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NOISIAI

study evaluates the spatial distribution of essential soil chemical properties-pH, electrical

conductivity (EC), available phosphorus (P), available potassium (K), organic matter
(OM), and saturation percentage in Tehsil Jhelum, Pakistan. A total of 160 topsoil samples (0—
15 cm depth) were collected using random sampling, with GPS coordinates recorded for each
site. LLaboratory analysis was conducted to assess the nutrient status of the soils, and Ordinary
Kriging interpolation was used within a GIS framework to generate spatial distribution maps.
The findings revealed notable variability across the region. Soil pH ranged from 4.3 to 7.8
(mean: 7.44), indicating mostly neutral to slightly alkaline conditions. EC values ranged from
0.49 to 1.40 dS/m, suggesting low to moderate salinity. Available phosphorus varied between
1.2 and 7.8 mg/kg, while available potassium ranged from 60 to 180 mg/kg, showing moderate
tertility levels. Organic matter content was uniformly low (0.20-0.66%), with a mean of 0.42%,
highlighting poor organic inputs. Saturation levels varied from 22% to 72%, displaying a
layered spatial pattern. The spatial heterogeneity observed in soil nutrients underscores the
need for site-specific nutrient management and precision agriculture practices. The generated
maps serve as valuable tools for farmers, agronomists, and policymakers to make informed
decisions aimed at improving crop productivity and maintaining soil health in the region.
Keyword: Soil Fertility, Spatial Variability, Kriging Interpolation, Geographical Information
System (GIS), Jhelum, Pakistan

D 1PIndexing &% CiteFactor R RESEARCHBIB (7 -
‘ Indexing Portal i ACADEMIC RESOURCE INDEX By IDEAS
=

JOURNALS R@TINDEXIN( ili iINFOBASE INDEX
MASTER LIST SCI Ilt

: ; oil fertility is a key factor influencing agricultural productivity and sustainability. This

_5.2,_@ ; Ml ResearchGate WIKIDATA
DRJI Crossref

September 2025 | Vol 07 | Issue 04 Page | 2236


mailto:kashif.mahmood@gcuf.edu.pk

International Journal of Innovations in Science & Technology

Introduction:
Crop yields are strongly influenced by soil fertility [1]. Understanding and evaluating
the fertility status of soils across different regions is crucial for promoting sustainable and cost-
effective agricultural practices [2]. An effective way to tackle these challenges is through the
creation of soil fertility maps using Geographic Information Systems (GIS). Soil testing
provides essential information about the availability and concentration of nutrients within the
soil, which is crucial for informed decision-making. Assessing soil fertility levels is vital to
achieving higher yields and profitability in Tehsil Jhelum. Balanced nutrient management
supports higher yields and preserves soil health over the long term. While numerous
investigations have examined soil fertility in South Asia [3][4][5][6], this study specifically
evaluates the fertility status of soils in Tehsil Jhelum. Agriculture accounts for nearly 24% of
Pakistan’s Gross Domestic Product (GDP), with District Jhelum encompassing about 274,771
acres of cultivated land [7]. The region supports both irrigated and rain-fed farming systems.
However, a majority of farmers lack formal education and awareness of modern agricultural
techniques, including appropriate fertilizer application and irrigation management.
Consequently, fertilizers are frequently applied without soil testing, which can result in crop
damage and considerable economic losses. This study hypothesizes that soil properties vary
significantly across Tehsil Jhelum, thereby affecting soil fertility status and nutrient distribution
patterns. Recognizing the importance of spatial variability in soil properties, this study
primarily aims to assess soil fertility status and its spatial distribution in Tehsil Jhelum. This
analysis aims to support site-specific soil management practices that enhance agricultural
productivity and promote sustainable land use. This research presents a novel approach by
employing kriging interpolation techniques to assess and map the spatial variability of soil
fertility in Tehsil Jhelum. Unlike conventional soil fertility assessments, kriging enables the
estimation of unknown values and generates a continuous surface, offering a more precise and
visual representation of fertility distribution across the region. This method enhances decision-
making for site-specific nutrient management and contributes to precision agriculture practices
in the study area.
Obijective of the Study:

Given the critical importance of spatial variation in soil properties, the primary
objective of this study is to analyze the soil fertility status and its spatial distribution patterns
in Tehsil Jhelum. This analysis aims to support site-specific soil management practices that
enhance agricultural productivity and promote sustainable land use.

Novelty Statement:

This research presents a novel approach by employing kriging interpolation techniques
to assess and map the spatial variability of soil fertility in Tehsil Jhelum. Unlike conventional
soil fertility assessments, kriging enables the estimation of unknown values and generates a
continuous surface, offering a more precise and visual representation of fertility distribution
across the region. This method enhances decision-making for site-specific nutrient
management and contributes to precision agriculture practices in the study area.

Material and Methods:

The study was conducted in Tehsil Jhelum, located at 32.9271° N latitude and 73.7314°
E longitude. According to the 2023 population census, the total population of Tehsil Jhelum
is 507,788, with a population density of 866.53 persons per square kilometer and an urban
population proportion of 61.53% [8]. District Jhelum comprises four tehsils and 44 union
councils [9]. The location of the study area is illustrated in Figure 1.
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Figure 1. Study Area-Jhelum location in Pakistan

Soil samples were collected through a field survey conducted during October and
November using a random sampling technique to ensure unbiased representation across
different agricultural zones. A total of 160 topsoil samples were collected at a depth of 0—15
cm, which is the most active root zone and critical for nutrient uptake. Each sample site was
geo-referenced using a Global Positioning System (GPS) device to facilitate spatial mapping.
The spatial distribution of the sampling points is shown in Figure 2. Soil was extracted using
a standard iron auger, placed into labeled polyethylene bags, and sealed propetly to prevent
contamination during transport to the laboratory.

All soil samples were air-dried, crushed, and passed through a 2 mm sieve before
analysis. The following physicochemical parameters were analyzed:

Soil pH is determined using a pH meter in a 1:1 soil-to-water suspension, indicating
the soil's acidity or alkalinity. Electrical Conductivity (EC) is measured to assess soil salinity,
which can affect plant growth and nutrient availability. Organic Matter (OM) content was
estimated using the Walkley—Black method, a chemical oxidation technique that quantifies the
amount of decomposed plant and animal residues in the soil. Available Nitrogen (N) was
determined through the Kjeldahl method, which measures the total nitrogen content
accessible for plant uptake. Available Phosphorus (P) is measured using the Olsen method, a
procedure suitable for neutral to alkaline soils that extracts Phosphorus in a form available to
plants. Finally, Available Potassium (K) is extracted with ammonium acetate and analyzed via
flame photometry, allowing for the quantification of potassium essential for various plant
physiological processes. Together, these analyses provide a comprehensive understanding of
soil fertility and nuttient status.

Spatial analysis was performed in ArcGIS, where the kriging interpolation technique
was applied to generate continuous surface maps of soil fertility parameters. Kriging is
particularly effective in predicting values at unsampled locations based on the spatial
autocorrelation of measured data points. It also provides estimation variance, which helps in
understanding the reliability of predicted values. Due to the unavailability and limited reliability
of secondary data, this study primarily relied on field-based primary data collection. Following
data collection, soil samples were analyzed in the laboratory, where their physical and chemical
properties were tested at the Rawalpindi Soil and Water Testing Laboratory. Standard soil
testing procedures were used to analyze selected physicochemical properties. Several
researchers have employed Geographic Information Systems (GIS) for soil data analysis.
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The spatial variation of soil chemical properties was demonstrated by Ilagan using
DIVA-GIS [10]. The Inverse Distance Weighting (IDW) method was applied by Kumar and
his team to map soil fertility [11]. Karajanagi used the Geostatistical Analyst tool to depict the
soil nutrients [12]. Georeferenced points were first plotted on Google Farth, and the resulting
KML file was then converted into a point shapefile for further analysis. Spatial distribution
maps of soil fertility variations were generated using geostatistical kriging analysis in ArcGIS
10. The Ordinary Kriging method was applied as an interpolation technique, based on Tobler’s
first law of geography: “everything is related to everything else, but near things are more related
than distant things The Ordinary Kriging method was used as the interpolation technique
according to Tobler’s law “everything is related with everything else but nearest things are
more related than distant things” [13]. Ordinary kriging is the most widely used form of
kriging. Constant mean values are assumed in this, but with a specific prominence on the
spatial location of the sample points within the nearest neighborhood for estimating unknown
values [14]. Many soil scientists and scholars have utilized kriging to study soil variations
[15]{16][17][18][19][20]]21][22]. Chaudhary and his fellows explored the use of perceptible
near-infrared (vis-NIR) spectroscopy as a fast and non-destructive substitute for forecasting
soil properties and Soil quality indices [23]. Hammad and his fellows used a geostatistical
approach based on ordinary kriging to produce soil property and fertility maps [24].

Figure 2 illustrates the spatial distribution of 160 soil sampling sites across Tehsil
Jhelum. Each point on the map represents a location where a topsoil sample (0—15 cm depth)
was collected for fertility analysis. Sampling points were systematically distributed across the
tehsil, encompassing both irrigated and rain-fed agricultural areas to achieve comprehensive
spatial representation. The map includes key spatial elements such as administrative
boundaries, river networks, a scale bar, and a north arrow to aid in geographic orientation.
Such spatial distribution is essential for geostatistical analysis and for producing accurate soil
tertility maps through kriging interpolation.
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Figure 2: Spatial distribution of soil sampling sites in Tehsil Jhelum.
Results:

Figure 3 presents the spatial distribution of a key soil fertility parameter in Tehsil
Jhelum, interpolated using the Ordinary Kriging method. The colored raster surface represents
the concentration gradient of the nutrient, with values ranging from 1.0 to 4.4. The legend
categorizes values into nine intervals: blue and green tones (1.0-1.9) denote low
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concentrations, yellow to orange shades (2.0-3.4) represent moderate levels, and red tones
(3.5-4.4) indicate high nutrient availability. The black dots overlaid on the map represent the
160 soil sampling locations, which were used to generate the interpolated surface.

The spatial pattern indicates significant variability in nutrient concentration across the
tehsil. The central and southern parts of Tehsil Jhelum exhibit higher concentrations, as shown
by the dense red and orange areas. In contrast, northern and northeastern regions demonstrate
lower levels, reflected in blue and light green zones. This variation may be attributed to
differences in land use, cropping intensity, organic input, irrigation practices, or topographical
influences. The histogram and boxplot included at the top of the figure further depict the
distribution characteristics of the data, revealing a slightly right-skewed distribution with a
mean value of 2.54 and a standard deviation of 0.78, suggesting moderate variability. The
kriging model, based on spatial autocorrelation, enables precise estimation of nutrient levels
in unsampled locations, providing a valuable decision-making tool for site-specific fertilizer
application and sustainable nutrient management in the region.
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Figure 3. Spatial distribution of a selected soil fertility parameter in Tehsil Jhelum using
Otrdinary Kriging interpolation.

Since soil texture is a qualitative variable, it was converted into a quantitative form for
kriging analysis. The coding scheme used was: clay loam = 1, clay = 2, loam = 3, and sandy
loam = 4. The kriging analysis reveals that a major portion of the tehsil Jhelum is covered with
sandy loam and loamy soils. 22.5% of the soils are classified as sandy loam, and 58.12% of %
soils are categorized as loamy soils. These two classes cumulatively make a major portion that
is 80.62% of the total sampling sites in Jhelum. Clay loam accounted for 15% of the total
samples, whereas clay soils represented only 4%.

Table 1 presents the summary statistics of key soil properties in Tehsil Jhelum based
on 160 topsoil samples. The saturation percentage ranged from 22% to 72%, with a mean of
39.11%, indicating moderate water-holding capacity in most areas. Soil pH values ranged from
4.3 to 7.8, with an average of 7.44, suggesting that the majority of soils are slightly alkaline,
though some acidic patches exist. Electrical conductivity (EC) values were relatively low (0.49—
1.40 dS/m), with a mean of 0.76 dS/m, indicating non-saline to slightly saline conditions
suitable for crop production. The availability of phosphorus vatied from 1.2 to 7.8 mg/kg,
averaging 4.06 mg/kg, which reflects a generally low to moderate P status across the region.
The concentration of available potassium ranged from 60 to 180 mg/kg, averaging 102.63
mg/kg, which is generally sufficient to meet crop requirements. Organic matter content was
very low, ranging from 0.2% to 0.66%, with a mean of 0.43%, indicating poor organic inputs
and the necessity of organic amendments to enhance soil health and fertility. Table 1. Salient
Soil Properties of the Study Area (Tehsil Jhelum)
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Sr. No Soil Characteristic Range Mean
1 Saturation (%) 22172 39.11
2 pH 43-78 7.44
3 Electrical Conductivity (dS/m) | 0.49-1.40 | 0.76
4 Available Phosphotus (mg/kg) | 1.2-7.8 4.06
5 Available Potassium (mg/kg) 60—180 | 102.63
6 Organic Matter (%o) 0.2 -10.66 0.43

Data Source: Primary data collected through field survey (2024).

Figure 4 depicts the spatial distribution of major soil chemical properties in Tehsil
Jhelum, including potassium, phosphorus, organic matter, pH, electrical conductivity (EC),
and saturation percentage. The available potassium content ranges from 60 to 180 mg/kg,
with an average value of 102.62 mg/kg. The inset map reveals that the majority of the
agticultural land is dominated by the 96-108 mg/kg potassium class (fourth class color),
indicating moderately sufficient K levels. Isolated patches with higher potassium
concentrations (120132 mg/kg) atre visible in the northeastern region, suggesting localized
nutrient accumulation.

The available phosphorus content varies between 1.2 and 7.8 mg/kg, with an average
of 4.06 mg/kg, indicating low to moderate P availability across most areas. The spatial pattern
of organic matter shows concentrations ranging from 0.20% to 0.66%, with a mean of 0.42%,
highlighting generally poor organic matter content in the soils of Tehsil Jhelum. Although
marginally higher levels were observed in the central zones, organic matter across the region
is generally low, suggesting poor organic input or residue incorporation. The soil pH ranges
from 4.3 to 7.8, with an average of 7.44, indicating mostly neutral to slightly alkaline
conditions. Spatially, the pH is relatively uniform across the tehsil, with values mostly falling
between 7.3 and 7.6, except for a small localized acidic patch in the central region. Electrical
conductivity (EC) values range from 0.49 to 1.40 dS/m, with an average of 0.76 dS/m,
suggesting non-saline to slightly saline soils, which are generally suitable for crop cultivation.
The saturation percentage varies between 22% and 72%, with a mean of 39.11%. The
saturation pattern reveals a gradual, layered increase from west to east, likely influenced by soil
texture, elevation, and water availability.
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Discussions:

Soil textural classes of Jhelum tehsil were found to be sandy loam, loam, clay loam,
and clay. Mostly loam-structured soils are present in Jhelum, as about 58% soils are loam. As
per the saturation level, it varies from 30% to 60 % and it is suitable for agricultural production.
All soils were found to be free from salinity and are suitable for the cultivation of all crops.
Mostly, soils of the study area lie in the natural category of pH value (6.6 to 7.5), which is good
for agriculture. Organic matter content is below 0.86% across the area, indicating a widespread
deficiency in soil organic matter. The low organic matter content in the tehsil can be attributed
to extremely high summer temperatures (often exceeding 45 °C in June and July), which
accelerate decomposition, along with farmers’ practices of not applying farmyard compost and
completely removing crop residues, leaving soils fallow. The trend of green compost is also
not observed. Soils are poor in Available P, but mostly soils are in satisfactory condition in
Available K. Phosphorus is a very important element for agriculture. If the available
phosphorus content in the soil is too low, plant and crop growth are adversely affected [25].
Soil in the study area was characterized as weakly to strongly alkaline and generally low in
organic matter. Severe deficiency of bioavailable zinc and foliar zinc was found in the studied
area. Bioavailable zinc exhibited strong site-dependence in the surface layer (0—15 c¢cm) and
moderate site-dependence in the subsurface layer (15-30 cm), while foliar zinc exhibited only
moderate site-dependence [26]. Variations in soil in the district of Jhelum were studied. It was
concluded that an increasing extent of erosion due to slope effect can further deteriorate soil
properties [27]. A comparative study of the Jhelum district based on soil fertility and
characterization was conducted. The findings revealed that 89.76 % soil samples had pH levels
7.5-8.5while 56.441 % were within acceptable salinity and sodicity levels (EC < 4 dS/m.
76.363% of % samples showed a medium texture. Soil samples were significantly deficient in
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organic matter (88.493% had less than 0.86% OM) and available phosphorus (99.012% had
less than 7 mg P/kg soil). While more than 99% soils were under the satisfactory range of K
(80-180 mg/Kg) [28]. The findings of this research are quite similar to those of the present
study. This study can be further expanded by using temporal data and adding comparative
analysis by comparing soil fertility variations with other districts to suggest a suitable cropping
pattern for agricultural regions in Pakistan.

One of the primary challenges faced during the study was the potential for
contamination of soil samples during collection and handling. To minimize this risk, each
sample was collected using a clean iron rod, placed in separate, labeled polyethylene bags, and
sealed propetly to avoid cross-contamination. However, despite these precautions, the
possibility of minimal contamination during fieldwork cannot be entirely ruled out.

The vast geographical expanse of Tehsil Jhelum posed logistical and financial
challenges in collecting a large number of samples uniformly across the region. To address
this, a random sampling technique was adopted to ensure spatial representativeness while
remaining within budgetary and time constraints. Additionally, due to limited local facilities,
all soil samples were analyzed at the Soil and Water Testing Laboratory in Rawalpindi, which
involved added cost and coordination.

Recommendations:

Based on the spatial analysis of soil chemical properties in Tehsil Jhelum, the following
suggestions and recommendations are proposed to improve soil health and agricultural
productivity in the region:

The observed spatial variability in nutrient availability—particularly potassium and
phosphorus—suggests that a blanket approach to fertilizer application is inefficient. Farmers
should adopt site-specific nutrient management (SSNM) based on localized soil fertility maps
to optimize input use and reduce costs.

The consistently low organic matter content indicates poor soil structure and reduced
microbial activity. It is recommended to increase the use of farmyard manure, compost, and
green manuring to improve organic carbon content and overall soil fertility.

Soil testing facilities at the tehsil or union council level should be made more accessible
and affordable. Awareness campaigns and training workshops can encourage farmers to
regularly test their soils before applying fertilizers.

Farmers, especially in rain-fed areas, often lack knowledge of modern soil and nutrient
management practices. Capacity-building programs focusing on sustainable soil fertility
management, pH balancing, and EC monitoring should be introduced through agricultural
extension services.

The spatial maps generated through kriging interpolation can serve as the foundation
for decision support systems to guide crop planning and resource allocation at the farm and
policy levels.

Government policies should support the adoption of precision agriculture
technologies and GIS-based farm advisory systems by offering incentives and integrating them
into national agricultural development plans.

Continuous monitoring of soil properties through periodic surveys and spatial
mapping should be institutionalized to track changes in soil health and evaluate the
effectiveness of interventions over time.

Conclusion:

This study highlights the spatial variability of key soil chemical properties—pH,
electrical conductivity, available phosphorus, available potassium, organic matter, and
saturation percentage—across agricultural lands in Tehsil Jhelum. Using geostatistical kriging
and GIS-based mapping, the findings reveal significant heterogeneity in soil fertility, with
certain regions showing nutrient deficiencies and others exhibiting relatively optimal
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conditions. The overall low levels of organic matter and phosphorus emphasize the urgent
need for improved organic inputs and balanced fertilizer use. The spatial distribution maps
produced in this research serve as practical tools for implementing site-specific nutrient
management and promoting precision agriculture in the region. By adopting tailored soil
management practices, farmers and agricultural planners can enhance crop productivity while
preserving long-term soil health. The approach and findings of this study can also be extended
to other regions facing similar soil fertility challenges.
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