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Abstract  
Majority of the farmers in the drylands of Northern Nigeria cultivates small pieces of land that are < 2ha, with 

different soil management practices coupled with low distribution of soil fertility has not been documented at 

global scale. The main objective of this study is to assess the spatial distribution soil fertility using geostatistical 

approach. Soil samples were taken for pH, organic carbon, nitrogen, phosphorous and potassium at 11 random 

locations at the depth of 0 – 20cm with the help of a GPS. The soil was analyzed in the soil lab and the result 

were imputed into GIS environment for the spatial distribution using semivariogram and co-kriging. The result 

shows that there are low concentration of N, P, and K at the northern part while OC at the southeastern part 

of the area, however the distribution of pH indicated an opposite or negative distribution compared with the 

other parameters. The result of the semi-variogram, for Nitrogen, Phosphorus, Potassium, Organic carbon and 

pH indicated that Gaussian, Circular, Exponential, Tetrasphericals and Stable respectively. The spatial 

dependency for N, P, OC and Soil pH are showing weak dependency but K indicating a strong spatial 

dependency. This implies that N, P, OC and pH are all affected with management practices such as tilling, 

harrowing, nature of cropping which includes mixed cropping and fertilizer application. The study concluded 

that the use of geostatistics can be applied within the larger scale which can give a guide for fertilizer 

application and recommended for site specific nutrient analysis. 
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1. Introduction  

Nigeria’s dryland has been dominated with cereal cultivation for more than decades, this resulted 

nutrient mining when this problem persists, it resulted to lowering the soil nutrients which can affect crop 

production if not properly manage (Kamaluddin et al., 2020). Though, on the other hand other factors under 

natural conditions may leads to low distribution of soil nutrients that are under agricultural (Atreya et al. 2008). 

Majority of the farmers in these areas are small holder farmers that cultivate less than 2ha coupled with 

continues cultivation of cereal crops which are nutrient demanding contributed in draining some of the 

important nutrients in the soil without proper management (Muhammad et al., 2022). However, the area falls 

within Kano Close settled zone which is part of the dryland areas and have indicated to suffer from soil nutrients 

depletion which has been documented from different studies (Ahmed et al., 2015). 

In trying to achieve food security in this area, there is need to rise in the grain per capital in Nigeria 

especially in the north where there is intense grain cultivation. However, the cost of food items has increased 

to about 100% in the recent time (Ajayi, 2015), coupled with the population explosion which has been projected 

by 2030 to have taken most of the cropland (d’Amour et al., 2017). This requires intensive analysis in order to 

have the soil information so as to have a picture of the general problem at larger scale rather than looking at it 

in a global perspective. Several approaches have been applied in the evaluation and detection of soil problems 
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from global to local scales which are significant fact to be documented. Some of these studies are 

experimentations which represent a location that lack spatial entity and are later extrapolated or are spatially 

distributed representing a large area. 

A lot of empirical findings has shown that the Nigeria’s drylands has been affected by low soil nutrients, 

degradation and poor soil management practices (Nishant et al., 2014; Aminu and Jaiyeoba, 2015; Olateju et 

al, 2015; Oloyede et al, 2015; Adeyolanu et al., 2017). While other studies are on soil quality, which has 

indicated to affect yield and longtime cultivation of cereal crop could resulted to lowering the performance and 

productivity (Ezeaku, 2015; Garba, 2017; Jimoh et al, 2018) and the recent study on soil nutrient balance 

requirement for maize in part of the Nigerian dryland (Shehu et al., 2019; Aliyu et al., 2022). Other authors 

worked on soil fertility classification, constraints on sorghum production, soil properties and effect on cropping 

and nutrient response for maize (Okorie, et al., 2020; Oklo et al., 2021; Muhammad et al., 2022).  

Though, several studies were conducted using Geostatistical approaches around the globe. Like 

mapping and quantification of the distribution soil nutrient using fuzzy expert system for different crops (Singh 

and Sharma, 2014; Vinh et al., 2017; Ogunleye et al. 2018; Leena et al., 2021; Abd El-Hady et al., 2018; 

Kingsley et al., 2022; Zheng et al., 2022). Other researches mapped out soil nutrients (Mary et al., 2016) and 

semivariograms and geostatistical techniques (Kamal et al., 2016; Obroślak and Dorozhynskyy 2017; Panday 

2018). Analytical Hierarchy Process (AHP) and Multicriteria Evaluation Criteria Analysis (MCDA) and 

capability classification (Lawrence et al., 2020; Basavaraj et al., 2020; Anthony et al., 2021; El Behairy et al., 

2022; Ahmed and El-Husseiny, 2022). 

Insufficient and inadequate spatial information on soil fertility at larger scales (within a localize area) 

is among the major limiting factors to agricultural development for smallholder farmer in dryland areas (Ahmed, 

2021). Studies in the Nigeria’s dryland concentrated mostly on fuzzy logic (Ahmed, 2015) soil nutrient variation 

(Ahmed, Adamu and Mohammed 2015; Danjuma et al., 2020). The recent finding of Kamaluddin et al., (2020) 

on soil fertility management for site specific for maize production in part of the dryland areas of Nigeria 

indicated lower fertility indicators distributed across the area. This shows the need to analyze the spatial 

variation of soil within the local environment (or at larger scale) for local farmers. It is on this background that, 

this study tends to examine the spatial distribution of soil nutrients in part of Gwarzo Local Government Area 

Kano State-Nigeria. Therefore, the main objective of this paper is to analyze the spatial distribution of soil 

fertility and using geostatistical analysis. 

2. Materials and Methods 

2.1 Study Area 

The study area (Figure 1) is at Getso village in Gwarzo Local Government Area of Kano State. It is 

located between Latitude 11.88o 33”N to 11.88o349”N of the equator and Longitude of 7.96o 93”E to 7.96o 843”E 

of the Prime Meridian. The area falls within the tropical wet and dry type coded as Aw (Tropical wet Savannah) 

according to Koppen’s classification and have characteristics as a typical of West African savannah; 

temperature in the region is generally throughout the year (Ibrahim, 2011). 
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Figure. 1 Study area 

The annual rainfall is about 1000mm in the southern part of Kano where the northern extreme, the 

annual value received is lower than 1000mm especially toward the vicinity of desert. The soils of the area are 

dominated by sandy and high bulk density. Pre-Cambrian rock of the basement complex which comprises of 

gneiss amphibolite’s, marbles and the later granites which underlie large part of Nigeria including 70% of the 

Kano region (Olofin, 1985).  Trees are composed of variety of species hardly taller than 20m ranging from 

baobab of different types of acacias, for example Acacia Albidspp, Acacia Nitoticaspp and Acacia seyal spp. 

The vegetation has been characterized to be the dry guinea on the southern fringe in Sudan on larger part of the 

region (Olofin, 1987; Dakata and Yelwa 2012). These areas are verse with low rainfall, soil moisture and scanty 

trees distributed which give the advantage of cultivating some short season crops such as cereals and what 

characterized the area as dryland (Danjuma et al., 2020). 

3. Research Methods 

3.1 Types of Data and Sources of Data 

The type of data used in this research work were qualitative and quantitative type of data which is the 

soil parameters which include soil pH, organic carbon, nitrogen, phosphorous and potassium. This study utilized 

both primary and secondary data as its sources of data collection. The primary sources include mainly field data 

i.e measurement of landscape characteristics and the laboratory results of the soil samples collected from the 

field (physical and chemical properties). The secondary source of data constitutes mainly on the use of satellite 

image (i.e., Google earth image), others materials were sourced from journals and articles 

4. Soil Sampling 

Images of the study area was downloaded from Google Earth; the area was grouped according to crop 

type and management. Four (4) composite soil samples were taken within the radius of 5meters and mixed for 

all the locations. 11 random samples were taken in the area at the depth of 0-20cm using the Global Position 

System (GPS) in recording the locations and other attributes such as type of crop and management practiced. 

5. Soil Laboratory Analysis 

The soil pH was determined in a glass electrode pH meter (Mclean, 1965), while the total nitrogen was 

determined by the macro-Kjeldahl digestion methods (Skjemstad and Reeve, 1976). Phosphorous (p) content 
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was determined using the colourimeter (CECIL CE 373) method using the sodium hydrogen carbonate 

extraction in line with Bray and Kurtz (1945) method. potassium (K), were determined using a flame 

photometer and atomic absorption spectrophotometer respectively, Organic Carbon content of the soil was 

determined as described by Nelson and Sommers, (1982). 

6. Geostatistical Analysis 

The data were used to map the distribution of soil properties and analysis of variability using 

semivariogram tool in ARC GIS 10.5 statistical software to depict spatial autocorrelation of the measured 

sampling locations. Ordinary kriging was applied in the interpolation procedure as presented in Equation (1). 

Geostatistical analysis of the soil parameters was performed in GIS environment. Ordinary kriging procedure 

was used to estimate interpolated values of each soil parameter at non-measured points based on Equation (1) 

(Krig and Wijsian, 1981). 

γ(ℎ) = 1/2𝑁(ℎ) ∑ [𝑍((𝑥𝑖) −  𝑍 (𝑥𝑖 + ℎ)]2𝑁(ℎ)

𝑖=1
  (1) 

where γ(ℎ) denotes semivariance at lag distance (ℎ), 𝑁(ℎ) is the number of measured pairs separated by (ℎ), 

and 𝑍(𝑥𝑖) and 𝑍(𝑥𝑖 + ℎ) are sampled measured values at 𝑖th sampling point separated by vector (ℎ). 

The best fitted models were selected for the parameters (N, P, K, OC and pH). The evaluation of the 

interpolations was as the result of the validation indices using Root Mean Square Error (RMSE) as presented 

in Equation (2). 

𝑹𝑴𝑺𝑬 = √
∑ (𝑴𝒊−𝑷𝒊)𝟐𝒏

𝒊=𝟏

𝒏
       (2) 

7. Result and Discussion 

The results were entered into the GIS environment to analyzed the spatial distribution. Semivariogram 

was used for co-kriging to select the best fitted model for the distribution and to determine the probable effect 

of the distribution (Natural or Anthropogenic). 

7.1 Spatial Distribution 

The distribution of Nitrogen indicated low with 32.22% especially at the North-west of the area and 

also small portions in the north and south, while concentration of moderate with 48.33% at central part and high 

with 19.45% at the central and southern part of the area (Table 1). 

Table 1: Area (ha) of parameters 

 
Distribution of Phosphorus shows a low with 49.90% at the east and north eastern part, moderate of 

42.04% much distribution showing domination in most of the area and high with 2.75% at the central part. 

Parameter Low(ha) % Moderate (ha) % High(ha) % 

Nitrogen 1.64 32.22 2.46 48.33 0.99 19.45 

Phosphorus 2.54 49.90 2.14 42.04 0.42 2.75 

Potassium 1.64 32.22 2.46 48.33 0.99 19.45 

Organic carbon 2.54 49.90 1.53 41.85 0.36 8.25 

Soil pH 0.79 15.52 3.19 62.67 1.11 21.81 
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The result of Potassium indicated a low with 32.22% at the northeastern area, moderate with 48.33% 

and high with 19.45% at the southeastern part. The concentration of the Organic carbon for low is within 49.90% 

at the southeastern part and moderate with 41.85% distributed across the area, while high at 8.25% within the 

central part. The pH in the area is within low with 15.52% at the central and eastern part while a moderate with 

62.67% occurred at the in almost all the area and high with 21.81% northeastern part, however the distribution 

of pH indicated an opposite or negative distribution compared with the other parameters (NPK, and OC) as 

shown in figure 2similar findings were shown in Kamaluddin et al., (2020) from a matrix of correlation showing 

a negative result on soil pH, SOC, and Ntot within the study area.  

From the findings, the area is dominated with low concentration of soil nutrients which sometimes has 

linked to low vegetation cover, low moisture and rainfall among other factors. Therefore, the study corroborates 

with many findings within the Nigeria’s dryland that shows very low to soil nutrients (Ahmed et al., 2015; 

Ahmed 2015; Danjuma et al., 2020; Kamaluddin et al., 2020). 

  

  

 

Figure 2: Spatial Distribution of Soil Parameters 

N K 
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7.2 Suitable Models and the Semi-Variogram  

The analysis shows the suitable models and the semi-variogram, which is called the nugget, range, and 

partial sill for each parameter (Nitrogen, Phosphorus Potassium, Organic carbon and Soil pH data set). The 

result indicated that best fit model for the parameters were Gaussian, Circular, Exponential, Tetrasphericals and 

Stable respectively (Table 2). 

Table 2: Semi-variogram 

Variables 
Depth 

(m) 

Lag 

size 
Model 

Nugget 

(Co) 

Sill(Co 

+ C) 

Spatial 

dependency 

(Co/Co+C) 

Partial 

sill 

(Co) 

Range RMSE 

N 0-30 0.00035 Gaussian 0.0356 0.0356 1 0 0.004183 0.19908 

P 0-30 0.0003 Circular 7.2609 7.260 1 0 0.004183 2.84167 

K 0-30 0.00029 Exponential 0 0.0205 0 0.0205 0.003517 0.09786 

OC 0-30 0.0003 Tetraspherical 0.0822 0.082 1 0 0.00418 0.3023 

pH 0-30 0.0003 Stable 0.0845 0.084 1 0 0.00418 0.3065 

 
Also, infer that experimental data had a positive nugget effect (Co) for all the result. The nugget/sill 

ratio (Co/Co+C) define the spatial dependency. The variables are considered as strong spatial dependence when 

is less than 0.25 and weak spatial dependency when is between 0.25-0.75 and a very weak spatial dependency 

above 0.75 (Cambardella et.al., 1994; Tripathi et al., 2015). The result indicated a weak spatial dependency for 

N, P, OC and pH, but K distribution with strong spatial dependency of 0. This implies that N, P, Organic carbon 

and soil pH are all affected with management practices such as tilling, harrowing, nature of cropping which 

includes mixed cropping and fertilizer application which has been indicated by Ahmed (2021) and majority of 

the farmers in the area cultivates less than 2ha which includes pearl corn, millet, maize, beans, groundnut, and 

okro. Dissimilar result in Kamaluddin et al., (2020) that shows a high spatial dependence across the area study 

area for N, P, OC and pH, with similar result for K as the result of natural occurrence of such element within 

the dryland areas. The dominance of K according to Ahmed, (2021) is readily available in the Savannah soils 

as the result of effect of “winddrift” which at the end it will form a “duricrust” of ironfan within the surface 

layer and harden and thereby making the P and N to be low in natural form. 

8. Conclusion and Recommendation 

Geospatial technique of soil nutrients in the area shows a low concentration in all the parameters (N, P, 

OC and K) with the exception of pH and they are affected with anthropogenic factors as indicated by the 

Semivariogram model such as nature of soil management practice, cropping systems and the distribution of K 

affected by natural factors such as geology and climate among others. The study recommended for proper 

fertilizer application within small area especially in the challenging dryland environment. The concentration of 

soil parameters in the area are more to a certain location (west-central to southwestern part). Therefore, study 

recommended for proper site-specific fertilizer application, instead of the normal blanket systems that has been 

practiced in most of the smallholder farmers. Farmers in the area should be applying organic manure so as to 

enhance the soil microbial activities. Also, the application of fertilizer (NPK) should be 25:15:05 due to high 

abundance of K.  
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