa and V. sativa inhabiting S 
were high (compared with those inhabiting NR), it 
caused less damage to cell membranes as reflected by 
decreasing MDA. 

 

 
Figure 5: Catalase (CAT, a), guiacole peroxidise (GP, b) and ascorbate peroxidise (APX, c) activities in shoots and roots of 
legumes at different habitats. The data are averages across the five legumes at each habitat, n= 15. For each line, values with 
different letters are significantly different at P< 0.05 according to Duncan test. Shoot and root values that show statistically 
significant differences are marked with asterisks, ns= not significant. 
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Legumes principally produce and transport fixed 
nitrogen in the form of amides or ureides such as 
allantoin or allantoic acid [35]. The oxidation of purines 
to ureides occurs in the peroxisomes in two reactions 
where purine xanthine is firstly converted to uric acid 
which is secondly converted to allantoin by uricase. 
Convertion of uric acid to allantoin liberates H2O2 which 
requires antioxidant enzymes for destruction [36]. The 
ureides producers, that are common in tropical 
legumes, use less organic carbon to transport the 
same amount of nitrogen as do the amides [37]. In this 
study, the five species are indeterminate nodule-
forming and amides exporter; so no H2O2 is further 
liberated. In addition, the amide transporter legumes 
are more tolerant to stressful conditions. The 
comparison between amides and ureides exporter 
legumes [38] also implies that the water use efficiency 
for amides-nitrogen exporter is higher. This may be due 
to the acceleration of nitrogen fixation system at roots 
by the rapid incorporation of amides passed to sinks of 
the plant (especially proteins). In addition, the solubility 
of amides is higher than that of ureides and the latter 
serve more as nitrogen storage forms. 

Ascorbic acid is a strong antioxidant and abundantly 
exists in plants [39]. It plays many important roles in 
several cellular processes. It is involved in cell division 
and cell wall expansion, and regulates the plant growth 
and development [40]. The results in this study 
indicates that ascorbic acid level was high in most wild 
plants collected from S due to increasing stresses and 
harsh conditions and gradually the level decreased in 
wild plants collected from the less arid regions MR, O 
and NR. A wealth of information suggests that ascorbic 
acid plays a significant role in protection of plants 
against several environmental circumstances [41], such 
as salt stress [42], ozone [43], UV-B and pathogenesis 
[44], drought [45], and in heavy metal stress [46]. In 
this study, a negative correlation between contents of 
H2O2 and AsA were resulted in four studied legumes 
out of five (r-value ranged between -0.45 and -0.72). 
This indicates that AsA is an effective scavenging 
agent for ROS. 

Plants have endogenous systems to protect cellular 
and sub cellular structures from the cytotoxic effects of 
active oxy-free radicals [47, 48, 49, 50]. The activities 
of antioxidant enzymes were variable among the 
studied legumes, and the level of response depends on 
the species and the extent of oxidative stresses. 
Exposure of plants to harsh conditions leads to 
generation of ROS, which stimulates the specific genes 

to encode antioxidant enzymes. In this study we found 
differential activity of enzymes in between legumes 
shoots and roots according to the type of species in the 
same region. For instance in S, GP enzyme activity in 
M. indicus, M. polymorpha, T. resupinatum, T. hamosa 
and V. sativa was 0.0364, 0.005, 0.025, 0.020 and 
0.062 unit mg-1 protein min-1, respectively, while CAT 
activity was 0.667, 0.902, 1.3416, 0.953 and 1.078 unit 
mg-1 protein min-1. Mundree et al. [51] concluded that 
the effect of climatic factors on enzyme activity was 
high in CAT and APX enzymes and low in GP enzyme, 
where in periods of more severe stress in desiccation-
sensitive plants, the scavenging system becomes 
saturated by the increased rate of radical production, 
and damage is inevitable. Changes of antioxidants 
reflect the impact of environmental stresses on plant 
metabolism [52, 53] and modulation of the activities of 
these enzymes may be important in the resistance of a 
plant to environmental stresses [54]. The results of this 
study prove that by increasing edaphic and climatic 
stress, as in S and MR, the activity of antioxidant 
enzymes of shoot and root systems increased but 
inhibited in plants of NR and O due to the advantage of 
favourable conditions. In root system, the activity of 
antioxidant enzymes CAT and APX was weak and 
variable, while GP activity was high. This may be due 
to the less generation of ROS in the roots, less ROS 
transported to the roots, or increasing stability of GP. 
Roots of wild plants in the soils of studied regions are 
exposed to great changes in the environmental 
conditions, especially the temperature. Abdel Gadir and 
Alexander [55] reported that in the Egyptian sandy 
soils, the temperature during day hours at surface was 
exceeding by about 20 ºC from the air temperature. 
However, presence of enzymes known for their stability 
like peroxidases will have an advantage in protecting 
the root cells from ROS. In addition, the plant 
enzymatic and non-enzymatic antioxidants play the 
crucial role to eliminate ROS, or reduce them to less 
harmful forms before reaching to the nodulated roots 
with the transported metabolites. The statistical 
analysis for η2 showed that the variation in the 
environmental constraints of habitats or species-habitat 
interaction have the greatest magnitude of effect in 
regulation of gene expression of the antioxidant 
enzymes CAT, GP and APX. In contrast, differences 
between species have a weak effect in the gene 
expression of these antioxidant enzymes, as η2 was 
less than 0.12 in shoots and less than 0.36 in roots of 
legumes. 
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The data of this study refer to a great variation 
between the concentration of H2O2 in shoots of plants 
and their modulated roots; however, the quation is why 
the antioxidation systems did not function efficiently in 
shoots as in roots. It was suggested by Willekens et al., 
[56] that CAT have lower affinity for H2O2 than APX, 
and both are only efficient at high levels of H2O2 and 
are essential for maintaining the redox balance during 
oxidative stress. However, as the concentration of H2O2 

increased in the shoots of the studied 5 legumes 
compared with roots, the activity of CAT and APX 
increased especially at the more stressful habitats (MR 
and O). The GP activity in roots of the studied legumes 
was 2- to 12-fold of that estimated in shoots, and the 
over expression of GP gene in legumes roots 
enhanced scavenging H2O2 to be ranging between 6% 
and 37% of its concentration in the shoots. Roots are 
the first organs interacting with the environment and 
mediating signal exchange and communication 
between legumes and their associated Rhizobia. 
However, increasing GP gene expression in the roots 
under environmental constraints will assist Rhizobia to 
cope with the plant oxidative burst and ameliorate the 
legume stresses by protecting its cells from oxidative 
damages. 

CONCULSION 

The present work revealed that the enzymatic and 
non enzymatic antioxidants of wild legumes are 
strongly affected by their native habitat conditions as 
evidenced by changing H2O2 and lipid peroxidation. 
Different species as will as different organs, shoots and 
roots here, differantially responded to the oxidative 
stress of the environmental constraints. The activity or 
expression of a difined antioxidant enzyme is regulated 
by the severity of stressful conditions, the plant species 
and organ, and by the stability of the enzyme itself. 
Enhanced activities of CAT and APX were reported in 
shoots of all the studied 5 legumes, while high activity 
of GP was reported in their roots. More induction of all 
assayed antioxidant enzymes activities were found in 
plants inhabiting the more stressful habitats. 
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