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The sustainable management of soil fertility, particularly micronutrients, is critical for
enhancing crop productivity and nutritional quality in West Africa. This study employed
geostatistical techniques and a Geographic Information System (GIS) to assess the status and
spatial distribution of available Zinc (Zn), Copper (Cu), Manganese (Mn), and Iron (Fe),
alongside soil pH, across 70 sampling points in Kura Local Government Area (LGA), Kano
State, Nigeria. Descriptive statistics revealed high coefficients of variation (CV) for all
micronutrients, indicating significant spatial heterogeneity and the inadequacy of uniform
fertilizer application. Semivariogram analysis confirmed a strong to moderate spatial
dependence for all elements, allowing for reliable spatial interpolation via Kriging. The
resulting maps delineated distinct zones of deficiency, sufficiency, and potential excess for
each micronutrient. While mean values suggested generally high levels of Fe, Mn, and Zn, the
spatial maps highlighted localized areas where targeted management is essential to prevent
both deficiency-induced yield loss and potential toxicity. The findings underscore the
necessity of adopting Precision Agriculture strategies in Kura LGA, providing a critical
foundation for developing site-specific nutrient management plans to optimize crop
production and soil health.
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INTRODUCTION
Micronutrients, including Zinc (Zn), Copper (Cu), Manganese (Mn), and Iron (Fe), are essential for
optimal plant growth and play a critical role in human nutrition, with deficiencies linked to
widespread health issues globally (Abubakar et al., 2022; Adamu et al., 2021). In the context of
West African agriculture, particularly in Nigeria, soil fertility degradation presents a major
challenge to achieving food security and sustainable intensification (Adhikari and Hartemink,
2016). Continuous cultivation without adequate nutrient replenishment, coupled with the inherent
properties of tropical soils, has led to significant imbalances in both macro- and micronutrient
availability (Adugna and Abegaz, 2020; Abdulkadir et al., 2025b).

The northern region of Nigeria, characterized by the Sudan Savannah ecological zone, is a major
food production area. Kura Local Government Area (LGA) in Kano State is a prominent agricultural
hub, renowned for its intensive rice cultivation and other staple crops (Alemayehu et al., 2023).

                               1 / 7



Moroccan Journal of Agricultural Sciences
Vol 7 No 1 (2026): (March 2026), 15-19
Crop Production and Environment

Despite its agricultural importance, the soil fertility management in Kura LGA, like much of the
region, often relies on conventional, uniform fertilizer application strategies.

This “blanket” approach is fundamentally flawed because soil properties, including nutrient
concentrations, exhibit a high degree of spatial variability, even over short distances (Ayoola et al.,
2021). Applying a single recommendation across a heterogeneous field inevitably leads to over-
fertilization in some areas (resulting in economic loss and environmental pollution) and under-
fertilization in others (leading to yield gaps and nutrient-poor crops) (Bhunia et al., 2018).

To address this critical limitation, a shift towards Precision Agriculture is necessary. This approach
requires a detailed, spatial understanding of soil nutrient distribution. Geostatistics, integrated
with a Geographic Information System (GIS), provides the robust analytical framework needed to
quantify this spatial variability, model the continuous distribution of soil properties from discrete
sample points, and delineate site-specific management zones (Arunkumar and Paramasivan, 2015;
Sani et al., 2022; Sani et al., 2023).

Previous studies in the region have highlighted the general problem of micronutrient deficiencies
(FAO, 2006), but a comprehensive, geostatistical assessment focusing specifically on the available
forms of Zn, Cu, Mn, and Fe in the intensively farmed soils of Kura LGA has been lacking.

Therefore, the objectives of this study were to characterize the spatial variability of these
micronutrients using geostatistical techniques (semivariogram modeling and Kriging) and to
generate high-resolution spatial distribution maps that can be used to delineate site-specific
management zones for precision fertilizer application, thereby promoting sustainable soil fertility
and enhancing crop productivity in the rice paddies of Kura LGA in Kano state, Nigeria.

MATERIAL AND METHODS
Study Area

The study was conducted in Kura Local Government Area (LGA) of Kano State, Nigeria. Kura LGA is
situated within the Sudan Savannah ecological zone, characterized by a distinct wet and dry
season. The area is predominantly agricultural, with major crops including rice, maize, and
vegetables. The underlying geology and climatic conditions contribute to the specific soil types and
fertility status observed in the region.

Soil Sampling

A total of 70 composite soil samples were collected from the agricultural farmlands of Kura LGA. A
systematic grid sampling approach was employed to ensure adequate spatial coverage of the study
area. At each sampling point, soil was collected from the topsoil layer (0–20 cm depth). The samples
were air-dried, crushed, and sieved through a 2 mm sieve before being subjected to laboratory
analysis.

Laboratory Analysis

Soil pH was measured in a 1:2.5 soil-to-water suspension using a glass electrode pH meter as
described in IITA (2015). Available Micronutrients (Mn, Zn, Fe, and Cu) were extracted using the
DTPA (diethylenetriaminepentaacetic acid) extraction method as described by Lindsay and Norvell
(1978). Specifically, 10 g of soil was shaken with 20 mL of 0.005 M DTPA solution containing 0.01
M CaCl2 and 0.1 M triethanolamine (TEA) adjusted to pH 7.3 for 2 hours. The extract was filtered,
and the concentrations of the micronutrients were measured using an Atomic Absorption
Spectrophotometer (AAS). The obtained concentrations were interpreted based on established
critical limits (Gee and Bauder, 1986).
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Soil Fertility Classification

The interpretation of analytical results for soil fertility assessment was based on established critical
limits and fertility rating standards as recommended by the Food and Agriculture Organization
(FAO, 2006; Hendershot et al., 2008), the International Institute of Tropical Agriculture (IITA,
2015), and the Federal Ministry of Agriculture and Rural Development (FMARD, 2020; ISRIC,
2020). These standards provide scientifically validated threshold values for categorizing the
nutrient status of soils into low, medium, or high fertility levels.

Statistical and Geostatistical Analysis

The data generated from laboratory analyses were subjected to both statistical and geostatistical
analyses. Descriptive statistics, including the mean, minimum, maximum, standard deviation (SD),
and coefficient of variation (CV), were computed for all soil parameters. The CV was used to
categorize the variability of soil properties as low (CV < 15%), moderate (15–35%), or high (CV >
35%) (Wilding, 1985). Descriptive statistical analyses were performed using Jamp statistical
software. The spatial distribution maps were developed to visualize the variation of key soil
properties across the study locations. The maps were classified according to the fertility rating
standards to delineate soil fertility zones. All spatial maps were prepared using ArcGIS 10.8 and
georeferenced to the WGS 84 coordinate system.

RESULTS AND DISCUSSION
Descriptive Statistics of Soil Properties

The descriptive statistics for soil pH and available micronutrients (Zn, Cu, Mn, and Fe) are
presented in Table 1. A total of 70 soil samples were analyzed.

The soil reaction was slightly acidic to near-neutral, with a mean pH of 6.01 and a low coefficient of
variation (CV) of 4.70%. This narrow range suggests a relatively uniform soil acidity across the
study area which is in accordance with findings of Abdulkadir et al. (2022) and (2025a). In contrast,
the available micronutrients exhibited high spatial variability, as indicated by their high CV values.
Zinc (Zn) showed the highest variability with a CV of 68.9%, followed by Iron (Fe) at 31.6%, Copper
(Cu) at 30.3%, and Manganese (Mn) at 28.6%. According to the classification by Wilding (1985), all
four micronutrients fall into the highly variable category (CV>35%) or moderately variable
category (15–35%), confirming the necessity of a geostatistical approach to accurately map their
distribution.

The mean concentrations of the micronutrients were found to be: Zn (13.2 mg/kg), Cu (2.01 mg/kg),
Mn (26.1 mg/kg), and Fe (170 mg/kg). When compared to common critical levels for DTPA-
extractable micronutrients (e.g., Zn: 0.8 mg/kg; Cu: 0.2 mg/kg; Mn: 1.0 mg/kg; Fe: 2.5 mg/kg)
(Lindsay and Norvell, 1978), the mean values suggest that the soils of Kura LGA are generally well-
supplied or even excessive in all four micronutrients. The extremely high mean concentration of Fe
(170.21 mg/kg) is particularly noteworthy. However, the minimum values for Zn (0.74 mg/kg)
indicate that some localized areas may still be deficient, further justifying the need for spatial
mapping.

Spatial distribution of available micronutrients

The successful application of geostatistical techniques (semivariogram modeling and Kriging)
allowed for the creation of continuous spatial distribution maps for each micronutrient (Figures
2–5). The spatial dependence observed for all micronutrients confirms that their distribution is not
random but is influenced by intrinsic soil-forming factors and management practices, which can be
effectively modeled (Sharu et al., 2020).
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Spatial Distribution of Zinc (Zn)

The spatial map for Zn (Figure 2) shows that the majority of the study area falls within the high
concentration range (10.01–25 mg/kg). This is consistent with the high mean value (13.2 mg/kg).
However, the map clearly delineates a small area in the western part of the LGA where Zn
concentrations are below 10 mg/kg, suggesting a potential localized deficiency or a lower-end
sufficiency zone. The high overall Zn status may be linked to the near-neutral pH, which generally
reduces Zn availability (Abdulkadir et al., 2020; Dawaki et al., 2020), or to the parent material of
the soil.

Spatial distribution of manganese (Mn)

The spatial distribution of Mn (Figure 3) is highly heterogeneous, with a significant portion of the
area classified as low (<22 mg/kg) and other large areas in the high range (>25.0 mg/kg). This
patchy distribution highlights the strong spatial variability (CV 28.6%) and the risk of both Mn
deficiency and potential toxicity across the LGA. The availability of Mn is highly sensitive to redox
conditions and pH, suggesting that localized differences in drainage or organic matter content may
be driving this pattern.

Spatial distribution of iron (Fe)

The spatial map for Fe (Figure 4) shows that almost the entire study area is in the low
concentration range (<140 mg/kg) according to the map’s classification, despite the extremely high
mean value (170 mg/kg). This apparent contradiction suggests that the classification thresholds
used in the map legend may be unusually high, or that the Fe is present in forms that are not
readily available, even to the DTPA extractant. Given the high mean, the map effectively highlights
the areas with the lowest Fe concentration relative to the overall high background. The small,
isolated spots of higher concentration (140–250 mg/kg) indicate micro-sites of Fe accumulation.

Spatial distribution of copper (Cu)

The spatial distribution of Cu (Figure 5) shows a clear division between areas of moderate (1.88–2
mg/kg) and high (>2.01 mg/kg) concentration. The mean Cu concentration (2.01 mg/kg) places the
soil in the high-sufficiency range which is in accordance with the findings of Adesoji et al. (2025).
The map is crucial for identifying the areas where Cu levels are at the lower end of the sufficiency
range, which could become deficient under intensive cropping or in response to other nutrient
applications.

Implications for Precision Agriculture

The results unequivocally demonstrate that the soil fertility status of Kura LGA, with respect to
micronutrients, is characterized by high spatial variability. This finding invalidates the use of
blanket fertilizer recommendations, which would either over-apply nutrients in high-concentration
zones (leading to waste and potential toxicity) or under-apply in low-concentration zones (leading to
yield loss). The generated spatial maps provide the necessary information to delineate site-specific
management zones. For instance, areas with Zn concentrations below 10 mg/kg (Figure 2) should
be prioritized for Zn fertilization, while the vast areas with high Fe and Mn concentrations require
no application and may warrant management strategies to mitigate potential toxicity or antagonism
with other nutrients. By adopting a precision agriculture approach based on these maps, farmers in
Kura LGA can optimize their fertilizer inputs, improve crop yield, and ensure the long-term
sustainability of their soil resources.

CONCLUSION
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The application of geostatistical techniques to the soil data from Kura Local Government Area,
Kano State, has provided a critical, spatially explicit understanding of the available micronutrient
status. The study confirmed that the soil fertility of the area is characterized by high to moderate
spatial variability for all four micronutrients (Zn, Cu, Mn, and Fe), with coefficients of variation
ranging from 28.6% to 68.9%. This heterogeneity demonstrates the inadequacy of traditional,
blanket fertilizer recommendations for the region. While the mean concentrations of available Zn
(13.2 mg/kg), Cu (2.01 mg/kg), Mn (26.1 mg/kg), and Fe (170 mg/kg) suggest a general state of
sufficiency or even excess compared to common critical levels, the spatial distribution maps
revealed significant localized differences. Specifically, the maps successfully delineated: Areas of
potential Zinc deficiency in the western part of the LGA; A highly patchy distribution of Manganese,
indicating zones that may be prone to either deficiency or toxicity; Widespread high Iron
concentrations, which, while generally beneficial, require careful management to avoid antagonism
with other nutrients. The Kriged maps generated in this study serve as a powerful decision-support
tool for implementing Precision Agriculture in Kura LGA. The primary recommendation is for
farmers and agricultural extension services to utilize these maps to delineate site-specific
management zones. This approach will enable the targeted application of micronutrient fertilizers
only where deficiencies are confirmed, leading to: Increased fertilizer use efficiency and reduced
input costs; Mitigation of environmental risks associated with nutrient over-application;
Optimization of crop yield and nutritional quality by correcting localized imbalances. Future
research should focus on validating these management zones through field trials, correlating the
mapped micronutrient status with actual crop yield data, and investigating the relationship
between the high Fe and Mn concentrations and the availability of other essential nutrients.
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