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A B S T R A C T   

It has been well documented that phytohormones plays a pivotal role in combating ill effects of various abiotic 
stresses in crop plants. Out of various phytohormones, worldwide researcher has recognized salicylic acid as 
potent stress alleviator through modulation in plant metabolic processes. Therefore, present study was designed 
with an aim to dissect out the role of salicylic acid (through seed) mediated amelioration of heavy metal stress in 
the presence and absence of kinetin or calcium in Phaseolus vulgaris plants. Seeds were soaked in salicylic acid 
(0.1 mM) either alone or in combination with kinetin (30 ppm) or calcium chloride (40 mM) before sowing and 
then seedlings were exposed to toxic concentration of nickel (2.5 mM) and lead (0.5 mM). Salicylic acid alone 
and in combination with kinetin or calcium improved growth traits, photosynthetic pigment, carbohydrate 
contents, and nitrogenous constituents along with activities of carbonic anhydrase, nitrate reductase, catalase, 
peroxidase, and superoxide dismutase of Phaseolus vulgaris plants. However, nickel and/or lead showed oxidative 
damage through increased electrolyte leakage, malondialdehyde and reduced uptake of mineral ions. Moreover, 
plants raised from seeds soaked in salicylic acid in combination with kinetin or calcium showed enhanced ac-
tivities of antioxidant enzymes and proline accumulation under nickel and/or lead stress in Phaseolus vulgaris 
plants. This study revealed the efficiency of pre-sowing seed soaked in salicylic acid either alone or in alternate 
combination with kinetin and calcium on neutralizing the toxic effect generated from nickel and/or lead in 
Phaseolus vulgaris plants and could be employed as sustainable agricultural technique in removal of nickel and 
lead stresses from plants.   

1. Introduction 

Polluted soils showed excess level of essential elements that can be 
toxic to crop plants [1]. Heavy metals play an important dual role in 
plant metabolism. On one hand, some of them are essential micro-
nutrients, for example, as co-factors of key metabolic enzymes. On the 
other hand, when exceeding permissible limit, the same metals become 
toxic for the plants [2,3]. During the last few decades, increased 
anthropogenic activities, rapid industrialization, and modern agricul-
tural practices have resulted in increased heavy metal contamination in 
environment that lead to the loss of crop productivity worldwide. Large 
areas of land have been contaminated with heavy metals due to the use 
of pesticides, fertilizers, municipal and compost wastes, and heavy metal 
release from smelting industries and metalliferous mines [4]. This 

situation has further worsened by the increasing population growth and 
inherent food demand. 

Nickel is an essential element for plants and in small quantities, has 
been reported to improve crop yield and quality [5]. However, rapid 
industrialization and urbanization during the recent past have caused 
accumulation of Ni in varied habitats from the acquisition by the plants 
and their further transfer to human and animal population may affect 
the life forms seriously [6]. However, similar to other microelements, at 
excess concentrations of this metal, becomes toxic for most of the plant 
species [7–9]. Growth of most plants species is adversely affected by 
tissue concentration above 50 μg Ni g− 1 dry weight. These effects are 
manifested at morphological, physiological and biochemical levels and 
they may result because of Ni tendency to compete with other cations 
such as Ca2+, Fe2+ and Zn2+ and thus to cause their artificial 
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deficiencies. Higher levels of Ni in the soil and in the plants tissue often 
induce Zn or Fe deficiency that leads to characteristic symptoms of 
chlorosis [10]. 

Lead is one of the best-known trace heavy metals with a long history 
of toxicity. Its exposure is becoming a great concern because of its toxic 
nature, wide spread occurrence and long life in biological system [3]. In 
plants, its accumulation has been reported in stem, leaves, roots and 
seeds, which increases with increase in Pb levels in the growth medium 
[11]. Accumulation of lead in leaves depends upon its absorption from 
the aerial sources [12] and its effect depends on the concentration, type 
of salts and plant species involved. Though effects are more pronounced 
at higher concentrations and durations, in some cases, lower concen-
trations might stimulate metabolic processes. The major processes 
affected are seed germination, seedling growth, photosynthesis, plant 
water status, mineral nutrition, and enzymatic activities [13]. Lead 
toxicity alters the normal metabolic pathways in plants including 
photosynthesis, respiration, and other such key metabolic processes by 
disrupting specific cellular enzymes [14,15]. 

Several studies showed that counterbalancing toxicity due to heavy 
metal requires complex mechanisms at molecular, biochemical, physi-
ological, cellular, tissue, and whole plant level, which might be notice-
able in terms of improved crop productivity [16]. Moreover, 
biotechnological efforts are employed to improve plant metal tolerance 
and ability to extract heavy metals from the soil [17]. In order to devise 
new strategies for phytoremediation and improve tolerance, it is 
important to understand as to how heavy metals are taken up and act at 
cellular and tissue level [18,19]. 

Salicylic acid, chemically known as 2-hydroxy benzoic acid is one of 
a diverse group of phenolic compounds, consisting of an aromatic ring 
bearing a hydroxyl group or its functional derivative, which is synthe-
sized by plants. Salicylic acid plays exclusive role in plant growth, 
thermogenesis, flower induction and uptake of ions. It affects ethylene 
biosynthesis, stomatal movement and also reverses the effects of ABA on 
leaf abscission. In addition to this, it also enhances the level of photo-
synthetic pigments, photosynthetic rate and modifies the activity of 
some of the important enzymes as well under stress and stress free 
conditions [20]. 

Cytokinins play an important role at all phases of plant development 
from seed germination to senescence [21,22]. They act at the cellular 
level by inducing expression of some genes, promotion mitosis and 
chloroplast development but also on the organ level by releasing buds 
from apical dominance or by inhibiting shoot and root growth [23]. 
Kinetin is known to be essential to plants and is a necessary hormone for 
these organisms. Although its role for animals is well known, in the case 
of plants, it needs further investigation. Kinetin in low concentrations 
influences plants in a positive way but higher concentrations are toxic 
[24,25]. 

Calcium is a vital regulator of plat’s growth and development [26]. 
Studies have shown a compelling interaction between calcium, cell wall 
and cell growth [27]. It has also been known for many years that calcium 
plays an important role in controlling membrane structure and function. 
A general idea is that calcium by binding to phospholipids stabilizes 
lipid bilayers and thus provides structural integrity to cellular 
membranes. 

In view of above reports, present study was designed with an aim to 
explore the effect of salicylic acid mediated amelioration of heavy metal 
stress in the presence and absence of kinetin or calcium in Phaseolus 
vulgaris plants and establish the relation between and phytohormone 
and growth regulators under abiotic stress. 

2. Materials and methods 

2.1. Biological material 

Healthy looking and uniform sized seeds of Phaseolus vulgaris L. 
(common bean) were obtained from Agriculture Research Center, Giza, 

Egypt. Seeds were sterilized with 0.01% mercuric chloride for 5 min, 
and then thoroughly washed with distilled water. 

2.2. Preparation of salicylic acid (SA), kinetin, calcium, nickel and lead 

All chemicals were procured from Sigma-Aldrich Egypt, USA. 
0.1 mM of salicylic acid was prepared by dissolving required quan-

tity of SA in 5 ml ethanol, in 100 ml volumetric flask and final volume 
was maintained up to the mark with deionized water. 30 ppm of kinetin 
was prepared by dissolving required quantity of kinetin in deionized 
water and final volume was maintianed to 100 ml volumetric flask. 40 
mM of calcium was prepared by dissolving required quantity of calcium 
chloride in deionized water and final volume was maintained to 100 ml 
in volumetric flask. 

Nickel (2.5 mM) and lead (0.5 mM) in the form of nickel chloride and 
lead acetate, respectively were prepared by dissolving their required 
quantities in deionized water and final volume was maintained to 100 
ml in volumetric flask. 

These concentrations were selected on the basis of preliminary 
experiment done before main experiment. 

2.3. Treatment pattern and experimental design 

The experiment was set up under completely randomized block 
design (CRD) with 80 earthen pots filled with mixed soil (sand: clay, 1:2 
v/v) and irrigated with water holding capacity. Super phosphate and 
urea fertilizers were added to the pots. 80 pots were divided into 16 sets 
(treatments). Each set contain five pots, representing replicates for each 
treatment. Surface sterilized seeds of Phaseolus vulgaris L. were soaked in 
deionized water (control), 0.1 mM of SA for 6 h, 30 ppm of kinetin +0.1 
mM of SA (3 + 3 h), 40 mM calcium + 0.1 mM of SA (3 + 3 h) before 
sowing. Duration of seed soaking were selected on the basis of pre-
liminary experiment in which different duration were checked and best 
one selected. These treated seeds were allowed to grow till 19 days 
stage. At 20 days after sowing, plants were exposed to nickel (2.5 mM), 
lead (0.5 mM), and combination of both solution through its foliage with 
help of sprayer. Control plants were exposed deionized water in the 
similar manner. Samples of plants were collected at 45 days after sowing 
to assess various growth biomarkers, physiological traits, antioxidants 
and stress biomarkers. 

2.4. Growth biomarkers 

The shoot length was measured by using meter scale after removing 
soil particles from roots with the use of distilled water and then fresh 
mass of shoot were measured with the help weighing balance. The plants 
were blotted and placed in an oven, run at 70 ◦C for 72 h. The samples 
were weighed again after allowing them to cool at room temperature to 
record shoot dry mass. The number of leaves was measured as leaves per 
plant. Leaf area per plant was measured with the help of the squared 
papers method and applying the equation M2 = m1 x w2/w1, [28]. 
Where m1 and w1 are the area and weight of the Square paper and m2 
and w2 are the area and weight of the plant leaf respectively. 

2.5. Stress biomarkers 

The total inorganic ions leaked out from the leaves measured in the 
form of electrolyte leakage by the method described by Sullivan and 
Ross [29]. The electrolyte leakage was calculated by using the formula: 

2.6. Electrolyte leakage (%) = (ECb – ECa/ECc) × 100 

Membrane Stability Index (MSI) was calculated by taking 200 mg of 
leaves in 10 ml of double distilled water in two sets. One set was heated 
at 40 ◦C for 30 min in a water bath and the electrical conductivity (C1) 
was measured. Whereas, the second set was boiled at 100 ◦C in a boiling 
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water bath for 10 min and its conductivity was also measured (C2); both 
conductivities were measured using conductivity meter. MSI was 
calculated using the formula described by Sairam [30]. 

MSI(%)= [1 − (C1 /C2)× 100]

The level of lipid peroxidation was measured in terms of malon-
dialdehyde (MDA) content using the method of Hodges et al. [31]. A leaf 
sample (200 mg) was homogenized in 10 ml of 5% trichloracetic acid 
(TCA). The homogenate was centrifuged at 15000 g for 10 min 2 ml 
aliquot of the supernatant 4 ml of 0.5% thiobarbituric acid (TBA) in 20% 
TCA was added. The mixture was heated at 95 ◦C for 30 min and then 
quickly cooled in an ice bath and centrifuged at 10,000 g for 10 min. The 
absorbance of supernatant was recorded at 532 nm. The value for 
non-specific absorption at 600 nm was subtracted. The MDA content was 
calculated using its absorption coefficient of 155 n mole− 1 cm− 1 and 
expressed as μg (MDA) g− 1 fresh weight. 

2.7. Estimation of photosynthetic pigments 

Recommended by Arnon [32] for chlorophylls and Horvath et al. 
[33] for carotenoids adopted by Kissimon [34]. The leaves were ground 
with 80% acetone for 5 min. After centrifugation for 3 min at 1000 rpm 
the extract was measured against a blank of pure 80% aqueous acetone 
at 3 wave lengths of 480, 644 and 663 nm using Spekol Spec-
trocolourimeter VEB Carl Zeiss. Taking into consideration the dilutions 
made, the concentration of the pigment fractions were calculated as 
μg/ml using the following equations: 

Chlorophyll a = 10.3 E663–0.918 E644 = μg/ml. 
Chlorophyll b = 19.7 E644–3.87 E663 = μg/ml. 
Carotenoids = 5.02 E480 = μg/ml. 
Then the fractions were calculated as μg/g dry weight of the differ-

ently treated plant waves. 

2.8. Estimation of carbonic anhydrase (CA) activity 

The activity of carbonic anhydrase in the leaves was measured by the 
method described by Dwivedi and Randhava [35]. 

The activity of the enzymes was calculated by putting the values in 
the formula;  

CA = (V x 22 x N) / W (mol (CO2) Kg− 1 (leaf FM) s− 1)                            

V = Difference in volume (ml of HCL used in control and test sample 
during titration). 

22 = Equivalent weight of CO2 
N = Normality of HCL. 
W = fresh mass of tissue used. 

2.9. Estimation of nitrate reductase (NR) activity 

The activity of nitrate reductase was measured following the method 
laid down by Jaworski [36]. The absorbance was reach at 540 nm on 
spectrophotometer. Standard curve was plotted by using known graded 
concentration of NaNO2 (sodium nitrite) solution. The absorbance of 
each sample was compared with that of the calibration curve and nitrate 
reductase activity (n mole NO2 g− 1 (FM) s− 1) was expressed on fresh 
mass basis. 

2.10. Estimation of total protein 

Proteins are extracted by homogenizing leaves with liquid nitrogen 
in the cold 0.05 M Tris buffer [37]. Proteins were estimated by the 
method of Bradford [38]. Absorbance was recorded photometrically at 
595 nm (Beckman 640 D, USA) using bovine serum albumin as a stan-
dard protein and all data were calculated on a dry matter basis as mg 
100 g− 1 dry matter. 

2.11. Protein pattern analysis by gel electrophoresis 

Proteins were fractionated according to known molecular weights by 
sodium dodecyle sulphate-polyacrylamide gel electrophoresis (SDS- 
PAGE). A solution of 12% SDS-polyacrylamide slab gel was prepared 
according to the method of Laemmli [39] as modified by Studier [40] 
and equal volumes of proteins extracted were loaded. 

Plant tissues were ground in a pre-cooled mortar and pestle with 
liquid nitrogen then transferred to a pre-cooled eppendorf tube. 
Extraction buffer was added in a ratio of 1 g sample: 1 ml buffer. After 
vortexing for 3 min, the samples were incubated on ice for 30–60 min. 
Samples were then centrifuged at 10,000 rpm for 15 min at 4 ◦C. The 
supernatant was transferred to fresh eppendorf tubes and stored at − 20 
◦C until required. 

Protein samples were mixed with equal volume of sample buffer, and 
denaturated by heating at 80–90 ◦C for 3–5 min followed by immediate 
cooling on ice and loaded onto the gel. Electrophoresis was carried out at 
about 80 V for the stacking gel layer and at about 100 V for the sepa-
rating gel layer in 1 X Tris/glycine-SDS-running buffer. SDS-gels were 
stained overnight in 200 ml of Commassie brilliant blue R-250 staining 
solution on shaker. To destaine the gel, 200 ml of destaining solution 
was used. The gel was gently agitated on a shaker for 2 h. This destaining 
procedure was repeated several times until the background colour of the 
gel was removed. 

Scanning of the separated protein bands was analyzed by the Gel 
Documentation System (GDS) which comparing polypeptide maps; 
molecular protein markers, band intensity and molecular weight of each 
polypeptide in relation to standard markers using gel proanalyzer 
version 3 MEDIA CYBERNE TICE Imaging Experts Software. 

2.12. Estimation of antioxidant enzymes activities 

Sample preparation was as described by Mukherjee and Choudhury 
[41]. SOD activity (EC 1.15.1.1) was measured in accordance with the 
method of Dhindsa et al. [42] by determining its ability to inhibit the 
photochemical reduction of nitro blue tetrazolium (NBT). One unit of 
SOD was defined as the amount of enzyme that caused half the 
maximum inhibitions of NBT reduce to blue formazan at 560 nm under 
the experimental conditions. Catalase (CAT; EC 1.11.1.6) activity was 
assayed in a reaction mixture (3 ml) composed of phosphate buffer (50 
mM, pH 7.0), 30% (w/v) H2O2 and 0.5 ml enzyme extract [43]. Catalase 
activity was estimated by the decrease of absorbance at 240 nm using a 
Spectronic 601 UV spectrophotometer as a consequence of H2O2 con-
sumption and was expressed in accordance with Havir and Mellate [44] 
as μM H2O2oxidized g-1 fresh weight (FW) min-1. Peroxidase (POD; EC 
1.11.1.7) activity was determined using guaiacol. The reaction mixture 
(3 ml) composed of 10 mM KH2PO4– K2HPO4 (pH 7.0), 10 mM H2O2, 20 
mMguaiacol and 0.5 ml crude extract [45]. The increase in absorbance 
as a result of dehydrogenation of guaiacol was monitored at 470 nm 
using a spectronic 601 UV spectrophotometer. Enzyme activity was 
expressed as the change in the optical density g− 1 FW min− 1. 

2.13. Estimation of proline 

Free proline was determined according to Bates et al. [46]. The 
absorbance was read by Spekol Spectrocolourimeter VEB Carl Zeiss at 
520 nm using toluene as a blank. The proline concentration was deter-
mined using a standard curve and calculated on a dry matter basis as mg 
proline 100 g− 1 dry matter. 

2.14. Statistical analysis 

The results presented are the means ± standard error of five repli-
cates (n = 5). The results were statistically confirmed by analysis of 
variance (ANOVA). Tukey’s HSD test was applied to find means are 
significantly different from each other at p ≤ 0.05 level using Minitab 17 
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Statistical Software. Means that do not share a letter are significantly 
different at P ≤ 0.05 significance level. 

3. Results 

3.1. Growth biomarkers 

The data presented in Table 1 showed that shoot length, number of 
leaves/plant, area of leaves/plant, fresh and dry weights of shoot were 
reduced by Ni treatment alone or in combination with Pb. Moreover, 
maximum reduction were reported in plants sprayed with nickel and 
lead in combination in comparison to untreated control plants. On the 
other hand, seed presoaked in salicylic acid alone or in combination with 
kinetin and calcium chloride was found to eliminate the deleterious 
effect of nickel and lead. 

3.2. Electrolyte leakage (EL) and membrane stability index (MSI) 

Electrolyte leakage and membrane stability index that reflects the 
injury of cell membrane expose a different pattern of response towards 
the heavy metals stress. Application of nickel and lead induced a high 
significant increase in electrolyte leakage, compared with the control 
plant (Table 2). The maximum effect of electrolyte leakage was recorded 
in the plant exposed to 0.5 mM Ni + 2.5 mM Pb. Meanwhile, treatment 
of stressed plant with salicylic acid either alone or in combination with 
kinetin or calcium chloride induced a significant decrease in the ionic 
leakage, when compared to those of the untreated plants. The maximum 
inhibition in ionic leakage encountered in plants treated by the combi-
nation of salicylic acid plus kinetin and estimated by 11.14%. On the 
other hand, the exposure of the common bean plants to nickel and/or 
lead resulted in a highly significant decrease in the membrane stability 
index especially when both metals were used together. While the 
treatment of stressed plant with salicylic acid separately or in alternate 
combination with kinetin or calcium chloride treatments eliminated the 
stressful effect of these heavy metals and induced a highly significantly 
increase in membrane stability index. 

3.3. Photosynthetic pigments 

The contents of photosynthetically active pigments (chlorophyll a, 
chlorophyll b, carotenoids, and total chlorophyll estimated in leaves of 
Phaseolus vulgaris plant showed significant reduction in the presence of 
nickel and lead as compared with non-treated plant. The maximum 
inhibitory effect of the heavy metals on the all measured pigment frac-
tions was observed by the combine treatment of nickel and lead 
(Table 3). On contrary, seed presoaked in salicylic acid, salicylic acid +

kinetin or salicylic acid + calcium chloride treatments significantly 
alleviate the inhibitory effect of heavy metals on photosynthetic pig-
ments and induced a significant stimulatory effect on the biosynthesis of 
the pigment fractions when compared to control plants. Interestingly, 
salicylic acid individual treatment was found to be most effective 
treatment for the biosynthesis of chlorophyll a, chlorophyll b and total 
pigments. The maximum values of chlorophyll a, chlorophyll b, chlo-
rophyll a + chlorophyll b and total pigments attributed to salicylic acid 
single treatment was calculated by 102.92% 118.93%, 109.12% and 
108.78% respectively, while the maximum chlorophyll a/chlorophyll b 
ratio was evaluated by 108.86% and was attributed to salicylic acid +
nickel treatment. On the other hand, the highest value of carotenoids 
achieved by seed presoaking in salicylic + calcium chloride and was 
evaluated by 112.49% over the control carotenoids. 

3.4. Carbonic anhydrase (CA) and nitrate reductase (NR) activities 

The changes of carbonic anhydrase (CA, EC 4.2.1.1) and nitrate 
reductase (NR, E.C 1.6.6.1) activities of bean plants in response to 
treatment with heavy metals stress either alone or in combination with 
salicylic, salicylic + kinetin and salicylic + calcium chloride (Table 4). 
The results revealed that carbonic anhydrase and nitrate reductase ac-
tivities were significantly reduced. The maximum reduction was ob-
tained in plant sprayed with nickel + lead as compared with the non- 

Table 1 
Effect of salicylic acid (0.1 mM) and/or kinetin (30 ppm) or calcium chloride (40 mM) on growth parameters (shoot length, leaves number per plant, leaves area/plant, 
shoot fresh and dry weights) in Phaseolus vulgaris L. Plant grown under of nickel (0.5 mM) and/or lead (2.5 mM) stress.  

Pre-sowing seed soaking treatments Foliar treatments Shoot length (cm) Leaves No./plant Leaves area/plant (cm2) Shoot F.wt (g/plant) Shoot D.wt (g/plant) 

Distilled water Control 30.02bcd 13.00bcde 23.84abc 9.41abc 1.46b 

Ni 26.00 cd 10.20de 18.02bc 6.29bc 0.97b 

Pb 27.26 cd 10.40de 20.05bc 8.08bc 1.20b 

Ni + Pb 25.60cd 9.40e 13.76c 5.92c 0.94b 

Salicylic acid Control 30.88abc 14.40abcd 24.66abc 9.64abc 1.55ab 

Ni 27.46cd 11.20cde 16.93bc 7.54bc 1.17b 

Pb 27.60cd 12.00cde 19.45bc 9.26abc 1.50ab 

Ni + Pb 30.80abc 13.20bcde 20.36bc 8.89abc 1.43b 

Salicylic acid 
+

Kinetin 

Control 34.10a 13.40bcde 25.30abc 10.78abc 1.75ab 

Ni 30.20abcd 12.60bcde 17.83bc 9.18abc 1.47b 

Pb 32.90ab 12.40bcde 20.00bc 9.62abc 1.45b 

Ni + Pb 28.00bcd 12.80bcde 21.69bc 7.98bc 1.26b 

Salicylic acid 
+

CaCl2 

Control 35.00a 18.20a 32.17a 14.20a 2.40a 

Ni 34.40a 15.80abc 22.63abc 10.80abc 1.66ab 

Pb 33.80a 16.80b 23.25abc 11.53ab 1.74ab 

Ni + Pb 33.40a 14.00abcde 21.52abc 9.38abc 1.54ab 

LSD 0.05 5.148 4.698 10.788 5.169 0.880  

Table 2 
Effect of salicylic acid (0.1 mM) and/or kinetin (30 ppm) or calcium chloride 
(40 mM) on membrane stability index (%) and electrolyte leakage of Phaseolus 
vulgaris L. plant grown under nickel (0.5 mM) and/or lead (2.5 mM) stress.  

Pre-sowing seed soaking 
treatments 

Foliar 
treatments 

Electrolyte 
leakage % 

Membrane 
stability % 

Distilled water Control 7.72d 49.59d 

Ni 11.01b 36.53f 

Pb 13.82a 31.54 gh 

Ni + Pb 14.49a 25.88k 

Salicylic acid Control 1.80i 52.72b 

Ni 5.16g 37.81f 

Pb 6.00 ef 31.69g 

Ni + Pb 8.32d 29.95i 

Salicylic acid 
+ kinetin 

Control 0.86 jk 54.64a 

Ni 1.25 ij 42.81e 

Pb 3.61h 43.69e 

Ni + Pb 6.51e 30.28 hi 

Salicylic acid + CaCl2 Control 1.41 ij 51.22c 

Ni 1.69i 36.80f 

Pb 5.59 fg 31.96g 

Ni + Pb 9.16c 27.80j 

LSD 0.05 0.703 1.342  
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stressed plants. Seed presoaking in salicylic acid, separately or in 
alternate combination with kinetin or calcium chloride resulted in a 
high significant increment in carbonic anhydrase and nitrate reductase 
contents. The maximum activity of carbonic anhydrase and nitrate 
reductase attained by employing salicylic acid + kinetin presoaking 
treatment and were calculated by 204% and 300% respectively, as 
compared with those of the control plant. 

3.5. Protein banding patterns 

Concerning the changes in protein banding patterns of Phaseolus 
vulgaris leaves in response to heavy metals and/or salicylic acid sepa-
rately or in combination with kinetin or calcium chloride treatments. 
Two prominent types of modification were observed (Table 5 and Plate 
1). These types are (i) the de novo synthesis of a new set of proteins was 
induced (ii) the disappearance of some other proteins. Some of these 
responses were observed to be affected by heavy metals and/or salicylic 
acid treatments, while others were found to be specific to the application 
of salicylic acid treatments. 

As mentioned before in the first experiment, the protein profile of 
Phaseolus vulgaris L. leaves revealed that the obtained bands molecular 
weights ranged from 379.492 to 1.374 kDa. At normal growth 

conditions or in case of salicylic acid single and combined treatments 
with kinetin, CaCl2 with/without heavy metals, 8 common polypeptides 
of 294.278, 57.341, 17.344, 17.237, 9.805, 5.146, 2.397 and1.374 KDa 
are detected in the SDS PAGE of bean leaves (Table 5 and Plate 1). A 
heavy metal induced polypeptide could be detected in Phaseolus vulgaris 
leaves subjected to nickel or lead foliar application at 45.706 KDa. 

Salicylic acid in combination with lead, nickel + lead and all the 
combined treatments with kinetin or calcium chloride with/without 
nickel and/or lead induced the de novo synthesis of 4 proteins at of 
379.492, 12.193, 6.582 and 1.808 KDa. While 2 other polypeptides with 
molecular weights 66.533 and 2.934 KDa were formed in response to 
salicylic combined treatments with or without nickel or lead stress. In 
addition, one band at 52.126 was de novo formed in response to salicylic 
acid combined treatments with kinetin + (Ni + Pb), salicylic acid +
CaCl2 with/without nickel or lead. Also salicylic acid treatments led to 
the disappearance of the same seven polypeptide of the first experiment 
with molecular weights of 294.278, 57.341, 17.344, 17.237, 9.805, 
5.146 and1.374 kDa. 

3.6. Antioxidant enzymes 

Concerning the interactive effect of nickel and/or lead with/without 
salicylic acid alone or in alternate combination with kinetin or calcium 
on the activities of the antioxidant enzymes; superoxide dismutase 
(SOD, EC 1.15.1.1), catalase (CAT, EC 1.11.1.6) and peroxidase (POX, 
EC 1.11.1.7); of the examined Phaseolus vulgaris plant, Fig. 1, it is 
demonstrated by the results that nickel and/or lead induced a significant 
increase in the activities of both superoxide dismutase (SOD) and 
peroxidase (POX), meanwhile, catalase enzyme activity significantly 
reduced by the same treatment as compared with control plant. The 
maximum recorded activities for superoxide dismutase and peroxidase 
enzymes obtained in plant sprayed with the combination of nickel plus 
lead which also induced the maximum inhibition in catalase activity. 
Salicylic acid either single or combined treatments induced a significant 
increase in catalase activity accompanied by a significant reduction in 
the activities of both superoxide dismutase and peroxidase activities. 
The maximum induction in catalase enzyme recorded in plant treated 
with salicylic acid + kinetin and it was estimated by 250%. Meanwhile, 
the same treatment stimulated the minimum activities of superoxide 
dismutase and peroxidase which was evaluated by 56.22% and 34.36% 
respectively. 

3.7. Lipid-peroxidation (LPO) and total phenols 

The data tabulated in Table 6 clarify the interactive effect of nickel 
and/or lead and salicylic acid, kinetin, calcium or their combination on 

Table 3 
Effect of salicylic acid (0.1 mM) and/or kinetin (30 ppm or calcium chloride (40 mM) on the photosynthetic pigment contents of Phaseolus vulgaris L. plants grown 
under nickel (0.5 mM) and/or lead (2.5 mM) stress Values expressed as ug/g D.wt.  

Pre-sowing seed soaking treatments Foliar treatments Chl.a Chl. b Chl.a +Chl.b Chl.a/Chl.b Carotenoids Total pigments 

Distilled water Control 118.07b 74.55b 192.62b 1.58b 74.11c 266.73b 

Ni 74.63i 53.71g 128.34h 1.39cd 52.15h 180.49h 

Pb 83.71g 57.69f 141.40f 1.45cd 54.76g 196.16fg 

Ni + Pb 49.73i 41.21j 90.94k 1.21e 48.25i 139.19j 

Salicylic acid Control 121.52a 88.66a 210.18a 1.37d 79.96b 290.14a 

Ni 95.99d 56.03fg 152.02e 1.72a 52.56h 204.58e 

Pb 93.14e 58.68f 151.82e 1.59b 58.99f 210.81d 

Ni + Pb 67.65j 46.00i 113.66i 1.47c 47.49i 161.14i 

Salicylic acid + kinetin Control 117.10b 73.56bc 190.66b 1.59b 71.78d 262.44b 

Ni 85.89f 58.04f 143.93f 1.48c 58.76f 202.69e 

Pb 91.93e 65.73 ed 157.65d 1.40cd 71.49d 229.15c 

Ni + Pb 58.75k 41.09j 99.84j 1.43 cd 58.12f 157.96i 

Salicylic acid + CaCl2 Control 112.76c 70.66c 183.42c 1.60b 83.37a 266.79b 

Ni 78.96h 50.22h 129.18gh 1.57b 70.42d 199.60 ef 

Pb 78.70h 62.43e 141.13f 1.26e 74.91c 216.04d 

Ni + Pb 74.00i 57.99f 131.98g 1.28e 60.86e 192.85g 

LSD 0.05 1.790 2.921 2.821 0.088 1.604 5.923  

Table 4 
Effect of salicylic acid (0.1 mM) and/or kinetin (30 ppm) or calcium chloride 
(40 mM) on carbonic anhydrase (mol CO2/kg/s) and Nitrate reductase (nmNO2/ 
g/s FM) of Phaseolus vulgaris L. plant grown under nickel (0.5 mM) and/or lead 
(2.5 mM) stress.  

Pre-sowing seed 
soaking treatments 

Foliar 
treatments 

Carbonic anhydrase 
mol (Co2)/kg/s 

Nitrate reductase 
nmNo2/g/sFM 

Distilled water Control 68.75f 25.38g 

Ni 43.45 hi 4.23j 

Pb 46.75h 4.23j 

Ni + Pb 40.15i 3.25j 

Salicylic acid Control 107.25b 49.28c 

Ni 79.75e 33.84e 

Pb 85.25d 42.30d 

Ni + Pb 68.75f 21.15h 

Salicylic acid +
kinetin 

Control 140.25a 76.14a 

Ni 85.25d 21.15h 

Pb 87.45 cd 29.61f 

Ni + Pb 76.45e 12.69j 

Salicylic acid +
CaCl2 

Control 90.75c 54.99b 

Ni 71.50f 29.61f 

Pb 68.75f 25.38g 

Ni + Pb 63.25g 12.69j 

LSD 0.05 4.011 2.990  
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lipid-peroxidation which is expressed by the accumulation of malon-
dialdehyde (MDA) in bean plant. The results determined that heavy 
metals alone or in combination caused a general increase in lipid per-
oxidation when compared with control plant. The maximum inductions 
in MDA was observed in plants treated with nickel and lead and were 
calculated by 248.24% of the control values. On the contrary, a marked 
significant decrease was obtained as a response of salicylic acid, kinetin, 
and calcium treatments. The maximum reduction obtained in response 
to salicylic acid + kinetin treatment and estimated by 21.1% and 
61.64% for malondialdehyde (MDA) and total phenols respectively as 
compared with the control plant. 

3.8. Proline content 

Plants exposed to the combination of Ni and Pb lead to the significant 
increase in the accumulation of proline and it was increased by 62.65% 
in comparison to control plants. However, the combination of salicylic 
acid and calcium successfully reduced the increase of proline accumu-
lation in stressed plants (Table 7). 

4. Discussion 

In the present study, combination of nickel and lead found to be 
deleterious and significantly inhibit growth performance of Phaseolus 
vulgaris L plant. Although, heavy metals in small amount are essential for 
normal growth and development of plants as being component of many 
enzymes and proteins but above permissible limit led to the emergence 
of symptoms of toxicity that are reflected in reduced plant growth [47]. 
The deleterious effect of heavy metals on vegetative growth and biomass 
production obtained in this study is corroborated by the findings of 
various workers [1,48–50]. Sharma and Dubey [51] proposed that, the 
inhibitory effects of lead on growth and biomass production might be 
possibly due to effects on metabolic plant processes. The primary cause 
of cell growth inhibition arises from a lead-induced is simulation of 
indole-3-acetic acid (IAA) oxidation. In addition, Rathor et al. [52] 
encountered reduction in maize shoot length and dry matter weight 
caused by nickel and concluded that, the reduction could come either 
from a decrease in the sink root effect or from an inhibition in the leaves 
of starch degradation into sucrose and then the transport of this later to 
the root. The toxic effect of nickel is more pronounced than lead toxicity, 
this may be attributed to the influence of anionic radicals in metallic 
salts (lead acetate) to reduce the metal toxicity on plants [53]. On the 
other hand, salicylic acid alone or in combination with kinetin or cal-
cium ameliorates toxic effect nickel and/or lead stress and induced in-
crease in the various growth parameters of bean plants as compared to 
control plants. In this context, Ghorbanli et al. [54] reported that plant 
growth regulators decreased the adverse effect of cadmium on plant 
growth by increasing chlorophyll content, consumption of CO2, root 
growth, shoot growth, net assimilation rate and leaf area ratio under 
heavy metal stress. This finding may be interpreted by the essential roles 
of both salicylic acid and calcium in alleviating the stress generated by 
heavy metals. Salicylic acid acts as a signaling molecule that mediated 
the formation of other hormones. This conclusion is based on the study 
of Vlot et al. [55] who reported that, SA influences seed germination, 
seedling establishment, cell growth, respiration, stomatal closure, 
senescence-associated gene expression, basal thermotolerence, nodula-
tion in legumes and fruit yield. Plant growth regulators could have 
enhanced the resistance of plants against heavy metal stress or 
decreased the physiological and metabolic adverse effects of the heavy 
metals [56,57]. Singh et al. [58] reported that, calcium recovers the lead 
induced reduction in biomass accumulation of mung bean seedlings. 
Calcium channels play major roles in the initiation of a large number of 
signal transduction processes in higher plant cells including bud for-
mation, terminal growth, gas exchange regulation, secretion, move-
ments and light and hormone regulated growth and development [59]. 
Furthermore, kinetin alleviated the metal stress as kinetin stimulates Ta
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water uptake, increases cell division, promotes organ development and 
leads to the regeneration and proliferation of shoots [60]. 

Exposure of the bean plants to the nickel and/or lead resulted in a 
significant increase in electrolyte leakage concomitant with a significant 
decrease in membrane stability index as compared with the control 

plants. The maximum electrolyte leakage and the minimum value of 
membrane stability index were recorded in the plants exposed to 0.5 mM 
Ni + 2.5 mM Pb. This disturbance in the membrane stability might be 
owing to the role of lead as an extremely toxic that disturbs various plant 
physiological processes [61]. On the contrary, the treatment of stressed 

Plate 1. Electrograph of effect of salicylic acid (0.1 mM) and/or kinetin (30 ppm) or calcium chloride (40 mM) on protein pattern by SDS-PAGE for leaves of 
Phaseolus vulgaris L. plant grown under nickel (0.5 mM) and/or lead (2.5 mM) stress. Each lane contains equal amounts of protein extracted from Phaseolus vul-
garis leaves. 

Fig. 1. Effect of salicylic acid (0.1 mM) and/or plus kinetin (30 ppm) or calcium chloride (40 mM) on the antioxidant enzymes activities in Phaseolus vulgaris L. plant 
grown under nickel (0.5 mM) and/or lead (2.5 mM) stress. 
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plants with salicylic acid separately or in alternate combination with 
kinetin or calcium repaired the stress induced damage to the plasma 
membrane as evident from the significant decrease in the membrane 
leakage and stability of bean plants when compared to those of the 
untreated plants. The maximum reduction in membrane leakage along 
with the peak of induction in membrane stability was gained by kinetin 
plus calcium treatment. These results are corroborated by the findings of 
Hayat et al. [62] that showed significantly lower values for MSI and 
higher electrolyte leakage as compared to control plants under abiotic 
stress condition. On the other hand, in the same study of Hayat et al. 

[60] showed that follow-up treatment of these stressed plants with SA 
resulted in significant increase in the MSI along with a remarkable 
decrease in electrolyte leakage. Another possible explanations for 
improving the membrane stability and decreased electrolyte leakage in 
response to salicylic acid, kinetin, and calcium treatments is that seeds 
soaked in salicylic acid, kinetin, and calcium play crucial role ion in 
keeping the structural integrity of plasma membrane by binding to lipids 
and stabilizing the phospholipids bilayers of the cellular membranes 
[63]. Moreover, the reduction of lipid peroxidation (as evident from 
malondialdehyde content) in plants originated from seeds soaked in 
kinetin, calcium and salicylic acid as compared to those resulted from 
untreated seeds. Lower lipid peroxidation and higher membrane sta-
bility (lower ionic leakage) have also been verified in tolerant genotypes 
of chickpea [64], sugar cane [65] and phasolus vulgaris [63]. 

Foliar application of nickel and lead alone or in combination 
significantly reduced the contents of photosynthetic pigments in bean 
leaves as compared to the control plants. The results also exposed that, 
nickel was relatively more determined for the total pigments production 
than lead. Similar results obtained by Hale et al. [66] and Khan et al. 
[67]. A gradual and significant reduction in the total chlorophyll content 
occurred in tomato and lentil plants treated with Ni and Co and Ni was 
comparatively more inhibitory than Co for chlorophyll a. The injurious 
effect of lead on the photosynthetic pigments biosynthesis encountered 
in this study may be due to the direct inhibition of enzymatic steps or 
through the substitution of the central Mg ion from the tetrapyrol ring of 
chlorophyll molecule by lead that is one of the primary events in plants 
during heavy metal stress. It further leading to denaturing of pigments as 
evident from the significant reduction in contents of chlorophyll [68, 
69]. Furthermore, the higher levels of Ni in the soil and in the plants 
tissue often induce Zn or Fe deficiency that leads to characteristic 
symptoms of chlorosis [10,66]. Najeeb et al. [61] reported that, plant 
with high lead concentration fastens the production of ROS, causing 
lipid membrane damage that ultimately leads to damage of chlorophyll 
and photosynthetic processes and suppresses the overall growth of the 
plant. On the other hand, in this investigation, treatments of salicylic 
acid alone or in alternate combination with kinetin or calcium was found 
to alleviate the deadly effect of heavy metals stress on the photosyn-
thetic pigment as compared to the control plants. Interestingly, treat-
ment of kinetin plus calcium induced the maximum increment in 
chlorophyll a, carotenoid and total pigment content. The degradation of 
cytokinin may be one of the prime reason through which stressors cause 
toxicity and that exogenous application of cytokinin protects plants 
against stress [70]. The current results are in harmony with those of 
Hayat et al. [62] in which water stress decreased the value of SPAD 
chlorophyll in Lycopersicon esculentum L, whereas the follow up treat-
ment with salicylic acid mitigated the stressful effect. Bhat et al. [71] 
reviewed that, the supply of calcium to heavy metal stressed plants 
improved the content of the photosynthetic pigments. Furthermore, 
Kumar and Singh [72] suggested that, a strong interaction between 
calcium and cell wall constituents may be important in providing suf-
ficient calcium to the plasma membrane to maintain its integrity. 

The application of nickel and/or lead distinctly increased proline 
contents in the stressed plants with respect to the untreated plants. 
Furthermore, proline content increased more in plants sprayed with 
nickel plus lead treatment as compared to the control. Proline accu-
mulation is not only regarded as an indicator of environmental stress, 
but also considered as an important protectant against heavy metal 
stress [73]. It is an another important component of the defence system 
of the plants to ameliorate stress by acting as osmoprotectant [74], 
membrane stabilizer [75], ROS scavenger [76] and a source of carbon 
and nitrogen for rapid recovery from the stress and acts as stabilizer of 
some macromolecules, thereby protecting the plant under extreme stress 
conditions [77]. Interestingly, salicylic acid in combination with kinetin 
or calcium under nickel and/or lead stress showed significant increase in 
amino-N simultaneously with a reduction in proline accumulation as 
compared with the control plants. The significant increase in 

Table 6 
Effect of salicylic acid (0.1 mM) and/or kinetin (30 ppm) or calcium chloride 
(40 mM) on malondialdehyde contents (MDA) (ug/g F.wt.) of Phaseolus vulgaris 
L. plant grown under nickel (0.5 mM) and/or lead (2.5 mM) stress.  

Pre-sowing seed soaking 
treatments 

Foliar 
treatments 

Lipid –peroxidation MDA 

Distilled water Control 1.99c 

Ni 2.36b 

Pb 2.32b 

Ni + Pb 4.94a 

Salicylic acid Control 1.15 gh 

Ni 1.59 de 

Pb 1.68d 

Ni + Pb 2.31b 

Salicylic 
Acid + kinetin 

Control 0.42j 

Ni 1.24g 

Pb 1.07h 

Ni + Pb 1.64d 

Salicylic acid + CaCl2 Control 0.68i 

Ni 1.40f 

Pb 1.46 ef 

Ni + Pb 1.66d 

LSD 0.05 0.147  

Table 7 
Effect of salicylic acid (0.1 mM) and/or kinetin (30 ppm) or calcium chloride 
(40 mM) on proline content (mg/100 g DW) of Phaseolus vulgaris L. plant grown 
under nickel (0.5 mM) and/or lead (2.5 mM) stress.  

Pre-sowing seed soaking 
treatments 

Foliar 
treatments 

Proline content (mg/100 g 
DW) 

Distilled water Control 11.06i 

14.54c 
13.84 
18.00 
11.17 
12.71 
13.14 
15.18 
9.08 
12.36 
9.11 
12.78 
9.62 
10.27 
9.78 

Ni 14.54c 

Pb 13.84d 

Ni + Pb 18.00a 

Salicylic acid Control 11.17l 

Ni 12.71f 

Pb 13.14e 

Ni + Pb 15.18b 

Salicylic acid + kinetin Control 9.08l 

Ni 12.36g 

Pb 9.11i 

Ni + Pb 12.78f 

Salicylic acid + CaCl2 Control 9.62k 

Ni 10.27j 

Pb 9.78k 

Ni + Pb 11.70h 

LSD 0.05 0.450  
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ammonia-N that is expressed by the increasing amounts of amino ni-
trogen in shoot tissue in response to salicylic acid kinetin, and calcium 
treatments is a biomarker of stress resistance as ammonia is considered 
to be unit of nitrogen metabolism from which different amino acids are 
produced, these being further incorporated into protein synthesis [78]. 
Conflicting to proline response to heavy metals stress, nickel and/or lead 
foliar treatments reduced the production of total protein content. The 
maximum inhibitory effect was attributed to the metal combined 
treatment. These results are corroborated by the findings of Prasad [79, 
80] as they reviewed that, proteins are important constituents of the cell 
that are easily damage in environmental stress condition. Moreover, 
Aldoobie and Beltagi [1] rewarded that, any change in the nitrogenous 
compounds can be considered as an important indicator of oxidative 
stress in plants. The changes in insoluble protein content in different 
metal treatments might reflect different levels of antioxidant defense. 
The increase in total soluble protein content under heavy metal stress 
due to induced synthesis of stress proteins such as enzymes involved in 
Krebs cycle, glutathione and phytochelatin biosynthesis and some heat 
shock proteins [81]. Contradictory, salicylic acid, kinetin, and calcium 
either separately or in alternate combination with or without nickel 
and/or lead induced a significant increase in total protein and total ni-
trogen as compared with the control plants. The maximum production of 
total nitrogen was recorded in seed presoaked in salicylic acid + calcium 
whereas the total protein reached its peak of production as a response of 
salicylic acid + kinetin pretreatment that was calculated as 244.22%, 
over the control plants. The observed increments in total protein content 
of Phaseolus vulgaris in response to kinetin, calcium, salicylic acid or 
their combined treatments seemed to associate with the enhancement in 
carbohydrates content. These results are also supported with those ob-
tained by Lakshmi Praba and Thangaraj [82] when they found increased 
soluble protein content and higher nitrate reductase (NRase) activity in 
rice plants treated by brassinosteroid resulting in amplified biomass that 
were associated with carbohydrate and protein content. 

The fractional analysis of the total soluble protein elucidated that, 
two prominent types of modifications were observed in the protein 
banding patterns of Phaseolus vulgaris L. leaves in response to heavy 
metals and/or salicylic acid, kinetin and calcium treatments; (i) the de 
novo synthesis of a new set of proteins and (ii) the disappearance of some 
other proteins. Some of these responses were observed to be influenced 
by heavy metal stress alone and/or with kinetin, calcium, salicylic acid 
or their alternate combined treatments. Regarding the protein profile as 
indicated by SDS page of Phaseolus vulgaris leaves, the total bands 
number ranging from 5 to 9 bands and the molecular weights ranged 
from 379.492 to 1.374 KDa. In this study, no changes in the detected 
protein banding were observed in response to nickel + lead, salicylic 
acid and salicylic acid + nickel treatments. Meanwhile, expression of a 
new band at 45.706 KDa was detected by treatment with nickel, lead, 
treatments. In general, the presoaking in salicylic acid either in combi-
nation with lead or nickel plus lead and the combined treatments of 
kinetin plus CaCl2, salicylic acid plus kinetin or salicylic acid plus CaCl2 
either each alone or in combination with nickel and/or lead, led to the 
appearance of four new polypeptides at 379.492, 12.193, 6.582 and 
1.808 and the disappearance of seven other bands at 294.278, 57.341, 
17.344, 17.237, 9.805, 5.146 and 1.374 KDa. In addition, salicylic acid 
combined treatments with kinetin, calcium with/without nickel or lead 
also induced the de novo synthesis of more two bands with molecular 
weights of 66.533 and 2.934 KDa. One of the most important mecha-
nisms involved in cell protection against stress is the induction of de novo 
synthesis of a specific set of protein [83,84]. It has been suggested that, 
these proteins have an osmoprotection function [85] or protect certain 
cellular structures [86]. Growth regulator altered the gene expression 
involved in the stimulation of protoplasmic drought tolerance in leaf 
cells of Sporobolus staphianus [87]. The formation of specific protein 
bands in maize in response to NaCl, brassinolide and salicylic acid 
appeared to be a reflection in alteration of gene expression machinery 
along the genomic make up DNA [88]. 

Reduction in activity of carbonic anhydrase may be understood as a 
result of the decrease in photosynthetic rate mediated by the stress as a 
result of the closure of stomata, thereby decreasing CO2 supply [62] as 
well as the decrease of the internal CO2 concentration and consequently 
a decrease in the activity of carbonic anhydrase, because its activity, to a 
large extent, is regulated by the CO2 concentration. In this connection, 
carbonic anhydrase (CA) catalyses the inter-conversion of CO2 to 
HCO3− , and its activity is regulated by certain factors such as the CO2 
concentration, availability of Zn [89] and the expression of genes 
encoding CA protein [90]. Moreover, this stressful effect may also be 
attributed to heavy metals induced altering the structure of the chlo-
roplast and thylakoid membrane and modifying photosynthetic ma-
chinery. Moreover, alteration in pigment and protein composition of 
thylakoid membranes and fluidity of the plasma membrane, thus 
reducing the internal CO2 concentration and the uptake of Zn which is 
responsible for the expression of genes encoding CA protein [91,92]. The 
decrease in the NR activity in the stressed plant may be considered a 
biochemical adaptation to conserve energy by stopping nitrate assimi-
lation. This inhibition may be due to a reduced supply of NADH in the 
presence of Cd2+ owing to reduced rates of photosynthesis [93], respi-
ration [94], created by the metals stress [95]. Moreover, decreased NO3 
supply to the site of the enzyme synthesis [96], and a direct effect of the 
metal on the enzyme protein synthesis/activity as it has a strong affinity 
for any functional SH group of the enzyme [97]. In contrast, seed pre-
soaking in salicylic acid separately or in alternate combination kinetin 
and calcium induced a sharp significant increase in carbonic anhydrase 
and nitrate reductase contents as compared with the unstressed plants. 
The maximum value of carbonic anhydrase and nitrate reductase were 
gained by salicylic acid + kinetin treatment as compared with those of 
the controls. The reason that seems most appropriate to explain this may 
be as salicylic acid elevated the activity of nitrate reductase and cor-
rected the stress mediated damage to the plasma membrane. The 
membrane correction/stabilization could have facilitated the increased 
uptake of nutrients including that of nitrate, which act as an inducer of 
NR [98]. On the other hand, the application of SA enhanced the chlo-
rophyll content, photosynthetic rate and also neutralized the negative 
effect of the stresses. The increase in the photosynthetic rate by SA may 
be the result of enhanced activity of Rubisco, phospho enol pyruvic 
(PEP) carboxylase under stress [99,100] and that of CA activity. Calcium 
is considered as an main nutrient ion and is known to increase the 
membrane permeability and thus, greater availability of other ions to 
the site of the enzyme action is possible, which may cause an indirect 
regulation of the enzyme activity in the presence of CaC12 in addition to 
its role as secondary messenger for signal transduction [63,101]. In 
support, higher plants growing in the soil receive inorganic nitrogen 
mostly in the form of nitrate, which is reduced in the plant tissue to 
ammonium via nitrite by the sequential action of enzymes scheme. Ni-
trate reductase (NR, E.C 1.6.6.1) is a complex enzyme that has been 
characterized as sulphydryl containing molybdo flavor haemoprotein 
[102]. Nitrate reduction catalyzed by this enzyme is considered as rate 
limiting step in overall process of nitrate assimilation pathway [103]. 

The primary effect of abiotic stress is ion imbalance and hyper-
osmotic stress. A direct result of these effects is the enhanced accumu-
lation of reactive oxygen species (ROS), which is harmful to the plant 
cells at higher concentrations. Oxidative stress occurs when there is 
serious imbalance in any cell compartment among the production of 
ROS and antioxidant defense, leading to significant physiological chal-
lenges [104]. Tolerant plants have evolved different antioxidative 
mechanisms involving enzymes such as superoxide dismutase (SOD), 
catalase (CAT) and ascorbate peroxidase (APX, EC 1.11.1.11), or small 
metabolites such as ascorbic acid (ASA), phenolics and carotenoids to 
prevent and counteract the increase in and effects of ROS [105]. In 
addition, the redox-active (Cu, Fe) and non-redox-active (Cd, Ni, As) 
metals may catalyze, directly or indirectly, the formation of free radicals 
(FR) and reactive oxygen species (ROS) such as superoxide radicals 
(O2

− ), hydrogen peroxide (H2O2) and hydroxyl radicals (OH− ), which 
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generate oxidative stress and cause cell damage by inducing lipid per-
oxidation, protein oxidation, enzyme inhibition and DNA damage [106]. 
The present results are in accord with the observations of John et al. 
[107] who reported that, the oxidative stress was an indirect effect of 
heavy metal toxicity leading to ROS production which increased tissue 
level of SOD, APX and GR (EC 1.6.4.2). Moreover, Jacobson [108] stated 
that heavy metals induce oxidative stress leading to programmed cell 
death (PCD), which is initiated and propagated through the generation 
of ROS. In the present study, the high values of SOD and POX of bean 
plants in response to nickel and/or lead stress may be a result of the 
production of stress-inducible genes that are directly related to protec-
tion against the different stresses. They include the enzymes responsible 
for the synthesis of various osmoprotectants like late embryogenesis 
abundant (LEA) proteins, antifreeze proteins, chaperones, and detoxi-
fication enzymes [104]. On the other hand, the detected decline in CAT 
activity recorded by the current work, leading to the accumulation of 
toxic levels of H2O2. In this connection, Feierabend et al. [109] and Dat 
et al. [110] shown that, under stress conditions, inactivation of catalase 
is linked to H2O2 accumulation. This has also been observed in the 
drought stressed pea plants [111]. Catalase deactivation by salt stress 
may be owing to the prevention of new enzymes synthesis [112] or 
catalase photo inactivation [113]. In contrast, salicylic acid, or in 
combination with kinetin and calcium significantly enhanced CAT ac-
tivity and lowered the activities of both SOD and POX. The interactive 
combination between salicylic acid and kinetin induced the maximum 
production of CAT and the minimum activity of SOD. In this connection 
Anuradha and Rao [114] working on radish seedlings revealed that, the 
cadmium toxicity decreased the catalase activity and the application of 
phytohormone compensated this effect and increased the enzyme ac-
tivity. They also reported that, catalase is important oxidizing enzyme 
that helps in the removal of H2O2 and participates in detoxifying the 
deteriorative metabolic products. Its activity seems to be positively 
correlated with an increase in growth, and this is in harmony with 
current results. The existing results are also corroborated by Hayat et al. 
[62] as they documented that SA on antioxidant system was more pro-
nounced under stress situation, suggesting that elevated level of anti-
oxidant system, at least in part, increased the tolerance of tomato plants 
to abiotic stress, thus protected the photosynthetic machinery. 

The data of this investigation indicated that, lipid peroxidation level 
as indicated by accumulated MDA increased significantly in response to 
Ni and Pb alone or in combination as compared with unstressed plants. 
This increased MDA content shows generality of oxidative stress and this 
may be one of the potential mechanisms by which toxicity due to heavy 
metals is manifested in plant tissues [115]. One of the most damaging 
oxidative effects is the peroxidation of membrane lipids, which results in 
the concomitant production of malondialdehyde (MDA) [116]. MDA is 
the biomarker for oxidative stress or lipid peroxidation, since the free 
radical collects electron from lipid molecules present inside the cell 
membrane, which eventually causes lipid peroxidation [117,118]. In 
this aspect Zengin [119] recorded that, MDA concentration increased 
linearly with increased heavy metal (Ni, Co, Cr and Zn) levels in the 
solution and the strongest effect on MDA was recorded in plants exposed 
to nickel, followed by the sequence cobalt > chromium > zinc. Con-
tradictory to the heavy metal effect, a distinct significant decrease in 
MDA and was obtained as a response of salicylic acid separately or in 
combination with kinetin and calcium treatments. The maximum re-
ductions obtained in response to salicylic acid + kinetin treatment as 
compared with the untreated plants. A potential interpretation of the 
ameliorative role of the employed growth regulators towards the phe-
nolics is that, by application of the growth regulators, new phenols may 
be rapidly oxidized by the oxidative enzymes or shifted into the 
biosynthesis of natural products such as lignin, flavonoids pigments and 
phytoalexins to acquire the treated bean plants more tolerance against 
the heavy metals stress [120]. 

5. Conclusions 

The present study concluded that Ni-induced deleterious effect is 
more prominent than lead toxicity, however, combination of both 
resulted in higher loss of plant biomass, photosynthetic pigments, and 
disturbed metabolism of Phaseolus vulgaris plants. On contrary to this, 
presowing seed soaking treatment of salicylic acid alone or in alternate 
combination with kinetin and calcium confer tolerance against 
damaging effects of nickel and/or lead stress through enhanced anti-
oxidant systems, proline accumulation, reduced reactive oxygen species 
and also stabilize membrane stability. This could be employed as sus-
tainable agricultural technique in removal of nickel and lead stresses 
from plants and improved biological yield. 
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