wjert, 2019, Vol. 5, Issue 2, 40-65. Original Article ISSN 2454-695X

WJERT

World Journal of Engineering Research and Technology s

search and Technology

WIJERT

www.wjert.org SJIF Impact Factor: 5.218

HEAVY METAL ACCUMULATION POTENTIAL OF BARLEY
(HORDEUM VULGARE)

Garba S. T.*!, Gudusu M.? and Tukur A2

'Department of Chemistry, University of Maiduguri, P.M.B. 1069, Borno State, Nigeria.
’Department of SLT, Ramat Polytechnic, Maiduguri, Borno State, Nigeria.
3Cereals Research Department, Lake Chad Research Institute, Maiduguri, Borno State,

Nigeria.
Article Received on 22/12/2018 Avrticle Revised on 12/01/2019 Article Accepted on 03/02/2019
: ABSTRACT
*Corresponding Author
Dr. GarbaS. T. This research was aimed at assessing the metal accumulation potential
Department of Chemistry, of the grass, Hordeum vulgare for effective phytoremediation.
University of Maiduguri, Laboratory pot experiment was conducted. Seed of the grass were
P-M.B. 1069, Borno State, seeded into 2.0 kg soil spiked with different concentrations of, 150,
Nigeria.
: 500 and 1000ppm for Pb and Ni as Pb(NO3), and Ni(NO3),.6H,0; 150,

250, and 400ppm for Cd as Cd(NOs3),. 150, 500 and 1000ppm for Se, as SeO,. Experiment
was monitored with adequate irrigation for a period of eight weeks with the control. At the
end, harvested plants were separated into roots and shoots, treated and analyzed along with
the soil using atomic absorption spectrophotometer. The enrichment (EF) and translocation
factors (TF) of the metals were calculated. The results showed that, lead (Pb) has the TF
values of 0.35, 0.85, 0.57 at the different concentrations respectively and 0.81 for the control.
Its EF values are; 1.23, 1.02, 4.93 and 2.62 for the control respectively. Cadmium has the TF
values of 0.82, 0.71, 1.11 respectively and 1.01 for the control. Its EF values are 0.88, 0.75,
0.97 respectively and 1.02 for the control. Nickel has 0.32, 0.42, 0.40 respectively and 0.86
for the control. Its EF values are; 0.59, 1.33, 1.17 respectively and 1.19 for the control.
Selenium on the hand has the TF values of 1.45, 0.63, 0.58 and 1.01 for the control. These TF
and EF values suggest that, Hordeum vulgare, may serve as a soil stabilizer for Pb, Ni and
Se; one of the techniques of phytoremediation known as phytostabilization for having TF

values less than one (1), and EF values greater than one (1) at most of the different
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concentrations. For cadmium, the control and at 400ppm Cd in the pot, has the TF value
greater than one (1) and the EF values were all less than one which shows that Cd is stored at
high level in the harvestable parts of the plant, the shoot. Thus can be harvested and disposed.
The plant may therefore be defined as Cd phytoextractor. Phytoextraction, is also a technique
of phytoremediation which involves the uptake and accumulation of contaminants in the

shoot of plant species at higher level than the root without sign of toxicity.
KEYWORDS: Environment, heavy metal, soil, contamination, phytoremediation.

INTRODUCTION

The quality of life on Earth is linked extensively to the overall quality of the environment.
The major functions of a soil are generally recognized to include the ability to protect water
and air quality, the ability to sustain plant and animal productivity, and the ability to promote
human health (Garba et al., 2017a). Contaminated soils and residues therefore, can be
remediated by various methods, such as: removal, isolation, incineration,
solidification/stabilization, vitrification, thermal treatment, solvent extraction, chemical
oxidation etc., to improve its quality. These methods have the disadvantage of being very
expensive and in some cases, they involve the movement of contaminated materials to
treatment sites thus, adding risks of secondary contamination (Evanko and Dzombak, 1997;
Prasad, 2004). Currently emphasis is being given to in situ methods that are less
environmentally disruptive and more economical. The knowledge of the mechanism of
uptake, transport, tolerance and exclusion of heavy metals and other potentially hazardous
contaminants by microorganisms and plants have recently promoted the development of a
new technology, referred to as, bioremediation (Garba et al., 2017a). It is based on the
potentials of living organisms, mainly microorganisms and plants, to detoxify the
environment. Plant based bioremediation technologies have been collectively termed as

phytoremediation, a suitable alternative to the conventional methods.

Phytoremediation harnesses natural processes to assist in the clean-up of pollutants in the
environment. It takes the advantage of the unique and selective uptake mechanisms by plants
(trees, shrubs, grasses and aquatic plants) and their associated microorganisms in order to
remove, degrade or isolate toxic substances like heavy metals, trace elements, organic
compounds and radioactive compounds from the environment (Prasad and Freitas, 2003;
Dickinson et al., 2009). The word “phytoremediation” derives from the Greek «phytony,

meaning “plant”, and Latin «remedium», which means “to remedy” or “to correct”.
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Phytoremediation techniques include different modalities, depending on the chemical nature
and properties of the contaminant (if it is inert, volatile or subject to degradation in the plant
or in the soil) and the plant characteristics. Certain plants have been identified not only to
accumulate metals in the plant roots, but also to translocate the accumulated metals from the
root to the leaf and to the shoot. While many plants performed this function, some plants,
known as “hyperaccumulators”, can accumulate extremely high concentrations of metals in
their shoots (0.1% to 3% of their dry weight) (Huang and Cunningham, 1996). The metal-
rich plant material can then be harvested and removed from the site without extensive
excavation, disposal costs, and loss of topsoil that is associated with traditional remediation
practices. Thus, phytoremediation essentially comprises six different strategies, though more

than one may be used by the plant simultaneously (Figure 1).
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Figure 1: Schematic diagram of different approaches of phytoremediation.

The success of phytoremediation however, is dependent upon several factors. No plant has
been discovered yet capable of meeting all the ideal criteria of an effective phytoremediator.
These criteria are, plants must produce sufficient biomass while accumulating high
concentrations of contaminants (especially heavy metals). In some cases, an increased
biomass will lower the total concentration of the metal in the plant tissue, but allows for a
larger amount of metal to be accumulated overall. The metal-accumulating plants need to be
responsive to agricultural practices that allow repeated planting and harvesting of the metal-

rich tissues. Thus, it is preferable to have the metal accumulated in the shoots as opposed to
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the roots, for metal in the shoot can be cut from the plant and removed. This is manageable
on a small scale, but impractical on a large scale. If the metals are concentrated in the roots,
the entire plant needs to be removed. Yet, the necessity of full plant removal not only
increases the costs of phytoremediation, due to the need for additional labor and plantings,
but also increases the time it takes for the new plants to establish themselves in the
environment and begin accumulation of metals. The availability of metals in the soil for plant
uptake is another limitation for successful phytoremediation (Paz-Alberto and Sigua, 2013).
The selection of promising plants is an important approach to successful phytoremediation.

The plants used for phytoremediation procedures can range from those with natural ability,
moderate accumulator to hyper-accumulator or those that degrade or render harmless
contaminant in soils, water and air. It is a highly technical strategy, that requires expert
project designers with field experience that choose the proper species and cultivars for
particular metals and regions (Alkorta et al., 2004). One or a combination of these plants is
selected and planted at a site based on the type of metals present and other site conditions
(Rajkumar et al., 2012). After the plants have been allowed to grow for several weeks or
months, they are harvested and either incinerated or composted to recycle the metals. This
procedure may be repeated as necessary to bring soil contaminant levels down to allowable
limits. Some studies have identified grasses as potential phytoremediators (Pichtel and
Liskanen, 2001; Siddiqui and Adams, 2002; Kim et al., 2006). Thus, the assessment of native
site-specific grasses is recommended for a better understanding of the phytoremediation
potential for each particular, site-specific situation. The objectives of this study are; 1) to
determine the survival rate and vegetative characteristics of the grass specie Barley (Hordeum
vulgare), grown in soils amended with different levels of; Cd, Ni, Se and Pb; 2) to determine
the accumulation ability of the grass specie for effective phytoremediation of the selected

metals.

MATERIALS AND METHODS

Sample Collection

Viable seeds of the grass, Hordeum vulgare were collected from the plants dried husks. The
soil that supported the growth of the grass was equally collected from the surface to
subsurface portions, just beneath the roots of the grass. Samples were collected from Lake

Chad Research Institute situated at Km 5 Gamboru Ngala Road Maiduguri, Nigeria.
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Laboratory pots experiment

Pot culture experiment was conducted using 2.0 kg soil spiked with the soluble salt of the
metals Cd, Ni, Se and Pb. Experimental soil was spiked with the salt of Ni as
Ni(NO3),.6H,0, Se as SeO,, Pb as Pb(NOs), and Cd as Cd(NOs) at a concentration of
150ppm, 250pmm, 400ppm for Cd and Se; 150, 500, and 1000ppm was for Pb and Ni
respectively. Viable seeds of the grass, were sawn into the pots. Separate pots containing the
same amount of untreated soil (2 kg) was equally seeded to serve as a control (Garba et al.,
2011). Experiments were exposed to natural day light and night temperatures, and since
humidity is one of the factors ensuring the growth of plants and the necessary physiological
processes, irrigation of the pots was done with 500 ml of water after every five days in the
evening hours. Plastics trays were place under each pot and the leached was collected and put
back in their respective pots in other to prevent loss of nutrients and trace element from the
samples (Garba et al., 2011). The grasses were allowed to grow for a period of eight weeks
and harvested to avoid loss of accumulated metals through the shedding of vegetative parts or
poor uptake due to age. Four replicates of experimental pots for each element was seeded for
statistical handlings.

Statistical Data Handling

All statistical data handling was performed using SPSS 12 package. The difference in mean
of heavy metal concentration among the different samples was detected using one-way
ANOVA, followed by multiple comparisons using Tukey test. A significant level of (P =
0.05) was considered throughout the analysis.

RESULTS AND DISCUSSION

The physicochemical properties of the experimental soil are as shown in table 1 below. The
taxonomy classification of the soil was found to be sandy loam with pH of (6.27). The less
acidic nature of the soil is generally within the range for soil in the region; soil pH plays an
important role in the sorption of heavy metals, it controls the solubility and hydrolysis of
metal hydroxide, carbonate and phosphates (Garba et al., 2018). A very low organic carbon
was observed in the soil sample (0.53) which led to the low organic matter content observed
(0.90) as well as low cation exchange capacity (CEC) (4.09 mol/100kg soil). CEC measure
the ability of soil to allow for easy exchange of cations between it surface and soil. The low

level of clay and CEC indicate the permeability and leachability of metals in the soil.
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Appreciable amount of silt was observed in the soil sample (20.70), silt improves the soil,

resulting in better plant growth.

Table 1: The physicochemical properties of the experimental soil.

Parameters Soil

pH 6.27 £0.004
EC (dsm™) 0.38 +0.006
CEC (mol/100kg soil) 4.09 +£0.007
Organic Carbon (%) 0.53 £0.005
Organic Matter Content (%) 0.91 +£0.005
Silt (%) 20.70 +£0.006
Sand (%) 14.70 £0.005
Textural Class Sandy loam

Data are presented in mean + standard deviation (SD) withn =3

Lead (Pb)

Lead is a major pollutant in both terrestrial and aquatic eco-system. Besides natural
weathering processes the main sources of Pb pollution are exhaust fumes of automobiles,
chimneys of factories using Pb, effluents from the storage battery, industry, mining and
smelting of Pb ores, metal plating and finishing operations, fertilizers, pesticide and additives
in pigments and gasoline (Eick et al., 1999). The main pathway by which plants accumulate
metals is through root uptake from soils (Sharma and Dubey 2005; Uzu et al. 2009).
Although, lead uptake is a non-selective phenomenon, it nonetheless depends on the
functioning of an H*/ATPase pump to maintain a strong negative membrane potential in
rhizoderm cells (Hirsch et al. 1998; Wang et al. 2007). Once lead has penetrated into the root
system, it may accumulate there or may be translocated to aerial plant parts. For most plant
species, the majority of absorbed lead (approximately 95% or more) is accumulated in the
roots, and only a small fraction is translocated to aerial plant parts, as has been reported in
Vicia faba, Pisum sativum, and Phaseolus vulgaris (Piechalak et al. 2002; Matecka et al.
2008; Shahid et al. 2011; Garba et al., 2017a).

These observations agree with the findings of this study, high level of Pb was absorbed and
accumulated in the root. The level of uptake and accumulation increases as the concentration
of the metal in the soil increases (Table 2). There are several reasons why the transport of
lead from roots to aerial plant parts is limited. These reasons include immobilization by
negatively charged pectins within the cell wall (Islam et al. 2007; Arias et al. 2010),

precipitation of insoluble lead salts in intercellular spaces (Kopittke et al. 2007; Matecka et
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al. 2008), accumulation in plasma membranes (Seregin et al. 2004; Jiang and Liu 2010), or
sequestration in the vacuoles of rhizodermal and cortical cells (Seregin et al. 2004; Kopittke
et al. 2007). However, these reasons are not sufficient to explain the low rate of lead
translocation from root to shoot. Several hyperaccumulator plant species, such as Brassica
pekinensis and Pelargonium, are capable of translocating higher concentrations of lead to
aerial plant parts, without incurring damage to their basic metabolic functions (Xiong et al.
2006; Arshad et al. 2008).

Toxic Effect of Pb on the Growth of the Plant

Several toxic effect on the germination and growth of plants has been attributed to Pb. Report
has it that, germination is strongly inhibited by even very low concentrations of Pb**
(Tomulescu et al. 2004). Lead exposure in plants also strongly limits the development and
sprouting of seedlings (Dey et al. 2007; Gopal and Rizvi, 2008). At low concentrations, lead
inhibits the growth of roots and aerial plant parts (Islam et al. 2007; Kopittke et al. 2007).
Under severe lead toxicity stress, plants displayed obvious symptoms of growth inhibition,
with fewer, smaller, and more brittle leaves having dark purplish abaxial surfaces (Islam et al.
2007; Gupta et al. 2009). Lead-induced inhibition of seed germination has been reported in
Hordeum vulgare, Elsholtzia argyi, Spartina alterniflora, Pinus halepensis, Oryza sativa, and
Z. mays (Tomulescu et al. 2004; Sengar et al. 2009). In this study however, smooth
germination was observed. No noticeable symptoms were observed on germination and
growth of the experimental plants (Figure 1) compare to the control (Figure 7). Report has it

that, at higher concentrations, lead may speed up germination (Islam et al. 2007).

Table 2: Levels (ppm) of Pb in Soil, Shoot, Root of Hordeum vulgare.

Amount Spiked Soil Root Shoot

150 156 £0.004 | 546 + 1.000 | 192 +0.004
500 647 £0.004 | 779 + 0.005 | 659 +£0.003
1000 102 £0.006 | 891 £0.003 | 503 £0.005
Control 137 +0.011 | 446 + 0.003 | 359 + 0.007

Data are presented in mean and + Standard Deviation (SD), means were found not

significant at P = .05 using one-way ANOVA and multiple comparison (Post-Hoc) according

to Tukey test.
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Figure 1: The Growth of H. vulgare in the Experimental Pots Spiked with Different

levels of Pb.

Cadmium (Cd)

Cadmium is a trace element with unknown essential functions for plants. It is, however,
readily absorbed by plant roots and translocated to above-ground parts. Cadmium
concentrations (dry weight-based) are typically higher in the plant leaves than in fruits or
storage organs. The uptake of Cd by plant increases proportionally to increasing soil Cd when
soil contains substantial concentration of Cd** salts (Smolders, 2001). In this study, the
uptake and accumulation of Cd by the plant, Hordeum vulgare, is as shown in table 3. The
result showed that, slightly high level of the metal is retained in the root compare to the
shoot. This trend was maintained (high level of the metal retained in the root) as the
concentration of Cd in the soil increases although with slight decrease in the level
accumulated compare to the control (Table 3). Lozano-Rodrfguez et al. (1997) reported that,
total Cd concentration of shoot and root in maize and pea plants increased concurrently with
the treatments applied and its accumulation being approximately 10 times higher in root than
in shoot. However, in this study, as the concentration of Cd in soil medium increases to 400
ppm, the pattern of accumulation changes. The shoot was found to accumulate high level of
the metal than the root (Table 3). Higher shoot Cd accumulation in bread wheat cultivar has
been reported, this, reflects its differential distribution between roots and shoots, and not as a
result of slightly greater uptake by bread wheat roots (Hart el et al., 1998).

WWWw.wjert.org 47




Garba et al. World Journal of Engineering Research and Technology

Translocation of Cd from root to shoot has been studied in several species, including ryegrass
Secale cereal, (Jarvis et al., 1976), tomato (Lycopersicon esculentum; Petit and vande Geijn,
1978), bean (Phaseolus vulgaris; Hardiman and Jacoby, 1984), maize (Yang et al., 1995),
and durum wheat (Jalil et al., 1994). Movement of Cd from roots to shoots is likely to occur
via the xylem and to be driven by transpiration from the leaves. However, the accumulation
of Cd in the shoots of plants is generally dependent on the roots as its primary source (John et
al., 2008). Despite the difference in mobility of the metal ions in the plants the metal content
is generally greater in the root than in the above-ground tissues (Ramas et al., 2002). Most Cd
ions are retained in the roots and only small amounts are transported to shoots (Cataldo et al.,
1983) as is the case in this study (Table 3). It has been reported that, the concentration of Cd
in plants decreases in the order: root > leaves > fruits > seeds (Blum, 1997; Sharma et al.,
2006).

Toxic Effect of Cadmium on the Plant Growth

Cadmium is not an essential nutrient and at high concentration inhibits plant growth (Anita et
al., 1990; Aery and Rana, 2003). No sign of toxicity of Cd was observed on the experimental
plants (Figure 2) when compared with the control (Figure 7) of this study, reduction in
growth has been associated with cadmium treatment which was reported to caused inhibition
of protein synthesis (Foy et al., 1978). It has also been reported that even at relatively low
concentrations it alters plant metabolism (Van Assche and Clijsters, 1990). The presence of
cadmium in the soil has been observed to decrease the growth of soybean (Dewdy and Ham,
1997, Cataldo et al., 1983) and chickpea plants (Hasan et al., 2007). High concentrations of
Cd decreased cell growth as well as whole plant growth (Prasad, 1995).

Table 3: Levels (ppm) of Cd in Soil, Shoot, Root of Hordeum vulgare.

Amount spiked Sail Root Shoot

150 369.00 £ 0.0001 | 393.00 £0.001 | 324.00 +0.005
250 371.00 £ 0.0008 | 386.00 £0.0007 | 277.00 £0.0008
400 376.00 £0.007 | 328.00 £0.002 | 365.00 +£0.0012
Control 390.00 £0.0018 | 398.00 +0.0013 | 396.00 +0.0011

Data are presented in mean and + Standard Deviation (SD), means were found not
significant at P = .05 using one-way ANOVA and multiple comparison (Post-Hoc) according

to Tukey test.
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Figure 2: The Growth of H. vulgare in the Experimental Pots Spiked with Different
levels of Cd.

Nickel (Ni)
In nature, Ni is mostly present in the form of nickelous ion, Ni**. The hydrated form as Ni

(H;0)z*, is the most common form of Ni found in the soil solution. It also occurs in water

bodies and in other atmospheres, usually in trace amounts. The release of municipal and
industrial effluents significantly contributes Ni content to the soil and water (Yusuf et al.,
2011). The uptake of Ni in plants is mainly carried out through the root system via passive
diffusion and active transport (Seregin and Kozhevnikova 2006). The ratio of uptake between
active and passive transport varies with the species, form of Ni and concentration in the soil
or nutrient solution (Dan et al. 2002; Vogel-Mikus et al. 2005). The overall uptake of Ni by
plants depends on the concentration of Ni?*, plant metabolism, the acidity of soil or solution,
the presence of other metals and organic matter composition (Chen et al. 2009). However,
uptake of Ni usually declines at higher pH values of the soil solution due to the formation of
less soluble complexes (Temp 1991). Besides being absorbed by roots, Ni can also enter into
the plants via leaves (Sajwan et al. 1996; Hirai et al., 1993). The path of Ni transport in plants
is from root to shoot (Peralta-Videaa et al. 2002) and makes an exit through transpiration

stream (Neumann and Chamel 1986) via xylem.

Survey of literature reveals that distribution of Ni in plant tissues mainly deals with its
localization in the shoots of hyperaccumulator plant species (Heath et al. 1997; Bhatia et al.
2004). In this study, much of the metal (Ni) absorbed were observed to accumulate in the root
(Table 4). Marques et al. (2009) reported that in Rubus ulmifolius, Ni was only distributed in
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the root. Cataldo et al. (1978) reported that over 50% of Ni absorbed by plants is retained in
the roots. This may be due to the sequestration in the cation exchange sites of the walls of
xylem parenchyma cells and immobilization in the vacuoles of the roots (Seregin and
Kozhevnikova 2006). The observation made in this study agree with the report that, Ni
accumulation was more pronounced in roots rather than the shoot in barley (Brune and Deitz
1995) and maize (Baccouch et al. 2001). As the uptake of Ni predominates via roots, it is of

primary importance to unravel the pattern of Ni distribution in the underground organs.

Toxic Effect of Ni on the Plant Growth

Nickel showed no visible phenotypical changes at different spiked concentration of, 150ppm,
500ppm and 1000ppm Ni on the experimental plants. Rather uniform growth rate was
observed (Figure 3) when compared with the control (Figure 7). Nickel has been classified as
one among the essential micro nutrients and remains associated with some metallo-enzymes.
Browen et al. (1987) have demonstrated that Ni is an essential micronutrient for H. vulgare
which was observed not to complete its life cycle in the absence of Ni and addition of Ni to
the growth medium completely alleviated its deficiency symptoms. Although Rahman et al.
(2005), reported foliar chlorosis and necrosis in barley grown in 0.1mM Ni for 14 days.
However, presence of excess Ni in the external environment has been reported to cause some
changes in the growth pattern and development of some plants. These effects are summarized
in table 5 (Yusuf et al., 2011). The impact of Ni toxicity on the physiology of plants has been
envisaged to depend on the type of plant species, growth stage, cultivation conditions, Ni
concentration and exposure time (Marschner 1995; Kabata-Pendias and Pendias 2001;
Assuncao et al. 2003) in the soil.

Table 4: Levels (ppm) of Ni in Soil, Shoot, Root of Hordeum vulgare.

Amount spiked Soil Root Shoot
150 37.00 £1.000 | 68.50 £1.000 | 22.00 +0.002
500 39.00 £0.005 | 123.00 +0.003 | 52.00 +1.000
1000 114.50 £0.002 | 338.00 +0.006 | 134.00 +0.002
Control 8.00 +1.000 | 11.00+£0.001 | 9.00 +£1.000

Data are presented in mean and + Standard Deviation (SD), means were found not
significant at P = .05 using one-way ANOVA and multiple comparison (Post-Hoc) according

to Tukey test for.
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Figure 3: The Growth of H. vulgare in the Experimental Pots Spiked with Different

levels of Ni.

Table 5: Effect of Nickel on Stem Growth in Different Plants.

Nickel . Crop/plant | Effect Reference
concentration
Triticum Decrease mesophyll thickness, size Kovaccevic et al
100 uM NiSO, . of vascular bundle, and width of '
aestivum . 1999
epidermal ells
. Wheat .
200 UM Ni . Lowered shoot length by 44% Gajewska et al. 2006
seedlings
> 50 MM Ni Soybean Decrease the fresh and dry mass of | EI-Shintinawy  and
seedlings the plant El-Ansary 2000
100 UM Ni Triticum Reduced shoot growth appearance | Gajewska and
H aestivum of chlorosis and necrosis Sklodowska 2007

Selenium (Se)

In a global context, selenium (Se) is a complex but interesting element. The boundaries
between animal toxicity and deficiency of Se are relatively narrow, and both phenomena are
common around the globe (Haygarth, 1994). The uptake, translocation and distribution of Se
depends upon plant species, phases of development, form and concentration of Se,
physiological conditions (salinity and soil pH) and presence of other substances, activity of
membrane transporters, translocation mechanisms of plant (Zhao et al., 2005; Li et al., 2008;
Renkema et al., 2012). Selenate (SeO,-4) is the most prevalent form of bioavailable Se in
agricultural soils, and more water soluble than selenite (Sors et al., 2005; Missana et al.,
2009). In alkaline soils, Se mostly exists as selenate whereas, in acidic soils it exists as
selenite. Both forms of Se differ in terms of their mobility and absorption within the plant and

are metabolized to form selenocompounds (Li et al., 2008). Most plants accumulate more Se
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in shoot than in the root tissues, but there are exceptions (Zayed et al., 1998). For instance, Se
contents of five samples of Verbascum Thapsus (VR) were found to be 0.74, and 0.50mgkg™,
for root and shoot respectively. Similarly, the Se content of roots, and shoots of Isatis (IS),
were found to be 0.50, and 0.48 mgkg™ Se, respectively (Sasmaz et al., 2015).

In this study, high level of the metal, Se, was observed in the shoot in the control and when
the level of the element in the experimental pot was 150ppm (Table 6). The pattern of
accumulation however, changes when the concentration in the soil was increased to 250 and
400ppm respectively. High concentration of the element was observed in the root compare to
the shoot (Table 6). Report has it that, majority of plants accumulate more Se in shoot and
leaf than in root tissues, but there are exceptions (Zayed et al., 1998). The transport of Se
from roots to shoots is considered to occur via the xylem. Plants transport selenate to leaves
where they accumulate substantial amounts, but much less selenite or selenomethionine is
stored. Selenite is rapidly reduced to organic forms of Se (selenomethionine) in plants which
is retained in the roots (Terry et al. 2000; Sors et al. 2005). According to Terry and Zayed
(1994), the absorption and translocation of selenate in plants is believed to resemble closely
the uptake and movement of sulfate. A five-fold increase in sulfate (from 33mgSL-' with
selenate at 0.1, 0.5, or 1.0 mgSeL™) produced a six-fold decrease in the concentration of Se in
shoots of barley (cv. Briggs) after 28 days in solution culture; similarly, a two-fold increase
in sulfate (from 16 mg S L™ with selenate at 0.5 mg Se L) produced a two-fold decrease in
the concentration of Se in shoots of rice (cv. M101) after 60 days (Mikkelsen et al., 1990).
The increase in the level of Se in experimental pot might triggered the absorption of which
subsequently reduces the translocation of Se to the shoots.

Toxic Effect of Se on the Plant Growth

Selenium is not considered to be an essential element for flowering plants (angiosperms),
although it is considered to be a beneficial element since it can stimulate growth, confer
tolerance to environmental factors inducing oxidative stress, and provide resistance to
pathogens and herbivory (Quinn et al., 2007; White and Brown, 2010; Feng et al., 2013).
Similarly, no sign of toxicity was observed on the plant in course of germination as well as
growth (Figure 6) compare to the control experiment (Figure 7). Selenium toxicity occurs in
plants when optimum concentration of Se exceeds. Selenium causes toxicity by two
mechanisms, one of which is malformed selenoproteins (Pilon-Smits et al., 2002; Hondal et

al., 2012) and another by inducing oxidative stress (Hugouvieux et al., 2009; Lehotai et al.,
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2012). Both the mechanisms are known to be harmful for plants in one or other way. Report
has it that, non-accumulators are sensitive to high Se concentration, they can tolerate as well
as accumulate even high concentrations of Se without growth reduction when grown in Se-
enriched soils (Rani et al., 2005).

Table 6: Levels (ppm) of Se in Soil, Shoot, Root of Hordeum vulgare.

Amount spiked Soil Root Shoot
150 224.00 + 0.058 | 249.00 +£0.052 | 360.00 +0.117
250 175.00 £ 0.123 | 471.00 +0.070 | 298.00 +£0.142
400 332.00 £0.050 | 455.00 +0.071 | 262.00 +0.020
Control 33.00 £0.086 | 94.00 +0.134 | 95.00 +0.035

Data are presented in mean and + Standard Deviation (SD), means were found not
significant at P = .05 using one-way ANOVA and multiple comparison (Post-Hoc) according

to Tukey test.

Figure 6: The Growth of H. vulgare in the experimental pots spiked with different levels
of Se.

Figure 7: H. vulgare in the control experimental pot.
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Phytoremediation Potential of the Plants, Hordeum. vulgare

The levels of metals in different parts of plants especially the root, stem and the leaves does
not simply predict the phytoremediation potentials of such plants. The values of translocation
(TF) and enrichment (EF) factors calculated from the concentrations of the elements from
ratio of the root or shoot and the soil determine the phytoremediation ability of plants (Garba
et al., 2017b). Bioaccumulation factor also called bioconcentration factor (BCF) is used in the
determination of the degree of intake and component storage of toxic compounds in plants
and animals (Connell, 1997). It refers to the ratio of plant metal concentration in roots tissues

to the soil or polluted environment [(Metal) root/ (Metal) polluted environment or substrate].

Enrichment Factor (EF) and Translocation Factor (TF)

Several studies (Baker, 1981; Yoon et al., 2006; Srivastava et al., 2006) have envisaged that,
the ability of phytoremediation has commonly been characterized by a translocation factors
(TF). According to MacFarlane et al. (2007), translocation factor (TF) is defined as the ratio
of concentration of metals in the shoot or above ground parts of plants to the metal

concentration in the roots.

_ Concentration of metal in the shoot

TF

~ Concentration of metal in the root

In this study, the TF values for the elements; Cd, Se, Pb and Ni presented in the figure eight
(8), indicating the uptake and accumulating ability of the plant for phytoremediation. Plants
with TF values of one (1) and above are classified as high-efficiency plants for metal
translocation from the roots to shoots (Ma et al., 2001). The identification of metal
hyperaccumulators, plants capable of accumulating extra ordinary high metal levels in the
above ground tissues, demonstrates that plants have the genetic potential to clean up
contaminated soil. Hyperaccumulators are characterized by the translocation factor of one (1)

and above.

Enrichment Factor (EF)

Enrichment factor (EF) is been calculated to derive the degree of soil contamination and
heavy metal accumulation in soil and in plants growing on contaminated site with respect to
soil and plants growing on uncontaminated soil (Kisku et al., 2000). It is at considered as an
indicator used to assess the presence and intensity of anthropogenic contaminant deposition

on surface soil (Balls et al., 1997). Enrichment factor is calculated as the ratio plant shoot
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metal concentration to contaminated environmental medium (e.g. soil and wastewater)

concentration [(Metal) shoot/ (Metal) polluted substrate (Branquinho et al., 2007).

EE = Concentration of metal in the shoot

" Concentrationo f metal in polluted environment (soil or water)

In this study, the EF values for the elements; Cd, Se, Pb and Ni presented in the figure eight
(8), indicating the level of contamination of the soil and accumulating ability of the plant
mostly in the root zone.

The result indicated that, the TF Value for Pb at 150ppm is 0.35; at 500ppm is 0.85; at
1000ppm is 0.57 whereas the control has a TF Value of 0.805. The EF values are, 1.23, 1.02,
4.93 and 2.62 at 150ppm, 500, 1000ppm and the control respectively. All the BCF values just
like the EF values are greater than one (1) (Figure 8). For having TF values less than one (1),
and EF values greater than one (1), the plant H. vulgare has the ability to absorb and retain or
accumulate the metal Pb in the root zone. A process known as phytostabilization. Heavy
metal-tolerant species with high EF (greater than one) and low TF values (less than one) can
be used for phytostabilization of the metals within the root zone in the soil (Garba et al.,
2017b). It is one of the techniques of phytoremediation. The BCF values greater than one (1)
indicated high degree of absorption by the plant.

For cadmium, the TF values at 150ppm is 0.82; at 250ppm is 0.71; at 400ppm is 1.11
whereas the control has TF value of 1.01 (Figure 8). It has the EF value of 0.88, 0.75, 0.97
and the control 1.02. This shows that, H. vulgare can absorb and translocation the metal Cd to
the above ground tissues (shoot). It also indicated that, translocation to shoot, of Cd, is
greater when the level of the metal in the soil is high. The TF value is greater than one for the
control as well as at 400ppm which shows that the metal Cd is stored in the shoot gradually.
Phytoextraction one of the process of phytoremediation, usually involves the uptake of toxic
heavy metals from contaminated soils and their accumulation in harvestable parts of plant
species. Plants being considered as hyperaccumulators must have the potential to tolerate the
metals and transfer them from roots to above-ground parts of the plant species (Blaylock and
Huang, 2005). One of the important factors affecting the success of phytoremediation of Cd-
polluted soils is the availability of high biomass plants with the ability to concentrate Cd to

high levels within their shoots.
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The TF Value for Ni at150ppm is 0.32; at 500ppm is 0.42; and at 1000ppm is 0.40 whereas
the control has TF value of 0.86 as shown in figure 8. The EF are 0.59, 1.33, 1.17 at 150ppm,
500 and 1000ppm whereas the control has 1.19. For Ni, it is the EF values that are greater
than one (1), the TF values are all less than one (1), these indicate that the plant H. vulgare
has the ability to absorb and accumulate the metal Ni in the root zone. Enrichment factors
greater than one suggest that, the plant can stabilize or accumulate the metal in the root zone
rather than to mob the soil of the metal. A process known as phytostabilization. It is mostly
used for the remediation of soil, sediment and sludges (Mueller et al., 1999) and depends on
roots ability to limit contaminant mobility and bioavailability in the soil. Phytostabilization
can occur through the sorption, precipitation, complexation, or metal valence reduction. Base

on the EF values for Ni, H. vulgare may be use to stabilize the soil.

For selenium, the TF Values at 150ppm is 1.45; at 250ppm is 0.63; at 400ppm is 0.58
whereas the control has the TF value of 1.01 (Figure 8), and the EF values are 1.61, 1.71,
0.79, and 0.28 at the three different spiked level of the metal in the soil (150, 250, 400ppm)
and the control. The plant, H. vulgare can therefore best be defined as a stabilizer for Se in
the soil (Figure 8). This is attributed to greater value of the EF than the TF.
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Figure 8: the Enrichment, Translocation, and Bioaccumulation Factors for Cd, Se, Pb
and Ni.

CONCLUSION
Phytoremediation involves diverse use of plants for in situ treatment of metal contaminated
soils, sediments, water and air. In this research work, the possibility of cleaning or

decontaminating the environment of metal contamination using the grass H. vulgare was
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assessed. The result showed that, the plant, H. vulgare can best be defined and used as a

stabilizer for Ni, Pb and Se in the soil. A process best described as phytostabilization. The

non-toxic effect of Cd on the plant, despite the high concentration absorbed and translocated

to the shoot and having the TF value greater than one, H. vulgare may serve as a

phytoextractor and possibly hyperaccumulator when the concentration of the metal, Cd in the

soil is considerably high and available for plant uptake.

REFERENCES

1.

10.

Aery, NC. and DK. Rana (2003): Growth and cadmium uptake in barley under cadmium
stress. J. Environ. Biol., 24: 117-123.
Alkorta I, Hernandez-Allica J, Becerril JM, Amezaga |, Albizu I, Garbisu C (2004)
Recent findings on the phytoremediation of soils contaminated with environmentally
toxic heavy metals and metalloids such as zinc, cadmium, lead, and arsenic. Rev.
Environ. Sci. Biotechnol, 3: 71-90.
Anita, R., LK. Chugh, V. Sawhney and SK. Sawhney (1990): Proceedings of
environmental pollution (Eds.: S.K, Arora, M. Singh and R.P. Aggarwal). Haryana
Agricultural University Press, Hisar, India, 66-77.
Arias JA, Peralta-Videa JR, Ellzey JT, Ren M, Viveros MN, Gardea-Torresdey JL
(2010) Effects of Glomus deserticola inoculation on Prosopis: enhancing chromium and
lead uptake and translocation as confirmed by X-ray mapping, ICP-OES and TEM
techniques. Environ Exp Bot, 68(2): 139-148.
Arshad M, Silvestre J, Pinelli E, Kallerhoff J, Kaemmerer M, Tarigo A, Shahid M,
Guiresse M, Pradere P, Dumat C (2008) A field study of lead phytoextraction by various
scented Pelargonium cultivars. Chemosphere, 71(11): 2187-2192.
Assuncao AGL, Schat H, Aarts MGM (2003) Thlaspi caerulescens, an attractive model
species to study heavy metal hyperaccumulation in plants. New Phytol, 159: 351-360.
Baccouch S, Chaoui A, El Ferjani E (2001) Nickel toxicity induces oxidative damage in
Zea mays roots. J Plant Nutr, 24: 1085-1097.
Baker, A. J. M. (1981). Accumulators and excluder-strategies in the response of plants
to heavy metals. J. Plant Nutr, 3: 643-654.
Balls, PW. Hull, S., Miller, BS., Pirie, JM. and Proctor, W. (1997). Trace metal in
Scottish estuarine and coastal sediments. Marine Pollution Bulletin, 34: 42-50.
Bhatia NP, Walsh KB, Orlic I, Siegele R, Ashwath N, Baker AJM (2004) Studies on

spatial distribution of nickel in leaves and stems of the metal hyperaccumulator

WWWw.wjert.org 57




Garba et al. World Journal of Engineering Research and Technology

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Stackhousia tryonii bailey using micro-PIXE and EDXS techniques. Funct Plant Biol
31:1061-1074.

Blaylock, MJ. and Huang, JW. 2005. Phytoextraction of metals, in phytoremediation of
toxic metals using plants to clean up the environment (Eds.: I. Raskin, B. D. Ensley)
Wiley, New York, 53-70.

Blum, WH, (1997) Cadmium uptake by the higher plants. In: Proceeding of extended
abstracts from the fourth International Conference on the Biogeochemistry of Trace
Elements, University of California, Berkeley, USA, 109-110.

Branquinho, C., Serrano, HC., Pinto, MJ. and Martins-Loucao, MA. (2007). Reuvisiting
the plant hyperaccumulation criteria to rare plants and earth abundant elements.
Environmental Pollution, 146(2): 437-443.

Brown PH, Welch RM, Cary EE, Checkai RT (1987b) Beneficial effects of nickel on
plant growth. J Plant Nutr, 10: 2125-2135.

Brune A, Deitz KJ (1995) A comparative analysis of element composition of roots and
leaves of barley seedlings grown in the presence of toxic cadmium, molybdenum,
nickel and zinc concentrations. J Plant Nutr, 18: 853-868.

Cataldo DA, Garland TR, Wildung RE (1978) Nickel in plants I. Uptake kinetics using
intact soybean seedlings. Plant Physiol Biochem, 62: 563-565.

Cataldo, CD., TR. Garland and RE. Widung (1983): Cadmium uptake, kinatics in intact
soybean plants. Plant Physiol., 73: 844-848.

Chen C, Huang D, Liu J (2009) Functions and toxicity of nickel in plants: recent
advances and future prospects. Clean, 37: 304-313.

Connell, D. (1997). In: Basic Concepts of Environmental Chemistry, CRC Press.

Dan TV, Kirishnaraj S, Saxena PK (2002) Cadmium and nickel uptake and
accumulation in scented Geranium (Pelargonielm sp’.Frensham”). Water Air Soil Pollut
137: 355-364.

Dewdy, RH. and GE. Ham (1997): Soybean growth and elemental content as influenced
by soil amendments of sewage sludge and heavy metals: Seedling studies. Agron. J., 69,
300-303.

Dey SK, Dey J, Patra S, Pothal D (2007) Changes in the antioxidative enzyme activities
and lipid peroxidation in wheat seedlings exposed to cadmium and lead stress. Braz J
Plant Physiol, 19(1): 53-60.

WWWw.wjert.org 58




Garba et al. World Journal of Engineering Research and Technology

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Dickinson NM, Baker AJM, Doronila A, Laidlaw S, Reeves RD. (2009)
Phytoremediation of inorganics: realism and synergies. International Journal of
Phytoremediation, 11: 97-114.

El-Shintinawy F, EI-Ansary A (2000) Differential effect of Cd®* and Ni** on amino acid
metabolism in soybean seedlings. Biol Plant, 43: 79-84.

Eick MJ, Peak JD, Brandy PV, and Pesek FD, (1999). Kinetics of Lead adsorption and
desorption on goethite: Residence time effect. Soil Sci., 164; 28-39.

Evanko, CR., and Dzombak DA. Remediation of metals-contaminated soils and
ground-water. Technology Evaluation Report. Pittsburgh: GWRTAC — Ground-Water
Remediation Technologies Analysis Center, 1997.

Feng R, Wei C, Tud S. 2013. The roles of selenium in protecting plants against abiotic
stresses. Environmental and Experimental Botany, 87: 58-68.

Foy, CD., Chaney, RL. and White, MG. (1978). The physiology of metal toxicity in
plants. Ann. Rev. Plant Physiol., 29: 511-566.

Garba ST, Santuraki AH, Barminas JT. (2011). EDTA Assisted Uptake, Accumulation
and Translocation of The Metals: Cu, Cd, Ni, Pb, Se, and Zn. Journal of American
Science, 7(11): 151-159.

Garba ST., Abba AB., Abdullahi S., Abdullahi M, (2017a). The Heavy Metals (Ag, Fe,
Co, Cr, Cu, Cd, Mn, Zn, Ni and Pb) in Beans (Phaseolus vulgaris) Grown in Lake-Chad
Research Institute, Maiduguri, Borno State, Nigeria. International Journal of Science
and Engineering Investigations, 6(60): 23-29.

Garba, ST., Abdullahi, M., Abba, AB. and Abdullahi, S. (2017b). Assessing
Phytoremediation Potential of the Plant: Palma Amaranth. International Journal of
Science and Engineering Investigations, 6(64): 1-7.

arba, ST., M. Gudusu and LB. Inuwa, (2018). Accumulation Ability of the Native Grass
Species, Cyperus rotundus for the Heavy Metals; Zinc (Zn), Cadmium (Cd), Nickel (Ni)
and Lead (Pb). International Research Journal of Pure & Applied Chemistry, 17(1): 1-
15.

Gajewska E, Sklodowska M, Slaba M, Mazur J (2006) Effect of nickel on antioxidative
enzyme activities, proline and chlorophyll content in wheat shoots. Biol Plant, 50: 653—
659.

Gajewska E, Sklodowska M (2007) Effect of nickel on ROS content and antioxidative

enzyme activities in wheat leaves. Biometals, 20: 27-36.

WWWw.wjert.org 59




Garba et al. World Journal of Engineering Research and Technology

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Gopal R, Rizvi AH (2008) Excess lead alters growth, metabolism and translocation of
certain nutrients in radish. Chemosphere, 70(9): 1539-1544.

Gupta D, Nicoloso F, Schetinger M, Rossato L, Pereira L, Castro G, Srivastava S,
Tripathi R (2009) Antioxidant defense mechanism in hydroponically grown Zea mays
seedlings under moderate lead stress. J Hazard Mater, 172(1): 479-484.

Hardiman, RT. and Jacoby, B. (1984) Absorption and translocation of Cd in bush beans
(Phaseolus vulgaris). Physiol Plant, 61: 670-674.

Hart, JJ. Welch, RM. Norvell, WA. Sullivan, LA. and Kochian, LV. (1998)
Characterization of Cadmium Binding, Uptake, and Translocation in Intact Seedlings of
Bread and Durum Wheat Cultivars, Plant Physiol, 116: 1413-1420.

Hasan, SA., B. Ali, S. Hayat and A. Ahmad (2007b): Cadmium induced changes in the
growth and carbonic anhydrase activity of chickpea. Turkish J. Biol., 31: 137-140.
Haygarth, PM. (1994). Global Importance and Cycling of Selenium. In Selenium in the
Environment (W. T. Frankenberger and S. Benson, Eds.), Marcel-Dekker, New York,
1-28.

Heath SM, Southworth D, D’Allura JA (1997) Localization of nickel in epidermal
subsidiary cells of leaves of Thlaspi montanum var siskiyouense (Brassicaceae using
energy-dispersive X-ray microanalysis. Int J Plant Sci, 158: 184-188.

Hirai M, Kawai-Hirai R, Hirai T, Ueki T. (1993) Structural change of Jack Bean urease
induced by addition of surfactants studied with synchrotron-radiation small-angle X-ray
scattering. Eur J Bio- chem, 215: 55-61.

Hirsch RE, Lewis BD, Spalding EP, Sussman MR (1998) A role for the AKT1
potassium channel in plant nutrition. Science, 280(5365): 918-921.

Hondal, RJ., Marino, SM., and Gladyshev, VN. (2012). Selenocysteine in
thiol/disulfide-like exchange reactions. Antioxid. Redox Signal, 18: 1675-1689. doi:
10.1089/ars.2012.5013.

Huang, JW. and Cunningham, SD. (1996) “Lead Phytoextraction: Species Variation in
Lead Uptake and Translocation,” New  Phytologist, 134(1): 75-84.
http://www.lenntech.com/Pb-en.htm doi:10.1111/j.1469-8137.1996.tb01147 .x.
Hugouvieux, V., Dutilleul, C., Jourdain, A., Reynaud, F., Lopez, V., and Bourguignon,
J. (2009). Arabidopsis putative selenium-binding proteinl expression is tightly linked to
cellular sulfur demand and can reduce sensitivity to stresses requiring glutathione for
tolerance. Plant Physiol, 151: 768-781. doi: 10.1104/pp.109.144808.

WWWw.wjert.org 60




Garba et al. World Journal of Engineering Research and Technology

47. Islam E, Yang X, Li T, Liu D, Jin X, Meng F (2007) Effect of Pb toxicity on root
morphology, physiology and ultrastructure in the two ecotypes of Elsholtzia argyi. J
Hazard Mater, 147(3): 806-816.

48. Jalil, A., Selles, F. and Clarke, JM. (1994a) Growth and cadmium accumulation in two
durum wheat cultivars. Commun Soil Sci Plant Anal, 25: 2597-2611.

49. Jarvis, SC., Jones, LHP. and Hopper, MJ. (1976) Cadmium uptake from solution by
plants and its transport from roots to shoots. Plant Soil, 44: 179-191.

50. Jiang W, Liu D (2010) Pb-induced cellular defense system in the root meristematic cells
of Allium sativum L. BMC Plant Biol, 10: 40-40.

51. John R., P. Ahmad, P., Gadgil, K. Sharma, S. (2008) “Effect of cadmium and lead on
growth, biochemical parameters and uptake in Lemna polyrrhiza L,” Plant Soil
Environment, 54(6): 262-270.

52. Kabata-Pendias A, Pendias H (2001) Trace elements in soils and plants, 3rd edn. CRC
Press Inc, Boca Raton, FL, 413.

53. Kim, J,; Kang, SH.; Min, KA.; Cho, KS. and Lee, IS. (2006) Rhizosphere Microbial
Activity During Phytoremediation of Diesel-Contaminated Soil. J. Environ. Sci. Health
A. Tox. Hazard Subst. Environ. Eng., 41: 2503-2516.

54. Kisku, GC., SC. Barman and SK. Bhargava (2000): Contamination of soil andp lants
with potentially toxic elements irrigated with mixed industrial effluent and its impact on
the environment. Water Air Soil Pollut., 120: 121-137.

55. Kopittke PM, Asher CJ, Kopittke RA, Menzies NW (2007) Toxic effects of Pb®* on
growth of cowpea (Vigna unguiculata). Environ Pollut, 150(2): 280-287.

56. Kovacevic G, Kastori R, Merkulov LJ (1999) Dry matter and leaf structure in young
wheat plants as affected by Cd, lead, and nickel. Biol Plantarum, 42: 119-123.

57. Lehotai, N., Kolbert, Z., Peto, A., Feigl, G., Ordog, A., Kumar, D., et al. (2012).
Selenite-induced hormonal and signaling mechanisms during root growth of
Arabidopsis thaliana L. J. Exp. Bot, 63: 5677-5687. doi: 10.1093/jxb/ers222.

58. Li, HF., McGrath, SP., and Zhao, FJ. (2008). Selenium uptake, translocation and
speciation in wheat supplied with selenate or selenite. New Phytol, 178: 92-102. doi:
10.1111/j.1469-8137.2007. 02343.x

59. Lozano-Rodrigue, E. Hernandez, LE. Bonay, P. and Carpena-Ruiz, RO. (1997).
Distribution of cadmium in shoot and root tissues of maize and pea plants:

physiological disturbances. Journal of Experimental Botany, 48(306): 123-128.

WWWw.wjert.org 61




Garba et al. World Journal of Engineering Research and Technology

60. Ma, LQ., Komar, KM., Tu, C., Zhang, W., Cai, Y. and Kennelley, ED. (2001). A fern
that hyperaccumulates arsenic. Nature, 409: 579-579.

61. MacFarlane G.R., Koller C.E. & Blomberg S.P., (2007), Accumulation and partitioning
of heavy metals in mangroves: A synthesis of field-based studies, Chemosphere, 69:
1454-1464.

62. Malecka A, Piechalak A, Morkunas I, Tomaszewska B (2008) Accumulation of lead in
root cells of Pisum sativum. Acta Physiol Plant, 30(5): 629-637.

63. Marques, APGC., Moreira, H., Rangel, AOSS. and Castro, PML. (2009). Arsenic, lead
and nickel accumulation in Rubus ulmifolius growing in contaminated soil in Portugal.
J. Hazard. Mater, 165: 174-179.

64. Marschner H (1995) Mineral nutrition of higher plants, 2nd edn. Academic Press,
London, 889.

65. Mikkelsen, RL., and Wan, HF., The effect of selenium on sulfur uptake by barley and
rice, Plallt Soil, 121: 151-153.

66. Missana, T., Alonso, U., and Garcia-Gutiérrez, M. (2009). Experimental study and
modeling of selenite sorption onto illite and smectite clays. J. Colloid Interface Sci,
334, 132-138. doi: 10.1016/j.jcis.2009.02.059.

67. Mueller, B., Rock, S., Gowswami, Dib, Ensley, D. (1999): Phytoremediation Decision
Tree. — Prepared by - Interstate Technology and Regulatory Cooperation Work Group,
1-36.

68. Neumann PM, Chamel A (1986) Comprative phloem mobility of nickel in nonsenscent
plants. Plant Physiol, 81: 689-691.

69. Paz-Albertol, AM. and Sigua, GC. (2013). Phytoremediation: A Green Technology to
Remove Environmental Pollutants American Journal of Climate Change, 2: 71-86.

70. Peralta-Videaa JR, Gardea-Torresdey JL, Gomezc E, Tiemanna KJ, Parsonsa JG,
Carrillod G (2002) Effect of mixed cadmium, copper, nickel and zinc at different pHs
upon alfalfa growth and heavy metal uptake. Environ Pollut, 119: 291-301.

71. Petit CM. and van de, G. (1978). In vivo measurement of cadmium (**> ™Cd) transport
and accumulation in stems of intact tomato plants (Lycopersicon esculentum Mill.).
Planta, 138: 137-143.

72. Pichtel, J. and Liskanen, P.(2001) Degradation of Diesel Fuel in Rhizosphere Soil.
Environ. Eng. Sci., 18: 145-157.

73. Piechalak A, Tomaszewska B, Baralkiewicz D, Malecka A (2002). Accumulation and
detoxification of lead ions in legumes. Phytochemistry, 60(2): 153-162.

WWWw.wjert.org 62




Garba et al. World Journal of Engineering Research and Technology

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Pilon-Smits, EAH., Garifullina, GF., Abdel-Ghany, S., Kato, S., Mihara, H., Hale, KL.,
et al. (2002). Characterization of a NifS-like chloroplast protein from Arabidopsis.
Implications for its role in sulfur and selenium metabolism. Plant Physiol, 139: 1309—
1318. doi: 10.1104/pp.102.010280.

Prasad, MN. (1995): Cadmium toxicity and tolerance in vascular plants. Environ. Expt.
Bot., 35: 525-545.

Prasad MNV. (2004). Phytoremediation of metals and radionuclides in the
environment: the case for natural hyperaccumulators, metal transporters, soil-amending
chelators and transgenic plants. In: Prasad MNV. (ed.) Heavy metal stress in plants:
from biomolecules to ecosystems, Second Edition. Berlin: Springer, 345-391.

Prasad MNV, Freitas HMO. (2003). Metal hyperaccumulation in plants — Biodiversity
prospecting for phytoremediation technology. Electronic Journal of Biotechnology,
6(3): 285-321.

Quinn CF, Galeas ML, Freeman JL, Pilon-Smits EAH. (2007). Selenium: deterrence,
toxicity, and adaptation. Integrated Environmental Assessment and Management, 3:
460-462.

Rahman H, Sabreen S, Alam S, Kawai S (2005) Effects of nickel on growth and
composition of metal micronutrients in barley plants grown in nutrient solution. J Plant
Nutr, 28: 393-404.

Rajkumar M, Sandhya S, Prasad MN, and Freitas H. (2012). Perspectives of plant-
associated microbes in heavy metal phytoremediation. Biotechnol Adv, 30(6): 1562-74.
Ramas, |., E. Esteban, JJ. Lucena and A. Gorate (2002): Cadmium uptake and
subcellular distribution in plants of Lactuca sp. Cd-Mn interaction. Plant Sci., 162: 761-
767.

Rani, N., K.S. Dhillon and S.K. Dhillon, (2005). Critical levels of selenium in different
crops grown in an alkaline silty loam soil treated with selenite-Se. Plant Soil, 277: 367-
374.

Renkema, H., Koopmans, A., Kersbergen, L., Kikkert, J., Hale, B., and Berkelaar, E.
(2012). The effect of transpiration on selenium uptake and mobility in durum wheat
and spring canola. Plant Soil, 354: 239-250. doi: 10.1007/s11104-011-1069-3.

Sajwan KS, Ornes WH, Youngblood TV, Alva AK (1996) Uptake of soil applied
cadmium, nickel and selenium by bush beans. Water Air Soil Poll, 91: 209-217.

WWWw.wjert.org 63



https://www.ncbi.nlm.nih.gov/pubmed/?term=Rajkumar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22580219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sandhya%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22580219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prasad%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=22580219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Freitas%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22580219
https://www.ncbi.nlm.nih.gov/pubmed/22580219

Garba et al. World Journal of Engineering Research and Technology

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Sasmaz, M., Akgil, B. and Sasmaz, A. (2015). Distribution and Accumulation of
Selenium in Wild Plants Growing Naturally in the Gumuskoy (Kutahya) Mining Area,
Turkey. Bull Environ Contam Toxicol, 94: 598-603.

Seregin 1V, Shpigun LK, and lvanov VB (2004) Distribution and toxic effects of
cadmium and lead on maize roots. Russ J Plant Physiol, 51(4): 525-533.

Seregin 1V, and Kozhevnikova AD (2006) Physiological role of nickel and its toxic
effects on higher plants. Russ J Plant Physiol, 53: 257-277.

Shahid M, Pinelli E, Pourrut B, Silvestre J, and Dumat C (2011) Lead-induced
genotoxicity to Vicia faba L. roots in relation with metal cell uptake and initial
speciation. Ecotoxicol Environ Saf, 74(1): 78-84.

Sharma P, and Dubey RS (2005) Lead toxicity in plants. Braz J Plant Physiol, 17(1):
35-52.

Shinmachi F, Buchner P, Stroud JL, et al. 2010. Influence of sulfur deficiency on the
expression of specific sulfate transporters and the distribution of sulfur, selenium, and
molybdenum in wheat. Plant Physiology, 153: 327-336.

Siddiqui, S. and Adams, W.A. (2002) The Fate of Diesel Hydrocarbons in Soils and
Their Effect on The Germination of Perennial Ryegrass. Environ. Toxicol., 17: 49-62.
Smolders, E. (2001). Cadmium Uptake by Plants. International Journal of Occupational
Medicine and Environmental Health, 14(2): 177—183.

Sors, TG., Ellis, DR., Na, GN., Lahner, B., Lee, S., Leustek, T., et al. (2005). Analysis
of sulfur and selenium assimilation in Astragalus plants with varying capacities to
accumulate selenium. Plant J., 42: 785-797. doi: 10.1111/j.1365-313X.2005. 02413.X.
Srivastava, M., Ma, LQ. and Santos, J.A.G. (2006). Three new arsenic
hyperaccumulating ferns. Sci. Total Environ, 364: 24-31.

Temp GA (1991) Nickel in plants and its toxicity: Ustoichivost’k tyazhelym metallam
dikorastushchikh vidov (Resistance of wild species to heavy metals). In: Alekseeva-
Popova NV (ed). Lenuprizdat, Leningrad, 139-146.

Terry N, Zayed AM, de Souza MP, Tarun AS. (2000). Selenium in higher plants.
Annual Review of Plant Physiology and Plant Molecular Biology, 51: 401-432.

Terry, N., Zayed, A.M., (1994). Selenium volatilization by plants. In: Frankenberger Jr.,
J.W., Benson, S. (Eds.), Selenium in the Environment. Marcel Dekker, New York, 343-
367.

WWWw.wjert.org 64




Garba et al. World Journal of Engineering Research and Technology

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Tomulescu IM, Radoviciu EM, Merca VV, Tuduce AD (2004) Effect of copper, zinc
and lead and their combinations on the germination capacity of two cereals. J Agric Sci,
15.

Uzu G, Sobanska S, Aliouane Y, Pradere P, Dumat C (2009) Study of lead
phytoavailability for atmospheric industrial micronic and sub-micronic particles in
relation with lead speciation. Environ Pollut, 157(4): 1178-1185.

Van Asshe, F. and H. Clijsters (1990): Effects of metals on enzyme activity in plant.
Plant Cell Environ., 13: 195-206.

Vogel-Mikus K, Drobne D, Regvar M (2005) Zn, Cd and Pb accumulation and
arbuscular mycorrhizal colonization of pennycress Thlaspi praecox Wulf.
(Brassicaceae) from the vicinity of a lead mine and smelter in Slovenia. Environ Pollut,
133: 233-242.

Wang H, Shan X, Wen B, Owens G, Fang J, and Zhang S (2007) Effect of indole-3-
acetic acid on lead accumulation in maize (Zea mays L.) seedlings and the relevant
antioxidant response. Environ Exp Bot, 61(3): 246-253.

White PJ, and Brown PH. (2010). Plant nutrition for sustainable development and
global health. Annals of Botany, 105: 1073-1080.

Xiong Z, Zhao F, Li M (2006) Lead toxicity in Brassica pekinensis Rupr.: effect on
nitrate assimilation and growth. Environ Toxicol, 21(2): 147-153.

Yang X, Baligar VC, Martens DC, Clark RB (1995) Influx, transport, and accumulation
of cadmium in plant species grown at different Cd21 activities. J Environ Sci Health B,
30: 569-583.

Yoon, J., Cao, X., Zhou, Q. and Ma, LQ. (2006). Accumulation of Pb, Cu, and Zn in
native plants growing on a contaminated Florida site. Sci. Total Environ, 368: 456—464.
Yusuf, M. Fariduddin, Q. Hayat, S. and Ahmad, A. (2011). Nickel: An Overview of
Uptake, Essentiality and Toxicity in Plants. Bull Environ Contam Toxicol, 86: 1-17
DOI 10.1007/s00128-010-0171-1.

Zayed, AM., Lytle, CM. and Terry, N. (1998). Accumulation and volatilization of
di_erent chemical species of selenium by plants. Planta, 206: 284-289.

Zhao, C., Ren, J., Xue, C., and Lin, E. (2005). Study on the relationship between soil
selenium and plant selenium uptake. Plant Soil, 277: 197-206. doi: 10.1007/s11104-
005-7011-9.

WWWw.wjert.org 65




