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Abstract 
This research work studies the impacts of irrigation and other agricultural practices on the soil 
along the bank of Tungan Kawo dam. The experimental analysis evaluates the soil physicochemi-
cal parameters and metal (Cd, Cu, Cr, Ni, Fe, Mn, Pb and Zn) concentrations using sequential ex-
tractions. The physicochemical parameters of the soils across the sites indicated values reported 
for less polluted soils. Also, analysis of total metals in the soils indicated lower concentration of all 
metals evaluated than recommended standard limits with exception of Cd. The results of sequen- 
tial extraction of heavy metal in soil sample indicated that all metals were mainly associated with 
the residual, Fe-MnO and organic bound fractions. The residual fraction has the maximum con- 
centration of metals especially in cool and dry season for Cr, Cu, Ni, Pb and Zn, whereas only a 
small fraction of all the heavy metal is extracted in water soluble, exchangeable and carbonate 
bound fractions. It indicates that the bioavailability index is low. Hence, mobility of the heavy 
metals by the surrounding plants grown on the soils is low. 
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1. Introduction 
Pollution of the environment is an important problem in human’s life that leads to a miserable condition. Envi-
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ronment usually affected include: air, soil, water and vegetations which have direct effect on human life. The 
soil being the repository of all pollutants is most affected because soil is used for vegetation of edible plants and 
plants are taken in as part of our food. Soil is a very important natural resource to man as it is a source of his life 
on this planet. Despite its importance, soil is often contaminated by human activities and this is reflected in the 
high horizontal and vertical variability brought about by the anthropogenic influence on soil formation and de-
velopment [1].  

A variety of human activities including municipal waste disposal, industrial emissions, and agricultural prac-
tices have left their impacts on soils in the form of elevated and high level of toxicants especially the heavy met-
als [2]. The concentration of heavy metals in soil and their impact on ecosystems can be influenced by many 
factors such as the parent rock, climate and anthropogenic activities [3]. Among the pollutants that persist and 
accumulate in the soils include: inorganic toxic compounds. The soil is thus becoming increasingly polluted 
with chemicals and other pollutants which can reach the food chain, surface water or ground water and ulti-
mately be ingested by man [4]. 

In Northern Nigeria, fadama is a common agricultural practice mostly located within the banks around rivers, 
dams and other major water sources that stay throughout the year and are often used for irrigation activities cov-
ering but not limited to the irrigation of assorted vegetables and other root crops [5]-[7]. Fadama is a Hausa 
word meaning the seasonally flooded or floodable plains along major savannah rivers and/or depressions on the 
adjacent low terraces [8]. Fadama utilization has been a major feature of the agricultural, food, economic and 
demographic experience of the Nigerian dry belt. The rationale for resource utilization here hinges on the avail-
ability of valuable agricultural resources in a zone where rain fed agricultural prospects are poor due to the small 
and erratic nature of rainfall and endemicity of drought [9]. Of a particular threat to fadamaor lowland irrigation 
crops in dry land areas located along dams are effluents agricultural practice and households especially where 
there no industrial contributions which contaminate irrigation channels. Tungan Kawo dam irrigation scheme in 
Kontagora is not different from the foregone problems. From literature, no information is available on the qual-
ity assessment of the agricultural soils along the bank of Tungan Kawo dam, hence, imperative for this study. 
Therefore, the study aimed to elucidate the quality of the agricultural soil through the following objective; de-
termination of physicochemical parameters, metal concentration based on their geochemical forms and confir-
mation of their risk to plants.  

2. Materials and Methods 
2.1. Study Area 
The Tungan Kawo Dam is located State between latitude 10˚21"58.51˚N - 10˚23"28.50˚N of the equator and 
between longitude 5˚19"29.23˚E - 5˚20"59.23˚E in Tungan Kawo village, northwest of Kontagora, 7 km along 
Kontagora-Yauri road in Kontagora Local Government Area of Niger State. The dam has a catchments area of 
143 km2 with a total storage capacity of 17.7 M Cubic meters, 20 m high and dam crest length of 1000 m. The 
dam was commission in May 1991. It is the largest source of water supply in Kontagora Township. The people 
of Tungan Kawo and its environs are predominantly farmers and have remained so for years. In this area, vege-
tables are irrigated with dam water and all kinds of available waste and polluted waters. Similarly, to enhance 
the yield of these vegetables, fertilizers and manures are occasionally added to the soil [10]. 

2.2. Sampling 
The farmland was divided into five sampling plots as shown in Figure 1 and soil samples were collected within 
the rooting depth (0 - 15 cm) during when crops are harvested across the seasons. A total of fifteen (15) samples 
were collected from the five (5) sampling plots with the aid of a stainless bottom grab. The content of the grab 
was emptied into a black polythene bag [11] at each location, labelled and taken to the laboratory for process-
ing/pre-treatment and analysis. Each sampling site comprises of three (3) samples composites to form a core for 
the site. Samples were collected on a seasonal basis between February 2012 and September 2013 as follows: 

Seasons 
Cool and dry season: December-February 
Hot and dry season: March-May  
Warm and wet season: June-August 
Warm and dry season: September-November 
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Source: Adapted and Modified from Europa technologies Google Earth Image, 2010 

Figure 1. Tungan Kawo dam showing sampling sites and vegetation areas. 

2.3. Sample Pre-Treatment 
Soil samples for metal analysis were allowed to air-dried. Dry soils were ground into fine powder and homoge-
nized using an acid-washed clean mortar and pestle and sieved to give 200 μm particle size. They were then 
stored in desiccators to attain constant weight before being stored in air-tight plastic bottles. All metallic deter-
mination from soil samples was based on the fine particles obtained. 

2.4. Sequential Extraction 
Sequential extraction was carried out on the principle of selective extraction proposed by [12]. This method 
modified the conventional method developed by [13]. The modified method determines fractionation of heavy 
metals into six (6) geochemical fractions. 1.0 g of the homogenized sample was weighed into a conical flask and 
appropriate extractants were added and the pH of solution matrix was adjusted following a standard literature 
procedure according to [12]. The extract from the six stages of extractions were separately stored in a plastic 
vials prior to AAS analysis. The total concentrations of each metal were calculated as sum of the six fractions 
from the metal. Samples were analysed in triplicate. Sample treatment, extraction and subsequent analytical de-
terminations were performed in a clean laboratory. 

Quality control test was performed on soil and plant samples in order to validate the experimental procedures. 
This was done by spiking the pre-digested soil and plant samples with multielement metal standard solution (0.5 
mgL−1 of Cd and Cr and 5 mgL−1 for Cu, Fe, Mn, Ni, Pb and Zn). The percentage recovery showed that 90% - 
95% of the spiked metals were recovered, indication of reliability of the results obtained.  
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2.5. Method Validation 
The efficiency of the digestion method was validated by a spiking experiment as described in the preceding 
chapter. The percentage recoveries of metals ranged from 99.0 - 108.0 in pepper and 90.0 - 100.0 in soils. The 
pattern of recovery efficiency in both pepper and soil were found to follow the decreasing order, Cd > Pb > Ni > 
Mn > Cu > Zn > Cr and Pb > Mn > Cd > Zn > Cu > Ni > Cr, respectively. However, high recoveries above 90% 
in this study could imply that the procedures used for treatment and analysis of sample is efficient. 

2.6. Physicochemical Parameters 
The pH and electrical conductivity of sediment samples was measured with sediment: water ratio 1:2 using pH 
and electrical conductivity meters as described by [14], organic carbon was determined by the method of [15], 
cation exchangeable capacity (CEC) was determined by [14], particle size distribution was determined by the 
hydrometer method as described by [16]. Also, extractable nitrate ( 3NO− ), chloride ( Cl− ), sulphate ( 2

4SO − ) and 
available phosphate ( 3

4PO − ) were determined by methods described by [17]. 

3. Results and Discussion 
3.1. Physicochemical Parameters 
The results of variation in physicochemical parameters from the study and control area in the four seasons are 
presented in Tables 1-4. The results of the pH for study site range from 5.77 (site 5) - 7.17 (site 1), 6.40 (sites 2 
and 3) - 6.62 (site 1), 9.00 (site 4) - 10.23 (site 2), and 7.37 (site 3) - 7.49 (site 2) for cool and dry season, hot 
and dry season, warm and wet season, and warm and dry season respectively. For the control site, the pH frac-
tion was 7.50, 6.20, 6.20 and 6.50 in the same order of seasons. pH in CaCl2(aq) for the study site showed 5.10 
(site 3) - 5.27 (site 1), 5.27 (site 1) - 5.50 (site 3), 6.20 (site 5) - 6.67 (site 2) and 6.30 (sites 1 and 4) - 6.50 (site 
3) for cool and dry season, hot and dry season, warm and wet season, and warm and dry season respectively. 
Also, for the control site, the pH in CaCl2(aq) was found to be 6.50, 5.10, 5.10 and 5.10 across the seasons in the  

 
Table 1. Physico-chemical parameters of soil samples during cool and dry season. 

Site pH 
2CaClpH  ECE 

(μS/cm) OM (%) TN (%) 3NO−  

(mg/L) 
AP  

(mg/100g) 

2
4SO −  

(mg/L) 
Cl−  

(mg/L) 
CEC 

(Cmol/kg) 

1 7.17 ± 0.06 5.27 ± 0.06 0.05 ± 0.00 0.78 ± 0.01 0.05 ± 0.00 0.01 ± 0.00 7.81 ± 0.06 8.50 ± 0.05 0.46 ± 0.04 5.37 ± 0.06 

2 6.67 ± 0.06 5.17 ± 0.06 0.03 ± 0.01 0.52 ± 0.01 0.04 ± 0.00 0.01 ± 0.00 13.13 ± 0.01 15.70 ± 0.10 0.34 ± 0.01 9.20 ± 0.10 

3 6.30 ± 0.10 5.10 ± 0.10 0.01 ± 0.00 0.75 ± 0.01 0.05 ± 0.00 0.01 ± 0.00 7.82 ± 0.12 13.29 ± 0.01 0.25 ± 0.01 8.40 ± 0.10 

4 5.80 ± 0.10 5.20 ± 0.10 1.31 ± 0.09 0.78 ± 0.01 0.08 ± 0.01 0.01 ± 0.00 8.74 ± 0.04 13.80 ± 0.10 0.45 ± 0.02 5.17 ± 0.15 

5 5.77 ± 0.15 5.20 ± 0.10 1.30 ± 0.10 0.65 ± 0.02 0.05 ± 0.00 0.01 ± 0.00 9.31 ± 0.45 8.52 ± 0.08 0.25 ± 0.01 5.70 ± 0.10 

Control 7.50 ± 0.10 6.50 ± 0.10 0.05 ± 0.01 2.35 ± 0.05 0.18 ± 0.00 0.01 ± 0.00 136.40 ± 0.10 15.07 ± 0.02 2.23 ± 0.06 10.13 ± 0.06 

EC: Electrical Conductivity; OM: Organic Matter; TN: Total Nitrogen; AP: Available Phosphorus; S: Sulphur; Cl−: Chloride; CEC: Cation Exchange 
Capacity. 

 
Table 2. Physico-chemical parameters of soil samples during hot and dry season. 

Site pH 2CaClpH  ECE 
(μS/cm) OM (%) TN (%) 3NO−   

(mg/L) 
AP  

(mg/100g) 

2
4SO −   

(mg/L) 
Cl−  

(mg/L) 
CEC 

(Cmol/kg) 

1 6.62 ± 0.03 5.27 ± 0.06 0.10 ± 0.00 1.00 ± 0.00 0.05 ± 0.00 0.02 ± 0.00 7.03 ± 0.06 9.06 ± 0.00 0.80 ± 0.00 8.40 ± 0.00 

2 6.40 ± 0.00 5.40 ± 0.00 0.05 ± 0.01 1.60 ± 0.00 0.08 ± 0.01 0.01 ± 0.00 7.00 ± 0.00 20.53 ± 0.01 0.70 ± 0.00 7.83 ± 0.06 

3 6.40 ± 0.00 5.50 ± 0.00 0.07 ± 0.01 0.87 ± 0.01 0.08 ± 0.00 0.01 ± 0.00 7.07 ± 0.06 9.65 ± 0.01 0.57 ± 0.06 8.60 ± 0.00 

4 6.50 ± 0.00 5.30 ± 0.00 0.06 ± 0.01 1.49 ± 0.03 0.08 ± 0.00 0.01 ± 0.00 7.07 ± 0.12 9.77 ± 0.01 0.57 ± 0.06 8.57 ± 0.12 

5 6.42 ± 0.03 5.37 ± 0.06 0.05 ± 0.01 0.97 ± 0.01 0.06 ± 0.00 0.01 ± 0.00 7.17 ± 0.15 10.23 ± 0.01 0.67 ± 0.06 8.63 ± 0.06 

Control 6.20 ± 0.00 5.10 ± 0.00 0.10 ± 0.00 1.14 ± 0.00 0.06 ± 0.00 0.01 ± 0.00 7.10 ± 0.10 9.84 ± 0.07 0.50 ± 0.00 6.20 ± 0.00 

EC: Electrical Conductivity; OM: Organic Matter; TN: Total Nitrogen; AP: Available Phosphorus; S: Sulphur; Cl−: Chloride; CEC: Cation Exchange 
Capacity. 
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Table 3. Physico-chemical parameters of soil samples during warm and wet season. 

Site pH 2CaClpH  ECE 
(μS/cm) OM (%) TN (%) 3NO−  

(mg/L) 
AP  

(mg/100g) 

2
4SO −  

(mg/L) 
Cl−  

(mg/L) 
CEC  

(Cmol/kg) 

1 9.72 ± 0.08 6.37 ± 0.06 0.30 ± 0.00 2.10 ± 0.00 0.07 ± 0.00 1.75 ± 0.01 7.77 ± 0.06 15.46 ± 0.01 0.97 ± 0.01 9.63 ± 0.06 

2 10.23 ± 0.38 6.67 ± 0.38 0.07 ± 0.01 1.92 ± 0.01 0.08 ± 0.00 1.05 ± 0.01 8.07 ± 0.15 20.53 ± 0.01 0.90 ± 0.06 10.43 ± 0.04 

3 9.87 ± 0.38 6.50 ± 0.00 0.08 ± 0.00 1.87 ± 0.01 0.09 ± 0.00 1.07 ± 0.01 7.80 ± 0.10 13.58 ± 0.11 1.46 ± 0.10 9.62 ± 0.01 

4 9.00 ± 0.46 6.63 ± 0.49 0.07 ± 0.00 1.86 ± 0.06 0.09 ± 0.00 1.06 ± 0.01 8.33 ± 0.06 13.10 ± 0.59 0.95 ± 0.00 9.75 ± 0.01 

5 9.63 ± 0.15 6.20 ± 0.36 0.08 ± 0.00 1.97 ± 0.01 0.09 ± 0.00 1.07 ± 0.01 7.80 ± 0.00 10.90 ± 1.15 0.96 ± 0.01 8.90 ± 0.11 

Control 6.20 ± 0.00 5.10 ± 0.00 0.10 ± 0.00 1.14 ± 0.00 0.06 ± 0.00 1.02 ± 0.00 5.17 ± 0.06 9.84 ± 0.01 0.40 ± 0.00 5.17 ± 0.06 

 
Table 4. Physico-chemical parameters of soil samples during warm and dry season.  

Site pH 2CaClpH  ECE 
(μS/cm) OM (%) TN (%) 3NO−   

(mg/L) 
AP  

(mg/100g) 

2
4SO −  

(mg/L) 
Cl−  

(mg/L) 
CEC  

(Cmol/kg) 

1 7.40 ± 0.18 6.30 ± 0.10 0.15 ± 0.00 1.53 ± 0.01 0.07 ± 0.01 1.17 ± 0.00 29.17 ± 7.96 9.06 ± 0.00 0.80 ± 0.00 8.83 ± 0.12 

2 7.49 ± 0.04 6.40 ± 0.00 0.11 ± 0.05 1.62 ± 0.01 0.08 ± 0.00 1.11 ± 0.00 6.63 ± 0.12 11.53 ± 0.01 0.70 ± 0.00 8.73 ± 0.15 

3 7.37 ± 0.06 6.50 ± 0.00 0.09 ± 0.01 0.97 ± 0.01 0.09 ± 0.00 1.11 ± 0.00 7.23 ± 0.06 9.65 ± 0.01 0.57 ± 0.06 8.80 ± 0.10 

4 7.48 ± 0.05 6.30 ± 0.00 0.09 ± 0.00 1.52 ± 0.01 0.08 ± 0.00 1.11 ± 0.00 7.33 ± 0.12 9.77 ± 0.01 0.57 ± 0.06 8.73 ± 0.06 
5 7.44 ± 0.01 6.37 ± 0.06 0.09 ± 0.00 0.98 ± 0.01 0.07 ± 0.00 1.11 ± 0.00 7.30 ± 0.00 10.23 ± 0.01 0.67 ± 0.06 8.70 ± 0.10 

Control 6.50 ± 0.00 5.10 ± 0.00 0.10 ± 0.00 1.14 ± 0.00 0.06 ± 0.00 0.01 ± 0.00 5.20 ± 0.00 9.70 ± 0.05 0.50 ± 0.00 5.50 ± 0.00 

EC: Electrical Conductivity; OM: Organic Matter; TN: Total Nitrogen; AP: Available Phosphorus; S: Sulphur; Cl−: Chloride; CEC: Cation Exchange 
Capacity. 

 
same order as the study sites. Analysis of variation among the study sites across the seasons showed significant 
differences (p < 0.05). The varying sources of effluent discharge into the dam across the seasons could be a pos-
sible reason. Comparing the pH of study and control sites, pH at the control site is alkaline across the sea-
sons.Within pH range of 5.8 - 6.5, acidity is present (apparently from hydroxyl-Al and organic functional groups, 
ordinarily hydronium, in amounts sufficient to affect acid-sensitive crops [18]). This could imply high mobility 
of metals within these sites to other environmental compartment. For pH at 6.5 - 8.0 the soil is essentially fully 
base saturated, with large amounts of exchangeable Ca and Mg [19]. The pH values recorded in the study areas 
are similar to pH values 5.5 to 6.3 and 5.40 to 7.60 reported by [20] and [9], respectively for some other Nige-
rian irrigated soils.  

The electrical conductivity (EC) across the seasons, cool and dry, hot and dry, warm and wet, and warm and 
dry showed the range: 0.01 (site 3) - 1.31 (site 4), 0.05 (site 2 and 5) - 0.10 (site 1), 0.07 (site 2 and 4) - 0.30 
(site 1), and 0.09 (site 3, 4 and 5) - 0.15 μS/cm (site 1) for the seasons respectively, 0.05, 0.10, 0.10 and 0.10 
μS/cm were the EC values for the control site across the seasons in the same order. There were significant dif-
ferences (p < 0.05) in EC among the various sites. Highest values of EC were recorded at site 4 during cool and 
dry season. Analysis of variation also indicated that mean values of EC did vary between and within seasons, 
and did show seasonal pattern. Generally, the values reported in this study are lower than 3 - 80 μS/cm reported 
in Bakori Dam irrigation soils [20]. By comparison, [21] classified ECE of soils (in dSm−1) as: non-saline <2; 
moderately saline 2 - 8; very saline 8 - 16; extremely saline >16. Across the seasons EC < 1 which indicated no 
acute problems with soil salinity. 

Seasonal variation in percentage organic matter (OM) and the variations between sampling sites were ob-
served. The OM varied between 0.52 (site 2) - 0.78 (site 1 and 4), 0.87 (site 3) - 1.60 (site 2), 1.86 (site 4) - 2.10 
(site 1), and 0.97 (site 3) - 1.62% (site 2) for cool and dry season, hot and dry season, warm and wet season, and 
warm and dry season, respectively for study sites. However, 2.35, 1.14, 1.14 and 1.14 were observed for the 
control site across the seasons. Analysis of variation among the study sites across the seasons showed significant 
differences (p < 0.05). Higher OM content in control site compare to study site (cool and dry season) could be 
due decomposition of weed plants over a long period as compare to study area where these are not found. The 
range of OM in this study is lower than 2.04% to 2.20% reported by [9]. However, the values are typically low 
and characteristic of savanna soils because of rapid decomposition of plant and animal residues added to soil 



M. S. Abdullahi et al. 
 

 
137 

[22]. This implies that the soil organic matter contains humic materials with low complex functional groups, 
which have the ability to complex metals thereby retaining them in the topsoil [23]. The more organic matter is 
present in soil, the more functional groups available for complexation with the metals, hence, the more the re-
tention [24]. The organic matter of soils in the present study indicated low retention of metals, thereby making 
them available for plant uptake. 

The total nitrogen (TN) in the soil varied between 0.04 (site 2) - 0.08% (site 4) for cool and dry season, 0.05 
(site 1) - 0.08% (site 2, 3 and 4) for hot and dry season, 0.07 (site 1) - 0.09% (site 3, 4 and 5) for warm and wet 
season, and 0.07 (site 1 and 5) - 0.09% (site 3) during warm and dry season. Across the seasons highest TN was 
recorded at site 3 (0.09%d) during warm and dry season. For the control site, TN (%) were observed to be 0.18, 
0.06, 0.06 and 0.06 for cool and dry season, hot and dry season, warm and wet season, and warm and dry season, 
respectively. There were no significant differences (p > 0.05) in EC among the various sites. Analysis of varia-
tion also indicated that mean values of EC did vary between and within seasons, and did show seasonal pattern. 
Across the seasons, there is a general increase in TN in all sites, this suggest increase in content of nitrogen in 
the soils. The range of TN in this study is lower than the range of 0.5 to 21.9% reported in Nigeria [20].  

The concentration of nitrate ( 3NO− ) in the soil samples fluctuated between 0.01 mg/l (at all sites), 0.01 (site 2, 
3, 4 and 5) - 0.02 mg/l (site 1), 1.05 (site 2) - 1.75 mg/l (site 1), and 1.11 (site 2, 3, 4 and 5) - 1.17 mg/l (site 1) 
during the cool and dry season, hot and dry season, warm and wet season, and warm and dry season, respec-
tively. Also, across the season highest % OM was recorded for site 1 (1.75 mg/l) during warm and wet season. 
For control site, 3NO−  values were 0.01, 0.01, 1.02 and 0.01 mg/l for cool and dry, hot and dry, warm and wet, 
and warm and dry seasons, respectively. Analysis of variance among the various sampling sites showed signifi-
cant differences (p < 0.05). Generally, highest concentrations of 3NO−  in soil were revealed during warm and 
dry season. Nitrate is among one of the macro nutrients necessary for plant growth [25]. The magnitude of ni-
trate in leaching will depend on the amount of nitrates in the soil, amount and time of rainfall, infiltration and 
percolation rates and also the water-holding capacity of the soil [26]. The amount of nitrate in the study area is 
higher than the control area, this suggest input of fertilizer used during irrigation responsible for the increase in 
the study sites. This also corroborate with the increase in the coefficient of nitrate during hot and dry, warm and 
wet, and warm and dry seasons. Also, from the results in the cool and dry season, there seems to be no clear 
trend in the level of nitrate across the sites. However, there is a gradual increase in nitrate across the sites down 
the warm and dry season. The values in this study is lower than range of 0.2 - 4.62 mg/L reported by [20].  

The available phosphorus (AP) across the seasons, cool and dry, hot and dry, warm and wet, and warm and 
dry showed the range: 7.81 (site 1) - 13.13 mg/L (site 2), 7.00 (site 2) - 7.17 mg/L (site 5), 7.77 (site 1) - 8.33 
mg/L (site 4), and 6.63 (site 2) - 29.71 mg/L (site 1) for the seasons respectively, 136.40, 7.10, 5.17 and 5.20 
mg/L were the AP values for the control site across the seasons in the same order. There were significant differ-
ences (p = 0.021) in AP among the various sites. Highest values of AP were recorded at site 4 during cool and 
dry season. Analysis of variation also indicated that values of AP vary (p < 0.05) between the seasons. Similar to 
nitrogen, phosphorus is an essential elements classified as macronutrient because of the relatively large amounts 
of phosphorus required by plants [25]. Phosphorus is among the nutrient added to the soils through the applica-
tion of fertilizer, hence, comparison of AP between study and control sites showed that control site has high 
level of phosphorus, this suggest possible input of phosphate from other anthropogenic sources. Across the sea-
sons, there is no clear trend in the level of AP in the sites, although highest range of 6.63 - 29.17 mg/100g was 
observed in warm and dry season. This could be related to strong positive correlation between the AP concentra-
tion and pH and organic matter. Similar relationship was also reported by [25]. However, the concentration of 
AP was higher than 0.3 - 0.6 mg/100g reported in related study in Nigeria [20].  

Sulphate ( 2
4SO − ) varied between 8.50 (site 1) - 15.70 mg/l (site 2) in cool and dry season, 9.60 (site 1) - 20.53 

mg/l (site 2) in hot and dry season, 10.90 (site 5) - 20.53 mg/l (site 2) in warm and wet season, and 9.60 (site 1) - 
11.53 mg/l (site 2) in warm and dry season. Highest concentration of sulphate was recorded in warm and wet 
season. Analysis of variation across the seasons showed significant difference (p < 0.05) in the values. For con-
trol site, 2

4SO −  values were 15.07, 9.84, 9.84 and 9.70 mg/l for cool and dry, hot and dry, warm and wet, and 
warm and dry seasons, respectively. The profile of sulphate ( 2

4SO − ) content of the soils of the study areas de-
creases in the warm and dry season (9.60 - 11.53 mg/l). The decrease in sulphate content of the soils could result 
from the parent materials, high leaching rates, crop removal and low level of atmospheric sulphur-bearing air 
[27]. Retention of sulphate in soils is highly dependent on pH and mineralogy and this is supported with strong 
positive correlation between 2

4SO − , pH and organic matter. Also the fate of sulphate in the soil is influenced by 
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many chemical, biological and physical factors and the ability of the soil to adsorb the sulphates occurs above a 
pH of 6.5 but adsorption increases as pH decreases [28], this was not observed in this study. In comparison to 
other studies range of values across the seasons was lower than 13.7 - 94.4 mg/L reported in literature [20]. 
Fluctuation in amount of 2

4SO −  across the season may occur as a result of leaching, mineralization of organic 
sulphur and uptake by plants [25]. 

Chloride (Cl−) fluctuated between 0.25 (site 3 and 5) - 0.46 mg/l (site 1), 0.57 (site 3 and 4) - 0.80 mg/l (site 
1), 0.90 (site 2) - 1.46 mg/l (site 3), and 0.57 (site 3 and 4) - 0.80 mg/l (site 1) in during the cool and dry season, 
hot and dry season, warm and wet season, and warm and dry season, respectively. Analysis of variance showed 
that there were significant differences (p < 0.05) in the values of chloride recorded among the various sampling 
sites across the seasons. Again there was no clear seasonal pattern observed. For control site, Cl− values were 
2.23, 0.50, 0.40 and 0.50 mg/l for cool and dry, hot and dry, warm and wet, and warm and dry seasons, respec-
tively. According to [25], Cl− content of the soil is not an intrinsic property of the soil, but is a result of soil 
management, because of the its mobility in the soil and the fact that it moves with the water in the soil. This 
could explain the increase in the amount of Cl− during the warm and wet season (0.90 - 1.46 mg/l) with a slight 
decrease (0.57 - 0.80 mg/l) in warm and dry season—a season after rains. This occur as a result of the fact that 
Cl− is not adsorbed on the soil particles at neutral and alkaline pH values [29] which is the pH prevalence during 
the warm and wet, and warm and dry seasons. The Cl− concentrations in the control sites are higher than the 
study sites in cool and dry season, this could occur as a result of anthropogenic inputs. The results recorded in 
this study are lower compare to 1.2 - 40.8 mg/l reported in Bakori [20].  

CEC also varied between 5.17 (site 4) - 9.20 Cmolkg−1 (site 2), 7.83 (site 2) - 8.63 Cmolkg−1 (site 5), 8.90 
(site 5) - 10.43 Cmolkg−1 (site 2), and 8.70 (site 5) - 8.83 (site 1) for cool and dry, hot and dry, warm and wet, 
and warm and dry seasons, respectively. Significantly, there were variations (p < 0.05) among sites across sea-
sons with lowest mean value of CEC recorded in the Cool and Dry Season and the highest mean value recorded 
in the warm and wet season. For control site, CEC values were 10.13, 6.20, 5.17 and 5.50 Cmolkg−1 for cool and 
dry, hot and dry, warm and wet, and warm and dry seasons, respectively. Similar, to percentage organic matter 
content, highest CEC were obtained during warm and wet season across all sites. Analysis of variation showed 
significant differences (p < 0.05) in the value of CEC recorded among the sites across the seasons. Comparing 
the study and control sites, high values were obtained in study sites with exception in cool and dry season. The 
CEC of soils is related to the nature and quality of clay and organic matter. Hence, high % organic carbon from 
these sites could be responsible for the CEC. According to [9], CEC of soil is more greatly influenced by or-
ganic matter than by the concentration of clays, hence CEC tends to be higher in the study sites than the control 
sites. For savanna soils dominated by low-activity clay and low organic matter, the CEC is quite low. According 
to [22] and Wild (1975), CEC of savanna soils is more greatly influenced by organic matter than by the concen-
tration of clays, hence CEC tends to be higher in the studied soils.  

Multivariate correlation analysis between various soil physicochemical parameters across the seasons is pre-
sented in Tables 5-8. Some of the parameters were found to bear statistically significant correlation with each  

 
Table 5. Correlation matrix among metals in soils physicochemical parameters during cool and dry season. 

Parameter pH 2CaClpH  ECE OM TN 3NO−  AP 2
4SO −  Cl− CEC 

pH 1.000          

2CaClpH  0.684** 1.000         

ECE −0.791** −0.277 1.000        

OM 0.652** 0.978** −0.281 1.000       

TN 0.504* 0.937** −0.100 0.973** 1.000      

3NO−  0.144 0.011 −0.008 0.105 0.108 1.000     

AP 0.662** 0.983** −0.310 0.983** 0.945** −0.020 1.000    
2
4SO −  0.200 0.335 −0.321 0.341 0.376 −0.500* 0.417 1.000   

Cl− 0.689** 0.986** −0.302 0.988** 0.959** 0.051 0.991** 0.394 1.000  

CEC 0.551* 0.564* −0.675** 0.550* 0.444 −0.446 0.648** 0.735** 0.581* 1.000 
**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed). 



M. S. Abdullahi et al. 
 

 
139 

Table 6. Correlation matrix among metals in soils physicochemical parameters during hot and dry season. 

Parameter pH 2CaClpH  ECE OM TN 3NO−  AP 2
4SO −  Cl− CEC 

Ph 1          

2CaClpH  0.298 1         

ECE −0.077 −0.683** 1        

OM −0.016 −0.094 −0.380 1       

TN 0.004 0.553* −0.657** 0.484* 1      

3NO−  0.697** −0.190 0.595** −0.294 −0.561* 1     

AP −0.184 −0.089 −0.033 −0.287 −0.190 −0.177 1    
2
4SO −  −0.128 0.278 −0.440 0.698** 0.323 −0.275 −0.309 1   

Cl− 0.697** 0.235 0.000 −0.019 −0.345 0.715** −0.189 0.239 1  

CEC 0.774** 0.738** −0.553* −0.153 0.316 0.200 0.000 −0.114 0.442 1 
**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed). 

 
Table 7. Correlation matrix among metals in soils physicochemical parameters during wet and warm season. 

Parameter pH 2CaClpH  ECE OM TN 3NO−  AP 2
4SO −  Cl− CEC 

pH 1          

CaCl2 0.801** 1         

ECE 0.090 −0.016 1        

OM 0.923** 0.794** 0.314 1       

TN 0.709** 0.732** −0.422 0.650** 1      

3NO−  0.254 0.141 0.984** 0.472* −0.275 1     

AP 0.899** 0.900** −0.002 0.916** 0.833** 0.172 1    
2
4SO −  0.650** 0.570* 0.104 0.519* 0.160 0.211 0.537* 1   

Cl− 0.771** 0.677** −0.031 0.696** 0.693** 0.091 0.718** 0.268 1  

CEC 0.943** 0.906** 0.062 0.919** 0.726** 0.235 0.970** 0.697** 0.736** 1 
**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed). 

 
Table 8. Correlation matrix among metals in soils physicochemical parameters during September-November. 

Parameter pH 
2CaClpH  ECE OM TN 3NO−  AP 2

4SO −  Cl− CEC 

Ph 1          

pHCaCl2 0.960** 1         

ECE 0.061 0.027 1        

OM 0.316 0.172 0.481* 1       

TN 0.682** 0.704** −0.245 0.247 1      

3NO−  0.972** 0.981** 0.124 0.277 0.647** 1     

AP 0.261 0.116 0.395 0.204 −0.051 0.187 1    
2
4SO −  0.241 0.203 −0.170 0.249 0.398 0.132 −0.296 1   

Cl− 0.558* 0.519* 0.612** 0.455 0.000 0.601** 0.405 0.063 1  

CEC 0.970** 0.981** 0.082 0.261 0.678** 0.997** 0.183 0.145 0.571* 1 

 
other indicating close association of the parameters. In the cool and dry season (Table 7), for example, data 
showed high significant positive correlation between the OM: pH, TN: pH and OM, AP: pH, OM and TN, Cl−: 
pH, OM, TN and AP, and CEC: pH, OM, AP, 2

4SO −  and Cl− (p < 0.05). On the contrary in hot and dry season 
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(Table 8), significant positive correlations (p < 0.05) were observed between TN: pH, 3NO− : pH, ECE, 2
4SO − : 

OM, Cl−: pH and 3NO− , and ECE: pH. Similarly, in warm and wet season (Table 9), significant positive corre-
lations (p < 0.01) were observed between: OM: pH, TN: pH and OM, 3NO− : ECE, OM, AP: pH, OM and TN, 

2
4SO − : pH, OM and AP, Cl−: pH, OM, TN and AP, and CEC: pH, OM, TN, AP, 2

4SO −  and Cl-. In warm and 
dry season (Table 10), similar relationships were observed between the parameters as recorded in cool and dry 
season with few exceptions. On the other hand, negative correlation was also observed between CEC: ECE (p < 
0.01) in cool and dry season, ECE: pH and CEC, and TN: ECE in hot and dry season (p < 0.01). Significant 
negative correlations among the physicochemical parameters imply that increase in level of one of the parameter 
would increase the other.  

3.2. Total Metal Concentration in Soil 
The total metals concentration of namely Cd, Cr, Cu, Fe, Ni, Pb and Znin soils samples from the sites studied 
are presented in Tables 9-12. In each case the presented value is a mean observed in three determinations. 
Analysis of variance (ANOVA) revealed significant differences (p < 0.05) in the contents of all the heavy metals 
across seasons with exception of Cr and Zn. The concentrations across the seasons varied to a greater extent 
among the samples: 2.82 (site 4 and 5) - 2.86 (site 1), 1.00 (site 5) - 1.21 (site 1), 3.32 (site 4) - 3.38 (site 1) and 
3.32 (site 1) - 4.31 mgkg−1 (site 5) for Cd, 52.87 (site 2) - 107.83 (site 5), 29.58 (site 5) - 32.57 (site 1), 24.44 
(site 5) - 25.73 (site 1) and 27.94 (site 3) - 29.61 mgkg−1 (site 1) for Cr, 48.01 (site 4) - 48.65 (site 5), 2.22 (site 4) 
- 2.42 (site 2), 5.69 (site 5) - 5.81 (site 1) and 6.88 (site 2) - 7.40 mgkg−1 (site 5) for Cu, 699.74 (site 5) - 701.72 
(site 1), 3156.82 (site 4) - 3162.18 (site 1), 3821.57 (site 3) - 7540.01 (site 4) and 3076.76 (site 4) - 3160.51 
mgkg−1 (site 2) for Fe, 7.51 (site 4) - 7.65 (site 1), 23.82 (site 5) - 26.27 (site 1), 29.19 (site 4) - 29.56 (site 1)  

 
Table 9. Concentration (mg/kg) of metals in soils during cool and dry season. 

Site Cd Cr Cu Fe Mn Ni Pb Zn 

1 2.86 ± 0.06 53.68 ± 0.47 48.15 ± 0.13 701.72 ± 0.49 7.65 ± 0.01 137.52 ± 0.53 164.45 ± 0.21 272.95 ± 0.72 

2 2.79 ± 0.04 52.87 ± 1.00 48.64 ± 0.75 699.94 ± 1.78 7.59 ± 0.08 137.60 ± 1.23 162.89 ± 0.92 271.82 ± 0.63 

3 2.77 ± 0.10 53.17 ± 0.60 49.14 ± 1.18 700.61 ± 1.83 7.58 ± 0.09 137.45 ± 1.04 163.03 ± 1.62 273.32 ± 0.73 

4 2.82 ± 0.08 53.33 ± 0.82 48.01 ± 0.61 700.94 ± 2.46 7.51 ± 0.06 136.39 ± 1.38 163.48 ± 1.35 272.30 ± 1.47 

5 2.82 ± 0.05 107.83 ± 3.87 48.65 ± 1.02 699.74 ± 2.03 7.59 ± 0.10 136.83 ± 0.92 163.32 ± 0.90 271.30 ± 1.63 

Control 3.63 ± 0.21 47.48 ± 0.49 44.04 ± 1.62 650.2 ± 11.22 6.87 ± 0.23 123.95 ± 2.27 152.59 ± 3.49 258.68 ± 4.33 

 
Table 10. Concentration (mg/kg) of metals in soils during hot and dry season. 

Site Cd Cr Cu Fe Mn Ni Pb Zn 

1 1.21 ± 0.02 32.57 ± 0.30 2.51 ± 0.01 3162.18 ± 0.19 26.27 ± 0.15 15.45 ± 0.08 12.85 ± 0.07 227.52 ± 0.04 

2 1.17 ± 0.01 31.20 ± 0.15 2.42 ± 0.07 3160.42 ± 0.23 24.59 ± 0.63 15.04 ± 0.09 12.18 ± 0.07 226.46 ± 1.11 

3 1.09 ± 0.02 31.66 ± 0.16 2.24 ± 0.04 3158.85 ± 0.30 24.53 ± 0.66 14.61 ± 0.28 12.48 ± 0.13 225.41 ± 1.24 

4 1.05 ± 0.04 30.42 ± 0.04 2.22 ± 0.10 3156.82 ± 0.12 24.70 ± 0.74 17.29 ± 5.20 12.34 ± 0.03 225.50 ± 1.06 

5 1.00 ± 0.01 29.58 ± 0.02 2.29 ± 0.06 3158.68 ± 0.21 23.82 ± 0.10 14.94 ± 0.05 12.16 ± 0.09 225.15 ± 0.64 

Control 1.69 ± 0.14 13.82 ± 0.04 1.66 ± 0.14 2008.72 ± 0.76 11.37 ± 0.10 10.19 ± 0.27 0.18 ± 0.01 30.27 ± 0.30 

 
Table 11. Concentration (mg/kg) of metals in soils during warm and wet season. 

Site Cd Cr Cu Fe Mn Ni Pb Zn 

1 3.38 ± 0.01 25.73 ± 0.10 5.81 ± 0.01 4100.17 ± 1.46 29.56 ± 0.10 17.54 ± 0.02 12.76 ± 0.05 344.47 ± 0.64 
2 3.37 ± 0.01 25.61 ± 0.09 5.74 ± 0.02 4099.76 ± 1.11 29.55 ± 0.16 17.48 ± 0.09 12.70 ± 0.04 343.62 ± 1.42 
3 3.37 ± 0.01 25.56 ± 0.11 5.72 ± 0.02 3821.57 ± 11.80 29.41 ± 0.22 17.49 ± 0.06 12.67 ± 0.04 343.35 ± 0.65 
4 3.32 ± 0.03 25.53 ± 0.09 5.75 ± 0.04 7540.01 ± 62.82 29.19 ± 0.47 17.47 ± 0.06 12.53 ± 0.13 343.10 ± 1.20 
5 3.33 ± 0.02 25.44 ± 0.12 5.69 ± 0.06 4094.58 ± 5.90 29.37 ± 0.18 17.05 ± 0.36 12.58 ± 0.08 342.69 ± 0.17 

Control 2.18 ± 0.14 13.82 ± 0.04 1.37 ± 0.14 3186.02 ± 0.82 14.74 ± 0.09 9.71 ± 0.22 2.41 ± 0.14 34.26 ± 0.46 
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and 28.24 (site 3) – 29.03 mgkg−1 (site 1) for Mn, and 136.39 (site 4) - 137.60 (site 2), 14.61 (site 3) - 17.29 (site 
4), 17.05 (site 5) - 17.54 (site 1) and 16.96 (site 3 and 4) - 43.21 mgkg−1 (site 1)for Ni, 162.89 (site 2) - 164.45 
(site 1), 12.16 (site 5) - 12.85 (site 1), 12.53 (site 4) - 12.76 (site 1) and 12.94 (site 3) - 13.74 mgkg−1 (site 1) for 
Pb, and 271.30 (site 5) - 273.32 (site 3), 225.15 (site 5) - 227.52 (site 1), 342.69 (site 5) - 344.47 (site 1) and 
319.82 (site 4) - 321.41 mgkg−1 (site 1) for Zn in cool and dry, hot and dry, warm and wet, and warm and dry 
seasons, respectively.  

Irrespective of sampling site, the distribution of total metals in the soil samples generally followed the order: 
Fe > Zn > Cr > Mn > Pb > Ni > Cu > Cd. Highest levels of Cd, Cr and Cu were found at site 5, while highest 
concentrations of Fe, Mn, Pb and Zn, and Ni were found at site 1 and 2, respectively. Also in all the sites, high-
est concentration of Cr, Cu, Ni and Pb was recorded in cool and dry season, Fe, Mn and Zn was recorded in 
warm and wet season, and Cd was recorded in warm and dry season.  

Correlation analysis as shown in Tables 13-16 indicates significant positive correlation (p < 0.05) between Pb 
and Cd (cool and dry season), Cd: Cr and Zn, Cu: Zn and Fe, and Mn: Pb and Zn (hot and dry season), Cu: Cr, 
Cd: Mn and Pb (warm and wet season) and Mn and Fe (warm and dry season). Positive correlation of metals in-
dicate common source of metals. As shown in the results, after the rainy season (Warm and Dry Season), there 
was a decrease in levels of metals across at all the sites with exception of Fe, Mn and Zn. The differences ob-
served after rains for Fe, Mn and Zn could represent a more recent accumulation of these metals after the rainy 
season. 

From the result as presented for the metals (Tables 9-12), it is observed that the concentrations of Cd and Zn 
in the soil during warm and wet, and warm and dry seasons across the sites is above 1 - 3 and 50 - 300 mg/kg 
recommended for these metals in soil by European Standards . The values in this study is higher than 0.27 - 1.47 
and 32.30 - 98.50 mg/kg reported in soils [9]. A study by [30] on heavy metal content of agricultural soils rec-
orded lower levels of Cd in the soil ranging from 0.150 - 0.880 mg/kg, hence, concentration above EU limits 
could reflects the influence of human activity. The concentrations of Cr, Cu, Mn, Ni and Pb were within the 
ranging from 104.30 - 230.00, 58.30 - 207.50, 51.67 - 97.50, 39.30 - 99.50 and 60.00 - 143.30 mg/kg recorded 
for Cr, Cu, Mn, Ni and Pb, respectively in irrigated soils [9]. Similarly, the values recorded for these metals are 
below 400, 140, 300, 50, 300 mg/kg the maximum permissible levels for soils recommended by [31] and EU for 
the metals. 

 
Table 12. Concentration (mg/kg) of metals in soils during warm and dry season. 

 Cd Cr Cu Fe Mn Ni Pb Zn 

1 3.32 ± 0.11 28.35 ± 1.48 6.93 ± 0.40 3202.89 ± 5.49 29.03 ± 0.88 43.21 ± 1.28 13.09 ± 0.38 321.41 ± 2.08 

2 3.54 ± 0.67 29.61 ± 1.30 6.88 ± 0.23 3160.51 ± 16.69 28.94 ± 1.15 17.35 ± 1.12 13.09 ± 0.38 319.96 ± 3.06 

3 3.65 ± 0.38 27.94 ± 1.53 7.34 ± 0.39 2543.87 ± 74.42 28.24 ± 1.25 16.96 ± 0.96 12.94 ± 0.47 319.87 ± 2.98 

4 4.03 ± 0.60 28.35 ± 2.19 7.20 ± 0.48 3076.76 ± 10.37 28.68 ± 1.07 16.96 ± 0.96 12.98 ± 0.70 319.82 ± 3.34 

5 4.31 ± 0.65 28.58 ± 0.84 7.40 ± 0.60 3117.73 ± 5.29 29.14 ± 1.47 17.64 ± 0.80 13.74 ± 0.90 320.73 ± 2.32 

Control na na na na na na na na 

na: not available. 
 

Table 13. Correlation matrix among metals in soils during cool and dry season. 

Parameter Cd Cr Cu Fe Mn Ni Pb Zn 

Cd 1.000        

Cr 0.141 1.000       

Cu −0.802 0.157 1.000      

Fe 0.584 −0.586 −0.537 1.000     
Mn 0.390 0.072 0.137 0.249 1.000    
Ni −0.186 −0.350 0.473 0.082 0.765 1.000   
Pb 0.919* −0.093 −0.660 0.821 0.502 0.009 1.000  
Zn −0.081 −0.703 0.139 0.733 0.183 0.376 0.310 1.000 

*Correlation is significant at the 0.05 level (2-tailed). 
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Table 14. Correlation matrix among metals in soils during hot and dry season. 

Parameter Cd Cr Cu Fe Mn Ni Pb Zn 

Cd 1.000        

Cr 0.887* 1.000       

Cu 0.850 0.629 1.000      

Fe 0.843 0.728 0.950* 1.0000     

Mn 0.817 0.858 0.714 0.686 1.000    

Ni −0.169 −0.202 −0.271 −0.506 0.165 1.000   

Pb 0.621 0.842 0.499 0.576 0.912* 0.029 1.000  

Zn 0.936* 0.797 0.935* 0.876 0.901* −0.043 0.696 1.000 
*Correlation is significant at the 0.05 level (2-tailed). 

 
Table 15. Correlation matrix among metals in soils during warm and wet season. 

Parameter Cd Cr Cu Fe Mn Ni Pb Zn 

Cd 1.000        

Cr 0.789 1.000       

Cu 0.492 0.920* 1.000      

Fe −0.713 −0.218 0.121 1.000     

Mn 0.890* 0.671 0.380 −0.812 1.000    

Ni 0.570 0.783 0.733 0.157 0.251 1.000   

Pb 0.974** 0.842 0.585 −0.706 0.940* 0.502 1.000  

Zn 0.802 0.995** 0.912* −0.2760 0.703 0.726 0.866 1.000 
*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). 

 
Table 16. Correlation matrix among metals in soils during warm and dry season. 

Parameter Cd Cr Cu Fe Mn Ni Pb Zn 

Cd 1        

Cr −0.117 1       

Cu 0.765 −0.609 1      

Fe 0.023 0.581 −0.554 1     

Mn 0.147 0.530 −0.342 0.913* 1    

Ni −0.626 −0.180 −0.521 0.391 0.369 1   

Pb 0.657 0.155 0.417 0.364 0.673 −0.111 1  

Zn −0.238 −0.124 −0.230 0.498 0.652 0.858 0.412 1 
*Correlation is significant at the 0.05 level (2-tailed). 

 
The distribution of heavy metals Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn in the six fractions (water soluble (FI) 

exchangeable (FII), carbonate bound (FIII), Fe-Mn oxide (FIV), organic bound (FV) and residual (FVI)) for all 
the samples are summarized in Tables 17-24. The results obtained showed that the amounts of heavy metals ex-
tracted from each fraction varied widely among the sites across seasons (p < 0.05).  

As observed in Table 17, fractions of Cd in the soil samples among the sites across the seasons showed the 
range; water soluble: BDL - 0.47 mg/kg with the highest concentration at site 4 during cool and dry season, ex-
changeable: 0.02 - 0.75 mg/kg with the highest concentration at site 4 during warm and dry season, 0.06 - 0.99, 
0.36 - 0.94, 0.17 - 0.98 mg/kg with the highest concentration at site 5 for organic bound, carbonate bound and 
Fe-MnO fractions during warm and dry season, the residual fraction ranged from 0.42 - 0.92 mg/kg with the 
highest concentration 0.92 mg/kg found at different sites across the seasons. As observed from the results high- 
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Table 17. Chemical fractionation of Cd (mg/kg) in soil samples of irrigation farmlands along Kawo dam. 

Site Season Water Soluble Exchangeable Organic Bound Carbonate Bound Fe-MnO Residual 

1 

Cool and dry 0.46 ± 0.03 (15.95) 0.28 ± 0.01 (9.90) 0.44 ± 0.00 (15.37) 0.42 ± 0.01 (14.55) 0.35 ± 0.01 (12.11) 0.92 ± 0.00 (32.13) 

Hot and dry 0.00 ± 0.01 (0.28) 0.04 ± 0.00 (3.07) 0.07 ± 0.00 (6.16) 0.42 ± 0.01 (35.10) 0.24 ± 0.01 (20.18) 0.42 ± 0.00 (35.21) 

Warm and wet 0.03 ± 0.00 (0.94) 0.42 ± 0.00 (12.48) 0.74 ± 0.00 (21.84) 0.84 ± 0.00 (24.90) 0.42 ± 0.00 (12.52) 0.92 ± 0.00 (27.33) 

Warm and dry 0.06 ± 0.00 (1.79) 0.65 ± 0.01 (19.41) 0.85 ± 0.01 (25.48) 0.66 ± 0.02 (19.96) 0.51 ± 0.03 (15.29) 0.60 ± 0.04 (18.07) 

2 

Cool and dry 0.43 ± 0.01 (15.55) 0.28 ± 0.01 (10.05) 0.43 ± 0.01 (15.31) 0.41 ± 0.01 (14.59) 0.33 ± 0.01 (11.72) 0.91 ± 0.01 (32.78) 

Hot and dry 0.00 ± 0.00 (0.09) 0.03 ± 0.00 (2.26) 0.07 ± 0.00 (6.28) 0.41 ± 0.01 (35.41) 0.23 ± 0.00 (19.70) 0.42 ± 0.00 (36.26) 

Warm and wet 0.03 ± 0.00 (1.00) 0.42 ± 0.00 (12.31) 0.74 ± 0.00 (21.86) 0.84 ± 0.00 (24.93) 0.42 ± 0.00 (12.50) 0.92 ± 0.00 (27.40) 

Warm and dry 0.07 ± 0.02 (1.92) 0.69 ± 0.05 (19.43) 0.90 ± 0.12 (25.31) 0.72 ± 0.03 (20.45) 0.36 ± 0.26 (10.11) 0.81 ± 0.19 (22.77) 

3 

Cool and dry 0.46 ± 0.02 (16.49) 0.28 ± 0.01 (10.23) 0.40 ± 0.03 (14.44) 0.40 ± 0.02 (14.56) 0.32 ± 0.02 (11.43) 0.91 ± 0.01 (32.85) 

Hot and dry 0.00 ± 0.00 (0.03) 0.02 ± 0.00 (1.98) 0.07 ± 0.00 (6.38) 0.36 ± 0.01 (32.84) 0.22 ± 0.01 (19.95) 0.42 ± 0.00 (38.82) 

Warm and wet 0.03 ± 0.00 (0.92) 0.42 ± 0.00 (12.34) 0.73 ± 0.00 (21.82) 0.84 ± 0.00 (24.92) 0.42 ± 0.00 (12.57) 0.92 ± 0.00 (27.43) 

Warm and dry 0.10 ± 0.05 (2.71) 0.74 ± 0.01 (20.26) 0.89 ± 0.03 (24.27) 0.61 ± 0.06 (16.61) 0.55 ± 0.04 (14.96) 0.77 ± 0.20 (21.20) 

4 

Cool and dry 0.47 ± 0.01 (16.69) 0.28 ± 0.01 (10.06) 0.41 ± 0.02 (14.67) 0.40 ± 0.03 (14.20) 0.33 ± 0.01 (11.83) 0.92 ± 0.01 (32.54) 

Hot and dry 0.00 ± 0.00 (0.03) 0.02 ± 0.00 (2.18) 0.06 ± 0.01 (5.67) 0.36 ± 0.01 (33.90) 0.19 ± 0.02 (18.37) 0.42 ± 0.00 (39.85) 

Warm and wet 0.03 ± 0.00 (0.93) 0.42 ± 0.00 (12.68) 0.70 ± 0.01 (20.95) 0.84 ± 0.00 (25.25) 0.41 ± 0.01 (12.39) 0.92 ± 0.00 (27.80) 

Warm and dry 0.11 ± 0.06 (2.72) 0.75 ± 0.02 (18.52) 0.80 ± 0.04 (19.94) 0.68 ± 0.02 (16.81) 0.94 ± 0.22 (23.33) 0.75 ± 0.24 (18.69) 

5 

Cool and dry 0.44 ± 0.01 (15.48) 0.28 ± 0.00 (9.93) 0.43 ± 0.01 (15.25) 0.41 ± 0.01 (14.66) 0.34 ± 0.02 (12.17) 0.92 ± 0.01 (32.51) 

Hot and dry 0.00 ± 0.00 (0.10) 0.02 ± 0.00 (1.52) 0.06 ± 0.00 (5.58) 0.34 ± 0.01 (33.52) 0.17 ± 0.01 (17.26) 0.42 ± 0.00 (42.02) 

Warm and wet 0.03 ± 0.00 (0.90) 0.42 ± 0.00 (12.47) 0.72 ± 0.00 (21.65) 0.84 ± 0.00 (25.08) 0.41 ± 0.01 (12.34) 0.92 ± 0.00 (27.56) 

warm and dry 0.10 ± 0.07 (2.26) 0.65 ± 0.08 (15.12) 0.99 ± 0.12 (22.87) 0.94 ± 0.17 (21.81) 0.98 ± 0.12 (22.69) 0.66 ± 0.08 (15.25) 

Control 

Cool and dry 0.20 ± 0.00 (5.50) 0.90 ± 0.02 (24.77) 0.74 ± 0.08 (20.46) 0.43 ± 0.02 (11.74) 0.45 ± 0.08 (12.48) 0.91 ± 0.01 (25.05) 

Hot and dry 0.02 ± 0.00 (1.26) 0.01 ± 0.01 (0.79) 0.74 ± 0.08 (44.07) 0.46 ± 0.05 (27.27) 0.03 ± 0.01 (1.58) 0.42 ± 0.00 (25.02) 

Warm and wet 0.02 ± 0.00 (0.98) 0.01 ± 0.01 (0.61) 0.74 ± 0.08 (34.04) 0.46 ± 0.05 (21.07) 0.03 ± 0.01 (1.22) 0.92 ± 0.00 (42.09) 

Warm and dry na na na na na na 

Value in parenthesis () is the percentage fraction; na: not available. 
 

Table 18. Chemical fractionation of Cr (mg/kg) in soil samples of irrigation farmlands along Kawo dam. 

Site Season Water Soluble Exchangeable Organic Bound Carbonate Bound Fe-MnO Residual 

1 

Cool and dry 0.73 ± 0.01 (1.36) 1.45 ± 0.01 (2.70) 1.78 ± 0.01 (3.32) 0.73 ± 0.01 (1.37) 2.52 ± 0.01 (4.69) 46.46 ± 0.42 (86.56) 

Hot and dry 2.26 ± 0.25 (6.95) 3.60 ± 0.03 (11.04) 3.59 ± 0.00 (11.01) 3.73 ± 0.01 (11.44) 5.67 ± 0.00 (17.42) 13.72 ± 0.02 (42.13) 

Warm and wet 0.45 ± 0.01 (1.75) 1.77 ± 0.01 (6.88) 2.56 ± 0.01 (9.95) 1.84 ± 0.00 (7.16) 5.35 ± 0.01 (20.79) 13.76 ± 0.06 (53.47) 

Warm and dry 1.49 ± 0.04 (5.26) 1.78 ± 0.09 (6.27) 2.32 ± 0.30 (8.18) 1.78 ± 0.06 (6.29) 5.50 ± 0.45 (19.39) 15.48 ± 0.55 (54.61) 

2 

Cool and dry 0.70 ± 0.01 (1.32) 1.45 ± 0.01 (2.74) 1.74 ± 0.02 (3.28) 0.70 ± 0.01 (1.32) 2.49 ± 0.02 (4.70) 45.80 ± 0.93 (86.62) 

Hot and dry 1.79 ± 0.07 (5.75) 2.74 ± 0.00 (8.79) 3.61 ± 0.06 (11.57) 3.66 ± 0.02 (11.72) 5.67 ± 0.00 (18.18) 13.72 ± 0.01 (43.99) 

Warm and wet 0.43 ± 0.01 (1.68) 1.71 ± 0.04 (6.66) 2.53 ± 0.01 (9.89) 1.84 ± 0.00 (7.18) 5.32 ± 0.01 (20.78) 13.78 ± 0.03 (53.80) 

Warm and dry 1.45 ± 0.09 (4.90) 1.86 ± 0.09 (6.27) 2.53 ± 0.04 (8.56) 1.76 ± 0.03 (5.96) 5.56 ± 0.50 (18.77) 16.45 ± 0.55 (55.55) 

3 

Cool and dry 0.75 ± 0.02 (1.41) 1.41 ± 0.03 (2.65) 1.74 ± 0.07 (3.28) 0.68 ± 0.03 (1.27) 2.43 ± 0.08 (4.58) 46.16 ± 0.38 (86.81) 

Hot and dry 1.62 ± 0.07 (5.11) 3.53 ± 0.01 (11.15) 3.64 ± 0.00 (11.51) 3.61 ± 0.05 (11.40) 5.58 ± 0.00 (17.61) 13.68 ± 0.02 (43.22) 

Warm and wet 0.43 ± 0.02 (1.70) 1.72 ± 0.01 (6.72) 2.52 ± 0.01 (9.86) 1.84 ± 0.00 (7.18) 5.33 ± 0.03 (20.85) 13.73 ± 0.06 (53.70) 

Warm and dry 1.57 ± 0.06 (5.63) 1.80 ± 0.04 (6.44) 2.27 ± 0.35 (8.14) 1.80 ± 0.05 (6.45) 5.49 ± 0.47 (19.63) 15.01 ± 0.57 (53.71) 
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4 

Cool and dry 0.74 ± 0.02 (1.38) 1.47 ± 0.06 (2.76) 1.68 ± 0.15 (3.15) 0.71 ± 0.02 (1.33) 2.38 ± 0.14 (4.46) 46.35 ± 0.44 (86.91) 

Hot and dry 1.43 ± 0.01 (4.70) 2.75 ± 0.01 (9.06) 3.46 ± 0.01 (11.38) 3.53 ± 0.01 (11.62) 5.56 ± 0.00 (18.29) 13.68 ± 0.01 (44.96) 

Warm and wet 0.44 ± 0.01 (1.74) 1.69 ± 0.02 (6.63) 2.52 ± 0.01 (9.87) 1.83 ± 0.00 (7.18) 5.32 ± 0.02 (20.82) 13.72 ± 0.04 (53.75) 

Warm and dry 1.71 ± 0.32 (6.04) 1.80 ± 0.05 (6.36) 2.49 ± 0.07 (8.79) 1.75 ± 0.05 (6.17) 5.80 ± 0.05 (20.44) 14.80 ± 1.65 (52.19) 

5 

Cool and dry 0.69 ± 0.02 (0.64) 1.42 ± 0.03 (1.32) 55.87 ± 3.65 (51.81) 0.74 ± 0.06 (0.69) 2.39 ± 0.12 (2.21) 46.72 ± 0.01 (43.33) 

Hot and dry 1.33 ± 0.01 (4.49) 1.87 ± 0.00 (6.34) 3.46 ± 0.00 (11.71) 3.63 ± 0.01 (12.26) 5.57 ± 0.01 (18.84) 13.71 ± 0.01 (46.37) 

Warm and wet 0.39 ± 0.03 (1.52) 1.72 ± 0.04 (6.76) 2.47 ± 0.01 (9.71) 1.84 ± 0.00 (7.22) 5.33 ± 0.01 (20.95) 13.70 ± 0.03 (53.85) 

Warm and dry 1.53 ± 0.11 (5.35) 1.76 ± 0.10 (6.16) 2.58 ± 0.06 (9.01) 1.81 ± 0.04 (6.33) 5.71 ± 0.04 (19.96) 15.20 ± 0.50 (53.18) 

Control 

Cool and dry 0.02 ± 0.01 (0.04) 0.03 ± 0.01 (0.06) 0.01 ± 0.01 (0.03) 0.32 ± 0.07 (0.67) 0.09 ± 0.10 (0.20) 47.00 ± 0.01 (99.00) 

Hot and dry 0.02 ± 0.01 (0.14) 0.03 ± 0.01 (0.19) 0.01 ± 0.01 (0.10) 0.02 ± 0.01 (0.17) 0.03 ± 0.01 (0.24) 13.71 ± 0.01 (99.16) 

Warm and wet 0.02 ± 0.01 (0.14) 0.03 ± 0.01 (0.19) 0.01 ± 0.01 (0.10) 0.02 ± 0.01 (0.17) 0.03 ± 0.01 (0.24) 13.71 ± 0.01 (99.16) 

Warm and dry na na na na na na 

Value in parenthesis () is the percentage fraction. 
 

Table 19. Chemical fractionation of Cu (mg/kg) in soil samples of irrigation farmlands along Kawo dam. 

Site Season Water Soluble Exchangeable Organic Bound Carbonate Bound Fe-MnO Residual 

1 

Cool and dry 0.72 ± 0.01 (1.50) 2.90 ± 0.02 (6.02) 1.44 ± 0.02 (2.99) 1.23 ± 0.06 (2.56) 1.67 ± 0.01 (3.48) 40.19 ± 0.01 (83.46) 

Hot and dry 0.28 ± 0.01 (11.320 0.06v0.00 (2.52) 0.32 ± 0.00 (12.92) 0.96 ± 0.01 (38.38) 0.38 ± 0.00 (14.94) 0.50 ± 0.00 (19.92) 

Warm and wet 0.27 ± 0.00 (4.61) 0.37 ± 0.00 (6.39) 3.83 ± 0.01 (65.93) 0.74 ± 0.00 (12.78) 0.38 ± 0.00 (6.45) 0.22 ± 0.00 (3.85) 

Warm and dry 0.86 ± 0.05 (12.42) 0.57 ± 0.05 (8.23) 1.69 ± 0.11 (24.35) 1.47 ± 0.05 (21.27) 1.60 ± 0.04 (23.10) 0.74 ± 0.09 (10.64) 

2 

Cool and dry 0.72 ± 0.02 (1.48) 2.92 ± 0.06 (6.01) 1.36 ± 0.06 (2.80) 1.14 ± 0.06 (2.34) 1.62 ± 0.06 (3.34) 40.87 ± 0.50 (84.04) 

Hot and dry 0.26 ± 0.05 (10.82) 0.07 ± 0.00 (2.94) 0.32 ± 0.00 (13.27) 0.95 ± 0.01 (39.05) 0.37 ± 0.00 (15.21) 0.45 ± 0.01 (18.70) 

Warm and wet 0.27 ± 0.00 (4.67) 0.37 ± 0.00 (6.42) 3.78 ± 0.01 (65.82) 0.74 ± 0.00 (12.87) 0.37 ± 0.00 (6.42) 0.22 ± 0.00 (3.80) 

Warm and dry 0.86 ± 0.06 (12.54) 0.62 ± 0.03 (9.04) 1.64 ± 0.07 (23.78) 1.48 ± 0.03 (21.51) 1.61 ± 0.03 (23.45) 0.67 ± 0.01 (9.69) 

3 

Cool and dry 0.74 ± 0.02 (1.50) 2.89 ± 0.01 (5.88) 1.48 ± 0.17 (3.01) 1.10 ± 0.12 (2.24) 1.60 ± 0.03 (3.26) 41.33 ± 0.83 (84.11) 

Hot and dry 0.16 ± 0.01 (7.06) 0.06 ± 0.00 (2.47) 0.31 ± 0.00 (14.02) 0.86 ± 0.01 (38.48) 0.37 ± 0.00 (16.58) 0.48 ± 0.03 (21.39) 

Warm and wet 0.27 ± 0.00 (4.66) 0.37 ± 0.00 (6.44) 3.76 ± 0.01 (65.72) 0.74 ± 0.00 (12.87) 0.37 ± 0.00 (6.51) 0.22 ± 0.00 (3.80) 

Warm and dry 1.08 ± 0.03 (14.69) 0.72 ± 0.03 (9.82) 1.68 ± 0.06 (22.80) 1.45 ± 0.02 (19.76) 1.60 ± 0.04 (21.80) 0.82 ± 0.21 (11.13) 

4 

Cool and dry 0.70 ± 0.02 (1.46) 2.83 ± 0.05 (5.89) 1.38 ± 0.05 (2.87) 1.13 ± 0.15 (2.36) 1.61 ± 0.05 (3.36) 40.36 ± 0.30 (84.06) 

Hot and dry 0.26 ± 0.05 (11.48) 0.05 ± 0.00 (2.10) 0.31 ± 0.00 (14.03) 0.77 ± 0.01 (34.62) 0.37 ± 0.00 (16.64) 0.47 ± 0.03 (21.13) 

Warm and wet 0.26 ± 0.00 (4.57) 0.37 ± 0.00 (6.38) 3.80 ± 0.02 (66.03) 0.74 ± 0.00 (12.80) 0.37 ± 0.00 (6.44) 0.22 ± 0.01 (3.78) 

Warm and dry 0.99 ± 0.07 (13.81) 0.63 ± 0.04 (8.80) 1.66 ± 0.08 (23.05) 1.41 ± 0.05 (19.53) 1.81 ± 0.20 (25.09) 0.70 ± 0.04 (9.72) 

5 

Cool and dry 0.70 ± 0.02 (1.45) 2.80 ± 0.07 (5.76) 1.42 ± 0.12 (2.91) 1.10 ± 0.11 (2.26) 1.67 ± 0.03 (3.43) 40.96 ± 0.67 (84.20) 

Hot and dry 0.22 ± 0.01 (9.53) 0.04 ± 0.00 (1.92) 0.32 ± 0.01 (13.87) 0.84 ± 0.00 (36.75) 0.37 ± 0.00 (16.14) 0.50 ± 0.03 (21.79) 

Warm and wet 0.24 ± 0.04 (4.20) 0.37 ± 0.00 (6.47) 3.76 ± 0.02 (66.09) 0.74 ± 0.00 (12.91) 0.37 ± 0.00 (6.50) 0.22 ± 0.00 (3.83) 

Warm and dry 1.02 ± 0.08 (13.81) 0.58 ± 0.05 (7.90) 1.62 ± 0.09 (21.90) 1.52 ± 0.04 (20.55) 1.84 ± 0.18 (24.83) 0.81 ± 0.17 (11.01) 

Control 

Cool and dry 0.02 ± 0.01 (0.05) 0.95 ± 0.06 (2.16) 0.70 ± 0.03 (1.58) 0.79 ± 0.35 (1.80) 0.91 ± 0.60 (2.07) 40.68 ± 0.58 (92.35) 

Hot and dry 0.02 ± 0.01 (1.21) 0.01 ± 0.01 (0.84) 0.06 ± 0.01 (3.42) 0.51 ± 0.05 (30.97) 0.54 ± 0.06 (32.38) 0.52 ± 0.01 (31.17) 

Warm and wet 0.02 ± 0.01 (1.47) 0.01 ± 0.01 (1.03) 0.06 ± 0.01 (4.15) 0.51 ± 0.05 (37.61) 0.54 ± 0.06 (39.32) 0.22 ± 0.01 (16.43) 

Warm and dry na na na na na na 

Value in parenthesis () is the percentage fraction. 
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Table 20. Chemical fractionation of Fe (mg/kg) in soil samples of irrigation farmlands along Kawo dam. 

Site Season Water Soluble Exchangeable Organic Bound Carbonate Bound Fe-MnO Residual 

1 

Cool and dry 5.54 ± 0.10 (0.79) 25.13 ± 0.23 (3.58) 16.85 ± 0.01 (2.40) 14.05 ± 0.01 (2.00) 8.42 ± 0.02 (1.20) 631.73 ± 0.12 (90.03) 

Hot and dry 13.93 ± 0.01 (.044) 6.17 ± 0.01 (0.20) 92.98 ± 0.01 (2.94) 23.40 ± 0.10 (0.74) 1030.24 ± 0.01 (32.58) 1995.47 ± 0.06 (63.10 

Warm and wet 10.42 ± 0.02 (0.25) 9.42 ± 0.01 (0.23) 45.80 ± 0.03 (1.12) 24.36 ± 0.04 (0.59) 836.01 ± 1.21 (20.39) 3173.17 ± 0.15 (77.42) 

Warm and dry 12.19 ± 0.35 (0.38) 9.34 ± 0.31 (0.29) 46.89 ± 1.48 (1.46) 23.26 ± 0.43 (0.73) 978.28 ± 1.53 (30.54) 2132.94 ± 1.38 (66.59) 

2 

Cool and dry 5.55 ± 0.03 (0.79) 25.06 ± 0.33 (3.58) 16.47 ± 0.43 (2.35) 13.96 ± 0.07 (1.99) 8.35 ± 0.34 (1.19) 630.55 ± 0.59 (90.09) 

Hot and dry 12.81 ± 0.06 (0.41) 6.04 ± 0.00 (0.19) 92.91 ± 0.06 (2.94) 23.19 ± 0.02 (0.73) 1030.20 ± 0.03 (32.60) 1995.27 ± 0.06 (63.13) 

Warm and wet 10.14 ± 0.34 (0.25) 9.40 ± 0.02 (0.23) 45.70 ± 0.06 (1.11) 24.41 ± 0.04 (0.60) 836.70 ± 0.56 (20.41) 3173.40 ± 0.10 (77.40) 

Warm and dry 12.11 ± 0.38 (0.38) 9.74 ± 0.10 (0.31) 45.81 ± 1.67 (1.45) 22.93 ± 0.52 (0.73) 940.74 ± 5.83 (29.77) 2129.18 ± 9.03 (67.37) 

3 

Cool and dry 5.63 ± 0.02 (0.80) 25.18 ± 0.17 (3.59) 16.01 ± 1.08 (2.29) 14.05 ± 0.06 (2.00) 8.36 ± 0.07 (1.19) 631.37 ± 0.43 (90.12) 

Hot and dry 11.95 ± 0.01 (0.38) 5.75 ± 0.01 (0.18) 92.80 ± 0.05 (2.94) 23.16 ± 0.01 (0.73) 1030.17 ± 0.01 (32.61) 1995.03 ± 0.22 (63.16) 

Warm and wet 10.40 ± 0.04 (0.27) 9.37 ± 0.02 (0.25) 44.84 ± 0.06 (1.17) 24.29 ± 0.30 (0.64) 560.37 ± 478.01 (14.66) 3172.30 ± 3.38 (83.01) 

Warm and dry 11.77 ± 0.05 (0.46) 9.37 ± 0.43 (0.37) 47.25 ± 0.50 (1.86) 23.61 ± 0.11 (0.93) 921.13 ± 1.33 (36.21) 1530.73 ± 32.29 (60.17) 

4 

Cool and dry 5.64 ± 0.02 (0.80) 25.11 ± 0.58 (3.58) 16.28 ± 0.41 (2.32) 13.96 ± 0.07 (1.99) 8.43 ± 0.03 (1.20) 631.53 ± 1.36 (90.10) 

Hot and dry 10.60 ± 0.02 (0.34) 5.65 ± 0.01 (0.18) 92.77 ± 0.01 (2.94) 22.86 ± 0.01 (0.72) 1030.22 ± 0.01 (32.63) 1994.68 ± 0.08 (63.19) 

Warm and wet 3452.05 ±  
61.68 (45.78) 9.34 ± 0.01 (0.12) 44.83 ± 0.06 (0.59) 24.00 ± 0.29 (0.32) 836.63 ± 0.58 (11.10) 3173.17 ± 0.59 (42.08) 

Warm and dry 12.18 ± 0.31 (0.40) 8.96 ± 0.43 (0.29) 47.52 ± 0.78 (1.54) 22.70 ± 0.85 (0.74) 884.79 ± 8.90 (28.76) 2100.62 ± 8.00 (68.27) 

5 

Cool and dry 4.90 ± 0.59 (0.70) 25.11 ± 0.21 (3.59) 16.42 ± 0.59 (2.35) 13.98 ± 0.08 (2.00) 8.48 ± 0.06 (1.21) 630.86 ± 0.50 (90.16) 

Hot and dry 12.58 ± 0.06 (0.40) 5.34 ± 0.00 (0.17) 92.76 ± 0.01 (2.94) 22.77 ± 0.02 (0.72) 1029.76 ± 0.01 (32.60) 1995.47 ± 0.12 (63.17) 

Warm and wet 10.36 ± 0.05 (0.25) 9.32 ± 0.01 (0.23) 44.36 ± 0.33 (1.08) 24.01 ± 0.34 (0.59) 834.96 ± 1.46 (20.39) 3171.57 ± 3.72 (77.46) 

Warm and dry 12.13 ± 0.31 (0.39) 9.35 ± 0.07 (0.30) 46.63 ± 0.79 (1.50) 23.89 ± 0.29 (0.77) 976.64 ± 10.05 (31.33) 2049.09 ± 7.79 (65.72) 

Control 

Cool and dry 4.21 ± 0.21 (0.65) 2.51 ± 0.21 (0.39) 2.36 ± 0.18 (0.36) 6.28 ± 6.68 (0.97) 4.54 ± 3.35 (0.70) 630.33 ± 0.58 (96.94) 

Hot and dry 4.32 ± 0.11 (0.22) 2.22 ± 0.01 (0.11) 2.36 ± 0.18 (0.12) 2.41 ± 0.11 (0.12) 2.53 ± 0.13 (0.13) 1994.87 ± 0.23 (99.31) 

Warm and wet 4.32 ± 0.11 (0.14) 2.22 ± 0.01 (0.07) 2.36 ± 0.18 (0.07) 2.41 ± 0.11 (0.08) 2.53 ± 0.13 (0.08) 3172.17 ± 0.29 (9.57) 

Warm and dry na na na na na na 

Value in parenthesis () is the percentage fraction. 
 

Table 21. Chemical fractionation of Mn (mg/kg) in soil samples of irrigation farmlands along Kawo dam. 

Site Season Water Soluble Exchangeable Organic Bound Carbonate Bound Fe-MnO Residual 

1 

Cool and dry 0.16 ± 0.00 (2.03) 0.20 ± 0.00 (2.66) 0.56 ± 0.00 (7.34) 0.10 ± 0.00 (1.33) 0.25 ± 0.00 (93.32) 6.37 ± 0.01 (83.32) 

Hot and dry 0.42 ± 0.00 (1.61) 12.74 ± 0.04 (48.49) 0.04 ± 0.00 (0.14) 0.23 ± 0.00 (0.89) 1.74 ± 0.00 (6.61) 11.10 ± 0.10 (42.26) 

Warm and wet 0.57 ± 0.00 (1.94) 13.28 ± 0.06 (44.93) 0.06 ± 0.00 (0.21) 0.43 ± 0.00 (1.46) 1.80 ± 0.03 (6.08) 13.42 ± 0.02 (45.38) 

Warm and dry 1.44 ± 0.12 (4.95) 13.52 ± 0.10 (46.58) 0.11 ± 0.04 (0.38) 0.39 ± 0.03 (1.33) 1.64 ± 0.05 (5.65) 11.93 ± 0.55 (41.11) 

2 

Cool and dry 0.15 ± 0.00 (2.02) 0.20 ± 0.00 (2.66) 0.52 ± 0.04 (6.85) 0.11 ± 0.00 (1.41) 0.25 ± 0.01 (3.28) 6.36 ± 0.04 (83.79) 

Hot and dry 0.44 ± 0.02 (1.77) 11.75 ± 0.01 (47.79) 0.04 ± 0.00 (0.15) 0.22 ± 0.01 (0.91) 1.73 ± 0.00 (7.05) 10.41 ± 0.60 (42.33) 

Warm and wet 0.56 ± 0.02 (1.90) 13.32 ± 0.10 (45.07) 0.06 ± 0.000 (0.21) 0.40 ± 0.01 (1.35) 1.79 ± 0.02 (6.05) 13.42 ± 0.01 (45.42) 

Warm and dry 1.34 ± 0.10 (4.64) 13.05 ± 0.44 (45.11) 0.12 ± 0.04 (0.40) 0.39 ± 0.03 (1.35) 1.72 ± 0.04 (5.94) 12.32 ± 0.50 (42.56) 

3 

Cool and dry 0.16 ± 0..00 (2.05) 0.20 ± 0.00 (2.68) 0.51 ± 0.05 (6.78) 0.10 ± 0.00 (1.31) 0.25 ± 0.00 (3.28) 6.36 ± 0.04 (83.91) 

Hot and dry 0.49 ± 0.05 (2.02) 11.65 ± 0.01 (47.50) 0.03 ± 0.00 (0.13) 0.21 ± 0.00 (0.86) 1.73 ± 0.00 (7.06) 10.41 ± 0.60 (42.43) 

Warm and wet 0.59 ± 0.03 (2.00) 13.14 ± 0.14 (44.69) 0.06 ± 0.00 (0.21) 0.42 ± 0.01 (1.42) 1.81 ± 0.01 (6.14) 13.39 ± 0.03 (45.53) 

Warm and dry 1.23 ± 0.15 (4.36) 12.82 ± 0.46 (45.39) 0.10 ± 0.00 (0.34) 0.39 ± 0.02 (1.37) 1.65 ± 0.10 (5.84) 12.06 ± 0.51 (42.71) 
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4 

Cool and dry 0.15 ± 0.00 (2.01) 0.20 ± 0.00 (2.69) 0.50 ± 0.01 (6.66) 0.10 ± 0.00 (1.36) 0.25 ± 0.00 (3.37) 6.30 ± 0.04 (83..91) 

Hot and dry 0.48 ± 0.04 (1.93) 11.52 ± 0.04 (46.62) 0.03 ± 0.00 (0.11) 0.20 ± 0.00 (0.80) 1.70 ± 0.03 (6.88) 10.78 ± 0.64 (43.66) 

Warm and wet 0.53 ± 0.04 (1.83) 13.00 ± 0.37 (44.53) 0.06 ± 0.00 (0.21) 0.43 ± 0.00 (1.46) 1.77 ± 0.02 (6.06) 13.40 ± 0.03 (45.91 

Warm and dry 1.14 ± 0.08 (3.97) 13.22 ± 0.43 (46.08) 0.12 ± 0.02 (0.40) 0.41 ± 0.03 (1.42) 1.72 ± 0.04 (6.01) 12.08 ± 0.48 (42.11) 

5 

Cool and dry 0.15 ± 0.00 (1.99) 0.20 ± 0.00 (2.64) 0.54 ± 0.04 (7.06) 0.10 ± 0.01 (1.37) 0.25 ± 0.00 (3.34) 6.35 ± 0.05 (83.59) 

Hot and dry 0.46 ± 0.05 (1.93) 11.40 ± 0.03 (47.85) 0.03 ± 0.00 (0.14) 0.20 ± 0.00 (0.82) 1.68 ± 0.01 (7.06) 10.05 ± 0.01 (42.20) 

Warm and wet 0.54 ± 0.05 (1.84) 13.20 ± 0.02 (44.95) 0.05 ± 0.00 (0.19) 0.42 ± 0.02 (1.42) 1.76 ± 0.06 (5.98) 13.40 ± 0.03 (45.63) 

Warm and dry 1.28 ± 0.19 (4.38) 13.14 ± 0.33 (45.11) 0.10 ± 0.02 (0.33) 0.38 ± 0.02 (1.29) 1.84 ± 0.16 (6.33) 12.40 ± 0.75 (42.55) 

Control 

Cool and dry 0.05 ± 0.00 (0.78) 0.02 ± 0.02 (0.26) 0.07 ± 0.01 (1.07) 0.07 ± 0.03 (1.05) 0.12 ± 0.11 (1.78) 6.53 ± 0.06 (95.05) 

Hot and dry 0.05 ± 0.00 (0.48) 1.18 ± 0.06 (10.41) 0.00 ± 0.00 (0.03) 0.06 ± 0.00 (0.50) 0.06 ± 0.00 (0.50) 10.02 ± 0.03 (88.08) 

Warm and wet 0.05 ± 0.00 (0.37) 1.18 ± 0.06 (8.03) 0.00 ± 0.00 (0.02) 0.06 ± 0.00 (0.39) 0.06 ± 0.00 (0.38) 13.39 ± 0.02 (90.81) 

Warm and dry na na na na na na 

Value in parenthesis () is the percentage fraction. 
 

Table 22. Chemical fractionation of Ni (mg/kg) in soil samples of irrigation farmlands along Kawo dam. 

Site Season Water Soluble Exchangeable Organic Bound Carbonate Bound Fe-MnO Residual 

1 

Cool and dry 2.53 ± 0.02 (1.84) 7.34 ± 0.02 (5.34) 6.21 ± 0.02 (4.52) 3.23 ± 0.02 (2.35) 2.4 ± 0.04 (1.99) 115.47 ± 0.42 (83.87) 

Hot and dry 0.66 ± 0.01 (4.27) 1.91 ± 0.00 (12.38) 1.65 ± 0.01 (10.66) 0.76 ± 0.01 (4.90) 5.33 ± 0.06 (34.51) 5.15 ± 0.01 (33.29) 

Warm and wet 0.54 ± 0.00 (3.06) 2.01 ± 0.00 (11.48) 1.76 ± 0.00 (10.05) 0.94 ± 0.00 (5.33) 7.64 ± 0.01 (43.57) 4..65 ± 0.00 (26.51) 

Warm and dry 6.52 ± 0.58 (61.38) 1.31 ± 0.06 (3.02) 1.82 ± 0.07 (4.20) 1.47 ± 0.05 (3.41) 6.71 ± 0.11 (15.54) 5.38 ± 0.42 (12.45) 

2 

Cool and dry 2.52 ± 0.01 (1.83) 7.35 ± 0.02 (5.34) 6.06 ± 0.21 (4.40) 3.25 ± 0.06 (2.36) 2.71 ± 0.04 (1.97) 115.70 ± 0.89 (84.09) 

Hot and dry 0.62 ± 0.04 (4.11) 1.85 ± 0.00 (12.33) 1.57 ± 0.02 (10.42) 0.68 ± 0.01 (4.50) 5.19 ± 0.01 (34.54) 5.13 ± 0.01 (34.10) 

Warm and wet 0.45 ± 0.00 (3.06) 2.02 ± 0.01 (11.53) 1.76 ± 0.00 (10.05) 0.94 ± 0.00 (5.36) 7.61 ± 0.04 (43.52) 4.63 ± 0.04 (26..48) 

Warm and dry 0.85 ± 0.03 (4.90) 1.37 ± 0.07 (7.90) 1.83 ± 0.08 (10.57) 1.49 ± 0.03 (8.57) 6.44 ± 0.48 (37.10) 5.37 ± 0.43 (30.96) 

3 

Cool and dry 2.53 ± 0.01 (1.84) 7.34 ± 0.02 (5.34) 6.25 ± 0.33 (4.54) 3.17 ± 0.17 (2.30) 2.73 ± 0.03 (1.98) 115.43 ± 0.49 (83.98) 

Hot and dry 0.58 ± 0.05 (3.98) 1.79 ± 0.00 (12.22) 1.55 ± 0.01 (10.59) 0.66 ± 0.01 (4.49) 5.17 ± 0.01 (35.36) 4.87 ± 0.21 (33.36) 

Warm and wet 0.53 ± 0.01 (3.05) 2.01 ± 0.00 (11.51) 1.76 ± 0.00 (10.08) 0.93 ± 0.00 (5.34) 7.63 ± 0.01 (43.63) 4.62 ± 0.04 (26.40) 

Warm and dry 0.98 ± 0.07 (5.76) 1.43 ± 0.10 (8.43) 1.81 ± 0.06 (10.67) 1.49 ± 0.04 (8.79) 6.14 ± 0.38 (3623) 5.11 ± 0.31 (30.12) 

4 

Cool and dry 2.54 ± 0.02 (1.86) 7.11 ± 0.22 (5.21) 6.03 ± 0.16 (4.42) 3.18 ± 0.16 (2.33) 2.72 ± 0.02 (2.00) 114.81 ± 0.81 (84.18) 

Hot and dry 3.70 ± 0.15 (21.39) 1.76 ± 0.00 (10.15) 1.49 ± 0.04 (8.60) 0.74 ± 0.01 (4.26) 4.87 ± 0.01 (28.18) 4.74 ± 0.01 (27.43) 

Warm and wet 0.52 ± 0.02 (2.98) 2.01 ± 0.00 (11.51) 1.76 ± 0.00 (10.07) 0.91 ± 0.02 (5.19) 7.63 ± 0.02 (43.65) 4.65 ± 0.01 (26.59) 

Warm and dry 0.98 ± 0.07 (5.76) 1.43 ± 0.10 (8.43) 1.81 ± 0.06 (10.67) 1.49 ± 0.04 (8.79) 6.14 ± 0.38 (36.23) 5.11 ± 0.31 (30.12) 

5 

Cool and dry 2.52 ± 0.05 (1.84) 7.36 ± 0.05 (5.38) 6.11 ± 0.22 (4.47) 3.11 ± 0.11 (2.27) 2.65 ± 0.16 (1.94) 115.08 ± 0.33 (84.10) 

Hot and dry 0.63 ± 0.02 (4.23) 1.78 ± 0.00 (11.89) 1.46 ± 0.02 (9.80) 0.72 ± 0.01 (4.80) 5.22 ± 0.01 (34.97) 5.13 ± 0.01 (34.32) 

Warm and wet 0.53 ± 0.01 (3.09) 2.02 ± 0.01 (11.84) 1.76 ± 0.00 (10.30) 0.93 ± 0.00 (5.48) 7.17 ± 0.33 (42.08) 4.64 ± 0.02 (27.21) 

Warm and dry 0.88 ± 0.07 (4.97) 1.36 ± 0.08 (7.69) 1.77 ± 0.03 (10.05) 1.48 ± 0.05 (8.39) 6.49 ± 0.46 (36.81) 5.66 ± 0.11 (32.08) 

Control 

Cool and dry 1.31 ± 0.05 (1.06) 1.85 ± 0.08 (1.49) 1.49 ± 0.05 (1.20) 1.84 ± 1.19 (1.48) 1.46 ± 0.90 (1.18) 116.00 ± 0.00 (93.59) 

Hot and dry 1.31 ± 0.05 (12..85) 0.34 ± 0.01 (3.29) 1.44 ± 0.05 (14.16) 1.17 ± 0.06 (11.51) 0.82 ± 0.09 (8.08) 5.11 ± 0.01 (50.10) 

Warm and wet 1.31 ± 0.05 (13.49) 0.34 ± 0.01 (3.46) 1.42 ± 0.02 (1462) 1.17 ± 0.06 (12.08) 0.82 ± 0.09 (8.48) 4.65 ± 0.00 (47.88) 

Warm and dry na na na na na na 

Value in parenthesis () is the percentage fraction. 
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Table 23. Chemical fractionation of Pb (mg/kg) in soil samples of irrigation farmlands along Kawo dam. 

Site Season Water Soluble Exchangeable Organic Bound Carbonate Bound Fe-MnO Residual 

1 

Cool and dry 1.72 ± 0.03 (1.04) 2.71 ± 0.02 (1.65) 4.24 ± 0.02 (2.58) 3.46 ± 0.03 (2.10) 2.52 ± 0.02 (1.53) 149.80 ± 0.10 (91.09) 

Hot and dry 1.73 ± 0.06 (13.49) 2.86 ± 0.00 (22.28) 0.69 ± 0.00 (5.35) 2.13 ± 0.01 (16.56) 1.19 ± 0.00 (32.59) 1.25 ± 0.00 (9.73) 

Warm and wet 0.76 ± 0.00 (5.97) 1.56 ± 0.00 (12.24) 0.96 ± 0.00 (7.51) 3.46 ± 0.01 (27.12) 4.28 ± 0.00 (33.51) 1.74 ± 0.03 (13.64) 

Warm and dry 1.24 ± 0.08 (9.44) 1.81 ± 0.04 (13.80) 0.80 ± 0.05 (6.09) 3.50 ± 0.07 (26.76) 4.40 ± 0.12 (33.62) 1.35 ± 0.02 (10.29) 

2 

Cool and dry 1.73 ± 0.01 (1.06) 2.70 ± 0.02 (1.66) 4.07 ± 0.16 (2.50) 3.40 ± 0.15 (2.09) 2.49 ± 0.05 (1.53) 148.50 ± 0.53 (91.17) 

Hot and dry 1.65 ± 0.01 (13.52) 2.76 ± 0.00 (22.65) 0.65 ± 0.05 (5.35) 2.11 ± 0.01 (17.35) 3.78 ± 0.00 (30.99) 1.24 ± 0.01 (10.15) 

Warm and wet 0.76 ± 0.00 (5.99) 1.55 ± 0.00 (12.21) 0.96 ± 0.00 (7..52) 3.41 ± 0.03 (26.85) 4.27 ± 0.00 (33.63) 1.75 ± 0.00 (13.80) 

Warm and dry 1.24 ± 0.08 (9.44) 1.81 ± 0.04 (13.80) 0.80 ± 0.05 (6.09) 3.50 ± 0.07 (26.76) 4.40 ± 0.12 (33.62) 1.35 ± 0.02 (10.29) 

3 

Cool and dry 1.73 ± 0.02 (1.06) 2.70 ± 0.02 (1.66) 4.18 ± 0.06 (2.56) 3.44 ± 0.09 (2.11) 2.55 ± 0.06 (1.56) 148.43 ± 1.39 (91.04) 

Hot and dry 1.73 ± 0.06 (13.89) 2.64 ± 0.00 (21.17) 0.59 ± 0.02 (4.70) 2.08 ± 0.01 (16.70) 4.20 ± 0.04 (33.68) 1.23 ± 0.01 (9.86) 

Warm and wet 0.77 ± 0.00 (6.04) 1.49 ± 0.00 (11.74) 0.95 ± 0.00 (7.53) 3.45 ± 0.03 (27.21) 4.27 ± 0.00 (33.68) 1.75 ± 0.01 (13.80) 

Warm and dry 1.13 ± 0.07 (8.77) 1.85 ± 0.07 (14.27) 0.83 ± 0.03 (6.39) 3.49 ± 0.04 (26.95) 4.26 ± 0.23 (32.90) 1.39 ± 0.03 (10.72) 

4 

Cool and dry 1.73 ± 0.03 (1.06) 2.52 ± 0.47 (1.54) 4.10 ± 0.12 (2.51) 3.40 ± 0.06 (2.08) 2.52 ± 0.04 (1.54) 148.20 ± 0.62 (91.27) 

Hot and dry 1.55 ± 0.01 (13.45) 2.56 ± 0.01 (20.76) 0.65 ± 0.00 (5.30) 2.07 ± 0.01 (16.75) 4.18 ± 0.00 (33.85) 1.22 ± 0.01 (9.89) 

Warm and wet 0.73 ± 0.04 (5.85) 1.44 ± 0.01 (11.47) 0.95 ± 0.00 (7.61) 3.41 ± 0.04 (27.25) 4.26 ± 0.01 (34.00) 1.73 ± 0.04 (13.82) 

Warm and dry 1.14 ± 0.16 (8.78) 1.69 ± 0.08 (13.04) 0.82 ± 0.09 (6.29) 3.40 ± 0.07 (26.21) 4.54 ± 0.19 (34.99) 1.39 ± 0.10 (10.68) 

5 

Cool and dry 1.70 ± 0.01 (1.04) 2.70 ± 0.01 (1.65) 3.98 ± 0.18 (2.43) 3.36 ± 0.22 (2.06) 2.51 ± 0.02 (1.54) 149.07 ± 0.46 (91.27) 

Hot and dry 1.64 ± 0.01 (13.46) 2.52 ± 0.03 (20.70) 0.54 ± 0.04 (4.43) 2.09 ± 0.02 (17.21) 4.15 ± 0.00 (34.16) 1.22 ± 0.01 (10.03) 

Warm and wet 0.76 ± 0.01 (6.02) 1.43 ± 0.01 (11.36) 0.95 ± 0.00 (7.58) 3.42 ± 0.06 (27.22) 4.25 ± 0.00 (33.81) 1.76 ± 0.00 (14.01) 

Warm and dry 1.12 ± 0.08 (8.17) 1.82 ± 0.04 (13.25) 0.99 ± 0.11 (7.18) 3.22 ± 0.31 (23.46) 5.14 ± 0.23 (37.39) 1.45 ± 0.14 (10.55) 

Control 

Cool and dry 0.08 ± 0.06 (0.05) 0.21 ± 0.10 (0.14) 0.13 ± 0.06 (0.09) 1.17 ± 1.97 (0.77) 1.00 ± 1.30 (0.66) 150.00 ± 0.00 (98.30) 

Hot and dry 0.00 ± 0.00 (6.43) 0.00 ± 5.90 (0.00) 0.08 ± 7.51 (48.00) 0.01 ± 1.88 (4.00) 0.08 ± 13.67 (44.00) 0.01 ± 64.61 (4.00) 

Warm and wet 0.12 ± 0.01 (5.12) 0.11 ± 0.01 (4.71) 0.13 ± 0.06 (5.40) 0.04 ± 0.01 (1.66) 0.25 ± 0.06 (10.38) 1.75 ± 0.00 (72.73) 

Warm and dry na na na na na na 

Value in parenthesis () is the percentage fraction. 
 

Table 24. Chemical fractionation of Zn (mg/kg) in soil samples of irrigation farmlands along Kawo dam. 

Site Season Water Soluble Exchangeable Organic Bound Carbonate Bound Fe-MnO Residual 

1 

Cool and dry 2.62 ± 0.01 (0.96) 4.14 ± 0.03 (1.52) 5.03 ± 0.01 (1.84) 3.47 ± 0.02 (1.27) 5.22 ± 0.02 (1.91) 252.47 ± 0.64 (92.50) 

Hot and dry 3.13 ± 0.00 (1.37) 7.56 ± 0.00 (3.32) 101.50 ± 0.03 (44.61) 12.05 ± 0.01 (5.30) 78.04 ± 0.00 (34.30) 25.24 ± 0.01 (11.10) 

Warm and wet 2.37 ± 0.00 (0.69) 6.46 ± 0.01 (1.88) 136.41 ± 0.02 (39.60) 15.07 ± 0.00 (4.38) 155.83 ± 0.58 (45.24) 28.34 ± 0.04 (8.23) 

Warm and dry 2.69 ± 0.05 
(00.84) 5.74 ± 0.12 (1.79) 125.75 ± 1.01 (39.12) 13.63 ± 0.06 (4.24) 147.27 ± 0.35 (45.82) 26.33 ± 0.50 (8.19) 

2 

Cool and dry 2.63 ± 0.01 (0.97) 4.13 ± 0.01 (1.52) 5.00 ± 0.12 (1.84) 3.48 ± 0.03 (1.28) 5.35 ± 0.16 (1.97) 251.23 ± 0.31 (92.43) 

Hot and dry 3.19 ± 0.05 (1.41) 7.65 ± 0.01 (3.38) 100.99 ± 0.45 (44.60) 12.04 ± 0.01 (5.32) 78.03 ± 0.00 (34.46) 24.56 ± 0.59 (10.85) 

Warm and wet 2.38 ± 0.03 (0.69) 6.45 ± 0.01 (1.88) 135.66 ± 0.59 (39.48) 14.96 ± 0.19 (4.35) 155.82 ± 0.58 (45.35) 28.34 ± 0.02 (8.25) 

Warm and dry 2.58 ± 0.05 (0.81) 5.37 ± 0.45 (1.68) 126.62 ± 0.90 (39.57) 13.40 ± 0.44 (4.19) 146.51 ± 0.56 (45.79) 25.48 ± 0.69 (7.96) 

3 

Cool and dry 2.63 ± 0.02 (0.96) 4.06 ± 0.07 (1.49) 4.95 ± 0.06 (1.81) 3.64 ± 0.12 (1.330 5.36 ± 0.07 (1.96) 252.67 ± 0.38 (92.440 

Hot and dry 3.15V0.05 (1.40) 6.77 ± 0.02 (3.00) 100.95 ± 0.45 (44.790 11.94 ± 0.15 (5.30) 78.03 ± 0.00 (34.62) 24.57 ± 0.57 (10.90) 

Warm and wet 2.36 ± 0.01 (0.69) 6.44V0.02 (1.87) 135.36 ± 0.00 (39.42) 15.07 ± 0.00 (4.39) 155.83 ± 0.58 (45.38) 28.31 ± 0.03 (8.24) 

Warm and dry 2.46 ± 0.11 (0.77) 5.18 ± 0.45 (1.62) 125.72 ± 0.84 (39.30) 13.46 ± 0.42 (4.21) 147.17 ± 0.63 (46.01) 25.89 ± 0.55 (8.09) 
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Continued 

4 

Cool and dry 2.62 ± 0.03 (0.96) 4.16 ± 0.29 (1.53) 4.98 ± 0.02 (1.83) 3.53 ± 0.06 (1.30) 5.17 ± 0.16 (1.90) 251.83 ± 0.90 (92.48) 

Hot and dry 3.07 ± 0.09 (1.36) 6.62 ± 0.04 (2.94) 100.81 ± 0.85 (44.71) 11.73 ± 0.06 (5.20) 78.03 ± 0.00 (34.60) 25.23 ± 0.01 (11.19) 

Warm and wet 2.36 ± 0.01 (0.69) 6.43 ± 0.01 (1.87) 135.42 ± 0.01 (39.47) 15.07 ± 0.00 (4.39) 155.48 ± 1.15 (45.32) 28.35 ± 0.01 (8.26) 

Warm and dry 2.32 ± 0.32 (0.73) 6.33 ± 0.10 (1.98) 125.43 ± 1.39 (39.22) 13.54 ± 0.10 (4.23) 146.70 ± 0.85 (45.87) 25.50 ± 0.58 (7.97) 

5 

Cool and dry 2.55 ± 0.06 (0.94) 4.16 ± 0.04 (1.53) 4.96 ± 0.14 (1.83) 3.48 ± 0.02 (1.28) 5.14 ± 0.22 (1.90) 251.00 ± 1.14 (92.52) 

Hot and dry 3.15 ± 0.05 (1.40) 6.51 ± 0.05 (2.89) 100.92 ± 0.50 (44.82) 11.66V0.01 (5.18) 77.66 ± 0.00 (34.49) 25.25 ± 0.02 (11.21) 

Warm and wet 2.41 ± 0.07 (0.70) 6.41 ± 0.01 (1.87) 135.41 ± 0.00 (39.52) 14.93 ± 0.07 (4.36) 155.16 ± 0.00 (45.28) 28.36 ± 0.02 (8.27) 

Warm and dry 2.61 ± 0.06 (0.81) 5.89 ± 0.05 (1.84) 126.55 ± 0.12 (39.46) 13.92 ± 0.36 (4.34) 146.32 ± 1.24 (45.62) 25.43 ± 0.50 (7.93) 

Control 

Cool and dry 1.38 ± 0.03 (0.53) 1.21 ± 0.12 (0.47) 1.11 ± 0.08 (0.43) 1.88 ± 1.37 (0.73) 2.76 ± 2.15 (1.07) 250.33 ± 0.58 (96.77) 

Hot and dry 1.40V0.04 (4.61) 0.94 ± 0.02 (3.09) 1.11 ± 0.08 (3.68) 1.10 ± 0.11 (3.63) 1.52 ± 0.05 (5.01) 24.21 ± 0.01 (79.97) 

Warm and wet 1.40 ± 0.04 (4.08) 0.94 ± 0.02 (2.73) 1.11 ± 0.08 (3.25) 1.10 ± 0.11 (3.21) 1.52 ± 0.05 (4.43) 28.20 ± 0.17 (82.30) 

Warm and dry na na na na na na 

Value in parenthesis () is the percentage fraction. 
 

est concentration 0.99 mg/kg is associated with the organic bound fraction for Cd in. This situation is however 
different from [13], where insignificant amount of Cd are associated with organic bound fraction, whereas in the 
other fractions Cd concentrations were below the limit of detection. Association of Cd to the organic bound 
fraction does not generally constitute an environmental risk. This is due to retention of this metal by ion-ex- 
change proton displacement, and inner and out-spheres complex formation [32]. Consequently, considerable 
amount of Cd are retained in this fraction, which is less mobile, since it is considered to be associated with 
higher molecular weight stable and humic substance which release small amounts of metal gradually [33] 
(1999). 

As shown in Table 18, Cr across the sites was dominant in the residual fraction across the seasons (13.68 - 
46.72 mg/kg). Highest concentration in the residual of Cr was obtained in site 5 in warm and dry season, then in 
the Fe-MnO fraction (2.38 - 5.80 mg/kg). Highest concentration of Cr is associated with residual fraction. Small 
amount of Cr associated with water soluble fraction are noticed in all the sites. This is similar to [34] where no 
Cr was detected in the first three fractions. According to them, the leaching of Cr to the environment from these 
samples may not occur readily. Cr (VI) is a highly toxic metal that has been linked to cancer in humans follow-
ing prolonged inhalation, and is toxic to plants at relatively low concentrations [35]. 

For Cu (Table 19), the residual (site 3) and organic bound (site 1) fractions exhibited the highest concentra-
tion of 41.33 and 3.83 mg/kg in cool and dry, and warm and wet season, respectively. Dominant level of Cu in 
the exchangeable phase at site 2 was observed, while in warm and dry season, the carbonate bound fraction 
dominated at site 5.  

Also, the predominant form of Cu available in the entire fractions is residual, exchangeable and carbonate 
bound fractions. The high % of Cu in the residual fraction is due to stable nature of the compound and the fact 
that the metals are bonded firmly within a mineral lattice restricted the bioavailability of this metal [36] [37]. 
This coincides with the researches carried out on soils in China [38] [39].  

Fe across the sites was also associated mostly with the residual phase followed by Fe-MnO and organic bound 
fractions as shown in Table 20, the concentration ranged 630.33 - 3173.40, 8.35 - 1030.24, 16.01 - 92.98 mg/kg, 
respectively across the seasons. Highest concentration of 3173.40 mg/kg was recorded in the residual fraction at 
site 2 in warm and wet season. Though Fe is not toxic heavy metals, it analysis in the present study indicates its 
predominance of all the metal in all sites. Since the Fe concentration is very high in the residual fraction, the re-
sidual fraction could be converted to reducible fraction by the activity of plant roots, hence, available for plant 
uptake [40].  

The behaviour of Mn was quite different from other metals in that percentage fractions were mainly associ-
ated with the exchangeable fraction of the soil samples (site 1) ranging from 0.20 - 13.52 mg/kg (Table 21). 
Availability of Mn in soils pose no threat to the plants especially at low concentrations recorded in the study.  

As shown in Table 22, Ni across the sites was dominant in the residual fraction across the seasons (4.62 - 
115.70 mg/kg). Highest concentration in the residual of Cr was obtained in site 5 in cool and dry season, then in 
the Fe-MnO fraction (2.40 - 6.71 mg/kg).Residual, Fe-MnO and organic bound fraction is the predominant form 
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of Ni in all the samples in the cool and dry season. 1.31 - 7.36 and 0.66 - 7.64 mg/kg is in the exchangeable and 
carbonate fractions, respectively which can cause environmental toxicity during mobility [41]. Similar to this 
study, [41] showed that Ni in soils was concentrated in residual fractions. However, in this study, toxicity of Ni 
is not important because of its low concentration in the mobile and bioavailable fractions. 

Highest concentration in residual of Pb was obtained in site 1 during the cool and dry season, then in the 
Fe-MnO fraction (2.49 - 5.14 mg/kg) as shown in Table 23. Furthermore, with the exception of cool and dry 
season, lowest level of Pb was observed in the organic bound fraction. From the results, Pb in the soils was 
found at concentration range of 148.20 - 149.80 mg/kg in residual fraction during the cool and dry season across 
the sites, while, smaller amount was bound to water soluble and Fe-MnO fraction. A similar distribution of Pb 
forms among fractions was reported for the fluvial deposits by [42]. 

As for Zn, significant amounts of the metal were associated with the residual fraction (Table 24) especially in 
cool and dry, however, in hot and dry season, highest concentration of Zn was associated with organic bound 
fraction (100.95 mg/kg). In warm and dry season, the dominant fraction across the sites was Fe-MnO (155.16 - 
155.83 mg/kg). Higher concentration of Zn in Fe-MnO fraction can be attributed to diffusion mechanism [43]. 
This metal can be release into the environment under extremely reducible conditions [34]. 

4. Conclusions 
1) The physicochemical parameters of the soils across the sites indicated values reported for less polluted 

soils. 
2) With the exception of Cd, all metals evaluated in this study were lower than recommended standard 

limits. 
3) The results of sequential extraction of heavy metal in soil sample indicated that all metals were mainly 

associated with the residual, Fe-MnO and organic bound fractions. The residual fraction had the maximum 
concentration of metals especially in cool and dry season for Cr, Cu, Ni, Pb and Zn, whereas only a small 
fraction of all the heavy metal was extracted in water soluble, exchangeable and carbonate bound fractions. 
It indicated that the bioavailability index was low. Hence, mobility of the heavy metals by the surrounding 
plants grown on the soils was low. 
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