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Abstract 
The intensification of agrochemical applications in sub-Saharan African agriculture has raised growing 
concerns over soil quality deterioration and heavy metal accumulation in food crops. This study 
assessed the physicochemical properties of soils and the concentrations of selected heavy metals such as 
manganese (Mn), zinc (Zn), and copper (Cu) in various tissues (roots, shoots, leaves, and grains) of 
Zea mays cultivated on pesticide-treated farmlands in five villages within the Malete district of Kwara 
State, Nigeria. Soil samples revealed acidic pH levels ranging from 6.34 to 6.66, total nitrogen between 
0.16% and 0.21%, and organic carbon content from 0.88% to 1.58%. Electrical conductivity varied 
from 217.0 to 304.0 µS/cm, while exchangeable cations such as Ca and Mg ranged from 1.65 to 2.15 
cmol/kg and 1.35 to 1.72 cmol/kg, respectively. Micronutrient concentrations were generally low: Mn 
(0.03–0.17 mg/kg), Zn (0.13–0.30 mg/kg), and Cu (0.002–0.06 mg/kg). The highest Zn concentration 
in maize roots occurred in Apo (0.108 ± 0.006 mg/kg), Mn in Malete (0.096 ± 0.003 mg/kg), and Cu 
in Apo Tapa (0.292 ± 0.103 mg/kg). Significant positive correlations were observed between soil pH 
and Zn (r = 0.51), and between organic carbon and potassium (r = 0.70). Although overall metal 
concentrations remained below critical limits, localized spikes suggest site-specific agrochemical effects. 
The findings underscore the need for integrated soil fertility and agrochemical management to enhance 
food safety and environmental sustainability. 
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INTRODUCTION 
The growing human population has significantly increased the global demand for food, 
resulting in more intensive agricultural practices. To maximize productivity, farmers have 
increasingly relied on fertilizers, insecticides, composts, manures, and wastewater for 
irrigation (Alnaass et al., 2021). While these inputs improve soil fertility and crop yield, they 
also pose environmental concerns, particularly through the accumulation of heavy metals and 
other toxicants in the soil and water systems (Alloway, 2013). 
 
Heavy metals are persistent environmental pollutants that do not degrade over time and can 
accumulate in soils through both natural and anthropogenic sources. Industrial activities such 
as mining, smelting, fossil fuel combustion, and the widespread application of phosphate 
fertilizers and sewage sludge have been implicated in soil contamination (Kapusta and 
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Sobczyk, 2015). Once introduced into the environment, these metals can remain biologically 
active and toxic for extended periods, threatening ecological integrity and public health (Tóth 
et al., 2016; Mitra et al., 2024; Turkmen et al., 2024). 
 
Several studies have documented the pathways through which heavy metals enter the human 
food chain, with soil-to-crop transmission being the most direct and significant route (Micheal, 
2023; Rai et al., 2019). Crops grown on contaminated soils can accumulate heavy metals in 
edible tissues, potentially leading to chronic health effects when consumed (Emurotu and 
Onianwa, 2017). This is especially concerning in regions with limited regulatory oversight or 
where agrochemical application is not carefully monitored (Su et al., 2022). In maize, a widely 
cultivated and consumed cereal, heavy metal uptake has been shown to affect both plant 
growth and food safety (Wang et al., 2024). 
 
In Nigeria, studies have assessed variability in soil properties and their influence on crop yield 
and nutrient availability. Wahab et al. (2024) explored spatial differences in soil micronutrients, 
while Imoloame (2013) highlighted the widespread use of pesticides in southern guinea 
savanna regions. However, these studies focused independently on soil variability or 
pesticide application, without linking the effects of both on metal accumulation in crops. 
Similar studies in other developing countries have revealed that improper pesticide usage and 
soil mismanagement can exacerbate heavy metal bioavailability (Adelekan and Abegunde, 
2011), yet such integrative assessments remain scarce in the Malete area of Kwara State. 
 
This study aimed to assess the concentration of heavy metals in the plant parts of Zea mays 
grown on pesticide-treated farmlands in Malete, Kwara State. The research also evaluated the 
influence of varying soil physicochemical properties, stemming from different management 
practices, on heavy metal uptake. While earlier works (Wahab et al., 2024; Imoloame, 2013) 
have investigated aspects of soil fertility and agrochemical use, this is the first mixed-methods 
investigation in Malete that simultaneously evaluates soil properties and maize plant health 
in relation to heavy metal accumulation. The novelty lies in its holistic approach, combining 
soil assessment and plant analysis to inform sustainable agricultural practices and food safety 
in the region. 
 
MATERIALS AND METHODS 
Study Area 
This study was conducted in Malete district of Moro LGA of Kwara State, a state in North 
central Nigeria. It is situated around latitude 8° 41' 59" N and longitude 4° 28' 0" E, and an 
altitude of about 300 m above sea level (Adio et al., 2022).  Kwara State is in the Southern 
Guinea savanna ecological zone of Nigeria, characterized by double rainfall maxima with 
tropical wet season that spans April to October and a dry season from November to March 
(Adio et al., 2022) Annual rainfall ranges from 1000 to 1500mm and annual mean temperature 
ranges between 30° and 34°C (Oladimeji et al., 2015). Kwara state is noted for being primarily 
agricultural, with maize being one of the major crops cultivated (Lawal et al., 2009). Malete is 
notable for its maize production and its diverse geographical and soil features.  
 
The predominant occupation of the people of Malete is farming, crop types including Maize, 
yam, cassava etc. Five (5) villages within Malete district area, Apo, Apo tapa, Atere, Alapo 
and Malete were selected for this study. The selection of these locations was primarily based 
on availability and farmers who consented to sample collection in their farmlands. Many of 
the farmers engage in mixed cropping with farming activities spanning 12 to 30 years. Farmers 
reported fertilizer and herbicide use twice a year for at least 9 years, except at the Malete farm, 
where neither fertilizers nor herbicides are applied. 
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Soil Sampling 
Soil samples were collected from the top 0–15 cm layer of selected farmlands. This depth was 
chosen because it is the zone of active soil changes during cropping, where plant roots are 
concentrated and is considered the most critical soil layer for maize root development 
(Ogidiolu, 2000; Klatka et al., 2019). A stratified random sampling method was used to ensure 
the data captured variability across different strata, such as slopes, flat areas, and vegetative 
zones, following the approach described by Mu et al. (2015). 
 
The soil samples were placed in properly labeled sample bags, air-dried, crushed, and sieved 
through a 2 mm mesh prior to analysis. Soil pH was determined using a glass electrode pH 
meter in a 1:1 soil: water ratio. The pH meter was calibrated using buffer solutions at pH 4, 7, 
and 9. Particle size distribution was determined using the hydrometer method as described 
by Naguib and Badaiwy (2012). Organic carbon content was determined using the Walkley 
and Black method as described by Cambardella et al. (2021). 
 
Electrical conductivity (EC) was measured using a digital conductivity bridge. Ten grams of 
air-dried soil were weighed into 50 mL beakers. After adding 10 mL of distilled water, the 
solution was allowed to stand for 30 minutes with occasional stirring. The glass electrode of 
the digital conductivity bridge was inserted into the solution, and the readings were recorded. 
Soil colour was determined using the Munsell Soil Colour Chart. Small quantities of each 2 
mm sieved soil sample were placed under the chart, and the corresponding colour was 
recorded. Available phosphorus was determined by Bray's method (Murphy and Riley, 1962), 
and absorbances were measured at a wavelength of 660 nm using a Spectronic 20 
spectrophotometer. Total acidity was determined by mixing a small sample of soil with 
potassium chloride (KCl), allowing it to stand for 30 minutes, filtering, and titrating against a 
base. 
 
Exchangeable cations (Ca, Mg, Na, and K) were measured using atomic absorption 
spectrometry (AAS) following digestion with aqua regia. Total nitrogen was determined 
using the Macrokjeldahl method (Bremner, 1965; Zhan and Sun). Micronutrients (Zn, Cu, Mn) 
were determined using the Wet Acid Digestion Method. 
 
Plant Sampling and Analysis 
Zea mays was selected as the representative plant for this study, and only fields planted with 
maize were considered for sampling. Plants were harvested at full maturity from the 
corresponding soil sampling sites. The plants were separated into roots, shoots, and grains. 
Roots and grains were cleaned with running water and deionized water, then dried at 105°C 
for 30 minutes to fix them, followed by drying at 70°C until constant weight. Dried grain 
samples were ground, homogenized, passed through a 0.15 mm mesh sieve, and stored in 
polyethylene zip bags in a desiccator for later heavy metal analysis (Xu et al., 2022). 
 
Dried root, straw, and grain samples were analyzed for micronutrients. The plant material 
was prepared for analysis by ashing in a muffle furnace at 480°C for 16 hours, followed by 
digestion with concentrated HNO₃ and refluxing with 3 M HCl. Element concentrations in the 
filtrates were measured by AAS. Each sample was analyzed in duplicates, and the data were 
kept for subsequent statistical analysis. 
 
Statistical Analysis 
All statistical analyses were performed using R software (version 4.4.1). Onaway ANOVA 
wbas performed to determine the significant differences in soil properties and micronutrient 
concentrations in soil and plant samples using a 95% confidence limit. A post-hoc test to 
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separate the means were carried out using Tuckey’s HSD Pearson’s correlation coefficients. 
Correlation plots were drawn using the corrplot package. Significant correlations and p values 
were obtained using the Hmisc package. 
 
RESULTS AND DISCUSSION 
Soil Physical and Chemical Properties 
The pH of the soils ranged from 6.34 to 6.66 across the study locations, indicating slightly 
acidic conditions. Soils with pH <7.0 are typically classified as acidic, and this can influence 
the mobility and availability of nutrients and heavy metals. The highest pH was observed in 
Atere (6.66 ± 0.32), while the lowest was recorded in Malete (6.34 ± 0.08), which was 
statistically significant (Table 1). 
 
Total nitrogen (TN), organic carbon (OC), available phosphorus (P), and cation exchange 
capacity (CEC) values did not differ significantly among the study sites. However, electrical 
conductivity (EC) was significantly higher in Atere (304.0 ± 89.1 µS/cm), suggesting greater 
ionic activity in the soil, possibly due to higher salt content or fertilizer application (Table 1). 
Soil texture composition varied among locations. Atere and Alapo had significantly higher 
silt content (19.7%), while Apo tapa had the highest sand content (52.5%). Clay content was 
generally similar across sites, except in Atere (31.2 ± 1.04), which had a significantly higher 
percentage compared to Apo tapa (29.1 ± 0.90) (Table 1). 
 
Regarding exchangeable cations, calcium (Ca) was highest in Atere (2.15 ± 0.18 cmol/kg) and 
lowest in Apo tapa (1.65 ± 0.16), showing significant variation (p<0.05). However, magnesium 
(Mg), sodium (Na), and potassium (K) concentrations showed no significant differences 
across the sites (Table 1). 
 
Table 1. Soil Physicochemical Properties of the Study Sites 

Property Atere  Apo tapa Apo  Alapo  Malete  

pH 6.66 ± 0.32 a 6.58 ± 0.09 ab 6.52 ± 0.16 ab 6.36 ± 0.11 ab 6.34 ± 0.08 b 

TN (%) 0.21 ± 0.06 ns 0.16 ± 0.01 ns 0.17 ± 0.02 ns 0.18 ± 0.05 ns 0.20 ± 0.03 ns 

OC (g C/kg) 2.21 ± 1.05 ns 1.35 ± 0.14 ns 1.47 ± 0.21 ns 1.61 ± 0.85 ns 1.79 ± 0.30 ns 

EC (µS/cm) 304.0 ± 89.1 a 217.0 ± 9.64 b 225.0 ± 3.67 b 221.0 ± 6.15 b 231.0 ± 13.4 b 

Avail P 
(mg/kg) 

28.6 ± 9.37 ns 20.9 ± 1.47 ns 22.2 ± 1.99 ns 21.3 ± 8.72 ns 26.5 ± 6.23 ns 

TA (cmol/kg) 0.10 ± 0.02 ns 0.12 ± 0.02 ns 0.12 ± 0.04 ns 0.10 ± 0.02 ns 0.14 ± 0.02 ns 

Ca (cmol/kg) 2.15 ± 0.18 a 1.65 ± 0.16 b 2.01 ± 0.29 ab  1.96 ± 0.27 ab 1.81 ± 0.35 ab 

Mg (cmol/kg) 4.38 ± 1.23 ns 4.01 ± 0.59 ns 4.99 ± 0.82 ns 3.71 ± 0.57 ns 4.79 ± 1.27 ns 

Na(cmol/kg) 0.30 ± 0.09 ns 0.22 ± 0.01 ns 0.23 ± 0.04 ns 0.27 ± 0.12 ns 0.30 ± 0.08 ns 

K (cmol/kg) 0.43 ± 0.11 ns 0.35 ± 0.02 ns 0.36 ± 0.03 ns 0.36 ± 0.09 ns 0.46 ± 0.12 ns 

CEC(cmol/kg) 7.36 ± 1.29 ns 6.35 ± 0.63 ns 7.71 ± 1.06 ns 6.37 ± 0.69 ns 7.43 ± 1.00 ns 

Silt (%) 19.7 ± 0.10 a 17.9 ± 0.08 c 18.5 ± 0.12 b 19.7 ± 0.46 a 18.7 ± 0.14 b 

Sand (%) 48.4 ± 0.14 d 52.5 ± 0.17 a 51.3 ± 0.59 b 50.6 ± 0.14 c 52.9 ± 0.24 a 

Clay (%) 31.2 ± 1.04 a 29.1 ± 0.90 b 30.1 ± 0.63 ab 29.6 ± 0.09 ab 29.7 ± 1.72 ab 

Means with ns within a column are not significantly different, while different letters denote significant differences. 
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The concentrations of Mn, Zn, and Cu in the soils varied significantly among the sites. The 
highest Mn concentrations were recorded in Atere (0.15 ± 0.02 mg/kg) and Malete (0.17 ± 
0.06), both statistically higher than the other sites. Zinc was most abundant in Atere (0.30 ± 
0.07 mg/kg), while copper was highest in Apo (0.06 ± 0.06 mg/kg), though this value was not 
significantly different from Apo tapa and Atere (Table 2). 
 
Table 2. Heavy Metals and Micronutrients in Soil Samples 

 Atere  Apo tapa Apo  Alapo  Malete  

Mn 0.15 ± 0.02 a 0.06 ± 0.04 b 0.03 ± 0.03 b 0.04 ± 0.02 b 0.17 ± 0.06 a 

Zn 0.30 ± 0.07 a 0.21 ± 0.05 b 0.14 ± 0.02 bc 0.13 ± 0.02 c 0.17 ± 0.03 bc 

Cu 0.05 ± 0.01 ab 0.03 ± 0.03 ab 0.06 ± 0.06 a 0.02 ± 0.03 ab 0.002 ± 0.001 b 

Means with the same letter within a column are not significantly different, while different letters denote significant 
differences. 

 
Correlation analysis (Table 3) revealed several significant relationships. Soil EC was positively 
correlated with Mn (r = 0.44*) and Zn (r = 0.58*), suggesting higher electrical conductivity may 
enhance metal mobility. Organic carbon correlated significantly with TN (r = 0.96*) and Na (r 
= 0.88*), indicating organic matter may retain or contribute to nutrient accumulation. 
CEC showed a strong positive correlation with Mg (r = 0.95*), highlighting the importance of 
CEC in base cation retention. Clay content correlated significantly with Ca (r = 0.56*) and Zn 
(r = 0.37*), whereas sand was negatively correlated with EC, Zn, and clay. 
 
Table 3. Correlation Matrix of Soil Physicochemical Properties and Micronutrient 
Concentrations in the soil 
  pH TN EC OC P TA Ca Mg Na K CE

C 
Mn Zn Cu silt clay sand 

pH 1.00                 

TN 0.12 1.00                

EC 0.72* 0.39* 1.00               

OC 0.07 0.96* 0.34 1.00              

P 0.18 0.97* 0.46* 0.94* 1.00             

TA -0.15 0.04 -0.06 0.02 0.01 1.00            

Ca 0.06 -0.02 0.30 0.02 -0.06 0.09 1.00           

Mg 0.35 0.16 0.34 0.01 0.22 0.12 -0.04 1.00          

Na -0.04 0.91* 0.31 0.88* 0.91* -
0.02 

0.01 0.09 1.00         

K -0.03 0.68* 0.24 0.70* 0.64* 0.26 0.09 0.09 0.59
* 

1.00        

CEC 0.36 0.27 0.45* 0.13 0.31 0.18 0.24 0.95* 0.21 0.21 1.00       

Mn 0.03 0.35 0.44* 0.28 0.43* 0.03 0.04 0.23 0.36 0.29 0.27 1.00      

Zn 0.51* 0.00 0.58* 0.04 0.08 -
0.07 

0.27 0.21 -
0.07 

0.03 0.27 0.44* 1.00     

Cu 0.13 0.23 0.07 0.23 0.20 0.24 0.46* 0.35 0.19 0.08 0.50
* 

-0.20 0.20 1.00    

silt -0.08 0.32 0.37* 0.38* 0.26 -
0.24  

0.44* -0.15 0.36 0.19 0.02 0.20 0.16 0.05 1.00   

clay 0.21 0.03 0.26 0.11 0.04 -
0.24 

0.56* -0.09 0.05 0.21 0.07 0.17 0.37* 0.19 0.40* 1.00  

sand -0.29 -0.22 -0.53* -0.34 -0.22 0.32 -
0.53* 

0.09 -
0.18 

-
0.04 

-
0.08 

0.10 -0.50* -0.34 -0.75* -0.54* 1.00 

*Significant at 0.05 

 
Heavy metal concentrations in Zea mays roots varied across locations. The highest Zn uptake 
was observed in Apo (0.486 ± 0.005 mg/kg), followed by Alapo (0.192 ± 0.021), while Atere 
and Malete recorded the lowest (Table 4). Manganese was most concentrated in the roots of 
maize from Apo (0.108 ± 0.006) and Malete (0.096 ± 0.003). Copper uptake was highest in Apo 
tapa (0.292 ± 0.103), suggesting variation in bioavailability across treated and untreated farms 
(Kumar et al., 2020). 
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These findings contrast with those of Awokunmi et al. (2015), who reported elevated Mn, Cu, 
and Zn in maize roots grown in dumpsite soils in Ekiti State. The lower uptake observed in 
this study may be attributed to differences in soil origin, pesticide application, and nutrient 
availability, as supported by Swathy et al. (2024) whose study was a multidisciplinary research 
spanning Thailand and South Korea: 
 
Table 4. Heavy Metals in Roots of Zea mays 

Villages  Mn (mg/kg) Cu (mg/kg) Zn (mg/kg) 

Apo tapa Treated 0.0010±0.002 c 0.292 ± 0.103 a 0.174 ± 0.023 b 

Alapo Treated 0.049 ± 0.004 b 0.034±0.000b                             0.192 ± 0.0021 b 

Apo Treated 0.108 ± 0.006 a 0.123±0.000b              0.486 ± 0.005 a 

Atere Treated 0.038 ± 0.015 b 0.074 ± 0.009 b 0.124 ± 0.0007 c 

Malete Non- treated 0.096 ± 0.003 a 0.122 ± 0.021 b 0.112 ± 0.002 c 

Means with the same letter within a column are not significantly different, while different letters denote significant 
differences. 

 
In the shoots, Apo tapa had the highest Zn content (0.477 ± 0.011 mg/kg), significantly higher 
than Malete (0.268 ± 0.022) and other locations (Table 5). Surprisingly, Malete (a non-treated 
site) showed the highest Cu concentration (0.33 ± 0.031 mg/kg), which may indicate residual 
effects of past contamination or other edaphic factors (Table 5). 
 
These results are in contrast with Barbieri et al. (2017), who identified higher shoot Zn 
concentrations (>1.3 mg/kg) as indicators of strong Zn responses in maize. However, the 
generally low Zn levels observed in this study suggest limited availability due to soil 
characteristics. According to Guo et al. (2015), high levels of competing divalent cations can 
suppress Zn uptake, while Mossa et al. (2021) and Lahori et al. (2020) highlight the role of clay 
and other factors in reducing Zn bioavailability. 
 
Table 5. Heavy Metals in Shoots of Zea mays 

Villages  Mn (mg/kg) Cu (mg/kg) Zn (mg/kg) 

Apo tapa Treated 0.078 ± 0.0007 a 0.056 ± 0.003 c 0.477 ± 0.011 a 

Alapo Treated 0.069 ± 0.008 a 0.012 ± 0.000 d                0.24 ± 0.013 c 

Apo Treated 0.067 ± 0.006 a 0.13 ± 0.006 b 0.256 ± 0.026 c 

Atere Treated 0.05 ± 0.004b 0.035 ± 0.002 cd 0.33 ± 0.026 b 

Malete Non treated 0.001 ± 0.000 c 0.33 ± 0.031 a 0.268 ± 0.022 c 

Means with the same letter within a column are not significantly different, while different letters denote significant 
differences. 
 

The highest Mn content in leaves was recorded in Atere (0.067 ± 0.006 mg/kg) and Alapo 
(0.063 ± 0.002), while Malete had the lowest (0.026 ± 0.0007). Copper concentrations were 
highest in Alapo (0.129 mg/kg) and lowest in Malete (0.023 mg/kg). Similarly, Zn was most 
abundant in Alapo leaves (0.448 ± 0.026 mg/kg), and lowest in Malete (0.149 ± 0.018) and Apo 
(0.157 ± 0.035) (Table 6). 
Compared to values reported by Aref (2011), where Mn levels reached 124 mg/kg in maize 
leaves, the values obtained here are significantly lower. This may be due to acidic soil pH 
limiting Mn availability, consistent with known relationships between pH and metal 
solubility. 
 

Table 6 presents the concentrations of manganese (Mn), copper (Cu), and zinc (Zn) in the 
leaves of Zea mays collected from five locations. The highest Mn concentration (0.067 ± 0.006 
mg/kg) was recorded in Atere, followed closely by Alapo (0.063 ± 0.002 mg/kg), both 
significantly higher than the control site, Malete (0.026 ± 0.0007 mg/kg). This suggests 
increased uptake in these locations, possibly due to greater anthropogenic input such as 
fertilizer or pesticide use, which can enhance Mn bioavailability (Alloway, 2013). 
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Copper concentrations varied widely, with Alapo (0.129 ± 0.001 mg/kg) having the highest, 
and Atere (0.018 ± 0.000 mg/kg) the lowest. The elevated Cu in Alapo may be attributed to 
the application of copper-based agrochemicals or soil amendments (Kakutey et al., 2023). 
Malete and Apo had similar Cu levels (0.023 and 0.024 mg/kg respectively), indicating 
relatively low environmental Cu exposure. 
 
Zinc concentrations ranged from 0.112 ± 0.004 mg/kg in Apo Tapa to 0.448 ± 0.026 mg/kg in 
Alapo, the latter being significantly higher than all other sites. Elevated Zn in Alapo and Atere 
(0.364 ± 0.009 mg/kg) suggests possible contamination from fertilizers or other waste 
materials rich in Zn. These variations reflect the influence of both soil properties and 
management practices on metal uptake in plant foliage (Alengebawi et al., 2021). 
 
Table 7 shows the concentrations of Mn, Cu, and Zn in the grains of Zea mays. Apo Tapa 
recorded the highest Mn concentration (0.057 ± 0.004 mg/kg), followed closely by Atere (0.053 
± 0.003 mg/kg), both significantly higher than Alapo (0.023 ± 0.001 mg/kg) and Malete (0.026 
± 0.000 mg/kg). The higher Mn levels in grains from Apo Tapa and Atere may raise potential 
food safety concerns, especially with chronic exposure, as Mn can accumulate in edible parts 
under high environmental availability (Sahinovic et al., 2018). 
 

Copper content in grains ranged from 0.019 ± 0.001 mg/kg in Apo Tapa to 0.064 ± 0.004 mg/kg 
in Atere. The relatively high Cu in Atere grains may be linked to intensive agrochemical use 
or increased Cu mobility in the soil, whereas the lower values in Apo Tapa and Alapo suggest 
limited Cu availability or plant translocation. 
 

Zinc concentrations varied with Apo Tapa and Malete showing the highest values (0.282 ± 
0.001 mg/kg and 0.271 ± 0.006 mg/kg, respectively), significantly higher than Apo (0.086 ± 
0.002 mg/kg). Interestingly, the control site, Malete, showed high Zn accumulation in grains 
despite low soil and leaf concentrations, which could be due to genotype-specific uptake and 
efficient Zn translocation mechanisms in maize (Wu et al., 2025). 
 

Overall, the differential accumulation of heavy metals in grains versus leaves suggests 
selective uptake and transport processes in maize, influenced by soil chemistry, crop variety, 
and external inputs (Wang et al., 2015). 
 
Table 6. Heavy Metals in Leaves of Zea mays 

Villages  Mn (mg/kg) Cu (mg/kg) Zn (mg/kg) 

Apo tapa Treated 0.047 ± 0.006 b 0.034 ± 0.001 b 0.112 ± 0.004 c 

Alapo Treated 0.063 ± 0.002 a 0.129 ± 0.001 a 0.448 ± 0.026 a 

Apo Treated 0.041 ± 0.007 b 0.024 ± 0.002 c 0.157 ± 0.035 c 

Atere Treated 0.067 ± 0.006 a 0.018 ± 0.000 e 0.364 ± 0.009 b 

Malete Non treated 0.026 ± 0.0007 c 0.023 ± 0.000 d 0.149 ± 0.018 c 

Means with the same letter within a column are not significantly different, while different letters denote significant 
differences. 
 

Table 7. Heavy Metals in grains of Zea mays 
Villages  Mn (mg/kg) Cu (mg/kg) Zn (mg/kg) 

Apo tapa Treated 0.057 ± 0.004 a 0.019± 0.001c 0.282 ± 0.001 a  

Alapo Treated 0.023 ± 0.001 b 0.027 ± 0.018 bc 0.195 ± 0.004 b 

Apo Treated 0.038 ± 0.012 b 0.044 ± 0.001 ab 0.086 ± 0.002 c 

Atere Treated 0.053 ± 0.003 a 0.064 ± 0.004 a 0.157 ± 0.038 b 

Malete Non treated 0.026±0.000 b 0.042 ± 0.005 abc 0.271 ± 0.006 a 

Means with the same letter within a column are not significantly different, while different letters denote significant 
differences. 
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CONCLUSION 
Malete, serving as the control site, exhibited the most favorable soil quality indicators, such 
as the highest pH (6.92), lowest electrical conductivity (60.1 µS/cm), and highest organic 
carbon content (1.89%), suggesting minimal anthropogenic influence. In contrast, the soils 
from Apo, Apo Tapa, and Atere showed lower pH and higher EC values, reflecting possible 
human-induced impacts like agricultural runoff and waste disposal. These findings highlight 
the urgent need for sustainable land-use strategies, responsible pesticide application, and 
regular monitoring to preserve soil health. Further research on metal bioavailability and plant 
uptake is essential to mitigate long-term risks to food safety and public health. 
 
To reduce heavy metal risks, it is recommended that regular monitoring of soil and crops 
should be carried out in areas with high pesticide use. Farmers should adopt Integrated Pest 
Management (IPM) methods like crop rotation and natural pest control to reduce chemical 
use. Adding compost and green manure can improve soil health and limit metal uptake. 
Training farmers on safe pesticide use, enforcing pesticide regulations, and doing further 
research across seasons and crops will also help protect food safety and the environment. 
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