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Abstract: Phaseolus vulgaris represents  a great source of nutrit io n  fo r millions  of people, and is  the second
most important legume crop, after soybean. Assessment of environmental contamination on  e cology (plant) at
molecular and population levels  is  important in risk quantification and remediation s tud y . Heavy metal toxicity
in plants  is  to induce o xidative s tress  linked to oxidation of proteins  and membrane lipids  but also to
alterations  of DNA damage re s p o n s e . W e s tudied the toxicity of Al and Ni individually on P. vulgaris which
affected root and shoot length and their effec t s  on length was  appeared after 3 days  of germination but %
germination was  not inhibited in both metal treatments . A mo n g  a ll tes ted concentrations  of Ni and Al in pot
experiment, the concentration 150 mg/Kg of soil g e nerated severely effects  on plant height, leaf area per plant,
fresh and dry weight per plant respectively. Despite of plant growth reduction, t h e  g e n o toxicity produced by
the s e  me t a ls  was  assessed by RAPD marker in all treated plants  and compared from untreated plants . Out of
10 primers  used, 5 gave monomorph ic, 4 gave unique band, and remaining one did not amplify the genomic
DNA, and thus  this  technique was  u s e fu l in evaluation of genotoxicity produced by these heavy metals . Our
present s tudy shows the environmental risk of these heavy metals  on g ro wt h  a n d  DNA polymorphism of P.

vulgaris 
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INTRODUCTION

Phaseolus vulgaris (Common bean) represents  the mos t important source of protein for low-income
populations  in Latin America and in Africa, and Brazil is  its  larges t producer and consumer worldwide. It is
widely grown in de v e lo p e d  c ountries , and cons idered to be the mos t important grain legume for human
consumption, and comp rise 50% of the grain legumes  consumed worldwide (Broughton et al., 2003, Graham
et al., 2003). Genomic protection of our b io t a  from environmental or global pollution is  the key for
conservation of Ea rth’s  biodivers ity. Metals  cons titute one of the major groups  of genotoxic environmental
pollutants  pos ing serious  threat to human as  well as  environmental well being (Nriagu, 1990; Panda and Panda,
2002). Excess  heavy metal s tress  causes  oxidative damage, but some reactive oxygen specie s  (ROS) can
participate in s ignal transduction pathways . The eleva t e d  le v e ls  o f heavy metals  in plants  may suppress  the
metabolism and trans location of reserve material to the growing regions  and their subsequent utilization. Thus ,
heavy metals  at supra-optimal concentrations  affect the agronomic traits  of plants  (Sin h a  a nd Gupta, 2005).
A p p roximately 400 plants , that hyperaccumulate metals  have been reported in recent years . T h e s e
hyperaccumulator plants  are mainly found in Brass icaceae, Euphorbiaceae, As teraceae, Lamia c e a e or
Scrophula ria c e ae families  (Macnair and Tans ley, 1993). Some plants  species  are endemic to metalliferous  soils
and can tolerate greater than usual amounts  of heavy me t a ls  or other toxic compounds . The tolerant plants
having heavy metal hyper accumulation potential, which  c o u ld  be beneficial in phytoremediation for clean-up
of soil and water; on the other hand tolerant food crops , if e xp o s e d  t o  heavy metals  in their growth medium,
may be dangerous  as  carriers  of toxic metals  in the food chain leading to food toxicity. 

Nickel is  an essential element for plants  and, in small quantities , has  been reported to improve cro p  y ie ld
and quality (Brown et al., 1990; Atta-Aly, 1999; Gerendas  et al., 1999). However, s imilar t o  other
mic ro e le ments , at excess  concentrations  of this  metal, becomes  toxic for mos t of the plant specie s .
Phytotoxicity of Ni has  been attributed to its  deleterious  effect on photosynthes is , respiration, mineral nutrition,
plant water s tatus , and transport of ass imila t e s  (Samarakoon and Rauser, 1979; Tripathy et al., 1981; Parida



Aust. J. Basic & Appl. Sci., 3(3): 3025-3035, 2009

3026

et al., 2003; Llamas  e t  a l . ,  2008; Llamas  and Sanz, 2008) as  well as  its  ability to induce oxidative s tress
(Gajewska and Sk³odowska, 2007, 2008). The literature of Ni toxicity and the following detoxification in plants
is  s till poor compared to other heavy metals  such as  alumin u m a n d  cadmium (Prasad, 2004b) and there are
few works  on the ROS inducing capability of Ni (Boominathan and Doran, 2002;  Hao et al., 2005; Gajewska
and Sk³odowska, 2007), so further inves tigation is  s till needed on the whole plant  le v e l, s in ce mos t of the
works  de a lin g  wit h ROS formation after Ni s tress  were only done on roots  (Boominathan and Doran 2002;
Hao et al., 2005) or on the abov e  g round organ (Gajewska and Sk³odowska, 2007) of a plant species .
Aluminium (Al) toxicity is  a n  important growth-limiting factor of crop production in acid soils , which are
found mostly in developing countries  o f t h e  t ro pics  and sub-tropics . The main symptom of Al toxicity is  the
dramatic inhibition of root growth. Some decades  ago, t wo  p io n e e r works  pos tulated that the decreased root
growth is  a consequence of the inhibition of cell divis ion (Cla rks o n , 1965) and cell elongation (Klimashevski
and Dedov, 1975). More recently, numerous  reports  in the literature describe the Al induced changes  occurring
particularly in the apical regions  of the root, leading to express ion of Al toxicity symptoms: changes  in root
c e ll patterning (Doncheva et al., 2005), irregular cell divis ion, alterations  in cell shape, and vacuoliza t io n
(Vazq u e z e t  al., 1999; Ciamporova, 2000), cell wall thickening and callose depos ition (Nagy et al., 2004; Jones
et al., 2006), dis integration of t h e  cytoskeleton (Sivaguru et al.,  2003b), formation of myelin figures  and
membranous  electron-dense depos its  , dis turbance of plasma membrane properties  (Sivaguru et al., 2003b; Ahn
et al., 2004; Ahn and Matsumoto, 2006), as  well as  the production of reactive oxygen species  (Jones  et al.,

2006). 
Mostly heavy metals  a t  e xc e s s  concentrations  damage the plant tis sue by producing free redical oxygen

species  or direct interacting to DNA, and thus , their accumulation within the cell causes  deleteriou s  effects .
However, little amount of Al and Ni may help in crop improvement a s  t h e y  in duce the many enzymatic
activit ie s  within the cell. The effect of Ni on nitrate reductase, urease and glutamine synthetase of two s trains
of Bradyrhizobium sp. (RA5 and M05) nodulating pigeonpea (Cajanus cajan) and mungbean (Vigna radiata),
have been s tudied, and Ni at 1ìg/L, enhanced the activity of glutamine s y n t h e t a s e  a n d urease, but s trongly
inhibited nitrate uptake and nitrate reductase (Singh et al., 2002). T h is  d e mons trated that Ni at low dose was
found to enhance ure a s e  a n d  g lu t amine synthetase. The influence of 50 and 100 ìM Ni have been examined
in shoot of wheat seedlings  and low doses  of Ni altered the nitrogen metabolism (Gajewaska et al., 2009). The
o rg a n ic  c o mplexes  of Al also proved to be effective (Kertesz et al., 2002; Pecsvaradi et al., 2005) in nitro g e n
metabolism as  it induce t h e activity of glutamine synthetase. Aluminium from an organic metal complex is  able
to bind to the polypeptide s tructure of the glutamin e  s y n t h e t a se (GS) molecule and triggers  its  activation.
Aluminium (III)-nitrilotriacetic acid complex (Al(III)NTA) activated the GS pre pared from wheat (Triticum

aestivum L.) leaves , as  Al  did in vivo, but could not functionally subs titute magnes ium ions , which were also3+

necessary for the activity in vitro GS assay. The activatory effect of the Al (III) NT A  c o mp le x is  because of
specific binding of Al to t h e  polypeptide chain of GS2, however presence of magnes ium at leas t on one of
t h e  me tal-binding s ites  is  essential to the active s tate of the enzyme (Pecsvaradi et al., 2009). The Ni a n d  A l
both induced the clas togenic and the aneuge n ic effects  (including mitos is  and cytokines is  dis turbances) on
Alium cepa  (Dovgaliuk et al., 2001). The use of res triction fragme nt length polymorphisms  (RFLPs), random
amplified polymorphic DNA (RAPD), s imple sequence repeats  (SSRs  or microsatellites), amplified  fragment
length polymorphisms  (AFLPs), and various  other molecular sys te ms  h a s  made poss ible a tremendous
advancement in the production of high-dens ity linkage maps  and in the power of utilizing lin ka g e  s t udies  for
localizing genes  in p la n t s  (Ga lle g o et al., 1998; Ma et al., 2001; Nguyen et al., 2001; W u et al., 2000).
Developing maps  based on mole c u la r ma rkers  is  one of the s teps  in the genomic s tudies  of important plants .
A  molecular linkage map, together with 104 AFLP markers  and 103 RFLP markers , was  cons tructe d  t o  ma p
quantitative trait loci (QTLs) and epis tatic loci for Al tolerance based on the segregation for relative root length
(RRL) in rice (W u et al., 2000). The comparative toxic effects  of Ni a n d  A l h a v e  n o t been performed on this
plant species . Therefore, in view of above literature, the aim of this  work wa s  to compare the effects  of Ni
and Al on germination, growth of plant (es timated from height, le a f a re a , fresh and dry weight) and
genotoxicity on P. vulgaris.

MATERIAL AND METHODS

Seed Treatment and Germination:

The seeds  of P. vulgaris were obtained from the local market of Riyadh and the experiment was  conducted
at Department of Botany and Microbiology, College of Science , King Saud Univers ity, Kingdom of Saudi
Arabia. The solution of Ni and Al were prepared in autoclaved deionized dis t ille d  water. The various
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concentrations  of the s e  h e a v y  metals  were applied on seeds  in petriplate experiments . The concentrations  of
Ni and Al used for seed treatment were; 50 mg/L, 100 mg / L and 150 mg/L respectively. The seeds  were
immersed in 3% v/v formaldehyde solution for five minutes  to avoid fungal contamination. After that, the seeds
were washed with deionized water three times  to remove excess  formaldehyde. A bout 10 seeds  were put on
W hatman filter paper, and covered it with another filter paper and each plate labe led, and then added 10 ml
of various  concentrations  solution of Ni and Al respectively. Closed the top of the plates  an d  le ft  t h e m in  a
germin a t o r, a n d  t emperature was  set at 25°C. The radicle and coleoptiles  lengths  were measured after 4 days
of seedlings  emerg e n c e . Ea ch treatment was  replicated three times  for s tatis tical purposes . Further, percent
germination and morphological variants  of seedlings  produced under various  concentrations  were inves tigated.
The radicle and coleoptile lengths  were measured under va rio us  concentrations  of Al and Ni metals  treated
seedlings  and compared with untreated seedlings . 

Pot Experiment: 

The toxicity of Al and Ni wa s  e v a lu a t ed on P. vulgaris under pot culture conditions . The concentration
of Al and Ni was  kept per Kg  o f s o il in three concentrations  as  50 mg, 100 mg and 150 mg respectively. The
seeds  of P. vulgaris  (2 s e e d s /pot) were sown in plas tic pots  containing 1 kg of s team s terilized soil at 2.0 cm
depth. There were three replicates  for all treatmen t s . A ft e r 15 d a y s  of sowing sampling was  done to see the
toxicity of these heavy metals  on plant growth as  plant height, leaf area, fresh and dry weight per plant
respectively. Seedlings  were grown in a controlled climate of green house at 24 ºC wit h  a 16 h photoperiod
(175 mmolm  s  PPDF). Untreated pots  were served as  controls  for comparison to treated pots . Proper-2 -1

mois ture was  maintained in pots  through judicious  watering after 5 days  of time interval. 

Genomic DNA Isolation for PCR Analysis:

Reagents and Chemicals:

The s to c k s o lu t io n  concentrations  were: cetyl trimethyl ammonium bromide (CTAB) 3% (w/v), 1 M Tris -
Cl (pH 8), 0.5 M EDTA (pH 8), 5 M NaCl, absolute ethanol (AR grade), chloroform: Isoamylalcohol (24:1
[v/v]), polyvinylpyrrolidone (PVP) (40 000 mol wt) (Sigma), â-mercaptoethanol. All the chemicals  used in the
experiments  were of analytical grad e . The extraction buffer cons is ted of CTAB 3% (w/v), 100 mM Tris -Cl
(pH 8), 25 mM EDTA (pH 8), and 2 M NaCl respectively. The PVP and â-mercaptoethanol were  fre s h ly
prepared and added in the extraction buffer.

DNA Extraction:

DNA was  isolated from seedlings  g ro wn  in  p e t riplate as  well as  in green house us ing a modified CTAB
method (Khan et al., 2007).  The young seedlings  after 15 days  of sowing were ground into extract io n  b u ffe r
(100 mM tris  buffer pH 8, 25 mM EDTA, 2 M NaCl, 3 % CTAB, 3 % PVP). The suspens ion was  gently
mixed and incubated at 65ºC for 20 min with occas ional mixing. T h e  s u s p e n s ion was  then cooled to room
temperatu re  a n d  a n  e q u al volume of chloroform : isoamyl alcohol (24:1) was  added. The mixture was
centrifuged at 12,000 rpm for 5 min. The clear upper aqueous  phas e  wa s  t h e n  t ra n s ferred to a new tube and
added 2/3 volume of ice-cooled isopropanol and incub ated at -20 ºC for 30 min. The nucleic acid was  collected
b y  c e n t rifu g ation at 10,000 rpm for 10 min. The resulting pellet was  washed twice with 80 % ethanol. Th e
pellet was  air-dried under a s terile laminar hood and the nucleic acid was  dissolve d  in  T E (10 mM  tris  buffer
pH 8, 1 mM EDTA) at room t e mp e ra t u re and s tored at 4ºC until used. The RNA from crude DNA was
eliminated by treating the sample with RNase A (10 mg/ml) for 30 min at 37 ºC. DNA concentration and
p u rity were determined by measuring the absorbance of diluted DNA solution at 260 nm and 280 n m. T h e
quality of the DNA was  determined us ing agarose gel electrophores is  s tained with ethidium bromide.

RAPD Reaction:

The RAPD reaction was  performed according to the method develo p e d  b y (M cClelland et al., 1995). The 

reactions  were carried out in 25 ìL volume in a tube us ing ten rando m d e c a n u c leotide primers  (Operon

2Tec hnologies  Inc., USA ). Each reaction tube contained 30 ng template DNA, 1.5 mM MgCl , 300 ìM of
dNTPs , 2.5 ìl1xTaq DNA polymerase buffer, 25 pM decanucleot id e  p rimer and 1.5 units  of Taq DNA
polymerase (Fermentas , USA). Amplification was  performed in a DNA thermal cycle r (T e c h ne Thermal cycler,
England) us ing the following conditions : 95ºC for 3 min; 36 cycles  a t  94 ºC for 1 min, 35.6 ºC for 30 s  and
72 ºC for 1 min; final ext e n s ion at 72 ºC for 2 min. PCR products  were resolved on 1.2% agarose gel in
1xTAE buffer. The DNA was  s tained with 0.5 mg/mL ethidium bro mid e, visualized and photographed under
a UV trans illumin a t o r. A sample without template DNA was  included as  a negative control in each experiment
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to check contamination. Ele c t rophoretic profile was  visualized under UV radiation and photographed with UV
trans illuminator, U. K. The s izes  of DNA fra g me n t s  were es timated by comparing with s tandard ladder 1kb
(Fermentas , USA). 

Statistical Analysis:

Statis tical s ignific a n c e  was  evaluated with one-way ANOVA analys is  followed by Dunnett’s  multiple
co mp a rison tes t (comparing each treatment to the control plants , and also between the Ni and Al treatments ).

RESULTS AND DISCUSSION

Seed Germination in Petriplate: 

Ge rmin a t ion was  performed in petriplate at same concentration of both metals  Ni and Al at 50 mg/L, 100
mg/L and 150 mg/L respectively. It was  counted after 5 days  in the petriplate kept with heavy me t a l s o lu t ion
(10 ml) of above concentra t ions . The % seed germination was  non s ignificantly different as  compared to
control seed germination (Table 1).  

Table 1: Effect of various concentration of aluminium (Al) and nickle (N i )  o n  g erm i n ation, shoot and root lengths of Phaseolus vulgaris

Conc of Al (mg/L) C (0) 50 100 150

% germination 82.89 ± 6.42 91.40 ± 6.50 ns 81.96 ± 12.58 ns 87.00 ± 15.30 ns

Root length 11.14 ± 0.95 7.94 ± 0.59** 6.51± 0.47** 2.84 ± 0.16**
Shoot length 4.83 ± 1.03 4.66 ± 0.61ns 4.60 ± 0.39ns 4.36±0.15ns
Conc of Ni (mg/L) C (0) 50 100 150
% germination 85.92 ± 5.80 88.55 ± 11.85ns 86.63 ± 10.25 ns 89.92 ± 14.39 ns
Root length 11.14 ± 0.95 7.02 ± 0.35** 4.56 ± 0.56** 2.53±0.18**

Shoot length 4.83 ± 1.03 4.03 ± 0.21ns 3.62 ± 0.56* 4.27 ± 0.05ns

Values are mean ± SD for three replicat e i n  each  g roup. *, ** and ns indicate values that differ significantly from the control at p<0.05,
p<0.01 and ns (not significantly)

Plant Growth Measurement in Pot Experiment:

The root and shoot length was  decreased under treatment of both h e a v y  me t a ls , and it was  severely
affected by Ni as  compared to A l a t  s a me concentration (Table 1). The shoot length was  observed at 100 mg
/L of Al and Ni treatment was  4.60 ± 0.39 cm and 3.62 ± 0.56 cm, whils t  a t  150 mg/L of Al and Ni, the
shoot length was  4.36 ± 0.15 cm and 4.27 ± 0.05 cm respectively . T h e  t o xic ity of these heavy metals  after
being performed in petriplate, further it was  performed in pot in green house. The plant growth such as  height,
leaf area per plant, fresh and dry weight per plant in p o t  e xp e rime n t  was  observed after a time interval of 15,
30 and 45 d a y s  of sowing. The plant height and leaf area per plant were decreased as  compared to control
plants , and plant height was  more affected by Ni than Al, whils t of same concentrations  of both metals  applied
(Table 2). The reduction in  p lant height was  found more at 150 mg of Ni per Kg of soil, and its  effect was
continued upto 45 days  of sowing. At this  concentration, the plant heig h t  was  12.92 ± 0.43 cm, 23.50 ±
1.11cm and 32.78 ± 2.86 cm after 15, 30 and 45 days  after s o wing, and result showed the highly s ignificant
differences  as  compared to untreated plants . The plant height under Al treatment at 150 mg per Kg of soil was
recorded and it was  13.23 ± 0.99 cm, 31.33 ± 0.99 cm and 41.07 ± 3.24 cm, but these values  were found
lesser at the  s a me  c o n c e ntration of Ni application. The plant height  at 100 mg per Kg of Al and Ni were
produced s ig n ificant results  after 45 days  of sowing. The leaf area per plant was  decreased as  compared to
control pla n t s , a n d  also varied among plants  of various  treatments . The leaf area per plant was  more reduced
under Ni treatment as  compa red to Al at same concentration application. The all applied concentrations  i.e.,
50, 100 and 150 mg of Ni per Kg of soil showed highly s ignificant re s u lt s  after 30 and 45 days  of sowing,
and leaf area per plant was  more reduced as  compared to control plants . The leaf area per p la n t  was  more
influenced after 15, 30 and 45 days  of sowing at 100 and 150 mg of Al per Kg of s o il a s  c o mpared to control
plants  but, more influenced by Ni treatments . The treatment of Al was  hig h ly  s ig n ificant on leaf area after 45
days  of sowing, and it was  foun d  518.16 cm at 100 mg of Al, and 496.58 cm at application of 150 mg of Al
per Kg of soil. Fre s h  and dry weight was  decreased as  compared to control plant, and it was  dose dependent.
Some results  were unexpec t e d  in  fre s h leaf weight per plant at Al 50 and 100 mg per Kg of soil after 45 days
of sowing. Similarly, dry weight of leaf and root at Al 50 mg per Kg of soil was  higher as  comp a re d to
control plants  after 15 and 30 days  of sowing. Fre s h  we ig h t  o f leaf per plant was  more affected at
concentration 50 mg, 100 mg and 150 mg of Al per kg of soil after 15 days  of sowing, and it  wa s  fo u n d  1.83
g, 1.66 g and 1.55 g (Table 3). A s ignificant result was  als o  o b t a ined after 30 days  of sowing at treatment 150
mg of Al per kg of soil. The dry weight of le a f u n d e r doses  of 100 and 150 mg of Al per Kg of soil were
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Table 2: Plant height and leaf area p er plant observed at various concentrations of aluminium (Al) and nickel (Ni)
after a time intervals in green house experiment.

Effect of aluminium (Al)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Plant height Leaf area
------------------------------------------------------------------------------------ ------------------------------------------------------------------------------
Conc. of Al
mg/Kg soil DAS 15 DAS 30 DAS 45 DAS 15 DAS 30 DAS 45

C (0) 17.10 ± 1.27 37.68 ± 2.50 56.57 ± 5.05 115.6 ± 10.74 506.03 ± 10.83 687.63 ± 14.57
50 15.12 ± 2.00ns 32.13 ± 2.07* 52.52 ± 2.74ns 114.03 ± 2.67ns 500.44 ± 7.43ns 598.22 ± 5.71ns

100 14.34 ± 1.73ns 33.74 ± 3.19ns 45.77 ± 2.56** 100.94 ± 3.02* 483.44 ± 12.89* 518.16 ± 14.63**
150 13.23 ± 0.99* 31.33 ± 0.99* 41.07 ± 3.24** 98.27 ± 6.67* 436.49 ± 9.43** 496.58 ± 12.82**

Effect of nickle (Ni)

C (0) 17.37 ± 2.16 37.68 ± 2.50 56.57 ± 5.05 115.60 ± 9.30 506.03 ± 9.38 687.63 ± 14.57
50 14.87 ± 1.29ns 31.37 ± 2.81ns 48.91 ± 5.42* 104.38 ± 6.63ns 383.18 ± 10.65** 652.32 ± 25.99ns
100 13.82 ± 1.49* 27.25 ± 2.68ns 38.36 ± 2.01** 99.87 ± 7.27ns 311.83 ± 11.32** 582.6 ± 16.69**
150 12.92 ± 0.43** 23.50 ± 1.11** 32.78 ± 2.86** 97.61 ± 2.69* 304.22 ± 6.54** 441.67 ±30.09**

Values are mean ± SD for three rep l i cat e i n each group. *, ** and ns indicate values that differ significantly from the control at p<0.05,
p<0.01 and ns (not significantly)

Table 3: F res h  and dry weight of leaf, stem and root per plant observed under various concentrations of aluminium (Al) after  a t i m e
interval in green house experiment.

Conc. of Al Fresh wt. of leaf Dry wt. of leaf
mg/Kg soil -------------------------------------------------------------------- ------------------------------------------------------------------------------

DAS 15 DAS 30 DAS 45 DAS 15 DAS 30 DAS 45

C 2.20 ± 0.21 9.33 ± 0.94 13.49 ± 1.72 0.212 ± 0.028 0.835 ± 0.223 1.36 ± 0.157
50 1.83 ± 0.13* 8.3 ± 0.28ns 14.99 ± 0.46ns 0.196 ± 0.018ns 0.935 ± 0.101ns 1.24 ± 0.097ns

100 1.66 ± 0.15** 8.3 ± 0.39ns 13.61 ± 0.68ns 0.166 ± 0.017* 0.65 ± 0.047ns 0.971 ± 0.057**
150 1.55 ± 0.06** 7.44 ± 0.36** 11.86 ± 0.46ns 0.143 ± 0.009** 0.609 ± 0.057ns 0.912 ± 0.100**

DAS 15 DAS 30 DAS 45 DAS 15 DAS 30 DAS 45

Fresh wt. of stem Dry wt. of stem 
-------------------------------------------------------------------------------------- ------------------------------------------------------------------------------
C 1.35 ± 0.09 4.49 ± 0.94 7.64 ± 0.98 0.204 ± 0.02 0.77 ± 0.11 1.105 ± 0.09

50 1.16 ± 0.13ns 4.16 ± 0.49ns 7.21 ± 0.61ns 0.157 ± 0.04ns 0.683 ± 0.05ns 1.01 ± 0.15ns
100 0.877 ± 0.08** 4.00 ± 0.55ns 6.57 ± 0.49* 0.091 ± 0.005** 0.606 ± 0.04* 0.931 ± 0.76ns
150 0.753 ± 0.09** 3.81 ± 0.27ns 5.86 ± 0.28** 0.078 ± 0.01** 0.482 ± 0.05** 0.856 ± 0.11**

DAS 15 DAS 30 DAS 45 DAS 15 DAS 30 DAS 45

Fresh wt. of root Dry wt. of root 
--------------------------------------------------------------------------------------- ------------------------------------------------------------------------------

C 0.742 ± 0.16 1.98 ± 0.29 3.07 ± 0.18 0.094 ± 0.02 0.525 ± 0.05 0.813 ± 0.16
50 0.71 ± 0.14ns 1.98 ± 0.09ns 2.95 ± 0.28ns 0.092 ± 0.01ns 0.479 ± 0.06ns 0.773 ± 0.06ns
100 0.673 ± 0.07ns 1.73 ± 0.13ns 2.57 ± 0.31ns 0.066 ± 0.01ns 0.403 ± 0.06ns 0.606 ± 0.03ns
150 0.496 ± 0.07ns 1.46 ± 0.15* 2.00 ± 0.16** 0.048 ± 0.01** 0.413 ± 0.02* 0.532 ± 0.09*

Values are mean ± SD for three replicate in each group. *, ** and ns indicat e v al u es  t h at differ significantly from the control at p<0.05,
p<0.01 and ns (not significantly)

highly reduced after 15, 30 and 45 days  of s o wing, and more s ignificant result was  found after 15 and 45 days
of sowing. Fresh and dry weight per plant under Ni treatment was  also dose dependent exc e p t  t re a t ment 100
mg per Kg of soil for dry s tem and root weigh t  p e r p la n t  a fter 15 and 45 days  of sowing, and it was
unexpected re s u lt .  A s  compared to Al treatment, the Ni concentration 100 and 150 mg per Kg of soil showed
s ig n ific ant reduction in fresh weight after 15, 30 and 45 days  of sowing (Table 4). The fresh weight of leaf
per plant under the s e  concentrations  was  more affected after 30 and 45 days  of sowing, and it was  5.55 g and
4.76 g (at concentrations  100 and 150 mg Ni per Kg  o f s o il), and 8.56 g and  7.95 g (at concentrations  100
and 150 mg Al per Kg of soil) respectively. The dry weigh t  o f leaf per plant was  less  s ignificantly reduced
under treatment of Ni as  compared to fresh weight. 

The fresh weight reduction  in  s t em was  more at 100 and 150 mg of Al per Kg of soil and profound effect
was  seen after 15 and 45 days  of sowing. The reduction in fresh weight of s tem was  5.86 and 0.753 g after
15 and 30 days  of sowing at 150 mg of A l p e r kg  of soil. Dry weight of s tem s ignificantly reduced at 100
and 150 mg of Al per Kg of soil afte r 15, 30 a nd 45 days  of sowing. The more profound effect on dry weight
of s tem per plant was  found 0.078, 0.482 and 0.856 g  a t  150 mg per kg of soil under Al treatment after 15,
30 and 45 days  of sowing. As  compared to Al treatment more reduction was  fo u n d  in  fre s h as  well as  in dry
weight  o f s t e m a t  150 mg of Ni per Kg of soil after 30 and 45 days  of sowing. The Ni treatment was  less
effective after 15 days  of sowing on fresh and dry weight of s tem per p la n t  a t  150 mg  per kg of soil after 15
days  of sowing, a n d  it was  found 0.95 and 0.13 g, and it was  unexpected results  in this  heavy metals . The
effect of Al on fresh and dry weight of root per plant was  less  affected as  compared to Ni treatment. Fresh
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Table 4:  Fresh and dry weight of leaf, stem and root per plant measured under various concentrations of nickle (N i )  aft er  a time interval
in green house experiment.

Conc. of Ni Fresh wt. of leaf Dry  wt. of leaf
mg/Kg soil ------------------------------------------------------------------- ------------------------------------------------------------------------------

DAS 15 DAS 30 DAS 45 DAS 15 DAS 30 DAS 45

C (0) 2.20 ± 0.21 9.33 ± 0.94 13.49 ± 1.72 0.212 ± 0.02 0.835 ± 0.22 1.360 ± 0.15
50 1.88 ± 0.21ns 7.58 ± 1.29ns 10.73 ± 0.72* 0.185 ± 0.01ns 0.630 ± 0.04ns 1.030 ± 0.22ns
100 1.83 ± 0.16* 5.55 ± 1.12** 8.56 ± 0.77** 0.170 ± 0.02ns 0.557 ± 0.12* 0.923 ± 0.17*
150 1.75 ± 0.25* 4.76 ± 0.65** 7.95 ± 1.23** 0.140 ± 0.03* 0.495 ± 0.05* 0.866 ± 0.09*

 Fresh wt. of stem Dry  wt. of stem
---------------------------------------------------------------------------------------- ------------------------------------------------------------------------------

C (0) 1.35 ± 0.09 4.49 ± 0.94 7.64 ± 0.98 0.204 ± 0.02 0.770 ± .110 1.105 ± 0.09
50 1.12 ± 0.14ns 3.39 ± 0.16ns 5.53 ± 1.05* 0.157 ± 0.02ns 0.515 ± 0.04** 1.020 ± 0.12ns
100 1.11 ± 0.10ns 3.09 ± 0.69* 4.65 ± 0.75** 0.167 ± 0.03ns 0.470 ± 0.10** 0.879 ± 0.14ns
150 0.95 ± 0.12** 2.77 ± 0.29* 4.65 ± 0.97** 0.13 ± 0.006* 0.439 ± 0.05** 0.702 ± 0.22*

Fresh wt. of root Dry  wt. of root
--------------------------------------------------------------------------------------- ------------------------------------------------------------------------------

C (0) 0.742 ± 0.16 1.98 ± 0.29 3.07 ± 0.18 0.094 ± 0.02 0.525 ± 0.05 0.813 ± 0.16
50 0.553 ± 0.04ns 1.67 ± 0.27ns 2.63 ± 0.19ns 0.071 ± 0.01ns 0.436 ± 0.09ns 0.608 ± 0.18ns
100 0.489 ± 0.132* 1.53 ± 0.27* 2.00 ± 0.43** 0.057 ± 0.01* 0.31 ± 0.06** 0.642 ± 0.10ns
150 0.456 ± 0.11* 1.36 ± 0.18* 1.88 ± 0.20** 0.044 ± 0.01** 0.252 ± 0.06** 0.458 ± 0.13**

Values are mean ± SD for three replicate in each group. *, ** and ns indicate v al u es  t h at  d iffer significantly from the control at p<0.05,
p<0.01 and ns (not significantly)

and dry weight of root per plant was  s ignificantly reduced at 150 mg of Al per kg of soil except fre s h  we ig h t
of root after 15 d a y s  o f s o wing, and it was  0.496 g. As  compared to Al treatment, the more effect was  found
under Ni treatment at 100 and 150 mg per kg  o f soil, and effect was  continued after 15, 30 and 45 days  of
sowing. 

Molecular Detection of Genotoxicity:

The genotoxicity of Al and Ni metals  were assessed in treated and untreated plants  by randomly amplified
polymorphic DNA (RAPD) according to the method develo p e d  by McClelland and W elsh (1995). Out of 10
primers  used, 4 gave reprod u c ib le  and unique band which differentiated the plants  treated at low and high
concentrations  of Al and Ni metals . The  Ni conc e n t ra t io n , 150 mg per kg of soil created mutation in the
genome (Fig 2a and 2b), and obtained band in PCR amplification were o f s ize s  1 kb  (F ig 2a); 950 bp, 900
bp (Fig 2b );  1500 b p  and 1000 bp (Fig 3d) respectively.  Similarly, reproducible unique band in PCR
amplification was  obtained at same concentration of Al (80 mg per kg of soil) o f s ize 950 bp (Fig 3a), 1400
bp, 1000 bp, 950 bp, 900 bp and 850 bp (Fig 3d) respectively. 

Fig. 1: Effect of Ni and Al on growth of Phaseolus vulgaris at different concentrations  added per Kg of soil.
Photographs  were taken after 15 days  of sowing.
a. control plant, b. plant growth at 50 mg Ni per Kg of soil, c. plant growth at 100 mg  Ni p e r Kg
of soil, d. plant  g ro wt h  a t  150 mg  Ni per Kg of soil, plant growth at 50 mg Al per Kg of soil, plant
growth at 150 mg Al per Kg of soil, plant growth at 150 mg Al per Kg of soil
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Fig. 2: RAPD fingerprints  for P h a se o l us vulgaris  (L.) treated with various  concentrations  of Ni and Al with
primer OPC-3, (Fig 2a), OPC-7 (Fig 2b). 
Lane M; 1 kb DNA ladder
Lane 1: Control
Lane: 2, 3, 4 represent the plants  treated with Ni at 50, 6100 and 150 mg per Kg of soil. 
Lane 5, 6, 7 represent the plants  treated with Al at 50, 100 and 150 mg per Kg of soil. 

Fig. 3: RAPD fingerprints  on genomic DNA extracted from Phaseolus vulgar i s  (L.)  treated with various
concentrations  of Ni and Al with primer OPC-12, (Fig 2a), OPC-13 (Fig 2b). 
Lane M; 1 kb DNA ladder
Lane 1: control
Lane: 2,3,4 represent the plants  treated with Ni at 50, 100 and 150 mg per Kg of soil.
Lane 5, 6, 7 represent the plants  treated with Al at 50, 100 and 150 mg per Kg of soil.  

Discussion: 

P haseolus vulgaris, represents  a great source of nutrition for millions  of people, and is  the se c o n d  mo s t
important legume crop, after soybean. Studies  on genotoxic s tress  are arous ing interes t as  that would augment
our unders tanding the bas is  of evolution of metal tolerance in plants . Tolerant plan t s  a re  a t t racting attention
owing to the promise, they o ffe r in  crop production as  well as  in phytoremediation (Kochian, 1995; Salt et

al., 1995). The several plan t  s p e c ies  have been used as  bioindicators , and several tes ts  have been developed
to evaluate the toxicity of environmental contaminants  on vegetal organisms. W e s tudied the comparative toxic
effect of Ni and Al on germination and growth development of P. vulgaris which sho we d  s imilar germination
response when applied individually. The germination of P. vulgaris was  not inhibited by Ni and Al treatments .
Al metal has  been reported not to inhibit ge rmin a t io n  but impair the growth of new roots  and seedling
es tablishment (Nosko et  a l .,  1988 a n d  Rellen-Alvarez et al., 2006). The concentrations   of Ni 100 and 150
mg per Kg of soil showed profo u n d effect on root length as  compared to untreated root length which was  4.5
± 0.13 (cm), even more from root length treated with A l metal at same concentration. The shoot length was
also decreased as  compared to control shoot length under Ni treatment  a n d  re d u c t ion was  more than that of
Al treatment at same concentra t io n . Ou r result was supported by Stass  et al. (2007) who observed the
interaction of boron (B) and alumin iu m (A l) on 5-day-old seedlings  of soybean cv. Maple Arrow, and it
inhibited root elongation and callose formation in root tips  particularly after 4-h Al treatment. The root
elongation of two common bean (Phaseolus vulg a r i s  L.) genotypes , VAX-1 (Al-sens itive) and Quimbaya (Al-
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res is tant), we re severely inhibited during the firs t 3-4 h of Al treatment (Rangel et al., 2009).  In our s tudy,
the growth of this  species  showed in h ib it o ry  e ffe c t  of Ni and Al, and Ni was  found more toxic affecting the
growth of root, shoot, leaf area and plant height than A l t re atment. Root s tunning is  a consequence of Al
induced inhibition of root elongation. Roots  became s tubby, brittle and root tips  and lateral roots  became thick
and turned brown. Such roots  are in efficient in absorbing nutrients  and water a ffe c t in g  t h e growth of shoot
t h an the root. Similar observations  were made by Chang et al. (1999) on tobacco, treated with a c o mb in a t io n
of Al and Fe. Mechanism of res is tance in plants  continues  to remain poorly unders tood. Such res is tance arises
either by  the plant ability to exclude heavy metals  in roots  or its  ability to detoxify heavy metals  within the
plants  (Hall, 2000; Kochian, 1995; Re lle n -A lv a rez, et al., 2006; Taylor, 1995). Detoxification also depends
upon organic compounds  present in soil and ins ide plants . P. vulgaris seeds  were germinated in the petriplates
which were devoid of other minerals . The metals  applied did not get d e t o xifie d  a n d were absorbed by plants
which resulted in the inhibition of root and shoot length. 

T h e  plant growth (plant height, leaf area per plant, fresh and dry weight) were decreased under treatme n t
of both Ni and Al a n d  mo re  e ffe c t was  observed under Ni treatment as  compared to Al treatment and effect
was  more severe at the tre a t me n t  o f 150 mg  Ni per kg of soil after 15, 30 and 45 days  of sowing. Fresh and
dry matter weight of P. v u l g a r i s  were affected under both in nutrient solution as  well as  in soil contaminated
with Ni and Al. Likewise, the dry matter weights  of tomato (Lycopersicon esculentum M. cv. Marmande) roots ,
shoots , and fruit were decreased at concentration 5, 15, and 30 mg  Ni L  when applied in nutrient solution-1

(Palacios  et al., 1998). The presence of Ni in nutrient medium affected pla nt growth, decreas ing dramatically
dry matter yield compared to control plants  and reduction was  likely due to the dis turbances  and imb a la n c e s
o f the different essential mineral elements . The length of root and shoot, number of nodules , area of leaves
and dry matter yield o f ro o t  a n d  shoot were decreased as  compared to control of four cultivars  of blackgram
(Vigna mu n g o  (L.) Hepper) which grown in soil amended with nickel (50, 100, 150 and 200 mg/kg)
(Vijayarengan, 2004). The reduction in fresh and dry weight of s tem and root was  fo und more under the
treatment of Ni as  compared to Al treatment, and reduction in dry matter may be t h e  more accumulation of
Ni in root and s tem then that of Al. The Ni accumulation in the barley roots  was  an order of magnitude higher
than that of in leaves  as  compared to control (Jocsak et al., 2008). Lidon and Barreiro (2002) observed that
Al toxicity decreased s ignificantly the concentrations  of N, Mg, P and Fe, and hypothes ized that P defic ie ncy
spe c ific a lly  t riggers  the reduction of biomass  production. Silva et al. (2000) found that Al-sens itive soybean
seedlings  accumulated more Al in nuclei than res is t a n t  genotypes . Growth inhibition caused by Al toxicity
accorded completely with Al accumulation in plants . Al accumula tion in roots  was  cons iderably higher than
that in shoot, which supported the es tablished fact that Al s e n s it iv e  p la nts  accumulate more Al in the roots
than the tolerant ones , and that Al toxicity in plants  is  freque n t ly  a s s o c iated with increased Al accumulation
in roots  but not generally in shoots . Kidd and Proctor (2000) found that Al concentration of Al-sens itive Betula

pendula rothin race was  higher in roots  but lower in shoots , than that in other races . 
The RAPD was  used to evaluate the genotoxicity created by Ni and Al me t a ls  as  presence or absence of

band in PCR amplification. Four primers  OPC-3, OPC-7, OPC-12 and OPC-13 produced unique bands  in P.

vulgaris at 150 mg/Kg of soil fo r b o th metals . These unique bands  clearly differentiated the seedlings  treated
with Ni and Al, and would be act as  marker for assessment of environmental doses  o f t h e s e  metals . The low
doses  o f t h ese heavy metals  (50 mg/Kg of soil) did’nt created any mutation in the genome and these were
tolerable. The RAPD, PCR based assay described here is  fas t, reliable, and easy to conduct  in  a n y laboratory
for assessmen t  o f environmental hazardous  metals  on plants . Each fragment in RAPD is  derived from a region
of the genome that contains  two short segments  in inverted orientation on oppos ite s t ra n d s  t h at are
complementary to the  p rimer and sufficiently close together for the amplification to work (Hon et al., 2003).
Similarly, the genotoxicity of heavy metals  in kidney-bean (Phaseolus vulgaris) seedlings  was  s tudied to RAPD
(random amplified polymorphic DNA) analys is  and polymorphisms  became evident as  the presence and/or
absence of DNA  fragments  in treated samples  compared with the untreated one at150 and 350 mgl , and at-1  

350 mgl , a high number of both mis s in g  b a n d s  and new amplified fragment were observed and thus , this-1

concentration showed the mutagenic effect on P. vulgaris (Enan, 2006). The leachates  from tannery solid waste
(TSW ) which have Ni, a major environmental pollutant, were examined for their poss ible genotoxic effects
on the somatic cells  of Vicia faba , and root tips  examined for cytogenetic damage, and it revealed that leachate
of TSW  s ignificantly inhibited the mitotic index an d  induced s ignificantly frequent chromosomal and mitotic
aberrations  (CA/MA) in a dose-dependent manner (Chandra et al., 2004). W astewater s ludges  which had heavy
metals  were analyzed in the Allium cepa  for genotoxicity tes ting,  and it was  foun d  t h a t  t h e s e  h e avy metals
(Pb, Ni, Cr, Zn, Cu ) induced s ignificant chromosome aberrations  (Rank and Nielsen, 1998). However, the
ques tion arises  to what extent the general mechanism of s ignal transduction of s tresses  is  involved and to what
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extent Al interferes  with DNA metabolis m. The identification of DNA markers  diagnos tic of Al and Ni
tolerance can accelerate the development of cultivars  that can remain productive even under Al and Ni s tresses ,
and may be the s tarting point for identifyin g  t h e specific genes  respons ible for differences  in the response of
plant genotypes  to toxic Al and Ni levels . 

ACKNOWLEDGEMENT

The author is  thankful to the Research Centre, College  o f Sc ience, King Saud Univers ity, Riyadh,
Kingdom of Saudi Arabia, for providing funds  to carry out this  research program.

REFERENCES

Ahn, S.J. and H. Matsu mo t o , 2006. The role of the plasma membrane in the response of plant roots  to
aluminum toxicity. Plant Signaling and Behavior., 1: 37-45.

Ahn, S.J., Z. Rengel and H. Matsumoto, 2004. Aluminium-induced pla s ma membrane surface potential
and H+-ATPase activity in near-isogenic wheat lines  differing in tolerance to aluminum. New Phytol., 162:
71-79.

Atta-Aly, M.A., 1999. Effect of nickel addition on the yield a n d  q u a lit y  of pars ley leaves . Sci Hortic., 82:
9-24.

Boominathan, R. a n d  P .M . Doran, 2002. Ni induced oxidative s tress  in roots  of the Ni hyperaccumulator,
Alyssum bertolonii. New Phytol., 156: 205-215. 

Brou g h t o n , W .J ., G. Hernández, M. Blair, S. Beebe, P. Gepts  and J. Vanderleyden, 2003. Beans
(Phaseolusspp.): model food legume. Plant and Soil., 252: 55-128.

Brown, P.H., R.M. W elch and J.T. Madison, 1990. Effect of nickel deficiency on soluble anion, amino
acid, and nitrogen levels  in barley. Plant Soil., 125:19-27.

Chandra, S., L.K. Chauhan, P.N. Pande and S.K. Gupta, 2004. Cytogenetic effects  of leachates  from
tannery solid was te on the somatic cells  of Vicia faba . Environ Toxicol., 19(2): 129-133.

Chang, Y.C., Y. Yamamoto and H. Matsumoto, 1999. Accumulatio n  o f a luminium in the cell wall pectin
in culture d  t o b a cco (Nicotiana tabacum L.) cells  treated with a combination of aluminium and iron. Plant Cell
Envirn., 22: 1009-1017.

Ciamporova, M., 2000. Diverse response of root cell s tructure to alumin iu m s tress . Plant and Soil., 226:
113-116. 

Clarkson, D.T., 1965. The effect of aluminium and some other trivalent metal cations  on cell divis io n  in
the root of Allium cepa . Annals . Bot., 29: 309-315. 

Doncheva, S., M. Amenos , C. Poschenrieder and J  Ba rc e lo, 2005. Root cell patterning: a primary target
for aluminium toxicity in maize. J. Exp. Bot., 56: 1213-1220.

Dovgaliuk, A.I., T.B. Kaliniak and IaB. Blium, 2001. Cytogenetic  e ffects  of toxic metal salts  on apical
meris tem cells  of Allium cepa L. seed roots . Ts itol Genet., 35(2): 3-10.

Enan, M.R., 2006. Application of random amplified polymorphic DNA (RAPD) to detect the genotoxic
effect of heavy metals . Biotech. Appl. Biochem., 43: 147-154.

Ga je ws ka, E. and M. Sk³odowska, 2007. Effect of nickel on ROS content and antioxidative enzyme
activities  in wheat leaves . BioMet., 20: 27-36.

Gajewska, E. and M. Sk³odowska, 2008. Differential biochemical respo n s e s  o f wh e a t shoots  and roots  to
nickel s tress : antioxidative reactions  and proline accumulation. Plant Growth Regul., 54:179-188.

Gallego, F.J., Lopez-Solanilla, A.M. Figueiras  and C. Be n it o , 1998. Chromosomal location of PCR
fragments  as  a source of DNA markers  linked to aluminium tolerance genes  in rye. T h e o r. Appl. Genet,. 96:
426-434.

Gerendas , J., J.C. Polacco, S.K. Freyermuth, B. Sa ttel macher, 1999. Significance of nickel for plant
growth and metabolism. J Plant Nutr Soil Sci., 162: 241-56.

Graham, P.H., J.C. Rosas , E.C. de Jensen, E. Peralta, B. Tlus ty, J. Acos ta-Gallegos  and P.A. Arraes
Pereira, 2003. Address ing edaphic cons traints  to bean production: the bean/cowpea CRSP project in perspective.
Field Crop Research., 82: 179-192.

Hall, J.L., 2000. Cellular mechanisms  for heavy metals  de t o xification and tolerance. J. Exp. Bot., 53: 1-11.
Hao, F., X. W ang and J. Chen, 2006. Involvement of plasma membran e  NA DPH oxidase in nickel induced

oxidative s tress  in roots  of wheat seedlings . Plant science, 170: 151-158. 



Aust. J. Basic & Appl. Sci., 3(3): 3025-3035, 2009

3034

Hon, C.C., Y.C. Chow, F.Y. Zeng and F .C.C. Le u n g, 2003. Genetic authentication of ginseng and other
traditional Chinese medicine. Acta Pharmacol Sin., 24: 841-846.

Jócsák1I, V. Villányi, G. Rabnecz and M. Droppa, 2008. In v e s tigation of nickel s tress  induction in terms
of metal accumulation and antioxidative enzyme activity in barley see d lin g s . Acta Biologica Szegediens ism,
52(1): 167-171. 

Jones , D.L., E.B. Blancaflor, L.V. Kochian and S. Gilroy, 2006. Spatial coordination of aluminium upt a ke ,
p ro d u c tion of reactive oxygen species , callose production, and wall rigidification in maize roots . Plant, Ce ll
and Envirn., 29: 1309-1318.

Jones , D.L., E.B. Blancaflor, L.V. Kochian  a n d S. Gilroy, 2006. Spatial coordination of aluminium uptake,
production of reactive oxygen spe c ies , callose production and wall rigidification in maize roots . Plant, Cell and
Envirn., 29: 1309-1318.

Kert e s z, S .,  A . Fabian, F. Zsoldos , A. Vashegyi, I. Labadi, L. Bona and A. Pecsvaradi, 2002. Changes
in glutamine synthetase activity in presence of aluminium complexes . Acta Biol Szeged., 46: 103-104.

Khan, S., M.I. Qureshi, Kamaluddin, T. Alam, M.Z. Abdin, 2007. Protocol for isolation of genomic DNA
from dry and fresh roots  of medicinal plants  suitable for RAPD and res triction diges tion. Afr. J. Biotech., 6(3):
175-178.

Kidd, P.S. and J. Proctor, 2000. Effect of aluminum on the growth and mineral compo s ition of Betula

pendula Roth. J. Exp. Bot., 51(347): 1057-1066. 
Klima s h e v s ki, E.L. and V.M. Dedov, 1975. Localization of the mechanism of growth inhibiting action of

Al  in elongating cell walls . Fiziologija Ras tenij, 22: 1040-1046. 3+

Kochian, L.V., 1995. Cellu la r mechanism of aluminium toxicity and res is tance in plants . Annu. Rev.Plant
Phys iol. Plant Mole. Biol., 46: 237-260.

Kochian, L.V., 1995. Cellular mechanisms  of alu min iu m toxicity and res is tance in plants . Annu. Rev. Plant
Phys iol. Plant. Mol. Biol., 46: 237-260.

Kochian, L.V., 1995. Cellular mechanisms  of aluminium toxicity and res is tanc e  in  p lants . Annu. Rev. Plant
Phys iol. Plant Mol. Biol., 46: 237-260.

Lidon, F.C. and M.G. Barreiro, 2002. An overview into alu minum toxicity in maize. Bulg. J. Plant
Phys iol., 28(3-4): 96-112.

Llamas , A. and A. Sanz, 2008. Organ-dis t in c tive changes  in respiration rates  of rice plant sunder nickel
s tress . Plant Growth Regul., 54: 63-69.

Llamas , A., C.I. Ullrich and A. Sanz, 2008. Ni  toxicity in rice: effect o n  me mb rane functionality and2+

plant water content. Plant Phys iol Biochem., 46: 905-910. 
Ma, X.F., K. Ross  and J.P. Gus tafson, 2001. Phys ical mapping of res triction fragment length polymorphism

(RFLP) markers  in homoeologous  g ro u ps  1 and 3 chromosomes of wheat by in situ hybridization. Genome.,
44: 401-412.

Macnair, M.R. and Tans ley, 1993. The genetics  of metal t o le rance in vascular plants . New Phytol., 124:
541-559.

McClelland, M. and J. W e ls h . In : C.W . Dieffenbach and G.S. Dveks ler, 1995. editors . PCR primer, a
laboratory manual. RNA fingerprinting us ing arbitrarily primed PCR, pp: 213.

Nagy, N.E., L.S. Dalen, D.L. Jones , B. Swensen, C.G. Fossdal and T.D. Eldhuset, 2004. Cytological and
e n zymatic responses  to aluminium s tress  in root tips  of Norway spruce seedlings . New Phytol., 163: 595-607.

Nguyen, V.T., M.D. Burow, H.T. Nguyen, B.T. Le, T.D. Le and A.H. Paterson, 2001. Molecular mapping
of genes  conferring aluminum tolerance in rice (Oryza sativa L.). Theor. Appl. Genet., 102: 1002-1010. 

Nriagu, J.O., 1990. Global metal pollution poisoning the biosphere, Envirn, 32: 7-32. 
Palacios , G., I. Gomez, A. Carbonell-Barrachina, J.N. Pedreno and J. Mataix, 1998. Effect of nickel

concentration on tomato plant nutrition and dry matter yield. J. plant. Nutrn., 21: 2179-2191.
Panda, B.B. and K.K. Panda, 2002. Genotoxicity and mutagenicity of heavy metals  in plants , in: M.N.V.

Prasad, K. Strzalka (Eds .), Phys iology and Biochemistry of Metal Tolerance in Plants , Kluwer Academic
Publishers , Amsterdam, The Netherlands , pp: 395-414.

Parida, B.K., I.M. Chhibba and V.K. Nayyar, 2003. Influence of nickel-contaminated s o il sonfenugreek
(Trigonellacornicu- lata L.) growth and mineral compos ition. Sci Hortic., 98: 113-119.

Pecsvaradi, A., A. Vashegyi, E. Hadar, B. Varga, L. Bona and F. Z s o ld o s , 2005. Response of rice
seedlings  to aluminium s tress  with varying phosphate supplies . Acta Biol Szeged., 49: 107-109.

Pecsvaradia, A., Z. Nagya, A. Vargaa, Laba dib A. gnes  Vashegyia Imre, Gabor Galbacsb  and Ferenc
Zsoldosa, 2009. Chloroplas tic glutamine synthetase is  activat e d  by direct binding of aluminium. Phys iol. Plant,
135: 43-50.



Aust. J. Basic & Appl. Sci., 3(3): 3025-3035, 2009

3035

Rangel, A.F., I.M. Rao and W .J . Hors t, 2009. Intracellular dis tribution and binding s tate of aluminum in
root apices  of two common be an (Phaseolus vulgaris) genotypes  in relation to Al toxicity. Phys iol Plant., 5(2):
162-173. 

Rank, J. and M.H. Nielsen, 1998. Genotoxicity tes ting of was tewater s ludge us ing the Alli u m cepa

anaphase-telophase chromosome aberration assay. Mutat Res ., 418(2-3): 113-119.
Rellén-Álvarez, R., C. Ortega-Villasante, A. Álvarez-Fernández, F.F. del Campo and L.E. Hernández, 2006.

Stress  response of Zea mays to cadmium and mercury. Plant Soil, 279: 41-50.
Salt, D.E., M. Blaylock, N.P.B.A. Kumar, V. Dushenkov, B.D. En s le y , I. Chet and I. Raskin, 1995.

Phytoremediation: a novel s t ra t e g y for removal of toxic metal from the environment us ing plants . Biotech., 13:
468-474.

Sa lt ,  D.E., M. Blaylock., N.P.B.A. Kumar, V. Dushenkov, B.D. Ens ley, I. Chet and I. Raskin, 1995.
Phytoremediation: a novel s trategy for removal of toxic metal from the en v iro n ment us ing plants . Biotech., 13:
468-474.

Samarakoon, A.B., W .E. Rauser, 1979. Carb o h y d ra te level sand photoass imilate export from leaves  of
Phaseolus vulgaris exposed to excess  cobalt, nickel, and zinc. Plant Phys iol., 63: 1165-1169.

Silv a , J .R., T.J. Smyth, D.F. Moxley, T.E. Carter, N.S. Allen and T.W . Rufty, 2000. Aluminum
accumulation at nuclei of cells  in the root tip . F lu o rescence detection us ing lumogallion and confocal laser
scanning microscopy. Plant Phys iol., 123: 543-552.

Singh, R.K., 2002. Effect of copper and nickel on nitrate reductase, urease and glutamine syntheta s e  o f
Bradyrhizobium sp. Indian J. Microbiol., 42: 125-127.

Sinha, S. and A.K. Gupta, 2005. Assessment of metals  in leguminous  green manuring plant of Sesbania

cannabina L. grown on Xy ash amended soil: eVect on antioxidants . Chemosphere, 61: 1204-1214. 
Sivaguru, M., S. Pike, W . Gassmann and T.I. Baskin, 2003b. Aluminum rapidly depoly me rizes  cortical

microtubules  and depolarizes  the plasma membrane: evidence that these responses  are mediated by a glutamate
receptor. Plant Cell Phys iol., 44: 667-675.

Stass , A., Z. Kot u r a nd W .J. Hors t, 2007. Effect of boron on the express ion of aluminium toxicity in
Phaseolus vulgaris. Phys iol Plant., 131(2): 283-290.

Taylor, G.J., 1995. Overcoming barriers  to unders tanding the cellular bas is  of aluminum res is tance. Plant
Soil., 171: 89-103.

Tripathy, B.C., B. Bhatia and P. Mohanty, 1981. Inactivation of chloroplas t photosynthetic electron-
transport activity by Ni  Biochim Biophys  Acta., 638: 217-224.2+

Vazquez, M.D., C. Poschenrieder, I. Corrales  and J. Barcelo, 1999. Change in apoplas tic alu min u m d u rin g
the initial growth response to aluminum by roots  of tolerant maize variety. Plant Phys iol., 119: 435-444.

Vijayarengan, P., 2000. Growth, nodulation and dry matter yield of blackgram cultivars  under nicke l s tress .
J Environ Sci Eng., 46(2): 151-158.

W u, P., C.Y. Liao, B. Hu, K.K. Yi, W .Z. Jin, J.J. Ni and C. He , 2000. QT Ls  and epis tas is  for aluminum
tolerance in rice (Oryza sativa L.) at different seedling s tages . Theor. Appl. Genet., 100: 1295-1303.


