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ABSTRACT

The increasing amounts of solid waste, particularly from fruits and vegetables, present major environmental challenges in
rapidly urbanizing areas. This study was carried out to determine the different forms of iron (Fe) and aluminium (Al) in fruit and
vegetable dumpsite soils in Yola, Nigeria. Soil samples were collected from three depths and analyzed for sodium
pyrophosphate, ammonium oxalate, and citrate dithionite bicarbonate (CDB) extractable iron and aluminium. Results obtained
revealed that there were highly significant (P < 0.01) differences between the interaction of dumpsite soils and sampling depths.
The highest sodium pyrophosphate (pyro), ammonium oxalate (oxa) and citrate bicarbonate dithionite (CBD) extractable Fe of
32.58, 24.40, and 29.02 mg kg'! were recorded by fruit dumpsite soil at 0-15 cm, vegetable dumpsite soil at 0-15 cm, and
vegetable dumpsite soil at 30-60 cm depth, respectively. Also, highest pyro, oxa and CBD Al of 261.60, 198.18, and 185.40 mg
kg! were recorded by fruit dumpsite soil at 0-15 cm, vegetable dumpsite soil at 30-60 c¢cm, and vegetable dumpsite soil at 0-15
cm depth. A highly significant (p<<0.01) positive correlation (R = 0.83) was observed between pyro Fe and Al. Significant
negative correlation (R = -0.90) was obtained between oxa-Fe and CBD-Fe. The higher levels of sodium pyrophosphate-
extractable Al and Fe in fruit dumpsites suggest increased bioavailability and mobility constituting a potential for leaching into
groundwater. This study provides baseline data on dumpsite soils in Yola but does not account for temporal dynamics or

variations in other regions.
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INTRODUCTION

Fruit and vegetable production is a vital sector of
the agricultural industry, catering to the escalating global
demand for fresh produce. The increasing amounts of solid
waste, particularly from organic sources such as discarded
fruits and vegetables, present major environmental
challenges in rapidly urbanizing areas like Yola (Solomon
et al., 2025; Koul et al., 2022; Sam-Uroupa and Ogbeibu,
2020; Sharma et al., 2021). Fruit and vegetable dumpsites
are common in urban areas, where large quantities of
organic waste from markets, processing plants, and
households are disposed of (Alhassan et al., 2021). The
composition of these wastes, characterized by their high
moisture content and readily decomposable organic matter,
accelerates the release of nutrients and dissolved organic
carbon into the surrounding soil environment upon
disposal. This influx of organic matter significantly
influences soil biogeochemical processes, particularly the
speciation of iron and aluminium oxides, which are crucial
in controlling the fate and transport of various contaminants
(Zhu et al., 2025). The geochemistry of iron and aluminium
oxides, which are important components of soil, is
significantly influenced by these organic-rich leachates,
which undergo complexation, dissolution, and redox
transformations that dictate their ultimate speciation and
mobility (Adewumi and Ajibade, 2015; Ojobor and
Egbuchua, 2020).

Fruit and vegetable dump sites are areas where
large quantities of organic waste are disposed and can lead
to toxic levels of iron and aluminium in the soil due to the
decomposition of organic matter. Although Iron is an

essential nutrients for plant growth, high levels of this metal
together with Al in soil can have detrimental effects on
plant health and productivity. The presence of iron and
aluminium oxides in these dumpsite soils can have a
profound impact on the soil's structure and fertility,
potentially altering the ecosystem and affecting plant
growth. These metals can also leach into the soil and
contaminate the surrounding environment, potentially
affecting human health and the ecosystem (Ekere et al.,
2020; Orimisan et al.,2024; Alengebawy et al., 2021).

Dumpsite soils containing fruit and vegetable
wastes pose significant environmental and health risks due
to the presence of heavy metals such as iron and
aluminium. Iron and aluminium are essential elements that
play critical functions in several biological activities
(Zoroddu et al., 2019). However, excessive exposure to
these elements can have adverse effects on human health
and the environment. The levels of these elements in
dumpsite soils can vary significantly depending on the type
of waste disposed and the soil composition. These elements
can leach into the soil and contaminate the surrounding
environment, potentially affecting human health and the
ecosystem. Therefore, understanding the different forms of
iron and aluminium in dump site soil is essential for
developing effective strategies to mitigate their potential
negative impacts on plant health and the environment.
(Parsafar et al., 2023).
MATERIALS AND METHODS
Location and Extent of Study Area

The study was carried out at the perishable crops
market in Yola North Local Government Area of Adamawa
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State, Nigeria. This market is located between Latitude
9.288'- 9.171 ' N and Longitude 12.433'- 12.26'E. This
strategic location positioned it as a key destination for those
seeking a rich commercial experience with the state capital.
The market has separate areas for fruit and vegetable
sellers; each section has its own dumpsite for daily wastes.
These wastes decompose, and mixes with the surrounding
soil forming a heap of soil that is regularly used as landfill
and other purposes (Solomon et al., 2025).

Soil samples were collected from the study site
using simple random sampling with a soil auger at different
depths: 0-15 c¢cm, 15-30 cm, and 30-60 cm. Samples were
were collected from at least fifteen (15) point from each
dumpsite and were made into three (3) composites for each
depth, which serve as the replications for the entire
experiment. The collected samples were air-dried to remove
moisture. Large particles, stones, roots, and other debris
were removed, and the samples were crushed using a
mortar and pestle and sieved through a 2mm mesh sieve
and analyzed for some physical and chemical properties.

Determination of Some physical and chemical properties
The particle size distribution of the soil was
determined using the Bouyoucos hydrometer method
(Bouyoucos, 1962). Soil core samplers were used to collect
undisturbed soil to measure the bulk density in the
laboratory, following the procedures outlined by Blake and
Hartge (1986). This involved oven-drying the soil sample at
105 °C until it reached a constant weight, after which the
dry weight of the soil was divided by the total volume of
the sample.
Bulk density (g cm™3) = (weight of oven —
dry soil (g) / (volume of soil (cm?)....eq. 1
Total porosity was estimated from the results of
bulk density and particle density, assuming a particle
density value of 2.65 g m> (Agbenin, 1995) using the
formula:
Total porosity (%) = (1 -
DRI ) X100 o

particle density

...eq. 2

The soil pH was measured in a 1:2.5 soil-to-water
ratio (Agbenin, 1995). The electrical conductivity (EC) of
the soil was measured using a 1:2.5 soil/water ratio, as
described by Ryan (2001). The soil organic carbon was
determined using the Walkley and Black (1934) method and
the value of organic matter was obtained by multiplying the
organic carbon content of the soil by a factor of 1.724.
based on the assumption that only 58 % of organic matter is
organic carbon. Total nitrogen was determined by the micro
Kjeldahl method (Bremner and Mul vaney, 1982). Available
phosphorus was determined as described by Jou (1978)

using the Bray-1 method (Bray and Kurtz, 1945).
Exchangeable cations (Ca, Mg, K and Na) were determined
using the NH4OAc saturation method at pH 7.0 as
described by Thomas (1982). Total exchangeable acidity
(TEA) was determined as described by Thomas (1982).
Effective cation exchange capacity was estimated by
summing up the exchangeable cations and the total
exchangeable acidity (Jou, 1978). while the percentage base
saturation was calculated for both CEC (NH4OAc) and
ECEC from the formula: (Agbenin, 1995)

Base saturation (%) =
total exchangeable bases
g X100 oo

ECEC

eq.3

Determination of the different extractable iron and
aluminium

This involves the determination of three (3)
different forms of extractable iron and aluminium: sodium
pyrophosphate, ammonium oxalate, and citrate dithionite
bicarbonate (CDB) extractable iron and aluminium.
Determination of sodium pyrophosphate extractable Fe
and Al

Organically bound Fe and Al were extracted using
0.1M sodium pyrophosphate. 0.5 g of a soil sample that
passed through a 1 mm mesh sieve was incubated overnight
after adding 30 ml of 0.1 M Na4P,07-10 H>O at pH 10 for
sixteen (16) hours (McKeague et al.,1971) Fe and Al in the
extract were then determined using atomic absorption
spectroscopy (AAS).
Determination of acid ammonium oxalate extractable Fe
and Al

To determine the amount of amorphous iron (Fe)
and aluminium (Al), 400 mg of ground soil, which was
passed through a 1 mm mesh sieve, was placed in a 15 ml
centrifuge tube. Then 10 ml of the 0.2M acidified
Ammonium oxalate solution at pH 3.0 was added to the
tube, and the tube was closed tightly. The samples were
then maintained in the dark and placed in a reciprocal
shaker for 4 hours as described by McKeague et al. (1971).
Fe and Al in the extract were then determined using atomic
absorption spectroscopy.
Determination of citrate dithionite bicarbonate
extractable Fe and Al

To determine CDB extractable Fe and Al, the
method described by McKeague et al. (1971) was adopted.
0.2 g of the soil sample was ground and passed through a
Imm-mesh sieve. The sample was placed into a 50-ml glass
centrifuge tube, where it was combined with 25 ml of a 0.3
M sodium citrate solution and 3 ml of a 1 M sodium
bicarbonate solution. The mixture was then heated to a
temperature between 75 and 80°C, ensuring that it did not
exceed this range. Then 1 g of solid dithionite was added,
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and the mixture was stirred constantly with a glass rod for
one minute and then occasionally for 5 minutes. A second
1-g portion of Na-dithionite was added with stirring as
before. A third 1-g portion was added with stirring. If a
brown or red colour in the sample persists, the Na dithionite
treatment is repeated. At the expiration of the 15-minute
digestion period, a mixture comprising 5 ml of saturated
sodium chloride solution and 5 ml of 100% acetone was
introduced into the tube to facilitate flocculation. The clear
supernatant is then carefully decanted into a 100-ml
volumetric flask. Wash the residue twice with two 20 ml
portions of 1N NaCl. The clear supernatant was filtered and
combined with the solution in the same 100-ml volumetric
flask and made up to volume with distilled water. Fe and
Al in the extract were then determined using atomic
absorption spectroscopy.
Experimental Design
The experiment was laid in a 3 X 2 factorial

Randomized complete block design (RCBD) replicated
three (3) times using three (3) levels of sampling depths and
two (2) types of dumpsite soils to compare the different
forms of Fe and Al in the dumpsite soils.
Data Analysis

Data obtained were subjected to analysis of
variance (ANOVA) Significant means were separated using
the Tukey honest significant difference test. Pearson's
correlation analysis was performed to investigate the
relationships between various soil properties and different
forms of iron (Fe) and aluminium (Al). These analyses
were conducted using the Statistical Analysis System (SAS)
version 9.4.

RESULTS AND DISCUSSION
Physical and Chemical Properties of Fruit and
Vegetable Dumpsite Soils

The results of the physical and chemical
properties of the dumpsite soils are presented in Table 1.
Data obtained indicate that the soil texture is
predominantly sandy for both fruit and vegetable soils
across all sampled depths. The highest sand content 80.80
% was recorded in vegetable dumpsite soil at 15-30 cm
and 30- 60 cm depths. While slightly lower values were
observed in the fruit dumpsite soil. Silt and clay contents
are comparatively low, with fruit dumpsite soil recording
the highest sit content of 19.20 % at 0-15 cm depth while
the highest clay content of 8.00 % were recorded in
vegetable dumpsite soil at 15- 30 cm. This may be due
slower rate of decomposition of fruit wastes as well as it’s
the coarse and fibrous material which results in a silty and
sandy texture. In contrast, vegetable waste decomposes
quickly with easily degradable leafy materials, resulting in
higher clay content, better porosity, and improved nutrient

retention. This implies that the type of organic matter and
its decomposition processes significantly affect soil
physical properties and particle size distribution. Similarly,
Tripathi and Misra (2012) opined that vegetable waste
tends to decompose into finer particles, contributing to
higher clay content due to its higher moisture retention
properties. Leroy et al. (2008) asserts that the use of fruit
waste compost can improve soil aeration and drainage. The
bulk density values of about 1.61 to 1.66 g/cm® were
recorded across the dumpsite soils and sampling depths,
suggesting moderate compaction typical of sandy soils,
while total porosity ranges from approximately 37.20 % in
fruit dumpsite soil at 30-60 cm depth % to nearly 39.20 %
in vegetable dumpsite soil at 0-15 cm depth. supporting
adequate air and water movement within the soil. The
higher porosity recorded by the vegetable dumpsite may be
attributed to its higher clay content. Islam et al. (2023);
Amadi et al. (2024) reported that vegetable waste typically
has a higher volatile matter content, which contributes to
greater porosity as it decomposes more rapidly, creating air
pockets in the soil.

Soil pH values lie in the slightly acidic to near-
neutral range, from about 5.87 to 6.29 in fruit dumpsite
soil at 0-15 cm and 15-30 cm depth respectively. depth
which is generally favorable for nutrient availability and
plant growth for both fruit and vegetable soils. This pH
range is optimal for most crop product suggesting that
nutrient availability may be favourable for plant growth
(Mohammed and Mohammed 2012). Ogbemudia and
Mbong (2013) observed that dumpsite soils mostly have
low pH values leading high levels of heavy metals, which
easily become bioavailable, posing health risks when taken
up by plants during growth and development. Nta et al.
(2020) reported that low pH can influence the mobility and
solubility of heavy metals, potentially increasing their
uptake by plants (Nta et al.,, 2020; Singh et al., 2017).
However, these are fruit and vegetable market dumpsite
soils, and the heavy metal load is not expected to be high as
substantive amount of the waste are organic. Therefore,
while the pH of of these dumpsites may support crop
growth, it is crucial to monitor heavy metal concentrations
to ensure food safety and soil quality (Jadoun and Singh,
2014). Electrical conductivity (EC) levels are low, below
0.35 dS m! irrespective of depth and dumpsite, indicating
minimal salinity stress in the dumpsite soils. Organic
carbon content ranges from 1.24 to 1.42 % and remains
relatively stable across depths and the two dumpsite soils.
This suggests moderate organic matter which is beneficial
for soil fertility and structure. Musa et al. (2021) opined
that the benefits of organic matter in soil cannot be over
emphasized, noting that it enhance the structure of the soil.
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Table 1: Physical and Chemical Properties of Fruit and Vegetable Dumpsite Soils

Dumpsite FRUIT VEG FRUIT VEG FRUIT VEG
0-15 cm 15-30 cm 30-60 cm
Sand (%) 75.20 79.20 77.80 80.80 80.32 80.80
Silt (%) 19.20 12.80 15.20 12.80 13.68 11.60
Clay (%) 5.60 8.00 7.00 6.40 6.00 7.60
Bulk D. (g cm™) 1.66 1.61 1.62 1.65 1.66 1.62
Total porosity (%) 37.40 39.20 39.10 38.00 37.20 38.60
pH 5.87 6.23 6.29 6.06 6.15 6.16
EC (dSm™) 0.30 0.28 0.29 0.34 0.30 0.26
Organic C (%) 1.38 1.39 1.37 1.24 1.33 1.42
Total nitrogen (%) 0.14 0.14 0.14 0.13 0.14 0.15
Avalil. P (mg kg™!) 11.48 8.50 14.00 11.48 10.14 10.88
Ca*" (cmol(+) kg™ 6.06 7.93 6.26 6.02 4.84 7.80
Mg?* (cmol(+) kg™) 2.19 1.97 2.56 2.07 2.44 2.49
Na' (cmol(+) kg™ 0.29 0.33 0.34 0.23 0.22 0.38
K" (cmol(+) kg™ 0.59 0.66 0.56 0.54 0.61 0.67
TEB (cmol(+) kg™ 9.13 10.89 9.72 8.85 8.11 11.34
TEA (cmol(+) kg™) 2.75 2.60 3.23 3.11 345 4.10
ECEC (cmol(+) kg'!) 11.89 13.49 12.95 11.96 11.56 15.44
PBS (%) 76.87 80.57 74.92 73.76 69.79 73.20

FRUIT= Fruit dumpsite soil, VEG= Vegetable dumpsite soil, TEB= total exchangeable bases, TEA= total exchangeable acidity,
ECEC= effective cation exchange capacity, PBS= percentage base satiration

This improvement leads to better moisture retention and
aeration, which are both essential for healthy root
development. Similarly, Asare and Szakova (2023) reported
that increased organic carbon content contributes to a
favourable carbon-to-nitrogen (C/N) ratio. This equilibrium
supports efficient mineralisation and nutrient cycling,
ultimately enhancing soil health and promoting plant
growth.Total nitrogen content is also fairly consistent
across depths and dumpsite soils (Table 1). These values
are moderate compared to the recommended range for
agricultural soils of 0.15-0.3%. Chokor and Agbai (2014)
reported that nitrogen concentrations at waste dumpsites
can reach levels as high as 1.48% at the surface and
decrease with both increasing depth and distance from the
site. The nitrogen level in the present study may be linked
to the high rate of decomposition of organic waste in the
area.

Available phosphorus shows some variability,
being higher in the fruit soil, particularly at the 15-30 cm
depth (Table 1). This suggests differential nutrient cycling
or inputs between the two dumpsites. Oketola and Akpotu
(2015) reported a range of 5.10 to 15.10 mg/kg across
different dumpsites in Aba, Nigeria. However, Obianefo et
al. (2017) reported phosphorus levels between 0.041 and
4.07 mg/kg in Port Harcourt, Rivers state, Nigeria,
suggesting that values recorded by both dumpsite soils in
this study are higher than those in their studies. However,
Amos-Tautua (2014) reported available phosphorus levels
that ranged from 35.00 to 84.20 mg/kg, which are
considerably higher than those found in this study. These
are all indications that the nutrient content of a dumpsite
soil is always a function of the type and amount of waste
being deposited. Exchangeable calcium, magnesium,
sodium, and potassium are present in moderate quantities
(Table 1). Exchangeable calcium content was higher in the
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vegetable dumpsite soil, while potassium is slightly higher
in the fruit dumpsite soil. TEB, TEA, and ECEC values
suggest the moderate fertility status of the soils, indicative
of reasonable nutrient holding capacity.The PBS values
ranging from 69.79 % to 80.57 % in fruit dumpsite at 30-
60 cm and vegetable dumpsite at 0-15 cm depth
respectively. This suggests good buffering capacity against
soil acidification and implies that a high proportion of the
soil's exchange sites are occupied by nutrient cations rather
than acidic ions, which positively influences nutrient
availability and soil health.

Results  of the physical and chemical properties
of the dumpsites indicate that disposal of fruit and
vegetable wastes play significant role in affecting the
physical and chemical properties of dumpsite soils. Rapidly
decomposing vegetable wastes increase clay content,
porosity, and calcium levels, while fruit wastes increased
silt and potassium contents. These help in maintaining soil
fertility, improving soil structure, and providing support for
smallholder crop production. However, the acidic pH
observed emphasizes the importance of monitoring heavy
metal solubility to protect soil quality.

Effects of Dumpsite Soils and Depth of Sampling on
Some Extractable Forms of Fe and Al

Table 2 presents the effects of dumpsite soils and
depth of sampling on some extractable forms of Fe and Al.
The data obtained revealed highly significant (P<0.01)
differences in sodium pyrophosphate, ammonium oxalate
and CBD extractable Fe based on both dumpsite soil and
sampling depths. Fruit dumpsite soil shows a significantly
(P<0.01) higher concentration of sodium pyrophosphate Fe
(24.36 mg/kg) than vegetable dumpsite soil (23.58 mg/kg).
Similarly, fruit dumpsite soil recorded a higher
concentration (175.15 mg/kg) of sodium pyrophosphate Al
compared to vegetable dumpsite soil (175.19 mg/kg);
however, these values are not significantly different from
each other. Significant differences in extractable Fe and Al
between fruit and vegetable dumpsite soils, as well as
across sampling depths, highlight the complex interactions
of organic matter, metal complexation, and soil
geochemistry. The higher sodium pyrophosphate-
extractable Fe in fruit dumpsite soil compared to vegetable
soil suggests that fruit waste contributes more to organo-
metal complex formation with Fe.

Table 2: Effects of Dumpsite Soils and Depth of Sampling on Some Extractable Forms of Fe and Al

Pyrophosphate Ammonium Pyrophosphat Ammoniun
Dumpsite soils Fe Oxalate Fe CBD Fe e Al Oxalate Al CBD Al
(mg/kg)
Fruit 24.36a 14.86b 22.36b 175.15a 148.78b 148.86a
Vegetable 23.58b 15.96a 24.03a 175.19a 165.88a 152.67a
MSD 0.510 0.771 0.738 3.600 12.490 14.976
Pof F 0.0067 0.0101 0.0005 0.9799 0.0122 0.583
Depth
0-15 27.70a 20.97a 18.51b 237.62a 149.32b 175.65a
15-30 21.49¢ 12.18b 25.00a 153.71b 146.21b 127.86b
30-60 22.70b 13.06b 26.06a 134.16¢ 176.46a 148.79b
MSD 0.768 1.162 1.112 5.4239 18.821 22.566
PofF <.0001 <.0001 <.0001 <.0001 0.0024 0.0006
Dumpsite soil X
Depth skok skk skk skk skk skk
P of F <.0001 <.0001 <.0001 <0001 0.009 0.009

Means with the same letters in the same column are not significantly different at P<0.05, MSD: Minimum significant difference,
P of F Probability value. ** = highly significant, P<0.01

This may be due to the slower decomposition of fibrous,
polyphenol-rich fruit residues, which enhance stable

complexation with organic ligands. While sodium
pyrophosphate-extractable Al concentrations are high in both
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soils, the lack of significant difference suggests that Al
complexation is more influenced by long-term soil processes
rather than recent organic inputs. Rakhsh et al. (2020) opined
that Al typically exists in stable mineral forms or resistant
organometallic complexes. The effect of sampling depth
reflects vertical variations in organic matter content and soil
redox conditions, with surface layers exhibiting higher
concentrations of organically complexed Fe and Al due to
fresh organic inputs. With depth, reduced organic matter and
changes in soil chemistry lower the extractable organo-metal
forms. Aluko et al. (2024) reported similar findings and
opined that higher concentrations of sodium pyrophosphate
extracted Fe in fruit dumpsite soil may result from different
organic matter compositions, soil pH and waste types
affecting metal leaching and availability.

Ammonium Oxalate Fe was significantly (P<0.01)
higher in vegetable dumpsite soil (15.96 mg/kg) than in fruit
dumpsite soil (14.86 mg/kg). Interestingly, the behaviour of
ammonium oxalate Al mirrored the patterns we observed
with Fe, showcasing a compelling similarity in their trends.
Vegetable dumpsite soil recorded significantly (p<0.05)
ammonium oxalate Al value of 165.88 mg/kg compared to
148.78 mg/kg recorded by fruit dumpsite soil. Ammonium
oxalate is specifically used to extract Fe/Al bound in poorly
crystalline or amorphous iron oxides, its higher concentration
in vegetable dumpsite soil may be due to enhanced mineral
weathering driven by organic acids, increased microbial
activity, and the formation of poorly crystalline iron and
aluminum oxides as a result of the rapid decomposition of
vegetable waste in contrast to the more stable mineral-
organic complexes and the slower biogeochemical cycling
characteristic of fruit dumpsite soils (Olatunji et al., 2015).
The change may also relate to how effectively the vegetables
absorb metals, resulting in a richer nutrient profile. Adu et al.
(2022) suggested that vegetables can absorb higher levels of
metals due to their growth conditions and root structures,
resulting in increased concentrations in the soil when their
residues are returned. Similarly, vegetable dumpsite soil
shows a significantly (P<0.01) higher concentration of CBD
extractable Fe (24.03 mg/kg) compared to fruit dumpsite soil
(22.36 mg/kg). CBD Al exhibits trends that are similar to
those observed with CBD. However, these values are not
significantly different from each other. CBD extraction
targets crystalline Fe /Al oxides, so differences in Fe
concentrations may be linked to the production of more
organic acids and other by-products during the decomposition
of vegetable wastes, which affect the oxidation-reduction
reactions in the soil as a result of the dynamic moisture and
redox conditions in vegetable dumpsites also help the aging
and crystallinity of iron oxides. Vegetable waste breaks
down quickly, which speeds up the weathering of minerals.
The fast decomposition creates organic acids that help
dissolve primary iron minerals. These then form stable,

crystalline iron oxides. They are not significantly influenced
by recent organic matter, but are more shaped by long-term
soil development and natural processes. However, the non-
significant difference on CBD-extractable aluminium in both
soils shows that aluminium oxides are more stable,
suggesting that while vegetable waste helps form and build
up crystalline iron oxides, the mineral makeup of aluminium
oxides stays mostly the same, regardless of the type of
dumpsite soil. These reactions can also facilitate the
formation of crystalline iron oxides. As iron is released from
decomposing vegetable matter, it may be more likely to
precipitate as iron oxides in the soil. However, Nta et al.
(2020) and Olakunle et al. (2018) assert that the soil
physicochemical properties can influence metal solubility and
bioavailability, resulting in higher extractable Fe levels in
vegetable dumpsite soils.

Result based on sampling depths revealed highly
significant differences (P<0.01) in sodium pyrophosphate,
ammonium oxalate, and CBD extractable Fe/Al (Table 2).
The highest concentration of Pyrophosphate extractable Fe of
27.70 mg/kg was recorded at a depth of 0-15 cm and was
significantly (P<0.01) higher than the rest of the sampling
depths. However, the lowest pyrophosphate-extractable iron
value of 21.49 mg/kg was recorded at a depth of 15-30 cm,
which was significantly lower than the 22.70 mg/kg recorded
at the 30-60 cm depth. Similar to what was observed on
pyrophosphate extractable Fe, the highest pyrophosphate Al
of 7.62 mg/kg was recorded at 0-15 cm depth and was
significantly higher than the rest of the sampling depths.
There was a notable decrease in concentration as depth
increased, with 15-30 cm recording 153.71 mg/kg, while the
lowest value of 134.16 mg/kg was recorded at 30-60 cm.
Higher pyrophosphate extractable Fe and Al at the 0-15 cm
depth may be due to the surface soil being richer in organic
matter, providing more room for Fe and Al to bind with
humic substances, creating stable Fe-organic complexes.
These complexes can accumulate in the upper layer, leading
to higher concentrations of pyrophosphate-extractable Fe and
Al. However, in the lower layers, Fe is less likely to form
stable organic complexes due to the reduced presence of
organic matter, leading to lower pyrophosphate-extractable
Fe values. Cancelo-Gonzalez et al. (2015) opined that the
presence of amorphous oxides at the surface enhances the
extractability of these metals, as they are more reactive
compared to crystalline forms found deeper in the soil.
Similarly, Gypser et al. (2019) reported that the interaction of
these metals with fulvic and humic acids, derived from the
decomposition of organic matter, further increases their
availability at the surface. Results based on ammonium
oxalate extractable Fe, the highest value of 20.97 mg/kg was
recorded at a depth of 0-15 cm and was significantly different
from the values at the other sampling depths. The study found
that the lowest concentration of ammonium oxalate-
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extractable iron (Fe) was 12.18 mg/kg, recorded at a depth of
15-30 cm.This value was not significantly different from the
13.06 mg/kg measured at a depth of 30-60 cm. Higher
ammonium oxalate extractable Fe at the soil surface may be
due to the accumulation of non-crystalline and poorly
crystalline forms of iron oxides that are often associated with
organic matter and surface processes. These forms are more
soluble in ammonium oxalate, resulting in higher extractable
concentrations on the surface, where organic matter is more
abundant and where weathering processes have concentrated
iron. Olatunji et al. (2015) opined that the soil surface
experiences significant weathering, which can release Fe
from primary minerals into more soluble forms. The presence
of organic acids from decomposing plant material enhances
the solubility of Fe, making it more extractable in the upper
layer. Conversely, the highest ammonium oxalate extractable
Al of 176.46 mg/kg was recorded at 30- 60 cm depth and was
significantly different from 149.32 and 146.21 mg/kg
recorded at 0-15 and 15-30 cm depth, respectively. Higher
ammonium oxalate extractable Al at the subsurface layers
may be due to the leaching of Al from the surface layers
downwards due to water movement through the soil profile.
As water percolates through the soil, it can dissolve and
transport Al ions deeper into the profile, where they
accumulate. Olatunji et al. (2015) reported similar results and
opined that the crystalline forms of Al oxides tend to be more
stable and less soluble than those of Fe, making Al not
readily available at the surface, but can accumulate in
subsurface horizons where it is less affected by organic
matter

Citrate bicarbonate dithionite extractable Fe/Al
showed a highly significant (P<0.01) difference among the
sampling depths (Table 2). The highest CBD Fe of 26.06
mg/kg was recorded at 30-60 cm depth, but was not
significantly different from 25.00 mg/kg. However, it was
highly significantly (P<0.01) different from 18.51 recorded at
0-15 cm depth. The highest CBD Fe at the subsurface may be
due to the release of Fe from primary minerals through
weathering, accumulating it in subsurface horizons where it
forms stable oxides and hydroxides, which are less soluble
and more resistant to further weathering, leading to higher
concentrations with depth. Lei et al. (2022) and Fan et al.
(2016) opined that subsurface layers may have finer textures
that enhance the retention of Fe oxides. In contrast, the
highest CBD extractable Al at the soil surface may be
attributed to the higher organic matter content, which can be
complex with Al ions, making them more extractable.
Organic acids from decomposing plant material can enhance
the solubility of Al, leading to higher concentrations at the
surface. Contrary to what was observed on CBD Fe, the
highest CBD Al of 175.65 mg/kg was recorded at 0-15 cm

depth and was highly significantly (P<0.01) different from
127.86 and 148.79 mg/kg recorded at 15-30 and 30-60 cm
depth, respectively (Table 2). Lei et al. (2022), Fan et al.
(2016), and Olatunji et al. (2015) reported the higher
concentration of CBD extractable Al at the surface and linked
it to its limited mobility compared to Fe.
Interaction of Dumpsite Soils and Depth of Sampling on
Some Extractable Forms of Fe

Table 3 and 4 presents interaction between dumpsite
soils and sampling depth on sodium pyrophosphate,
ammonium oxalate, and citrate bicarbonate dithionite
extractable forms of Fe and Al, respectively. The results
revealed a significant (P<0.01) interaction between dumpsite
soils and sampling depth on sodium pyrophosphate,
ammonium oxalate, and citrate bicarbonate dithionite
extractable forms of Fe and Al The highest sodium
pyrophosphate, ammonium oxalate, and citrate bicarbonate
dithionite extractable Fe of 32.58, 24.40, and 29.02 mg/kg,
respectively, were recorded by fruit dumpsite soil at 0-15 cm,
vegetable dumpsite soil at 0-15 cm, and vegetable dumpsite
soil at 30-60 cm depth, respectively, and were significantly
higher than that of the rest of the interactions (Table 3), the
highest sodium pyrophosphate, ammonium oxalate, and
citrate bicarbonate dithionite extractable Al of 261.60,
198.18, and 185.40 mg/kg were recorded by fruit dumpsite
soil at 0-15 cm, vegetable dumpsite soil at 30-60 cm, and
vegetable dumpsite soil at 0-15 cm depth, respectively, and
were significantly higher than the rest of the interactions
(Table 4). Higher sodium pyrophosphate extractable Fe and
Al by fruit dumpsite soil at the 0-15 cm depth may be due to
the surface soil being richer in organic matter, providing
more room for Fe and Al to bind with humic substances,
creating stable Fe-organic complexes. Higher levels of
pyrophosphate-extractable iron and aluminium indicate a
strong bond with decomposed organic matter. Ammonium
oxalate-extractable iron and aluminium peak at varying
depths, suggesting their movement is affected by organic
acids and redox changes during waste decomposition. Also,
CBD-extractable iron and aluminium accumulate at different
depths, reflecting cycles of dissolution and redeposition tied
to redox states and mineral transformations. This shows
interplay between organic matter input, mineral cycling, and
soil formation in tropical dumpsite soils. Cancelo-Gonzalez
et al. (2015) obtained similar results and opined that the
presence of amorphous oxides at the surface enhances the
extractability of these metals, as they are more reactive
compared to crystalline forms found deeper in the soil.
Similarly, Gypser et al. (2019) reported that the interaction of
these metals with organic acids produced by plant roots
further increases their availability at the surface.
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Table 3: Interaction of Dumpsite Soils and Depth of Sampling on Some Extractable Forms of Fe
Sodium Pyrophosphate Fe Ammonium oxalate Fe Citrate Bicarbonate Dithionite Fe
(mg/kg)
Depth Fruit Dumpsite =~ Vegetable Dumpsite Fruit Dumpsite Vegetable Fruit Dumpsite Soil Vegetable Dumpsite Soil
Soil Soil Soil Dumpsite Soil
0-15 32.58a 22.83¢c 17.55b 24.40a 19.46d 17.57d
15-30 18.38d 24.60b 11.87d 12.51d 24.50bc 25.52b
30-60 22.11c 23.30bc 15.17¢ 10.97d 23.11c 29.02a
SE+ 0.390 0.600 0.574

Means with the same letters in the same row are not significantly different at P<0.05

Page | 8



Solomon et. al., 2025

Table 4: Interaction of Dumpsite Soils and Depth of Sampling on Some Extractable Forms of Al

Ammoniun Citrate,
Pyrophosphate Al Bicarbonate,
oxalate Al Dithionite Al
(mg/kg)
. . . Vegetable . . . Vegetable . . . Vegetable
Depth Fruit Dumpsite Soil Dumpsite Soil Fruit Dumpsite Soil Dumpsite Soil Fruit Dumpsite Soil Dumpsite Soil
0-15 261.60a 213.65b 154.65b 143.99b 165.90ab 185.40a
15-30 128.69d 178.73¢c 136.95b 155.47b 136.82bc 118.90c
30-60 135.15d 133.18d 154.73b 198.18a 143.86bc 153.72abc
SE+ 2.7981 9.709 11.642

Means with the same letters in the same row are not significantly different at P<0.05
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Higher ammonium oxalate extractable Fe recorded
by vegetable dumpsite soil at the soil surface may be
due to the higher Fe absorption by vegetables and
accumulation of non-crystalline and poorly
crystalline forms of iron oxides that are often
associated with organic matter and surface processes.
Olatunji et al. (2015) reported similar findings and
opined that the soil surface experiences significant
weathering, which can release Fe from primary
minerals into more soluble forms. However, the
highest CBD Fe recorded by vegetable dumpsite soil
at the subsurface may be due to the concentration of
Fe in vegetable residue and the release of Fe from
primary minerals through weathering. However, Lei
et al. (2022) and Fan et al. (2016) opined that
subsurface layers may have finer textures that
enhance the retention of Fe oxides. In contrast, the
highest ammonium oxalate extractable Al by
Vegetable Dumpsite soil at the subsurface may be
due to the leaching of Al from the surface layers
downwards. Olatunji et al. (2015) reported similar
results and opined that the crystalline forms of Al
oxides tend to be more stable and less soluble than
those of Fe. However, the highest CBD extractable
Al at the soil surface may be attributed to the higher
organic matter content, which can complex with Al
ions, making them more extractable. Organic acids
from decomposing plant material can enhance the
solubility of Al, leading to higher concentrations at
the surface.

Pearson's Correlation Coefficient of the Different
Forms of Iron and Aluminium with Some Soil
Properties

Results of the Pearson's correlation coefficient of the
different forms of iron and Aluminium with some soil
properties are presented in Table 5. Data revealed a
highly significant (p<0.01) positive relationship
between sodium pyrophosphate extractable Fe and
Al, with an R value of 0.83. Sodium pyrophosphate
mainly extracts organic-bound Fe and Al This
positive correlation suggests that both Fe and Al are
strongly associated with organic matter in the
dumpsite soils.

This suggests that organic complexes in the soil may
similarly bind Fe and Al leading to their co-
occurrence. Also, a highly significant (p<0.01)
positive  relationship ~was observed between
ammonium oxalate Fe with sodium pyrophosphate Al
and CBD Al with r values of 0.65 and 0.74,
respectively. The positive correlations observed
between ammonium oxalate-extractable iron (Fe) and
both sodium pyrophosphate-extractable and CBD-
extractable Al suggests a highly interconnected
pedogenic system. Ammonium oxalate is used to
extract poorly crystalline or amorphous Fe and Al
oxides. Its strong correlation with sodium
pyrophosphate-extractable aluminium, which
assesses aluminium bound to organic matter, suggests
that these amorphous iron oxides and aluminium-
humus complexes are formed under similar
conditions. This process is often driven by the
presence of organic acids, which mobilise and
complex both iron and aluminium, facilitating their
co-precipitation or accumulation within the same soil
horizons. Also, its correlation with CBD-extractable
aluminium indicates that the factors controlling the
formation of highly reactive amorphous iron oxides
also play a vital role in the overall accumulation and
distribution of all forms of aluminium oxides in the
soil.
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Table 5: Pearson Correlation Coefficients of Forms of extractable Fe and Al with some Soil Properties

Pyro Fe Oxalate Fe CBD Fe Pyro Al Oxalate Al CBD Al Org.C Tot.N Av.P Na TEB TEA ECEC
Pyro_Fe 1 0.251 -0.360 0.833 0.151 0262 -0.198 -0.144 -0.017 -0.062 -0.297 -0.325 -0.343
0.314 0.143  <.0001 0.551 0294 0430 0568 0948 0.806 0232  0.188 0.164
Oxalate_Fe 1 -0.896 0.646 -0.377 0.743  0.135 0.108 -0.455 0.032 -0.161 -0.522  -0.292
<.0001 0.004 0.123 0.000 0.594 0.670  0.058  0.901 0.522  0.026 0.240
CBD_Fe 1 -0.731 0.587 -0.581 -0.168 -0.159  0.209 -0.046 0378  0.672 0.515
0.001 0.011 0.012 0506  0.530 0406  0.857 0.122  0.002 0.029
Pyro_Al 1 -0.209 0471 -0.124 -0.098 -0.169 -0.062 -0312 -0.573 -0.431
0.406 0.049 0.624  0.699  0.504 0.807 0208  0.013 0.074
Oxalate_Al 1 -0.025 -0.029  0.000 -0.193 0.147 0370  0.320 0.401
0.923  0.908 1.000  0.444 0562  0.131 0.195 0.099
CBD_Al 1 0178 0.112  -0.412  0.070  0.058 -0.042 0.035
0.480  0.659  0.089  0.783 0.818  0.869 0.890
Org. C 1 0979  0.090 0.526  0.052 -0.210 -0.022
<.0001 0.723 0.025  0.839  0.402 0.930
Tot. N 1 0.108 0406 -0.074 -0.251 -0.137
0.669  0.094  0.771 0.315 0.587
Av. P 1 0.176  -0.027  0.239 0.050
0.484 0914  0.340 0.844
Na 1 0.570  -0.102 0.435
0.014  0.687 0.071
TEB 1 0.471 0.963
0.048 <.0001
TEA 1 0.692
0.002
ECEC 1
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Guhra et al. (2022) and Monterroso et al. (1999)
concluded that the weathering, mobilization, and
immobilisation of iron and aluminium are not
independent processes and are regulated by a shared
set of environmental and biogeochemical factors,
such as soil pH, redox conditions, and the presence of
organic ligands. However, a highly significant
(p<0.01) negative relationship was observed between
ammonium oxalate Fe with CBD Fe (r=-0.90) (Table
5). This strong negative correlation indicates that the
Fe forms extracted by ammonium oxalate (poorly
crystalline) and CBD (crystalline) are inversely
related.

Soils with high amounts of poorly
crystalline Fe oxides tend to have lower amounts of
crystalline Fe oxides, which is typical of soils
transforming amorphous to crystalline phases. On
CBD Fe, results revealed a significant (P<0.05)
positive relationship with oxalate Al, TEA and ECEC
(r=0.59, 0.67 and 0.52) respectively. The positive
correlation between CBD Fe and oxalate Al, TEA
(total exchangeable acidity), and effective cation
exchange capacity (ECEC) suggests that crystalline
Fe oxides might contribute to higher soil acidity and
cation exchange capacity. Crystalline Fe oxides can
enhance soil surface charge, influencing the soil's
ability to exchange cations. A significant but negative
correlation was observed between CBD Fe with
sodium pyrophosphate Al and CBD Al (r=-0.73 and -
0.58). The negative correlation between CBD Fe and
sodium pyrophosphate and Al suggests that soils rich
in crystalline Fe oxides may have lower quantities of
Al associated with organic matter or crystalline
phases. This reflects distinct mineralogical or organic
interactions, where high levels of crystalline Fe may
reduce the binding capacity of Al to soil organic
matter or Al oxides. However, sodium
pyrophosphate extractable Al recorded a significant
(P<0.05) positive correlation with CBD Al (r = 0.47).
This positive relationship indicates some overlap
between the organic-bound Al and the crystalline or
less mobile forms of Al in the soil. This could suggest
that a portion of Al exists in both organic and mineral
forms, possibly due to dynamic soil processes like
organic matter decomposition and Al solubility.
While a significant (P<0.05) but negative relationship
(r= -0.57) was observed between pyrophosphate
extractable Al and TEA. The negative correlation
suggests that higher levels of organic-bound Al might
be associated with lower levels of soil acidity (as
measured by TEA). Muindi et al. (2015) reported that
organic matter might buffer soil acidity by binding
Al, reducing its impact on soil pH and acidity. High
levels of exchangeable Al, often found in acidic soils,
can lead to increased acidity, which in turn affects the
solubility and availability of Al in the soil solution.

Also, Gruba and Mulder (2008) obtained similar
findings and opined that as pH decreases, the
competition between Al and H' ions increases,
resulting in lower pyrophosphate-extractable Al due
to enhanced binding to soil organic matter.

CONCLUSION

The study found only slight differences in
the physical and chemical properties of the two
dumpsite  soils. Higher levels of sodium
pyrophosphate extractable Al and Fe in fruit
dumpsites suggest increased bioavailability and
mobility of these forms of metals and their potential
for leaching into groundwater or nearby water bodies,
posing environmental risks. Also, variations in
extractable Fe and Al across different depths
highlight the importance of careful soil management,
particularly in preventing metal mobilization.
Significant variations observed on the interaction
between dumpsite soils and sampling depth highlight
important implications for environmental
management practices regarding waste disposal sites,
particularly concerning soil health and potential
contamination issues. Therefore, proper waste
management practices, such as composting and or
waste treatment, can mitigate the negative effects of
metal mobilityand improve soil health. However, soil
management practices need to consider depth to
address metal accumulation or contamination from
dumpsites, as shallow ploughing may worsen Fe and
Al mobility in the surface layers. Therefore,
understanding these interactions is crucial for
assessing nutrient availability in urban agricultural
practices and environmental remediation efforts.
Further studies should be carried out to study other
heavy metals as well as the roles of microorganisms
in metal cycling.
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