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Uptake properties of four plant species ( Zea mays , Brassica juncea, Brassica napus and Thlaspi (Nocacae)
caerulescens ) and their varieties were investigated in a greenhouse pre-phytoremediation pot trial. Varieties’
abbreviations were derived either from their accession numbers or origin. Zea mays and Brassica species were
obtained gratis from the United States Department of Agriculture (USDA) , while Thlaspi species were obtained from
field sites in Gang Mine and BlackRock — Derbyshire, and the Royal Botanic Garden (KEW), United Kingdom. This
pot trial was done in two stages — the seed germination experiment and pot trials in 1000 mg/kg lead (Pb) added
treatment  with 0 mg/kg Pb  added treatment as control. Standard analytical methods were used. Lead
concentration of plants and soil materials were determined using the Atomic Absorption Spectrometer Perkin EImer
400 after acid digestion with nitric and perchloric acid. This pot experiment that assessed the effect of Pb in a fixed
homogenous concentration (1000 mg/kg)) and found a significant effect( p<0.05) of the Pb added treatments, when
compared to a control treatment (0 mg/kg Pb added). Biomass and uptake varied by 20 to 100% within and between
sixteen (16 ) species/varieties. The concentration and translocation factors (CF and TF) were statistically
significantly different (P< 0.05) between species and within varieties as well as other growth parameters ,which
showed the effects of the Pb added treatment. Results enhanced the determination of the uptake potentials of the
plants studied and their selection for further phytoremediation pot trials.
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1.0 INTRODUCTION

Soil is a medium of interaction between the atmosphere,
biosphere, and the lithosphere. The presence of toxic
elements in soils can be harmful to plants, animals and
humans via this interaction (45; 6). Soil plays a very
complex and important roles as filter, buffer, storage and
transformation systems, thus helping to protect the
global ecosystem against the effects of pollution.
However, the efficiency of these functions depends on
the preservation of soil properties (60; 44).

According to  (40), since the dawn of industrial
revolution, mankind has been introducing numerous
hazardous compounds into the environment at an
exponential rate. These hazardous pollutants consist of
variety of organic compounds and heavy metals, which
can pose serious risks to human (31). One of the most
serious and long-term outcomes of environmental
pollution is heavy metal contamination of soils (44). (46;
34;;63; 38; 43; 40; 15; 69 reported that heavy metals in
the environment are sources of concern because of their
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potential reactivity, toxicity,
biodegradable nature in the soil.
The term heavy metals have been widely used to refer to
a group of metals and semi-metals that have been
associated with contamination and potential toxicity
(28). High concentrations of heavy metals in some soils
have been widely reported. Heavy metals such as lead
(Pb), zinc (Zn), cadmium (Cd), nickel (Ni) and
chromium (Cr) are released into the environment by
many processes (23). For example, United States
Environmental Protection Agency {USEPA} (71) and
USGS (73) , reported the presence of Cd, Ni, Pb, Zn,
copper (Cu), chromium (Cr) and mercury (Hg) in soils
at some hazardous waste sites previously used for
mining and smelting activities in the United States.
There is an estimate of over half a million heavy metal
contaminated sites throughout the world (71; 72).

The main threats to human health from heavy metals are
associated with exposure to Pb, Cd, Hg and Arsenic (As)
(49; 1; 31). Lead (Pb) is one of the most widely
distributed heavy metals. It is a bluish—grey metal, also
known as plumbum or pigment metal, which occurs

mobility and non-
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naturally within the earth crust (30). Lead pollution of
soil especially in mining areas is a widespread and
significant problem globally. Lead has been ranked
second hazardous substances next to arsenic because of
its toxicity (1). It exhibits extreme persistence and
accumulation in soils, sediments and water (681; 50).
Lead has been made ubiquitous in the environment by
anthropogenic activity (35). It has been used by man for
at least 5000 years and its early applications include its
use as building materials, pigments, paints, ceramics,
and pipes for transporting water (49). Variety of
industrial processes involve the use of Pb such as
mining, smelting, manufacture of pesticides, dumping of
municipal waste and burning of leaded fuels containing
lead additives (40; 59). Other anthropogenic sources of
Pb include the use of industrial emissions, landfill, and
sewage sludge (Jeana, 2000). An estimated 5.2 million
tonnes of Pb are released into the environment annually
from lead mining sites (73). Crustal abundance of Pb is
much lower than the Pb produced by anthropogenic
influences. The estimated value of Pb crustal abundance
is between 10 and 14 mg/kg (47; 41; 39).

Lead contamination of soil can cause variety of
environmental problems, including loss of vegetation,
ground water contamination and toxicity to plants,
animals and humans (19; 17; 37; 75). It has no known
biological function in living organisms and is toxic at
low concentrations (71;44). Lead is toxic to humans and
may be implicated in systemic poisons, building up in
the body over an extended period and exposure (12; 36).
(53) reported that 30,000 people have been poisoned by
Pb and estimated that 400 children have died due to Pb
poisoning because of Pb contamination of residential
soils in Zamfara, Northern Nigeria.

Due to anthropogenic use of Pb, most soils are likely to
be enriched in Pb, especially within the top horizon
(44).The steadily increasing amounts of Pb in surface
soils in both arable and cultivated lands have been
reported for wvarious terrestrial ecosystems and
anthropogenic Pb deposition extending back at least to
Greek and Roman times has been traced in peat cores of
European countries (44) . Peat soils are regarded as a
sink of Pb deposited by the atmosphere and might be a
significant source of the metal to the fluvial system due
to peat erosion processes (56). In Europe, areas around
metal smelting complexes have been found to be heavily
contaminated by Pb, Cd, Cu and Zn (Alloway, 2; 33;
52).

Soil Pb concentration values are different for every
region. A similar value (100 mg/kg) was established in
China for tea garden soils (42). However, there are no
established values of Pb for soils in most developing
nations. American Blacksmith Institute recorded 11000
mg/kg Pb in residential soils of Pb contaminated villages
in Zamfara, Northern Nigeria (16).This high Pb
concentration resulted in a widespread Pb poisoning
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triggered by illegal artisan gold mining activities. Lead
can be released into the environment through gold
mining activities as a result of the association of the
primary Pb mineral (galena or PbS) with the gold ore
nagyagite {PbsAu(Te, Sb)sSse} (29). Galena may
become associated with other secondary Pb minerals
through  weathering  processes, oxidation and
anthropogenic deposition (55). Lead contamination of
soils and plants in gold mining areas of China and
Nigeria are higher than in unmined areas (76; 58). Lead
concentrations of household dust of children sleeping
areas in Zamfara was 2.5 times higher than the USEPA
residential soil limit of 400 mg/kg (65). The number of
reported cases of Pb pollution in developing nations is
an indication that Pb pollution is still an environmental
issue to reckon with in developing parts of the world.
(24) stated that the upper limit for Pb content of an
unpolluted soil in the United Kingdom should be
established as 70 mg/kg. However, a recent survey (3)
reported 180 mg/kg as the normal background
concentrations (NBC) of Pb in English soils. That study
(3) also reported Pb concentrations of 2400 and 820
mg/kg for non-ferrous metalliferous mineralised areas
associated with mining activities and urbanised areas
respectively. Previous studies by (2); (11) ;(57) in the
United Kingdom have shown significant Pb
contamination of some sites. One survey of soils in
England and Wales reported Pb concentrations ranging
from 30-1638 mg/kg with a median value of 40 mg/kg
(57). Data supplied by the Geochemical Baseline Survey
of the environment (G-Base) project run by the British
Geological Survey, reported a top soil (0-150 mm depth)
Pb concentrations in Derbyshire Dales of 996 mg/kg and
the subsoil (300-450 mm/depth) Pb concentrations of
470 mg/kg (25). The highest recorded concentrations for
some top and sub soils in Derbyshire were 35930 mg/kg
and 24700 mg/kg respectively (25).

The high concentration of heavy metals in some soils is
reflected in the higher concentrations in some plants and
which can be biomagnified through the food chain
ending up with animals and humans (20; 74). The Pb
levels of soils that are toxic to plants are not easy to
evaluate, as it is not easy to predict how much of soil Pb
is bioavailable to plants (24). Although Pb is not an
essential element, a small number of plants species
proliferate in Pb contaminated areas and can potentially
accumulate it in different parts of the plants depending
on the species.

This ability of some plants to absorb heavy metals make
them useful indicators of environmental pollution (32).
Lead, like any other heavy metal, enters into plants cells
and tissues through various uptake mechanisms. The
roots are usually the first plant organ of contact with
contaminated soil. One of the potential exposure routes
of Pb into the human food chain is via the consumption
of plants grown on contaminated soils (3). However,
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ingestion of Pb contaminated soil is a primary route of
human exposure to Pb. The generic assessment criteria
used to estimate the risk of contaminant to human from
consumption of contaminated food crops as a
concentration factor is based on the soil and plant
contaminant concentrations.

Increasing public concerns over the presence of certain
chemical pollutants in the environment have led to a
search for suitable technologies for clean-up of
contaminated environments (21;30). In recent decades,
phytoremediation has emerged as a low cost, low—
maintenance, environmentally friendly and renewable
technology for in situ clean up, stabilisation and
removal of organic and inorganic contaminants from the
environment, which is considered more cost effective
than ex situ decontamination methods (21; 74; 66). Plant
uptake of Pb poses a potential health risk to both animals
and humans and at the same time may provide possible
solutions for remediation of contaminated land.

Plants which accumulate heavy metals are known as
metallophytes. Metallophytes can differ largely in their
heavy metal contents (18). Several plants show potential
for Pb accumulation from the soil (89). All plants have
the ability to accumulate “essential” metals (e.g. Ca, Co,
Cu, Fe, K, Mg, Mn, Mo, Na, Se, V and Zn) from the soil,
although different concentrations are required for
growth and development (22). This ability also allows
them to accumulate some other “non-essential” metals
(Al, As, Au, Cd, Hg, Pb, Pt, Sb, Te, Ti and U), which
have no known biological function (Djingova and
Kullef, 2000). Some have evolved tolerance to large
amounts of metals in their environment through
exclusion, inclusion and bioaccumulation (10).

(57) reported that Pb is accumulated in roots of two
ecotypes of Thlaspi caerulescens in West Morocco.
Potential hyperaccumulator species such as Armeria
maritime (sea pink), Arabidopsis halleri (rockcress),
Ambrosia artemisiifolia (ragweed), Brassica napus (oil
seed rape), Brassica juncea (Indian mustard), Brassica
oleracea (including common cultivars such as
cauliflower, broccoli, cabbage, kale, Brussel sprout),
Festuca ovina (sheep fescue), Helianthus annus
(sunflower), Thlaspi rotundifolium (round leaved
pennycress), Triticum aestivum (bread wheat)
Vernonia amydalina ( bitter leaf) , Occimum gratissum
( Scent leaves) and Zea mays (maize or corn) have been
reported (11; 26 ; 54; 14 ; 62,5 ; 4. The most frequently
cited Pb hyperaccumulator is the cultivar Thlaspi
rotundifolium (L). Gaud-Beaup (round leaved
pennycress) which can accumulate a shoot Pb
concentration of 8500mg/kg (54). However, Thlaspi
rotundifolium has a small biomass and slow growth rate.
Brassica juncea (L) Czern also demonstrated an ability
to accumulate Pb to a higher degree when grown in a
nutrient solution that had high concentration of soluble
Pb as Pb (NOs), as much as 1.5% (m/v) of Pb (48). It
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showed little ability to translocate Pb to its shoots when
grown on soils where Pb?* bioavailability was limited.
(19) reported a Pb accumulation of 130-8200 mg/kg
shoot dry weight of Thlaspi rotundifolium. (13) recorded
shoot lead values of 13 to 11,750 mg/kg in Festuca
ovina. (61) also recorded a value of 2740 mg/Kg in the
roots of Thlaspi caerulescens colonizing a lead mine
district in the Pennines, England.. (91) reported Pb
concentration of over 1000 mg/kg in the shoot and
30453 mg/kg in the roots in Siam weed (Chromolaena
odorata (L.) (Siam weed) growing in an ore dressing
plant in Bo Ngam, Thailand. (66) reported 898 to 2,850
mg/kg in shoots compared to 65 to 90 mg/kg in the roots
of Biden pilosa {L} (Spanish needle) and Ludwigia
adscendens {L} (water primrose) respectively growing
on contaminated soils in Vietnam.

Accumulation of potentially toxic elements is one
attribute of plants that can be explored to provide
potential solutions to many environmental problems.
The rising reports of  contamination of different
environmental matrices , coupled with the potential
consequential health hazards of some remediation
techniques have forced the drive for more effective ,
economical and environmentally friendly methods of
remediation of contaminated. Heavy  metal
contamination is one of the commonest forms of
environmental contamination globally. Several studies
have reported heavy metal contamination of  soil,
water, air and food . The general picture painted is the
obvious health risk posed to human by direct and
indirect contact with contaminants. Using plants and
biological materials to clean up the environment is
beginning to gain increasing attention. Some studies
have explored phytoremediation and phyto extraction in
various terrestrial decontamination process. The choice
of plants to use poses enormous challenge to
phytoremediation. This is because not all plants can
accumulate heavy metals and those who take up heavy
metals from the soil or hydroponically do so in varying
amount. The success of phytoremediation depends
greatly on the ability of selected plants to accumulate
the target heavy metal.

Earlier studies by (62); (5) showed that selection of
plant species for phytoremediation are often based on
(i) ability to accumulate Pb in their shoots and roots
with specific reference to their concentration factor (CF)
expressed as the ratio of Pb concentration of the shoot
and roots that in the soil, and translocation factor (TF)
as the ratio of Pb in the shoot to that in the roots, (ii) root
mass, lateral size, depth and morphology in comparison
with scales of heterogeneity to be investigated, (iii)
whether  species is native to field areas
phytoremediation is to be carried out. However, some
non-native plant species may be useful in pot trials and
field phytoremediation (iv) practicability of obtaining
seed and growing species or varieties in pot and field
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trials. To identify the key characteristics of each of
plant species and to develop strategies sustain actual
field trials, it is very important to conduct controlled
pot trials, hence the essence of this study .

This pot trial aimed t:o: (i) quantify and compare Pb
concentration in plant shoots, and hence potential for Pb
uptake, (ii) assess the effects of Pb on plant growth and
morphology in relation to uptake of Pb in pot trial, (ii)
Aasess the viability of the seeds of these plant species
for germination, (iv) Select most suitable
species/varieties that can tolerate high Pb in soil for
subsequent pot and field trials. This pot trial
hypothesizes that (i) the 1000 mg/kg Pb in growth
media influences plant performance (ii) that
species/varieties differ in their tolerance to Pb in the
growth media at this concentration.

2.0 METHODOLOGY
2.1 Seed Germination Experiment.

Prior to seed germination experiment, 18 seed trays (3
each for 6 plant species) were washed and sterilized
with household bleach (one part to nine parts of water),
thoroughly rinsed with tap water and finally with reverse
osmosis water and air dried to ensure they are sterile for
seed sowing. Trays were labelled with nhames of plants
to be sown and date sown on them. Seed trays had drain
holes to prevent water-logged conditions after seeds had
been sown.

A light density fine grade, Sinclair® vermiculite of
(grain size 2.0-5.0 mm) with neutral pH 7 (which is
lighter and easier for seeds to breakthrough it) was used
for sowing seeds. It was watered with tap water until
evenly moist before sowing seeds and then placed in
seed trays about 1cm below the rim. Small seeds were
sprinkled thinly on the vermiculite, while large seeds
were sown to a depth of about 1cm or according to
supplier’s instruction if present and covered thinly with
vermiculite. After sowing, large trays with drain holes
were used to cover trays to let in light and air, prevent
medium from drying out and becoming damp as well.
They were left to germinate in a glasshouse under a
photoperiod of 16 hours natural light and maintained at
a temperature of 20 C + 5°C.

Trays were removed once germination occurred.
Watering was done carefully when the top of the seed
trays appeared dry using a fine spray watering can, and
water sprinkled gently to avoid resetting or disturbing
the seeds. The surface was kept evenly moist and never
dried out. The record of seeds sown is shown in Table 1
on the result section.
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2.2 Growth Medium for Pot Trial.

The growth medium was a mixture of silver sand of
grain size 0.063 - 0.2 mm and compost in the proportion
(by volume) of 7 parts sand to 3 parts compost, which
was spiked with total Pb concentrations of 1000 mg/kg
(pot trial 1) and 100 to 10,000 mg/kg dry weight of Pb
in the form of PbO for the second pot trial. Sand was
used to allow for proper aeration. The ratio of sand to
compost was as described in previous work (Thomas,
2010). Potting growth medium was chosen to best meet
the needs of plant roots of all species for air, water,
nutrients and plant support. The nutrient rich compost
combined with sand made an excellent growth medium
for these plant species.

2.2.1 Moisture Determination

John Innes Compost No. 2 was used. Determination of
moisture content of growth medium was done using 100
ml of both compost and sand from several lots placed
into clear plastic bags. Fresh weights of compost and
sand were recorded and then dried at 60° C in a fan oven
overnight. These were useful in determination of the
moisture content and estimation of the amount of sand
and compost required for growth media in each
experimental pot. The mean percentage moisture for
sand and compost were 0.12% and 31% respectively.

2.2.2 Preparation of Growth Media for pot trial.

A mass of 38.4 kg of silver grade sand was transferred
into a concrete mixer to prepare a batch of growth
medium (1000 mg/kg Pb). A volume of 13.5 L of John
Innes Compost 2 was weighed and added to the concrete
mixer (containing the silver grade sand).The content was
thoroughly mixed using the concrete mixer to obtain a
sufficiently homogeneous growth medium. Thirty-nine
pots (3 replicates for 13 species/varieties) of 1000 mg/kg
Pb added treatment were maintained in the first pot trial.
Five lots each of about 10 g of the mixed spiked growth
media was sampled to check the Pb concentration of
growth media. These portions were taken from
randomly selected pots, dried in the oven at 110°C and
milled using the tema mill. A mass of 0.25 g of the
milled sample was used to determine Pb concentration
and (homogeneity) of the contaminant at each Pb
concentration level using the Atomic Absorption
Spectrometer (AAS) after acid digestion by nitric and
perchloric acids. Certified reference materials (CRMS),
duplicates and reagent blanks were used for quality
control. Growth media actual Pb concentration for the
pot trial is shown in Table 1
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Table 1 Growth media Pb concentration check for
pot trial 1.

Measured Pb Nominal Pb

Nos of concentration concentration
replicates mg/kg mg/kg

1 907 1000

2 943

3 927

4 940

5 836

6 914
Mean 911
STDEV 39.27
SEM 16.03

2.2.3 Transplanting of seedlings for pot trial.

After germination and the development of the first true
leaves, plants of approximately equal size were selected
and transplanted into the centre of separate circular 1-
litre pots (15 cm deep and 12 cm wide) pots for each
species containing unspiked growth medium (washed
silver sand, John Innes compost |1, 7 parts sand to 3-part
compost). Forty seedlings per plant species were
transplanted into pots (making a total of 240 seedlings)
of unspiked growth medium first for two weeks and
watered daily using a fine rose watering can. This was
maintained under 16 hours of natural light at 20 + 5° C
in the glasshouse. At two weeks after the first
transplanting, three seedlings of each species were
transplanted into the 39 pots containing growth medium
spiked with Pb contaminant at concentration of 1000
mg/kg Pb added and another 39 in the 0 mg/kg Pb added.
A total of 78 pots were maintained (1000 mg/kg and O
mg/kg added treatment and control of 4 species and 13
varieties) for 3 weeks under a photoperiod of 16 hours
natural sunlight at 20 + 5°C in the glasshouse. These
were maintained in 3.5-litre square pots (dimensions 17
cm x 24 cm) in a simple randomized block design both
in 1000 mg/kg Pb and 0 mg/kg added Pb as control
(Figure 1). Pots were rotated clockwise by 90° weekly
to reduce the effect of uneven environmental conditions
within the glass house.

Randomized blocks were between species/varieties,
because of the number of varieties and the available
space/m? of greenhouse benches.
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50 mm

B : = . ]
Figure 1: Randomized Block design for the pot
trial. Scale bar: 17 mm represents 50 mm

2.3 Data collection and analysis.

Growth data such as plant height, number of true leaves,
number of dead leaves and the longest leaf length were
taken at initial transplant (week 1) and at harvest (week
3). Stem height, leaf length and stem width of the
different varieties were measured to the nearest + 0.1
mm using a tape rule and caliper.

For this experiment, growth rate was expressed in terms
of Growth index (GI) (79) and (87), who estimated
growth index in terms of measured plant height and
width. However, Gl was not a key variable in this
experiment but merely an additional means of assessing
growth rate during the growing period. Growth index
was mathematically expressed as Gl= height (mm)
+width at widest point + width 90° to first width/3
(79).Growth index values are stated with 1 standard
error on the mean.

Data were analyzed using IBM SPSS version 19 and
Minitab 16 for windows. The Student t-test was used to
test for between treatment effects for measured
variables. Analysis of variance (ANOVA) and the
Tukey HSD Post-hoc test were used to compare biomass
and Pb concentration of shoots, roots and total plant Pb
between species/varieties. This was used to study plants
uptake and behaviour to Pb contaminant at the
concentration applied. Results were applied in selecting
plant species and Pb concentrations in further
experiments.

At harvest, other observable effects such as leaf
chlorosis were recorded when it occurred, which
indicated a severe effect of the Pb added treatment on
the species/varieties affected. Plants were harvested
after three weeks of growth in the 2000 mg/kg Pb spiked
growth medium. Dried and milled plant samples were
analysed for shoot and root Pb concentration using the
AAS (PerkinElmer AA Analyst 400) after acid digestion
by nitric and perchloric acids.
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2.3.1 Harvesting.

Plant stems were cut 0.01 mm above the soil surface for
shoot harvest and soil removed from the roots using a
sieve. Soil was removed from harvested plant materials
by repeated washing using tap water and dried at 60°C
for 48 hours (Subramanian, 2011).This was milled
(using a herbage mill) for acid digestion using nitric and
perchloric acids (Thompson and Walsh, 1983;
Subramanian, 2010) and analysed for Pb using the AAS.
3.0 RESULTS

3.1 Result of the seed germination experiment
(prior to pot trial).

The result of the seed germination experiment is shown
in Table 2 Sixteen varieties made of six species were
sown. Four different varieties of Brassica juncea, two of
Brassica napus, one of Gentianna pennelianna and
Biden alba, four of Zea mays and four of Thlaspi
caerulescens.

The following varieties had the highest germination
rates, Brassica juncea (BJ 18) 88% among the Brassica
juncea varieties, ZM OH43 95% among the Zea mays,
BN SW 97% among Brassica napus, TC HS 95%
among the Thlaspi caerulenscens (Table 2).

Gentianna pennelianna and Biden alba had low
germination rates of 2% and 1% respectively. As a result
of this poor germination rate and non-availability of an
alternative source of seed of these species, they were
dropped from the initial experiment.

Thlaspi caerulescens (003045) supplied by KEW was
also dropped due to its poor germination rate (5%).
Four species (Brassica juncea, Brassica napus, Thlaspi
caerulescens and Zea mays) and 13 different varieties
were considered for initial transplanting into unspiked
growth medium after 7 days of germination to ensure
proper growth and establishment before the actual
transplant into the Pb spiked growth medium. Some of
the varieties/species germinated before the initial
transplant into unspiked growth medium are shown in
Figure 2.
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Table 2 : Result of the seed germination experiment. Note: Thlaspi caerulescens recently renamed Noccaea caerulescens

Seed type Accession Plant name/ Estimated quantity No %
(Species) No/Abbreviation Origin common nane  Date sown sown Supplier germinated Germination
Brassica K-100/ Indian
juncea(BJ) P1 426308/ BJ 42 Pakistan mustard 1/8/2012 2.3 g ( 60 seeds) USDA 40 67
NA/Indian
P1 173874/ BJ 17 India, Delhi mustard 1/8/2012 2.3 g (60 seeds) USDA 45 75
NA/Indian
P1 182921/ BJ 18 India, Gujarat ~ mustard 1/8/2012 2.1 g (60 seeds) USDA 53 88
Afganistan, NA/Indian
P1 211000/ BJ 21 Badakhshan mustard 1/8/2012 2.4 g (60 seeds) USDA 25 42
Brassica Sweden, Crystal/ oil seed
napus (BN P1601261/ BN SW Malmohus rape 1/8/2012 2.7 g (60 seeds) USDA 58 97
NA/oil seed
3045/ BN K Algeria rape 2.3 g (60 seeds) KEW 52 87
Zea mays
(ZM) subs Ames 19288/ ZM
mays OH 43 USA, Ohio OH43/ corn 1/8/2012 15.6 g (40 seeds) USDA 38 95
P1550467/ ZM B 37  USA, lowa B 37/corn 1/8/2012 14.6 (40 seeds) USDA 35 88
P1550473/ ZM B 73  USA, lowa B 73/corn 1/8/2012 15 g (40 seeds) USDA 36 90
Pl 644101/ ZM 64 USA, lowa LH1/corn 1/8/2012 15.4 g (40 seeds) USDA 33 83
Gentianna
pennelianna
(GP) Not applicable/GP 1/8/2012 3.5 g (200 seeds) Herbiseed 3 2
Biden alba
(BA) Not applicable/BA 1/8/2012 6.3 g (200 seeds) Herbiseed 2 1
Thlaspi
caerulescens  Not applicable/ TC NA/Alpine
(TC) HS Not applicable  pennycress 1/8/ 2012 9.2 g (80 seeds) Herbiseed 76 95
Not applicable/ TC NA/Alpine Claudia
BR Black rocks pennycress 1/8/2012 3.8 g (60 seeds) Harflett 54 90
Not applicable/ TC NA/Alpine Claudia
GM Gang Mine pennycress 1/8/2012 2.5 g (60 seeds) Harflett 42 70
8035/ TC KEW Cameroun 1/8/2012 2.3 g ( 60 seeds) KEW 3 5

USDA-United States Department of Agriculture. KEW—Royal Botanic Garden at KEW. Abbreviations representing species/varieties used
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in the first pot trial and subsequent pot trials in red.
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(BJ 21)

!

Scale bar- 4 mm represents 5 mm

Zea mays (ZM B 73)

1 Scale bar: 3.6 mm represents 5 mm
w ]

hlaspi (TC GM)  Thlaspi (TC HS)

Scale bar--- 6 mm represents 5 mm

2 AP 7o A RInE — S »:,
B. napus (BN SW) B. napus (BN K) B. juncea (BJ 18)

Zeamays (ZM 64) Zea mays (ZM B 37)

5mm

Zea mays (ZM OH43)

aspi (TC BR)

Figure 2 Some of the varieties of Brassica napus, Brassica juncea, Zea mays and Thlaspi caerulescens
germinated (Species/varieties abbreviations are given in Table 2 above).

3.2 Results of the Pot Trial.

Visible significant differences within and between
varieties and species were detected during the growth
period. Adequate aboveground plant biomass (i.e. > 1 g
FW) had been produced from 21 day growth in the
spiked growth medium by most varieties when they

VS S

(d) BJ 18

http://www.sciencepub.net/newyork

O —— A -(c) BJ 17

were harvested. Survival rate was 100% for most
species, except Thlaspi caerulescens (TC GM and TC
BR). At harvest, a reduced root size was observed for all
the Brassica juncea varieties in the 1000 mg/kg. Plants
conditions at harvest in control and Pb added treatments
are shown in Figures 3. 1to 3. 4.
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Figure 3.1: Brassica juncea BJ 42, 21,17 and 18 (from left to right) in the control (Left) and Pb added (right)
treatments at harvest respectively. BJ 42, BJ 21 and BJ 18 showed chlorosis, reduced height and wilting of
leavest. Arrow represents scale bar. See scale bar information on key below.

ax

sy

(d) zm B37
Figure 3.22: Zea mays ZM 64, B37, OH43 and B73 varieties (from left to right) in the control and Pb added
treatments at harvest respectively. Arrows represents scale bars. See scale bar information on key below.

(@) BN K (b) BN SW
Figure 3.3: Brassica napus varieties, BN K and BN SW (from left to right) in the control and Pb added
treatments at harvest respectively. Arrows represents scale bars.See scale bar information on key below.

@ TC HS (b) TC BR—-
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(c) TC GM

Figure 3.4: Thlaspi caerulescens (TC) varieties TCHS, TCBR, TCGM (from left to right) in the control and
Pb added treatments at harvest respectively. Arrows represent scale bars. See scale bar information in key

below.

Key: Scale bar information for Figures 3.1 to 3.4.

Scale bar information

Variety abbreviation

Species hame

Control

1000 mg/kg Pb added

BJ 42

BJ 21

BJ 17

BJ 18

ZM 64
ZM B73
ZM OH43
ZM B37
BN K

BN SW

TCHS

TCBR

TCGM

Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Zea mays
Zea mays
Zea mays
Zea mays
Brassica napus

Brassica napus
Thlaspi caerulescens
Thlaspi caerulescens

Thlaspi caerulescens

4 mm represents 20 mm
3 mm represents 20 mm
4 mm represent 20 mm
2 mm represents 20 mm
5 mm represents 20 mm
5 mm represents 20 mm
3 mm represents 20 mm
4 mm represents 20 mm
12 mm represents 20 mm

8 mm represents 20 mm
15 mm represents 10 mm
50 mm represents 5 mm

50 mm represents 5 mm

4 mm represents 20 mm
5 mm represents 20 mm
3 mm represents 20 mm
2 mm represents 20 mm
9 mm represents 20 mm
5 mm represents 20 mm
3 mm represents 20 mm
5 mm represents 20 mm
15 mm represents 20 mm

13 mm represents 20 mm
50 mm represents 10 mm
6 mm represents 5 mm

19 mm represents 5 mm

http://www.sciencepub.net/newyork

14

newyorksci@gmail.com



http://www.sciencepub.net/newyork
http://www.sciencepub.net/newyork
mailto:newyorksci@gmail.com

New York Science Journal 2023;16(6)

http://www.sciencepub.net/newyorkiNYJ

3.2.1 Shoot, root and total dry biomass.

Comparison of the shoot, root and total dry biomass
showed significant differences between treatments in
these parameters for some species/varieties (Figures 4.1-
4.3). Only those differences with statistical significance
(P < 0.05) are discussed in detail.

The shoot dry biomass of Zea mays varieties ZM B73
and ZM 64 were significantly different (P = 0.007 and
0.036 < 0.05) between treatments respectively . Similar

3.5
m Shoot (g) DW (0 mg/kg)
T

3

* * *
2.5
2
1.5

1

Mean shoot dry weight (g)

BJ18 BJ42 BJ17 BJ21 ZM ZIM

trend of significant differences in shoot biomass
between treatment were observed where P =0.012 and
0.006 < 0.05) respectively in BJ 18 and BJ 42 among
the Brassica juncea varieties and P=0.012 and 0.002 for
BN K and BN SW respectively among the Brassica
napus varieties (Appendix 11.3: Tables Ell.3 & FI1.3). It
implied that these differences were not random
occurrences, but as result of the Pb treatment. The
variety BJ 17 did not show chlorosis, while chlorosis and
wilting of leaves were observed in BJ 42 (Figure 3.1.).

H Shoot (g) DW (1000 mg/kg)

*

ZM ZM 64 BNSW BNK TCBR TCGM TCHS

B73 B37 OH43
Species/variety

Figure 4.1: Mean shoot biomass DW between treatments for each species and variety in the 1st pot trial.
Error bars represent 1 standard error on the mean where n=3. *-------- Significant at P<0.05.

Root dry biomass was also significantly different P=0.001, 0.004, 0.002 and 0.03 < 0.05) between treatments for BJ
18, ZM B73, ZM OH43, BN SW and TC HS respectively (Figure 4.2).

H Root DW (g) (0 mg/kg added)

Root dry weight (g)

BJ18 BJ42 BJ17 BJ21 ZM M

B Root DW (g) (Pb added)

ZM ZM 64 BNSW BNK TCBR TCGM TCHS
B73 B37 OHA43

Species/variety

Figure 4.2: : Root biomass DW between treatments for each species and variety in the 1st pot trial. Error
bars represent 1 standard error on the mean where n=3. *-------- Significant at P<0.05.

http://www.sciencepub.net/newyork
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Similarly, the total dry biomass differed significantly
between treatments for BJ 18, BJ 42, ZM B73, ZM 64,
BN SW and BNK ( Figure 4. 3).

The difference between the two treatments is an
indication of the significant effect of Pb in the soil on
biomass and plant performance. However, significant

 Total dry biomass (g)(0 mg/kg added)

effect was not detected on the total dry biomass of some
of the varieties and species, which suggest that not all
species/varieties were negatively impacted by Pb or the
experiment did not have sufficient power to detect such
an impact.

B Total dry biomass (g) (Pb added)

5 *

o0

w4

©

€ >

$ *

I

> 2 *

-]

w 1

S

: 0

g BJ18 BJ42 BJ17 BJ21 ZM ZM ZM ZM64 BN BNK TCBRTCGM TCHS
B73 B37 OH43 SW

Figure 4.3: Mean total dry biomass DW between treatments for each species and variety in the 1st pot trial.
Error bars represent 1 standard error on the mean where n=3. *-------- Significant.
3.2.2 Comparison of the shoot, root and total plant Pb between species/varieties of plants grown in the Pb

added treatment ( pot trial).

Comparison of the shoot, root and total plant Pb (mg/kg)
DW between species/varieties are shown in Figures 5.1
to 5.4 below. Shoot, root, and total plant Pb
concentrations (mg/kg) dry weight showed that the Pb
added treatment had a significant effect (P = 0.000) on
most of the plant species. However, the shoot, root and
1000.00 a

900.00 - I

800.00 -
700.00 -
600.00 -
500.00 -
400.00 -
300.00 -

200.00 -
cde cd -

Shoot Pb concentration (mg/kg)

0.00

100.00 - - de |

total plant Pb concentrations of some of the species were
not significantly different (Figures 5.1 to 5.4).

Brassica juncea variety BJ 21 differ significantly (P <
0.05) from the others in its shoot, root and total plant Pb
concentration with the highest mean shoot of 905 mg/kg
and the lowest root Pb concentration of 38 mg/kg.

cd cd

= cde =

BJ18 BJ17 BJ21 BJ42 BNK BNSWZM 64 B37

B73 OH43 TCHS TCGM TCBR

Species/varieties

Figure 5.1 :Shoot Pb concentration (mg/kg) across species and varieties in the 1000 mg/kg Pb added
treatment. Tukey post-hoc test, sharing letters means not significantly different. Error bar represent 1

standard error on the mean where n=3).

Generally, more Pb was accumulated in the roots than

shoots (by a factor of 2.5). Root Pb concentrations
ranged from 114 to 642 mg/kg with the exception of the

http://www.sciencepub.net/newyork

variety BJ 21 which had about 17 times lower root Pb
than the highest root Pb concentration in this range
(Figure 5. 3). More Pb was accumulated in the shoot of
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same variety (BJ 21) (by a factor of 23.8) when
compared to its root Pb concentration (Figure 5.1). Seed
supplier’s note on this plant suggest that BJ 21 seeds
were collected from heavily Pb contaminated sites in

700.00 4 a

I
600.00 -
500.00 -
400.00 -
300.00 -
200.00

100.00 -

Root Pb concentration (mg/kg)

0.00 T T T T T T

Afghanistan. The exceptional Pb accumulating trait of
this variety could be linked to its adaptation to Pb
resulting in enhanced metal uptake and translocation to
the shoot.

BJ18 BJ17 BJ21 BJ42 BNK
SW

BN ZM 64 B37 B73 OH43 TCHS TC TCBR

GM

Species/varieties
Figure 5.3: Root Pb concentration (mg/kg) across species and varieties in the Pb added treatment. Tukey
post-hoc test, sharing letters means not significantly different. Error bars represent 1 standard error on the

mean where n=3.
1000.00 -
a
900.00 -~
800.00 - {
700.00 -
600.00 -
500.00 -
400.00 -

300.00 -

Total plant Pb (mg/kg) DW

200.00 -
100.00 -

0-00 T T T T
BJ18 BJ17 BJ21 BJ42 BNK

BN SW

ZM 64 B37

B73 OHA43

TCHSTCGM TCBR

Species/varieties

Figure 5.1: Total plant Pb concentration (mg/kg) dry weight across species and varieties in the Pb added
treatment. Tukey post-hoc test, sharing letters means not significantly different. Error bars represent 1

standard error on the mean where n=3.

In contrast low shoot Pb concentrations were recorded
for most species. Shoot Pb ranged from 42 to 263 mg/kg
for most species/varieties. However, BJ 21 had shoot Pb
concentration of 905 mg/kg, three times higher than the
highest concentration and 21.5 fold higher compared to
the lowest concentration in this range. Some of the
varieties and species were not significantly different (P
> (0.05) in their shoot, root and total plant Pb as judged

http://www.sciencepub.net/newyork
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by the Tukey HSD test (Figures 5.1 to 5.4 ).
Varieties/species such as BJ 21, BJ 42, ZM B37, ZM 64,
BN SW, BN K showed observable effects of Pb in the
form of mild to severe leaf chlorosis and wilting of
leaves (Figures 4.1 to 4.4).

3.2.3 Comparison of Concentration Factor between
species and varieties.

newyorksci@gmail.com
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Plant capacity to accumulate metals from the soils can
be estimated by a Concentration factor (CF) (Safae et
al., 2008) expressed as the ratio of the concentration of
metal in shoots and roots mg/kg DW and the soil Pb
concentration mg/kg DW. The shoot concentration
factor was within the range of 0.05 to 0.99 (Figure 6.1
).. while the root concentration factor (CFo0t) ranged
from 0.04 to 0.70 (Figure 6.2). All species/varieties had
CFsnoot less than 1, although it was very variable with

of Thlaspi caerulescens TC HS and BJ 21 were
significantly higher than most species/varieties (Figure
6). The differences between some of the species were
not significant. Shoot concentration factors for most
species/ varieties were generally lower than the
accumulator threshold of 1. It is an indication that most
of these species/varieties do not easily translocate Pb to
the aboveground part of the plant from the root as a
tolerance mechanism.

80% differences between the highest and lowest. Those

1.20 -
1.00 -
$0.80 -

o
i =
$0.60
(&)

0.40 | ", cd
rAa e e
0.20 - e ¥

0.00 b 1—=—v—lﬁ

BJ18 BJ17BJ21BJ42 BNK BN ZM B37 B73 OH43TCHS TC TCBR

Sﬁg\éies%arieties GM

Figure 6.1 : Mean Shoot Concentration factor (CFshoot) between species and varieties in the Pb added treatment.
Error bars represent 1 standard error on the mean where n=3. Means sharing letters are not significantly
different as judged by the Tukey post-hoc test.
The CFroot Of most species were generally higher than the CFshoot, Which was 73 to 75% higher (Figure 6) when
compared to the CFsnoot for most species. There was an exceptional decrease (25 fold decrease) in CFyq0 Of BJ 21.

These values of CFsnoot and CFroor are similar to those of Pb accumulating species/varieties previously reviewed in
literature.

Shoot Concentration Factor

0.80
0.70
0.60

a a
I a T
b
bc bc
0.50 Cde bC de
0.40 = de B
0.30 f fg
0.20 =
0.10 & i
0.00 ==

BJ18 BJ17 BJ21 BJ42 BNK BN ZM B37 B73 OH43TCHS TC TCBR
SW 64 GM
Species/varieties
Figure 6.2: Root Concentration factor (CFroet) across species and varieties in the Pb added treatment. Error
bars represent 1 standard error on the mean where n=3. Mean sharing letters means are not significantly
different as judged by the Tukey post-hoc test.

Root Cocentration Factor (CFroot)

3.2.4 Translocation factor of species/varieties in the A general trend of low translocation factor (TF) was

pot trial. observed across species/varieties with an exception of
the Brassica juncea variety BJ 21 (Figures 7a, 7b and 8).
The TF of most species/variety ranged from 0.1 to 0.7,
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which were well below 1. This supports the evidence of
poor translocation of Pb from root to the shoot suggested
by the CFshoot (Figure 6.1). The histogram of TF (Figure
7b) and the Logl0 transformation of TF (Figure 8)

divides these species into two main group, which could

o~
]

o < < 0
- - - I-!
o o o o

I 0.32
1 0.60
0.30
0.16

TRANSLOCATION FACTOR (TF)

64 B37 B73 OH43 SW
SPECIES/VARIETIES

(@)

Mean =2 44
St. Dev. = 7773
N=13

Frequency

D ]

T T T T T
.00 5.00 10.00 15.00 2000 25.00 3000

Translocation factor

BJ 18BJ 21BJ 42BJ 17 ZM ZM ZIM ZM BN BN K TC

be seen as hyperaccumulator and accumulators. The
variety (BJ 21) was clearly distinct from the other
varieties/species as a Pb hyperaccumulator with TF
varying by + 40 to 217 % from the other species/variety.

5 = & 9
=] © o <]
TC TC

HS GM BR

Figt (b) a) Translocaton factor (TF) across species and varieties in the Pb added treatment. (Shoot Pb DW
mg/Kg/ root Pb concentration mg/kg) (b) Histogram of translocation factor.

1

Figure 8 : Logl0 transformation of the translocation factor (TF) across species and varieties in the Pb added
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Table 3: Mean values of variables for each species/variety compared in the pot trial.

M M M M TC

Variables BJ17 BJI18 BJ21 BJ42 64 B37 B73 OH43 BNK BNSW TCBR HS TCGM
Shoot biomass DW (g) 1.48 0.58 0.29 0.57 0.94 1.88 1.94 1.88 0.98 0.46 0.002 0.15  0.0017
Root biomass DW (g) 0.06 0.02 0.01 0.05 0.31 0.57 0.62 0.39 0.03 0.04 0.001 0.001 0.0010
Total plant biomass

DW (g) 1.53 0.61 0.30 0.61 1.25 2.45 2.55 2.27 1.02 0.50 0.003 0.15  0.0027
Shoot Pb (mg/kg) 118 83 905 144 126 52 83 45 66 48 120 264 43
Root Pb (mg/kg) 197 643 38 451 418 375 578 244 385 305 631 358 114
Total plant Pb (mg/kg)

DW 121 105 839 167 197 128 203 79 77 69 358 264 70
Shoot Pb (ug) 174 48 270 81 117 97 161 84 66 22 0.20 41 0.07
Root Pb (ug) 11 15 0.46 21 127 213 355 95 13 13 0.85 0.36 0.11
CFshoot 0.13 0.09 0.99 0.16 0.14 0.06 0.09 0.05 0.07 0.05 0.13 0.29 0.05
CFroot 0.22 0.71  0.042 0.50 0.46 0.41 0.18 0.27 0.42 0.33 0.69 0.39 0.13

Key: Shoot, root and total biomass DW in blue, Shoot and root Pb (mg/kg) in purple, Shoot and root Concentration factors in green and species/varieties
selected for further pot trial are highlighted in red.
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4.0 DISCUSSION

Shoots, roots and total plant Pb (mg/kg) DW
concentrations provided quantification of the effects of
the Pb added treatment on these plants. The Pb added
treatment at the concentration applied had a significant
effect on growth and biomass of the most
species/varieties with observed decrease in biomass in
Pb added treatment, compared to the control. Biomass,
uptake and growth in contaminated media are key
qualities that can influence  phytoremediation.
However, a few did not show significant change in
biomass in the Pb added treatment with substantial Pb
accumulation in shoots and roots. It is an indication that
the presence of Pb in the soil may not necessarily cause
poor plant growth. This is supported by earlier work on
Cd (77) and on a range of toxic metals in soils (78).

For most of the plant species, more Pb was accumulated
in the root than in the shoot. This is in line with findings
of, (11); (80); (81). Two of these plant species (BJ 21
and TC HS) were exceptions to this trend with more Pb
accumulated in the shoot than in the root. Brassica
juncea variety BJ 21 had a mean CFsnootand TF of 0.99
and 28 respectively and this suggests potential Pb
hyperaccumulation by these varieties. This ability to
accumulate more Pb in the shoot is an advantage in
terms of phytoremediation.

(82) stated that hyperaccumulators have potential roles
in the mining industry where they may be found useful
in phytoremediation/Phyto management and Phyto
mining. A few plant species such as Parthenium
hysterophorus {L} (Whitetop weed or Santa Maria
feverfew) and Amaranthus viridis {L} (Green or slender
amaranth) have been shown to translocate high amount
of Pb from their roots to shoots (83). Some of the plants
studied showed potentials for Pb accumulation to
varying extent. Low CFshoot Values between 0.05 and
0.29 were recorded for most varieties.

Comparisons within and between species/varieties
suggest that the effect of the added Pb and uptake of Pb
from the soil varied both within and between
varieties/species of plants, though similarities in Pb
concentrations were observed. However, observable
effects of Pb on plant growth ranged from mild to severe
chlorosis or none across species/varieties. (10) and
(11) reported that plant species could respond to the
presence of contaminant in the soil either by excluding
or accumulating the contaminant.

Some of the species with Concentration factor (CF) < 1
might be excluders, indicators or tolerant species whilst
CF > 1 might be classified as accumulators supported by
literature discussed criteria for classifying plant species
as excluders, accumulators or hyperaccumulators.
However, there are no clear boundaries between these
groups.
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Current findings showed that significant amount of Pb
was accumulated in roots of most plant species studied.
This is an indication that classification of plants as
excluders, accumulators or  hyperaccumulators
exclusively based on translocation and concentration
factors might not be conclusive. Further experiments are
required to investigate plants based on both in situ and
pot trials as uptake of Pb may be influenced by
bioavailable Pb in soil to plants. However, uptake and
bioavailability of Pb in soil-plant system remains poorly
understood (84).

There was no significant effect of the Pb-added
treatment on any of the biomass data of BJ 17 and no
observable effect of the added Pb on that plant. This
variety seemed to be unaffected by the Pb added
treatment.

There was a significant effect of the added Pb on shoot
dry biomass, total dry biomass of BJ 18. However, BJ
18 showed tolerance to high Pb in the soil. The Brassica
juncea varieties BJ 18 and BJ 17 can be selected for
phytoremediation because of their abilities to survive
and thrive in high Pb in the soil without obvious stress
compared to BJ 21 and BJ 42. Although, the total plant
Pb of BJ 21 and BJ 42 were 70 to 80% and 14 t016 %
higher, when compared to BJ 18 and BJ 17 respectively.
Severe chlorosis, wilting of leaves and nearly plant
death were observed in both BJ 21 and BJ 42 at the Pb
concentration applied, which is an indication that plant
death might be recorded with higher Pb concentration
(Figure 2 ).

Identification of suitable plant species for  pre
phytoremediation trial also considered plants which can
concentrate metal contaminant without completely
inhibiting growth. (85) noted that prolific growth
produces the necessary biomass to extract large amounts
of metals per hectare that are commonly encountered in
most contaminated sites. This fpot experiment showed
that the amount of biomass these species/varieties
produced affected the shoot and root Pb mass (ug)
(Table 4) , which was generally low (ranged from 0.11
to 95 pg), apart from BJ 17, BJ 21, ZM B37, ZM B73
and ZM 64. The duration of growth might have
partially contributed to the generally lower biomass of
most species/varieties in the control and Pb added
treatments. This is supported by findings in pot trials (
5) , where some selected species with low biomass in
this first experiment produced 30 to 60% bigger biomass
in both control and Pb added treatments. However, TC
BR consistently produced low biomass in the second pot
experiment irrespective of the longer growth period.
Selection of plant varieties for further investigation was
based initially on their ability to survive or tolerate high
Pb in the soil. Biomass and growth data such as height,
shoot, root, and total dry biomass, number of true and
dead leaves and growth index were used to evaluate their
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performance and their ability to thrive in soil with high
Pb.

The danger of losing replicates of those plants species
(adversely affected by the added Pb in the initial pot
trial) due to adverse effect of increased Pb concentration
in further pot trials were also considered and so plant
varieties that did not thrive well in high soil Pb or
showed severe effect to added Pb were dropped from the
first pot trial. This is an important consideration, as
greater number of replicates will allow more reliable
detection of statistically significant differences in the
further experiments that simulate in situ heterogeneity.
However, two replicates of Thlaspi caerulescens
varieties TC GM and TC BR in the control treatment
were lost in the first pot trial.

Similarly, ZM OH43 and ZM B 37 were also selected
for the next stage. Though, the added Pb had a
significant effect on the root dry biomass, shoot, root
and the total dry biomass of ZM B73, it showed
tolerance to high Pb in the soil. Their survival and
growth in the Pb added treatment was not affected.

The varieties ZM B73 and ZM 64 had 56% and 50%
higher total plant Pb (mg/kg) dry weight than the lowest
concentration within the range respectively. These
varieties ZM B37 and ZM 64 were dropped as result of
the observable effects of added Pb such as chlorosis in
ZM 64 and severe wilting of leaves in ZM B37. The Pb
treatment also had an effect on their growth index,
height and total dry biomass. This suggested that severer
effect on these varieties might be seen at higher Pb
concentrations in further experiments.

Brassica napus, BN K seemed less affected by the high
Pb in the soil than BN SW, but BN K was not selected
due to non-availability of its seeds for further
experiments. However, both showed chlorosis and
wilting of leaves, but to a greater extent in BN SW.
Results showed no statistically significant differences (P
>0.05) in some of the growth data and Pb concentrations
in roots and total plant between these varieties.

Thlaspi caerulescens TC BR seemed unaffected by the
added Pb treatment. Thlaspi caerulescens variety TC
BR had 50% and 35% higher total plant Pb (mg/kg) DW,
when compared to TC GM and TC HS. Severe chlorosis
and wilting of leaves was observed in TC HS as result
of the added Pb. There was no significant effect of Pb on
all the biomass data of TC BR in the Pb added
treatments. It grew well on the Pb added treatment when
compared to the control.

The variety TC GM showed similar tolerance to high Pb
in the soil, but TC GM was not selected due to non-
availability of seedlings for the next experiment as most
seedlings grown on unspiked growth medium, prior to
transplanting into the spiked growth medium, died
before they were transplanted. The few which survived
grew better in the Pb added treatment than in the control.
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When a statistically significant difference (P < 0.05) is
found in measured plant variables such as shoot, root
and total dry biomass of the plant species between
treatments, then the hypothesis that the 1000 mg/kg Pb
added treatment had a significant effect on such plant
species was accepted.

Similarly, when a statistically significant difference (P <
0.05) in metal uptake is found within and between
species/varieties, the hypothesis that these plants can
take up Pb is accepted. The summary of hypothesis
testing for each species and varieties is shown in Table
3.

From the results of this pot trial and in line with stated
objectives i.e to select plant species/varieties for a
further pre phytoremediation pot trial in a range of Pb-
concentration, and field trials, 4 species made up of 6
varieties could be selected for further experiment.

The Four species made up of six varieties selected were
BJ 18, BJ 17 (Brassica juncea), ZM OH43, ZM B73
(Zea mays), BN SW (Brassca napus) and TC BR
(nocacae caerulescens).

These species/varieties were selected based on their
ability to survive and tolerate high Pb in the soil and
substantiated by the results of the biomass, growth rate
and actual Pb concentrations in the above, below ground
parts and whole plant. This is in line with studies by
(85) who reported that the success of phytoextraction
effort depends to a large degree on the identification of
suitable plants that not only concentrate metals to levels
that would inhibit growth of most species but
demonstrate prolific growth in response to an
established agronomic or horticultural practice.
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Table 3: Summary of hypotheses tested in the pot trial for each species/variety based upon independent sample t-test for (i) and Tukey H.S.D for (ii)
comparison of means where p<0.05. Varieties that could be potentially elected for further pot trials are highlighted in red.

Hypothesis  BJ 18 BJ 42 BJ 17 BJ21 ZM ZM ZM ZM 64 BN BNK TCBR TC TCHS
B73 B37 OH43 SW GM

(ia)Biomass  Accept Accept Accept Accept Accept Accept Accept Accept Accept Accept Accept Accept Accept

(ib)Pb Accept Accept Accept Accept Accept Accept Accept Accept Accept Accept Accept Accept Accept
uptake
(i)variation Accept Accept Accept Accept Accept Accept Accept Accept Reject Reject  Accept Accept  Accept
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5.0 CONCLUSION

This pot trial showed that specific differences between
plants influences their ability to take up metals from the
soil and that the presence of heavy metals in the soil
could trigger accumulative responses of varying
degrees in plants. The plant-soil interaction is key to the
success of in situ phytoremediation. However, little is
known about the molecular and genetic basis of such
responses in plants. The overall result of this pot
experiment informed the selection of species/varieties
that could be used for further pot trials to ensure suitable
species are used for phytoremediation.
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