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Abstract

Three lead resistant bacteria Bacillus pumilus (TEQ7), Bacillus cerus (TE12 & TE14), were examined for their plant
growth promotion /remediation potential. Their ability to promote early growth and their effects on metal uptake by three
varieties of Vigna mungo L. (Hepper) i.e., NARC-Mash-2, NARC-Mash-3 and NARC-Mash-97 was screened out under
different concentration (0, 1, 2, 5, and 10Mm) of lead. Different growth parameters (seed germination, seedling root and
shoot length, seedling fresh and dry biomass, dry matter accumulation per seedling) and accumulation of lead by inoculated
and non inoculated seedlings were observed and recorded. Results revealed that lead drastically reduce the seed germination
and seedling growth of all three verities of Mash, while bacterial inoculations improved germination and various growth
parameters of Mash varieties. All bacteria for variety NARC-Mash-3 and strain TE-12 for Variety NARC-Mash-2 had a
positive relationship to combat lead stress by improving the seedling growth. Study also revealed that genetic variation of
both plant variety and bacterial strain is important in developing a successful remedial mechanism.

Introduction

Heavy metal contamination is a major environmental
problem throughout the world. Due to their technological
importance they are used in many industries. Waste water
from these industries has permanent toxic effects on
human beings and environment (Anon., 2004). Lead is
one of the biologically non essential element and a major
heavy metal which has a soil retention time of 150-5000
years (Lerda, 1992; Roane, 1999). It enters the food
chain through water and adversely affects the flora &
fauna (Gupta et al., 2006). Enhanced levels of lead in soil
could significantly reduce plant height, root-shoot ratio,
dry weight, nodule per plant and chlorophyll content etc
(Weirzbicka & Obidzinska, 1998; Faroogi et al., 2009;
Kabir et al., 2010).

Remediation of lead is getting more attention but the
routine methods for its removal (physical or chemical) are
either ineffective or extremely expensive (Anon., 2004).
Use of such methods may also produce secondary wastes
which may create problems. These constraints require an
innovative, low cost, eco-friendly method for the removal
of lead contamination. Some of the alternative strategies for
the remediation are microbial and plant based metal
remediation (Gadd, 2006). This is because numerous
microorganisms harbor metal resistant detoxification
mechanism. Like bacteria can combat metals in the
environment by detoxifying their adverse effects either by
binding with them or by mineralizing them (Nies, 1999).
Bacterial transformation of metals is dependent on
physical, chemical and biological properties of cells, the
environmental factors and the type of metal. Microbial
populations are known to affect the trace metal mobility
and availability to the plants through release of chelates,
acidification and redox changes. So the effective
phytoremediation could be accomplished by bacteria
having the potential of solubilizing essential minerals and
heavy metals and promoting plant growth in contaminated
soil. Use of bacterial strains to counter the toxic effects of
heavy metals on the growth of plants has been reported by
several workers (Burd et al., 2000; Abou-shanab et al.,
2006). Bacteria can promote plant growth indirectly by
reducing/preventing the plant pathogens or directly through

nitrogen fixation, phosphorus solubilization, siderophore
formation, increasing phytohormones/enzymes etc (Glick
et al., 1999, Khan et al., 2011, Mehboob et al., 2011; Kang
et al., 2012; Inam-ul-Hag et al., 2012).

Present work was aimed to see the effects of three
lead resistant bacteria on the growth of three varieties of
Vigna mungo L. (Hepper) seedlings exposed to different
concentrations of lead.

Materials and Methods

Three lead tolerant bacteria (TEQ7, TE12 & TE14)
were selected for present study. These were isolated from
tannery effluents and could tolerate 1000 pg/ml of lead in
the growth medium (Tahir, 2009). While 3 different
varieties of Vigna mungo L. (Hepper), NARC-Mash2 and
NARC-Mash3 and NARC-Mash-97 were obtained from
NARC, Islamabad.

Experiment was set following the method of Hasnain
et al., (1993). Healthy seeds of each variety were selected
and sterilized with 0.1% HgCl, solution. After that seeds
were washed thoroughly to remove all the traces of
mercury and soaked in autoclaved distilled water for 2-3
hours. Three lead resistant bacteria Bacillus pumilus
(TEQ7), Bacillus cerus (TE12 & TE14) were grown on
nutrient agar supplemented with lead (500ug/ml).
Cultures were prepared by mixing bacterial growth in
sterilized distilled water (10 ml) and OD was adjusted to
10° cells/ml. Presoaked sterilized seeds of each variety
were divided into four groups and inoculated with
respective bacterial culture (for inoculation seeds were co
incubated with bacterial cultures at room temperature for
30 minutes), while leaving one group as un-inoculated
control.

Control and Inoculated seeds (20 each) were placed in
pre-labeled petri plates having filter papers. Ten ml of each
treatment (lead concentration) was added in their respective
plates and incubated in dark for 3 days. Seed germination
was recorded for three consecutive days. On third day of
germination, seedlings were supplied with 10 ml of
Hewitt’s nutrient solution (Hewitt, 1963) supplemented
with respective lead concentrations and shifted to light (10
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Klux) with a photoperiod of 16 h d* at 30£2°C in the
growth chamber. Seedlings were harvested after 7 days of
shifting and various growth parameters including
germination, percentage root length, shoot length, seedling
length (cm), fresh weight(g) dry weight(g) dry matter
accumulation (mg/g) were recorded. Means of 8 replicates
was used for compiling present results.

To analyze lead content in seedlings, wet digestion of
dry biomass was performed in CEM microwave oven
according to EPA protocol 3052 for microwave digestion
of organic material. Digested material was filtered and
diluted to get the absorption (Matusiewicz, 1997) on the
atomic absorption spectrophotometer (spectra AA20). All
data was subjected to statistical analysis.

Results and Discussion

Lead toxicity is important because of its constant
increase in environment and adverse effects on various life
forms. Though lead is non-biodegradable but can be
transformed through various processes such as sorption,
methylation, complexation or valence changes (Anon.,
2004). This transformation can more easily be done with
microorganisms, which posses many different resistant
mechanisms. As these microorganisms especially bacteria
have various interactions with other life forms specially
plants so they may be helpful in combating the adverse
effects. In present study the combined effects of lead and
various lead tolerant bacteria were observed on three
different varieties of Mash beans, results showed that there
was a regular decrease (with a few exceptions) in the
germination percentage of both inoculated and un-
inoculated seeds with the increase in lead concentrations.
When the effects of inoculations were compared, both
decreases and increases were observed in case of Mash-2
and Mash-3, whereas all inoculations promoted the
percentage germination of Mash-97 under all treatments of
lead i.e., 0-10mM (Table 1). Many researchers have
observed the inhibited germination and reduced plant
growth due to lead toxicity (Igbal & Shazia, 2004; Sharma
& Durbey, 2005; Shafiq & Igbal, 2005), while promotion
in germination percentage due to bacterial inoculation
under various heavy metal stresses is also reported
(Hasnain et al., 1993; Burd et al., 2000; Gupta et al., 2006).
Improvement in germination and vigor index with bacterial
inoculates is related with the increased activities of various
antioxidant enzymes (Karthikeyan et al., 2007) and / or
increase in growth regulators (Ramamoorthy et al., 2000)

Seedling length comprised both of roots and shoot
lengths and were uniformly decreased with the increase in
the lead concentrations. Roots of both inoculated and un-
inoculated seedlings were more severely affected as
compared to shoots. Reduction in length parameters with
increased concentrations of lead may be due to the
reduction in mitotic activity or the lead ion incorporation
into the cell wall components (Tomer et al., 2000). Gupta
et al., (2006) reported a concentration dependent decrease
in all growth parameters of Black gram under lead stress.

Mixed effects of bacterial inoculations were observed
in different varieties of Mash. In case of Mash-3, all
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inoculations improved the seedling lengths and in many
cases these were significant increases. In case of Mash-2,
highly significant increase was observed in the absence of
lead as compared to un-inoculated seedlings as well as
under 10mM lead stress. For rest of the cases mixed
response was observed. Strain TE-12 was the only one,
which increased the seedling length from 0-10mM lead
concentration as compared to non-inoculated Mash-2
seedlings (Table 2). Surprisingly all inoculations caused
reductions under 0-2mM and then at 10mM as compared to
un-inoculated respective treatments, while non-significant
increase in this parameter was recorded under 5mM lead
concentrations. Bacterial inoculations in many cases
improved the germination, seedling length and weight
parameters (Dobbelaere et al., 2003: Kang et al., 2012).

Most interesting observation was recorded for Mash-
97 seedlings, where bacterial inoculations reduced the
length parameter as compared to control (Table 2). The
three bacterial strains caused a non-significant increase
only under 5mM lead stress. Though the germination of
un-inoculated seeds of Mash-3 was good as compared to
inoculated seedlings and reverse was the case for Mash-
97, where all the inoculations under all lead
concentrations improved the germination (Table 1), but
the growth of seedlings was other way round. This
showed that after germination bacteria developed a
positive (synergistic) relationship towards the growing
roots of Mash-3 seedlings, while they interacted
negatively in case of Mash-97. Root exudates might play
an important role to determine the nature of relationship
between bacteria and the growing root tips.

As for as the weight parameters are concerned, there
was a regular decrease in fresh weight per seedling and an
increase in the dry weight per seedling, with the increase in
lead concentration. Bacterial inoculations caused both
increase and decreases in this parameter but there was no
specific strain based pattern or concentration based pattern.
For dry matter accumulation, almost a uniform trend was
observed. For majority of the treatments, a gradual decrease
(0-2mM) and then a gradual increase (5 & 10mM) in
accumulated dry matter were observed (Table 3).

Lead accumulation was studied through atomic
absorption spectrophotometer after digestion. It showed a
regular increase from 1-10mM lead concentration. In
most of the cases the lead contents measured in the
presence of bacteria were less as compared to un-
inoculated ones and in most cases these reductions were
significant. While in few treatments enhancement in lead
accumulation (as compared to control treatments) was
also observed (Table 4). These increases/decreases in lead
accumulation were neither regular nor specific with
reference to bacterial strains or lead treatments. For
example increased accumulation was observed under
1ImM (Mash-97), 2mM (Mash-2) and 5mM (Mash-3),
while for rest of the treatments for these varieties,
inoculations caused a reduction in this parameter. Bacteria
can improve the plant growth by increasing the nutrients
availability or by increasing the resistance against toxic
metal or by reducing the metal availability to the roots
(Reed & Glick, 2005; Vivas et al., 2006; Li et al., 2007;
Rajkumar & Freitas, 2008).
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Variations in the accumulation trend might be due to
the genetic variability found in three varieties of Mash as
well as the three bacterial inoculations. Another reason
might be the specific relationship of the bacteria with the
plant varieties, which was evident in case of Mash 3. In
that variety, all inoculations enhanced the seedling growth
(Table 2), but 2 strategies were adopted by the seedling-
microbe-interaction to combat the stress; one by keeping
the toxic metal ions away from the growing seedlings
whereas at higher concentrations by accumulating more
lead. In few cases a positive while for others a negative
correlation was observed between the dry matter
accumulation and lead accumulation by the seedlings.

Present work revealed that lead tolerant bacteria may
be effectively used to improve the growth of Mash under
lead stress. This study also showed that apart from other
factors, effective plant-microbe interaction is dependent
upon genetic variability of both the bacterial strain and
the plant variety.
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