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Abstract

Heavy metals stress is one of the major abiotic stresses that cause environmental
pollution and hence indefinite hazards to living organisms in recent decades. The cur-
rent study was conducted with the goal in the mind to clarify the ameliorative role of
seed presoaking in kinetin (30 ppm ) and/or calcium chloride  (40 mM) in counteract-
ing the deteriorative effect of foliar application of nickel (0.5 mM) and/or lead (2.5mM)
on the growth and some metabolic activities of Phaseolus vulgaris L. plant. Nickel and/
or lead treatments  non-significantly reduced the leaves area/plant and significantly re-
duced total pigments, soluble and insoluble sugars, total protein, carbonic anhydrase,
nitrate reductase, catalase, total nitrogen, potassium, calcium and magnesium contents.
On the other hand, proline, amino-N, MDA, total phenols, SOD, POX, nickel and lead
contents were significantly increased in response to heavy metal treatments. On con-
trary, seed presoaking in kinetin and calcium chloride alone or in combination  non-
significantly increased the leaves area/plant and significantly increased total pigments,
soluble and insoluble sugars, amino-N, total protein, carbonic anhydrase, nitrate reduc-
tase catalase, total nitrogen, potassium, calcium and magnesium contents. Meanwhile,
proline, MDA, total phenols, SOD, POX, nickel and lead contents were significantly
decreased by kinetin and calcium chloride treatments. Kinetin and calcium chloride
combined treatment was found to be the most effective treatment in enhancing the plant
tolerance towards nickel and/or lead toxicity.
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sis, mineral nutrition and the water relationships (Ali et

al., 2013 and Li et al., 2013). In addition to the direct ef-

fects on plants, heavy metals adversely affect plants in-

directly by producing an excess reactive oxygen species

(ROS) (Thounaojam et al., 2012 and Li et al., 2013). Al-

1. Introduction
Heavy metals stress is a major factor that limits agri-

cultural productivity. Excessive concentration of heavy

metals is known to cause deleterious effects on many

physiological processes of plants such as photosynthe-
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2008). The cumulative  capacity of  proline is a manifes-

tation of the self-protection  ability of plants exposed to

heavy metals. Application of  the highest Ni concentra-

tion increased proline content in leaves and roots of Zy-

gophyllum xanthoxylon plants (Lu et al., 2010).

Singh (2002) reported that, the treatment of nickel

strongly inhibited nitrate reductase activity in two

strains of Bradyrhizobium sp. (RA5 and M05), Cajanus-

cajan and Vignaradiata plants. Carbonic anhydrase (CA)

catalyzes the inter-conversion of CO
2
 to HCO3- and its

activity is regulated by the density of photon flux, CO
2

concentration, availability of Zn (Tiwari et al., 2005)

and the genes expression encoding CA protein (Kim et

al,. 1994). Fariduddin et al. (2013) recorded a signifi-

cant reduction in the activity of CA in both the cultivars

(Rocket and Jumbo) grown in the presence of NaCl and/

or Cu compared with untreated plants. Lu et al. (2010)

found that, SOD activity in roots and leaves of Zygo-

phyllum xanthoxylon plants increased significantly when

treated with Ni over control.

Cadmium application in Lemna minor and Amaran-

thus lividus resulted in a decline in CAT activity due to

inhibition of enzyme synthesis or change in assembly of

enzyme subunits (Mac Rae and Ferguson, 1985). Perox-

idase activity was induced at low Ni concentration and

reduced at the highest Ni concentration compared with

untreated plants (Lu et al., 2010).The higher peroxidase

activities contribute to the heavy metal tolerance by mit-

igating the reactive oxygen species (ROS) damage (Chi-

ang et al., 2006).

The levels of MDA in Phaseolus vulgaris signifi-

cantly increased linearly with increased heavy metal

(Ni, Co, Cr, Zn) levels in the solution (Zengin, 2013).

Similar results were recorded with S. polyrrhiza (Upad-

hyay and Panda, 2010). MDA was also significantly ac-

cumulated under nickel stress in the leaves and roots of

Zygophyllum xanthoxylon plants over control (Lu et al.,

2010).  

The addition of nickel to soil with normal back-

ground level markedly increased the Ni content in

plants. In this aspect the application of higher dose of Ni

(600 mg kg-1) in soil increased shoot Ni concentration

up to 62 mg kg-1 (Rathor et al., 2014). Aldoobie and

doobie and Beltagi (2013) reported that, Leaf area of

Phaseolus vulgaris was significantly decreased in re-

sponse to lead and nickel treatments. Leaf area per plant

was also declined in bean plants under the individual

treatments of both Ni and Al (Al-Qurainy, 2009). While,

Ratushnyak et al. (2012) did not detect any statistically

significant variations in leaf length and width of Pisum

sativum in response to lead treatment.

Photosynthesis is one of the most sensitive processes

to lead. The reduction in leaf growth led to decreased

photosynthetic pigments, changed chloroplast structure,

and declined enzyme activities for CO
2
 assimilation

(Parys et al., 1998). Heavy metals applications reduced

the chlorophyll content of Phaseolus vulgaris L. seed-

lings. Also, it caused an oxidative stress in bean plants.

The strongest influence on chlorophyll was found in

plants in response to nickel, followed by the sequence

cobalt > chromium > zinc (Zengin, 2013). Nickel and

cobalt treatments in chick pea plant induced physiologi-

cal disorders like reduction in leaf chlorophyll (Khan

and Khan, 2010). Also, Gajewska et al. (2006) regis-

tered a reduction in the amount of chlorophyll in Triti-

cum aestivum L. when exposed to Ni while, the total

chlorophyll content and relative content proportion of

chlorophyll a and b were decreased by lead through in-

hibition of chlorophyll biosynthesis (Ernst et al., 2000).

The total soluble sugars contents in Phaseolus vul-

garis Nebraska plants increased under treatment with

lead, chromium, nickel and cadmium. Moreover, the

contents of polysaccharides were increased under all

heavy metals stress and then reduced by liming treat-

ment except for lead-treated plants (Aldoobie and Belta-

gi, 2013). 

Soluble protein contents of Zygophyllum xanthoxy-

lon were significantly decreased at lower Ni concentra-

tion (50 mg/kg), but when exposed to high Ni doses

(150, 450 and 900 mg/kg), they were increased as com-

pared with control (Lu et al., 2010). Proline accumula-

tion is not only an indicator of environmental stress, but

considered also as an important protective against heavy

metal stress (Debnath and Bisen, 2008). Accumulation

of  these  amino  acids  in plants subjected to Ni stress

has been well documented (Gajewska and Sklodowska,
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Egypt. Seeds were sterilized with 0.01 % mercuric chlo-

ride for 3 min and then thoroughly washed with distilled

water. The seeds were then divided into 4 equal groups.

Before sowing, three groups were soaked for 6 hours in

30 ppm kinetin, 40 mM calcium chloride either each

alone or in combination and one group soaked, for the

same time in water to serve as a control. Ten seeds were

sown in plastic bags containing mixed soil (sand: clay,

1:2 v/v) and irrigated with water holding capacity. Super

phosphate and potassium sulphate fertilizers were added

to the soil during first week of cultivation. Each group

was divided into four sub-groups, the first sub-group

was sprayed with distilled water, while the other three

subgroups were sprayed with the heavy metals in the

form of nickel chloride solution, lead acetate solution

and the mixture of them  and this foliar applicathion was

performed after twenty days from sowing. 

Samples of plants were collected at 45 days old for

determination of leaf area and some fresh samples were

stored at -20 ˚C after grounding under liquid nitrogen

for biochemical analyses while others were air and oven

dried.

2.1.  Estimation of Photosynthetic pigments

The method of Arnon (1949) was used in chloro-

phyll extraction and the concentration of the pigment

fractions were calculated as µg/ ml using the following

equations:

Chlorophyll (a) = 10.3 x O.D 633 – 0.918 x OD 644 = µg/ml.

Chlorophyll (b) = 19.7 x O.D 644 – 3.87 x OD 633 = µg/ml.

Then the fractions were calculated as µg/ g dry

weight of the differently treated plant waves.

2.2. Estimation of carbohydrate content

Soluble sugar was extracted from air –dried leaf tis-

sue with 80% ethanol. (Prud’homme et al., 1992). The

soluble sugars were determined by the anthrone sulfuric

acid method described by Whistler et al. (1962). Poly-

saccharide content was determined in the dry residue

left after extraction of soluble sugars. All data were cal-

culated as mg glucose 100 g-1 DW of shoots.

Beltagi (2013) reported that, heavy metals were ab-

sorbed from the soil solution,and then accumulated in

the tissues of common bean plants in variable concentra-

tions. Where, the highest in accumulation were in the or-

der: Pb> Cr > Cd > Zn > Ni. Lead reduced the uptake

and transport of nutrients in plants, by blocking the en-

try or binding of the lead ions to ion-carriers making

them unavailable for uptake and transport from roots to

leaves (Xiong, 1997).

Plant hormones are chemical messengers that re-

spond to environmental signals and regulate normal

growth and developmental changes (Sabir et al., 2013).

The application of exogenous hormones, as well as the

introduction  of  gene (s) of their biosynthetic pathways,

seems to initiate various biochemical pathways that en-

hance plant tolerance against various abiotic stresses

(Gangwar et al., 2010). Cytokinns act at the cellular lev-

el by inducing some genes expression, stimulate mitosis

and chloroplast development  but  also  on  the organ

level by releasing  buds  from  apical  dominance or by

inhibiting shoot and root growth (Yaronskay et al.,

2007). Kinetin is an essential component of plant cells,

affected the uptake and accumulation  of  nutrient  ele-

ments  (K+, Na+, Ca2+, Mg2+, Fe3+, Mn2+, Cu2+and

Zn2+) in maize leaves (Barciszewski et al., 2000). Ap-

plication of 10 µM  of  kinetin for Pisum sativum seed-

lings enhanced Mn tolerance and also increases seed-

lings’ growth by improving  ammonium assimilation

and the antioxidant defence system (Gangwar et al.,

2010). 

Ca2+ is a crucial regulator of growth and develop-

ment in plants. The supply of Ca2+ (as CaSO
4
) to cad-

mium exposed plants improved the content of chloro-

phylls, in comparison to control (Bhat et al., 2014).

Moreover, calcium play an important role in plant cell

elongation and division and structure as well as permea-

bility of cell membranes, carbohydrate translocation and

nitrogen metabolism (White, 2000).

2. Materials and Methods
Pure strain of Phaseolus vulgaris L. (common bean)

seeds obtained from Agriculture Research Center, Giza,
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measured by the method described by Dwivedi and

Randhava (1974). The activity of the enzymes was cal-

culated by putting the values in the formula;

CA = (V x 22 x N) / W 

(mol (CO
2
) Kg-1 (leaf FM) s-1)

V = Difference in volume (cm3 of HCL used in control

and test sample during titration)

22 = Equivalent weight of CO
2

N = Normality of HCL

W = fresh mass of tissue used.

2.9. Estimation of Nitrate reductase (NR) activity

The activity of nitrate reductase (NR) was measured

following the method laid down by (Jaworski, 1971).

The nitrate reductase activity was expressed on fresh

weight basis as n mole NO
2
 g-1 (FM) S-1.

2.10. Determination of Antioxidant Enzymes 
activities

Sample preparation was as described by Mukherjee

and Choudhury (1983). SOD activity (EC 1.15.1.1) was

measured in accordance with the method of Dhindsa et

al. (1981) by determining its ability to inhibit the photo-

chemical 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 re-

duced to blue formazan at 560 nm under the experimen-

tal conditions. Catalase (CAT; EC 1.11.1.6) activity was

assayed in a reaction mixture (3 ml) composed of phos-

phate buffer (50 mM, pH 7.0), 30% (w/v) H
2
O
2
 and 0.5

ml enzyme extract (Aebi, 1983). Catalase activity was

estimated by the decrease of absorbance at 240 nm us-

ing a Spectronic 601 UV spectrophotometer as a conse-

quence of H
2
O
2
 consumption and was expressed in ac-

cordance with Havir and Mellate (1987) as µM

H
2
O
2
oxidised 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 KH
2
PO

4
– K

2
HPO

4
 (pH 7.0), 10 mM H

2
O
2
, 20 mM

guaiacol and 0.5 ml crude extract (Malik and Singh,

1980). The increase in absorbance as a result of dehy-

drogenation of guaiacol was monitored at 470 nm (Kla-

2.3. Estimation of  total protein

Proteins were estimated by the method of Bradford

(1976). Absorbance was recorded photometrically at

595 nm (Beckman 640 D, USA) using bovine serum al-

bumin as a standard.

2.4.  Estimation of amino nitrogen (Amino-N)

Amino-N was extracted as described by (Yemm and

Willis, 1956) and then determined colourimetrically ac-

cording to the method of (Muting and Kaiser, 1963).

Glycine solution was diluted to 20 and 10 mg / 100 ml

for standard curve.

2.5.  Estimation of proline content

Free proline was extracted and determined in fresh

leaves according to the method described by Bates et al.

(1973). Proline concentration was determined and calcu-

lated as mg 100 g-1 DW of leaves.

2.6. Estimation of lipid peroxidation (LPO)

The level of lipid peroxidation was measured in

terms of malondialdehyde (MDA) contents using the

method of (Hodges et al., 1999). The MDA content was

calculated using its absorption coefficient of 155 n

mole-1cm-1 and expressed as n mole (MDA) g-1 fresh

weight.

2.7.  Estimation of total phenols

Total phenols were determined in leaves according

to the method described by (Malik and Singh, 1980) us-

ing the Folin- Ciocalteau reagent. The absorbance was

read at 650 nm was measured against a reagent blank. A

standard curve was prepared using different concentra-

tions of catechol. From the standard curve the concen-

tration of phenols in the test sample was estimated and

expressed as mg phenols/100 g material.

2.8. Estimation of carbonic anhydrase (CA)
 activity 

The activity of carbonic anhydrase in the leaves was

megad
Highlight
حذف was ونكتب بدلها and

megad
Sticky Note
 small s



107

Journal of  Environmental  Sciences, 2017; Vol. 46, No. 2 : 103-120

nickel and lead alone or in combination generally re-

duced the total leaves area / plant of Phaseolus vulgaris

plant. The maximum reduction achieved with  metal

combination treatment and was estimated by 57.72%.

Application of kinetin and calcium chloride by seeds

presoaking induced a non-significant increment in

leaves area /plant, this increment was evaluated by

107.38% for kinetin and 101.80% for calcium chloride.

The maximum value in leaves area  per  plant  was

gained by applying kinetin plus calcium chloride treat-

ment and estimated by 112.58% as compared with the

control plants. The contents of  photosynthetic  pig-

ments, total chlorophylls and total pigments were signif-

icantly decreased by heavy metals treatment than the

control. The highest inhibitory effects of the heavy met-

als on total chlorophylls and total pigments were record-

ed by the combined treatment and were calculated by

47.82% and 52.79%, respectively. Seed presoaking in

kinetin and/ or calcium chloride significantly alleviated

this inhibitory effect and induced a significant stimulato-

ry effect for the biosynthesis of the total chlorophylls

and total pigments. The maximum biosynthesis of total

chlorophylls and total pigments was attributed to the

combination of kinetin with calcium  chloride  treatment

and were evaluated by 132.45% and 131.13% respec-

tively. The contents of total soluble sugars and insoluble

sugars significantly decreased by applying heavy metals

compared with those of non-stressed plants. The maxi-

mum deteriorative effect of the examined heavy metals

was attributed to the nickel single treatment and was

evaluated by 82.62% and 58% for total soluble and in-

soluble sugars respectively. Contradictory, kinetin and/

or calcium chloride treatments generally stimulated a

high significant increment in the carbohydrate contents

in the shoots of bean plants. The maximum soluble sug-

ars  content  was achieved in plants  presoaked in  kine-

tin  plus calcium chloride solution and calculated by

161.86%. Meanwhile, the maximum  values  of  insolu-

ble  sugars  contents  obtained by plants sprayed with

nickel after presoaking in kinetin plus calcium chloride

combined treatment and was estimated by 127.67% (Ta-

ble 1). 

The toxicity generated by nickel and/ or lead retard-

pheck et al., 1990) using a spectronic 601 UV spectro-

photometer. Enzyme activity was expressed as the

change in the optical density g-1 FW min-1.

2.11. Estimation of total-N

The total nitrogen was determined by the conven-

tional semimicro-modification of Kjeldahl method of

Chibnall et al. (1943) and Pirie (1955), the micro-

Kjeldahl as adopted by Pregi (1945). The sample was

determined by titration against a standard sulphuric acid

(0.0143 N), using bromocresol green and methyl red

(3:2 v/v) as indicator till a faint red end point was ob-

tained. The titration figures were converted into mg ni-

trogen using:

1 ml of 0.0143 N H
2
SO

4
 = 0.28 mg Nitrogen

2.12. Estimation of elements

According to the wet ashing method, plant materials

were dried in an oven at 80 °C till constant weight. The

dried matter digested according to the method of Chap-

man and Pratt (1962). Potassium and magnesium were

estimated by the flame emission technique as adopted

by Ranganna (1977). Calcium, nickel and lead were de-

termined simultaneously by ICP spectroscopies accord-

ing to the method of Saltanapour (1985) Data were cal-

culated as ppm.

2.13. Statistical analysis 

The data were  statistically  on  complete random-

ized design  system of the  differently treated groups

and a comparison  among   means  was  carried  out  by

computer  programming  method (Costat- Display

ANOVA). Values  in  the  tables  indicate  mean  values

of  three independent  determinations. The  least  signifi-

cant  difference  (L.S.D) was  used  to test  the differ-

ence between  treatments;  ≤ 0.05  was  considered  sta-

tistically.

3. Results and Discussion
3.1. Total leaves area, photosynthetic pigments, 

soluble and insoluble sugars

The data in Table (1) showed that, heavy metals;
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on plants growth (Stevens et al., 2003).

In contrary, the follow-up treatment of the stressed

plants with kinetin and/or calcium chloride ameliorated

the harmful effect of nickel and/or lead and induced a

non-significant increase in leaves area/plant. In this con-

cern plant growth regulators could have enhanced the

resistance of plants against heavy metal stress or de-

creased the physiological and metabolic adverse effects

of the heavy metal (Tassi et al., 2008; Lequeux et al.,

2010). Calcium chloride recovers the Pb2+ induced re-

duction in biomass accumulation of mung bean seed-

lings (Singh et al., 1994), where Ca2+ channels play ma-

jor roles in the initiation of a large number of signal

transduction processes in higher plant cells, including

bud formation, terminal growth, gas exchange regula-

tion, regulation of growth and development (Hepler and

Wayne, 1985). 

ed the growth in terms of leaves area/plant of Phaseolus

vulgaris plant, especially when nickel was used in asso-

ciation with lead, could come either from a decrease in

the sink root effect or from an inhibition in the leaves

due to starch degradation into sucrose and then of the

transport of this later to the root (Rathor et al., 2014). In

this aspect, Ouzounidou et al. (1998) suggested that the

inhibitory action of heavy metals on leaf area seems

principally to be due to chromosomal aberrations and

abnormal cell divisions and may also be correlated with

the metal-induced inhibition of photosynthetic process

and respiration in the shoot system and protein synthesis

in the root or due to the reduction in cell proliferation

and growth (Drazkiewicz and Tadeusz, 2005). The

stressful effect of nickel that was more pronounced than

that of lead may be attributed to the influence of anionic

radicals in metallic salts of lead to reduce metal toxicity

Table 1.  Effect of kinetin and/or calcium chloride on leaves area, chlorophyll a + chlorophyll b, total pigments, total soluble
sugars and polysaccharides of Phaseolus vulgaris L. plant grown under nickel and/or lead stress.
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providing sufficient calcium to the plasma membrane to

maintain its integrity (Kumar et al., 2006).

It is also evident from these results, the total soluble

sugars and polysaccharides, significantly decreased un-

der nickel and/or lead treatment. This may be due to

lowered synthesis or diversion of the metabolites to oth-

er synthesis processes (Aldoobie, and Beltagi 2013). On

the other hand, kinetin and/or calcium chloride treat-

ments generally caused a significant increase in the all

estimated carbohydrate fractions. This induced enhance-

ment in growth represented by increasing leaf area pre-

sumably as a result of larger surface area available for

anabolic activities. These stimulations were further cor-

roborated by the significantly higher carbohydrates con-

tents (Al-Whaibi et al., 2012).

3.2. Total protein, amino nitrogen, proline, 
malondialdehyde and total phenols contents

The foliar application of nickel and/or lead signifi-

cantly reduced the production of the total protein con-

tent (Table 2). The maximum inhibition was evaluated

by 38.48% in case of the combination of nickel and lead

treated plants. Whereas; the metals stress significantly

enhanced the production of the amino-N and proline

contents of common beans. The maximum inductions

were observed in plants sprayed with nickel plus lead

and were estimated by 113.87% and 162.66% respec-

tively. Kinetin and /or calcium chloride significantly in-

creased the production of the protein nitrogen. The max-

imum increment obtained by kinetin treatment and it

was calculated by 185.22%. Meanwhile, kinetin and cal-

cium chloride treatments resulted in a high significant

increment in amino-N concomitant with a significant de-

crease in proline content. The maximum value of ami-

no-N was 166.03%, while the minimum value of proline

contents was 74.05% at plants treated with CaCl
2
. Mal-

ondialdehyde (MDA) and total phenols accumulated in

beans shoot in response to the  heavy  metals  stress.

The highest inductions in MDA and  total  phenols

were obtained in nickel plus lead treatment and were

248.24 % and 125.48% respectively. Meanwhile, mal-

ondialdehyde (MDA) and total phenols severely de-

creased by kinetin and/or calcium chloride treatments.

The foliar application of the used heavy metals;

nickel and lead alone or in combination significantly re-

duced the photosynthetic pigments in bean leaves.

These results are in harmony with those of Smirnoval et

al. (2006) who stated that, in sensitive plants, high con-

centration of these metals inhibits enzymes involved in

photosynthetic reaction. The deleterious effect of lead

on the photosynthetic pigments biosynthesis 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 which is one of the

primary events in plants during heavy metal stress lead-

ing to denaturing of the pigments as evident from the

significant reduction in leaf contents of chlorophyll

(Cenkci et al., 2010 and Pourraut et al., 2011). The plant

with high lead concentration fastens the production of

ROS, causing lipid membrane injury that ultimately

leads to damage of chlorophyll and photosynthetic pro-

cesses and suppresses the overall growth of the plant

(Najeeb et al., 2014). Lead is also known to affect pho-

tosynthesis by inhibiting activity of carboxylating en-

zymes (Stiborova et al., 1987). High level of Pb also

causes inhibition of enzyme activities (Sinha et al.,

1988a, b), water imbalance, alterations in membrane

permeability and disturbs mineral nutrition (Sharma and

Dubey, 2005). In the current study, the decrease in chlo-

rophyll content under metal stress is accompanied by a

corresponding increase in proline content which led to

the postulation that the available nitrogen might be di-

rected to the synthesis of proline instead of chlorophyll

(De La Rosa-Ibarra and Maiti, 1995).

On contrary, the applications of kinetin and/or cal-

cium chloride was found to counteract the deteriorative

effect of heavy metals on the photosynthetic pigment

content. In the present study, kinetin plus calcium chlo-

ride treatment induced the maximum increment in chlo-

rophyll a and total pigments. The degradation of cytoki-

nin may be one of the prime reasons through which

stressors cause toxicity and that exogenous application

of cytokinin protects plants against stress (Vodnik et al.,

1999). Addition of CaCl
2
 to stressed plants improved

the content of chlorophyll. A strong interaction between

calcium and cell wall constituents may be important in

megad
Highlight
total protein



Journal of  Environmental  Sciences, 2017; Vol. 46, No. 2 : 103-120

110

fects (Capuana, 2011). The detected reduction in protein

content may be due to the decrease in protein synthesis

and/or to the increase in its decomposition (Dietz et al.,

1999).

The presence of nickel and/or lead significantly lead

to the accumulation of amino-N and proline. However,

application of kinetin and calcium chloride resulted, in a

high significant increase in amino-N simultaneously

with a reduction in proline contents.

Proline is another important component of the de-

fence system of the plants to counter stress by acting as

osmoprotectant (Hartzendorf and Rolletschek, 2001). It

acts as a source of carbon and nitrogen for rapid recov-

ery from the stress and acts also as membrane stabilizer

and ROS scavenger (Jain et al., 2001). The synthesis of

proline is a gene-regulated process that involves the ac-

The maximum reduction registered in plants treated with

kinetin plus calcium chloride and was calculated by

59.30% and % 68.08, respectively.

Proteins are important constituents of the cell that are

easily damaged in environmental stress condition (Wu et

al., 2010). Hence, any change in these compounds can be

considered as an important indicator of oxidative stress

in plants (Aldoobie and Beltagi, 2013). The changes in

insoluble protein content with different metal treatments

might reflect different levels of antioxidant defense. The

toxic metals reduce enzyme activity and the synthesis of

protein (Lin and Kao, 2006; Maheshwari and Dubey,

2007). This toxicity may result from the binding of met-

als to sulphydryl groups in proteins, leading to inhibition

of activity or disruption of structure or from displace-

ment of an essential element, resulting in deficiency ef-

Table 2.  Effect of kinetin and/or calcium chloride on total protein, amino nitrogen, proline, malondialdehyde and total
phenols contents of Phaseolus vulgaris L. plant grown under nickel and/or lead stress.
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both enzymes content. Both kinetin single treatment and

kinetin + calcium chloride treatment stimulated the

maximum activity of carbonic anhydrase, which was

148%, while; only kinetin + calcium chloride treatment

induced a sharp maximum activation of nitrate reductase

evaluated by 300%.

In this investigation the reduction in CA may be in-

terpreted as a result of the decrease in photosynthetic

rate mediated by the stress as a result of the closure of

stomata, thereby decreasing CO
2
 supply (Hayat et al.,

2008) as well as the decrease of the internal CO
2 

con-

centration and consequently a decrease in the activity of

CA, because its activity, to a large extent, is regulated

by the CO
2
 concentration (Tiwari et al., 2005). this

stressful effect may also be attributed to the metal role

in altering the structure of the chloroplast and thylakoid

membrane due to metal interference with the biosynthe-

sis of the photosynthetic machinery modifying the pig-

ment and protein composition of thylakoid membranes

and fluidity of the plasma membrane, thereby reducing

the internal CO
2
 concentration and the uptake of Zn

which is responsible for the expression of genes encod-

ing CA protein (Bernel et al., 2004; Yruela, 2005  and

Azmat and Riaz, 2012). The decrease in the NR activity

in the stressed plant may be considered a biochemical

adaptation to conserve energy by stopping nitrate assim-

ilation. This inhibition may be due to a reduced supply

of NADH (Gengenbach, et al., 1993) disorganization of

chloroplast (Rebechini and Hanzely, 1974). 

In contrast, seed presoaking in kinetin and/or cal-

cium chloride induced a high significant increase in car-

bonic anhydrase and nitrate reductase contents. The rea-

son that seems most appropriate to explain that, kinetin

elevated the activity of nitrate reductase and corrected

the stress mediated damage to the plasma membrane.

The membrane correction/stabilization could have facili-

tated the increased uptake of nutrients including that of

nitrate, which act as an inducer of NR (Campbell,

1999). The exogenously supplied CaC1
2
 also alleviates

the inhibition of NRA as calcium is considered as an im-

portant nutrient ion and is known to increase the mem-

brane permeability and, thus, greater availability of oth-

er ions to the site of the enzyme action is possible,

tivation of genes of its biosynthesis and degradation (Su-

mithra and Reddy, 2004). The significant increase in am-

monia-N which is expressed by the increasing amounts

amino nitrogen and protein content in shoot tissue is a bi-

omarker of stress resistance is due to the fact that,  am-

monia is considered to be the unit of nitrogen metabo-

lism from which different amino acids are produced,

these being further incorporated into protein synthesis

(Ibraheem, 1999).

Another biomarker for oxidative stress is lipid peroxi-

dation (MDA), since the free radical collects electron

from lipid molecules present inside the cell membrane,

which eventually causes lipid peroxidation (Wadhwa et

al., 2012; Flora et al., 2012). MDA is the decomposition

product of polyunsaturated fatty acids of biomembranes

and its increase shows that plants are under high-level

antioxidant stress. The data of this work indicated that,

the total phenols and lipid peroxidation level as indicated

by accumulated MDA increased significantly in response

to Ni and/or Pb foliar application. The maximum induc-

tion in plants treated with the combination of nickel and

lead. 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 (Gupta et al., 2009). Contra-

dictory to the heavy metal effect, a marked significant

decrease in MDA and total phenols was obtained as a re-

sponse to kinetin and/or calcium chloride treatments. A

good parallelism was observed in the present investiga-

tion in trend of response of proline content, SOD, POX,

MDA and total phenol towards nickel and/or lead stress

with or without kinetin and /or calcium chloride presoak-

ing treatments.

3.3. Carbonic anhydrase, nitrate reductase and
antioxidant enzymes.

Carbonic anhydrase and nitrate reductase activities

were highly significantly decreased in the stressed plants

(Table 3). The maximum reductions were observed in

plants sprayed with nickel and lead combination and

were calculated by 58.4 % and 12.81%, respectively. In

contrary, application of kinetin and/or calcium chloride

by seed presoaking caused a high significant increase in
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Table 3.  Effect of kinetin and/or calcium chloride on carbonic anhydrase, nitrate reductase, superoxide dismutase,
catalase and peroxidase activities of Phaseolus vulgaris L. plant grown under nickel and/or lead stress.

was calculated by 25%. Kinetin plus calcium chloride

treatment reversed the trend inducing a high significant

decrease in the activities of superoxide dismutase and

peroxidase enzymes to 57.57%, 31.27% respectively,

accompanied with a sharp significant increase in the ac-

tivity of catalase enzyme calculated by 250 %.

In this concern, the high values of SOD and POX in

response to nickel and/or lead stress may be a result of

the production of stress-inducible genes which are di-

rectly related to protect against the different stresses.

They include the enzymes responsible for the synthesis

of various osmoprotectants like late embryogenesis

abundant (LEA) proteins, antifreeze proteins, chape-

rones, and detoxification enzymes (Debnath et al.,

2011). 

which may cause an indirect regulation of the enzyme

activity in the presence of CaC1
2
 in addition to its role

as secondary messenger for signal transduction (Kumar

et al., 1993 and Bharti et al., 1996). The application of

kinetin in the present work also found to enhance the

chlorophyll content and neutralize the negative effect of

the stress on CA.

Nickel and lead separately or in combination, on the

other side, raised the activities of the oxidizing enzymes

superoxide dismutase (SOD) and peroxidase (POX).

Meanwhile, these treatments significantly decreased cat-

alase (CAT) enzyme activity. Nickel plus lead treatment

induced the maximum activities for superoxide dismu-

tase and peroxidase 270.27% and 123.17% respectively,

while the maximum  inhibition value in catalase activity
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metals stress achieving the maximum inhibition record-

ed at nickel + lead application evaluated by 25.02% and

78.63% respectively. Whereas, Kinetin and calcium

chloride combined treatment significantly improved

Ca++ and Mg++ accumulation to 200% and 117.83%, re-

spectively.

On the other hand, bean shoots content of Ni++ ions

reached a maximum value in response to nickel foliar

application as nickel chloride solution and this value

was estimated by 133.33%. In contrast, the minimum

Ni++ content was obtained by kinetin + calcium chloride

treatment by seeds presoaking to 28.33% of the control

value. The same attitude was observed with lead ions;

where the maximum accumulation achieved in response

to lead foliar application as lead acetate solution and it

was calculated by 157.14%, whereas, seed presoaking in

kinetin and calcium chloride combined treatment allevi-

ated the stressful effect of lead to the level that lead con-

tent could not be detected (Table 4).

   The uptake of N++, K+ , Mg++ and Ca++  ions sig-

nificantly reduced by the foliar application with the

heavy metals; nickel and lead as compared with the con-

trol plants. The ionic mechanism of lead toxicity occurs

mainly due to the ability of lead metal ions to replace

other bivalent cations like Ca2+, Mg2+, Fe2+ and monov-

alent cations like Na+, which ultimately disturbs the bio-

logical metabolism of the cell (Flora et al., 2012).  Seed

presoaking in kinetin and/or calcium chloride overcame

this stressful effect of nickel and lead, A possible rea-

soning for this increment might be involved in the de-

toxification and thus tolerance to heavy metal stress

(Hall, 2002).The main detoxifying strategy of plants

contaminated by heavy metals is the production of phy-

tochelatins (PCs) (Mendoza-Cozatl et al., 2010).  The

presence of some cations in the soil solution such as

Ca2+ and Mg2+ compete with cations of heavy metals

efficiently and prevent it from adhering with plasma of

plant cells and subsequently their accumulation decrease

(Kiekens, 1983).  It has been proposed that the effects of

plant hormone on growth and development are mediated

by hormone induced shifts in cytoplasmic Ca+2  levels

with Ca+2 acting as an intracellular messenger convey-

ing information about the nature of a particular stimulus

The oxidative stress was an indirect effect of metal

toxicity leading to ROS production which increased tis-

sue level of SOD, APX and GR (John et al., 2007).

Moreover, heavy metals induce oxidative stress leading

to programmed cell death (PCD), which is initiated and

propagated through the generation of ROS (Jacobson,

1996). 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 re-

active oxygen species (ROS) such as superoxide radi-

cals (O
2
-), hydrogen peroxide (H

2
O

2
) and hydroxyl radi-

cals (OH-), which generate oxidative stress and cause

cell damage by inducing lipid peroxidation, protein oxi-

dation, enzyme inhibition and DNA damage (Sharma

and Dietz, 2009). In contrast, kinetin and/or calcium

chloride treatments in the present work significantly

raised CAT activity and reduced the activities of both

SOD and POX. These findings may be a result of kine-

tin and/or calcium chloride role in elevating the level of

antioxidant system, at least in part, increasing the toler-

ance of the plant to the incident stress, thus protected the

photosynthetic machinery (Hayat et al., 2008).

3.4. Nitrogen, potassium, calcium, magnesium,
nickel and lead ions contents

The data in Table 4 showed that, heavy metals stress

with or without kinetin and /or calcium chloride general-

ly induced an inhibitory effect on the production of total

-N content calculated by 70.89 % as compared with un-

treated plants. In contrast, seed presoaking in kinetin

and /or calcium chloride significantly induced a stimula-

tory effect on the nitrogen content. Application of kine-

tin alone improved the nitrogenous compounds produc-

tion attaining a maximum value of total-N as calculated

by 111.59%.

The content of potassium in Phaseolus vulgaris

shoot significantly diminished by nickel and/or lead fo-

liar application to 70.27% of the control plants. In con-

trary the combination of kinetin and calcium chloride

enhanced the accumulation of potassium ions by

131.97% over the control plants. In addition, Ca++ and

Mg++ ions accumulation was also dropped by the heavy
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or stress impinging on the cell to target proteins that

guide the cellular response (Johannes et al., 1991).

Thus, Ca2+ plays a pivotal role in signal transduction by

communicating signal perception at a localized receptor

to other parts of the cell, where the effectors of the cel-

lular responses are located (Harper et al., 1991).

5. Conclusion 
The present wok demonstrated that, the presoaking

of Phaseolus vulgaris seeds in 30 ppm kinetin, and/or

40 mM calcium for 6 hrs, especially in combination

treatment, helps in mitigating the toxic effect of heavy

metals stresses on leaves area, some metabolites and

mineral contents.
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اĠلخص العربى

تأثير الكينتě والكالسيوم على ĥو نبات الفاصوليا النامى
 تحت اجهاد العناصر الثقيلة

رضــوان رضــوان خليــل١            عزيــزة نجـاح مصطفى١
فردوس محمد بسيونى١            ساميـــة علــى هـارون٢

١قسم النبات - كلية العلوم - جامعة بنها - بنها - مصر

٢قسم النبات - كلية العلوم - جامعة اĠنصورة - اĠنصورة - مصر

يـعد الإجـهاد  بـالعـناصـر الثـقيـلة أحـد الإجهادات غـير الحـيويـة الرئـيسـية الـتي تسـبب تلـوثا بـيئـياĒ ومن ثم مـخاطـر غيـر محدودة

للكائنات الحية فى العقود الأخـيرة. أجريت الدراسة الحالية  بهدف  توضيح الدور التـحفيزى  لنقع البذور في الكينيتě (٣٠ جزء في

اĠـليون)  أو كـلوريد الـكالسـيوم (٤٠ ملي مـول) أو الأثنě معـا في مواجهـة التأثـير الضـار للنـيكل (٠٫٥ ملي مـول) و الرصاص (٢٫٥ ملي

مول) منفـردين ومجتـمعě عـلى النمو وبـعض الأنشطـة الأيضيـة لنبات الـفاصولـيا. و أوضحت النـتائج أن اĠعـاملة  بـكل من النيكل أو

الرصاص أدت الى انخفـاض غير معنوى فى مساحـة الأوراق/النبات وإنخفاض معـنوي  في كل من الصبغات الكلـية والسكريات الذائبة

وغير الذائبةĒ والبروتě الكلي والنيتروجě الكلى Ē وإنزĤ الكاتـاليزĒ  ومحتوى كل من البوتاسيوم والكالسيوم واĠغنيسيوم. ومن ناحية

أخـرىĒ لوحظ زيادة معـنوية فى كل من محـتوى  البرولـě والنيتـروجě الامينى Ē فـوق أكسدة الدهـونĒ الفينـول الكليĒ السـوبر أوكسيد

ديزميوتيزĒ البيروكـسيديزĒ النيكل والرصاص نتيجة لـلمعاملة بالعناصر الثـقيلة. وعلى النقيض من ذلكĒ فقد أدى نقع البذور في كل

من الكينيتě وكلوريد الكالسيوم منفردين أو كلاهما معا إلى زيادة غير معنوية في مساحة الأوراقĒ وزيادة معنوية فى كل من الصبغات

Ĥى الكربونيك انهيدريز والنيتريت ريدكتيز  وإنزėالكلى وإنز ěوالبروت Ēالامينى ěوالنيتروج Ēالكلية السكريات الذائبة وغير الذائبة

الـكاتـالـيـزĒ والنـيـتروجـě الـكـلى ومحـتـوى كل من الـبوتـاسـيـوم والكـالـسيـوم واĠـغـنيـسـيوم. وفي الـوقت نـفـسهĒ انخـفض مـحـتوى كل من

الـبرولـĒě فوق أكـسدة الـدهونĒ الفـينـول الكـليĒ السـوبر أوكـسيـد ديزميـوتيـزĒ البـيروكـسيـديزĒ النـيكل و الـرصاص بـشكل مـعنـوى نتـيجة

للـمعـاملة بـكل من الكيـنيتـě وكلـوريد الكـالسيـوم. وكانت اĠعـالجة بـكل من الكيـنيتـě وكلوريـد الكـالسيـوم منفـردين أو بصفـة مزدوجة

خاصة  فعالة في تعزيز قدرة النبات على تحمل التاثي الضار لكل من  النيكل و الرصاص.
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