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ABSTRACT 

 

Micronutrients are important for good crop performance. There is limited 

quantitative data on the content and distribution of micronutrients in soils 

under rice cultivation in Niger state, particularly, on the soils of Baddeggi and 

Makusidi. To achieve this, soil samples were purposively collected along 

topographic positions (upper-slope, mid-slope, lower-slope and bottomlands) 

in the two areas. To assess the distribution of iron (Fe), manganese (Mn), zinc 

(Zn) and copper (Cu), a total of sixty-four composite samples were collected 

at 0-15 and 15-30 cm depth and were determined by Atomic Absorption 

Spectrophotometry. The results revealed that the mean values of available Fe, 

Mn, Zn and Cu were 182.40, 41.90, 7.90 and 6.50 mg/kg for Baddeggi and 

254.30, 275.13, 16.25 and 7.88 mg/kg for Makusidi respectively. The very 

high Fe and Mn in the study sites may lead to toxicity of these elements. The 

Cu and Zn were also relatively high, and their deficiencies are unlikely to occur 

in the study area. 
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INTRODUCTION 

 

Micronutrients are trace elements or metallic chemical elements essential for plant 

growth in extremely small quantities (Brady and Weil, 2010). Although required in small 

quantities, however, micronutrients have the same agronomic importance as macronutrients 

and also play vital roles in the growth of plants (Nazif et al., 2006, Ukabia et al., 2021). 

Report by Ukabiala et al. (2021) shows that most micronutrients play a vital role in 

association with enzymatic system of plants, for instance Zn is known to promote the 

formation of growth hormones, starch formation and seed development. Iron is important in 

chlorophyll formation, Cu and Mn activates a number of important enzymes in 

photosynthesis and metabolism (EFTC, 2001, Ukabiala et. al., 2021) these trace elements 
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include Zinc (Zn), Iron (Fe), Copper (Cu), Manganese (Mn), Boron (B) and Molybdenum 

(Mo). Factors affecting the availability of micronutrients are parent material, soil reaction, 

soil texture, and soil organic matter (Brady and Weil, 2002). According to Tisdale et al. 

(1995), micronutrients were positively correlated with the fine mineral fractions like clay and 

silt but had negative relationship with coarser- sand particles.  This is because their high 

retention of moisture induces the diffusion of these elements (Tisdale et al., 1995). Brady 

and Weil (2010) established that the solubility, availability and plant uptake of micronutrient 

cations are more under acidic conditions (pH 5.0 to 6.5). Micronutrients play a specific role 

in the growth and development of plants, and these micronutrients are mainly obtained by 

the plants from the soil reserve. However, the frequent changes in soil management practices 

alter micronutrient availability.  In order to upturn crop productivity of Niger state soils, there 

is the need to monitor the micronutrients status of the soils. The only available inherent soil 

fertility information covering the whole state is obtained from the country’s soil fertility map, 

which was developed by the National Programme for Food Security (Chude et al., 2011a).  

The objective of this research was to assess micronutrient status of soils under rice cultivation 

in Niger state along topographic positions and determine their toxicity potentials. 

 

MATERIALS AND METHODS 

 

Study Area  

 

The study area falls under zone-1 and zone-3 as classified by Niger state Agriculture and 

Mechanization Development Authority (NAMDA) which receives most of its annual rainfall 

from the range of 1200 mm in the north to about 1600 mm in the south spread between the 

months of May and October. Mean annual temperature is high throughout, about 32 ⁰C with 

peaks in the months of March to June. Niger State covers a total land area of about 8.6 million 

hectares which represent 9.3% of the total land area of Nigeria, out of which seven million is 

cultivable (85% of the land) and 82 thousand hectares is irrigable for rice cultivation.  The 

State has 110,000 ha of hydromorphic (fadama) soils equivalent to about 3.5 % of its total 

land area (Lawal et al., 2012a). The state is located in the northern Guinea savanna zone of 

Nigeria.  It lies between Latitudes 80 01 and 130 301 N and Longitudes 40 201 and 80 401 E 

situated at elevation of 258.5 m above sea level.  Niger State shares common boarders to the 

North-west with Kebbi state, to the North-east with Kaduna state, to the South with Kogi 

state and to the South-west with Kwara state.  It also shares boarder to the South-east with 

Abuja (FCT) and Republic of Benin in South-west.  The State is characterized by sub-humid 

tropical climate having distinct rainy and dry seasons (Anonymous, 2011). The natural 

vegetation in Niger state follows the rainfall pattern and other climatic elements.  The 

vegetation of the State is broadly classified as Northern Guinea savanna with dense 

population of grasses, shrubs and tree (Anonymous, 2011).  Makusidi and Baddeggi areas 

where the research was carried out are located at elevation of 112 and 98 m above sea level. 

 

Soil Sampling  

 

Soils were purposively sampled from Baddeggi in Katcha local Government Area 

which had 35 hectares of land and 20 hectares in Makusidi in Wushishi Local Government 

Area which were under rice cultivation.  Soil samples were taken from 0-15 and 15-30 cm 

depths.  Four transects at intervals of 100 m apart were cut along topographic positions of the 
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sites,  from which composite soil samples were collected at upper-slope (US), mid-slope 

(MS), lower-slope (LS) and bottomlands (BL).  Each composite sample then consisted of 

samples taken from the sampling point on transect.  In each sampling point, samples were 

taken from 0-15 and 15-30 cm depths.  Thirty-two (32) composite samples were collected, 

16 each for 0-15 and 15-30 cm depth, giving a total of 64 composite samples (Table 1).  

 

Table 1: The layout for collection of soil sample at Baddeggi and Makusidi surface and 

subsurface layers (0-15 cm and 15-30 cm) 

BADDEGGI UPPER-

SLOPE 

MID-

SLOPE 

LOWER-

SLOPE 

BOTTOMLAND 

Transect A A A A 

Transect B B B B 

Transect C C C C 

Transect D D D D 

MAKUSIDI 

Transect A A A A 

Transect B B B B 

Transect C C C C 

Transect D D D D 

 
Soil Sample preparation and analysis 

 

The soil samples were air-dried, gently crushed using a mortar and pestle, and passed 

through a 2mm-seive to obtain a fine earth separates. Soil analyses were carried out in the 

laboratory following the procedures outlined by the International Soil Reference and 

Information Centre and Food and Agriculture Organization (ISRIC/FAO 2002). 

The available micronutrients iron, manganese, zinc and copper (Fe, Mn, Zn and Cu) were 

extracted with 0.01 N hydrochloric acid (HCl) and the concentrations in the extract were 

determined using Atomic Absorption Spectrophotometer (AAS). 
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Classification for Micronutrients in Soils 

 

Table: 2 Critical limits for interpreting micronutrients levels of Nigerian soils 

Parameter* Low Medium High 

Micronutrients:    

Cu (mg kg-1) <0.2 0.2 - 1.0 >1.0 

Zn (mg kg-1) <0.8 0.8 - 2.0 >2.0 

Fe (mg kg-1) <4.5 4.5 - 10.0 >10.0 

Mn (mg kg-1) <5 5 – 10 >10 
Source:  Esu (1991); The toxicity reference value are >1.0, >2.0, >10.0 and >10 (mg kg-1) for (Cu, Zn, Fe and Mn) 

respectively. 

 

Statistical Analysis 

 

The data collected on the soil micronutrient elements were subjected to analysis of 

variance (ANOVA) using the statistical analysis system (SAS, 2002). The means were 

separated using Duncan Multiple Range Test (DMRT). Correlation analysis was done to 

show the relationship between micronutrients and physical and chemical properties of soils. 

 

RESULTS AND DISCUSSION 

 

Effect of Topographic Position and Soil Depth on the Distribution of Available 

Micronutrients  

 

The results of the effect of topographic position and soil depth on the distribution of 

available micronutrients are presented in Table 3.  

Available Mn was significantly (P˂0.05) affected by topographic position at 

Baddeggi, while in Makusidi, topographic position had no significant (P˃0.05) effect. The 

effect of topographic position at Baddeggi gave the highest mean value of Mn (71.50 mg/kg) 

on the bottomland and the lowest value (13.40 mg/kg) on the upper slope.  
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Table 3: Effect of topographic position, soil depth and toxicity potentials of available micronutrients (Mn, Fe, Cu and Zn) at Baddeggi 

and Makusidi 
 

     Treatment  

Mn 

Baddeggi  

Mn  

Makusidi 

Mn 

Combined 

Fe 

Baddeggi 

Fe 

Makusidi  

Fe 

Combined  

      mg/kg 

Cu 

Baddeggi 

Cu 

Makusidi  

Cu 

Combined  

Zn 

Baddeggi 

Zn 

Makusidi  

Zn 

Combined  

Slope (S) 

  Upper-Slope   

 

13.40b 

 

275.13 

 

144.30 

 

128.90b 

 

254.30 

 

191.60 

 

3.60 

 

6.83 

 

5.21b 

 

5.70b 

 

16.25 

 

10.95 

Mid-Slope  41.90ab 226.63 134.30 181.13ab 237.40 209.30 4.53 6.85 5.70ab 6.53ab 14.53 10.53 

Lower-slope 28.00ab 209.38 118.70 174.50ab 253.00 213.80 6.50 7.65 7.06a 7.10a 14.30 10.70 

Bottomland 71.50a 198.75 135.13 182.40a 245.13 213.80 4.10 7.88 5.96ab 7.90a 14.10 10.99 

SE 17.98 29.50 15.10 18.10 17.80 10.94 1.13 0.70 0.63 0.70 1.70 0.86 

Significance * Ns Ns * Ns Ns Ns Ns * * Ns Ns 

Depth D(cm) 

0-15 

 

42.00 

 

251.30 

 

146.63 

 

171.70 

 

263.94 

 

217.81 

 

3.99 

 

7.20 

 

5.60 

 

7.10 

 

16.03 

 

11.54 

15-30 35.38 203.69 119.53 161.80 230.94 196.34 5.34 7.41 6.40 6.54 13.60 10.04 

SE 12.71 20.90 10.70 12.80 12.60 7.73 0.80 0.50 0.5 0.50 1.20 0.61 

Significance Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns      Ns   

Interaction 

S X D 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

Means followed by the same letter(s) within a treatment column are not significantly different at 5% level of probability using Duncan multiple range test (DMRT), Ns –
not significant * - significant (P˂ 0.05). 

 

Table 4: Fertility classes of the micronutrients on the transects (Upper-slope, Mid-slope, Lower-slope and Bottomland) at Baddeggi and 

Makusidi 
 

 

 

Treatment 

Mn 

Baddeggi  

Mn  

Makusidi 

Mn 

Combined 

Fe 

Baddeggi 

Fe 

Makusidi  

Fe 

Combined  

 

   mg/kg 

    

Cu  

Baddeggi 

Cu 

Makusidi  

Cu 

Combine

d  

Zn 

Baddeggi 

Zn  

Makusidi  

Zn  

Combined  

 Slope (S) 

Upper-Slope   

 

High 

 

High 

 

High 

 

High 

 

High 

 

High 

 

High 

 

High 

 

High 

 

High 

 

High 

 

High 

Mid-Slope  High High High High High High High High High High High High 

Lower-slope High High High High High High High High High High High High 

Bottomland High High High High High High High High High High High High 

Depth D (cm) 
0-15 

High High High High High High High High High High High High 

15-30 High High High High High High High High High High High High 

Interaction 

S X D 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

 

Ns 

Ns –not significant at 5%level of significance.
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The highest mean value (275.13 mg/kg) on the upper-slope and lowest (198.75 mg/kg) 

on the bottomland were obtained at Makusidi. The results also indicated that the content of 

Mn was higher at the surface layer than in the subsurface layer (Table 3). In the combined 

sample, the highest (144.30 mg/kg) and lowest mean (118.70 mg/kg) were recorded on the 

upper and lower-slopes respectively. Esu (1991) indicated that the critical limits for Mn were 

<5 as low, 5-10 as medium and >10 mg/kg as high. From that critical limit ranges, Mn was 

high in Baddeggi and very high in Makusidi. Similar results were reported by (Atefah 2013 

and Kabata Pendias, 2001) of Mn concentration in Argillaceous sediments (400-800 mg/kg) 

and Sandstones (100-500 mg/kg). Similar study was carried out at Baddeggi by Gbade (1990) 

and the value of Mn obtained was 2.28 to 20.88 ppm. The result is relatively lower than the 

one obtained in the current study. this may be due changes as a result of natural weathering 

processes over time and or addition of Mn containing materials naturally through the agent 

of wind or water, as due to direct addition of organic materials in the study site.  
The content of available Fe was significantly (P˂0.05) affected by topographic 

position at Baddeggi but was not significantly affected at Makusidi. However, across all soil 

depths at Baddeggi and Makusidi.  There was no significant difference in the result obtained 

(Table 3). The result revealed that, the highest (182.40 mg/kg) and lowest mean (128.90 

mg/kg) values were recorded on bottomland and upper-slope respectively. However, 

statistical analysis from Table 3 shows that there was no significant (P˃0.05) difference in 

Fe content across the soils of upper-slope, mid-slope, lower-slope and bottomland at 

Makusidi. The results of Mn and Fe obtained indicated that all the soils of the two studied 

sites were generally high. 

The copper (Cu) content was not significantly affected (P˃0.05) by topographic 

position and soil depths at Baddeggi and Makusidi. Cu content at Baddeggi was well above 

the high critical limit, the highest mean value (6.50 mg/kg) at the mid-slope and the lowest 

(3.60 mg/kg) at the upper-slope were obtained. At Makusidi, the highest (7.88 mg/kg) and 

lowest mean (6.83 mg/kg) values were obtained at the bottomland and upper-slope 

respectively. According to Esu (1991), the critical class limits for Cu were given < 0.2 as 

low, 0.2-1.0 as medium and >1.0 mg/kg as high. The values of the two studied areas were 

well above high critical limit indicating sufficient quantity of copper in the soil, which may 

be attributed to parent materials and accumulation of clay content was on the subsurface 

layer. This agrees with the findings by Reaves and Berrow (1984) that copper content 

increased with increase in depth and decreased with increasing sand content. Considering the 

combined sample, the highest (7.06 mg/kg) and lowest mean value (5.21 mg/kg) were 

recorded at lower-slope and upper-slopes respectively. The two soil depths had the highest 

mean (6.40 mg/kg) at the subsurface layer and lowest mean (5.60 mg/kg) value at surface 

layer. Similar results was also reported by (Atefah 2013 and Kabata Pendias 2001) of Cu 

concentration in Argillaceous sediments (40-60 mg/kg) and Sandstones (5-30 mg/kg) The 

values compared favourably to those reported for Nigerian hydromorphic soils and higher 

than the general values reported for Nigerian soils (Kparmwang et al., 1994; Kparmwang et 

al., 2000; Mustapha and Singh, 2003). 

The available Zn content was significantly (P˂0.05) affected by topographic position 

at Baddeggi but, at Makusidi there was no significant (P˃0.05) effect. However, soil depth 

had no significant (P˃0.05) effect on the available Zn in the study area. Considering the effect 

of topographic position at Baddeggi, the highest mean value of 7.90 mg/kg was obtained at 

the bottomland and the lowest mean value of 5.70 mg/kg at the upper-slope. While at 

Makusidi, the highest (16.25 mg/kg) mean was obtained at the upper-slope and lowest (14.10 
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mg/kg) at the bottom-slope. In the study area, Zn content followed a decreasing order of 

concentration: Upper-slope ˃Middle-slope ˃Lower-slope ˃Bottomland. With regards to soil 

depth, the highest mean value of 7.10 mg/kg was obtained at the soil surface layer (0-15 cm) 

of Baddeggi. This result corroborate Lawal et al. (2012a) who recorded high content of Zn 

(7.40 mg/kg) on soil surface layer (0-50 cm) in hydromorphic soils derived from sedimentary 

rocks in the same agroecological zone. Esu (1991) reported the critical limits for Zn: <0.8 

mg/kg as low, 0.8-2.0 mg/kg as medium and >2.0 mg/kg as high. In Makusidi, the relatively 

high values in all the soils may be partly attributed to the relatively high clay content in all 

the soils. Soils with high clay content have been reported to be rich in Zn (Lombin, 1983b).  

Availability of zinc is usually enhanced by the pH range of the soil (Lake, 2000; Brady and 

Weil, 2002). Zinc had been reported to be generally of low mobility in soils (Chesworth, 

1991) and has a tendency of being adsorbed on clay size particles ( Sims and Johnson, 

1991; Alloway, 2008). 

 

CONCLUSION 

 

The findings of the present study revealed that iron (Fe) and manganese (Mn) were 

very high in the two areas which may lead to toxicity of these elements. Copper (Cu) and 

zinc (Zn) were also relatively high, and their deficiencies are unlikely to occur in the study 

area soon. In view of the findings of this study, liming alongside application of organic 

materials will help in addressing the potential toxicity due high Fe and Mn as well as avoiding 

the projected deficiency of Cu and Zn in the study sites. 
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