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A B S T R A C T

Heavy metal contamination of agricultural soils poses serious risk to human health through food chain.
Immobilization technique to reduce metal bioaccumulation in plant tissues is being promoted. Field experiment
was carried out on heavy metal contaminated site to test for the efficacy of different organic amendments
(Mexican sunflower compost (MSC) and Cassava peel compost (CPC) applied at 0, 20 and 40 t/ha) and inorganic
fertilizer (NPK; 20:10:10 at 100 kg Nitrogen /ha) in metal immobilization and uptake by maize crop at different
growing stages (one, two month(s) after planting (1MAP, 2MAP) and at harvesting). Compost amendments
generally reduced heavy metal accumulation in maize crop unlike NPK and control where high metal toxicity led
to plant death at 2MAP. Pb was highly accumulated at every growing stage followed by Cd while Cr con-
centration was below the detection limit at harvesting. Bioaccumulation and transfer factors were found to
depend on maize growing stage with higher accumulation at 1MAP. Percentage Pb accumulation in the shoot
was more at 1MAP but reversed at 2MAP and harvesting with higher accumulation in the root. Application of
MSC and CPC at 20 and 40 t/ha reduced Pb accumulation in maize by 37.8–64.7% compared with control and
the reduction at harvesting was more significant than those recorded at 1MAP and 2MAP, The study concluded
that compost reduced heavy metals accumulation in maize crop and that metal accumulation depends on maize
growth stage.

1. Introduction

Most agricultural lands have been contaminated with heavy metals
from different anthropogenic sources such as industrial activities,
agricultural practices, smelting, mining operations and the use of mu-
nicipal wastewater for agricultural production [1,2]. The most blamed
source of land contamination is through the indiscriminate disposal of
industrial wastes [3]. Typical examples of such land are as found in
Ibadan Metropolis, Nigeria where several hectares of agricultural land
in about five villages (Lalupon, Kumapayi, Erunmu, Ile-igbon and
Olodo) have been contaminated by high levels of heavy metals as a
result of indiscriminate disposal of lead-acid battery wastes [1,4]. Ex-
cessive heavy metal accumulation in agricultural soils and the con-
sequent accumulation in crops pose serious risk to human health
through food chain. [5–7]. Pb is neurotoxic and carcinogenic to both
animal and human being [5,6]. The recent advocate on increasing
agricultural production to meet the food needs of the ever increasing

population most especially in developing countries, through expansion
of arable lands and the practice of urban agriculture necessitate the
need to convert most contaminated and abandoned land areas to arable
lands. Thus, the development of a cost-effective and environment-
friendly method of soil remediation to increase the amount of cultivable
land and reduce/prevent heavy metal accumulation in food crop is
therefore pertinent for increasing agricultural production.

Heavy metals, unlike organic contaminants are not easily degrad-
able. The most preferred remediation technology commonly used for
heavy metals contaminated soil is immobilization to decrease their la-
bile fractions in the soil and minimize uptake by plants [4,8–13]. This,
unlike other remediation techniques such as land-filling, excavation,
chemo - remediation, soil washing and flushing has been reported to be
cost effective, accessible and environment-friendly. To achieve metal
immobilization, soil amendment with different organic materials in the
form compost to increase soil fertility and pH levels which in turn re-
duce metal bioavailability has been widely reported [9,11–16]. It has
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been found to reduce the toxic effects of heavy metals in crop, improve
the fertility of contaminated soil, reduce the bioavailability and
leachability of heavy metals through increased soil pH and modify plant
nutrition by increasing the amount of nutrient ions over the heavy
metal ions [4,8–1012,13].

The benefits and efficacy of compost in remediation however de-
pend on the type of organic matrices, source, compost maturity, rate of
application, types and concentrations of heavy metals, [16–18]. Effec-
tiveness of any immobilizing agent is also based on its ability to per-
manently keep the metal in bound form and prevent its uptake by plant
[12]. Some authors reported that the adsorbed metals in compost
amended contaminated soil might be made available for plant uptake in
the long run [18,19]. There is need, therefore, to assess the effective-
ness of compost in reducing metal bioavailability for uptake by plant
and keeping the metals in bound form throughout the cropping season.
The plant growing stage at which metal immobilization is more effec-
tive and metal uptake is minimal must also be determined. This will
help in determining the suitability of compost amended contaminated
soil for crop production and the end-use or fate of the crop grown on
contaminated soil most especially food crop.

The experiment was carried out to (a) assess the effectiveness of
different compost amendments and inorganic fertilizer in immobilizing
heavy metals (lead, Cadmium and Chromium) in contaminated soil
thereby reducing plant uptake, (b) determine the relationship between
plant growing stages and metal accumulation or uptake by plant and (c)
investigate the mobility of these metals and accumulation in the above
– ground parts in response to different amendments and plant growing
stages. Maize crop (Zea mays L.) which is a staple food crop and is
popularly cultivated most especially in the study area was used as a test
crop. The major goal was to ensure that the levels of heavy metals in
agricultural crops remain sufficiently low so as to reduce the risk of
food contamination and avoid adverse effects on human health. The
findings of this study will be a useful guide in assessing the risk asso-
ciated with the use of contaminated soil for agricultural purposes and
the ameliorative effects of organic amendments on crop grown on metal
contaminated site. It will also provide a way of remediating con-
taminated agricultural land thereby expanding the amount of cultivable
lands.

2. Materials and methods

2.1. Description of the experimental site

The experiment was carried out on one of the abandoned lead-acid
battery wastes polluted sites located at Ori-ile, Kumapayi village of
Egbeda Local Government area (near Ibadan), Oyo State, Nigeria where
battery slag wastes were illegally dumped on a large expanse of agri-
cultural land by the defunct West Africa Battery Manufacturing
Company several years ago. The study site is located at longitude 7° 24′,
N latitude 4° 00′E and an elevation of 174m above sea level. Lead (Pb)
was most predominant in this soil being the major constituent of lead
acid battery with total concentration of 138,000mg/kg. Chromium (Cr;
12.3 mg/kg), Cadmium (Cd; 41.3 mg/kg), Copper (Cu; 482mg/kg) and
Zinc (Zn; 1510mg/kg) were also present. The concentrations of these
five metals were high compared to the permissible levels recommended
by [20,21]) in soils (Table 1) but Pb which was highly concentrated in
this soil was mostly focused on as well as Cd and Cr. The soil was acidic
with low pH (water soil = 2.5:1) value of 4.2 and poor in soil nutrients
(OC: 1.24%, N: 0.12%, P: 125mg/kg, Ca: 171.20mg l/kg, Mg:
23.04mg/kg). The soil is classified as clay soil and made up of 36, 49
and 14% sand, clay and silt respectively [22]. The presence of these
battery slag wastes on the land had rendered it infertile and brought a
lot of hardship to people living in this area as the affected community
has reportedly had cases of crop failure, livestock death and several
unexplainable diseases due to the pollution of the environment [23].
According to the residents, this contaminated site used to be an

agricultural land before the indiscriminate dumping of the wastes by
the company. The results of the preliminary experiment in the green-
house with this soil showed that this soil can be used for cropping if
amended with compost [24]. This prompted our selection of one of
these contaminated sites for field study.

2.2. Compost preparation and experimental procedure

Composts were prepared by mixing Mexican sunflower (MSC) and
cassava peels (CPC) separately with poultry manure at the ratio of 3:1
and composted for 12 weeks as described by Adediran et al. [17]. The
choice of the composts and rates was based on the preliminary ex-
periments carried out on this soil where eight types of organic materials
were screened. The chemical composition of each compost [16] is
shown in Table 2. Both were applied at the rates of 0, 20 and 40 t/ha
while inorganic fertilizer (NPK, 20:10:10) which is commonly used by
farmers in this region was applied at recommended rate of 100 kg Ni-
trogen / ha and denoted as F1 [25]. The plots without compost
amendment and inorganic fertilizer (NPK 20:10:10) served as control.
The treatments were designated as MSC40, MSC20, CPC40, CPC20, F1,
and Control. The six treatments were replicated four times in a ran-
domized complete block design to give four blocks. Compost applica-
tion was carried out one month before maize planting to give sufficient
time for proper equilibration to avoid nutrient confliction between
plant and micro-organisms. The composts were applied on the soil
surface and then mixed thoroughly up to 5 cm by light hoeing. In-
organic fertilizer was applied two weeks after planting using line ap-
plication method. Maize seeds (SWAM Y-X2 variety) which were ob-
tained from the Institute of Agricultural Research and Training, Moor
Plantation, Ibadan, Nigeria were used. The spacing for maize planting
was 75 cm between and 25 cm within rows. Manual weeding was car-
ried out to suppress and control weed intervention.

2.3. Data collection

Data were collected on total soil heavy metal concentration before
and at one month intervals, metal concentration in different fractions in
soil, metal concentration in different plant parts at each sampling
period, Bioaccumulation and translocation factors,

2.3.1. Sequential extraction or heavy metal fractionation
Before application of compost and after site demarcation, soil

samples were taken from each plot for the determination of heavy metal

Table 1
Guidelines for safe limits of heavy metals in soil and plants.
Source: Singh et al. [7].

Samples Source Cd Cu Pb
(μg/g)

Zn Cr

Soil WHO/FAO [36] – – – – –
European Union Standards [20] 3.0 140 300 300 150

Plant WHO/FAO [36] 0.2 40.0 50 60.0 –
European Union Standards [21] 0.2 – 0.30 – –

Table 2
Chemical properties of composts used for amendments.
Source: Adejumo et al. [16].

Compost
Type

C
(%)

N
(%)

P
(mg/kg)

Ca
(mg/
kg)

Mg
(mg/
kg)

Pb
(mg/kg)

Zn
(mg/
kg)

K
(cmol/kg)

CPC 4.89 1.93 930 36300 5290 0.20 141 110
MSC 6.94 2.17 2470 37100 12900 0.20 162 61.5

CPC: Cassava Peels Compost, MSC: Mexican Sunflower Compost.
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concentrations in the exchangeable and organically bound fractions.
The soils were mixed together, air-dried, crushed and sieved through
2mm and 0.5mm meshes and composite sample taken for chemical
analysis. The sequential extraction was also repeated after harvesting.
Heavy metal fractionation is usually into six operationally defined
fractions; water soluble (F1), exchangeable (F2), carbonate bound (F3),
Fe-Mn oxides bound (F4), organically bound (F5) and the residual form
(F6) [77]. For the purpose of this study, since the interest was on the
determination of the metals in available/exchangeable and organically
bound forms, the method used only focused on exchangeable and or-
ganically bound fractions. The method described by Amacher [26] and
which had been used by many authors [75] and [27] was used in this
experiments. Water extractable plus exchangeable fraction was ex-
tracted with 0.1M Ca(NO3)2 by putting 0.5 g of already sieved and
prepared soil sample in a 50ml graduated plastic centrifuge tube. 10 ml
of 0.1 M Ca(NO3)2 was then added, shook for 2 h at 180 cycles per
minute in a reciprocating shaker for proper mixing of soil components
with the solution and centrifuged at 1500 rpm for 10min. The super-
natant was then decanted and filtered to remove the floating organic
matter and retained for analysis. The residue was washed 3 times with
5ml ethanol and centrifuged each time for five minutes to separate the
residue. The ethanol was discarded and the residue was evaporated to
dryness.

For organic matter phase, 10ml of pH 8.5, 5.25% NaOCl solution
was added to the residue from previous stage to selectively oxidize
organic matter without causing any damage to carbonate, metal oxides
and silicate clay phases in the soil [28,29]. The resultant mixture was
then mixed thoroughly and placed in a boiling water bath for 15min.
After cooling, it was centrifuged for 10min. at 1500 rpm and the su-
pernatant decanted into evaporating dish. The sodium hypochlorite
treatment was repeated until the organic matter was destroyed as sig-
nified by the appearance of pink colour (permanganate ion) in the su-
pernatant [30]. The supernatant was added to the evaporating dish
after each treatment. The residue was then washed three times with
5ml of pH 5, 1M NaOAc to remove the metal especially Pb that was
released during the oxidation of organic matter which might have been
reabsorbed by the inorganic phases as suggested by Shuman [31]. The
supernatant was also added each time to the evaporating dish. The
NaOCl solution in the evaporating dish was evaporated to dryness and
the residue dissolved in 1:10 HNO3. The solution was quantitatively
transferred with rinsing to a 25ml volumetric flask, diluted to volume
and analyzed for heavy metals.

2.3.2. Plant tissue analysis
To determine the crop growing stage at which heavy metal uptake is

maximal or minimal and evaluate the ability of compost in keeping the
metals in bound form throughout the cropping period, maize plants
were uprooted and partitioned at one and two months after planting
(1MAP, 2MAP) and at harvesting for chemical analysis. At each sam-
pling period, destructive sampling involving two plants from each row
on each plot was employed. The plants were carefully uprooted, the
roots were gently washed to remove the attached soil and avoid any
surface deposits. They were then separated into different parts (i.e.,
root, leaf, stem, at 1MAP and the post-tasselling partitioning of plant
was into root, shoot, spikelets, cobs and grains.) and taken to the la-
boratory within one hour of harvesting. In the laboratory, the plant
parts were bagged separately in paper envelopes and oven-dried to a
constant weight at 80 °C. The oven dried samples were ground in a
Wiley mill and processed for the determination of Pb, Cd and Cr con-
centrations in the plant tissue using dry ash method as described by
Ogundiran [32]. The milled samples of 1 g were weighed into porcelain
crucibles and ashed at 450 °C for 6 h. The resultant ash contents were
re-dissolved in 10ml of 2M HNO3, heated on the hot plate, sieved into
25ml volumetric flask and made up to the mark. The filtrates were then
analyzed for heavy metals using Atomic Absorption Spectrophotometer
(210 VGF, Buck Scientific, Chicago, Illinois) of air acetylene gas. The

plant tissue analyses were determined for the maize crop from all the
treatments including control at 1MAP and 2MAP while it was only
determined in compost treatments at harvesting due to the death of
maize crops in control and F1 treatments between 2MAP and har-
vesting.

2.3.3. Determination of transfer, translocation and bioaccumulation factors
Transfer factor (TF) to the leaf at 1 MAP, 2 MAP and seed at har-

vesting) was determined for every element using the formula described
by Singh et al. [7] and expressed in percentage (i.e TF (%) = con-
centration of metal in edible part / concentration of metal in soil X
100). The distribution ratio of Pb in the root and shoot at each growing
stage in relation to dry matter accumulation was also calculated to
determine the effectiveness of compost and inorganic fertilizer on im-
mobilization and upward movement of Pb in maize plant tissue by
using the formula;

Distribution ratio of Pb in the shoot = (Pb concentration in stem x
stem dry weight+ Pb concentration in leaf × leaf dry weight) / (Pb
concentration in the stem x stem biomass+ Pb concentration in leaf x
leaf biomass+ Pb concentration in root × root biomass) X 100.
Distribution ratio of Pb in the root= 100 - Distribution ratio of Pb in
the shoot or Pb concentration in root × root biomass / (Pb con-
centration in the stem × stem biomass+Pb concentration in leaf ×
leaf biomass+Pb concentration in root × root biomass) X 100

The Translocation Factor (TlF) for metals within a plant was de-
termined to evaluate the extent of metal translocation from roots to
shoots. It was calculated as the ratio of Metal in the Shoot / Metal in the
root. Similarly, Bioaccumulation Factor (BAF) to determine the ability
of organic amendments and inorganic fertilizer in immobilizing metal
in the soil and reducing its accumulation by plant was calculated for the
shoot and root as the ratio of metal in the plant part on dry weight basis
and that of the soil (Metal concentration in the plant part / Metal
concentration in the soil) as described by Ghosh and Singh [33] and
adopted by Singh et al. [34]. The relationship between Pb concentra-
tions in the plant and the soil organic matter content was also de-
termined using correlation coefficient.

2.4. Statistical analysis

This was performed using SYSTAT 11.0 (2008; Systat Software, Inc.,
Chicago, IL, USA). Differences in heavy metal concentrations among
treatments (MSC40, MSC20, CPC40, CPC20, F1, and Control), maize
parts (leaf, stem, and root), and time (1MAP, 2MAP, and harvest time)
were tested using one-way ANOVA, respectively. When a significant
difference was detected, then a post-hoc test was carried out using the
Tukey HSD test. Significance was defined as P<0.05 for all tests.

3. Results

3.1. Effects of different rates of composts and inorganic fertilizer on Pb
concentrations in maize at different growth stages

Table 3 shows that, lead (Pb) concentrations in maize crop at every
growing stage, were significantly reduced with addition of compost
compared to control. At each sampling period, application of compost
reduced Pb concentrations in all the plant parts compared to inorganic
fertilizer with higher compost rate performing better than lower rate.
We found more clear effects of plant growing stage and compost ap-
plication on Pb concentrations in maize crop at every sampling stage. At
one and two month(s) after planting, the highest concentrations of Pb
were recorded in the maize plants that received inorganic fertilizer
treatment and control. Higher amount of Pb was also recorded in all the
treatments at 1MAP compared to 2MAP. There was significant differ-
ence in the total Pb concentrations in the maize crop sampled at 1MAP
and other sampling periods. Put together, the total Pb concentrations in
maize plant tissue at 1MAP was higher than those of 2MAP and
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harvesting in all the treatments At harvesting, as mentioned earlier, the
total Pb uptake by maize was only considered for the maize crops from
compost treated plots because those in the control and inorganic fer-
tilizer treated plots had already been uprooted at 2MAP when they
started dying. The reduction in all the compost treatments was pro-
gressive (i.e 1MAP>2MAP>Harvesting) and more pronounced at
harvesting compared to other sampling periods. Pb concentration was
also in the order of Root > Leaf > Stem > Sheath > Seeds > Cob
at this period. The amounts of Pb in the maize seeds from treatments:
MSC20 (152mg/kg) and MSC40 (174mg/kg), were significantly lower
than those of CPC40 (294mg/kg) and CPC20 (338mg/kg), the latter of
which was the highest. Conversely, root Pb concentration in MSC40
was higher than other compost treatments at harvesting. Plant growing
stage influenced significantly the distribution and accumulation of Pb
in different parts of maize crop. Leaf Pb concentration was more at
1MAP than 2MAP and Harvesting. Similarly, the concentration in the
stem at 1MAP was more than those of 2MAP and Harvesting in all the
treatments except in control where the concentration at 1MAP was less
than that of 2MAP. However, the root Pb concentrations in all the
compost treatments at harvesting were the highest except in CPC40
treatment compared to 1MAP and 2MAP whereas, the root Pb con-
centrations at 1MAP were higher than that of 2MAP in F1 and control
treatments (Table 3).

3.2. Effect of compost and inorganic fertilizer on the percentage Pb
distribution into shoot and root at different plant growth stages

Table 4 on the percentage distribution in plant parts, it was ob-
served that compost application compared to control and inorganic
fertilizer reduced the movement of heavy metals from the root to the
shoot as growth progressed. It was found that at 1MAP, the ratio of Pb
in the maize shoot (i.e., Pb amount in the stem and leaf over that of the
whole plant) was higher than that of the root in all the treatments in-
cluding control and inorganic fertilizer treatments. Unlike the dis-
tribution pattern at 1MAP, a reverse was observed in the distribution at
2MAP and at harvesting. At 2MAP, the concentration in the root was
more than that of the shoot except in control and inorganic fertilizer
treatments. The percentage ratio of Pb in the root increased and was
more than that of the shoot in all the compost treatments. At 2MAP,
maize crop from contaminated soil amended with MSC had the highest
percentage in the root and lowest in the shoot compared to other
treatments. At harvesting, the trend in the accumulation and distribu-
tion of Pb was similar to what was observed at 2MAP and the

effectiveness of compost in restricting Pb mobility was similar. Higher
percentage was also found in the root and lower percentage in the
shoot.

3.3. Effects of compost and inorganic fertilizer on the Cd (mg/kg)
concentrations in maize plant parts at different stages of development

Table 5 showed that compost addition also had significant effects on
Cd accumulation by maize plant. The concentrations were reduced in
compost treatments compared to those in control and F1 treatments.
The highest Cd concentration was also found in the maize root from F1
treatment at 1MAP. However, likewise that of Pb, the concentrations in
the leaves of maize crops in compost treatments (MSC20, MSC40 and
CPC40) were significantly higher than those in the roots. Leaf Cd con-
centrations in the compost treated plants at 1MAP were significantly
higher than those at 2MAP and harvesting except in CPC20. At 2MAP,
the concentrations were reduced in all the treatments with lower con-
centrations in MSC20 and MSC40 compared to control and F1. The
trend of distribution also changed and the concentrations were lower
than those at 1MAP except in CPC20. At harvesting, there were no
plants in control and F1 as mentioned above. The root Cd concentra-
tions were more than those of the above ground parts with compost
treatments at harvesting except in CPC40 which had the highest

Table 3
Effects of treatments on Pb concentrations and distribution in maize plant parts at 1MAP, 2MAP and harvesting.

Treatments 1MAP 2MAP Harvesting

Root Stem Leaf Root Stem Leaf Spikelet Root Stem Leaf Sheath Cob Seed
mg kg−1 mg kg−1 mg kg−1

Control 17000aAα 6790cCβ 11800aBα 15900aAα 6920bBα 6810aCβ NA NA NA NA NA NA NA
MSC20 9670bAβ 3680dCα 8790bBα 9060bAγ 562cCβ 591bBβ 590bB 11200abAα 178cdBγ 165abCγ 110abE 58.5aF 152cD

MSC40 9940bAβ 8410abBα 8390bCα 9270bAγ 474cBβ 472bBγ 231cC 13400aAα 334bcCγ 530aBβ 222abD 50.6aF 174bcE

CPC20 9750bAβ 7560bcCα 9130abBα 11000bAα 809cCβ 992bBβ 370cD 11400abAα 430bBγ 204abEγ 272abD 38.5bF 338aC

CPC40 9610bAβ 3720dCα 9090abBα 11600bAα 524cDγ 3420aBβ 830Ac 8700bAγ 1179aBβ 182abDγ 304aC 52.0aE 294bCD

F1 17900aAα 9070aCα 12000aBα 15780aAβ 7930aBβ 6200aCβ NA NA NA NA NA NA NA

Means followed by the same letter in a column or row are not significantly different from each other (P > 0.05).
a, b, c, d,e,f were used to show the significant differences in Pb concentration among the treatments for each plant part at each sampling period.
A, B, C, D, E, F were used to show the significant differences in Pb concentration among the plant parts for each treatment and month.
α β γ were used to show the significant differences in Pb concentration in each plant part at different sampling period.
MSC20 = Mexican sunflower compost at 20 t/ha.
MSC40 = Mexican sunflower compost at 40 t/ha.
CPC20 = Cassava waste compost at 20 t/ha.
CPC40 = Cassava waste compost at 40 t/ha.
F1 = Inorganic fertilizer.
NA: Not available.

Table 4
Distribution ratio of Pb in the maize shoot and root in response to different
treatments and sampling periods.

1MAP 2MAP Harvesting

Treatments Shoot Root Shoot Root Shoot Root
(%) (%) (%)

Control 73.5 26.5 61.0 39.0 NA NA
MSC20 67.0 33.0 5.4 94.6 9.0 91.0
MSC40 69.0 31.0 6.0 94.0 15.0 85.0
CPC20 70.0 30.0 15.2 84.8 15.5 84.5
CPC40 59.0 41.0 24.4 75.6 33.6 66.4
F1 73.0 27.0 52.8 47.2 NA NA

MSC20 = Mexican sunflower compost at 20 t/ha.
MSC40 = Mexican sunflower compost at 40 t/ha.
CPC20 = Cassava waste compost at 20 t/ha.
CPC40 = Cassava waste compost at 40 t/ha.
F1 = Inorganic fertilizer.
NA: Not available.
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concentration in the stem. The lowest concentration of Cd was recorded
in the harvested maize seeds compared to other plant parts and were
not significantly different from each other in all these compost treat-
ments.

3.4. Effects of treatments on the Cr concentrations (mg/kg) and distribution
in maize plant parts at different sampling periods

Table 6 shows the concentration and distribution of Cr in maize
plant parts. Like Pb and Cd, the Cr mobility to the above ground parts
was restricted with compost application compared to control and F1.
Concentrations were also higher in the root than above ground parts as
growth progressed. In all the treatments, the concentrations in the root
at 2MAP were significantly higher than those at 1MAP except in
MSC40. Cr was not detected in the stem and spikelets of the maize crop
in compost treatments (MSC20, MSC40 and CPC20) at 2MAP except in
the stem of maize crop in CPC40. Since there were no plants from F1
and control treatments at harvesting, Cr was only considered for com-
post treatments and was only detected in the root of maize plant in
CPC20 treatment (0.5 mg/kg).

Table 5
Effects of treatments on the Cd concentrations and distribution in maize plant parts at 1MAP, 2MAP and harvesting.

Treatments 1MAP 2MAP Harvesting time

Root Stem Leaf Root Stem Leaf Spikelet Root Stem Leaf Sheath Cob Seed
mg kg−1 mg kg−1 mg kg−1

Control 12.7aAα 5.3aCα 6.5aBα 6.6aAβ 3.2aCβ 3.4aBβ NA NA NA NA NA NA NA
MSC20 3.9bBβ 3.4bCα 5.3abAα 2.4cBγ 3.0aAβ 1.6bDγ 1.8aC 4.0aAα 2.2bCγ 3.7aBβ 0.5bE 0.8aD 0.2aF

MSC40 3.1bBα 2.3bBβ 4.1abAα 2.2cBγ 2.5aAα 2.0bCβ 1.8aD 3.0bAβ 0.7cDγ 1.8bCγ 2.8aB 0.4aE 0.2aF

CPC20 3.7bAα 3.4bBα 3.4bBβ 5.0abAα 3.4aCα 4.5aBα 1.5aD 3.9bAα 3.3bBα 0.7bCγ 0.3bF 0.6aD 0.4aE

CPC40 2.5bCβ 2.5bBβ 2.6bAα 4.9bAα 1.2bCγ 1.2bCγ 2.2aB 2.5bBβ 4.1aAα 1.9bCβ 0.7bE 0.8aD 0.5aF

F1 11.6aAα 4.3aBα 3.4bCβ 4.3bBβ 3.4aCα 4.4aAα NA NA NA NA NA NA NA

Means followed by the same letter in a column or row are not significantly different from each other (P > 0.05).
a, b, c, d, e, f were used to show the significant differences in Cd concentration among the treatments in each plant part at each sampling period.
A, B, C, D, E, F were used to show the significant differences in Cd concentration among the plant parts for each treatment and month.
α β γ were used to show the significant differences in Cd concentration for each plant part at different sampling period.
MSC20 = Mexican sunflower compost at 20 t/ha, MSC40 = Mexican sunflower compost at 40 t/ha.
CPC20 = Cassava waste compost at 20 t/ha CPC40 = Cassava waste compost at 40 t/ha, F1 = Inorganic fertilizer.
NA: Not available.

Table 6
Effects of treatments on the Cr concentrations and distribution in maize plant parts at 1MAP, 2MAP and harvesting.

Treatments 1MAP 2MAP Harvesting time

Root Stem Leaf Root Stem Leaf Spikelet Root Stem Leaf Sheath Cob Seed
mg kg−1 mg kg−1 m kg−1

Cont 8.2bAβ 0.7aBα 4.2aBβ 17.0aAα 0.7aCα 6.7aBα NA NA NA NA NA NA NA
MSC20 3.4cAβ 0.0cCα 0.6bBα 6.6cAα 0.0cC 0.9bBβ ND ND ND ND ND ND ND
MSC40 5.0cAα 0.1bBα 0.5bBα 3.5dAβ 0.0cCβ 0.6bBα ND ND ND ND ND ND ND
CPC20 4.5cAβ 0.3bCα 1.3bBα 6.2cAα 0.0cC 0.4bBβ ND 0.5 ND ND ND ND ND
CPC40 4.5cAβ 0.0cCβ 1.5bBα 4.7dAα 0.3bBα 0.2cCβ ND ND ND ND ND ND ND
F1 11.5aBα 0.7aCα 5.5aAα 10.8bAα 0.8aAα 6.1aAα ND NA NA NA NA NA NA

Means followed by the same letter in a column or row are not significantly different from each other (P > 0.05).
a, b, c, d, e, f were used to show the significant differences in Cr concentration among the treatments for each plant part at each sampling period.
A, B, C, D, E, F were used to show the significant differences in Cr concentration among the plant parts for each treatment and month.
α β γ were used to show the significant differences in Cr concentration in each plant part at different sampling period.
MSC20 = Mexican sunflower compost at 20 t/ha.
MSC40 = Mexican sunflower compost at 40 t/ha.
CPC20 = Cassava waste compost at 20 t/ha.
CPC40 = Cassava waste compost at 40 t/ha.
F1 = Inorganic fertilizer.
NA: Not available.
ND: Not detected.

Table 7
Transfer factors of Pb, Cd and Cr in maize plant leaves at 1MAP, 2MAP and
seeds at harvesting.

TREATMENTS 1MAP 2MAP Harvesting

Pb Cd Cr Pb Cd Cr Pb Cd Cr
% % %

Control 8.6 16.0 34.1 4.9 8.2 54.5 NA NA NA
MSC20 6.4 12.8 4.9 0.4 3.8 3.1 0.1 0.4 ND
MSC40 6.1 9.9 4.0 0.3 4.9 5.1 0.1 0.5 ND
CPC20 6.6 8.2 10.6 0.7 12.0 3.6 0.2 0.9 ND
CPC40 6.5 6.3 12.2 2.4 2.8 1.5 0.2 1.3 ND
F1 8.7 2.4 44.7 4.5 10.6 49.8 NA NA NA

MSC20 =Mexican sunflower compost at 20 t/ha, MSC40 =Mexican sunflower
compost at 20 t/ha.
CPC20 = Cassava waste compost at 20 t/ha, CPC40 = Cassava waste compost
at 20 t/ha.
F1 = Inorganic fertilizer.
NA: Not available.
ND: Not detected.
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3.5. Transfer factor of Pb, Cd and Cr into leaf and seeds of maize crop in
response to compost and inorganic fertilizer treatments at different growing
stages

Table 7 shows the results of transfer factors and among all the three
metals, Cr had the highest transfer factor in all the treatments except in
those treated with MSC both at lower and higher rates at 1MAP. In
these treatments, Cd was transferred more than other elements and Cr
was the least. In other treatments apart from F1, Pb was the least
transferred to the edible part. At 2MAP, the trend was the same in
control and F1 was also similar to control at this stage with Cr >
Cd > Pb. The least was also Pb in all the compost treatments but Cd
was the highest. The transfer factors for the three metals were generally
reduced at 2MAP in all the treatments but compost application reduced
the transfer factors more than control and F1 where the TF for Pb from
soil to the leaf was more than those in the compost treatments both at
1MAP and 2MAP. Treatment with MSC40 most effectively reduced the
TF for Pb compared to other compost treatments. At harvesting, the TF
was only calculated for compost treatments, and soil amendment with
MSC at both rates (20 and 40 t/ha) reduced the TF for Pb compared to
CPC. Soil amendment with MSC at both rates and CPC at higher rate
reduced the TF for Cd at 2MAP compared to control and F1 treatments.
At harvesting, the TF for Cd just like Pb was reduced in the soil treated
with MSC at both rates. Compared to other heavy metals, the TF for Cr
at 1MAP were the highest in all the treatments. At harvesting however,
compost application reduced the TF for Cr and Cr was not detected.

On the effect of plant growing stages, Pb was transferred more at
1MAP than other periods. Cd TF varied among treatments, it was
transferred at 1MAP more than other periods in all the treatments ex-
cept in CPC20 and F1. Chromium TF was more at 1MAP in all the
compost treatments compared to F1 and control treatments but later
reduced in compost treatments at 2MAP and harvesting periods.

3.6. Bioaccumulation factors (BAF) of Pb, Cd and Cr in maize crop in
response to compost and inorganic fertilizer treatments at different growing
stages

Fig. 1a showed the bioaccumulation factors calculated for Pb, Cd
and Cr at different growing stages. There was variations in the accu-
mulation of these metals in the root and shoot of maize crop. Generally,
the values for the Pb BAF in the root were more than those recorded for
the shoot in all the treatments at every sampling period. At 1MAP and
2MAP, the Pb bioaccumulation factor (BAF) was the highest in the
control and inorganic fertilizer treatments compared to others. Appli-
cation of organic amendments reduced the Pb accumulation in the plant
parts. The values recorded for the control and inorganic fertilizer
treatments were higher than those recorded in the compost treatments.
At 2MAP, the BAF for the shoot was lower than those recorded at 1MAP
in all the treatments. The values recorded for the shoot in the control
and inorganic treatments were however more than those grown on
compost amended soil. Similarly, at harvesting, the root BAF values
were higher than those of the shoot. At this stage, the data were only
collected for the compost treated plants and the lowest values were
recorded in the maize crop grown on soil amended with Mexican sun-
flower compost. Considering the different growth stages, the BAF at
1MAP was the highest in all the treatments. In the MSC20 and
MSC40 treatments, the Pb BAF was conversely higher at harvesting
than at 2MAP. The lowest values were recorded at harvesting in maize
crop grown on soil amended with CPC40 (Fig. 1b).

Fig. 2a and b show the BAF for cadmium. As observed for Pb, the
cadmium BAF in the root was more than that of the shoot at 1MAP in all
the treatments except those treated with Mexican sunflower compost.
The highest values were obtained in the control and inorganic fertilizer
treatments for both root and shoot. At 2MAP, the Cd BAF, was still more
in the root than shoot except in MSC20 and inorganic fertilizer treat-
ments. At harvesting however, the trend was similar to that of Pb and

the BAF was more in the root than that of the shoot (Fig. 2a). Com-
paring the BAF at different sampling periods, it was more at 1MAP than
other sampling periods except in CPC 20 and CPC 40 (Fig. 2b).

Fig. 3a and b showed that among the three metals, Cr was only
accumulated at 1 and 2 MAP. The BAF of Cr also varied among the
treatments and between the different growing stages. At 1MAP and
2MAP, the accumulation was generally more in the control and F1
treatments compared to compost treatments. Shoot BAF values unlike
what were recorded for other metals were more than those of the root
in the control and F1 treatments at 1MAP. The lowest BAF values were
recorded in the shoot of the maize crop grown on soil amended with
Mexican sunflower compost at the two rates. The root BAF values for Cr
were however greater than those of the shoot at 2MAP in all the
treatments. At harvesting, its bioaccumulation factors were zero in all
the compost treatments (Fig. 3a). Unlike other metals considered, the
Cr BAF at 2MAP was more than that of 1MAP (Fig. 3b).

Fig. 1. (a) Pb bioaccumulation factors in the Shoot and Root at IMAP, 2MAP
and Harvesting. BAF=Bioaccumulation factor; MSC20 = Mexican sunflower
compost at 20 t/ha; MSC40 =Mexican sunflower compost at 40 t/ha; CPC20 =
Cassava waste compost at 20 t/ha; CPC40 = Cassava waste compost at 40 t/ha;
F1 = Inorganic fertilizer, BAFRT=Bioaccumulation Factor for Root;
BAFST=Bioaccumulation Factor for Shoot; BAFSEED=Bioaccumulation
Factor for Seed. (b) Comparative effects of sampling periods and treatments on
Pb bioaccumulation factors. BAF=Bioaccumulation factor; MSC20 = Mexican
sunflower compost at 20 t/ha; MSC40 = Mexican sunflower compost at 40 t/
ha; CPC20 = Cassava waste compost at 20 t/ha; CPC40 = Cassava waste
compost at 40 t/ha; F1 = Inorganic fertilizer.
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3.7. Translocation factors (TlF) of Pb, Cd and Cr in maize crop in response
to compost and inorganic fertilizer treatments at different growing stages

On Fig. 4, the results of the translocation factor which is the rate of
movement of metal from root to shoot showed that at 1MAP, the TlFs
for Cd and Pb were more in compost than control and F1 treatments. A
reverse of this was observed at 2MAP for Pb. The translocation of Cr
was the least at every growing stage (Fig. 4). The translocation factor
also varied at different sampling period for each metal. As observed for
bioaccumulation, Pb, was translocated more at 1MAP than 2MAP and
harvesting. Cd on its own had the highest translocation factors at 2MAP
compared to 1MAP and harvesting except in CPC40 and MSC40 treat-
ments where the highest were recorded at harvesting. Both elements,
surprisingly were more translocated in compost treatments than con-
trol. The translocation factor was reduced in compost treatments for Cr
compared to control and F1 treatments unlike Cd and Pb at all the
sampling periods.

3.8. Correlation analysis between the Pb concentration in the maize plant
parts and the soil

Table 8 shows Pb concentrations in the stem and leaf is a factor of
the amount in the root. The correlation between the Pb concentration in
the leaf and the root was highly significant (0.80***). It implies that the
higher the level of Pb in the root, the higher the level that will be ob-
tained in the leaf. Similarly, Pb concentration in the stem was also
significantly related with the Pb concentration in the root (0.66*) which
simply means that as the Pb concentration is being increased in the
root, the concentrations in other plant parts (stem and leaf) will also
increase. Significant correlation was also found between the total Pb
concentration in the leaf and in the soil (0.84***). It simply means that
the concentration of Pb in the leaf increases with the increase in the
level of Pb in the growing medium (soil).

3.9. Heavy metal concentrations in exchangeable and organic fractions
before and after application of compost

Table 9 shows that the initial concentration of Pb before application
of compost in exchangeable and organically bound fractions were very
high compared to what was recorded with soil amendments. The Pb
concentration in the organically bound fraction was higher than that of
exchangeable fraction in all the treatments including control both be-
fore and after compost application. The ratio of Pb in exchangeable
fraction to organically bound fraction however decreased with compost
application. The concentrations of Pb in the exchangeable and

Fig. 2. (a) Cadmium bioaccumulation factors in the Shoot and Root at IMAP,
2MAP and Harvesting. BAF=Bioaccumulation factor; MSC20 = Mexican
sunflower compost at 20 t/ha; MSC40 = Mexican sunflower compost at 40 t/
ha; CPC20 = Cassava waste compost at 20 t/ha; CPC40 = Cassava waste
compost at 40 t/ha; F1 = Inorganic fertilizer; BAFRT=Bioaccumulation
Factor for Root; BAFST=Bioaccumulation Factor for Shoot. (b) Cadmium
bioaccumulation factors at different sampling periods. BAF=Bioaccumulation
Factor; MSC20 = Mexican sunflower compost at 20 t/ha; MSC40 = Mexican
sunflower compost at 40 t/ha; CPC20 = Cassava waste compost at 20 t/ha;
CPC40 = Cassava waste compost at 40 t/ha; F1 = Inorganic fertilizer.

Fig. 3. (a) Chromium bioaccumulation factors in the Shoot and Root at IMAP
and 2MAP. BAF=Bioaccumulation factor; MSC20 = Mexican sunflower
compost at 20 t/ha; MSC40 =Mexican sunflower compost at 40 t/ha; CPC20 =
Cassava waste compost at 20 t/ha; CPC40 = Cassava waste compost at 40 t/ha;
F1 = Inorganic fertilizer; BAFRT=Bioaccumulation Factor for Root;
BAFST=Bioaccumulation Factor for Shoot. (b) Chromium bioaccumulation
factors at different sampling periods. BAF=Bioaccumulation Factor; MSC20 =
Mexican sunflower compost at 20 t/ha; MSC40 = Mexican sunflower compost
at 40 t/ha; CPC20 = Cassava waste compost at 20 t/ha; CPC40 = Cassava
waste compost at 40 t/ha; F1 = Inorganic fertilizer.
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organically bound fractions of control and inorganic fertilizer treated
soil were however, the highest. Heavy metal concentrations in the two
fractions for compost treated soil were lower than what was recorded in
the control and inorganic fertilizer treatments. However, application of
MSC reduced the concentrations of lead and Cd in exchangeable frac-
tion more than CPC with higher application rate of 40 t/ha performing
better than lower rate (20 t/ha). This was followed by CPC at 40 t/ha.
MSC at 20 t/ha gave the lowest Pb concentration in organic fraction and
was lower than other compost treatments. The soil treated with CPC at
20 t/ha had the highest concentrations of Pb in both fractions compared
with other compost treatments.

4. Discussion

One of the important factors contributing to the availability of any

element in the growing medium is the concentration of that particular
element. The concentration of Pb which was higher in the maize plant
tissue than other heavy metals was due to its abnormally high con-
centration in the studied soil thereby outcompeting other elements.
Close correlation has been found between the element concentration in
the growing medium and the concentration in the plant [13,35]. In this
study, the Pb concentration found in the edible parts of maize (leaf and
seed), though, higher than 50mg/kg recommended by WHO/FAO [36]
at every sampling period, but, it was significantly reduced in those
grown on soil amended with composts.

The metal speciation carried out in this study to actually determine
the effect of compost amendment on the exchangeable and organic
fractions showed that these metals were highly concentrated in organic
fraction more than exchangeable fraction. This probably reduced their
mobility most especially Pb [37]. Some qualitative assumptions could
also be made based on previous findings. For example, the dilution
effect of compost on heavy metals could probably be the reason for the
reduction observed in the uptake of Pb by maize crop at each sampling
period in the compost treatments and this was confirmed by the pre-
vious reports which showed that addition of organic materials improves
the fertility of contaminated soil by increasing the amount of nutrient
ions over the heavy metal ions [16,38] and ecologically restored lead
contaminated site [16]. The explanation for this was that, the higher
the ratio of plant nutrients to heavy metal concentrations, the lower the
uptake by plant for the latter [39,40]. This, according to Greger et al.
[41] and Dalė et al. [42], was also due to either the binding of the
metals to nutrient anions like phosphate ion or competition between
the nutrient and toxic metal cations for the uptake sites and dilution of
toxic metal ions in plant tissues. All these might be responsible for the
reduction observed in the TFs and the concentrations of heavy metals in
maize crop as a result of soil ammendment with compost in the current
study.

Amendment of substances containing high concentrations of cal-
cium and phosphorous as were contained in the Mexican sunflower
compost used for this research [16] had also been reported to reduce Pb
solubility in the soil, plant uptake, and toxicity [10,11,16,43] due to
formation of insoluble complexes. Phosphorous most especially has
been reported to form complexes with heavy metals in the soil thereby
reducing the solubility of the metals as a result of metal precipitation as
pyromorphite and chloro-pyromorphite [32,44]. More importantly, the
reduction in the heavy metal uptake of compost-treated maize plants
compared to control plants at 1MAP and 2MAP could also be attributed
to an increase in soil pH as reported by Adejumo et al. [16] for this

Fig. 4. Translocation factors of Pb, Cd and Cr in Maize crop in response to
compost and inorganic fertilizer treatments at different growing stages.
TIF= Translocation factor; MSC20 = Mexican sunflower compost at 20 t/ha;
MSC40 = Mexican sunflower compost at 40 t/ha; CPC20 = Cassava waste
compost at 20 t/ha; CPC40 = Cassava waste compost at 40 t/ha; F1 =
Inorganic fertilizer.

Table 8
Correlation analysis between the Pb concentration in the maize plant parts and
the soil.

Cobs Seeds Sheath Stem Root Leaf Soil Pb

Cobs 1
Seeds −0.43ns 1
Sheath −0.19ns −0.11ns 1
Stem −0.31ns −0.40ns 0–51* 1
Root −0.04ns −0.30ns −0.22ns −0.66* 1
Leaf −0.17ns −0.47ns −0.19ns −0.25ns 0.80*** 1
Soil Pb −0.13ns −0.41ns −0.19ns −0.11ns 0.08ns 0.84*** 1

* Significant at 0.05 level of probability.
*** Significant at 0.001 level of probability.

Table 9
Effects compost rates and types and inorganic fertilizer on heavy metal con-
centrations in organic and exchangeable fractions.

Treatments Organically
bound fraction

Exchangeable
fraction

Pb Cd
(mg/kg)

Pb Cd
(mg/kg)

Before compost
application

6150b 37.6a 43.8a 0.4a

Control 37.6g 38.0a 44.0a 0.4a

MSC20 650.0f 22.0b 15.1b 0.3b

MSC40 881.0e 22.0b 3.6e 0.2b

CPC20 4690.0c 27.3b 8.0d 0.4a

CPC40 1010.0d 18.1c 11.0cd 0.3b

F1 9059.0a 34.1ab 40.0a 0.4a

Means followed by the same letter in a column are not significantly different
from each other at P < 0.05 by DMRT.
MSC20= Mexican sunflower weed compost at 20 t/ha.
MSC40= Mexican sunflower weed compost at 40 t/ha.
CPC20= Cassava peel waste compost at 20 t/ha.
CPC40= Cassava peel waste compost at 40 t/ha.
F1 = Inorganic fertilizer.
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particular contaminated soil where pH was found to increase with
compost addition from initial 5.0 –7.0. This was also confirmed by the
findings of David et al. [45]. This is because soil pH is said to determine
the availability and leachability of heavy metals. In highly acidic con-
dition, heavy metal ions become more soluble and the tendency for
complex formation is reduced but at soil pH higher than five, the heavy
metal solubility is reduced due to formation of complexes with soil
matrices and hydroxyl ion while macronutrients and humic acid be-
come more soluble [46,47]. According to Chaney et al [44], addition of
compost increases soil pH and favours the solubility of plant nutrients
rather than heavy metals. Fleming et al. [13] also reported that soil pH
is critically important in determining the free Pb2+ activity in soil so-
lution, as Pb adsorption and most precipitation reactions are favored by
higher pH. For example, the surface complexation models have pre-
dicted that Pb adsorption is dominated by organic matter at soil
pH < 6, whereas adsorption on Fe oxides is more prevalent at pH > 6
[48].

The general reduction in the Pb concentration of maize plants in
compost treated soil could be attributed to the presence of humic and
fulvic acids in the compost which have been reported to have high af-
finity for Pb [10,49] and the higher nutrient strength in the growing
medium containing compost as in Agneta et al. [50]. Humic material
has been found to have functional groups that are capable of forming
insoluble complexes with heavy metals. Divalent transition metal ions
such as Pb2+ and Cu2+ have also been reported to have the ability to
form covalent bonding with humic acid more than alkaline earth metal
ions (Ca2+ and Mg2+) due to inability of the latter to bond covalently
[10,49,51]. The findings of this research in relation to the behavior of
compost on this contaminated soil could also be due to an increase in
soil organic matter as confirmed by the post-cropping soil analysis re-
sult. The effectiveness of organic matter in reducing the soil Pb con-
centration through binding was supported by the report by Fleming
et al. [13] where a decrease in extraction efficiency of Pb by Modified
Morgan’s universal soil extraction solution in Pb contaminated soil
amended with compost was observed. According to Gary and Stephen
[49], formation of strong covalent bond between humic acid and Pb2+

possibly occurred in contaminated soil amended with compost which
might also be responsible for the lowest percentage of transfer factors
recorded for Pb unlike Cd and Cr. Plant tissue Pb concentration at
1MAP was higher than the concentration at 2MAP in many cases. The
higher concentration may be attributed to rapid and in-selective salt
absorption at 1MAP which was the phase of rapid vegetative growth
that is usually accompanied by a marked increase in ion absorption by
plant [17,52,53]. This, coupled with the slow release of nutrient ions
from compost could make heavy metal concentrations to be more than
those of nutrient ions at 1MAP and hence, the increase in availability
and uptake of the former. At 2MAP however, the concentrations of
nutrient ions compared with heavy metals must have increased, and
this probably lowered the absorption rate for the heavy metals by
maize. The level of heavy metals in soil might also be reduced due to
interactions between the nutrient ions and heavy metals and this in-
teraction could either be synergistic or antagonistic [54]. This sig-
nificant reduction in the plant tissue Pb concentrations at 2MAP in all
the treatments most especially in the compost treated plants could be
due to the binding of the heavy metals with the root cell wall and
possible sequestration in the cell vacuole. It has also been reported that
element initially taken up by the plants into the apparent free space
(which is the space between the cell wall and the cell membrane) can be
released back into the surrounding medium since they are loosely
bound to the cell wall [52,55].

The eventual wilting and death of all the control plants and the
plants treated with inorganic fertilizer could be attributed to high
concentration of Pb which eventually led to cell death [35,51,56,57].
High salt concentration in the soil medium increases the osmotic po-
tential of the soil thereby drawing water from the plant root. High Pb
concentration has also been blamed for the inhibition of enzyme

activities and cell division at the root tips which in turn inhibits root
growth [58]. However, the initial growth and survival of maize crop on
the control plots despite high Pb concentration could be attributed to
the adaptability nature of maize crop to toxic environment [42]. Gen-
erally, cane-type plants known as monocots are said to be tolerant due
to their physiological and morphological characteristics.

The higher concentrations of heavy metals in the roots (under-
ground biomass) which were more than those of the shoot (above
ground biomass) confirmed the reports of previous experiments by
Baumhardt and Welch [59],Sabey and Hart [60],Lombi et al.
[61],Shridar et al. [62],Quentin and John [63] and Dalė et al. [42].
This was attributed to the inselectivity nature of the plant root as a
result of mass and passive flow of nutrient in the rhizophere across the
root cell wall. Also, the binding of Pb occurs more in lignified tissues of
the root epidermis than non-lignified tissue [64]. Therefore, small
amount was said to be detected in the vascular tissues which probably
reduces its movement to the aerial parts [65]. It has also been reported
that the casparian strips of the endodermis are the major limiting factor
restricting lead transport across endodermis into the central cylinder
tissue [66–68]. More importantly Pb in particular is known for poor
translocation from roots to shoots of a plant [69] and so high accu-
mulation occurs in the root.

The preference given to nutrients during ion transportation in plant
against the heavy metals might be responsible for the increase in the
distribution ratio of Pb in the root progressively because more nutrients
were released and taken up by plants in the compost treated plots. The
high concentration of Pb in the leaves during the stage of active ve-
getative development (at 1MAP) suggested that the sink strength of the
leaves was more at this stage whereas stem only serves as transporting
route. The diversion of dry matter has always been reported to be in
favor of leaf which served as strong sink at this growth stage followed
by the stem and the root [70]. This is because the growth stage and
level of plant activity are the major factors determining the amount and
type of nutrients absorbed [70]. Correlation between root and leaf Pb
concentrations implies that uptake by the shoot was due to accumula-
tion in the root. This confirmed the finding that the bulk of the Pb found
in above-ground parts of the plant comes from the roots [71,76]. Once
the metal enters into the root, its upward movement is guaranteed
owing to the attachment with other carrier molecules present within
the cell that will facilitate the upward movement by breaking the en-
dodermis and casparian strip and possibly through transpirational
stream. The possibility of upward movement once in the root through
transpiration pull has been confirmed by many authors [65,72,73]. In
order to effectively prevent the upward movement of toxic metals in the
plant, their uptake by the root must be totally prevented through pre-
cipitation and immobilization in the soil [12].

High concentration of Cd in the root also confirmed previous report
on the poor mobility of Cd and only a minor portion of Cd is reportedly
loaded into the xylem and transported into the above-ground part
through transpiration stream [74]. The drastic reduction in Cr con-
centrations most especially in maize plants in compost-treated plots at
harvesting shows that compost probably had high affinity for Cr more
than other heavy metals. The bioaccumulation factor (BAF) which is the
ratio of metal concentration in the plant tissue to the concentration in
the soil and the translocation factor (TlF) which is the ratio of metal
concentration in plant shoots to that of the roots are usually used to
evaluate plant ability to tolerate and accumulate heavy metals. These
factors were however used in this study to show the effectiveness of
compost amendments and to understand the risk associated with soil
contamination with heavy metals and consequent heavy metal accu-
mulation in edible portion of maize. The treatment that reduced shoot
BAF < 1 and TlF< 1 for these metals is adjudged to be effective. The
BAF and TlF for all these elements were less than one in the compost
treatments and Cr was found to be zero. It means that compost
amendment was more effective on these metals most especially Cr. The
variation in Cr translocation at different growing stages and which was
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more than other metals was due to the fact that Cr was still in its Cr (vi)
oxidation state which is said to be more mobile and toxic than in Cr(iii)
and so easily taken up by plant at 1MAP. At 2MAP and harvesting
periods, it probably must have been transformed into Cr (iii) which is
less mobile with the release of more nutrients in the soil thereby re-
ducing its uptake by maize. The amount of heavy metals found in dif-
ferent plant parts and at every growing stage was found to depend on
the amount of assimilate partitioning and distribution to different plant
parts at every growing stage.

5. Conclusions

The present study revealed that maize plant accumulated more Pb
than other metals, while Cr was the lowest. Though an appreciable
amount of Pb was translocated to grains of maize crops grown in heavy
metal-contaminated soil and those amended with compost and that the
maximum permissible level of 0.3ug/g Pb for animal and human con-
sumption might have been exceeded several-fold, but a significant re-
duction in Pb accumulation was achieved by amending metal con-
taminated soils with compost. It reduced total heavy metal
accumulation in maize crop and enhanced biomass production. Lead
(Pb) uptake by maize crop (though higher than the EU permissible le-
vels in plant tissue) at every growing stage, were significantly reduced
with addition of compost compared to control. Immobilizing effects of
organic amendment was seen at 2MAP and harvesting. The extent of
reduction of Pb accumulation, however, depends upon the type of or-
ganic amendments applied. Crop growth stage was also found to con-
tribute significantly to the amount of Pb found in different parts of the
plant. The result also showed that compost-remediation method was
more effective on Cr followed by Pb based on their Transfer,
Bioaccumulation and translocation factors. Information obtained from
this study will be a useful guide in using heavy-metal contaminated
land for crop production and possibly prevent human contamination
through food chain. This information will be valuable when develop
strategies for growing crops in metal contaminated soils for animal and
human consumption. Again, though the objective of this research did
not intend to use maize crop for phytoremediation but from the results
of translocation, transfer and bioaccumulation factors, it implies that
maize crop meant for phytoremediation must be uprooted at 1MAP
when the metal accumulation in the above-ground parts was at max-
imum. Since the concentrations in the edible parts were still above the
permissible level, there will however, be need for further research to
study the effect of continuous application of these composts on metal
immobilization. The distribution of these metals into different soil
fractions in response to compost application must also be studied.
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