
RESEARCH Open Access

Response of Bambara groundnut (Vigna
subterranean L.) and Maize (Zea mays L.) to
heavy metal stress
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Abstract

Background: Plants are usually the target of environmental pollution. This study, therefore, investigates the effects
of Zinc (Zn) and lead Pb on Bambara nut (Vigna subterranean) and Maize (Zea mays) at different concentrations, as
well as the possible ameliorating effect of the chelant; ethylene diamine acetate (EDTA) and farmyard manure, on
the enzymatic activities, the chlorophyll, total protein, and carbohydrate contents.

Results: Findings revealed that Pb and Zn increased the superoxide dismutase (SOD), peroxidase, glutathione
synthetase (GSH), malondialdehyde (MDA), and catalase levels with increased concentrations from 100 mg/kg to
200 mg/kg significantly (p < 0.05) compared to the control Maize plants. While in Bambara nut, the superoxide
dismutase (SOD), peroxidase, glutathione synthetase (GSH), and catalase levels decreased with increased
concentrations from 100 mg/kg to 200 mg/kg compared to control except for the malondialdehyde (MDA) which
was increased. For Bambara groundnut, with increased Pb concentrations, the chlorophyll content reduced from
2.94 to 2.00 mg/g. However, there was an increase (up to 4.918 mg/g) in the chlorophyll content with increased
zinc nitrate concentrations augmented with EDTA at the highest concentration. Maize plants treated with Pb
augmented with farmyard manure showed an increase in chlorophyll content with increased concentrations while
those assisted with EDTA still experienced a decrease as metal concentrations increased. Bambara groundnut plant
had a mean carbohydrate (%) of 14.79 (control), 17.60 (100 mg/kg of Pb concentration) and 11.20 (200 mg/kg of Pb
concentration), indicating a decrease in carbohydrate content with increased Pb concentrations. The same trend
was observed for the different Zn and Pb concentrations on the mean total proteins and carbohydrates of both
test plants. Generally, Pb and Zn induced oxidative stress in treated plants.

Conclusions: Elevated activity of anti-oxidative enzymes can assist as important components of antioxidative
defense mechanism against oxidative damage. The results of this study could be beneficial in the understanding of
the role of the defense system as well as the detoxification mechanism of Vigna subterranean and Zea mays in
efficient tolerance and response to Pb and Zn. This signifies that these plants can act as bioindicators in
environmental quality assessment.

Keywords: Heavy metals, Superoxide dismutase (SOD), Phytochelatins, Glutathione synthetase (GSH),
Malondialdehyde (MDA)
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1 Background
Environmental pollution by toxic metals usually occurs
due to various industrial activities [46]. There are so
many adverse effects of toxic metals already reported. In
all these reports, heavy metal toxicity has been the great-
est threat. Plants are usually the target of a wide range
of pollutants that vary in concentration speciation and
toxicity. According to Arshad et al. [9], such pollutants
enter the plant system through the soil and through the
atmosphere [43]. It is important to note that among
common pollutants that affect plants, lead is one of the
most toxic and frequently encountered [21, 38, 42]. Ac-
cording to Maestri et al. [29], lead (Pb) has no known
biological function in living organisms and has been rec-
ognized as a chemical of great concern in the new Euro-
pean REACH regulations (EC 1907/2006; Registration,
Evaluation, Authorization, and Restriction of Chemicals).
Agency for Toxic substances and Disease Registry [10]
reported lead as being the second most hazardous sub-
stance after arsenic due to its frequency of occurrence,
toxicity, and potential for human exposure. Lead is very
abundant on earth and exposure to it has led to several
environmental and occupational health hazards [47]. Re-
port by Niazi et al. [34] shows that toxic metal (includ-
ing lead and zinc) uptake by vegetables causes human
exposure to environmental pollutants.
Legumes (family Fabales) develop root nodules that

harbor Rhizobium bacteria (rhizobia). Endosymbiotic
bacteria (bacteroids) are able to convert nitrogen to am-
monia, i.e, (biological nitrogen fixation). Symbiosis is
based on metabolic exchange for mutual benefit: ex-
changes of oxygen, carbon, and nitrogen are rightly reg-
ulated. Legumes only form a nitrogen-fixing symbiosis
with single-celled bacteria collectively termed Rhizo-
bium. The legume–Rhizobium symbiosis provides one-
fifth of all nitrogen inputs into global agriculture. Leg-
ume crops bring back fertility to agricultural soils by
capturing nitrogen from the atmosphere.
Maize (Zea mays L.), is a temperate and subtropical

cereal crop that can withstand so many stress. Maize
varieties have been observed to show varying adaptability
to different abiotic stress despite being an important
cereal for both man and animal consumption. Maize is a
cereal crop cultivated for food and industrial purposes
[41]. In Nigeria, Maize is well known as one of the main
staple food [36]. It is a very important source of carbo-
hydrate, in which the yellow grain contains a useful
quantity of vitamin A [2].
Zinc is known as an important element for plant nutri-

tion. It plays structural and/or catalytic roles in many
enzymes such as Cu-Zn superoxide dismutase, alcohol
dehydrogenase, RNA polymerase and DNA-binding pro-
teins [25]. It should be noted that when zinc is massively
present in the environment, it can reach supraoptimal

concentrations in all plant organs, thereby inducing
toxic effects and metabolic disorders. Baccio et al. [12]
reported that zinc becomes toxic at high concentration
levels and can lead to stress in plants. Oxidative stress
has been known to represent an imbalance between the
production of reactive oxygen species and a biological
system’s ability to readily detoxify the reactive intermedi-
ates or to repair the resulting damage [4, 14]. SOD en-
zymes are present in almost all aerobic cells and in
extracellular fluids. Catalase is responsible for the con-
version of hydrogen peroxide to water and oxygen, using
either an iron or manganese cofactor [25]. According to
Alscher et al. [3] and Niazi et al. [34], protection
against oxidative damage is usually done by an anti-
oxidative system that has the enzymes and non-
enzymes. Normally, plant cells are known to use the
ascorbate-glutathione pathway to reduce the accumu-
lation of oxygen-free radicals [33]. At the end of the
reaction, glutathione and glutathione reductase regen-
erates ascorbate [35]. It is important to note that low
molecular weight compounds like glutathione and ca-
rotenoids among others have a very important role to
play in the plant defense system [37]. In view of all
these, it is essential to understand the interactive ef-
fects resulting from combinations of metal ions at dif-
ferent concentrations on the enzymatic activities. The
study also investigated the possible ameliorating effect
of the chelant; ethylene diamine acetate (EDTA) and
farmyard manure on heavy metal uptake and toxicity
on the chlorophyll, total protein, and total carbohy-
drate content within the leaves of tested legume and
cereal plants.

2 Methods
2.1 Materials collection and experimental design
Dry seeds of Bambara groundnut (Vigna subterra-
nean) and Maize (Zea mays) were collected from the
International Institute of Tropical Agriculture (I.I.T.A)
Ibadan, Nigeria. The study was done in three loca-
tions. The seeds were subjected to a viability test
using the floatation technique according to Agbogidi
[1]. The seeds were surface-sterilized in 10−3 M
HgCl2 for 2 min [11], washed in distilled water, and
sown in different pots. The seedlings were irrigated
with various concentrations of Pb and Zn (100, 150,
and 200 mg kg−1) as Pb (NO3)

2 and Zn(NO3)
2 twice

a day for 12 weeks. These doses were decided on the
basis of LD-50 and the regulatory limits. For the as-
sessment of heavy metals effect on tested plants,
based on proximate analysis and chlorophyll content
determination, the soil was also augmented with
ethylene diamine acetate (EDTA) and farmyard ma-
nure to possibly lessen the toxic effect of heavy
metals.
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2.2 Experimental description
The soil was mixed thoroughly and then filled into 60
black cellophane bags. Four thousand grams (4 kg) of
soil were placed in each bag. The bags were arranged in
four rows designated as control (untreated soil) and soil
with metals. The experiment was carried out under a
period of 90 days [48].

2.3 Heavy metal determination in the plant samples
The plant samples were digested with concentrated
HNO3 + HClO4 following a modified method described
by Lone et al. (2008). The samples were analyzed for
lead (Pb) and zinc (Zn) accumulation (mg kg−1 DW)
using Atomic Absorption Spectrometer (AAS) [28].

2.4 Determination of superoxide dismutase SOD activity
The level of determination of superoxide dismutase
(SOD) activity in the control and treated plant samples
were determined by the method of Magwere et al. [30].
Superoxide dismutase was assayed by monitoring the in-
hibition of photochemical reaction into nitro blue tetra-
zolium (NBT). A unit of SOD activity is expressed as the
amount of enzyme required to cause 50% inhibition in
the reduction of nitro blue tetrazolium (NBT) at 560
nm.

2.5 Determination of GSH activity
The total sulphydryl groups, protein-bound sulphydryl
groups, and free sulphydryl groups like glutathione
(GSH) in biological samples was determined using Ell-
man’s reagent, 5,5′-dithio-bis-2-nitrobenzoic acid
(DTNB) according to the modified method by Jollow
et al [26]. Fresh leaf tissue (1 g) was ground in potassium
phosphate buffer 950 Mm; pH 7) containing EDTA (1
mM) and insoluble PVP (2%). The homogenate was cen-
trifuged for 10 min at 15,000 g and the supernatant was
used as enzyme extract.

2.6 Determination of CAT activity
Catalase (CAT) activity of the control and treated plant
samples were determined according to the method of
Sinha [40] but modified by Artenie et al. [8]. Different
amounts of H2O2 ranging from 20 to 160 moles were
taken in small test tubes and 2 ml of dichromate/acetic
acid was added to each. The addition of the reagents in-
stantaneously produces an unstable blue precipitate of
perchromic acid. Subsequent heating for 10 min in a
boiling water bath changed the color of the solution to
stable green due to the formation of chromic acetate.
After cooling at room temperature, the volume of the re-
action mixture was made to 3 ml with distilled water
and the absorbance measured with a spectrophotometer
at 570 nm.

2.7 Determination of product of lipid peroxidation (MDA)
This was assayed by measuring the TBA (thiobarbituric
acid), reactive products present in the treated and un-
treated plant samples using the procedure of Vashney
and Kale [44] and expressed as micromolar of malon-
dialdehyde (MDA)/g tissue. Lipid peroxidation was mea-
sured in terms of malondialdehyde (MDA) content. An
aliquot of 0.4ml of the test sample was mixed with 1.6
ml of Tris KCl buffer (which was first placed into the
test tube before the test sample). Then, 0.5 ml of 30%
TCA (Trichloroacetic acid) was added followed by 0.5
ml of 0.75% TBA (Thiobarbituric acid) and the mixture
was placed in a water bath for 1hour between 90–95 °C.
This was then cooled in ice and centrifuged at 3000
rpm. for 15 min. The clear pink supernatant was col-
lected and absorbance measured against a reference
blank of distilled water at 532 nm in a
spectrophotometer.

2.8 Determination of chlorophyll content in treated and
untreated plant samples
The leaf total chlorophyll content (%) was evaluated.
The chlorophyll content of the seedling was determined
using the method of Arnon [7]. Leaves from plants from
each treatment and the control were separately put in a
clean mortar, 10 ml of 80% acetone was added and the
leaf tissue was ground to fine pulp for 3 min. The result-
ing green liquid was carefully transferred into a Buchner
funnel containing a pad of Whatman No. 1 filter paper.
The optical density (OD) of the chlorophyll extract was
determined with a spectrophotometer at 663 nm and
645 nm against a 100% acetone solvent blank. (Perkin
Elmer UV/VIS Lambda Bio Spectrophotometer)

2.9 Proximate analysis
The following parameters were determined for the prox-
imate analysis using the leaves:
Total carbohydrates were determined, after hydrolysis,

colorimetrically using anthrone reagent (Fales, [20]).
Total carbohydrate contents were measured using the
phenol-sulfuric acid assay and using glucose as a stand-
ard following the method described by DuBois et al.
[18].
Total protein was obtained by determining the organic

nitrogen content of the sample using the method by
Gopal and Rizvi [22] and multiplying the % nitrogen by
a protein conversion factor which is usually 6.25 [27].
Using the method described by Gopal and Rizvi [22],
total protein was colorimetrically measured at 540 nm
against blank using spectrophotometer.

2.10 Statistical analysis
All data collected were analyzed using standard devi-
ation, t test, and analysis of variance (ANOVA) for
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statistical significance at 95% confidence interval. De-
scriptive statistics were calculated using the Microcal
origin 5.0 and Microsoft Excel. Graphical illustrations
were also carried out to get a vivid representation of the
data obtained.

3 Results
Table 1 shows the effects of lead and zinc treatments on
superoxide dismutase (SOD), peroxidase, glutathione
(GSH), catalase activity, and the level of malondialde-
hyde (MDA) in Maize. Zn and Pb treatment significantly
increased the activities of CAT, peroxidase enzymes, and
the level of MDA compared to control (P < 0.05) in
Maize. With increased zinc concentration, the GSH ac-
tivity increased with a significant difference from the un-
treated plants (P < 0.05). Also, at the highest Pb
concentration of 200 mg/kg, the GSH activity reduced
with a significant difference compared to the untreated
plants (P < 0.05). The SOD activity was also raised with
increased zinc concentration with significant difference
(P < 0.05) compared to control. However, at the lowest
Pb and Zn concentrations of 100 mg/kg, there was no
significant difference (P > 0.05) in the SOD level com-
pared to control. At the highest lead concentration, the
SOD level observed was significantly higher than the
control (P < 0.05).
Table 2 shows the effect of lead and zinc treatment on

superoxide dismutase (SOD), peroxidase, glutathione
(GSH), catalase activities, and the level of malondialde-
hyde (MDA) in Bambara groundnut. Zn and Pb treat-
ment significantly decreased enzyme activity compared
to control (P < 0.05) except for the MDA in Bambara
nut treated with 100 mg/kg zinc nitrate. The SOD and
catalase activities were significantly reduced, while the
MDA increased.

3.1 Chlorophyll content
Table 3 shows the effects of the different concentrations
of the metals on the total chlorophyll content of treated
plants. The chlorophyll content (mg/g) of treated plants

decreased significantly with increased lead and zinc con-
centrations in all treated plants. The chlorophyll contents
of all treated plants were affected significantly at all con-
centrations. The higher concentration of metals decreased
the quantity of total chlorophyll of plants significantly (P <
0.05) when compared to the untreated (control) plants.
For Bambara groundnut, with increased Pb concentrations
the chlorophyll content reduced. However, there was an
increase in the chlorophyll content with increased zinc ni-
trate concentrations augmented with EDTA. Maize plants
treated with Pb augmented with farmyard manure showed
an increase in chlorophyll content as concentrations of Pb
increased while those assisted with EDTA still experienced
a decrease rather than an increase in chlorophyll contents
as the metal concentrations increased. The untreated
(control) Bambara groundnut plant had mean total
chlorophyll (mg/g) of 1.598 ± 0.001, and Bambara ground-
nut treated with 100 mg/kg of lead nitrate had a mean
total chlorophyll (mg/g) of 2.944 ± 0.952 and the plant
treated with 200 mg/kg of lead concentration had mean
total chlorophyll (mg/g) of 2.002 ± 0.616. Bambara
groundnut plants with 200 mg/kg of Pb augmented with
EDTA gave mean chlorophyll content (mg/g) of 2.193 ±
0.117, while the 200 mg/kg of Pb augmented with manure
gave 5.418 ± 0.145. Maize control plants had a mean
chlorophyll content of 2.350 ± 0.03 (mg/g). Maize treated
with 100 mg/kg and 200 mg/kg of Pb concentration had
mean chlorophyll content (mg/g) of 1.242 ± 0.02 and
1.092 ± 0.01, respectively. Maize plants treated with 200
mg/kg of Pb augmented with EDTA gave mean chloro-
phyll content (mg/g) of 1.876 ± 0.02, while the plant
treated with 200 mg/kg of Pb augmented with manure
gave 1.621 ± 0.04 (mg/g). Maize plants treated with Zn
augmented with farmyard manure showed an increase in
chlorophyll content as concentrations of Zn increased
while those assisted with EDTA still experienced a de-
crease rather than an increase in chlorophyll contents as
the metal concentrations increased. The untreated (con-
trol) Bambara groundnut plant had mean total chlorophyll
(mg/g) of 1.598 ± 0.001, Bambara groundnut treated with

Table 1 Impact of different concentrations of Lead and Zinc nitrates on some Enzymes and Lipid Peroxidation in maize

Treatment SOD (U/mg) PEROXIDASE
(U/mg)

GSH (μmole/min/mg) CAT (U/mg) MDA (U/mg)

Control 0.75 ± 0.03 18.20 ± 0.15 0.26 ± 0.08 16.54 ± 0.44 0.008 ± 0.002

100 mg/kg lead 0.78 ± 0.02 17.58 ± 0.10* 0.08 ± 0.03* 24.43 ± 0.37* 0.118 ± 0.018*

150 mg/kg lead 0.98 ± 0.22* 22.20 ± 0.27* 0.12 ± 0.02* 27.54 ± 0.37* 0.310 ± 0.02

200 mg/kg lead 1.10 ± 0.11* 26.10 ± 0.50* 0.17 ± 0.02* 30.42 ± 0.07* 0.430 ± 0.04*

100 mg/kg zinc 0.82 ± 0.06 23.40 ± 0.25* 0.18 ± 0.04* 22.21 ± 0.30* 0.080 ± 0.02*

150 mg/kg zinc 2.77 ± 0.24* 46.40 ± 0.15* 0.21 ± 0.07* 72.10 ± 0.12* 0.202 ± 0.005*

200 mg/kg zinc 2.98 ± 0.45* 52.20 ± 0.44* 0.30 ± 0.03* 76.22 ± 0.15* 0.345 ± 0.015*

The values are the means + SEM (range) of 3 replicates
When *P < 0.05 = significantly different from control
When P > 0.05 = not significantly different from control
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100 mg/kg of zinc nitrate had a mean total chlorophyll
(mg/g) of 3.649 ± 0.13 and the plant treated with 200 mg/
kg of Zn concentration had mean total chlorophyll (mg/g)
of 3.112 ± 0.06. Bambara groundnut plants with 200 mg/
kg of Zn augmented with EDTA gave mean chlorophyll
content (mg/g) of 4.918 ± 0.21, while the 200 mg/kg of Zn
augmented with manure gave 5.816 ± 0.16. Maize control
plants had a mean chlorophyll content of 2.350 ± 0.03
(mg/g). Maize treated with 100 mg/kg and 200 mg/kg of
Zn concentration had mean chlorophyll content (mg/g) of
1.565 ± 0.04 and 1.352 ± 0.03, respectively. Maize plants
treated with 200 mg/kg of Zn augmented with EDTA gave
mean chlorophyll content (mg/g) of 3.989±0.07, while the
plant treated with 200mg/kg of Zn augmented with ma-
nure gave 6.101±0.15 (mg/g).

3.2 Proximate analysis
3.2.1 Total carbohydrate and total protein
Tables 4 and 5 show the effects of different Lead and
Zinc concentrations on the total protein and total carbo-
hydrates. The total protein and total carbohydrate of

treated plants decreased significantly with increased lead
and zinc concentrations. For Maize, whether assisted
with chelator and manure or not, the protein and
carbohydrate contents decreased significantly with in-
creased lead and zinc concentrations. However, farm-
yard manure assisted Bambara groundnut when
planted in soil with the lowest lead concentrations of
100 mg/kg and different zinc nitrate concentrations.
They had higher percentages of protein and carbohy-
drates compared with the mean values observed for
their control plants. When the Bambara groundnut
was planted in soil containing the lowest concentra-
tion of lead and mixed with EDTA, a high-percentage
carbohydrate was also observed. Control Bambara
groundnut plant had a mean carbohydrate (%) of
14.79 ± 0.09, 17.60 ± 0.01 for 100 mg/kg of lead con-
centration and 11.20 ± 0.02 for 200 mg/kg of lead
concentration, indicating a decrease in carbohydrate
content with increased concentrations. Bambara
groundnut plants with 100 mg/kg of lead and EDTA
gave a mean percentage carbohydrate of 15.57 ± 0.08,

Table 2 Impact of different concentrations of lead and zinc nitrate on some enzymes and lipid peroxidation in Bambara nut

Treatment SOD (U/mg) PEROXIDASE
(U/mg)

GSH
(μmole/min/mg)

CAT (U/mg) MDA (U/mg)

Control 2.57 ± 0.05 53.42 ± 0.83 0.45 ± 0.03 72.42 ± 0.39 0.033 ± 0.007

100 mg/kg lead 1.00 ± 0.03* 38.48 ± 0.53* 0.12 ± 0.03* 40.08 ± 0.24* 0.068 ± 0.005*

150 mg/kg lead 0.72 ± 0.02* 20.86 ± 0.14* 0.09 ± 0.02* 20.35 ± 0.35* 0.071 ± 0.002*

200 mg/kg lead 0.68 ± 0.05* 20.10 ± 0.14* 0.06 ± 0.01* 18.65 ± 0.35* 0.092 ± 0.002*

100 mg/kg zinc 1.86 ± 0.05* 51.44 ± 0.05* 0.41 ± 0.02* 66.78 ± 0.12* 0.029 ± 0.011

150 mg/kg zinc 1.69 ± 0.05* 48.40 ± 0.55* 0.38 ± 0.02* 64.38 ± 0.29* 0.038 ± 0.002*

200 mg/kg zinc 1.22 ± 0.04* 44.30 ± 0.40* 0.29 ± 0.03* 54.34 ± 0.09* 0.082 ± 0.002*

The values are the means + SEM (range) of 3 replicates
When *P < 0.05 = significantly different from control
When P > 0.05 = not significantly different from control

Table 3 Impact of lead concentrations on total chlorophyll (mg/g) of the test plants

Plants/concentration Bambara groundnut Maize Bambara groundnut Maize

(Pb treatment)
Mean value ± SEM

(Pb treatment)
Mean value ± SEM

(Zn treatment)
Mean value ± SEM

(Zn treatment)
Mean value ± SEM

Control 1.598 ± 0.001 2.350 ± 0.03 1.598 ± 0.001 2.350 ± 0.03

100 mg/kg 2.944 ± 0.952* 1.242 ± 0.02* 3.649 ± 0.13* 1.565 ± 0.04*

150 mg/kg 2.418 ± 0.202* 1.108 ± 0.02* 3.501 ± 0.1* 1.486 ± 0.05*

200 mg/kg 2.002 ± 1.616* 1.092 ± 0.01* 3.112 ± 0.06* 1.352 ± 0.03*

100 mg/kg + EDTA 2.872 ± 0.618* 2.028 ± 0.03* 3.712 ± 0.09* 4.141 ± 0.10*

150 mg/kg + EDTA 2.648 ± 0.320* 1.912 ± 0.12* 4.518 ± 0.10* 4.102 ± 0.11*

200 mg/kg + EDTA 2.193 ± 0.117* 1.876 ± 0.02* 4.918 ± 0.21* 3.989 ± 0.07*

100 mg/kg + manure 5.712 ± 0.100* 1.308 ± 0.01* 4.612 ± 0.09* 5.122 ± 0.11*

150 mg/kg + manure 5.528 ± 0.150* 1.475 ± 0.03* 5.622 ± 0.18* 5.893 ± 0.06*

200 mg/kg + manure 5.418 ± 0.145* 1.621 ± 0.04* 5.816 ± 0.16* 6.101 ± 0.15*

The values are the means + SEM (range) of 3 replicates
When *P < 0.05 = significantly different from control
When P > 0.05 = not significantly different from control
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while the 100 mg/kg of lead and Manure gave 17.58
± 0.06. Maize control plants had 17.26 ± 0.94 mean
percentage carbohydrate. Maize treated with 100 mg/
kg and 200 mg/kg of lead concentration had a mean
percentage carbohydrate of 17.30 ± 0.08 and 12.82 ±
0.04, respectively. Maize plants with 200 mg/kg of
lead and EDTA gave a mean percentage carbohydrate
of 9.17 ± 0.03, while the 200 mg/kg of lead and ma-
nure gave 16.91 ± 0.05. The same trend was observed
for the different zinc and lead concentrations on the
mean total proteins of the two test plants. The statis-
tical analysis, therefore, shows that the percentage of
carbohydrates and proteins of treated plants were sig-
nificantly different from their control (p < 0.05) for
each tested crop plant.

4 Discussion
4.1 Biochemical analysis
Plant food generally contains abundant natural bioactive
compounds that have health-promoting activities like
antihypertensive, anti-inflammatory, and antioxidants,
such bioactive compounds therefore include polyphenols
[5]. However, when plants’ biochemical activities are dis-
rupted due to heavy metal exposure such benefits from
the food (protein and carbohydrates) are therefore lost
or reduced in plants. In the case of the study plants, the
enzymatic activities of Bambara groundnut and Maize
were adversely affected when the plants were exposed to
different concentrations of lead and zinc. This was prob-
ably attributed to oxidative stress induced by these
metals. For both test plants, there were increase and

Table 4 Effect of lead and zinc concentration on the total carbohydrate of the test plants

Plants/concentration Bambara groundnut Maize Bambara groundnut Maize

Lead treatment Zinc treatment

Mean value ± SEM Mean value ± SEM Mean value ± SEM Mean value ± SEM

Control 14.79 ± 0.44 17.26 ± 0.94 14.79 ± 0.09 17.26 ± 0.14

100 mg/kg 17.60 ± 0.01* 17.30 ± 0.08* 6.75 ± 0.2* 11.33 ± 0.03*

150 mg/kg 12.10 ± 0.02* 14.20 ± 0.01* 5.98 ± 0.02* 9.29 ± 0.04*

200 mg/kg 11.20 ± 0.02* 12.82 ± 0.04* 5.11 ± 0.07* 8.61 ± 0.05*

100 mg/kg + EDTA 15.57 ± 0.08* 9.17 ± 0.03* 13.81 ± 0.11* 12.86 ± 0.11*

150 mg/kg + EDTA 14.21 ± 0.23* 8.64 ± 0.01* 10.42 ± 0.13* 9.54 ± 0.05*

200 mg/kg + EDTA 12.46 ± 0.02* 7.62 ± 0.01* 8.49 ± 0.06* 8.47 ± 0.04*

100 mg/kg + manure 17.58 ± 0.06* 16.91 ± 0.05* 17.81 ± 0.05* 16.42 ± 0.2*

150 mg/kg + manure 8.43 ± 0.05* 7.05 ± 0.21* 14.23 ± 0.02* 7.22 ± 0.05*

200 mg/kg + manure 7.36 ± 0.03* 6.78 ± 0.04* 9.42 ± 0.04* 6.89 ± 0.08*

The values are the means + SEM (range) of 3 replicates
When *P < 0.05 = significantly different from control
When P > 0.05 = not significantly different from control

Table 5 Effect of lead and zinc concentration on total protein of the test plants

Plants/concentration Bambara groundnut Maize Bambara groundnut Maize

Lead treatment Zinc treatment

Mean value ± SEM Mean value ± SEM Mean value ± SEM Mean value ± SEM

Control 9.52 ± 0.09 6.46 ± 1.0 9.52 ± 1.95 6.46 ± 1.26

100 mg/kg 8.80 ± 0.38* 5.89 ± 1.05* 9.60 ± 0.40* 5.16 ± 0.55*

150 mg/kg 8.40 ± 0.36* 5.63 ± 1.0* 9.10 ± 0.59* 5.04 ± 0.59*

200 mg/kg 7.40 ± 0.30* 5.08 ± 0.64* 8.60 ± 1.03* 4.96 ± 0.13*

100 mg/kg + EDTA 10.09 ± 0.25* 4.04 ± 1.44* 10.12 ± 0.84* 4.18 ± 0.51*

150 mg/kg + EDTA 9.92 ± 0.19* 3.84 ± 0.35* 9.84 ± 1.01* 4.12 ± 0.45*

200 mg/kg + EDTA 9.80 ± 0.16* 3.78 ± 1.10* 9.72 ± 1.47* 3.98 ± 0.24*

100 mg/kg + manure 10.28 ± 0.30* 4.12 ± 0.51* 9.80 ± 1.45* 5.56 ± 0.32*

150 mg/kg + manure 9.68 ± 0.25* 4.20 ± 0.51* 9.64 ± 0.75* 5.97 ± 0.31*

200 mg/kg + manure 8.10 ± 0.20* 4.80 ± 0.95* 9.59 ± 1.53* 6.12 ± 0.54*

The values are the means + SEM (range) of 3 replicates
When *P < 0.05 = significantly different from control
When P > 0.05 = not significantly different from control
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decrease in the level of the enzymes. The increased level
of MDA (malondialdehyde) is highly indicative of oxida-
tive stress for the plants. An increase in the level of
MDA (product of lipid peroxidation) can lead to inacti-
vation of enzymes, DNA damage, and interaction with
vital plant cells. These results agreed with the work of
Mansoor and Nasir [32] and Vazquez et al. [45]. The
levels of glutathione, peroxidase, SOD, and catalase for
the treated plants were also raised. The increased level
of glutathione, peroxidase, and catalase also signifies the
possible release of free radicals. This was again observed
by Mansoor and Nasir [32]. The level of superoxide dis-
mutase, catalase, peroxidase, and glutathione were low-
ered in Bambara groundnut, except for the MDA. The
low level of superoxide dismutase signifies the possible
release of radicals within the treated Bambara groundnut
due to no inhibition of oxidation. Malar et al. [31] also
reported that the activity of antioxidative enzymes, such
as APX and POX, in water hyacinths (Eichhornia cras-
sipes (Mart.), positively correlated with Pb treatment,
while in the case of SOD and CAT enzymes increased
up to 800 mg/L treatment and then slightly decreased at
higher concentrations. Anee et al. [6] had a similar ob-
servation with fluctuating enzyme activities especially,
decreased catalase activity when Sesamum indicum was
subjected to the stress of different waterlogging dura-
tions. This indicates that stress levels increased with in-
creased waterlogging.
Also, this could be due to low metal translocation po-

tential displayed by the plants. It could also be suggested
as a tolerance capacity displayed by Bambara nut to pro-
tect itself from oxidative damage. On the other hand,
the lowered MDA content indicates toxicity/poisoning
in the test plant. MDA is the end product of peroxida-
tion of membrane lipids and it accumulates when the
plants are subjected to oxidative stress [44]. Generally,
free radical generation and membrane damage would be
low in tolerant plants and thereby formation of lower
levels of MDA content [39]. As a result, in this study,
the comparatively lowered MDA content in test plants
to Pb and Zn stress may assist its tolerant nature. These
findings corroborated the earlier work by Dietz and
Schnoor [17] that lead stress causes multiple direct and
indirect effects on plant growth and metabolism and also
alter some physiological processes. Edwards et al. [19]
also observed that high internal levels of glutathione can
be beneficial as a first response towards some of the ef-
fects exerted by pollutants. Cells are usually protected
from reactive oxygen species by the combined action of
enzymatic antioxidant systems like catalase, peroxidase,
and non-enzymatic antioxidant like ascorbate, glutathi-
one, and phenolic compounds [13, 19]. Glutathione
(GSH), a precursor for phytochelatins (PCs) which are
heavy-metal binding peptides, is known to be involved

in heavy-metal tolerance and sequestration. GSH plays a
central role in defense against oxidative stress and heavy
metals. Lead compounds have been observed to bind
less strongly to phytochelatins (PCS) unlike other metals
like zinc due to larger ion radius (Pb, octahedral) and
high coordination number (Pb, 6-8). This could be the
reason for the greater Pb tolerance and uptake by Maize
with or without augmentation and less Pb tolerance by
Bambara groundnut. This could also be attributed to the
great tolerance of Zn exhibited by the two plants.

4.2 Chlorophyll content
The chlorophyll content of treated plants reduced sig-
nificantly with increased metal concentration especially
for lead in all treated plants. As the concentration of
metals increased, the quantity of total chlorophyll in the
treated plants decreased. This led to a reduction in
photosynthetic activities and an indication of stress. This
finding therefore agrees with Chettri et al. [16] who re-
ported a decrease in chlorophyll levels for Cladonia ran-
giformis after treating with Cu, Zn, and Pb. They added
that a decrease of chlorophyll after Cu application may
be due to the blocking of enzymes acting in chlorophyll
synthesis or to degradation of chlorophyll. They also said
that chlorophyll content is usually measured in plants in
order to assess the impact of environmental stress, as
changes in pigment content are linked to visual symp-
toms of plant illness and photosynthetic productivity.
The chlorophyll content reduced with increased zinc
and lead nitrate concentrations [39]., had similar obser-
vations as experienced in this present study, with a re-
duction in chlorophyll and carotenoid content of
cuttings and seedlings of Jatropha curcas L. under high
concentration of lead (Pb). Shu et al. [39] perceive
chlorophyll degradation and photosynthesis inhibition as
a specific response of plants to metal stress. The lowered
content of chlorophyll specifies a decrease in net photo-
synthesis due to reduced absorption of essential mineral
nutrients as an indirect reason for plant chlorosis. Lead
(Pb) contamination induces leaf chlorosis and may even-
tually lead to cell death [37].

4.3 Total carbohydrate and total protein
The total protein and total carbohydrate of treated
plants decreased significantly with increased lead and
Zinc concentrations. However, farmyard manure assisted
Bambara groundnut when planted in soil with manure
mixed with the lowest lead concentrations of 100 mg/kg
and different zinc nitrate concentrations. In support of
these findings, several studies show that lead (Pb) signifi-
cantly affects nutrient uptake and overall distribution of
nutritional elements within plant organs [9, 23, 49].
Chettri et al. [15], observed that lead (Pb) had an adverse
effect on the metabolites content through protein in
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Vigna umbellata likewise carbohydrate in Phaeeolus vul-
garis [24] at higher levels.

5 Conclusion
The results of this study suggest that Pb and Zn induce
oxidative stress in treated plants. Elevated activity of
anti-oxidative enzymes can assist as important compo-
nents of an antioxidative defense mechanism against oxi-
dative damage. The lowered enzymatic activities in
Bambara nut suggested its tolerance capacity to protect
it from oxidative damage. This could be the reason for
the greater Pb tolerance by Maize with or without aug-
mentation and less Pb tolerance by Bambara groundnut.
This could also be attributed to the great tolerance of
Zn exhibited by the two plants. Therefore, it can be said
that both test plants can successfully tolerate Zn-
polluted soils.
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