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FOREWORD
I sincerely extend my wholehearted and warm greetings to all participants and
stakeholders that attended the 49th Annual Conference of the Soil Science Society of
Nigeria (SSSN) hosted by the Department of Soil Science, Faculty of Agriculture,
Bayero University, Kano and the Centre for Dryland Agriculture, Bayero University,
Kano held at the CBN Centre of Excellence, Bayero University, Kano, Nigeria from 7th

to 11th April, 2025. Undoubtedly, the conference was a mark of huge commitment of soil
scientists as well as stakeholders in ensuring that the agricultural sector in Nigeria thrives
through enhanced and sustainable soil management practices and innovative solutions.
This year`s conference theme could not have come at a more appropriate time. As we
face the dual challenges of climate change and food insecurity, our soils are crying out
for attention. Soil degradation is threatening productivity and livelihoods across Nigeria.
We are however, optimistic that through innovation, evidence-based research, and a
renewed commitment to sustainable practices, we can restore soil health, improve
resilience, and secure the future of food in our country.
Our agricultural systems and ecosystems largely depend on the soil. Therefore, ensuring
its health and fertility is fundamental in sustaining productive farmlands, improving crop
yields and enhancing the livelihoods of our farmers. Hence, the Federal Ministry of
Agriculture and Food Security is committed to supporting initiatives that promotes
sustainable soil management practices. Along this line, innovations such as the Nigerian
Farmers` Soil Health Scheme (NFSHS), offer a promising solution for improving soil
fertility, enhancing crop productivity, promoting sustainable agricultural practices and
reducing environmental impacts.
I seize this opportunity to commend the leadership as well as the members of the SSSN
for their commitment in promoting research in soil science and advancing sustainable
land use practices. Your contributions have remained invaluable in guiding policy
makers, agricultural practitioners, and development partners toward solutions that ensure
improved soil productivity and environmental sustainability.
The proceedings of this conference are expected to provide critical insights,
recommendations, and strategies that will shape the future of soil science, enhance
sustainable agricultural development, and contribute to Nigeria`s food security agenda.
On behalf of the Federal Ministry of Agriculture, I commend all stakeholders for their
commitment to improving Nigeria`s soil resources and promoting sustainable agriculture.

Sen. Dr. Aliyu Sabi Abdullahi CON
(Baraden Borgu)
Honorable Minister of State for Agriculture and Food Security,
Federal Republic of Nigeria.
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COMMUNIQUÉ

49th ANNUAL CONFERENCE OF THE SOIL SCIENCE SOCIETY OF
NIGERIA (SSSN)

Theme:
“Promoting Soil Health and Resilience Through Research and Innovation for
Sustainable Food Systems in Nigeria”

The 49th Annual Conference of the Soil Science Society of Nigeria (SSSN) was held
from 7th to 11th April 2025 at Bayero University, Kano (BUK), Nigeria, and co-hosted
by the Department of Soil Science and the Centre for Dryland Agriculture (CDA),
BUK.

1. PREAMBLE
The conference brought together over 300 soil scientists, researchers, academics,
policymakers, farmers, extension personnel, development partners, industry stakeholders
and students from Nigeria and abroad, with both physical and virtual participation. It
provided a platform for deliberations on soil health, land degradation, agricultural
productivity and food security, particularly in the face of climate change and
unsustainable land-use practices.

The opening ceremony, held on 8th April 2025 at the CBN Centre of Excellence,
BUK, was chaired by the Hon. Minister of State for Agriculture and Food Security,
Senator Dr. Aliyu Sabi Abdullahi, CON. The President of SSSN, Prof. Jibrin M.
Jibrin, and the President and Chairman of the Governing Council of the Nigerian
Institute of Soil Science (NISS), Prof. Abubakar Musa Kundiri, emphasized the
critical importance of soil health to national development and food security and called
for stronger collaboration among stakeholders. The Vice Chancellor of BUK, Prof.
Sagir Adamu Abbas, represented by the Deputy Vice-Chancellor (Academics), Prof.
Haruna Musa, reaffirmed the University's commitment to advancing soil science. The
conference was formally declared open by the Hon. Minister.

2. PARTICIPANTS
Dignitaries at the opening ceremony included the Hon. Minister of State for Agriculture
and Food Security, representative of the Executive Governor of Borno State; the
President and Chairman Governing Council of NISS, President, International Union of
Soil Science (IUSS), representative of the Chairman/CEO, Nigerian Drug Law
Enforcement Agency (NDLEA), Executive Director, Institute for Agricultural Research
(IAR), Samaru, Zaria, and the Vice Chancellor of the Federal University of Agriculture,
Mubi. The event was also attended by fellows and members of SSSN, and other key
stakeholders.

3. KEY HIGHLIGHTS
Keynote Presentations:
The Hon. Minister emphasized the messages “No Farmer, No Nation” and “No Soil,
No Farmer”, reaffirming government’s commitment to restoring degraded soils through
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the Soil Health Program. He urged soil scientists to translate research into practical,
location-specific solutions for farmers and stressed stronger stakeholder collaboration.

The second keynote, delivered on behalf of the NDLEA Chairman/CEO, Brig. Gen.
Mohamed Buba Marwa (Rtd.), focused on the Agency’s Alternative Development
Project, which promotes crop substitution and community-based agricultural livelihoods
as alternatives to illicit crop cultivation and associated environmental degradation.

Lead Papers:
Prof. Bitrus Dawi Tarfa presented on OFRA calibration and fertilizer optimization
tools, advocating collaboration among SSSN, NISS and policymakers to harmonize soil
and fertilizer data and develop updated fertilizer-use recommendations.

Dr. Martin Yemefack, former President of the African Soil Science Society, presented
virtually on Digital Soil Mapping (DSM), highlighting its efficiency and accuracy and
recommending its wider adoption and integration into soil science curricula in Nigeria.

Conference Proceedings and Fellowship Awards:
The proceedings of the 48th SSSN Conference were presented and launched by the Hon.
Minister of State for Agriculture and Food Security, who also made a personal
contribution towards their publication. Fellowship of SSSN was conferred on Senator
Dr. Aliyu Sabi Abdullahi, CON; His Excellency Prof. Babagana Umara Zulum, mni,
CON; and Prof. Adam Lawan Ngala.

Technical Sessions:
A total of 233 scientific papers were presented, covering land-resource assessment and
management, soil health and management, soil physics and conservation, emerging
advances in soil science, and capacity building and extension. Major areas of innovation
included GIS, remote sensing, digital soil mapping, precision agriculture, machine
learning, biofertilizers, carbon sequestration and microbiome engineering.

Field Excursion and AGM:
Participants visited Tiga Dam, the Kano River Irrigation Scheme and the Teaching
and Research Farm of CDA, BUK New Campus, while the Annual General Meeting
deliberated on professional and organizational matters affecting the Society and the
advancement of soil science in Nigeria.

4. RESOLUTIONS
The conference recognized ongoing efforts by government, development partners and
other stakeholders to improve soil health, including the ECOWAS Roadmap, Africa’s
draft Action Plan on Fertilizer and Soil Health, the Soil Values Programme and the
Nigeria Farmers’ Soil Health Card Scheme.

To further promote soil health and food security, the conference resolved that SSSN
should work closely with the Federal Ministry of Agriculture and Food Security
(FMAFS) and other relevant stakeholders to:
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1. Promote digital and precision agriculture for improved fertilizer-use efficiency
and stronger collaboration among policymakers, researchers and farmers.

2. Make relevant soil data accessible to policymakers to support scientifically
based, region-specific fertilizer recommendations.

3. Translate research into practical farm-level solutions for soil degradation and
improved agricultural productivity.

4. Support the scaling-up of the Soil Health Program for restoration of degraded
soils, increased resilience and sustainable agriculture.

5. Promote innovative soil-management practices that contribute to sustainable
and resilient food systems.

6. Intensify awareness campaigns on soil health and encourage farmers to
undertake soil testing and adopt appropriate soil-management practices.

7. Resuscitate the National Soil Correlation Committee to guide the validation
and naming of new soil series in accordance with established scientific
procedures.

8. Return the SSSN Annual Conference to October/November each year to
better align with the programmes of FMAFS, FAO and other strategic partners.

5. APPRECIATION
SSSN and the Local Organizing Committee expressed profound appreciation to the
Federal Government of Nigeria, particularly FMAFS, for its support and
commitment to soil conservation and agricultural development. Appreciation was also
extended to the Vice Chancellor and Management of BUK; the Department of Soil
Science and CDA, BUK; keynote and lead-paper presenters; session chairs;
researchers; participants; and sponsors and partners, including FMAFS, OCP Africa,
Soil Values, Boko Fertilizers, Extension Africa and Afrexa, among others.

6. CONCLUSION
The 49th Annual Conference reaffirmed that healthy soils are fundamental to
Nigeria’s food security, agricultural productivity, environmental sustainability and
national development. The Society therefore called on government, academia, the
private sector, development partners and farmers to collaborate in implementing the
resolutions and translating soil science research and innovation into practical solutions
for a resilient and sustainable Nigerian food system.

Signed:

Prof. Jibrin M. Jibrin
President, Soil Science Society of Nigeria

Prof. Jude C. Obi
Secretary, Soil Science Society of Nigeria

Dated: 9th April 2025
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PREAN ADDRESS BY THE PRESIDENT OF SOIL SCIENCE SOCIETY OF
NIGERIA (SSSN), PROFESSOR JIBRIN MOHAMMED JIBRIN, RSS, FSSSN
DELIVERED AT THE OPENING CEREMONY OF THE 49TH ANNUAL

CONFERENCE OF THE SSSN IN KANO ON 7TH APRIL 2025

The Executive Governor of Borno State, Prof Babagana Umara Zulum mni CON
The Honourable Minister of State FMAFS, Sen Dr Aliyu Sabi Abdullahi, CON, (Baraden
Borgu)
The Vice-Chancellor, Bayero University Kano
The President of the NISS Council
The President of IUSS and Registrar of NISS
Executive committee members of the SSSN
The Dean Faculty of Agriculture
The Head of the Department of Soil Science, my HOD
Keynote and Lead Paper Presenters,
Fellows of SSSN and Members of the SSSN
The Chairman & Members of the Local Organizing Committee
Distinguished Guests
Esteemed Colleagues
Partners in Development
Gentlemen of the Press
Ladies and Gentlemen

It is with great honor and heartfelt joy that I welcome you to the 49th Annual Conference
of the Soil Science Society of Nigeria (SSSN). Each year, we gather to share knowledge,
renew professional ties, and advance our shared mission—but this year is especially
momentous for several reasons. Not only is this a time of increasing global urgency
around sustainable agriculture and environmental stewardship, but this conference also
returns us to Kano for the first time since 1978. As the current President of SSSN and a
proud faculty member of Bayero University, Kano, I find it deeply meaningful to host
this conference here at the citadel of knowledge.

This year’s theme, “Promoting Soil Health and Resilience through Research and
Innovation for Sustainable Development,” could not have come at a more appropriate
time. As we face the dual challenges of climate change and food insecurity, our soils—
silent, yet foundational—are crying out for attention. Soil degradation is threatening
productivity and livelihoods across Nigeria. But the good news is that through innovation,
evidence-based research, and a renewed commitment to sustainable practices, we can
restore soil health, improve resilience, and secure the future of food in our country.

That is why this conference matters. It is more than a gathering of academics—it is a
gathering of visionaries. Together, we will share research findings, debate ideas, explore
new technologies, and forge new collaborations. We will also strengthen our voice as soil
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scientists and demonstrate to policymakers and practitioners alike that healthy soils are
the bedrock of national development.

On this note, I would like to express our deep appreciation to the Federal Ministry of
Agriculture and Food Security (FMAFS) for its continuous and unwavering support to
our Society. This partnership has been pivotal. I am honored to serve as a member of the
Ministry’s Technical Committee on the Soil Health Card Scheme—an initiative that,
when fully implemented, will empower farmers with critical information to manage their
soils more sustainably.

The Ministry’s role in hosting our 48th Annual Conference, along with its consistent
financial, technical, and moral support to our Society, exemplifies the kind of
government-academic synergy that drives true transformation. We do not take this
support for granted.

Our appreciation also extends to our partners in the private sector and the international
community. We acknowledge, in particular, OCP Africa, whose steadfast support has
enabled the participation of young scientists and bolstered the quality of our conferences.
Likewise, the Soil Values Program, with its innovative focus on improving the productive
capacity of African soils and the livelihoods of farmers, has emerged as a critical ally in
our mission.

As a Society, we have not rested on our laurels. Over the past year, the SSSN Soil Talk
lecture series has continued to provide a vibrant platform for intellectual exchange. These
sessions—led by some of our most experienced colleagues—have become a favorite
among early-career soil scientists, offering mentorship, fresh perspectives, and a deeper
appreciation for the dynamic field of soil science.

We are also proud to report that SSSN continues to sponsor young soil scientists to attend
our conferences. Investing in the next generation is not just a noble goal—it is a necessity.
These bright minds will carry our legacy forward, and their participation today ensures
that soil science in Nigeria has a bright tomorrow.

This year’s conference will also feature the conferral of Fellowship Awards on
distinguished individuals, including the Honorable Minister of State for Agriculture and
Food Security. These awards are not only recognition of service but a celebration of
leadership in agricultural transformation, policy, and research. We thank these
personalities for their unwavering commitment to the development of Nigeria’s
agricultural sector.

Let me also take this opportunity to extend my deepest gratitude to the Local Organizing
Committee, the Dean, Faculty of Agriculture, Bayero University, the Council of the
Nigerian Institute of Soil Science (NISS), and the entire SSSN Executive Committee.
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Your tireless efforts, creativity, and teamwork have brought this conference to life. You
have made it possible for us to gather, share, and inspire one another.

In conclusion, let us remember that our role as soil scientists extends beyond laboratories
and lecture halls. It touches every farm, every family, and every future. Let us leave this
conference not only enriched by knowledge but energized by purpose. Together, through
research, innovation, and partnership, we can heal our soils, transform our agriculture,
and build a resilient and food-secure Nigeria.

I welcome you all once again to this historic conference.

Thank you. God bless you all. God bless the Soil Science Society of Nigeria. God bless
Nigeria.

Professor Jibrin Mohammed Jibrin
President, Soil Science Society of Nigeria
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ABSTRACT
Soils varied significantly in their soil properties with a landscape, making studies on spatial
variability essential for sustainable land management. This study aimed to assess spatial
variability of some selected soil chemical properties in the Rabah Floodplains of Sokoto
State, Nigeria, using descriptive and Geostatistical analyses. Six soil units were delineated,
and two representative soil profiles were excavated in each unit. Soil samples were collected
from genetic horizons and analysed following standard laboratory procedures. The results
revealed a varying degrees variability in chemical properties. Soil pH exhibited low
variability (CV < 15%), indicating relatively uniform soil reaction across the study area.
Organic matter and soil texture showed moderate variability (CV 15%–35%), suggesting
that land management practices influence soil organic matter, while macro nutrients such as
nitrogen, phosphorus, and potassium displayed high variability (CV > 35%), highlighting
the effects of fertilization, leaching, and other management practices in the study area The
study underscores the importance of site-specific management strategies to enhance land
productivity and sustainability. High nutrient variability suggests the need for precision
fertilization approaches to optimize crop yield and soil health.
Keywords: Spatial Variability, Rabah Floodplain, GIS, Soil Profile

Introduction
One of the inherent attributes of soil is its
spatial heterogeneity (Gallardo et al., 2000),
a phenomenon that represents a wide variety
of attributes because of interaction of the
factors and processes that control soil
formation and all aspects of human
activities related to land use (Ngailo and
Vieira, 2012). Spatial variation may reveal
patterns related

to soil attributes, that is, physical and
chemical properties of soil that exist within
and among fields (Journel and Huijbregts,
1991; Grego et al., 2006). Therefore, as
reported by Ngailo and Vieira
(2012), spatial variation in soil properties in
the field did not exist at random, but rather
followed a pattern in which variability
decreased as distance between sampling
locations shortened. Spatial variability of
soil parameters is paramount in the

mailto:idrissaniabubakar1@gmail.com
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explanation of the influence of the factors of
soil genesis and land use on soils. It permits
the use of different tracks of land for
different purposes and is the central concept
in soil mapping (Samuel et al., 2022).
Spatial variability is the combined effect of
chemical, physical and biological processes
occurring at different spatiotemporal scales
coupled with anthropogenic activities
(Goovaerts, 1998). It can help to correct
nutrient deficiencies (Brevik and Miller,
2015) and to determine production
constraints related to soil fertility. Spatial
variability of soils can also act as a guide in
suggesting variable remedial measures for
optimum production and appropriate land
use practises sustainable in the long run
(Halbac-Cotoara-Zamfir, 2019; Panday et
al., 2018). Spatial variability of soil
properties is assessed effectively by
geostatistical techniques (Emadi et al., 2016;
Moosavi and Sepaskhah, 2012; Moradi et
al., 2016) which can explain the extent of
soil variability. Soil heterogeneity has been
studied under different management
systems (Behera and Shukla, 2015). Spatio-
statistical tools are used to predict the
values of soils variables from unsampled
locations by factoring in the geographical
association between sampled and projected
points and reducing variance of assessment
error and costs (Behera and Shukla, 2015)
Increasing population has been shown to
decline agricultural productivity in Nigeria
(Buji et al, 2017) therefore there is need to
utilize the remaining land appropriately for
maximum agricultural production. Blanket
application of agricultural inputs is a
common practise in the study area, which

led to higher cost of production and low
farm output. There is little consideration to
soil heterogeneity as a guide to variable
fertilizer application. This practice presents
a major agricultural challenge, therefore a
research need to be conducted to address
this issue. Despite the area having
favourable climate for production of cereals,
vegetables and other crops, coupled with
favourable soil conditions for agricultural
activities, decline in harvest produce was
noticeable due to inappropriate inputs
management, as well as failure to
understand the nexus between crop nutrient
requirements and soil properties. The key
objective of this study was to assess the
spatial variability of some selected chemical
soil parameters in the study area so as to
guide decisions on input application.
Materials and Methods
The study was carried out in Rabah District,
Rabah Local Government Area of Sokoto
State. It is situated about 50km east of
Sokoto Metropolis, between latitudes 130 5′
45′′ and 130 8′ 45′′ N and longitudes 50 28.5′
45′′ and 50 33.5′ 45′′ E. Two standard
profile pits were sunk in each identified soil
unit to a depth of 2.0m, and the profiles
were demarcated and described into
different horizons in accordance with the
pattern of Soil Survey Division (FAO, 2006)
soil description procedures. Bulk soil
samples were collected inside well labelled
plastic containers from each identified
genetic horizon starting from the lowest to
the topmost horizons to avoid
contamination. The samples were processed
and subjected to standard laboratory
analyses.
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Soil pH was determined potentiometrically
in water as described by Agbenin, (1995).
Organic carbon was determined by the
Walkley - Black wet oxidation method
(Walkley and Black, 1934) as described by
Nelson and Summers (1982) and percent
soil organic matter was obtained by
multiplying percent soil organic carbon by a
factor of 1.724 following the assumptions
that organic matter (OM) is composed of
58 % carbon. The micro-Kjeldhal method
(Bremner, 1996) was used to determine
total Nitrogen. Available phosphorus was
determined using the Bray 1 method (Bray
and Kurtz, 1965). Exchangeable cations
were extracted with 1N, NH4OAc solution
(pH 7). The extract was then read for
exchangeable Ca and Mg using Atomic
Absorption Spectrophotometer (AAS) while
K and Na were read using flame photometer
(Black, 1965). Exchange acidity (A13+, H+)
was determined by titration of soil solution
with 1N KC1 (Black, 1965). Cation
Exchange Capacity (CEC) of the soils was
determined with 1M ammonium acetate
(NH4OAc), buffered at pH 7.0 (Chapman,
1965; Rhodes, 1982). Effective CEC was
computed by the summation of
exchangeable bases (Ca, Mg, K Na) and
exchange acidity (AI and H). The
exchangeable sodium percentage was
calculated as the proportion of the CEC
(NH4OAc) occupied by exchangeable
sodium as follows:

ESP = Exchangeable sodium
CEC (NH4OAc)

.

Exchangeable Acidity was calculated using
the Titration method as described by

Mclean, (1982). The percentage base
saturation was calculated as follows:

PBS = ∑ (Ca2++Mg2++K++Na)
CEC

× 100 .

Descriptive and Geostatistical analyses
Descriptive statistics was done using SPSS
to obtain the coefficient of variation (%CV)
and other parameters like mean, median,
standard error, standard deviation, range,
minimum and maximum.
Generation of spatial variability maps
Database for chemical soil properties were
created using spread sheet of Microsoft
Excel.
The chemical properties were tied together
with their geographic coordinate in order to
plot each soil point in the ArcGIS 10.3.1
software. Inverse Distance Weighted (IDW)
techniques of interpolation were used to
predict the values in an unsampled locations
through map generation. The IDW lets the
user control the significance of known
points on the interpolated values, based on
their distance from the output point. Ratings
of properties were done using standard
procedure, where there are single ratings,
Jenx (natural breaks) in GIS environment
were used to partition such properties into
their appropriate rates. The interpolated soil
parameters are pH, EC, N, OC, P, Ca, Mg,
K, Na, CEC and BS.
Results and Discussion
Extent and Distribution of Mapping
Units
The Rabah (RBH) floodplain soil series and
their extent of coverage site is presented in
(Table 1.) According to Buji et al. (2022),
the mapped area (about 170ha) was resolved
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into six (6) mapping units (soil series) and
were
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Table 1. Extent and distribution of Rabah floodplain Mapping Units

S/No. Soil Series Hectares (Ha) Area (%)

1 Tsallaken Diga (RBH1) 7 4
2 Hauki 1 (RBH2) 32 18
3 Dan Bolo (RBH3) 17 10
4 Mahijin Riji (RBH4) 25 15
5 Rabah (RBH5) 54 32
6 Hauki 2 (RBH6) 35 21

Total 170 100
(Buji et al. 2022)

Figure 1. Digitized Map showing distribution of Rabah floodplain Mapping Units as
well as location of Profile pits (Buji et al. 2022).
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named as Tsallaken Diga (RBH1), Hauki 1
(RBH 2), Dan Bolo (RBH 3), Mahijin Riji
(RBH 4), Rabah (RBH 5) and Hauki 2
(RBH 6). The land configuration/elevation
of the six (6) soil series identified were
shown in (Fig. 1). Tsallaken Diga (RBH1)
had the least area coverage of 7 ha (4 %),
followed by Dan Bolo (RBH3) with 17ha
(10 %), Mahijin Riji (RBH4) had 25ha
(15 %), Hauki 1 (RBH2) had 32ha (18 %),
Hauki 2 (RBH6) with 35ha (21 %) and
finally Rabah (RBH5) with 54 ha (32 %)
having the largest area coverage.
Variability of the chemical properties
To effectively manage soil, it is crucial to
assess its diversity. For effective
management, site-specific zones were
identified. Not accounting for such variation
may result in insufficient input in certain
areas. Soil variation was classified based on
the coefficient of variation as least (CV <
15%), moderate (CV 15–35%), or high
(CV > 35%) as reported by Wilding (1985).
The variability of soil properties was
presented in table 2. The soil parameters
including pH (H2O), pH (CaCl2) and
available phosphorous (P) have values of
CV below 15% indicating least variability
across all the soil units, which signifies that
soils properties were similar over a large
area despite the wide sampling range which
would be appropriate in the study area. The
standard deviation was used to indicate the
shape of distribution in relation to the mean.
Most of the values in the study were near
zero indicating that the data values are
concentrated around the mean.
Total N, Mg and CEC have coefficient of
variation (CV) values ranging from 15% to

35%, in most of the soil units indicating
moderate variability. Organic carbon and
organic matter are key fertility indicators
(Liu et al., 2020) and show high variability
(>35%), along with EC, K, Al, H and ESP
in majority of the soil units (Table 2), which
are important indicators of soil fertility.
Floodplains carry large amounts of river
sediment and soil to low-lying areas,
contributing directly to the deposition of
organic matter in the soil (Batjes et al.,
2020). The topography of the floodplain
causes extreme spatial variability during
overbank deposition or inundation because
of irregular sediment distribution (Talha et
al., 2022).
From the findings, it is deduced that most of
the properties generally fell into the
extremely varied category, and this is
because of the nature of the floodplain,
where different types of materials are
deposited seasonally as a result of the
constant flooding that the environment
experiences (Buji et al 2022). Grego et al.
(2006) stated that there are many potential
causes for the widespread phenomenon of
spatial variability in floodplain soils. These
may result from changes in lithology,
topography, or hydrology. Floodplain soils
are inherently variable, with their properties
changing horizontally down the soil profile
and vertically across the landscape,
according to numerous studies on spatial
trends (Mulla and McBratney, 2001; Brady
and Weil, 2002).
The spatial distribution of soil properties in
the Rabah Floodplain, were illustrated in
Figure 2 (a–h), highlights the variability of
key soil fertility and physical parameters,
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Table 2: Descriptive statistics parameters of chemical properties in the study Area
Parameters RBH1 RBH2 RBH3 RBH4 RBH5 RBH6
Chemical
properties

Mean SD CV
(%)

Mean SD CV
(%)

Mean SD CV
(%)

Mean SD CV
(%)

Mean SD CV
(%)

Mean SD CV
(%)

pH (H2O) 6.08 0.25 4.1 6.36 0.65 10.22 4.9 0.55 11.22 5.36 0.4 7.45 5.18 0.77 14.9 5.25 0.32 6.06
pH (CaCl2) 5.09 0.51 10.06 5.69 0.93 16.4 4.33 0.37 8.49 4.09 0.39 9.42 4.39 0.68 15.4 4.67 0.25 5.42
EC (dS/m) 1.54 0.68 43.93 1.42 1.9 134.0 0.23 0.09 37.97 0.78 0.64 81.68 0.84 0.67 80.2 0.72 0.25 34.94
N (%) 0.54 0.13 24.72 0.54 0.12 21.99 0.42 0.07 17.01 0.37 0.05 14.41 0.55 0.2 35.82 0.62 0.14 22.35
P (mg/kg) 0.58 0.05 9.11 0.61 0.02 4.02 0.58 0.03 5.18 0.56 0.04 6.65 0.58 0.02 3.38 0.59 0.03 5.15
Ca
(cmol/kg)

3.48 1.1 31.53 4.84 1.93 39.93 3.25 0.95 29.32 2.74 2.62 95.74 4.32 0.6 13.79 3.25 1.18 36.17

Mg
(cmol/kg)

0.5 0.03 6.31 0.61 0.11 17.88 0.49 0.05 10.16 0.81 0.33 41.26 0.58 0.07 12.75 0.47 0.05 11

K (cmol/kg) 0.92 0.27 29.72 0.13 0.05 42.91 0.16 0.09 57.14 0.34 0.17 51.13 0.3 0.23 77.06 0.46 0.21 45.41
Na
(cmol/kg)

0.45 0.22 49.32 0.41 0.49 119.2 0.34 0.14 39.85 0.26 0.08 31.17 0.36 0.19 52.97 0.43 0.1 22.03

CEC
(cmol/kg)

30.13 1.15 3.83 27.21 9.63 35.37 22.5 7.09 31.51 25.66 4.92 19.19 33.35 7.88 23.62 13.99 0.43 3.1

ECEC
(cmol/kg)

4.61 1.53 33.08 6.53 2.3 35.16 4.73 0.83 17.53 7.37 1.44 19.5 6.47 0.71 10.95 5.21 1.26 24.15

BS (%) 17.76 3.27 18.42 25.32 12.99 51.31 21.34 10.35 48.52 56.75 31.48 55.47 17.66 5.04 28.51 32.99 8.73 26.45
Org C (%) 0.49 0.5 100.59 0.55 0.27 48.36 0.26 0.34 131.8 0.43 0.29 68.01 0.62 0.24 38.65 0.67 0.4 59.94
Org M (%) 0.85 0.86 100.6 0.95 0.46 48.45 0.44 0.58 131.99 0.74 0.5 67.78 1.07 0.41 38.67 1.16 0.7 60.03
ESP (%) 1.47 0.7 47.72 1.62 1.62 100.21 1.49 0.22 15 1.01 0.3 29.74 1.02 0.35 34.35 3.09 0.68 21.88
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Table. 3 Soil properties and weight influence of the surface samples (0-30cm) used for
plotting in GIS environment

Q pH.w EC N OC P Ca Mg K Na CEC BS
RBH1 6.67 0.76 0.74 1.54 0.53 4.09 0.49 0.56 0.43 29.8 18.71
RBH1 6.25 0.83 0.42 1.24 0.65 2.13 0.41 0.1 0.48 30.8 13.38
RBH2 5.95 0.18 0.63 0.84 0.59 4.82 0.54 0.13 0.17 19.8 28.59
RBH2 5.45 0.39 0.74 0.78 0.61 4.23 0.72 0.31 0.43 33.8 16.83
RBH3 5.51 0.15 0.53 0.8 0.54 4.56 0.53 0.03 0.22 14.4 37.08
RBH3 4.21 0.35 0.46 0.36 0.54 2.81 0.42 0.1 0.43 29.8 12.62
RBH4 5.21 0.34 0.46 0.8 0.62 3.42 0.53 0.28 0.13 20.4 21.37
RBH4 5.21 0.35 0.44 0.76 0.53 0.65 1.25 0.51 0.41 31.8 8.87
RBH5 4.25 1.49 0.81 0.14 0.59 3.36 0.51 0.57 0.3 30.2 17.28
RBH5 5.05 0.36 0.77 1.02 0.59 4.9 0.66 0.26 0.83 41.6 15.99
RBH6 5.06 0.78 0.88 1.22 0.61 4.67 0.33 0.59 0.39 14.4 41.53
RBH6 5.02 0.98 0.74 1.32 0.62 3.9 0.51 0.72 0.35 14.4 38.06

WEIGHT 0.19 0 0.17 0.07 0.02 0 0 0.03 0 0.04 0.01
Key: S.U = Soil Unit,

Fig. 2 (e) Interpolated Spatial
distribution of Soil pH in surface soils

of Rabah Floodplain
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which are essential for land use planning
and agricultural productivity.
The interpolated maps for nitrogen (N),
phosphorus (P), and potassium (K) (Figures
2a–2c) suggest significant spatial
heterogeneity. This variability is likely
influenced by soil texture, organic matter
content, and past land management practices
(Brady & Weil, 2017). Areas with high
nitrogen levels may correspond to zones
with better organic matter accumulation,
whereas phosphorus distribution is often
linked to soil mineralogy and past fertilizer
applications (Fageria et al., 2011).
Potassium distribution, being highly
dependent on clay mineral content and
weathering processes, follows a distinct
pattern, which could be correlated with soil
parent material. Zinc (Zn), manganese (Mn),
and iron (Fe) (Figures 2e–2g) show notable
spatial differences, which can be attributed

to redox conditions, soil pH, and organic
matter interactions (Alloway, 2008). The
availability of these micronutrients may be
reduced in areas with high pH, as indicated
by Figure 2i, due to decreased solubility.
Cation exchange capacity (CEC) (Figure 2d)
is an essential indicator of soil fertility and
buffering capacity. Higher CEC values are
generally observed in clay-rich and organic
matter-rich zones, supporting the role of soil
texture and humus in nutrient retention
(Sparks, 2003). The base saturation (BS)
map (Figure 2g) complements the CEC data,
indicating areas where essential cations
(Ca²⁺, Mg²⁺, K⁺, Na⁺) dominate exchange
sites. Higher base saturation typically
correlates with better soil fertility and
reduced acidity (Sumner & Miller, 1996).
The spatial variation in organic carbon (OC)
(Figure 2h) is critical for soil fertility, as
higher OC content improves soil structure,
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moisture retention, and microbial activity.
Areas with low organic carbon might require
organic amendments to enhance productivity
(Lal, 2004).
The Rabah floodplain study assessed the
spatial variability of soil properties critical
for agricultural productivity. The results
underline the importance of addressing soil
heterogeneity in management practices.
Parameters such as organic matter and
cation exchange capacity showed high
variability, underscoring the need for
tailored input applications to mitigate
nutrient deficiencies and enhance
productivity. The study contributes to
understanding soil variability in floodplains
and offers a framework for sustainable land
use planning.
Conclusion
The study confirms the existence of
substantial spatial variability in the chemical
properties of Rabah floodplain soils.
Variability is influenced by the nature of
sediment deposition, topographic differences,
and hydrological regimes. Uniform soil
management practices are unsuitable for this
region, as each mapping unit exhibits unique
characteristics requiring specific
interventions. Demarcating the farm into
relatively homogeneous physiographic units
is crucial for effective and sustainable soil
management.
Recommendations

 Adopt Site-Specific Management
Practices: Tailor input applications
based on the spatial
variability of soil properties to

optimize nutrient use efficiency and
agricultural outputs.

 Regular Monitoring and Mapping:
Conduct periodic soil analyses and
update spatial variability maps to
track changes over time.

 Educate Farmers and Stakeholders:
Government should provide training
on the implications of soil
heterogeneity and the benefits of
precision agriculture in floodplain
management.

 Integrate Advanced Technologies:
Use remote sensing and advanced
geostatistical tools to refine soil
property predictions and
management strategies.
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CHARACTERIZATION AND FERTILITY STATUS OF SOILS DEVELOPED ON
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ABSTRACT
The classification and fertility status of soils developed on basement complex in Akamkpa
Local Government Area of Cross River State was carried out. Fifteen soil samples were
obtained from three profiles dug at Mkpot, Ikpai and Ojok communities for the study. The
soils were morphologically described and phyisco-chemical and mineralogical properties
were determined using standard procedures. It was observed that the soils were deep (> 100
cm) having gravelly sandy loam to sandy clay loam texture. The soils had granular and
subangular structure with sticky consistence (wet). Bulk density, total porosity and silt/clay
had ranges of 1.0 to 1.5 mgm-3, 43.4 to 58.0 % and 0.1 to 0.7. pH varied from strongly acid
to slightly acid (4.8 to 6.8). Organic carbon varied from low to high, total nitrogen and
ECEC were low while base saturation varied moderate to high. BS was higher at Ikpai and
Ojok than in Mkpot. The studied micro nutrients were rated medium to high except boron
which was low. The minerals identified in the soils were quartz, kaolinite, microcline,
muscovite, hornblende and diopside/plagioclase. Quartz and kaolinite were the most
abundant while diopside was the least concentrated. The soils fell into typic Kandiudults
subgroup, Kandiudults great group, Udults suborder and Ultisols order using USDA Soil
Taxonomy (Soil Survey Staff, 2010). Soil fertility management techniques such as mulching,
planting of cover crops and adoption of zero tillage should be carried out to reduce leaching
of basic nutrients from the soils while liming should be carried out to raise the pH to
enhance availability of plant nutrients.
Key word: Classification, fertility, typic kandiudults and Ultisols.

INTRODUCTION
Soils are the most complex and diverse
ecosystem in the world (Kopittke et al.,
2019) and they perform vital functions to
sustain plant and animal life, regulate water
flow, filter and buffer pollutants and cycle
nutrients. However, the capacity of the soil
to support plant growth depends on the
extend of its qualities such as nutrient
availability, nutrient retention capacity,
texture, clay content, rooting conditions,
oxygen availability to roots, excess salts,
toxicities, and workability (FAO, 2025).
Understanding these properties is very
important for sustainable land use and

management, and soil productivity,
especially now that rapid human population
growth coupled with increasing
consumption is placing unprecedented
pressure on soils through the intensification
of agricultural production (Kopittke et al.,
2019). The best way to understand and
maintain fertile soil is through soil
characterization. Soil characterization
ensures that soil is put to the most
appropriate and sustainable use (Onyekanne
et al.,2012). It provides a powerful resource
for the benefit of mankind especially in the
area of environmental sustainability and
food security (Esu, 2004).

mailto:olimdenis001@gmail.com
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Maintaining fertile soils provides
continuous supply of mineral nutrients in
amounts appropriate for optimal growth and
yield of crops (Brady and Weil, 2014). Poor
soil management due to lack of information
about their properties which are greatly
determined by parent materials can result in
soil misuse and degradation. Soil
degradation reduces the long-term ability of
soils to provide the complex multitude of
services upon which human survival
depends (Kopittke et al., 2019). In order to
minimize soil degradation, soil
characterization and classification are
essential to form the basis for decision
making by policy makers on sustainable
management of soil resources. They are
observational and empirical evidences
suggesting that the world’s fertile soils are
being degraded is capable of worsening the
on-going global food crisis (Gebremedhin et
al., 2022).
Soils are formed as a result of long-term and
complex transformations of parent material.
During the first stage of these
transformations, parent material, relief,
climate, and time played a key role (Mocek
and Owczarzak, 2011). Parent material
along with climate and biota are the most
important factors determining soil physico-
chemical characteristics in relationships to
its response in agricultural, environmental
and geological applications (Wilson, 2019;
Jenny, 1941). The capacity of soils to
provide plant essential nutrients can be
highly variable and depends on several
factors, which soil parent material is the
most important (Sparks, 2023). Alnaimy et
al. (2023) found that SOC content was

higher in the soils developed from alluvial
deposits compared to the soils formed from
other deposits. Variations in parent material
also affects soil properties such as clay
mineralogy, soil texture, soil structure, soil
thickness, erodibility, and shrinkage and
swelling potential, cation exchange capacity
(CEC), nutrient content, sodicity, salinity,
and acidity (Gray and Murphy, 2002).
The soils of Akamkpa Local Government
Area are formed from basement complex
parent material. Basement complex rock
consists of continental crustal rock which
has been modified several times through
tectonic events including deformation,
metamorphism, deposition, partial melting
and magmatism (USGS, 2015). The
basement complex rocks cover about 50%
of Nigeria’s land area and extend into
neighboring countries like Benin to the west
and Cameroun Republic to the east (Opara
et al., 2014). Migmatite, gneisses, granite
gneisses and granites are the major content
of basement complex rock in Nigeria
(Okezie, 1974).
Soils formed from basement complex parent
material have been reported to have loamy
sand to sandy loam texture, low organic
carbon, total N and available phosphorus
with varying degrees of other properties
(Olim et al., 2020; Afu et al., 2022). These
reports and other studies elsewhere suggest
that basement complex soils are the most
dominant soils in Nigeria and have been
intensively used for crop production, yet the
soils have not been well studied. Obtaining
information on soil properties helps land
users to sustainably and fully exploit soil
productive potentials. Consequently,
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characterization and classification of soils
formed on basement complex in Akamkpa
Local Government Area will provide
necessary information about the soils for
optimum utilization since soils response to
management, use and manipulation can be
predicted based on their characteristics.
Furthermore, sustainable soil use requires
an indebt knowledge of its current state and
characteristics which serve as a guide in
implementing strategies that can
concurrently improve soil physical,
biological and chemical conditions and
selecting best land use option.
Materials and Methods
Description of the study area
The study location was Akamkpa Local
Government Area (Latitude 5000’ and 5057’
N and Longitude 80’ 06’ and 900’ E) located
in southern Cross River State (Fig. 1). It has
tropical humid climatic conditions with a
mean annual rainfall range of 2500 to 3000
mm, temperature of 26 to 27 0C and relative
humidity of 80 to 90 0C at the peak of the
rainy season (Afangide et al., 2010; Aki,
2016). The soils of the area are developed
from the basement complex rocks which are
redominantly of granite and gneisses
(Ekwueme, 2004, Amah et al., 2012).
Field work
A reconnaissance survey of the study area
was carried three months ahead of
commencement of the study. With the aid of
geologic and topographic maps, three
villages with basement complex parent
materials were selected for this study. The
villages are Mkpot, Ikpai and Ojok. One
profile pit was dug in each village, properly
delineated, described and a total of fifteen

soil samples were collected from horizons
of the three profile pits. The soil samples
were carefully placed in polythene bags and
transported to the soil science laboratory of
the University of Calabar for
physicochemical and clay mineralogical
analyses.
Laboratory studies
In the laboratory, soil samples were airdried,
gently crushed with pestle and sieved with 2
mm sieve. Particle size analysis was done
using Bouyocous hydrometer method (Gee
and Or, 2002). Bulk density was determined
by oven-drying the undisturbed sample
collected in 100 cm3 metal cylinders to
constant weigh at 1050C and dividing the
dry weight of the sample by total volume of
the sample. pH was obtained
potentiometrically in soil: water suspension
(1:2.5) as reported by Udo et al. (2009)
while organic carbon was determined by
Walkley-Black wet oxidation method using
acid dichromate(K2Cr207) method (Nelson
and Sommers 1996). Total nitrogen was
analyzed with modified micro-kjeldhal
method (Udo et al., 2009) while available
phosphorus was obtained using Bray P-1
method according to the procedures of Kuo
(1996). Exchangeable cations were
determined using the extract obtained after
leaching samples with one normal neutral
ammonium acetate (1 N, NH4OAC, pH 7.0)
solution.
Calcium and magnesium were analyzed
using the EDTA titration method while
potassium and sodium were estimated by
Flame photometer. Aluminum and
hydrogen determined by titration using 0.1N
Na0H solution (Udo et al., 2009). CEC and
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micronutrients were obtained using the
method reported by Udo et al. (2009).
ECEC and base saturation were obtained by
computation method.
Clay mineral analysis was done using Xray
diffraction method. Ten grams (10 g) of
finely ground/powder soil sieved with less
than 10 μm sieves was treated with 30%

H2O2. The soil was then heated for about
2 h to digest and remove organic matter
after which H2O2 was then removed through
centrifugation by washing three times with
water. 3 ml NaC1 was added each time in
order to prevent deflocculation of clay
particles, and the supernatant solution

Fig. 1: Geology map of the study area in Akamkpa LGA.

discarded by decantation. Clay fraction
(<2 μm) was separated by repeated
sedimentation siphoning method

(Moslehuddin et al., 1998) and prepared
into Mg-saturated and glycerol-solvated
samples and used for clay mineralogy
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analysis. Treated fine ground sample was
then placed into a sample holder and
smeared uniformly onto a glass slide to
ensure a flat upper surface.
Identification and estimation of the
mineralogical composition of the clay
fractions were carried out using the X-ray
diffraction method (XRD) by directing X-
rays at the sample and diffracted rays
recorded. The approximate mineral content
of the silt, clay, and mixed layer clay
fractions was estimated based on the
relative X-ray peak intensities in the pattern
as described by Moocher (2004).
Results and Discussion
Morphological properties
The morphological properties of the are
given in Table 1. The color of the soils
varied from dark brown (10YR 3/2) to very
dark grayish brown (10YR 3/1) at the
surface horizons and from yellowish brown
(10YR5/6) to strong brown (75 YR 5/6) and
red (2.5 YR4/8) in the subsurface horizons.
All the soils were deep and well developed
with depth (> 100 cm). This depth permits
crop roots proliferation and elongation. The
soils had texture varying from gravelly
sandy loam at the surface to gravelly sandy
clay and gravelly sandy clay loam at the
subsurface, structure varying from medium
granular; moderate medium course
subangular. Consistency was slightly sticky
or sticky and slightly plastic or plastic under
wet condition. The soil horizons had clear
smooth boundary. These observations are
similar to the findings reported for soils
developed on gneiss in northern guinea
savanna of Nigeria by Shaboyo et al., (2013)

and Aki et al., (2014) on similar soils in
Akamkpa.

Physical properties
Table 2 shows the physical properties of the
soils. The soils texture varied from sandy
loom at the surface to sandy clay loam and
sandy clay at the subsurface horizons. The
results revealed that sand content decreased
while clay amount increased with depth in
all the profiles. Sand, silt and clay had
means of 690 and 586 g/kg, 227 and 91 g/kg
and 570 and 295 g/kg in the surface and
subsurface soils accordingly. Higher clay
content in subsurface soils may be due to
pedogenic process of illuviation (Aki et al.,
2014 and Esu, 2010). The soils have
relatively higher level of clay which has
positive implication in their fertility as clay
helps in nutrient and water retention and
increase organic matter levels of soils
(Brady and Weil, 2014; Afu et al., 2024a;
Afu et al., 2024b). Furthermore, bulk
density (BD) was found to increase with
soil depth, having mean values of 1.2 mg/m-

3 and 1.4 mg/m-3 in surface and subsurface
soils which is within optimal limit or range
of 1.0 to 1.8 mg/m-3 for minerals soils
(NPFS, 2009). However, the values of BD
in this study slightly differ from the
observation of Drewry et al. (2001) who
stated that for medium to fine textured, soil
BD range of 0.9-1.2 mg/m-3 is considered
optimal for maximal field crop production,
while values greater than 1.25-1.30 mg/m-3

can potentially cause yield loss due to
inadequate soil aeration. BD influences
infiltration of water into the soil, water
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retention and loss and aeration. BD within
the range obtained in this
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Table 1: Morphological properties of soils developed on Granite- Gneiss in Akamkpa
Location Horizon

Designation
Dept(cm) Munsell

Colour
Mottling Texture Structure Consistence Boundary Other features

Mkpot Pedo 1
Ap 0-15 10YR3/3 dark

brown
- Gsl 1msbk Sssp Cs Termite, many mica flakes, worm cast; many medium

roots; macro and micro pores
Bt 15-53 10YR5/6

yellowish
brown

- Gl 2msbk Sssp Gs Common fine mica flakes; common fine and medium
roots; clay skins in the peds

B 53-91 10YR6/8
yellowish
brown

- Gl 2msbk Sp Ds Many large quartzite, muscovite, biotite schistose;
common medium and fine roots; common macro and
fine pores

BC 91-120 7.5YR5/8 strong
brown

- Gscl 2msbk Sp Ds Many large quartzite, muscovite, biotite schistose and
weathered roots; common fine pores

Cr 120-159 7.5YR5/8
Reddish yellow

- Gscl 2msbk Sp Many large quartzite, muscovite, biotite schistose and
weathered roots; common fine pores

Pedon 2 2.5YR5/8 Red -
Ikpai Ap 0-23 10YR 3/2 very

dark brown
Gsl 1msbk Sssp Cs Earthworms cost, Termite and ant activities: many fine

roots macro and micro pores.
Bt 23-43 7.5YR 5/6

strong brown
- Gsc 2fgr Sssp Gs Many common mica flakes, termite activities; clay

skins in the peds
B 43-74 5YR 5/6

yellowish red
-
-

Gscl 3mcsbk Sp Ds Many fine mica flakes, many medium weathered
rocks, fragments of quartzite schistose; clay skins in
the peds

BC 74-110 5YR 5/6
yellowish red

Gsc 1msbk Sp Ds Many mica flakes
termite activities

Cr 110-174 2.5YR 4/8 Red Gsc 1msbk Sp Many mica, hematite termite activities
Ojok Pedon 3

Ap 0-11 10YR 3/1 very
dark grey

- Gsl 2msbk Sssp Cs Termite, worm casts, human activities; many fine and
medium roots; many macro and micro pores

Bt1 11-30 10YR 6/6
brownish
yellow

Gscl 2msbk Sssp Gs Common fine roots; common macro and micro pores;
micas flakes; clay skins in the peds

Bt2 30-65 10YR 5/8
brownish
yellow

- Gscl 2msbk sp;fi Ds Common fine roots; many micro pores; many mica
flakes; clay skins in the peds

Crt 65-116 7.5YR 5/8
Reddish yellow

2.5YRLight
red

Gsc 2msbk sp;fi Dw Large quartzite, muscovite schist, biotite schist and
weathered; common micro pores
Few moderate cutans on peds, common medium pores,
many Fe and decay granitic gneisses observed

Cr 11-120 10YR5/8
yellowish

2.5YRLight
red

Gsc 2msbk sp;fi
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brown

Texture: gls = gravelly loamy sand; gsl = gravelly sandy loam; gscl = gravelly sandy clay loam; gsc = gravelly sandy clay
Structure: 1 = Weak, 2 = Moderate, 3 = Strong, f = fine, m=medium, c=coatse, sbk=subangular blocky, gr=granular
Consistency: sssp=slightly slightly plastic; sp=sticky and plastic. Boundary: cs=clear smooth; gs=gradual smooth; gd=gradual diffuse, cw=clear wavy; as=abrupt smooth.
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Table 2: Physical properties of soils developed from Granite- Gneiss in Akamkpa Local Government Area
Particle Size

Horizon Horizon
Depth

Sand Silt Clay Gravel
Cont

Text. Class BD PD TP Silt/cla
y

Mkpot Pedon 1 (cm) gkg-1 gkg-1 gkg-1 % Mgm-3 Mgm-3 (%)
Ap 0-15 810 60 130 16.3 Gsl 1.2 2.58 53.5 0.5
Bt 15-53 690 40 270 22.3 Gscl 1.3 2.66 51.1 0.1
B 53-91 630 60 310 55.1 Gscl 1.5 2.65 43.4 0.2
BC 91-120 570 100 330 44.0 Gscl - - - 0.3
Cr 120-159 630 80 290 44.2 Gscl - - - 0.3

Ikpai Pedon 2
Ap 0-23 770 80 150 9.80 Gsl 1.4 2.62 46.7 0.5
Bt 23-43 570 100 330 30.8 Gscl 1.4 2.65 47.2 0.3
B 43-74 530 80 390 49.7 Gsc 1.3 2.66 51.1 0.2
BC 74-110 630 100 270 51.8 Gscl - - - 0.3
Cr 110-174 550 100 350 27.1 Gsc - - - 0.4

Ojok Pedon 3
Ap 0-11 730 120 170 3.1 Gsl 1.2 2.65 56.6 0.5
Bt1 11-30 570 140 290 42.8 Gscl 1.3 2.65 50.9 0.2
Bt2 30-65 570 140 490 56.1 Gscl 1.4 2.68 47.7 0.2
BC 65-116 590 100 310 25.0 Gscl - - - 0.1
Cr 116-120 570 60 370 18.2 Gscl - - - 0.2

Range 530-810 40-140 130-490 3.1-66.9 1.0-1.5 2.42-2.78 43.4-58.0 0.1-0.5
Surface Mean 690 227 570 53.0 1.2 2.61 52.7 0.4
Sub surface
mean

586 91 295 45.0 1.4 2.64 48.2 0.3

Legend: gls=gravelly loamy sand, gl=gravelly loam, gcl=gravelly clay loam, gscl=gravelly sandy clay, gsl=gravelly sandy loam
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study allows for root penetration, air and
water movement without any impediment.
The values of total porosity obtained varied
from 43.4 to 58.0% with mean values of
52.7and 48.2 % in surface and subsurface
soils. Higher values of TP obtained in
surface than subsurface soils may be due to
higher sand content of the surface soils. Soil
with TP of 50 % are well granulated and
allows for air and water movement.
Silt/clay ratio had mean value of 0.4 and 0.3
in the surface and subsurface horizons.
Particle density values for the soils ranged
from 43.4 to 58.0 mgm-3 with mean values
of 2.61 and 2.64 mgm-3 for surface and
subsurface horizons. These values are
similar to the critical value of 2.66 mgm-3

for mineral soils (Akpan-Idiok, 2012).
Chemical properties
The chemical properties of the studied soils
are presented in Table 3. The soils were
generally very strongly acid in reaction with
mean pH values of 5.6 and 5.3 in surface
and subsurface horizons respectively
(London, 1991). Strongly acid pH of these
soils may be due leaching of bases by high
rainfall in the area, aluminum hydrolysis
and an indication that the dominant cation
in the soil is aluminum (Esu et al., 2008).
The ∆pH values were all negative in the
soils with means of -1.0 and -0.8 for surface
and subsurface respectively. This indicates
that the soils possess net negative charged
for all the horizons and are capable of
retaining soil nutrients for crop growth and
against losses through leaching and runoff
forces (Aki et al., 2014). Organic carbon
was higher in Ikpai than in Mkpot and Ojok,
decreased with profile depth and had overall

mean values of 12.17 and 3.7 gkg-1 in
surface and subsurface soils. Available P
was moderate in the surface and low in the
subsurface soils while exchangeable bases
were low in all the soils according to
Landon (1991). Rapid leaching of the basic
cations has been reported for soils
developed from granite gneiss basement
complex in south western Nigeria (Amusan,
2002; Nwaka and Kwari, 2000).
Available P, Ca, Mg and K had surface and
subsurface means of 8.98 and 3.59 mg/kg,
2.0 and 1.4 cmol/kg, 0.6 and 0.4 cmol/kg
and 0.15 and 0.05 cmol/kg. These properties
including CEC (5-15 cmol/kg) and ECEC
(10 cmol/kg) were low across the soil while
base saturation was moderate (20-60 %) in
the subsurface and high (> 60 %) in the
surface with overall means of 58 % and
39 % in surface and subsurface soils
accordingly. CEC reflects the ability of the
soil to hold cations and to exchange these
cations and lower CEC indicates that soil
nutrient availability is also low (Baja et al.,
2021). Low level of basic cation may be due
to leaching by intensive rainfall in the study
area while deficiency of apatite mineral in
the study area and fixation of phosphorus by
aluminum and other metallic cations under
low pH may have resulted in low level of
phosphorus in the studied soil (Kolay, 2000).
Like other bases, lower Mg in the studied
soils would negatively affect crop growth
and yield in the area. Sufficient Mg in soil
enhances or brings about high rate of
photosynthesis (Tang et al., 2023), enzymes
activation (Ahmed et al., 2023) and
transportation of carbohydrates from leaves
to other developing tissues of plant in the
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Table 3: Chemical properties of soils developed from Granite- Gneiss in Akamkpa Local Government Area
Location Horizon Depth

(Cm)
pH

H2O
KCl

ΔpH OC
gkg-1

TN
gkg-1

Av. P.
Mg/kg

Ca Mg K Na
Cmol/kg

TEB H+A1 CEC
pH7

ECE
C
pH7

BS
%

Mkpot Pedon 1
Ap 0-15 6.8 4.7 -2.1 15.96 1.12 10.59 2.4 0.6 0.19 0.03 3.22 0.2 5.5 3.4 59
Bt 15-53 5.1 4.2 -0.9 6.58 0.70 3.27 1.2 0.4 0.09 0.02 1.71 1.2 5.0 2.6 34
B 53-91 5.2 4.0 -1.2 7.58 - - 1.0 0.3 0.06 0.01 1.37 2.4 6.1 3.8 26
BC 91-120 4.8 4.2 -0.6 4.19 - - 2.0 0.5 0.06 0.05 2.61 3.0 7.2 5.6 36
Cr 120-159 5.1 4.1 -1.0 1.20 - - 1.0 0.3 0.04 0.03 1.37 1.6 5.3 2.9 25

Ikpai Pedon 2
Ap 0-23 5.3 4.9 -0.4 24.34 1.68 8.47 3.8 0.9 0.16 0.03 4.89 0.4 5.6 4.9 87
Bt 23-43 5.5 4.6 -0.9 5.59 0.42 4.24 2.0 0.5 0.05 0.04 2.59 0.4 4.2 2.6 62
B 43-74 5.4 4.7 -0.7 5.59 - - 1.2 0.3 0.04 0.03 1.57 0.2 4.8 1.7 33
BC 74-110 5.3 4.9 -0.4 4.59 - - 1.4 0.4 0.04 0.03 1.87 0.2 4.5 2.1 42
Cr 110-174 5.5 4.4 -1.1 2.99 - - 1.6 0.5 0.03 0.03 2.16 0.4 4.7 2.6 46

Ojok Pedon 2
Ap 0-11 5.4 4.8 -0.6 16.36 1.26 7.89 2.0 0.8 0.33 0.02 3.15 0.4 5.1 3.6 62
Bt1 11-30 5.7 4.8 -0.9 4.19 0.56 3.27 1.8 0.4 0.09 0.02 2.31 0.2 5.0 2.3 46
B 30-65 5.2 4.5 0-.7 1.49 - - 1.4 0.5 0.05 0.02 1.97 1.0 4.2 2.9 46
Crt 65-116 5.6 4.8 -0.8 2.79 - - 1.8 0.4 0.05 0.01 2.26 0.2 4.9 2.5 46
Cr 116-120 5.8 5.0 -0.8 3.19 1.6 0.6 0.05 0.02 2.27 0.2 4.0 2.3 46

Range 4.8-
6.8

4.0-
5.0

-0.4-
2.1

1.2-
24.34

0.4-
1.68

3.27-
10.56

1.0-
3.8

0.3-
0.9

0.0-
0.33

0.01-
0.05

1.37-
4.89

0.2-
3.0

4.0-
7.20

1.7-
5.6

26-
87

Surf Mean 5.6 4.7 -1.0 12.17 1.35 8.98 2.0 0.6 0.15 0.03 3.75 0.1 5.1 3.2 58
Subsur Mean 5.3 4.5 -0.8 3.7 0.56 3.59 1.4 0.4 0.05 0.03 1.83 0.1 5.8 2.9 39
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Table 4: Micronutrients of soils developed on Granite-Gneiss in Akamkpa Local
Government Area

Location Horizon Depth Cu Mn Zn Fe Bo

(cm) Mg/kg
Mkpot Pedon 1

Ap 0-15 1.19 49.10 1022 14.18 `0.31
Bt 15-53 0.09 6.96 6.80 33.78 0.20

Ikpai Pedon 2
Ap 0-23 1.79 72.39 20.91 10.37 0.14
Bt 23-43 1.77 13.67 8.09 13.28 0.11

Ojok Pedon 3
Ap 0-11 1.39 58.64 10.22 11.19 0.8
Bt1 11-30 0.45 6.45 7.10 17.04 0.4

Range 1.39-1.79 6.45-72.39 6.8-29.91 11.19-33.78 0.11-0.31

Surf.Mean 1.12 60.04 13.78 19.91 0.26
Subsurf Mean 0.77 9.03 7.33 21.37 0.15

area (Jiao et al., 2023). BS values obtained
in this study are within the range that allows
for availability of basic nutrients for plant
uptake in-spite of the low cations reserve in
the soils (Akpan-Idiok, 2012).
Micronutrients
The results micronutrient content of the soil
is presented in Table 4. All the
micronutrients were higher in surface than
subsurface soils. Copper, Mn, Zn, Fe and
Bo had average values of 1.12 and 0.77
mg/kg, 60.04 and 9.03 mg/kg, 13.78 and
7.33 mg/kg, 19.91 and 21.37 mg/kg and
0.26 and 0.15 mg/kg in surface and
subsurface soils respectively. The values of
Bo in this present study are quite higher
compared with their threshold values of 0.5
to 1.0 mg/kg (Agbede, 2009). The values of
micro nutrient concentration in these soils
varied from medium to high except boron
which was low (Udo et al., 2009).

Mineralogical properties
Figure 2 shows the relative abundance of
the minerals identified in the soils while
figure shows the diffractograms and peaks
at which the minerals were identified. The
dominant and the least concentrated
minerals in the soils were quartz and
diopsite/plagioclase accordingly. The
minerals identified were quartz (59.13 %),
kaolinite (21.72 %), microcline (7.18 %),
muscovite (2.91 %), hornblende (2.1 %) and
diopsite and plagioclase (1.71 %). This
findings of are consistent with an earlier
work by Amusan (2002) who reported
quartz as a dominant mineral in clay
fraction of soils derived from granite gneiss
of Aberdeen Shire in United Kingdom. The
dominance of quartz may be due its high
occurrence in highly weathered soils of
humid tropical regions due to its high
resistance to weathering and chemically
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inert nature (Afu et al., 2024a; Afu et al.,
2024b). Furthermore, quartz and kaolinite
are most dominant minerals in soils in
advanced stage of weathering with low
percentage of weatherable minerals such as
feldspars (Afu et al., 2024a; Chikezie et al.,
2010).

The dominance of quartz and kaolinite has
serious negative implications in fertility of
the soils due their very low CEC (Aki et al.,
2014). This implies that loss of nutrients
through leaching and other means is very
high in the soil.

Fig. 2: Percentage Distribution of minerals in clay fractions of soils derived from
Granite-Gneiss

Fig. 3: X-ray diffractogram of clay fractions of soil developed from Granite-Gniess
in Akamkpa Local Government Area
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Classification
Using morphological, physicochemical and
mineralogical properties, the studied soils
were classified under USDA Soil
Taxonomy and FAO – World Reference
Base for soil Resources. The soils studied
had low base saturation, Kandic horizons,
ECEC < 12 Cmolkg-1 with umbric epipedon
and were therefore fit into the Ultisols order
of the USDA Soil Taxonomy (Soil Survey
Staff, 2010). The profiles had udic soil
moisture regime and brown/brownish
yellow argillic or kandic horizons in humid
tropical condition and were therefore fit into
the suborder of Udults. With kaolinitic
horizon, increase in clay content with depth
of 150 cm from the mineral soil surface, and
irregular decrease of organic carbon with
depth, the three profiles were placed in the
great group kandiudults and typic
kandiudults at the subgroup level and
correlated with FAO-WRB as Acrisols.
With less than 35 % of clay and rock
fragments as well as mixed mineralogy of
quartz, microcline (K-feldspars), kaolinite,
muscovite, hornblende and plagioclase and
diopside, the soil qualify as loamy skeletal,
mixed Isohyperthermic Typic kandiudults.
Conclusion
The investigation highlights the
morphological properties, physicochemical
and mineralogical properties of soil derived
from granite gneiss basement complex in
Akamkpa Local Government Area of Cross
River State, Nigeria. The study found that
the soils are well drained and developed
with texture varying from sandy loom at the
surface to sandy clay loam and sandy clay at
the subsurface horizons. The soils were

characterized by strongly acid pH, moderate
to high organic carbon and nitrogen as well
as low to moderate available P and Low
basic cations. Micronutrients (Cu, Mn, Zn,
and Fe) were moderate to high except Bo
that was low. The minerals identified were
quartz, microcline, kaolinite, muscovite,
hornblende, plagioclase and diopside with
quartz and kaolinite as the most
concentrated minerals. The soils were
classified as Ultisols and correlated with
FAO-WRB as Acrisols. Soil fertility
management techniques such as mulching,
planting of cover crops, crop rotation,
adoption of zero tillage should be carried
out to reduce leaching of basic nutrients
from the soils. Liming should be carried out
to raise the pH to favorable degrees that
enhance availability of plant nutrients.
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ABSTRACT
A semi-detailed fixed grid soil survey of Barema farm Damaturu was conducted in order to
obtain comprehensive soil data for characterization and classification. Two soil pedons
each were identified on the basis of land use system (acacia and native vegetation, arable,
bare land). Morphological properties of the soil reveal that soil in all the land uses is deep,
imperfectly drained. The colour of the surface horizons in the study area, varied from brown
(7.5YR4/3 moist) to reddish yellow (7.5YR6/6 dry) structure is had moderate to strong,
medium to coarse and subangular and angular blocky to subangular blocky, the texture of
the surface horizons of all the profiles in the study site are varied from sandy loam, loam to
sandy clay loam, while the subsurface horizons were predominantly loam sandy. The soil
structure of the surface horizon was moderate, fine to medium sub angular blocky, the
surface horizon study area was slightly sticky slightly plastic (wet), friable (moist) and
slightly hard (dry). For the subsurface horizons, the wet consistence varied from sticky
plastic and slightly sticky slightly plastic with clear, distinctive and smooth boundary.
Physical properties of the soils indicate a relative high bulk density and low porosity.
Average Mean for hydraulic conductivity (ksat) (cm h-1) for Pedon SU1 P1 (acacia veg),
Pedon SU2 P2 (acacia veg), Pedon SU1 P1(native veg and Pedon SU2 P2 (native veg) were
3.01, 3.21, 2.39 and 1.49 respectively. The dominant exchangeable bases were calcium and
magnesium with the soils having high base saturation. The soils were neutral to slightly
alkaline in reaction. Organic matter, available P, total N and CEC contents of the soils were
generally low. According to USDA Soil Taxonomy System, for the land uses were classified
as Typic Plinthustalf, Arenic Paleustalfs, Rhodic Paleustalfs, Typic Haplustalfs, Typic
Rhodustalfs and Typic Paleustalf respectively and correlate with Haplic Lixisol, in WRB
system of Classification.

Introduction
Soil is a fundamental natural resource that
supports agriculture, biodiversity, and
ecosystem functions. In northern Nigeria’s
semi-arid zone, soil properties vary
significantly due to differences in climate,
vegetation, and land use practices (Odunze
et al 2006). The classification and
characterization of soil types under different

land use systems are essential for
understanding soil fertility, productivity,
and degradation risks (Fasina et al 2007).
However, the increasing pressure from
agricultural expansion, overgrazing, and
deforestation has led to soil degradation,
necessitating a scientific approach to soil
management.
Land use changes influence soil properties
such as organic matter content, texture,
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structure, and nutrient availability (Esu,
2005). Understanding these variations
across different land use systems, including
croplands, grazing lands, and fallow
systems, is crucial for sustainable soil
management and agricultural planning (Esu,
2005). This study seeks to categorize and
characterize major soil types under various
land use systems in northern Nigeria’s semi-
arid zone, providing a foundation for
sustainable land use and soil conservation
strategies.
Justification
The semi-arid zone of northern Nigeria is
characterized by fragile soils that are highly
susceptible to degradation due to climatic
constraints and unsustainable land use
practices (Odunze 2006). The increasing
demand for food production has led to
extensive land conversion, negatively
impacting soil health and fertility. However,
there is a limited understanding of how
different land use systems influence soil
characteristics, making it difficult to
implement effective soil management
strategies (Odunze 2006). Categorizing and
characterizing soil types under various land
use systems will provide valuable insights
into soil properties, fertility status, and
degradation trends. This knowledge is
crucial for policymakers, farmers, and land
managers in making informed decisions
about land use planning, soil conservation,
and sustainable agricultural practices. By
identifying soil limitations and potentials,
this study will contribute to improved soil
management, increased productivity, and
environmental sustainability in the region.
Problem Statement

Soil degradation is a major challenge in
northern Nigeria’s semi-arid zone, driven by
unsustainable land use practices such as
deforestation, overgrazing, and intensive
farming (Lekwa et al 2004). The continuous
alteration of land use without a clear
understanding of its impact on soil
properties has led to declining soil fertility,
reduced agricultural productivity, and
increased vulnerability to erosion and
desertification (Ogunkunle, 2005). Despite
the importance of soil classification in
sustainable land management, there is a lack
of comprehensive studies that categorize
and characterize soils under different land
use systems in this region. Without this
knowledge, land use planning and soil
conservation efforts remain ineffective,
further exacerbating land degradation
(Ogunkunle, 2005). This study aims to
address these gaps by systematically
categorizing and characterizing the major
soil types under different land use systems
in northern Nigeria’s semi-arid zone. The
findings will provide a scientific basis for
improving soil management practices,
ensuring sustainable land use, and
enhancing agricultural productivity in the
region.
MATERIALS AND METHOD
Site description
The study area is Barema farm, established
in year 2002 situated some 11 kilometers
away from Damaturu, Tarmuwa Geidam
road and it cover about 15 square kilometers.
The area lies between Latitude
11.85636180’N and Longitude 11.8914890 E,
with varying altitude varied from 426 to 433
above sea level. the climate of the study
area is tropical wet and dry type (Adamu
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2012 and Hamza 2018) with annual rainfall
of about 500- 760mm all fall withing may-
June to October, and mean temperature
range 25 to 300 c (Ojanuga, 2006). the soils
are mostly moderately deep and well drain
sandy loam textured surface and sandy clay
loam subsoil (Hamza 2019) the farm is
situated in Sudan-Sahel Savannah
vegetation type composed of shrubs and
grasses with scattered trees. According to
the USDA Soil Taxonomy, soils can be
classified as Alfisols, this area is dominated
by degraded Native vegetation dominated

by grass and shrub species; such as
Piliostigma reticulatum, Daniellia oliveri
and Guera senegelensis After clear-cutting
in some areas of degraded natural forests,
about 20 years ago, the area was reforested
with acacia species (within 2 × 2 m spaces).
The stands were never fertilized. However,
some areas were not afforested and are now
converted to other land uses/covers (Adamu
2012 and Hamza 2018). A detailed
description of each site is reported in Figure
1.
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Figure 1: map of Yobe State showing the study area

Field study, sampling and profile
description
Field study
A semi-detailed soil survey was conducted
in Barema farm at a scale of 1:25,000
following the procedures described in
Wilding and Dress (1983), using GPS
instruments. Transects at 100 meters
intervals were constructed at right angles
(900) to the either side of the baseline. This
was followed by auger borings to examine
and describe the soils consistently at 100
meters interval along each traverse.
Observations relating to morphological
properties of the soils, colour, were used to
establish the soil boundaries. Two modal
profile pits were excavated in each
identified land use. The soil profiles were
described according to FAO (2006) manual
while the collection of bulked samples was
made from each horizon for laboratory
analysis. Samples for bulk density were
taken with core samplers (5cm diameter)
from the various horizons. carried out
beside pedons that are representative of the
different soil units. The entire land use was
resolved into eight pedons namely acacia 1
and 2, native 1 and 2, arable 1 and 2 and
bare land 1 and 2. Based on the data
obtained from the soil survey, the soils at
Barema farm were subsequently
characterized and classified
Laboratory Methods
The samples were air-dried, gently crushed
using a wooden mortar and pestle and then
sieved through a 2mm mesh. The sieved
samples were stored for chemical and
physical analyses. Bulk density was

determined by the core sampler method
described by Blake and Hartge (1986).
Particle size distribution was determined by
the hydrometer method (Gee and Bauder,
1986) Particle density was determined by
the use of Pycnometer bottle method (Blake,
1965). Total porosity was calculated from
particle and bulk densities using the
relationship,

� = 1 −
��

��
� 100

Where;
P =porosity,
Bd = Bulk density,
Pd= Particle density and
100 and 1 are constants.

Soil pH (1:1) in H20 and CaCl2 were
determined using glass electrode pH meter
(Bates, 1954). Organic carbon content of the
soils was determined by the modified
Walkley-Black method as described by
Nelson and Summers (1982). Total nitrogen
was determined by the Macro-Kjeldahl
digestion and distillation procedures as
described by Bremer (1965). Available P
was determined by Bray No. 1 Method
(Bray and Kurtz, 1954). Exchangeable
bases (calcium, magnesium, potassium and
sodium) in the soil was determined using
the ammonium acetate extract from the
CEC determination. Sodium and K were
determined using flame photometer and Ca
and Mg were determined using atomic
absorption spectrometer while Percentage
base saturation was calculated by dividing
the total exchangeable cations (Ca, Mg, K,
and Na) by the cation exchange capacity
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(CEC) obtained by the 1M NH4AOC (pH
7.0) as defined by this relationship;

BS% =
Total exchangeable bases

CEC (NH4OAC)
x 100

RESULTS AND DISCUSSION
The morphological, physical, chemical and
exchangeable properties of the soils are
presented in Tables 1, 2, 3 and 4
respectively.
Morphological Characteristics
Summary of the morphological properties
of the soils is presented on Table 1. In
pedon 1 and 2, the soils were dark reddish
brown (5YR 2/3) at the surface and change
to yellow (10YR 4/4) at the subsurface with
yellowish red colour mottles (5 YR 4/6) to
olive brown colour mottles (2.5 YR 3/6) in
the subsurface horizons. In soil of acacia
and arable land pedon 1 and 2, reddish and
reddish yellow (2.5YR4/6, and 7.5YR7/6)
respectively, changing to yellowish red and
reddish brown (5YR 5/8 and 7.5YR5/6,) at
the subsurface respectively. The soils in
native vegetation and bare land pedon 1 and
2 were yellow brown in colour (7YR7/6)
and reddish brown (5YR4/4,) in the surface
and changed to pel brown (10YR7/3) and
reddish yellow (7.5YR6/8), at a depth
respectively. An impermeable layer is
reached at a depth of less than 50 cm. The
soils were generally gravelly sandy loam in
texture and were structurally massive. The
observations of soil color at the study
location agreed with (Wakene, 2001), which
reported that variations in soil color are due
to the difference in organic matter or the
difference in parent material This feature is
indicative of the poor drainage status of the
soils. The soils were generally deep and

imperfectly drained. Texturally, the soils
were loamy sand in the surface changing to
sandy clay loam in the subsurface horizons.
The structure of the soils was generally
weak subangular blocky in the surface and
changes to angular blocky in the subsurface
According to (Brady N. C. and Weil R.
R.,2002), the structure of soil is highly
influenced by the amount of clay.
According to [Rai 2002], the depth of soil
influences both the storage of water and
plant nutrients in addition to its effect on
root development. . According to the
findings of (Wakene 2003) the consistency
of soil changes with the depth of soil due to
variation in amount of clay and organic
matter. Very hard, very firm, and very
plastic characteristics of consistency are
common in subsurface horizon because of
high clay content and low soil organic
matter. This supports the result of soil
consistency in the study area. the surface
horizons had clear smooth boundaries.
While in the underlying horizons the
boundaries were gradual smooth to clear
smooth. In Pedon SU2 P2 (native veg), the
boundaries of the surface horizons were
found to be clear smooth. While in the
underlying horizons the boundaries were
clear smooth, gradual diffused to smooth.
For Pedon SU1 P1(acacia veg), the surface
horizons had clear smooth boundaries.
While, in the underlying horizons had clear
smooth to gradual smooth boundaries.
According to (FAO, 2006), the presence of
difference in horizon boundaries showed
that there were different processes and
anthropogenic impacts that were involved in
soil formation of study area. These may be
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due to intensive weathering and cultivation
practices
Miscellaneous observations
The pores observed in the entire study sites
were generally many, moderate, few to
common and coarse, fine to medium, in
both surface and subsurface horizons, their
pattern of distribution, sizes and quantities
were found to be tabular, irregular and
vesicular. For the roots, their distribution
varied in relation to their sizes and
quantities in all the profiles studied, for the
surface horizons, the roots were very few,
few, moderate, common to many. For the
subsurface horizons, root abundance varied
from many, few, very few to common and
fine to very fine in all the soils (Table 1).
Some profiles showed the presence of iron
and magnesium (as mottles and/or
concretions) which may also be attributed to
the parent material (Breuning-Madsen et al.,
2007) and temporally reducing conditions
due to water stagnation. Worm casts and
roots were also found in profiles, therefore,
the presence of clay in subsoils could also
be as a result of biological activities.
Physical Characteristics
Generally, the soils of the study area have
high sand content at surface in both the land
uses (Table 2) These soils are formed on
aeolian sand cover (Sanda et al, 2007). The
silt content of the soils was observed to
slightly increase with increasing depth in
almost all the profiles. Morbeg and Esu
(1991) and Kparmwang (1993) in the
studies of soils in the Savanna region of
Northern Nigeria mentioned the influence
of Harmattan dust in contributing silt to soil.
The soils of the study area are found to
contain appreciable amount of clay content

in the land uses. The higher clay content
often observed in the subsurface horizons of
many soils may be attributed to illuviation
and pedoturbation processes. The presence
of textural B (Bt) in land use and pedons

confirms this. The silt/clay ratio mean
averages from 1.47, 1.81, 2.01, 1.29, 1.08,
1.57, 2.31 and 1.17, for acacia 1and 2,
native and 2, arable 1 and 2 and bare land 1
and 2 respectively. Van Wambeke (1962)
reported that “old” parent materials usually
have a silt/clay ratio below 0.15 while
silt/clay ratios above 0.15 are indicative of
“young” parent materials. Results of this
study show that, all the soils have silt/clay
ratio above 0.15 indicating that the soils are
relatively young with high degree of
weathering potential. Silt/clay ratios are
relatively higher in the surface horizons and
decrease with increase depth in the pedons.
The decrease in silt/clay ratio with depth is
an indication that subsoils horizons are
more weathered than surface horizons.
Yakubu (2006) reported similar results on
the soils of Sokoto State. The relative high
bulk density values recorded in arable
pedon 2 is attributed to compaction caused
by machine and grazing animals which is a
common activity in the area.
Plant performs best in bulk densities below
1.4Mgm-3 and 1.6Mgm-3 for loamy and
sandy soils respectively (Donahue et al;
1990). Root growth could also be inhibited
due to high bulk density because of soil
resistance to root perpetration, poor aeration,
slow movement of nutrients and water and
buildup of toxic gases and root exudates
(Brady and Weil, 2002; Odunze, 2006).



Proceedings of the 49th Annual Conference of Soil Science Society of Nigeria (SSSN),
(7th – 11th April, 2025, Bayero University Kano, Nigeria (KANO 2025)

37

Consequently, the bulk density values of
acacia, arable and native are favourable for
crop production, while that of bare land may
impair proper root penetration. This present
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Table 1: Morphological Properties of the soils under different land use Pedon SU1 P1 (arable)
Munsell

Colour
Texture Structure Consistency Boundary Other features

Horizon
Depth

(cm)
dry wet wet moist dry

AP 0-21 7.5YR5/6,sb

7.5YR7/6,

ry

7.5YR7/6,

ry

7.5YR7/6,y

7.5YR7/6,

ry

Loamy

sand

2f-mp Ss, frb, sh

Sssp, frf sh

Sssp, frf, sh

Sssp, frf , sh

Sssp, frf , sh

cs Common tubular medium pores, many

medium to coarse roots and presence of

animal activities

AB1 21-34 Loamy

sand

2f-mp Gs Common irregular fine to medium

pores, few very fine to fine roots and

presence of animal activities.

AB2 34-71 Loamy

sand

2f-mp cw Common tubular fine pores, few fine

Fe/Mn concretions and few fine faint

mottles

BT 71-103 Loamy

sand

3f-mabk Cs Common irregular fine to medium pores and few

fine Fe/Mn concretions.

BTC 103-180 Loamy

sand

3f-mabk Cs Few tubular fines to medium pores,

common fine to medium roots, many

fine to medium Fe/Mn concretions and

presence of CaCo3



Proceedings of the 49th Annual Conference of Soil Science Society of Nigeria (SSSN), (7th – 11th April, 2025, Bayero
University Kano, Nigeria (KANO 2025)

39

Munsell
Colour Texture Structure Consistency Boundary Other features

Horizon Depth
(cm) wet moist dry

Pedon SU1 P2 (arable)N11.50323052, E11.54158658and 526m above sea level

AP 0-19 7.5YR7/6, ry Loamy
sand

2f-mp Sssp,frf, sh cs Many tubular fine to medium pores, many
fine roots and presence of vertical and
horizontal fine crack

AB1 19-31 7.5YR6/8,ry Loamy
sand

2f-mp Sssp, frf, sh csm Many tubular coarse pores, few very fine
roots.

AB2 31-65 7.5yr7/6,ry Loamy
sand

2fp Sssp, frf, sh Csm Many tubular coarse pores, few very fine
roots.

BT 65-98 7.5YR6/8,ry Loamy
sand

2fp Sssp, frf, sh csm Many tubular coarse pores, few very fine
roots.

BTC 98-159 7.5yr7/6,ry Loamy
sand

2fp Ss, frb, sh Csm Many tubular coarse pores, few very fine
roots.

BC 159-200 10YR7/4,vpb Loamy
sand

1fsbk ss Fr s csm Many tubular fine to medium pores, many
very fine roots, and presence of animal
activities.
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Munsell

Colour
Texture Structure Consistency Boundary Other features

Horizon Depth

(cm)
wet moist dry

Pedon SU1 P1(bare land) N11.84272, E11.899933 and 494m above sea level

AP 0-25 5YR4/4,

rb

Loamy

sand

1-mf-

msbk

Ss, frb, sh csl Common tubular fine to medium pores and

moderate to few very fine to fine roots.

AB1 25-46 5YR6/8,ry Loamy

sand

1-mf-

msbk

Ss, frb, sh Csl Many tubulars very fine pores, few very fine

roots and presence animal activities.

AB2 46-88 5YR5/8,yr Loamy

sand

2m-cc Sssp,frf, sh Gdsm Many tubular fine pores, very few very fine

roots and presence of fine crack.

BT 88-126 5YR5/8,yr Loamy

sand

2mabk Sssp ,frf, sh Csm Many tubular fine pores and few fine to

medium root.

BTC 120-176 5YR5/8,yr Loamy

sand

2mabk Ss, frb, sh Cs Common tubular fine pores, few fine to

moderate and presence of animal activities.
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Munsell
Colour Texture Structure Consistency Boundary Other features

Horizon Depth
(cm) wet moist dry

Pedon SU2 P2 (bare land) N11.843358, E11.899752 and 517m above sea level

AP 0-22 7.5YR6/6, by Loamy
sand

1f-mabk Ss, frm h csl Common tubular very fine pores, very few
fine roots.

AB1 22-37 7.5YR5/6, yb Loamy
sand

1-mf-
msbk

Ss, frm h Csl-m Common tubular fine to medium pores,
very few very fine roots and presence of
illuvial material.

AB2 37-55 7.5YR7/6, Y Loamy
sand

2m-fsbk Ss, frm, sh Cs Common tubular fine pores and presence
of illuvial material.

BT 55-76 10YR7/4,vpb Loamy
sand

1-mf-
mabk

Ss ,frm ,sh Cs Common tubular fine pores, few fine
Fe/Mn concretions and few fine faint
mottles.

BTC 76-98 7.5YR7/6,ry Loamy
sand

2mf-
mabk

Ss, frm, sh Csl-m Common tabular fine pores, common fine
Fe/Mn concretions and presence of animals
activities.

98-179 10YR7/4,vpb Loamy
sand

2m-mabk Ss, frm, sh Cs Few to moderate tabular fine pores,
common fine Fe/Mn concretions.
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Munsell
Colour Texture Structure Consistency Boundary Other features

Horizon Depth
(cm) wet moist dry

Pedon SU1 P1 (native veg) N11.8441699, E11.89939 and 520m above sea level
AP 0-20 10YR7/6,y Loamy

sand
1-mf-
msbk

Ss, frm, sh Cs Many irregular fine medium pores, many
fine to medium roots and few fine Fe
concretions

AB1 20-35 10YR7/6,y Loamy
sand

1-mf-
msbk

Ss,frb s Cs Few tubular fines to medium pores,
common fine to medium roots, many fine
to medium Fe/Mn concretions and
presence of CaCo3

AB2 35-53 10YR7/3,
vpb

Loamy
sand

3m-csbk Ss, frb, h Gsm Few tubular fines to medium pores,
common fine to medium roots, many fine
to medium Fe/Mn concretions and
presence of CaCo3.

BT 53-70 7.5YR7/3,P Loamy
sand

3m-csbk Ss, frb, sh csh Few tubular fines to medium pores,
common fine to medium roots, many fine
to medium Fe/Mn concretions and
presence of CaCo3.

BTC 70-90 10YR7/4,vpb Loamy
sand

2m-mabk Ss, frb, sh Cs Few to moderate tabular fine pores,
common fine Fe/Mn concretions.

BC 90-200 7.5YR5/3, b Gc 3f-msbk Ss frb sh sc Many tubular medium coarse pores, many
fine Fe/Mn concretions.
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Munsell
Colour Texture Structure Consistency Boundary Other features

Horizon Depth
(cm) wet moist dry

Pedon SU2 P2 (native veg) N11.843673, E11.898711 and 520m above sea level
AP 0-50 7YR7/6,y Loamy

sand
1-mf-
msbk

Ss ,frb ,s Cs Many irregular fine medium pores, many
fine to medium roots and few fine Fe
concretions.

AB1 50-93 7YR7/6,y Loamy
sand

1-mf-
msbk

Ss,frb s Cs Few tubular fines to medium pores,
common fine to medium roots, many fine
to medium Fe/Mn concretions and
presence of CaCo3

AB2 93-135 10YR7/3,
vpb

Loamy
sand

3m-csbk ss, frb, h Gsh Few tubular fines to medium pores,
common fine to medium roots, many fine
to medium Fe/Mn concretions and
presence of CaCo3.

BT 135-140 7.5YR7/3,P Loamy
sand

3m-csbk Ss, frb, h cs Few tubular fines to medium pores,
common fine to medium roots, many fine
to medium Fe/Mn concretions and
presence of CaCo3.

BC 140-170 10YR7/3,vp
b

Loamy
sad

tending
toward
massive

Ss ,frb h sc Few tubular fine pores, few very fine roots,
fine Fe concretion and common fine faint
of mottle.
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Munsell
Colour Texture Structure Consistency Boundary Other features

Horizon Depth
(cm wet moist dry

Pedon SU1 P1(acacia veg) N11.841909, E11.900094 and 477m above sea level

AP 0-25 2.5YR4/6,r Loamy
sand

2m-cabk Ss, frb, sh csm Common irregular medium pores, few fine to
moderate roots and presence of animal
activities.

AB1 25-52 5YR6/8,ry Loamy
sand

3sg Ss, frb, h gwh Common irregular medium pores, few fine to
medium Fe/Mn concretions and presence of
caco3.

AB2 52-74 5YR6/8,ry Loamy
sand

1-mfsbk Ss frb s csl Many tubular medium pores, many fine roots
and presence of animal activities.

BT 74-94 5YR7/8,ry Loamy
sand

2f-msbk Ss frb sh Gs Common tubular fine pores, many very fine
roots and presence of fine vertical crack
throughout horizon depth.

BTC 94-200 5YR6/8,ry Loamy
sand

3f-mabk Ss frb h Gs Common tubular fine medium pores, few
very fine roots and presence of animal
activities.

BC 5YR6/8,ry Loamy
sand

2f-mabk Ss frb h Cs Few tubular fine medium pores.
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Munsell
Colour Texture Structure Consistency Boundary Other features

Horizon Depth
(cm wet moist dry

Pedon SU1 P2(acacia veg) N11.842253, E11.900729 and 477m above sea level

AP 0-19 2.5YR4/6,
r

Loamy
sand

2m-cabk Ss, frb, sh csm Common irregular medium pores, few fine to
moderate roots and presence of animal
activities.

AB1 19-31 5YR6/8,ry Loamy
sand

3sg Ss, frb, h gw Common irregular medium pores, few fine to
medium Fe/Mn concretions and presence of
caco3.

AB2 31-65 5YR6/8,ry Loamy
sand

1-mfsbk Ss frb s csl Many tubular medium pores, many fine roots
and presence of animal activities.

BT 65-98 5YR7/8,ry Loamy
sand

2f-msbk Ss frb sh Gsm-h Common tubular fine pores, many very fine
roots and presence of fine vertical crack
throughout horizon depth.

BTC 98-159 5YR6/8,ry Loamy
sand

3f-mabk Ss frb h sg Common tubular fine medium pores, few
very fine roots and presence of animal
activities.

BC 159-200 5YR6/8,ry Loamy
sand

2f-mabk Ss frb h Cs Few tubular fine medium pores.

Sampling location : SU1P1= soil unit 1 p1and 2= pedon 1and 2, Soil colour: b=brown, ry=reddish yellow, p=pink, dr=dark red, r=red,
yr=yellowish red,lrb=light reddish brown, lg=light gray, y=yellow, sb=strong brown, vpb=very pale brown, by=brownish yellow,
yb=yellowish brown, rb=reddish brown, g= gray; Texture: sl=sandy loam, l=loam, cl=clay loam, gc=gravely clay, s=sandy, gcl=gravely clay
loam, scl= sandy clay loam, gls=gravely sandy loam, gs=gravely sand;
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Table 2: Average mean values for Physical Characteristic of the Soils of Barema farm Damaturu

Soil mapping
unit

Sand% Silt
%

Clay% Texture Silt/cla
y%

BD gcm-3 Pd (gcm-3 TP
%

Ksat cm h-1

arable (Typic
Plinthustalf)

67.78 18.7
8

13.44 Loamy
sand

1.47 1.28 2.33 44.
50

9.68

Arable11
(Arenic
Paleustalfs) 79.03 13.2

8 7.69 Loamy
sand

1.81

1.62 2.49

35.
02

3.01

Acacia1
(Rhodic
Paleustalfs) 67.78

19.2
8 12.94

Sandy
loam 2.01

1.50 2.50
45.
02

3.21

Acacia 11
(Typic
Haplustalfs)

73.03 14.0
3 12.94 Sandy

loam
1.29

1.40 2.40
41.
48

2.09

Native1
(Typic
Haplustalfs)

72.03 15.7
8

16.19
Sandy
loam 1.08 1.60 2.50 36.

17
2.39

Native 11
(Typic
Rhodustalfs)

79.57 10.2
0

10.22 Loamy
sand

1.57 1.59 2.39 49.
09

1.49

Bare 1
Typic Paleustalf

75.08 14.5
2

8.6 Loamy
sand

2.31 1.57 2.49 35.
06

2.75

Bare 11
Typic Paleustalf

73.48
14.0
8 12.44 1.17

1.53 2.48
38.
79

2.5
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study reveals an appreciable increase in
particle density with depth of soil horizons.
Brady (1987) reported that particle density
values increase with soil depth. Similar
results were also reported by Idoga et al
(2006) in soils of Samaru area, Nigeria.
Porosity average mean values of acacia soil
ranges from 41.48 to 45.02% native 36.17
to 49.09%, arable 44.50 to 35.02 and bare
35.06 to 38.79%. Maniyunda and Malgwi
(2007) reported similar values in the soils of
Zaria, Kaduna State. Fetter (1998), and Riue
and Sposito (1991) recommended that soils
having porosity of over 50 percent and 45-
50 percent of volume are good agricultural
soils. Soil porosity is lower in both land
uses, this could be attributed to the clayey
nature of the soils. hydraulic conductivity
ranges from 1.49 to 9.68, The hydraulic
conductivity of soils at Barema is moderate
and there was no problem of flooding
(Table 2). According to Lal et al (2004), the
textural class, porosity, and the amount of
organic matter influence the hydraulic
conductivity of soils; thus, such
parameters may be favorable for drainage
condition.
Chemical Characteristics
Results of the chemical characteristics of
the soils of Barema farm are presented in
Table 4. The average mean for pH values of
the soils is 6.06, 6.64, 6.11and 6.00 for
acacia, native, arable and bare land
respectively. The pH was observed to
increase or decrease irregularly with
increasing depth. Similar trends were
observed and reported by Yakubu and
Ojanuga (2011). According to Landon
(1991), a pH range of 5.5 to 7.0 is the
preferred range for most crops. Organic
matter is generally very low in the soils
according to Landon (1991) ratings ( >20 %
very high, 10-20 % high, 4-10 % medium,
2-4 % low and < 2 % very low). The low

organic matter content of the soils in yobe
State has been attributed to factors such as
continuous cultivation, frequent burning of
farm residues commonly carried out by
farmers in the area which tends to destroy
much of the organic materials that could
have been added to the soil (Yakubu 2001).
This results correspond to , Agbu and
Ojanuga (1989)which stated that low
organic matter content in soils of Sokoto
area could be due to rapid decomposition
and mineralization of organic materials
contributed by sparse vegetation in the hot
semi-arid climate as promoted by radiation
Total Nitrogen average mean values for the
pedons are 1.49,1.04, 1.09 and 0.40 gkg-1
for acacia, native arable and bare land
respectively. Similar results of low N values
were reported by Kparmwang (1996) in
Bauchi State. The total nitrogen values of
the soils in the area changed irregularly with
depth which could be attributed to influence
of continuous cultivation, a common
practice in the area that is accompanied by
nearly crop residue removal (Noma et al
2011). Electrical Conductivity (EC) average
mean value for the pedons are 0.07, 0.07,
0.04 and 0.06 dsm-1 for acacia native arable
and bare land respectively. The average EC
value of soil in acacia and native vegetation
and bare land indicates salinity status in the
soils. The Electrical Conductivity average
mean values for arable land were generally
low indicating the non-saline status of the
soils according to the limits set by
Schoeneberger et al (2002) and EC value of
0.03 to 0.07 dS/m was rated low based on
the rating of Malgwi (2007). The values of
exchangeable acidity in all the three soil
units are 0.45, 0.36, 1.16 and 1.02



Proceedings of the 49th Annual Conference of Soil Science Society of Nigeria (SSSN),
(7th – 11th April, 2025, Bayero University Kano, Nigeria (KANO 2025)

48

cmol(+)kg-1 for acacia native arable and
bare land respectively. There were generally
the decrements on the value of
exchangeable acidity with the increment of
the depth of soils in study area. Soil
mapping unit pH (H2O) average values are
5.84 to 6.81, which was slightly acidic to
neutral reaction similar to acacia and native
vegetation, the soil mapping unit also had
low status of organic carbon (1.06 to 3.42
g/kg), total nitrogen (0.11 to 0.86 g/kg),
available
phosphorus (0.98 to 5.19 mg/kg) and carbon
nitrogen ratio C/N (1.60 to 3.88. A narrow
C/N ratio may give false indication of a
good fertility status, if much of the nitrogen
was coming from the non-exchangeable
NH4, which may not be readily available for
the involved microbes during the short-wet
spells in arid zones. The results show that
the removal of fixed N from the total N
substantially increased C/N ratios in the
three profiles. The organic N being
naturally small in these soils, will be
substantially overestimated by contribution
of non-exchangeable NH4 held by clays.
During the short-wet episodes,
cyanobacteria and N fixing blue green algae
may grow on wet soil crusts (Aranibar et al,
2003). Exchangeable acidity (H++Al3+)
average mean values of (0.34 to 1.89
cmol(+) kg-1) were rated as generally low
(<1.0 cmol(+)kg-1). This implies that the
soils have little or no acidity problems. Raji
and Mohammed (2000) reported similar
results and submitted that the contribution
of exchange acidity to potential acidity is
very low in soils of Nigerian savannas.
The soil mapping unit had medium to high
exchangeable calcium range of 0.54 to 2.19

cmol(+)kg-1 Calcium values were reported
by several researchers (Yaro, 2005;
Hussaini, 2011; Singh et al., 2013). The
predominance of Ca may be due to calcium
bearing parent material in the soil
(Nahusenay et al., 2014). Sodium range of
0.37 to 1.17 cmol(+)kg-1 while magnesium
range of 0.45 to 1.5 cmol(+)kg-1 was rated
medium and potassium range of 0.14 to
0.58 cmol(+)kg-1 was rated low to high
(Malgwi, 2007). Exchangeable acidity
(H++Al3+) values of 0.33 to 1.89 cmol(+)kg-1

was rated low (<1.0 cmol(+)kg-1). CEC
range of 3.79 to 5.79 cmol(+)kg-1 was rated
medium to high while base saturation range
of 46.31 to 79.35 % was rated low to high
and EC value of 0.04 to 0.09 dS/m was
rated low based on the rating of (Malgwi
2007). All the soil mapping units were
generally, characterized by slightly acidic to
neutral reaction, low OC, TN and Ap but
soil mapping units native and acacia
recorded higher values in OC and Ap than
soil mapping unit arable and bare land
which could be attributed to higher rate of
erosion as a result of the land clearing and
other farming activities which characterize
the arable land. These would confirm that
soils of the Nigerian Savanna have
inherently poor fertility status (Odunze and
Kureh 2009). Mapping soil mapping units
acacia unit 1 and native unit 2 recorded
higher value of exchangeable Ca (1.07 and
2.19 cmol(+)kg-1) and high Na in bare land
(1.17 cmol(+)kg-1) while soil mapping unit
arable and native unit 2 land recorded the
lowest value of K (0.14 cmol(+)kg-1). The
generally increasing subsoil exchangeable
cation values could imply that nutrient
minerals leached from the surface horizons
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may have accumulated in the illuvial layers
(Bt horizons). Mapping soil mapping unit
bare land recorded the highest CEC (5.79
cmol(+) kg-1) while soil mapping unit native
recorded the lowest (3.79 cmol(+)kg-1).
Based on base saturation, soil mapping unit
bare land recorded the highest value
(79.35%) which could also be attributed to
the lower location of this soil mapping unit
which is been enriched with material from
depth of the horizon. Generally, the result of
variation reveals that there was no
significant difference (p>0.05) in the
physical and chemical properties within the
four soil mapping units (Table 4)
The medium level of the CEC might be a
reflection of the intensity of weathering that

produced the soils. The value of CEC
indicated good nutrient retention, release
and buffering capacity of the soil. Base
Saturation (BS) of the soils were rated
medium similar result was
reported by Atofarati et al. (2012).
Generally, BS increases down the profile.
FAO (1999) reported that soils with base
saturation of >50% are regarded as fertile
soils while soils with <50% were regarded
as not fertile soils. Based on this therefore,
the soils are generally fertile.
The electrical conductivity (EC) of the soils
was rated very low. The EC value of soil
was rated very low (< 4 dSm-1), which
indicates none saline electrical conductivity
class. Similar result was also reported by
Maniyunda and Gwari (2014) in Northern
Guinea Savanna.

Table 3 average mean value for chemical properties in Barema Farm, Damaturu

Mapping unit pH EC
dsm-1

OC
gkg-1

TN
gkg-1

C/N AP
mgkg-1

E.A
cmol(+)kg-1

Arable (Typic
Plinthustalf)

5.84 0.08 2.90 1.12 2.58 3.79 0.56

Arable11
(Arenic
Paleustalfs)

6.29 0.06 2.65 1.86 3.11 2.17 0.34

Acacia1
(Rhodic
Paleustalfs)

6.81 0.09 2.99 1.16 2.21 5.19 0.37

Acacia 11
(Typic
Haplustalfs)

6.48 0.05 2.19 0.93 3.88 2.54 0.35

Native1
(Typic
Haplustalfs)

6.11 0.05 3.42 1.11 2.69 3.42 0.43

Native 11
(Typic
Rhodustalfs)

6.12 0.04 2.53 1.07 2.62 2.27 1.89

Bare 1
Typic Paleustalf

6.00 0.05 1.06 0.69 1.69 0.98 1.70

Bare 11
Typic Paleustalf

6.00 0.07 1.41 0.11 1.60 2.08 0.33
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Table 4 show average mean value of chemical properties of barema farm Damaturu.
soil mapping unit Ca

cmol(+)kg-1
Mg

cmol(+)kg-
1

k
cmol(+)kg-

1

Na
cmol(+)kg-

1

TEB
cmol(+)kg-1

CEC % BS%

arable (Typic
Plinthustalf)

0.55 0.65 0.58 0.43 1.90 4.10 46.47

Arable11
(Arenic
Paleustalfs)

0.64 0.96 0.14 0.58 2.33 4.17 54.42

Acacia1
(Rhodic
Paleustalfs)

1.07 1.5 0.43 0.92 3.94 5.41 72.97

Acacia 11
(Typic
Haplustalfs)

0.79 1.06 0.20 0.48 2.55 4.44 56.24

Native1
(Typic
Haplustalfs)

0.54 0.75 0.17 0.37 1.92 3.79 50.65

Native 11
(Typic
Rhodustalfs)

2.19 0.79 0.14 0.49 1.94 3.88 46.31

Bare 1
Typic
Paleustalf

0.68 1.10 0.40 1.17 3.35 5.79 72.26

Bare 11
Typic
Paleustalf

0.90 0.45 0.44 0.38 3.02 4.36 79.35

These imply that salinization is not a
significant pedogenic process in the soil and
the soil does not contain a concentration of
soluble salt that may hamper the growth of
plant., the unit had low status of organic
carbon (1.0 to 1.9 g/kg), total nitrogen (0.07
to 0.14 g/kg). Cation Exchange Capacity of
the soils is generally low according to Esu
(1991) rating of <6 low, 6-12 medium
and >12 high. The low CEC of the soils
could be attributed to the nature of clay
minerals (kaolinite) Hassan et al; 2011).
Yakubu et al (2011) opined that organic
matter content of soils which normally

influences the CEC is generally low and
therefore the CEC values may not be
attributed to the amount of organic matter.
Soil Classification
The soils identified in the study are Pedon
SU1 P1 (arable) Pedon SU2 P2 (arable),
Pedon SU1 P1 (acacia veg), SU2 P2 (acacia
veg), Pedon SU1 P1(native veg), Pedon SU2

P2(native veg), Pedon SU1 P1 (bare land)
and Pedon SU2 P2(bare land) were classified
according to the USDA Soil Taxonomy
System (Soil Survey Staff, 1999) and WRB
(2014) Soil Taxonomic Classification. The
morphological, physical and chemical
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properties of the profile were used to
classify the soils using the above
classification systems.
Soil moisture regime
Soils of the study areas have about six
months of the rainy seasons-(May to
October) with a mean annual rainfall
between 600 to 1000mm. This implies that
the soils were moist for less than 180
cumulative days, and are dry for 90 or more
cumulative days. A rainy period of less than
180 days, suggest an Ustic Moisture
Regime.
Temperature regime
The temperature regime of Pedon SU1 P1
(arable) Pedon SU2 P2 (arable), Pedon SU1

P1 (acacia veg), SU2 P2 (acacia veg), Pedon
SU1 P1(native veg), Pedon SU2 P2(native
veg), Pedon SU1 P1 ( bare land) and Pedon
SU2 P2(bare land ) study sites are within the
general temperature regime of Yobe State
with the diurnal temperature regimes which
ranges from 26 - 320C, while the average
daily temperature ranges from an average
daily maximum of 31.60C to an average
daily minimum of 13.10C with a relative
humidity of 17-90% (Sowumini and
Akintola, 2010). According to Olofin
(1987), the temperatures can rise to as high
as 380C during the dry season and on the
average drops to about 130C in the
harmattan season. The mean annual and
monthly temperatures are 21 and 260C
relatively lower during the wet season and
evaporation is never in excess of rainfall
(Olofin, 1987). The soil temperature regime
is Iso-hyperthermic, which suggests less
than 60C difference between mean summer
and mean winter soil temperature (Soil
Survey Staff, 1999).

Diagnostic surface horizons (epipedon)
Generally, the surface Pedon’s of Arable
land was slightly thick (21 to 23cm), with
color value of 4, 5, 6, 7, 8 (moist), the
organic

carbon ranged from 3.39 to 4.59 g/kg, with
the percent base saturation by NH4OAC of
37.06 to 66.30%. Acacia vegetation was
slightly thick (19 to 25cm), with color value
of 6, 7, 8 (moist), the organic carbon
ranged from 2.99 to 4.59 g/kg, with the
percent base saturation by NH4OAC of
45.45% to 70.68%, Native vegetation was
too thick (25 to 50cm), with color value of 4,
5, 6, 7, (moist), the organic carbon ranged
from 3.12 to 5.39 g/kg, with CEC and the
percent base saturation by NH4OAC of
37.06 to 48.15 %. Bare land surface was
slightly thick (20-22cm), color values are 6
and 7 (moist), the organic carbon ranged
from 1.12 to 1.39 g/kg with percent base
saturation by NH4OAC of 57.95 to 60.65%.
These pedons did not meet the definition for
any of the other seven epipedons, in
addition to their too little (low) organic
carbon, absence of rock structure, color
value of 4,5,6,7 and 8 (moist), they are too
thin to be considered as either Mollic or
Umbric, these epipedons are classified as
(Ochric epipedons).
Diagnostic subsurface horizons
(endopedon)
The diagnostic subsurface horizons of of
Pedon SU1 P1 (arable) Pedon SU2 P2
(arable), Pedon SU1 P1 (acacia veg), SU2 P2
(acacia veg), Pedon SU1 P1(native veg),
Pedon SU2 P2(native veg), Pedon SU1 P1
( bare land) and Pedon SU2 P2(bare land
(profile 1-8) have the textural class of loam,
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sandy loam, loamy sand, sandy clay loam
and silty loam. They show evidence of clay
eluviation as indicated by the presences of
thin clay films lining the pores and ped
surfaces. No densic, lithic, paralithic or
petroferric contact within 50cm of the
mineral soil, clay contents increased with
depth, regular decrease of organic carbon
with depth and CEC less than 16cmol
(+)/kg by (1N NH4OAC pH 7). With regard
to these properties, all the profiles were
qualified as being Kandic and Argillic
diagnostic sub surface horizons
Classification according to USDA Soil
Taxonomy
The soils of the study area were classified
into various classes as shown in Table 5.
According to USDA soil taxonomy, soil of
acacia (P1 & P2), was classified as Rhodic
Paleustalfs and Typic Haplustalfs and soil
of native (P1 &P2), was classified as Typic
Haplustalfs and Typic Rhodustalfs soil of
arable (P1 and P2) was classified as Typic
Plinthustalf and Arenic Paleustalfs and soil
of bare land (P1 & P2) were both classified
as Typic Paleustalf respectively.
Classification according to World
Reference Base for Soil Resources (WRB,
2006)

The properties that qualify these pedons to
be classified as Ochric epipedon are their
low Organic carbon, absence of rock
fragments too thin to be considered as either
Mollic or too thin to be considered as either
Mollic or Umbric and their failure to meet
the definition of any of the other seven
epipedons. According to the World
Reference Base for Soil Resources (WRB,
2014), the soils of soil unit 1 profile
1(SU1P1) acacia and soil unit 2 profile 2
(SU2P2) acacia are classified as Haplic
Lixisol, while soil unit 1 profile 2 (SU1P2)
native and soil unit 2 profile 1(SU2P1)
native are classified as Haplic Lixisol and
Haplic respectively. In soil unit 3 profile 1
(SU3P1) arable the soil is classified as
Haplic Lixisol. Soli unit 3 Profile 2 (SU1P2)
arable, soil unit 4 profile 1 and 2 (SU4 P1 &
P2) bare and soil unit 1 profile 2 (SU7P2)
are classified as Plinthic lixisol respectively,
(WRB,2006).
Classification of soils of the study sites
based on USDA soil classification system
Soil classification was done employing the
international soil classification system for
naming soils, the USDA Soil Taxonomy
Thirteenth Edition, 2022 and World
reference base for soil resources 2014

Table 5 Summary of soil classification (USDA and WRB systems)
Pedon USDA Soil Taxonomy WRB 2014
SU1P1 AR Typic Plinthustalf Haplic Lixisol
SU2P2 AR Arenic Paleustalfs Haplic Lixisol
SU1P1 AC Rhodic Paleustalfs Haplic Lixisol
SU2P2 AC Typic Haplustalfs Haplic Lixisol
SU1P1 NV Typic Haplustalfs Haplic Lixisol
SU2P2 NV Typic Rhodustalfs Haplic Lixisol
SU1P1 BR Typic Paleustalf Haplic Lixisol
SU2P2 BR Typic Paleustalf Haplic Lixisol
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USDA Soil Taxonomy Diagnostic
Horizons and Properties
According to the USDA and WRB system
the diagnostic horizons, properties and
materials were determined prior to
classification. The results are presented in
Table 5. that have a texture class (fine-earth
fraction) of coarse sand, sand, fine sand,
loamy coarse sand, loamy sand, or loamy
fine sand throughout a layer extending from
the mineral soil surface to the top of an
argillic horizon at a depth of 50 to 100cm
Arenic Paleustalfs, other that have one or
more horizons within 150 cm of the mineral
soil surface in which plinthite either forms a
continuous phase or constitutes one-half or
more of the volume (Plinthustalfs). Other
profile that has a texture class (fine-earth
fraction) of coarse sand, sand, fine sand,
loamy coarse sand, loamy sand, or loamy
fine sand throughout a layer extending from
the mineral soil surface to the top of an
argillic horizon at a depth of 50 to 100cm
Arenic Paleustalfs. Other profile has a lithic
contact within 50 cm of the mineral soil
surface Hue of 7.5YR or redder and chroma
of 5 or more in 50 percent or more of the
matrix; or Common or many coarse redox
concentrations with hue of 7.5YR or redder
or chroma of 6 or more, or both (Haplustalfs
WRB Reference soil groups of the study
area
Based on the classification key, as argic
horizon starting ≤ 100 cm from the soil
surface was described in all profiles, and the
presence of low activity clays in the argic
horizon and base status (in half or more of
the part between 50 and 100 cm from the
mineral soil surface) was confirmed by
laboratory analyses, all the 8 soil profiles

were classified as ( Haplic Lixisol)
according to the World reference base for
soil resources (2014).
CONCLUSION
Characterizations of soils of Barema reveal
that the soils were medium in inherent
fertility though low OC, TN and Ap
characterize all the four mapping units. Soil
mapping unit arable land was deep, well
drained, and texture ranges loam to loamy
sand. Soil reaction was slightly acidic to
neutral, OC, TN and Ap was rated low
while exchangeable bases was rated
medium to high. CEC and BS were rated
medium. They were classified in the order
Alfisol, sub order Ustalfs. At the Great
Group and Subgroup as Plinthustalf, at the
group level as Typic Plinthustalfs since Sub
groups have not been identified for the
Great group Plinthustalfs (Soil Survey Staff,
2022). They were classified as Lixisols, and
at the lower level, as haplic Lixisols (WRB,
2014). Soil mapping unit acacia was also
too deep, well drained, occurring on flat (0-
2%) to moderately level
landform and texture ranges loam to sand
clay loam. Soil reaction was slightly acidic
to neutral, OC, TN and Ap was rated very
low while exchangeable bases were rated
medium to high. CEC was rated medium to
high while BS was rated low to high. All
land uses was classified into the order
alfisols, at the suborder level as Ustalfs The
low to medium fertility status of the soils of
Barema farm can sustain crop production on
a long-term basis under continuous crop
production program. Therefore, organic
matter has to be substantially increased
through effective crop residue management,
increased use of leguminous plants as well
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as the use of nitrogenous and phosphate
fertilizers. For sustainable crop production,
there is need for guided inorganic fertilizer
use and improved management practices
which will enhance and maintain soil
quality and productivity in all the soils. This
study has brought out clearly relevant soil
information that can guide decision on the
use and management of soils of the area on
a sustainable basis.
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EFFECT OF SLOPE POSITION AND LAND USE ON SOIL CHEMICAL
PROPERTIES IN A FOREST-CULTIVATED-FALLOW-GRASSLAND
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ABSTRACT
For sustainable nutrient management, it is necessary to analyze regional landscapes and
soil associations since soil attributes are anisotropic in nature. The research work was
conducted on four different land use types in Ugwu Ataba, Onuyi Edem-Nru, in Nsukka,
Enugu State to determine the effect of slope position and land use on soil chemical
properties in transect of forest-grassland-cultivated-fallow continuum. Soil samples were
collected at depths of 0-20cm and 20-40cm on each of the land use types along the
transect and were subjected to chemical analyses following standard procedures. Results
showed significant differences (P< 0.05) among the chemical properties of the different
land use types. The soil pH (H2O) was significantly higher at the grassland (5.54) than at
the forestland (4.64). The soil organic carbon was significantly higher at the forestland
(1.43 g/kg) than at the fallow land (0.75 g/kg), both exchangeable K and acidity were
significantly higher at the forestland than at the grassland but the CEC was significantly
higher at the grassland (20.04 Cmol/kg) than at the fallow land (8.12 Cmol/kg). Soil
depth significantly (p<0.05) affected the organic carbon, total nitrogen, exchangeable
bases and available phosphorus. Organic carbon, exchangeable Ca, Na, and K as well
as available P were significantly higher at 0-20cm than at 20-40cm depth. This study
clearly demonstrated that land-use type impacted on most soil chemical properties more
than slope positions. The study showed that forestland and grassland tended to retain
more nutrients and were less likely to lose nutrients through leaching than the other land
use types. Irrespective of the topographic positions across the land use types topsoils
contained more nutrients than the subsoils.
Key words: slope, land use continuum, soil chemical properties

INTRODUCTION
Soils provide a wide range of ecosystem
services that meet human needs such as
the supply of food, wood, fibre, raw
materials, and physical support for
infrastructure; regulating services, which
include flood mitigation, nutrient and
contaminant filtering, carbon storage and
greenhouse gas regulation, detoxification
and waste recycling, and population
control of pests and diseases; as well as
cultural services, which include recreation,
aesthetics, heritage values, and cultural
identity (Dominati et al., 2014). Soils vary
in their physical, chemical, morphological
and

mineralogical characteristics and
topography happens to be a major factor
which controls most surface processes
taking place (Esu et al., 2008).
Topography plays vital role in bringing
about changes in soil properties from the
crest position down to the valley bottom
(Egbuchua, 2014).
Topography is the dominant factor
influencing soil property variation due to
its influence on runoff, drainage,
microclimate, and soil erosion (Wang et
al., 2001). It also affects hydrological and
soil processes at the landscape scale
which is also reflected in the concept of
soil catena. Its geometry; such as slope
angle, length and curvature influence

mailto:charles.asadu@unn.edu.ng
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runoff, drainage, and soil erosion
(Aandahl, 1948) causing significant
differences in soil properties (Brubaker et
al., 1993). Slope gradient and slope length
have direct and indirect effects on
calcification, mineralization and soil
physicochemical properties (Nejad and
Nejad, 1997). The slope position, i.e. the
relative height along the hill slope
controls the movement of water and
eroded materials, thus contributing to the
spatial differences in soil properties along
the hill slope (Begum et al., 2010;
Khormail et al., 2007). Many soil
properties including particle-size
distribution, pH, and organic matter
content vary substantially with the slope
position (Wang et al., 2001). More so,
changes in slope inclination have a major
impact on soil erosion thereby causing
significant loss of finer soil particles
(Carroll et al., 2000). Processes of this
nature are rarely uniform, and often form
a spatial variability along the slope in the
topsoil layer.
Similarly, changes in land use and its
alterations on the ecosystem can
significantly affect soil physical, chemical,
and biological properties. The driving
agents consist of high population pressure,
excessive livestock pressure on grassland
areas, changes in land use, inappropriate
agricultural practices, massive
deforestation of natural forest (farm
expansion, fuel, and construction),
agricultural expansion (cultivation of
steep slopes and marginal areas), and the
ruggedness of the landscape. Changing
land use from forests to croplands leads to
a change in the chemical, physical and
biological properties of the soil (Houghton
et al., 1999; Zhang et al., 2004; Viollete et
al., 2009). With shifting agriculture and
livestock production in the twenty-first

century, it is predicted that 25% of the
Earth's surface will be covered by
cropland, a major change from the
twentieth century. Globally the decreasing
rate of forests was about 1.7% in the
period of 1990 to 2005, especially in
Africa where 1.6 million hectares of forest
areas were lost per year (FAO and JRC,
2012).
Therefore, it is very important to study the
impact of slope position and land use
change on chemical properties, which can
help policy makers and different
stakeholders to have a proper land use
planning aiming at replenishing soil
fertility, protecting forests and restoring
the degraded ecosystem. Hence, this study
aimed at examining the effects of slope
position and land use on soil chemical
properties in transect of forest-cultivated-
fallow-grassland continuum at Nru
Nsukka, Nigeria.
MATERIALS AND METHODS
Site Description
Location and Background of Study
The study area was at Ugwu Ataba, Onuyi
Edem-Nru, in Nsukka, Enugu State on
four different land uses. It lies within the
latitude 6° 26', 24.72'' N and longitude 7°
29', 39.48'' E in the humid Savannah zone
of South Eastern Nigeria on an elevation
of 447.2 m above mean sea level (Oko-
Ibom and Asiegbu, 2006).

Climate
These soils experience high temperatures
as well as intense, erosive rains, which
causes erosion and leaching. In this part of
the world, the rainy season and the dry
season dominate the climate. The average
annual rainfall is approximately 1550
millimeters, with 85 percent of the
precipitation occurring between the
months of April and October. Average
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minimum and maximum temperatures are
220C and 300C, respectively. On average,
the relative humidity is approximately
60% throughout the years, respectively
(Asadu et al., 2002).
Land Use and Vegetation
In a soil-landscape system, the natural
vegetation of Nsukka is generated from a
Savannah agro-ecological zone with
diverse land uses, including forestry,
fallow, cultivated areas, and grasslands.

Geology and Soils
Asadu (1990) reported that soil in Nsukka
located in the Eastern Nigeria are
generally derived from the residual of
false-bedded sand-stone or upper-coal
measure formations as a result of
disintegration of rock. These geological
formations give rise to the sandy and
clayey soils respectively (Akamigbo and
Asadu, 1983). Akamigbo (1984) found
that the silt content of the soils of Eastern
Nigeria within the study area is low and
the soils are generally very low in plant
nutrients.

Agriculture
After thorough investigation, it was
discovered that the region's principal
agricultural method is a traditional, rain-
fed, subsistence-based approach. The
most common agricultural practices in the
research region include continuous
cultivation, bush fallowing, mulching,
organic manure, and overgrazing. The
principal source of income for all
residents of the farming community is the
production of cassava, maize, yam, pigeon
pea, egg plants, oil palm, and pumpkins.
Soil Sampling
Following a reconnaissance visit to the
location, a transect cutting across different
slope position with fallow plot on the toe

slope, cultivated land on the foot slope,
grassland on the middle slope and
forestland on the upper slope was
established; all the land use types being in
a continuum. Triplicate soil samples were
collected each of the land use types from
0-20 cm and 20-40 cm depth using an
auger. A total of thirty-eight (38) soil
samples were collected. They were
properly marked and packaged in
polythene bags. The soil samples were air-
dried, gently crushed, and passed through
a 2-mm sieve to obtain fine earth
separates for routine analysis. Separate
soil core samples from the 0-20cm and
20-40cm depths were collected using a
sharp-edged steel cylinder (core sampler)
manually inserted into the soil. These
samples were used to determine the bulk
density and pore-size distribution.

Soil Laboratory Analysis
All the anises were conducted in the
Department of Soil Science laboratory,
University of Nigeria, Nsukka following
standard laboratory techniques.
Soil Chemical Properties
Total nitrogen (N) was determined using
the Kjeldhal digestion, distillation and
titration as method described in a study
(Bremner, 1996).

Soil pH was determined in 1:2.5 soil-
water medium by weighing 10 g of 2 mm
sieved soil samples into 50 ml beaker and
25 ml of water was added. The sample
solution was stirred up intermittently
using a glass rod. The samples were
allowed to stand for 30 minutes after
which the soil pH was taken using a
digital electronic pH meter.
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Fig. 1: Map of study area at Edem-Nru Nsukka

The organic carbon content was
determined by Walkley-Black method of
wet combustion involving oxidation of
organic matter with potassium dichromate
(K2Cr2O7) and sulphuric acid (H2SO4)
(Nelson and Sommers, 1996). The values
of organic carbon were converted to
organic matter by multiplying with the
factor 1.724.
Available phosphorus (Av. P) was
extracted using the Bray (II) method

(Bray and Kurtz, 1945) and the value
measured using a colorimeter following
the principle of light (Murphy and Riley
method).
Exchangeable calcium and magnesium,
potassium, sodium and Cation Exchange
Capacity were carried out according to
(Thomas, 1982).
The exchangeable acidity was determined
by extraction with 1.0 M KCl solution and
titrated with NaOH and HCl solutions to
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measure total acidity (Al3+ and H+)
concentrations respectively (McLean,
1965).

Data Analysis
Analysis of variance (ANOVA) was
performed on soil data. The GenStat
Statistical Package was used to estimate
the levels of significance of the
parameters
at P (<0.05) using the LSD technique of
mean separation.
RESULTS AND DISCUSSION
The Effect of Land use on the Chemical
Properties of Soil
The pH values obtained (Table 1) showed
that the soils were acidic in nature and
ranged from extremely acid to
moderately acid, with values ranging from
4.64 to 5.5 (H2O) and 3.91 to 4.3 (KCL)
agreeing with the values reported by
Aduayi and Ekong (1981). The mean pH
values in H2O was higher than that in KCl
indicating a net negative charge in the
soils. In southeastern Nigeria Enwezor et
al., (1981) noted that the pH values in
H2O are generally higher than pH in KCl.
The soil acidity might be linked to its
humid nature of the environment, which is
characterized by excessive rainfall that
tend to encourage erosion and leaching
processes. These processes tend to remove
most basic cations, leaving behind
hydrogen and aluminum ions that can
induce soil acidity. Aluminum ions cause
acidity by hydrolysis reaction while
hydrogen is by direct dissociation (Brady
and Weil, 2007). The pH value of the
cultivated land was high due to the intense
parent materials weathering, lime
application, organic and inorganic
fertilizer applications by the farmers. The
forest land use recorded the lowest pH

value of (4.64), this could be attributed to
the fact that it is on the upper slope and as
such prone to intensive erosion and
leaching of the basic cations. Enwezoret
al., (1981) noted that most soils become
acidic due to intensive leaching. In
strongly acidic soils, Al3+ becomes soluble
and increase soil acidity while in alkaline
soils; exchangeable basic cations tend to
occupy the exchange sites of soils by
replacing exchangeable H+ and Al3+ ions
(Miller and Donahue, 1995; Eylachew,
1999; Brady and Weil, 2002).
The organic carbon content is often low in
most soils of the tropics according to Esu
(1991).Land use change is an important
factor controlling soil organic carbon
(SOC) storage since it affects the quality
of litter inputs, the litter decomposition
rate and the processes of soil organic
matter stabilization (Shepherd et al.,
2001). The higher OC in forest land use is
in line with the report from Moscatelli et
al. (2007) which indicated that clearing
tropical forests and conversion into
farmland lowered by 20-50% in SOM
content as cultivation generally aerates the
soil and increases OM oxidation rates.
The study conducted by Hu et al. (2019)
revealed that forest land use has higher
soil organic carbon (OC). The low OC in
cultivated could be attributed to
continuous cultivation and inappropriate
management according to Majule (2003).
According to Isirimah et al. (2003),
organic matter is significant in many
tropical soils for a variety of reasons,
including improved fertility status. Asadu
et al. (2013) concluded that organic matter
is significantly important for both storage
and release of nutrient ions in tropical
soils notably in the ultisols that are
dominated by low activity clay.
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Table 1. Effect of land use on the chemical properties of soil

OC: Organic Carbon; TN: Total Nitrogen; Ca2+: Exchangeable Calcium; Mg2+:
Exchangeable Magnesium; Na+: Exchangeable Sodium; K+: Exchangeable Potassium;
CEC: Cation Exchange Capacity; EA: Exchangeable Acidity; P: Available Phosphorus.
Organic carbon content (Table 1) was significantly higher in the forest land use than in

Total nitrogen was also significantly higher
in forest land use type and lowest in
cultivated land use type this supports the
work of Hu et al. (2019) who found in their
study that forest land use has higher total
nitrogen (TN) than a cultivated land use
system. The total nitrogen values ranged
from 0.22 g/kg to 0.30 g/kg (Table 1) and
this is considered to be high according to
the rating of Esu (1991). When compared
to the other land use types, cultivated land
had the lowest value, which might be
related to the quick mineralization of
organic matter from crop residue, leaching,
and erosion. Mulugeta (2004) and
Gebeyaw (2007) in their investigations got
comparable results when comparing
cultivated fields to uncultivated fields.
However, this difference was statistically
non-significant in this study.
Exchangeable Ca2+ and Mg2+ ranged from
0.6 Cmol/kg to 0.7 Cmol/kg and 0.42
Cmol/kg to 0.52 Cmol/kg respectively
(Table 1). The values for Ca2+ are
considered low and that of Mg2+ are

considered medium according to the rating
of Esu (1991). These values recorded for
both Ca2+ and Mg2+ could be linked to the
dominance of low activity clay, low
organic carbon content; the nature of
parent material, intense weathering,
erosion and leaching effects in the humid
region which cause loss of colloidal
matters (Isirimah et al., 2003; Egbuchua,
2007). However, the values among the land
use types were statistically non-significant
(Table 1).
Exchangeable Na+ and K+ ranged from
0.11 Cmol/kg to 0.16 Cmol/kg and 0.11
Cmol/kg to 0.18 Cmol/kg respectively
(Table 1). The exchangeable bases across
the land use types were seemingly low
(Esu 1991). This could be attributed to the
dominance of low activity clay, low
organic carbon content; the nature of
parent material, intense weathering,
erosion and leaching effects in the humid
region which cause loss of colloidal
matters (Isirimah et al., 2003 and
Egbuchua, 2007). The low content of

Land
Use

pH pH OC TN Ca2
+

Mg2
+

Na+ K+ CEC EA P

in
H2O

in
KCl

___(g/kg)__
__

________________(Cmol/kg)_________ (mg/kg
)

Cultivated 4.82 3.91 1.027 0.227 0.7 0.48 0.1159 0.1168 8.96 2.16 8.11
Fallow 4.93 4.12 0.751 0.251 0.62 0.42 0.1674 0.1598 8.12 2.22 6.99
Forest 4.64 3.92 1.425 0.302 0.6 0.48 0.1674 0.1889 14.24 3.9 6.06
Grassland 5.544 4.305 0.87 0.252 0.7 0.52 0.1747 0.1132 20.04 2.1 3.26
F-LSD 0.19 0.24 0.17 Ns Ns Ns 0.03 0.03 1.63 1.32 Ns
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exchangeable sodium (< 0.3) is an
indication that sodicity would not be a
problem if proper soils and water
management are observed. The low value
of exchangeable potassium observed on
cultivated land use type corroborates with
the findings by Majule (2003) where
clearing the natural forest in most parts of
the upper zones for cultivation contributed
significantly to the reduced level of SOC,
N, and K+ in the soil.
The Cation Exchange Capacity (CEC)
values ranged from 8.12 Cmol/kg to 20.04
Cmol/kg with values from grassland and
forest land use types statistically higher
than those from cultivated and fallow land
(Table 1). The mean value from grassland
was statically higher than that from the
forest land while those from the cultivated
and fallow lands were similar statistically.
The CEC values of the soils are rated high
according to the rating by Esu (1991). High
values of CEC is often attributed to the
high specific surface area of the clay
particles.
The exchangeable acidity was rated
medium in all the land use types according
to the rating by Esu (1991). The mean
values ranged from 2.1 Cmol/kg to 3.9
Cmol/kg (Table 1). These values which are
considerable high FMNAR (1996) would
have stemmed from the leaching of basic
cations by rainfall and the low pH values
of the soil (Brady and Weil, 2007).
The highest available P value was reported
from the cultivated land use type, while the
lowest value was from grassland which is
in line with the findings of Beyene (2017)
who reported that, in southern Ethiopia,
soils of cultivated lands have higher
available phosphorus (P) content, whereas
exchangeable bases, OC and CEC, were
higher in grasslands. This drop, while, was
not statistically significant. Low levels of

reserved phosphate minerals in the soil and
its parent material are reflected in the
figures, which ranged from 3.26 mg/kg to
8.11 mg/kg (Table 1) (Akamigbo and
Asadu, 1983). Once more, the soils' acidity
and phosphorus fixation by sesquioxides
have been cited as contributing causes to
the low phosphorus content of soils (Brady
and Weil, 2007). However, the differences
among the values from the land use types
were statistically non-significant (Table 1).
Effect of Soil Depth on the Chemical
Properties of Soil
Across the two soil depths (0-20 and 20-40
cm), the mean pH values obtained were in
the acid range from 4.949 to 5.018 (H2O)
and 4.04 to 4.088 (KCl) but the differences
were statistically non-significant (Table 2).
This trend was similar to exchangeable Mg,
CEC and exchangeable acidity. However,
the mean values OC, TN, exchangeable Ca,
Na, K and available P were significantly
higher at the 0-20 cm depth than at 20-40
depth (Table 2). All these properties are
often linked to organic matter content
(McAlister et al., 1998) which is often
higher in the topsoils than in the subsoils as
obtained in this study. Lalissa et al. (2010)
also reported that OC, TN and P declined
with depth for cereal farm. The values
obtained were significantly different.
CONCLUSION
This study clearly demonstrated that land
use type impacted on most soil chemical
properties but along a toposequence of
fallow-cultivated-grassland-forest
continuum the impact can be influenced by
the topographic position. In this study the
forest land on the upper slope and the
grassland on the middle slope tended to
contain more nutrients than cultivated land
on foot slope and fallow on the toe slope
positions. Thus, forestland and grassland
retained more nutrients than the fallow and
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cultivated lands probably due to longer
periods of undisturbed soil cover compared
to fallow and cultivated lands. Comparison
of topsoil and subsoil fertility status across

the land use types indicated that
irrespective of the topographic position
topsoils contained more nutrients than the
subsoils.

Table 2: The Effect of Soil Depth on the Chemical Properties of Soil

Soil
Depth

pH pH OC TN Ca2+ Mg2
+

Na+ K+ CE
C

E
A

Av. P

Cm in
H2O

in
KCl

___(g/kg)_
_

_____________(Cmol/kg)__________
_

(mg/k
g)

0-20 5.018 4.088 1.136 0.29
3

0.78 0.53 0.170
1

0.164
4

13.18 2.5
4

7.88

20-40 4.949 4.04 0.9 0.22
3

0.53 0.42 0.142
5

0.125 12.5 2.6
5

4.34

F-LSD Ns Ns 0.12 0.05 0.18 Ns 0.02 0.02 Ns Ns 2.95

OC: Organic Carbon; TN: Total Nitrogen; CEC: Cation Exchange Capacity; EA:
Exchangeable Acidity; Av. P: Available Phosphorus; Ns: Not Significant.

REFERENCES
Aandahl, A.R. (1948). The
characterization of slope positions and
their influence on total nitrogen content
of a few virgin soils of Western Iowa.
Soil Science Society of America
Proceedings 13: 449-454.

Aduayi, E. A. and E.E. Ekong
(1981).General Agriculture and Soils.
Cassel limited, New York.

Akamigbo FOR (1984). The Accuracy of
Field Texture in Humid. Tropical
Environment. Soil Surv. Land Eval.,
493: 63-70.

Akamigbo, F.O.R. and Asadu, C.L.A.,
(1983). The influence of parent
materials on soils of south eastern
Nigeria. East African Agricultural and
forestry Journal. 48: 81-91.

Asadu, C. L. A., Obasi, S. C., Dixon, A. G.
O., Ugele, N. and Chibuike, G. U.
(2013). Soil fertility recovery in cleared
forestland cultivated and fallowed for
seven years. J. Agriculture and
Biodiversity Research 2 (5):110-116.

Asadu, C.L.A, A.G.O. Dixon and R.
Okechukwu (2002).Comparative
evaluation of the contributions of soil
physicochemical properties to
variations in the yields of four major
staple food crops in eastern Nigeria.

Soils & Tillage Research. 65 (2): 141-
155.

Asadu, C.L.A., (1990). A Comparative
characterization of two foot-slope soils
in Nsukka area of Eastern Nigeria. Soil
Science, USA. Vol. 150: 527-534.

Asadu, C.L.A., Nnaji, G.U., Ezeaku, P.I.
(2012): Conceptual issues in pedology.
University of Nigerian Press Limited,
University of Nigeria, Nsukka, Nigeria,
pp. 34-57.

Begum, F., Bajracharya, R.M., Sharma, S.,
and Sitaula, B.K., (2010). Influence of
slope aspect on soil physico-chemical
and biological properties in the mid
hills of central Nepal. Int. J. Sustain.
Dev. World, 17, 438–443.



Proceedings of the 49th Annual Conference of Soil Science Society of Nigeria (SSSN),
(7th – 11th April, 2025, Bayero University Kano, Nigeria (KANO 2025)

65

Beyene, S. (2017).Topographic positions
and land use impacted soil properties
along HumboLarena-Ofa Sere
toposequence, Southern Ethiopia
Journal of Soil Science Environmental
Management, vol. 8, pp. 135–147.

Brady, A.C., Weil, R.R. (2007): The
Nature and Properties of Soils (13th ed.)
Pearson Prentice-Hall Education Inc.
976 p.

Brady, N. C. (1974). The nature and
Properties of Soils (8th ed), Macmillan
Company incorporation, United State
of America.

Brady, N. C. and Weil, R. R. (1999): The
Nature and Properties of Soils, 12th
edn., Prentice Hall, New Jersey.

Brady, N.C. and Weil, R.R. (2002) The
Nature and Properties of Soils. 13th Ed.
Prentice-Hall Inc., New Jersey, USA.
960p.

Bray, K.H. and Kurtz, L.T., (1945).
Determination of total organic and
available forms of phosphorus in soils.
Soil Sci. 59: 39-45.

Bremner, JM (1996).Nitrogen-total
Nitrogen-total. Madison, WI, USA
Chemical methods, Part 3. 2nd ed.
SSSA Book Series No. 5, ASA and
SSSA; pp. 1085-121.

Brubaker, S.C., A.J. Jones, D.T. Lewis
and K. Frank.(1993). Soil properties
associated with landscape positions and
management. Soil Science Society of
America Journal 57: 235-239.

Carroll, C., Merton, L., Burger, P., (2000).
Impact of vegetative cover and slope
on runoff, erosion, and water quality
for field plots on a range of soil and
spoil materials on central Queensland
coal mines. Soil Res., 38, 313–328.

Dominati, E., Mackay, A., Green, S.,
Patterson, M., (2014). A soil change-
based methodology for the

quantification and valuation of
ecosystem services from agro-
ecosystems: a case study of pastoral
agriculture in New Zealand. Ecol. Econ.
100, 119–129.

Egbuchua C.N. (2007): Pedological
characterization of some wetland soils.
Ph.D. Thesis, Delta State, University,
Abraka, Nigeria.

Egbuchua, C. N. (2014): Morphological
and Physical Characteristics of Soils
Developed on a Toposequence Derived
from Coarse-grained Pegmatites in a
Tropical Region, Delta State, Nigeria.
Asian Journal of Agriculture and Rural
Development, 4(5): 313-323.

Enwezor, W.O., Udo, E.J. and Sobulo,
R.A. (1981). Fertility Status and
Productivity of Acid Sands. In: Acid
Sands of Southeastern Nigeria, SSSN
Special Publication Lagos, Nigeria,
Monograph No. 1: 56-73.

Esu, I.E, Akpan-Idiok AU, Eyong,
MO.(2008): Characterization and
classification of soils along a typical
Hill slope in Afikpo Area of Ebonyi
State, Nigeria. Nigerian Journal of Soil
and Environment;8: 1-16.

Esu, I. E. (1991). Detailed soil survey of
NIHORT farm at Bunkure, Kano State,
Nigeria. Institute for Agricultural
Research, Ahmadu Bello University,
Zaria, Nigeria, 32.

Eylachew Z., (1999). Selected physical,
chemical and mineralogical
characteristics of major soils occurring
in Chercher highlands, eastern Ethiopia.
Ethiopian Journal of Natural Resource.
1(2): 173-185.

FAO- Food and Agriculture Organization
and JRC. (2012). Global forest land-
use change 1990-2005, by E.J.
Lindquist, R. D’Annunzio, A. Gerrand,



Proceedings of the 49th Annual Conference of Soil Science Society of Nigeria (SSSN),
(7th – 11th April, 2025, Bayero University Kano, Nigeria (KANO 2025)

66

K. MacDicken, F. Achard, R. Beuchle,
A. Brink, H.D. Eva,P.

FMNAR-Federal Ministry of Agriculture
and Natural Resources (1996):
Literature Review of soil fertility
investigation in Nigeria (In 5 volumes),
Federal Ministry of Agriculture, Lagos
281 p.

Gebeyaw, T. (2007) Soil Fertility Status
as Influenced by Different Land Uses
in Maybar Areas of South Wello Zone,
North Ethiopia. M.Sc. Thesis,
Haramaya University, Ethiopia, 71.

Hu C., A. Wright, and G. Lian, (2019):
“Estimating the spatial distribution of
soil properties using environmental
variables at a catchment scale in the
loess hilly area, China,” International
Journal of Environmental Research and
Public Health, vol. 16, no. 3, p. 491.

Isirimah H.O., Dickson A.A., Igwe C.
(2003): Introduction to Soil Chemistry
and Biology for Agriculture and
Biotechnology. Port Harcourt, Nigeria,
p. 7-140.

Majule, A. (2003): A Study on Land Use
Types, Soils and Linkage between
Soils and Biodiversity along the Slopes
of Mt, Kilimanjaro, Tanzania, TZ,
USA.

McAlister, J. J., Smith, B. J., and Sanchez,
B. (1998): Forest clearance: impact of
land use change on fertility status of
soils from the Sao Francisco Area of
Niteroi, Brazil, Land Degrad. Dev., 9,
425–440.

Mclean, E. O. (1965). Aluminum. In :
Methods of soil analysis. C. A. Black
(ed). Agronomy No 9.American
Society of Agronomy. Pp 978- 998.

Miller, R.W. and Donahue, R.L., (1995).
Soils in our environment, 7th Ed.
Prentice Hall Inc., Englewood Cliffs,
New Jersey. 649p.

Mulugeta, L. (2004) Effects of Land Use
Changes on Soil Quality and Native
Flora Degradation and Restoration in
the Highlands of Ethiopia. PhD Thesis,
Department of Forest Soils, Swedish
University of Agricultural Sciences,
Uppsala.

Nejad, A.A.A. and M.B. Nejad.(1997).
The effects of topography on genesis
and development of soils in Kermansha
area. Iran Journal of Science 28(3): 99-
111.

Nelson, D. W. and Sommers L. E. (1996).
Total carbon, organic carbon, and

organic matter. In: D. L. Sparks (ed),
Methods of Soil Analysis. Part 3.
Chemicals Methods. No. 5. ASA and
SSSA, Madison, WI, pp. 961-1010.

Oko-Ibom,G.O and Asiegbu, J.E (2006).
Growth and yield response of rainy
season field tomatoes to timing and
splitting of fertilizer application.
Journal of Agriculture, Food,
Environment and Extension 5(1), 17-25.

Shepherd, T.G., Saggar. S., Newman,
R.H., Ross, C.W. and Dando J.L.,
(2001). Tillage-induced changes to soil
structure and organic carbon fractions
in New Zealand soils. Aust. J. Soil Res.,
39: 465-489.

Thomas, G.W. (1982). Exchangeable
cations In: A.I. Page, R.H. Mille and
D.R. Keeney (Eds), Methods of soil
analysis 2, Agronomy monograph No.
9 2nd Edition American Society of
Agronomy Madison, WI. U.S.A. Pp:
159-165.

Viollete, G., Karina, P., and Esperanza, H.
(2009). Effects of the different land use
on soil chemical properties,
decomposition rate and earthworm
communities in tropical Mexico.
Pedologia, 53.



Proceedings of the 49th Annual Conference of Soil Science Society of Nigeria (SSSN),
(7th – 11th April, 2025, Bayero University Kano, Nigeria (KANO 2025)

67

Wang, J., Fu, B., Qiu, Y., Chen, L.,
(2001). Soil nutrients in relation to land
use and landscape position in semi-arid
small catchment of the loess plateau in
China. J. Arid Environ., 48, 537–550.

Zhang, M., He, Z., and Wilson, M. J.
(2004). Effects of Land Use on the

Chemical and Physical Properties of
Red Soils. In: Wilson M.J., He Z.,
Yang X. (eds) The Red Soils of China.
Springer, Dordrecht.
https://doi.org/10.1007/978-1-4020-
2138-1_19



Proceedings of the 49th Annual Conference of Soil Science Society of Nigeria (SSSN),
(7th – 11th April, 2025, Bayero University Kano, Nigeria (KANO 2025)

68

DIGITAL MAPPING AND USE OF ALGORITHMS FOR QUANTITATIVE
PEDOLOGY (AQP) IN VISUALIZING AND INTERPRETING SOIL PROFILE

DATA FOR SUSTAINABLE LAND MANAGEMENT IN GURUMPAWO
TOPOSEQUENCE

1Gisilanbe, S.A., 2Shobayo, A.B., 2Ya’u, S.L., 2Maniyunda, L.M., 2Sadiq, F.K.,
3Bilayabu, S.S.

1Department of Soil Science and Land Resources Management, Taraba State University,
Jalingo

2Department of Soil Science, Ahmadu Bello University, Zaria
3Department of Soil Science, Modibbo Adama University, Yol
Corresponding email: gisilanbe27poksman@gmail.com

ABSTRACT
Digital soil mapping plays crucial role in soil surveys now and into the future.
Algorithms for Quantitative Pedology (AQP) is a collection of code, ideas,
documentation, and examples wrapped up into several R packages. The study was
carried out in Gurumpawo, Ganye, Adamawa State, aimed at developing digital soil
maps with spatial distribution of soil properties in the study area and generating visual
images of profile data using AQP for sustainable management. Desk work was carried
out through download of digital elevation model (DEM) and classifying the toposequence
into five mapping units using elevation on ArcMap 10.7.1, and basemap generated for
field survey from a 26.42 ha toposequence with the largest area of 10.22 ha in the
floodplain. Profile pits were dug and soil samples were collected. Digitization was
carried out using toggle editing, snapping tool and symbology editing on ArcMap to
delineate the boundary of the mapping units. Spatial interpolation was carried out using
ordinary kriging method. Visual analysis of the soil profile data was carried out using R
Studio 2024.12.0 using AQP package R script on the R console. The toposequence was
delineated into crest, upper, middle and lower slopes and, floodplain. Spatial
interpolation results revealed the distribution trend of soil properties across the
landscape. Soil colour ranged from strong brown (7.5YR 4/6) at the crest to olive and
yellowish brown (2.5Y 4/3 to 10YR 5/6) at the floodplain; while soils were well drained
at the upper slopes to very poorly and poorly drained at the lower slopes. Soil
management by controlling erosion through contour cropping and addition of organic
matter by mulching and manuring were recommended at the upper slopes while drainage
ditches and establishing crops tolerant to waterlogged conditions at the lower slopes
were also recommended.
Keywords: Algorithms for Quantitative Pedology; Digital mapping; Profile data;
Toposequence.

Introduction
Traditional soil surveys are cumbersome
and time demanding due to their reliance
on hand-drawn maps and physical
observations which are less accurate. This
trend is now replaced with a more data
integration and empirically driven digital
soil mapping (DSM) that significantly

improves efficiency and accuracy of soil
surveys with georeferenced data that
could
easily be verified. Digital soil mapping
plays crucial role in soil surveys now and
into the future. The use of geographic
information system (GIS) in soil mapping
is called digital soil mapping, which

mailto:gisilanbe27poksman@gmail.com
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involves creating geographically
referenced soil databases from spatially
explicit environmental features and field
surveys (USDA, 2022).
Digital mapping utilizes technologies like
global positioning system (GPS), remote
sensing, and GIS to collect and analyze
soil data. This enables a more thorough
understanding of soil distribution and
characteristics by enabling the quick
production of spatially explicit soil maps
with higher resolution and the integration
of multiple environmental layers
including; topography, climate, and
vegetation. As a result, digital mapping
makes it easier to make better decisions
about soil management, land-use planning,
and environmental modeling, which
eventually results in more resource
management and sustainable agricultural
practices.
Algorithms for Quantitative Pedology
(AQP) is a collection of code, ideas,
documentation, and examples wrapped up
into several R packages (Beaudette et al.,
2023). Since its inception in 2009, the
AQP project has developed into a suite of
related R packages that improve and
streamline the quantitative analysis of soil
profile data (Beaudette et al., 2022). In
addition, Pinheiro et al. (2018) stated that
AQP contains a collection of algorithms
to model soil resources and aid soil
classification, soil profile aggregation and
visualization. At the heart of the AQP
project is a new vocabulary of specialized
functions and data structures that can
handle the inherent complexity of soil
profile information, allowing the scientist
to concentrate on ideas rather than
repetitive data processing tasks. These
functions and data structures have
undergone extensive testing and
documentation, been applied to projects

involving hundreds of thousands of soil
profiles, and have been deeply integrated
into popular tools like SoilWeb (O’Geen,
2024).
The AQP project's components (aqp,
soilDB, sharpshootR, and soilReports
packages) are essential to routine data
analysis within the USDA-NRCS Soil
Science Division. The AQP suite of R
packages offer a convenient platform for
bridging the gap between pedometric
theory and practice (Beaudette et al.,
2022). Soil scientists now favour showing
visual results of soil profiles than
description alone. Costa et al. (2021) used
AQP to evaluate dissimilarity between
soil profiles on the bases of some key soil
properties and landscape relationship and
presented their result visually. Peng and
Luotto (2021) showed steps in preparing
soil profile data for digital soil mapping
and script analysis of pedotransfer
functions using AQP. Therefore, this
study was carried out to delineate the
toposequence into identified topographic
positions, develop digital soil maps with
spatial distribution of soil properties in the
study area and generating visual images of
profile data using the AQP for sustainable
soil management.
Materials and Methods
Study Area
The study was carried out in Gurumpawo,
Ganye, Adamawa State, Nigeria. The area
is geographically located within the
Universal Transverse Mercator (UTM)
coordinate reference system (CRS),
specifically Zone 32N (EPSG:32632 -
WGS 84 / UTM Zone 32N). The extend
of the study area lies between longitude
0821700 m to 0822900 m Easting and
latitude 934200 m to 934500 m Northing,
Figure 1.
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Figure 1: Location Map of the Study Area

Geology and Climate of the Study Area
The study area in Gurumpawo, Ganye,
Adamawa State and it is part of the
Nigerian subterranean basement complex.
This region is characterized by
precambrian rocks, such as granites,
gneisses, and migmatites, which are found
in the larger Adamawa Massif region
(Ahmed et al., 2017). The region is
predominated by biotite, quartz,
muscovite, feldspar, plagioclase minerals
of the granitic rocks exposed in the region
from petrographic analysis carried out by
Obiefuna et al. (2012).
The climate of the area exhibits a West
African Savannah climate characterized
by consistently high temperatures
influenced by intense solar radiation and
its continental location. Temperatures
peak between January and April (30-
35°C), with brief reductions during the
onset of the rainy season and the
Harmattan period (October-February).
Rainfall, critical for the region's rainfed
agriculture-dependent economy, ranges
from 1500 to 1800 mm annually,
concentrated between May and October,
with August and September experiencing

the highest precipitation. This bimodal
seasonal pattern is driven by the interplay
of dry, desert-derived Harmattan winds
and moisture-laden Atlantic Ocean air
masses.
Desk work
Digital elevation model (DEM) was
downloaded from the United States
Geological Survey
(https://earthexplorer.usgs.gov/) using the
Shuttle Radar Topography Mission/ Arc-
Second Digital Terrain Elevation Data-
Global (SRTM/Arc-Second Global) at 30
m resolution. The DEM was used to
classify the toposequence into crest, upper,
middle and lower slopes and, floodplain
as described by Soil Science Division
Staff (2017) using elevation on ArcGIS
10.71. Basemap was generated for field
survey from a 26.42 ha with the largest
area of 10.22 ha at the floodplain and
proposed sites were placed on the maps on
each mapping unit using the satellite
imagery on ArcGIS.
Field Survey
The basemap was loaded on Avenza Map
App and ground-truthing of the study area
was carried out to identify the location of
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the pits and adjustments made where
necessary. Profile pits were dug using the
standard dimensions of 2 x 1.5 x 2 meters
or to a depth of impenetrable layer or
water table and soil samples were
collected from each of the diagnostic
horizons of the pits as described by Soil
Survey Staff (2014) guidelines.
Post-Field Desk Work
After the field survey, map digitization
was carried out using toggle editing,
snapping tool and symbology editing on
ArcGIS to delineate the boundary of the
mapping units. Different colour
symbology and inversions were used to
identify the different mapping units. The
field calculator function on ArcGIS was
used to calculate the total area of each
mapping unit in hectares.
Laboratory Analysis
Soil samples were air dried at room
temperature, gently crushed and passed
through a 2mm sieve for the analysis.
Particle size analysis was carried out
using the Bouyoucos hydrometric method
as described by Soil Survey Staff (2014).
Soil bulk density was determined by the
undisturbed core sampler method after
drying the soil samples in an oven at
105oC to constant weights as described by
Jaiswal (2004). Also, Particle density was
determined by using the pycnometer
method (Blake and Hartge, 1986). Soil
total porosity was also calculated using
the following formula;

F = 1 – (�� ��) × 100
Where:
F = Total Porosity
Db = Bulk density
Dp = Particle density

The gravimeter technique of soil moisture
content determination by weight was used
as described by Gardner (1986). Soil pH

was determined using a 1:2.5 soil to water
ratio using a glass rod and an electrode pH
Meter. Soil organic carbon was
determined using the dichromate wet
combustion method by Walkley-Black as
described by Nelson and Sommers (1982).
Spatial Analysis on ArcGIS
Spatial interpolation was carried out using
ordinary kriging method. The kriging
process involves several steps: first,
constructing a semi-variogram to model
spatial dependence; second, using the
semi-variogram model to estimate the
kriging weights; and finally applying
these weights to predict unsampled points
(Douzouné et al., 2024).
Z′(x0), the predicted soil property at

unsampled location x0, and by �
2
� (x0), the

error variance of the prediction computed
at each sampled location using measured
values,
Z(xi) (i = 1; 2; n), by means of the
following equation:

Z'(�0) =
�=1

�

���(��)�

eq. 1
Where:

Z′(x0) this is the estimated value of the soil
properties at location x0.
�� this is the kriging weights for the
sampled locations i.
Z(xi) this is the measured values of the soil
properties at the sampled locations i.
n this is the number of sampled locations.

�
2
�(�0) = � + �=1

� ���(�0 + ��)� eq. 2

Where:
� this is the range constant in the process.
�� this is the kriging weight.
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� this is the semi-variogram values
corresponding to the distance between
�0 + ��.

AQP Analysis
Visual analysis of the soil profile data was
carried out using R Studio 2024.12.0
using AQP package R script on the R
console. Twelve (12) steps where scripts
were written for the profile data analysis;
i. The working directory on the R

console was Set. This function was
used to located the .csv file in the
folder {setwd()}.

ii. All necessary library were loaded and
these packages were installed from
the installation passages responsible
for librarying and analyzing soil
profile data.
library(readr); library(aqp);

library(sharpshootR).
iii. The soil profile data was read on the

R console using data <-
read.csv("solo_poksman.csv", header
= TRUE).

iv. Data formatting was carried out using
R codes which arranged the data in a
readerble and suitable format;
data$id <- as.factor(data$id)
data$top <- as.numeric(data$top)
data$bottom <-

as.numeric(data$bottom)
v. Then, the data was ordered by the ‘id’

and ‘depth’ from the profiles using
script; data <- data[order(data$id,
data$top),]

vi. A script for SoilProfileCollection
object was written which is a
specialized data structure for soil
profile on the .aqp package on R.

depths(data) <- id ~ top + bottom.
vii. Soil colour information was then

extracted using R script munsell2rgb()
which converted Munsell colour

notations (hue, value, chroma) to
RGB (red, green, blue).

viii. Site level data was added and this
function from .aqp added site level

information to the
SoilProfileCollection on the R
console {site(data) <- ~ Soil_unit}.

ix. Various scripts were then written to
plot the soil profiles and adjust the
profile data. Some scripts are;
op <- par(mar = c(0)) # Adjust

margins for plotting
plotSPC(data, name = 'name',

name.style = 'center-center', width = 0,
cex.names = 0, cex.id = 0,

cex.depth.axis = 0, max.depth = 0)
x. Then next, grouped profile plot script

was added on the R console using
various codes from .aqp function to
plots soil profiles grouped by specific
factor.
groupedProfilePlot()
groups = 'Soil_unit'
color = 'slope'

xi. Volume fraction script was then
added and this code from .aqp added
a visual representation of volume
fraction to the
{plotsaddVolumeFraction()}function.

xii. Finally, the boundary visualization
function of the .aqp script was added
and this script converted horizon
boundary distinctness codes to offsets
for plotting
{hzDistinctnessCodeToOffset()}.

Results and Discussion
The result of classification of DEM
(Figure 2) and digitization of the map
showed that the toposequence was
delineated into crest, upper, middle and
lower slopes and, floodplain (Figure 3).
The result of the calculated total area was
26.42 ha and each mapping unit showed
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that crest was 0.86 ha, upper slope 4.68 ha,
middle slope 4.75 ha, lower slope 5.91 ha
and floodplain 10.22 ha respectfully. The
results of spatial interpolation maps
(Figure 4) showed that sandy loam
dominated the soils in parts of the crest,
lower slope and floodplain while silty
loam dominated in parts of the upper,
middle and floodplain soils. Loam texture
was only recorded at the upper and middle
slope. This suggest low nutrient retention
capacity of the soils and require
management to reduce the risk of leaching
by adding organic matter. Shobayo and

Ya’u (2020) reported that sandy soil
fractions were predominant in the soils
and were highest especially at the
surfacesoils due to the basement complex
parent materials in Northwest Nigeria.
Maniyunda et al. (2019) also reported
sand as the dominant soil fraction and
attributed it to development on sandstone
parent material in the Savannah Region,
Nigeria. The Silty loam and loam texture
could support arable crop cultivation with
fertility management strategies like
addition of fertilizers.

Figure 2: DEM of the Study Area Figure 3: Topographic Map of the Study Area
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(a) (d)

(b) (e)

(c) (f)
Figure 4: Spatial Distribution Map of the Study Area: (a) Soil Textural Map (b)

Bulk Density Map (C) Total Porosity Map (D) Soil Moisture Content Map
(E) Soil pH Map (F) Soil Organic Carbon Map



Proceedings of the 49th Annual Conference of Soil Science Society of Nigeria (SSSN),
(7th – 11th April, 2025, Bayero University Kano, Nigeria (KANO 2025)

75

The result indicated high bulk
density >1.72 g/cm3 across the landscape.
This result indicated compacted soils that
could reduce pore space, which is
essential for root penetration, moisture
availability for plant roots and aeration.
The high bulk density might be due to the
sandy nature of the soils and restriction to
root penetration could result in lower
yields in the area. Planting cover crops
and reduced tillage might be helpful to the
soils. Blanco‐Canqui and Ruis (2020)
stated that sandy soils tend to have higher
bulk density and soils with >1.6 g/cm3

tends to restrict root growth and
development. The results also showed low
(20-35 g/cm3) to medium (35-55 g/cm3)
soil total porosity collaborate the high
bulk density sandy soil nature of the
environment and this result might reduce
root growth, water infiltration and
aeration. This might restrict nutrient
movement in the soil and result in poor
yields. Bowen (2023) aliens with this
result in his finding that if particle size
remains constant, as bulk density
increases, porosity decreases.
Generally, soil moisture content was poor
at the crest, upper and middle slopes that
could restrict plant growth and
establishment. This result could be
attributed to the rainfall that erodes the
surface soils and moves with increase
slope. Therefore, this could have led to
increase in erosion hazards and resulted to
leaching of nutrient minerals by any water
that remains in the soils. Oklo et al. (2021)
reported low soil nutrients in Benue soils
and partly attributed it to leaching.
Contour farming, terracing, mulching and
cover cropping could be adopted to reduce
excessive erosion across the slope. This
result is consistent with the findings from
Simelane et al. (2024) who reported that

steeper slopes such as those with 8º
gradient, generally led to reduced
infiltration rates and increased runoff. Xu
et al. (2010) also reported that steeper
slopes decrease infiltration rates, thereby
encourages surface runoff, erosion
activities, and nutrient loss. Moisture
content was reported as good at the lower
slopes and this might be due to
transportation, deposition and
accumulation of water by gravitational
forces. Moisture was retained at the
slower slopes which might be good and
support crop cultivation. However, excess
moisture that could affect crop growth and
development could be drained using
ditches, drain pits or channels and
cropping on raised beds in the area.
The results also indicated that the soils
were neutral at the crest and upper slope
(6.6-7.3), slightly acidic (6.1-6.6) at the
upper to middle slope and parts of the
floodplain while the soils were moderately
acid (5.6-6.0) at parts of the lower slope
and floodplain. The neutral soils might be
ideal for macronutrients uptake like
nitrogen, potassium and sulphur. These
results might be due to leaching activities
and erosion which washed the mineral
surface and increased the soil acidity. This
result might affect essential nutrients such
as phosphorus, calcium and magnesium,
making them less available for crop
uptake especially in acidic medium.
Khaidem et al. (2018) agrees with this
findings and state that availability of
essential plant nutrients is highly
correlated with the function of pH and low
pH results in less availability of essential
elements like phosphorus and calcium.
These results are supported by findings of
McCauley et al. (2009) which stated that
macronutrients like nitrogen, potassium
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and sulphur are more readily available in a
pH range of 6.5 to 8.
Crops that have tolerance to acidic
medium could be selected for cultivation
in areas with low acidity like corn and
potatoes. Liming could reduce hydrogen
ions in the soils while addition of organic
matter can improve soil buffering capacity
and mitigate the effect of acidity.
The soils were low (<10 g/kg) in organic
carbon across the landscape except for a
portion of the floodplain that was medium
(10-15 g/kg). This result might be due to
high bulk density and low porosity which
lead to compacted soils that limited
aeration and root penetration. This might
have resulted in reduced root growth and
microbial activities which contributed to
organic matter accumulation in the soils.
The reduction in microbial activities
might have resulted in reduced microbial
decomposition of organic matter in the
soils, but also could have reduced the
creation of new organic matter in the soils.
This finding is supported by Magdoff and
Harold (2021) who reported that organic
matter is the food source of soil
microorganisms and low organic carbon
lowers their activities, affecting the
nutrient circle. Additionally, the
dominance of sandy loam and silty loam
might have resulted in low organic carbon
content in the soils. This result agrees
with reports by Omara et al. (2023) that
sandy soils reduced microbial actives
hence, reduced organic matter. The
medium organic carbon at the floodplain
could be as a result of water runoff,
transportation and deposition, leading to
increased organic carbon.
The results of the R code showed visual
images of the soil profile data analysis on

the R console and plots environment. The
visual result showed that the soils were all
deep (>100 cm) across the landscape,
Figure 5. This result suggest that the
soils could support variety of crops due to
its ability to accommodate deep rooted
crops. This finding is supported by the
report of Shobayo et al. (2021) who
reported deep soils at the floodplain and
the middle slope, suggesting that even
moderate slopes can support deeper soil
profiles. Jimoh et al. (2020) also found
generally deep soils on crests, upper
slopes, and valley bottoms, with the
middle slope exhibiting a very deep
profile.
Figure 6 revealed various colour across
the landscape due to organic matter,
moisture, weathering and decomposition
rates in the study area. brown (7.5YR
2.5/2) colour while, the Btv2 was light
brown (7.5YR 6/4) colour. The lower
slope recorded a dark grayish brown
(10YR 4/2) colour at the Ap horizon while
light olive brown (2.5Y 5/3) was observed
at the Cg horizon. The colour change from
dark brown at the upper slopes to grayish
colour at the lower slopes might be due to
low organic matter decomposition at the
upper slopes and poor drainage might
have resulted to the grayish colour at the
lower slopes. This is a contrast from
reports by Imadojemu et al. (2022) who
observed darker brown color at the lower
slope, transitioning to progressively
lighter browns, and a dramatic color
change, with dark reddish brown
transitioning through strong brown at the
upper slope.
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Figure 5: Depth Profile of the Study Are

Figure 6: Colour Profile of the Study Area

The visual analysis of slop of the study
area revealed that the soils were level to
nearly leveled (0-2%) at the lower slope
and floodplain while the crest, upper and
middle slopes where moderately to
strongly sloping (4-7%), Figure 7. This
result suggests that the soils at lower slope

could support variety of crops due to good
soil fertility owing to less erosion and
good infiltration. However, the soils might
have problems in waterlogged conditions.
While upper slopes could be cultivated
with management strategies for areas that
are sloppy. Wang et al. (2023) showed
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that slope gradient had a significant
positive correlation with the slope surface
runoff and nutrient loss.
Figure 8 shows the visual analysis of
drainage of the study area. The analysis

revealed that crest, upper and middle
slopes were all well drained (no mottles
within 100-150 cm depth), lower slope
Figure 7: Slope Profile of the Study Area

Figure 8: Drainage Profile of the Study Area

was poorly drained (mottles within 25-50

cm depth) and the floodplain soils were
very poorly drained (mottles within 0-25

cm depth) respectively. The well drained
conditions at the upper slopes might be
due to soil texture, low organic matter,
poor water holding capacity slope gradient
which moved water downslope. The

presence of mottles at the lower slopes

was an indication of the poor drainage and
accumulation of water transported and

deposited with decrease in slope. Sharu et
al. (2013) found the upper and middle
slopes were well drained while the lower
slope soils were imperfectly drained. This
finding is supported by Shobayo et al.
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(2019) and Osinuga et al. (2020) who also
documented a pattern of well-drained
upper and middle slopes contrasting with
poorly drained soils at the lower slopes.
The AQP analysis for soil horizon
boundary is presented in Figure 9. The
results indicated that there were variations
of boundaries from each pedon across the
landscape. The results showed boundaries
of abrupt and smooth, clear and smooth,
clear and wavy, diffuse and smooth and
lastly, nil for the last horizon. All the Ap
horizons had a clear and wavy Observed
at the middle slope between Ap and AC,
could be due to some degree of
bioturbation or uneven deposition. The
abrupt boundary as seen at the lower slope
from a sandy Ap horizon to a Btg horizon
might restrict soil water movement with

the soil and result in a patched water table
or limit nutrient uptake by plant roots
hairs. This could have fertility
implications due to nutrient availability
for the soils which might result in poor
yields. Similar variability in horizon
boundary were reported by Chengpeng et
al. (2021) that textural layered soils
displayed large variability in the sampled
landscape. Fawole et al. (2016) observed
a shift from clear transitions in the upper
slope's Ap horizon to diffused boundaries
deeper down the BC1. Diffuse boundaries
indicated a gradual transition between two
horizons and this suggests the soils
promote better water infiltration and
nutrient movement within the soils which
could enhance soil fertility and optimum
crop yield.

Figure 9: Horizon Boundary Profile of the Study Area

Conclusion
Digital soil mapping is fast, accurate and
not expensive. The toposequence is
delineated into crest, upper, middle, and
lower slopes and, the floodplain and
correspondent the DEM of the study area.

The visual AQP analysis clearly showed
that it is an alternative to the conventional
profile data analysis and result
presentation with visuals rather than tables
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alone. The soils are generally low in
fertility due to rainfall intensity which
resulted in erosion hazards especially at
the upper slopes while the lower lope and
floodplain soils poses drainage challenges.
The soil fertility challenges could be
ameliorated due to the potential of the
soils for crop cultivation with
management strategies like reduced tillage
at the upper slope, contour cultivation and
addition of organic matter to improve soil
texture and structure. Liming and use of
farm yard manure could improve soil pH
and use of acid tolerant crops like potatoes.
Making channels, ditches and drains could
improve aeration at the lower slope and
encourage microbial activities that will
improve fertility and crop yields. By
understanding and implementing of these
site-specific soil attributes, land managers
can establish sustainable methods that
improve soil health and guarantee
sustained agricultural output throughout
the landscape in the study area.
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ABSTRACT
The aim of this study was to characterize and classify soils developed under two
geological formations (that is, basement complex rocks and the sedimentary rocks) in
Niger State. Four sites, two each under the formations were selected for the study. Gidan
Mangoro (GDM) and Nubwa Koyi (NBK) represented the basement complex while Patita
(PTA) and Ndayako (NDY) represented the sedimentary rocks. In each site, a mini profile
pit (1m x 1m x 1m) was dug, described and sampled according to FAO guidelines. The
samples were analyzed in the laboratory following the standard analytical procedures.
The soils were classified according to USDA Soil Taxonomy system and correlated with
the WRB System. The texture of GDM, was loamy sand at topmost horizon (Ap),
underlain by sandy clay loam at Bt horizon over sandy loam texture at Btv horizon. The
NBK was sandy loam at Ap horizon over sandy clay loam at Btv1 and Btv2 horizons.
PTA, and NYK were sandy loam all through. Soil pH was moderately acid to neutral in
all the study sites. Total nitrogen was low (0.3 g kg-1), (> available phosphorus was
moderate to high (9.33 to 29 mg/kg-1) Exchangeable potassium (K) was low to very low
(0.05 to 0.11 cmol kg-1), while cation exchange capacity (CEC) ranged from 5.02 to
10.40 cmol kg-1 and was low to moderate. The soils were classified as Typic Plinthustalf
(GDM),Plinthic Kanhaplustult (NBK), Oxic Haplustept (PTA) and Rhodic
Kanhaplustults (NDY). The soils developed under basement complex rocks were shallow
to deep soils while the soils from sedimentary rocks formations were deep to very deep.
Key words: Basement complex, Characterization, Classification, parent materials,
Sedimentary.

INTRODUCTION
Soil characterization presents a potent
resource for benefits to man in this regard,
essentially in the theme of food
sustainability and environmental
protection (Esu, 2004). It is also
concerned

with the determination of soil
morphological properties, as well as their
fitting into generally accepted soil
classification system. Characterization
provides the building block for
understanding and appreciating the soil,
and further classification of it. Soil
characterization is the separation of soils
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into groups of similar morphological
properties such as colour, texture,
structure, consistency, roots; physical
properties such as sand, silt, clay, bulk
density, porosity; chemical properties
such as pH, organic matter content, total
nitrogen, available phosphorus and
exchangeable cations (Ukut et al., 2014).
Soil characterization provides the
fundamental information necessary to
create functional soil classification
schemes, and assess soil fertility to
resolve some unique soil problems in an
ecosystem (Lekwa et al., 2004).
Soil classification is the systematic
grouping or separation of soils base on
their properties. There is an increasing
demand for information on soils as a
means to produce food (Fasina et al 2007).
Soil characterization, classification and
evaluation are the first or primary
indicators for establishing soil database,
as proper understanding of soil resources
for a judicious uses of land resources
(Jagdish et al. 2009). Parent materials
have an influence on soil morphological,
physical and chemical properties and also
affects the pattern of soil distribution over
landscape even when the soils are formed
from the same parent material Lawal el al.,
(2014). Productivity of a soil is a function
of its physical and chemical properties.
These properties are as a result of the
interaction among the soil forming factors
and processes, hence, making soil to be
heterogeneous (Lawal et al., 2014). The
objective of this study was to characterize
and classify soils developed under two
geological formations (that is, basement
complex rocks and the sedimentary rocks)
in Niger State, Nigeria, for proper
utilization.

MATERIALS AND METHODS
Niger State is underlain by two geological
terrains namely the Basement complex
rocks and the sedimentary rock formations.
The study covered the four sites, two from
the basement complex and two from
sedimentary rock geological formation.
The site were Gidan Mangoro (Longitude:
6⁰ 29′ 30.570″ E and Latitude: 9⁰ 34′
29.652″ N,). Nubwa koyi (Longitude: 7⁰
08′ 43.428″ E and Latitude: 9⁰ 15′ 08.826″
N,). Patita (Longitude: 5⁰ 53′ 10.835″ E
and Latitude: 9⁰ 12′ 22.716″ N,). Ndayako
(Longitude: 5⁰ 00′ 49.440″ E and Latitude:
9⁰ 22′ 19.002″ N,), all within the southern
Guinea savanna agroecological zone of
Nigeria. Niger State is sub-humid tropical
and experiences two distinct wet season
and dry seasons. Rainfall is bi-modal with
mean total annual rainfall of 1,600 mm in
the southern part and decreased to 1,200
mm in the northern part of the state,
distributed from the months of May to
October. The dry season is about 5
month’s duration from November to
March. The mean annual maximum
rainfall is about 1600 mm. The average
minimum and maximum temperatures are
20 ℃ and 37 ℃ respectively while the
mean annual relative humidity is between
39% to 70%. Geomorphologically, Niger
State was characterized by undulating
landscape, upland, lowland, plains, flood
plains, and rolling dissected plains (Alabi
2011).
Field work and soil sampling.
One profile pit measuring 1 m × 1 m × 1
m (or to permissible depth), was dug in
each of the locations and were described
according to FAO guidelines (FAO, 2006).
Soil samples were collected from the
identified genetic horizons, from bottom
to the top of the profile. The following
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materials were used for the field study;
handheld GPS device, Munsell Colour
Chart (2009 version), a plastic bucket,
zip-lock bags, digger, shovel, hand-trowel,
hand note book, writing pen, permanent
marker, stapler, and masking tape. The
well-labelled soil samples were taken to
the laboratory for processing and routine
analysis.
Laboratory Analysis
The air-dried soil samples were passed
through a 2 mm mesh and analysed
according to standard laboratory
procedures (IITA, 2015). Briefly, particle
size distribution was determined by
Bouyoucos hydrometer method, using
sodium hexametaphosphate as the soil
dispersing agent. The textural classes of
the soils were determined using IUSS soil
textural triangle. Soil pH was determined
in a 1:2.5 soil / water suspension using a
standard pH meter and electrodes.
Exchangeable acidity (H+ and Al3+) was
determined by titrimetric method, while
organic carbon (C) was determined by
Walkley-Black method of wet combustion
involving oxidation of organic matter with
potassium dichromate (K2Cr2O7) and
sulphuric acid (H2SO4). Exchangeable
bases (Ca, Mg, K and Na) were extracted
with 1N NH4OAc. Calcium and Mg in the
soil extract were determined using atomic
absorption spectrophotometer while K and
Na were determined by flame photometry.
Cation exchange capacity (CEC) was
determined by the neutral 1N NH4OAc
saturation method. Base saturation was
determined by calculation, dividing the
sum of exchangeable bases by their CEC
and then multiplied by 100.
Soil Taxonomic Classification
Based on the results obtained from the
field and laboratory analysis, soils of the
study areas will be classified up to the

Subgroup level following the United State
Development of Agriculture (USDA) Soil
Taxonomy (Soil Survey Staff, 2022),
correlated with World Reference Base
(WRB, working group 2022) for Soil
resources.
RESULTS AND DISCUSSIONS
Morphological Properties of the Soils
The study showed that the soils from
GDM and NBK were moderately-deep to
deep, having 70-100 cm effective soil
depth, with coarse fragments. The
dominant colour spectral of the soils
indicated a range of 7.5YR and 10YR
hues which impacted the soils with colour
variations such as dark yellowish brown,
strong brown, brown, pale brown.
According to Brady and Weil (1999) and
Aki et al. (2014), these group of colours
may be indicative of the presence of
migmatite, gibbsite, goethite and
haematite minerals in the soils. The
presence of mottle colouration in the
subsoils may be an indication of internal
drainage problem due to presence of
plinthic layers which restricted free
movement of water within the soil body,
during the rainy season. This causes the
soils to be imperfectly to poorly drained
during the rainy season.
The soils from PTA and NDY were deep
to very deep effective soil depth of 75-105
cm and were relatively free from course
fragments and were well-drained. Similar
to soils described under the basement
complex, the colour features of soils of
PTA and NDY indicated a range of 2.5YR
to 10YR which impacted them with red,
dark yellowish brown, dark red, dark
yellow brown and dark reddish brown.
Physical Properties.
The physical properties of the soils of the
four sites are presented in Table 1.The
soils from GDM and NBK developed
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from basement complex, which have their
textures to be loamy sand in surface
horizons while sandy clay loam in sub-
surface horizons respectively. The sand
content follow the same pattern in all the
soils of these sites, it decreased with soil
depth. The silt content of these sites
decreased and inecreased with soils depth.
The clay content of GDM and NBK
increased with soil depth. The high sand
fraction in surface horizon was also
influenced by the parent material from
which the soils are formed (Akpan-Idiok
(2012); Peter and Umweni, 2021). The
texture of PTA and NDY were sandy
loam both in surface and sub-surface
horizons. The sand content follow a
particular pattern in all the soils, it
decreased and increased with depth. Silt
fraction from PTA and NDY were less in
the topsoils than in the sub soils, while
clay content increased with depth. The
relative high sand content in the area was
the reflection of the effect of parent
material such as Nupe sandstones.
According to (Akamigbo and Asadu,
1983), the parent materials have been
noted to influence the texture of the soils
derived from them. The lower silt content
in the soils may also be attributed to the
effect of parent materials on the soils, as it
has been reported by Akamigbo, (1984)
that silt content is low in most soils of
Guinea savanna of Nigeria.
Chemical properties
The chemical properties of the soils of
study areas are presented in Table 2. Soil
reaction was slightly acid to neutral with
pH values of the surface soil as 6.3, 6.3,
6.3 and 6.5 for GDM, NBK, PTA and
NDY respectively and were classified as
slightly acid in all the sites. Organic
carbon (OC) in GDM ranged from 1.46 to
2.33 g kg-1 and was high. OC in NBK

ranged from 2.13 to 3.11 g kg-1, and was
very high. OC in PTA ranged from 0.67 to
2.50 g kg-1, and was low to high. OC in
NDY ranged from 6.72 to 9.01 g kg-1, and
was very high. Organic carbon is an
essential component of soil chemical
parameter for tropical soils, contributing
to aggregate stability, permeability, water
holding capacity, nutrient retention, and
other desirable soil properties. (Ravindra.
et al.2017). Total N in the soils of all sites
was very high (> 0.3 g.g-1). While
available phosphorus was low, other sites
had moderate to high values. The cation
exchange capacity (CEC) values for all
sites were generally low, except for PTA
that was
Very low. According to ( Chude, et al.
2011 ) rating, the concentration of
exchangeable Ca2+ in NBK and NDY
were very low, and exhibited the pattern
of increased and decreased with the
profile depth. While it concentration in
GDM and PTA was low and increased
and decreased with soil depth. The
concentration of exchangeable Mg was
generally low in all the study sites and
also exhibited increased and decreased
pattern with soil depth. The concentration
of exchangeable K in GDM, PTA, and
NDY was very low, while in NBK was
low both in surface and sub-surface
horizons, and exhibited increased and
decreased pattern with soil depth. The
concentration of exchangeable Na in
GDM and NBK was high in both surface
and sub-surface horizons, and exhibited
increased and decreased with soil depth.
While the concentration of Na in PTA and
NDY was moderate, both in the surface
and sub-surface horizons, and also
exhibited the pattern of increased and
decreased with soil depth.
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Table 1: Physical properties of the soils

LS=loamy sand, SL= sandy loam, SCL= sandy clay loam

Nubwa Koyi
Nubwa Koyi had 1.2 times higher clay
content at Bt1 than Ap confirming
presence of a well-developed argillic
horizon. Base saturation was low, hence
placed under Ultisols at the USDA’s Soil
Taxonomy’s Order level. The soil was
formed under ustic moisture regime and
therefore further placed under Ustults at
Suborder level. This site had kandic
horizon but lacked further diagnostic
features that will require it placement
perfectly into any class. As such it was
classified as Kanhaplustults at Great
Group level. The soil was classified as
Plinthic Kanhaplustult at Subgroup level
due to presence of plinthic horizon within
150 cm (in this case, starting from 78 cm
depth). Under WRB classification, the soil
of Nubwa Koyi was classified to be
Haplic Kandisol Plinthic.
Patita
Patita showed no evidence of clay
illuviation between AB and Ap horizon

and therefore placed under Inceptisols at
the USDA’s Soil Taxonomy’s Order level.
The soil was formed under ustic moisture
regime and therefore further placed under
Ustepts at Suborder level and Haplustepts
at Great Group level due to insufficient
diagnostic criteria to qualify it to fit into
other class at this taxon. It was further
classified at Subgroup as Oxic Haplustept
for having CEC < 24 cmol kg-1 clay at
depth of 25 cm from mineral surface up to
100 cm depth. Under WRB classification,
Patita had sub-layers that are not properly
undergone significant pedogenic alteration
and surface layer that had been altered by
human activity (cultivation), this qualifies
the soil Eutric Cambisol (Oxyaquic).
Ndayako
Ndayako showed 1.2 times higher clay
content at Bt1 than Ap confirming
presence of a well-developed argillic
horizon. Base saturation was low and
irregularly decreased with increasing soil
depth.

Site Horizon
Soil
Depth Sand Silt Clay Textural

Class

Bulk
density

Total
porosity

(cm) (g kg-1) (g cm-3) (%)
GDM Ap 0 – 30 774 160 66 LS 1.45 45

Bt 30 – 46 614 140 246 SCL 1.50 43
Btv 46 – 75 674 200 126 SL 1.67 37

NBK Ap 0 - 33 721 180 99 SL 1.46 45
Bt2 45 - 78 641 80 279 SCL 1.52 43
Btvg 78 - 100 541 160 299 SCL 1.68 37

PTA Ap 0 - 8 794 120 86 SL 1.38 43
AB 8 - 50 774 140 86 SL 1.46 45
Bt 50 - 100 614 220 166 SL 1.48 44

NDY Ap 0 – 20 721 180 99 SL 1.32 50
Bt1 20 – 75 761 120 119 SL 1.47 45
Bt2 75 - 100 721 160 119 SL 1.48 44
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Table 2: Chemical properties of soils

Sites
Soil Depth Ph OC N P Ca Mg K Na EA CEC BS ESP
(cm) (H2O) (g/kg-1) (mg/kg-1) (cmol/kg-1) (%) (%)

Gidan
Mangoro

0 – 30 6.3 1.46 0.46 13 2.88 0.96 0.07 0.83 0.04 8.40 56 9.88
30 – 46 6.1 2.33 0.48 7 3.20 2.08 0.08 0.67 0.03 9.01 67 7.44

46 – 75 6.2 1.46 0.36 10 2.40 1.12 0.07 0.58 0.04 7.11
59 8.16

0 – 33 6.3 2.46 0.59 16 1.44 0.48 0.11 0.93 0.07 9.31 32 9.99
Nubwakoyi 33 – 45 6.0 3.11 0.53 17 1.28 1.44 0.11 0.54 0.09 9.03 37 5.98

45 – 78 5.8 2.62 0.56 29 3.04 0.96 0.13 0.60 0.23 7.80 61 7.69
78 – 100 6.1 2.13 0.84 23 3.20 1.76 0.15 0.56 0.30 8.20 69 6.83

Patita
0 – 8 6.3 2.50 0.42 10 2.24 0.96 0.06 0.62 0.05 5.02 77 12.35
8 – 50 6.5 0.49 0.41 8 2.38 1.60 0.07 0.67 0.05 6.00 79 11.17
50 – 100 6.3 0.67 0.48 8 2.08 1.44 0.05 0.54 0.05 9.58 43 5.64

Ndayako 0 – 20 6.5 6.72 0.36 9 1.60 0.96 0.05 0.50 0.11 10.40 30 4.81
20 – 75 6.5 7.70 0.46 7 2.08 0.80 0.09 0.56 0.13 13.86 25 4.04
75 – 100 6.6 9.01 0.42 3 1.92 0.96 0.05 0.53 0.15 11.88 29 4.46
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Table: 3 Summary classification of the soils of the study sites.

On this basis, the soil was placed under
Ultisols at the USDA’s Soil Taxonomy’s
Order level. The soil was formed under
aquic moisture regime and therefore
further placed under Ustults at Suborder
level. Inadequate diagnostic features at
Great Group level allowed its placement
under Kanhaplustults. At Subgroup level,
it was further classified as Rhodic
Kanhaplustults for having colour of matrix
with Hue of 2.5 and value of 3 (moist) and
dry value not higher than 1. Under WRB
classification, the soils of Ndayako were
classified to be Haplic Alisols (Loamic).
Conclusion
The soils developed under basement
complex rocks were shallow to deep soils
while the soils from sedimentary rocks
formations were deep to very deep.
The soils of the study areas generally have
favorable pH, high base status, but low to
medium fertility. However, with adequate
application of mineral fertilizers and
organic inputs, the soils can be more
productive.
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ABSTRACT
The study was carried out at Kufayi-Bille Farming Community, Akko local Government
Area, Gombe state with the aim of determining the variability in soil micronutrients status
along a Toposequence. Three profile pits were dug in upper, middle and lower slope
positions and soil samples were collected from each identified genetic horizon and used for
laboratory analysis. The result indicated that particle size distribution across the pedons
was dominated by sand which ranged from 66.46-69.66% with an overall mean value of
68.16%, followed by clay 17.08-21.20% with an overall mean value 19.01% and silt 10.08-
14.66% with an overall mean 12.09%, while bulk density, particle density and total
porosity values ranged from 1.36-1.51g/cm3 with an overall mean value 1.43 g/cm3, 2.23-
2.55 g/cm3 with an overall mean value 2.38 g/cm3 and 36.55-43.92% with an overall mean
value 39.97% respectively and were all rated low across the location. However, textural
class in all the pedons ranges from sandy loam to sandy clay loam. The values of
manganese, iron, copper and zinc obtained in this study ranged from 0.40 to 10.00 mg/kg,
4.81 to 14.62 mg/kg, 1.40 to 18.40 mg/kg and 0.47 to 12.15mg/kg respectively. The study
further revealed that the coefficient of variation showed low variability in all the physical
properties of the soils except silt which is moderate, while Cu recorded low to high, Fe
moderate, Zn and Mn high variability across the study area. The low variability in most of
the physical properties indicated that the soils developed from the same parent materials.
Agronomic practices such as Strip-cropping, use of vegetative barriers, alley cropping,
mulching and effective soil management practices such as application of organic manure,
and systematic grazing should be adopted for suitable agricultural production.
Keywords: Genetic Horizon, Micronutrients, Mulching, Status, Variability

INTRODUCTION
Soils are that portion of the earth’s crust in
which plants can grow, if water and
temperature are adequate, at least the
minimum nutrients are available, and toxic
substances are in low concentration. It is an
important natural resource for agricultural
and industrial development of a nation. It
has numerous functions some of which are
provision of anchorage to growing plants,
provision or supply of nutrients and water
to crops (Tripathi 2015). Bell and Bernard
2008 asserted that the Plant growth is
determined by the fertility of the soil and it
is determined by the presence or absence of
macro or micronutrients optimum

utilization of the soil for agricultural
production is possible as long as the soil is
stable and well supplied with nutrients, air
and water. The nutrients in the soil are
broadly classified in to two; they are macro
and micro nutrients. The former is required
in a large quantity while the later is
required in a small quantity. Both the two
forms of nutrients are term as essential
nutrients. An essential nutrient is the
nutrient without which the plant cannot
complete its life cycle.
Micronutrients are part of these essential
nutrients. Although they are needed in
trace quantities, it does not affect their
significance in plant nutrition (Mathayo, et

mailto:idrissaniabubakar1@gmail.com
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al., 2016). Eight of the eighteen elements
that are essential for plant growth are
micronutrients. They are Boron (B),
Chlorine (Cl), Copper (Cu), Iron (Fe),
Manganese (Mn), Molybdenum (Mo), Zinc
(Zn) and Nickel (Ni) plus others that are
considered to be beneficial (Cobalt (Co),
Sodium (Na), Silicon (Si) and Vanadium.
Fertilizer applications in Nigeria involves
only the macronutrients even though
cropping, erosion and leaching deplete soil
of micronutrients which should be
replenished by the return of organic
materials such as crop residues, farm yard
manure and compost (Chaudhari, and
Vidya 2012).
Deficiencies of Copper and Zinc are more
common than those of Fe and Mn in many
coarse textured and acid soils in Africa,
particularly in Nigeria. Research on
micronutrients in recent time shows that,
areas where intensive agriculture is
practice bring up the deficiencies, the soils
with micronutrient deficiencies will
recover its nutrient through application of
small quantities of these nutrients (mostly
found in organic matter) to enhance crop
production while large quantities added to
the soil may be harmful (toxic) to the
plants and animal consuming the forage
(Chaudhari, and Vidya, 2012). This is
unlike countries where shifting cultivation
is a dominant practice and micronutrient
deficiency problems have not been given
much attention. This is probably because
nutrient recycling through leaf litter
decomposition maintains the required level
of the micronutrients. Therefore, it is
important to know the original
concentration of micronutrients in the soils
and add only as much of the micronutrients
as is beneficial to plants and foraging
animals. The replenishment of

micronutrients through fertilizer is still in
its infancy stage in Nigeria.
Variability of soil properties occurs as a
result of interaction of various ongoing soil
forming processes and management
practices. Parent material and pedogenic
processes are the main factors governing
the variation in total micronutrient content
of soils. Micronutrients content of parent
materials widely differs, and diversity in
the weathering regimes boosts variability
in distribution and availability of
micronutrient contents of soils. The
variability in soil micronutrient status
presents a significant challenge to
agricultural productivity and sustainability
(Mathayo, et al., 2016). Micronutrients are
essential for plant growth and development,
and their heterogeneous distribution within
agricultural soils can lead to uneven crop
yields and quality. This variability can be
influenced by factors such as soil type,
land management practices, and
environmental conditions (Joel et al., 2015).
In order to enhance the micronutrient status
of the soils, there is need for assessment of
their initial status in order to integrate the
appropriate soil fertility management that
involves judicious use of combined organic
and inorganic fertilizers. This is a feasible
approach which has been employed in
overcoming soil fertility constraints
(Ibrahim, et al., 2011).
Materials and Methods
The study area
The study area is in Gombe State which
lies between longitudes and latitudes
10030’20.281’’E, 9031’45.113’’N and
11059’32.66’’E, 11018’19.903’’N of the
Greenwich meridian within the Savannah
ecological zone of Nigeria (Klinkenberg
and Higgins, 1968). While the experiment
was carried out at Kufayi-Bille Farming
Community of Kashere, which lies
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between longitudes and latitudes
10056’19.564‘’E, 9053’4.604‘’N, in Akko
local government area of the State. The
climate of the area is that of the semi-arid
type characterized by wide seasonal and
diurnal temperature ranges with two main
seasons: rainy season (April-October) and
dry season (November to March)
(Abubakar, 2013). The average annual
rainfall is put at 1000mm with the greater
part falling between July and October
(UBRDA, 2018). April is usually the
hottest month (maximum temperature
being 390C), while December and January
have the lowest temperature averaging
160C (UBRDA, 2018).
Soil sampling and handling
One (1) soil profile pit each with
dimensions 2m long, 1.5m wide 2m deep
was dug in the upper, middle and lower
slope portions of the toposequence
respectively, making total number of three
(3) pits. Soil samples were collected from
each recognized pedogenic horizons and
used for determination of soil physical and
micro nutrients properties following a
standard laboratory procedure as described
by the Soil Survey Field and laboratory
methods manual (Burt, 2014). For the
determination of soil physical and
micronutrients properties, two sets of soil
samples were collected from each pedon;
the first was bulk samples of each genetic
horizon used for routine analysis, the second
was the core samples of each horizon for
bulk density determination.
Preparation and Laboratory Analysis of
Soil Samples

The collected soil samples were
then air-dried in the laboratory and ground
using wooden pestle and mortar and sieved
to pass through 2mm mesh sieve. Properly
labeled samples were kept in clean and fresh
plastic bags for laboratory analysis. The

particle size distribution was determined by
the Bouyoucos hydrometer method after
dispersing the soil samples with 5% Sodium
hexametaphosphate as described by Gee and
Bauder (1986). Bulk density was
determined by the clod method using the
procedure described by Blake and Hartge
(1986). Particle density was determined
after the removal of entrapped air in soils
using the pycnometer method as described
by Blake and Hartge (1986). Total porosity
of the soil was calculated mathematically
from the results of bulk density and particle
density (Agbenin, 1995). Soil micro
nutrients (Zn,Fe,Cu,Mn) were determined
by wet digestion method.
Data Analysis
Descriptive statistics was used to assess the
mean distribution of data for parameters
analyzed in the laboratory (Agbenin, 1995),
while Coefficient of Variation (CV) was
used to determine the degree of variability
of the physical and micro nutrients
properties studied across the study area
(Welding, 1985).
RESULTS AND DISCUSSION
Physical Properties of the Study Area

Sand fraction dominated the
particle size distribution which ranged
from 67.35 to 69.66%, 66.56 to 69.12%
and 66.46 to 69.46% with mean value of
68.16% in the upper, middle and lower
slope respectively, with the upper slope
recorded the highest sand content of
69.66% at the depth of 74-87cm while the
lower slope recorded the lowest sand
content of 66.46% (Table 1). Sand content
had irregular pattern of increase with depth
as shown from the result in (Table 1) .The
high sand content could be associated with
the parent material and climatic condition
that encourage the sorting of the soil
particles (Onweremadu et al., 2011). The
percentage of silt values ranged from 10.08
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to 12.61%, 13.20 to 14.66% and12.94 to
13.46% with mean value of 12.09% in the
upper, middle and lower slope respectively
(Table 1), with the middle slope recording
the highest silt values of 14.66% at the
AP horizon while the least value of 10.08%

was obtained at the upper slope (Table 4.1)
as shown from the result in Table 1. Nsor
and Uhie (2016); Askira et al. (2019a) also
reported high silt content in their various
studies.

Table 1: Soil Physical Properties of the Study Area
Horizon Depth

(cm)
Sand
(%)

Silt
(%)

Clay
(%)

Texture BD
(g/cm3)

PD
(g/cm3)

TP (%)

Upper Slope
AP 0-19 68.94 12.61 18.45 SL 1.36 2.27 40.26

AB 19-40 68.91 11.23 19.86 SL 1.40 2.32 39.66
Bw 40-56 68.72 10.08 21.20 SCL 1.42 2.36 39.83
Bt 56-74 67.35 12.09 20.56 SCL 1.42 2.41 41.08
Bc 74-87 69.66 10.80 19.54 SCL 1.50 2.38 36.97

Mean 68.72 9.20 19.92 1.42 2.35 39.56
CV% 1.23 8.87 5.24 3.59 2.32 3.91

Middle Slope
AP 0-11 67.66 14.66 17.68 SL 1.42 2.33 39.01
Bt 11-23 69.12 13.20 17.68 SCL 1.45 2.36 38.56
Bt2 23-49 69.12 14.02 16.86 SL 1.43 2.41 40.66
Bt3 49-75 66.50 13.90 19.60 SCL 1.51 2.38 36.55

Mean 68.10 13.95 17.96 1.45 2.37 38.69
CV% 1.86 4.29 6.48 2.78 1.42 4.37

Lower Slope
AP 0-19 66.94 13.20 19.86 SL 1.41 2.23 38.64
Bw 19-35 69.46 13.46 17.08 SCL 1.43 2.55 43.92

Bw2 35-60 66.46 12.94 20.60 SCL 1.39 2.45 43.26
Bc 60-84 67.80 13.10 19.10 SCL 1.48 2.50 40.80

Mean 67.67 13.11 19.16 1.43 2.43 41.66
CV% 1.95 1.66 7.91 2.71 5.80 5.80
Key: BD= bulk density, PD= particle density, TP= total porosity, SL= sandy loam and SCL=
sandy clay loam, CV= coefficient of variation

This high silt content obtained in this study
could be attributed to the nature of parent
material and soil development (Maniyunda
and Gwari, 2014). The clay content ranges
from 18.45% to 21.20%, 16.86 to 19.60.%
and 17.08 to 20.60% with mean value of
19.01 in the upper, middle and lower slope
respectively (Table 1), with the B- horizon

of the lower slope recorded both the
highest and the lowest values of 2.60% and
17.08 respectively (Table 1). The clay
content of the soils studied has irregular
increase with depth. Brady and Weil (2017)
attributed this occurrence to the nature of
the parent material from which the soil is
formed. Similarly, the clay content tends to
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increase with soil depth in most of the
profiles indicating possible clay migration
by eluviation-illuviation process. This
finding agreed with the works of Chikezie
et al. (2009) and Malgwi et al. (2000).The
higher clay content often observed in
subsurface horizons of many soils may be
attributed to illuviation and pedoturbation
processes (Malgwi, 2001). This indicates
the presence of argillic horizons
(accumulation of clay in B-horizon) in
most of the pedons studied. The result of
bulk density ranged from 1.36 to 1.50g/cm3,
1.42 to 1.51 g/cm3 and 1.39 to 1.48 g/cm3

(Table 1) with mean value of 1.43 g/cm3.
Middle lower slope recorded the highest
bulk density value of 1.51 g/cm3 while the
upper slope recorded the least value of 1.36
(Table 1). This range of values is regarded
as low (Malgwi, 2007). The finding also
showed that bulk density obtained in this
study is not expected to cause root and
water movement restriction (Ekwoanya
and Ojanuga, 2001). It also showed an
apparent increase with depth, this could be
attributed to OC distribution down the
profile. The particle density values ranged
from 2.27-2.41g/cm3, 2.33-2.41g/cm3 and
2.23-2.55g/cm3 with mean value of 2.38
g/cm3 in the upper, middle and lower slope
respectively (Tale 1) with the lower slope
recorded the highest value of 2.55g/cm3

while the upper slope recorded the least
value of 2.27g/cm3 (Table 1). This range of
values is rated low as per Malgwi (2007)
rating scale. Ayolagha and Opene, (2012)
reported that particle density values
recorded in this study indicates that
perhaps quartz, feldspars, mica, and other
colloidal silicate clays which have densities
between the range of 2.50-2.70g/cm3

make-up the major portion of the materials

in the studied soils. The values of porosity
on the other hand ranged from 36.79 to
41.08.%, 36.55 to 40.66% and 38.64 to
43.92% with mean value of 39.97% in the
upper, middle lower slope (Table 1) with
the lower slope recorded higher value of
43.92% while middle slope has the lower
value of 36.55%. The recorded range of
total porosity values across the location are
regarded as low (Malgwi, 2007). Also
Kachinskii, (1956) reported that soil
having TP 40-45% is regarded as
satisfactory. Zata, et al. (2020) also
reported low total porosity in their study.
Similarly, the coefficient of variability of
all the physical properties studied across
the location indicated low variability (CV
<15%) as per Wilding rating (1985) (Table
1)
Micronutrients Properties of the Study
Area
Manganese (Mn)content of the studied
soils ranged from 2.20 mg/kg - 10.00mg/kg,
0.60-4.40mg/kg, and 0.40-8.80mg/kg in the
upper, middle and lower slope respectively
(Table 2). Manganese content of the soils
was rated low to high as per Malgwi (2007)
rating scale. This result is in line with the
report of Abay et al. (2015). It’s also in
agreement with the report of Maniyunda et
al. (2017) when working on three
ecological zones of Nigeria. The values
observed for iron (Fe) content ranged from
6.23-11.48mg/kg, 10.37-14.62mg/kg and
4.81-11.60 mg/kg in the upper, middle and
lower slope respectively (Table 2). The
iron values of the studied soils across the
locations were generally rated low to high
in accordance with Malgwi (2007) ratings.
This result is in line with the report of
Okoli et al. (2017) who reported low to
high available iron.

Table 2: Soil Micronutrient Distribution of the Study area
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Horizon Depth
(cm)

Mn
(mg/kg)

Fe
(mg/kg)

Cu
(mg/kg)

Zn
(mg/kg)

Upper Slope
AP 0-19 10.00 6.23 1.40 1.64
AB 19-40 2.80 7.09 4.40 2.27
Bw 40-56 2.20 11.48 4.60 2.03
Bt 56-74 3.50 11.11 18.40 1.09
Bc 74-87 8.20 10.61 6.60 2.58

Mean 5.34 8.06 7.08 1.92
CV% 65.94 26.36 93.15 30.09
Middle Slope
AP 0-11 2.60 14.62 3.40 2.43
Bt 11-23 0.60 10.61 3.40 3.76
Bt2 23-49 4.40 10.37 3.20 0.86
Bt3 49-75 0.60 11.17 3.80 2.50

Mean 2.05 11.69 3.45 2.39
CV% 89.19 16.94 7.29 49.74
Lower Slope
AP 0-19 1.80 10.00 4.00 2.43
Bw 19-35 0.40 10.86 5.60 3.21
Bw2 35-60 5.40 4.81 3.60 0.47
Bc 60-84 8.80 11.60 5.00 12.15

Mean 4.10 9.31 4.55 4.57
CV% 92.08 33.01 20.10 94.61
Key: Mn= manganese, Fe=iron, Cu= copper and Zn= zinc, CV= coefficient of variation

However, Dan’azumi et al. (2017) reported
moderate iron content while working on
assessment of extractable micronutrients in
Kano State. Irregular increase with depth
of Fe content was observed across the
studied soils. There was an observed
apparent increase in iron content with
increase in soil depth. This could be
attributed to higher clay content of the soils
in the lower horizons. Hardy and Cornu
(2006) stated concisely that micronutrients
contents increases as clay decreases. The
values for Cupper (Cu) ranged from 1.40-
18.40mg/kg, 3.20-3.80mg/kg and 3.60-
5.60mg/kg in the upper, middle and lower

slope respectively (Table 2). Generally, the
copper values across the locations were
rated low to high (Malgwi, 2007). Raji
(2017) obtained similar result of moderate
to high Cu content when working on
basement complex soils in Kwara State.
It’s also in line with the report of several
researchers such as Abay et al. (2015);
Adiele et al. (2015); Dan’azumi, (2017)
and Maniyunda et al. (2017). This low to
high values of available copper content
could probably be attributed to the acidic
nature of the soils of the study areas
(Dan’azumi, 2017). Okoli et al. (2017)
indicated that plant growing in soils with
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medium copper content will not suffer
copper deficiency. Zinc values ranged from
1.09 to 2.58 mg/kg, 0.86 to 3.76mg/kg and
0.47 to 12.15mg/kg in the upper, middle
and lower slope respectively (Table 2).
Generally, the Zn values of the soils under
study were rated low to high as per the
rating of Malgwi (2007). Okoli et al. (2017)
and Eleng et al. (2014) also obtained low
available form of Zn in soils of
southeastern Nigeria, while Raji (2017)
reported moderate Zn values when working
on basement complex soils in Kwara State.
According to Alloway, (2008), sandy soils
and acid highly leached soils with total and
plant-available zinc concentrates are highly
prone to zinc deficiency. Havlin et al.
(2012) noted that zinc availability
decreases with increase in soil pH.
Across the location, the coefficient of
variation for all the soil micronutrients
studied indicated high variation with the
exception of Fe which recorded moderate
variation (Wilding, 1985)

Conclusion
In view of the above findings, it can be
concluded that the soils of the study area
are generally predominantly sandy clay
loam to sandy loam. The results further
indicated that almost all the soil fertility
indicators most especially the extractable
micronutrients were low. The coefficient
of variation showed low variability in all
the soil physical properties considered in
this study, which is an indication that the
soils are similar in physical properties and
could be related to the nature of the parent
material, climate and soil management
practices.
Recommendations
Based on the findings of this study, the
major limitation against sustainable
productivity of the soils is low soil fertility.

Therefore, farmers should embark on
agronomic practices such as application of
manures, afforestation, cover cropping,
systematic grazing etc to check erosion and
improve the organic matter status of soils
of the study area. These practices will
improve soil fertility, soil structure, soil
porosity and aeration. Hence more research
should be conducted on the soil fertility
status and appropriate management
systems.
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ABSTRACT
This study assessed land suitability for irrigated pepper (Capsicum annuum L.) cultivation
in Hunkuyi, Northern Nigeria using an integrated Geographic Information System (GIS)
and Analytic Hierarchy Process (AHP) approach. Nine biophysical criteria including
available water holding capacity (AWHC), effective rooting depth, soil texture, drainage,
pH, cation exchange capacity (CEC), base saturation, electrical conductivity (EC), and
slope were evaluated using the FAO land evaluation framework with modified suitability
ratings. Field data were collected from six soil profile pits across delineated land units,
and laboratory analyses were conducted to determine key soil properties. The AHP method
was used to assign relative weights to the criteria, and weighted overlay analysis in ArcGIS
10.7 was applied to generate the final suitability map. Results showed that AWHC (0.192)
and rooting depth (0.189) were the most influential factors affecting irrigation suitability
for pepper, followed by soil texture and drainage (0.147 each). The consistency ratio
(0.024) confirmed reliable and consistent expert judgments. Spatial analysis revealed that
64.9% (116.82 ha) of the study area was moderately suitable (S2) while 35.1% (63.18 ha)
was marginally suitable (S3) for irrigated pepper cultivation. Major limiting factors
included low water retention capacity, moderate soil fertility constraints, drainage
limitations, and slope variability. The study demonstrates that GIS-AHP is an effective
decision-support tool for irrigated agriculture, highlighting the need for targeted soil
fertility improvement and drainage management in moderately and marginally suitable
areas to enhance productivity.
Key words: GIS; AHP; Crop Suitability; Irrigated Pepper Cultivation

Introduction
Agricultural productivity in many
developing countries is strongly influenced
by the suitability of land resources for
specific crops (Anabaraonye et al., 2021).
Soil and environmental conditions
determine the availability of water,
nutrients, aeration, and rooting conditions
required for optimum crop growth
(Maniyunda et al., 2023; Sadiq et al., 2023;
Sadiq et al., 2025; Naidu et al., 2006).
Where crops are cultivated without

adequate consideration of soil and site
characteristics, productivity often declines
due to poor nutrient availability, erosion
risk, water stress, or unsuitable physical
conditions. Consequently, land suitability
assessment has become an important
component of sustainable agricultural
planning because it provides a scientific
basis for matching land characteristics with
crop requirements (Shah & Wu, 2019;
Maniyunda et al., 2023; Sadiq et al., 2025).
In irrigated agriculture particularly, the
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suitability of land is critical since irrigation
performance and crop yield are closely
linked to soil texture, drainage conditions,
slope, salinity status, and water-holding
capacity. Proper evaluation of these factors
therefore contributes to efficient land and
water resource management and reduces
the risk of land degradation.
Conventional land evaluation methods
have long been used to determine the
suitability of land for agricultural
production. The framework proposed by
the Food and Agriculture Organization
(FAO, 1976) remains one of the most
widely adopted approaches because it
systematically relates land qualities to crop
requirements. However, land suitability
assessment involves the integration of
numerous biophysical factors that vary
spatially and differ in relative importance
(Günal et al., 2022; Gani & Awwal, 2026).
The development of Geographic
Information Systems (GIS) has greatly
improved the efficiency and accuracy of
land evaluation by enabling the acquisition,
management, analysis, and visualization of
spatial data. GIS also supports Multi-
Criteria Decision-Making (MCDM)
techniques, which are useful for combining
several environmental variables into a
single suitability model. Among the
various MCDM techniques, the Analytic
Hierarchy Process (AHP) is widely applied
because it allows the relative importance of
suitability factors to be determined through
pairwise comparison and weighted analysis
(Mallick et al., 2018; Montgomery, et al.,
2016; Sadiq et al., 2025). The integration
of GIS and AHP has therefore become
increasingly popular in agricultural
suitability studies due to its ability to
provide spatially explicit and decision-
oriented outputs for land-use planning.

Several studies have applied GIS-based
suitability assessment techniques for
evaluating agricultural land for different
crops under varying environmental
conditions. These studies have
demonstrated the importance of integrating
soil, terrain, hydrological, and climatic
variables in identifying suitable areas for
crop cultivation (Sadiq et al., 2023, Sadiq
et al., 2025; Gani & Awwal, 2026). In
irrigated agriculture, GIS-AHP approaches
have proven particularly effective because
they support the evaluation of both soil and
irrigation-related factors simultaneously.
Despite the growing application of these
techniques, information on irrigated land
suitability for vegetable production in
many parts of Northern Nigeria remains
inadequate. Existing agricultural practices
in several areas are often based on
traditional knowledge with limited
scientific evaluation of land capability,
resulting in inefficient use of land and
water resources (Fatihu et al., 2020).
Pepper (Capsicum annuum L.) is an
important vegetable and spice crop widely
cultivated and consumed in Nigeria due to
its nutritional, culinary, and economic
value (Olutumise, 2022; Zohoungbogbo et
al., 2024). The crop serves as a major
source of income for many smallholder
farmers and contributes significantly to
local food systems. Although Northern
Nigeria possesses favourable climatic
conditions for pepper production,
productivity is frequently constrained by
poor irrigation management and inadequate
information on the suitability of available
land resources (Ajayi et al., 2022). In
Hunkuyi, where irrigation farming plays an
important role in dry-season agriculture,
the absence of detailed suitability
information limits effective agricultural
planning and sustainable land utilization
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(Sadiq et al., 2023). Assessing the
suitability of land for irrigated pepper
cultivation is therefore necessary to support
informed decision-making, improve
resource-use efficiency, and enhance
agricultural productivity. Therefore, this
study aimed to assess land suitability for
irrigated pepper cultivation in Hunkuyi,
Northern Nigeria, using GIS and AHP-
based techniques.
Materials and Methods
Study Area
The study was conducted in Hunkuyi
District, Kudan Local Government Area of
Kaduna State, Nigeria, within the Northern
Guinea Savanna agro-ecological zone. The
study area lies between latitudes 11° 14'
55.22'' and 11° 15' 06.5'' N, and longitudes
7° 38' 56.7'' and 7° 39' 17.0'' E, covering

approximately 180 ha (Fig. 1).
Geologically, the area is underlain by
Basement Complex rocks dominated by
high-grade metamorphic materials,
particularly quartzites. The terrain is
characterized by gently undulating plains
with elevations ranging from 637 to 665 m
above sea level. Drainage within the area is
mainly controlled by tributaries that
discharge into the Galma River system
(Sadiq et al., 2025). The area experiences a
tropical savanna climate with distinct wet
and dry seasons. Mean annual rainfall is
approximately 1071 mm, while the mean
annual temperature is about 27 °C. The soil
temperature regime is iso-hyperthermic
and the moisture regime is ustic. Relative
humidity varies considerably between the
rainy and dry seasons.

Fig. 1: Map showing location and digital elevation of the study area in Hunkuyi
District, Nigeria

Reconnaissance Survey and Delineation
of Land Units
A preliminary reconnaissance survey was
conducted to understand the physiographic

characteristics, land use patterns, and slope
variations within the study area. Field
observations were used to delineate the
area into three land use units designated as
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HK1, HK2, and HK3. HK1 represents the
floodplain area characterized by combined
irrigated and rain-fed cultivation. HK2
occupies the middle slope position where
both irrigation and rain-fed farming are
practiced, while HK3 represents the upper
slope area predominantly used for rain-fed
agriculture. The delineation of these land
units provided the basis for detailed soil
investigation and sampling.
Field Characterization, Sampling
Collection and Preparation
Detailed soil investigations were carried
out across the three land units using six
pedons, with two profile pits excavated
within each unit. Morphological properties
of the soil horizons were described in the
field following standard soil profile
description procedures (Soil Survey Staff,
2014). Observations included soil colour,
texture, structure, consistence, drainage
condition, and horizon boundaries.
Disturbed soil samples were collected from
identified genetic horizons for laboratory
analysis, while undisturbed core samples
were obtained for bulk density
determination. The disturbed samples were
air-dried, gently crushed, and passed
through a 2-mm sieve prior to laboratory
analysis.
Laboratory Analysis
Physical and chemical analyses of the soil
samples were conducted using standard
laboratory procedures. Soil pH and
electrical conductivity (EC) were
determined in a 1:2.5 soil-to-water
uspension. Available water holding
capacity (AWHC) was computed as the

difference between moisture content at
field capacity (-33 kPa) and permanent
wilting point (-1,500 kPa), both determined
using the pressure plate apparatus method
(Klute, 1986). Cation exchange capacity
(CEC) and exchangeable bases (Ca, Mg, K,
and Na) were determined using the neutral
ammonium acetate (NH4OAc) extraction
method (Rhoades, 1983; Thomas &
Hargrove, 1984). Base saturation (BS) was
subsequently calculated from the analytical
results as the proportion of exchangeable
bases to total CEC of the soils.
Topographic Data and Slope Analysis
Topographic information for the study area
was derived from the ASTER Digital
Elevation Model (DEM) obtained from the
United States Geological Survey (USGS).
The DEM was processed in ArcGIS 10.7 to
generate slope data for the study area.
Slope information was incorporated into
the suitability evaluation because of its
influence on irrigation efficiency, runoff,
erosion, and soil management.
Land Suitability Evaluation for
Irrigated Pepper Cultivation
Land suitability for irrigated pepper
cultivation was evaluated using the FAO
land evaluation framework (FAO, 1976),
with modifications based on the criteria
proposed by Sys et al. (1991) and Naidu et
al. (2006). The evaluation considered
major soil and site characteristics relevant
to irrigated pepper production, including
available water capacity, effective soil
depth, texture, drainage, soil pH, cation
exchange capacity, base saturation, salinity,
and slope (Table 1).
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Table 1: Factor Ratings of Land Use Requirements for Irrigated Pepper
(Sprinkler/Drip)

Qualities/
Characteristics

Unit S1 S2 S3 N

AWHC cm 120 cm-1 >12 9 – 12 6 - 9 <6
cm 30 cm-1 >4 3 - 4 2 - 3 <2

Effective soil depth cm >50 30 - 50 20 - 30 <20
Texture Class SL, L, CL,

SCL, SC, SiL
C, SiCL, S SiC, hC, LS S

Drainage Class WD MD, ID PD VPD, ED
pH -- 6.1-8.0 8.1 – 9.0, 9.1 – 9.5, > 9.5, <4.0

5.1 – 6.0 4.1 – 5.0
CEC cmol kg-1 >12 8 - 12 4 - 8 <4
Base Saturation % >35 25 - 35 20 - 25 < 20
Salinity (EC) dS m-1 <6 6-12 12-24 >24
Slope % 0 - 2 2 – 4 4 - 6 > 6
Note: AWHC – available water holding capacity; SL – sandy loam; L – loam; CL – clay loam; SCL – sandy
clay loam; SC – sandy clay; SiL – silt loam; C – clay; SiCL – silty clay loam; S – sand; SiC – silty clay; hC –
heavy clay (≥60% clay content); WD – well drained; MD – moderately drained; ID – imperfectly drained; PD
– poorly drained; VPD – very poorly drained; ED – excessively drained; CEC – cation exchange capacity; EC
– electrical conductivity of saturated soil extract; S1 – highly suitable; S2 – moderately suitable; S3 –
marginally suitable; N – not suitable.

Each land characteristic was classified into
suitability classes comprising highly
suitable (S1), moderately suitable (S2),
marginally suitable (S3), and not suitable
(N), based on the requirements for irrigated
pepper cultivation.
Analytic Hierarchy Process (AHP)
The relative importance of the suitability
criteria was determined using the Analytic
Hierarchy Process (AHP) developed by

Saaty (1980). Pairwise comparisons among
the criteria were conducted using Saaty’s
fundamental scale ranging from 1 to 9,
where higher values indicate greater
relative importance of one criterion over
another (Table 2). The pairwise
comparison matrix was used to derive
normalized weights for each suitability
factor.
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Table 2: The fundamental score for pairwise comparison in AHP
Scores Score representation
1 represents equal importance
3 represents moderate importance
5 represents strong importance
7 represents very strong importance
9 represents extreme importance
2, 4, 6 and 8 Intermediate values between the two options

The consistency of the pairwise
comparison matrix was evaluated using the
Consistency Index (CI) and Consistency
Ratio (CR). The Consistency Index was
computed using Eq. (1), defined as:

�� = ����− �
�−1

Eq. (1)

where ���� is the maximum eigenvalue of
the comparison matrix and (n) is the
number of criteria considered.
The Consistency Ratio was then calculated
as:
�� = ��

��
Eq. (2)

where RI represents the Random Index
proposed by Saaty (2004). A CR value less
than 0.10 was considered acceptable,
indicating satisfactory consistency in the
pairwise comparisons.
GIS-Based Multi-Criteria Evaluation
and Suitability Mapping
The weighted suitability factors derived
from the AHP analysis were integrated in
ArcGIS 10.7 using the weighted overlay
technique to produce the land suitability
map for irrigated pepper cultivation.
Spatial layers representing the evaluated
soil and terrain properties were generated
and reclassified according to their
suitability ratings. The weighted overlay
analysis
combined the standardized criteria and
their corresponding weights to produce the
final suitability map. The resulting map
classified the study area into different

suitability categories, thereby identifying
areas suitable for irrigated pepper
cultivation within the study area.
Results and Discussion
Criteria Weighting and AHP
Consistency Analysis
Table 3 shows the pairwise comparison of
suitability criteria considered for irrigated
pepper suitability in the study area, while
Table 4 shows the final derived weights
and consistency metrics.
Among the evaluated criteria, AWHC and
effective rooting depth were assigned the
highest weights of 0.192 (19.2%) and
0.189 (18.9%), respectively (Table 4).
Their high ranking highlights the
importance of adequate soil moisture
storage and rooting conditions for irrigated
pepper cultivation. Available water holding
capacity determines the quantity of water
retained within the soil for plant uptake
between irrigation intervals. Low AWHC
increases susceptibility to moisture stress,
even under irrigation, particularly during
flowering and fruit development stages
(Chen et al., 2023). Similar observations
were reported by Hussien et al. (2019) in
irrigated agricultural lands along the Erer
Watershed, Ethiopia. Effective rooting
depth also plays a major role in crop
performance because shallow or
compacted soils restrict root penetration,
thereby limiting access to water and
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nutrients. Consequently, soils with greater
rooting depth and higher moisture
Table 3: Pairwise comparison matrix of suitability criteria for irrigated pepper
cultivation
Criteria AWC Depth Texture Drainage pH CEC BS EC Slope
AWHC 1 1 2 2 3 3 3 4 2
Depth 1 1 2 2 3 3 3 4 2
Texture 1/2 1/2 1 1 3 3 3 4 2
Drainage 1/2 1/2 1 1 3 3 3 4 2
pH 1/3 1/3 1/3 1/3 1 1 1 2 1/2
CEC 1/3 1/3 1/3 1/3 1 1 1 2 1/2
BS 1/3 1/3 1/3 1/3 1 1 1 1 1/2
EC 1/4 1/4 1/4 1/4 1/2 1/2 1 1 1/2
Slope 1/2 1/2 1/2 1/2 2 2 2 1 1
Note: AWHC – available water holding capacity; CEC – cation exchange capacity; BS – base saturation
percentage; EC – electrical conductivity.

Table 4: AHP-derived weights of suitability criteria and consistency metrics
Criterion Weight (CWI)
AWC 0.192
Root depth 0.189
Texture 0.147
Drainage 0.147
pH 0.059
CEC 0.059
BS 0.055
EC 0.027
Slope 0.125
Consistency Index (CI) 0.035
Random Index (RI) 1.450
Consistency Ratio (CR) 0.024
Note: AWHC – available water holding capacity; CEC – cation exchange capacity; BS – base saturation
percentage; EC – electrical conductivity.

retention capacity are generally more
favourable for sustainable pepper
production (Abdelkhalik et al., 2020). Soil
texture and drainage were the next most
important factors, each receiving a weight
of 0.147 (14.7%). These properties
strongly influence water movement,
aeration, and nutrient retention within the
soil profile. Pepper performs best under
well-drained soils with moderate moisture

retention, as the crop is sensitive to both
drought and prolonged waterlogging
(Sadiq et al., 2021; Aluvihara et al., 2024).
Previous studies have similarly identified
soil texture and drainage as critical
determinants of pepper productivity (Jung
et al., 2004; Rusmin et al., 2021; Addharu
et al., 2021). Fine-textured soils may retain
excessive water and predispose crops to
root diseases, whereas excessively sandy
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soils may lose water rapidly through
drainage. Proper drainage is therefore
essential for maintaining favourable root-
zone conditions under irrigation (Osman,
2018).
Slope was assigned a weight of 0.125
(12.5%), indicating its moderate
importance in the suitability analysis.
Slope influences runoff, erosion risk,
irrigation efficiency, and ease of field
management (Sadiq et al., 2021). Areas
with gentle slopes are generally more
suitable for irrigated agriculture because
they minimize runoff losses and facilitate
efficient water distribution.
Chemical properties including pH, CEC,
BS, and EC received comparatively lower
weights ranging from 0.027 to 0.059.
Although these properties are important for
crop growth and nutrient availability, they
are often considered manageable through
appropriate soil amendments and fertilizer
application (Jung et al., 2004; Addharu et
al., 2021). For instance, soil acidity can be
corrected through liming, while nutrient
deficiencies may be improved through
fertilizer and organic matter application.
Nevertheless, these chemical properties
remain important for sustaining long-term
soil fertility and crop productivity under
irrigation. Similar findings were reported
by Yusra et al. (2022), who identified pH,
CEC, and BS as limiting factors for pepper
cultivation in Bireuen Regency, while
Olajide et al. (2020) reported soil acidity as
a major limitation to pepper production in
southwestern Nigeria.
The reliability of the pairwise comparison
matrix was evaluated using the
Consistency Index (CI), Random Index
(RI), and Consistency Ratio (CR). The
analysis produced a CI value of 0.035, an
RI value of 1.45, and a CR value of 0.024
(Table 4). According to Saaty (1980) and

Sarkar et al. (2021), a CR value below 0.10
indicates acceptable consistency in
pairwise judgments. The CR obtained in
this study therefore confirms that the
weighting process was highly consistent
and reliable. This validates the suitability
of the AHP method for assigning weights
to the evaluated criteria and supports its
application in GIS-based land suitability
assessment (Sadiq et al., 2023; Sadiq et al.,
2025).
Spatial Distribution of Soil and Site
Suitability Parameters
The suitability assessment based on
individual soil and terrain parameters
revealed varying levels of suitability across
the study area (Fig. 2a–i). Available water
holding capacity was generally classified
as marginally suitable (S3) throughout
most of the study area (Fig. 2a). This
suggests that the soils possess limited
capacity to retain plant-available water,
thereby increasing the frequency of
irrigation required for optimum pepper
production. Similar observations were
reported by Pérez-Gutiérrez et al. (2017),
who emphasized the importance of
adequate soil moisture retention for
irrigated crops. Improving soil organic
matter content through compost or manure
application may therefore enhance water
retention and improve crop performance
(Sadiq et al., 2025).
The study area was found to be highly
suitable (S1) with respect to soil texture,
effective rooting depth, base saturation,
and electrical conductivity (Fig. 2b–e).
These favourable conditions indicate that
the soils possess adequate physical
characteristics for root development and
nutrient uptake, while salinity levels
remain within acceptable limits for pepper
cultivation.
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Soil texture and rooting depth are
particularly important because they
influence root penetration, water
movement, and nutrient availability within
the soil profile.

Fig. 2a: Spatial Distribution of AWHC
Fig. 2b: Textural Class

Distribution

Fig. 2c: Base Saturation Distribution
Fig. 2d: Effective Depth

Distribution
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Fig. 2e: Electrical Conductivity
Distribution Fig. 2f: CEC
Distribution

Fig. 2g: Soil pH Distribution
Fig. 2h: Slope Distribution

Fig. 2i: Drainage Class Distribution
In contrast, soil pH and cation exchange
capacity were classified as moderately



Proceedings of the 49th Annual Conference of Soil Science Society of Nigeria (SSSN),
(7th – 11th April, 2025, Bayero University Kano, Nigeria (KANO 2025)

111

suitable (S2) across much of the study area
(Fig. 2f–g). Soil pH directly affects
nutrient solubility and availability, while
CEC reflects the soil’s ability to retain and
exchange essential nutrients. Moderate
suitability of these properties indicates the
need for soil fertility management practices,
including liming and organic matter
application, to optimize nutrient
availability for pepper production. These
findings agree with those of Ogechi and
Blessing (2024), who reported similar
fertility-related limitations in the region.
Topographic analysis showed that 50.4%
of the study area was highly suitable (S1)
for slope, while 40.75%, 8.46%, and 0.37%
were classified as moderately suitable (S2),
marginally suitable (S3), and not suitable
(N), respectively (Fig. 2h). Gentle slopes
favour irrigation management and reduce
erosion hazards, whereas steeper slopes
increase runoff and nutrient losses (Awwal,
2021; Wange et al., 2022). Drainage
suitability analysis indicated that 52.2% of
the area was highly suitable (S1), 28.56%
marginally suitable (S3), and 19.3% not
suitable (N) for irrigated pepper cultivation
(Fig. 2i). Poor drainage conditions may
result in waterlogging, reduced oxygen
supply to roots, and increased incidence of
root diseases. These findings support
earlier reports emphasizing the importance
of adequate drainage for irrigated pepper
production (Magaji & Pantami, 2024;
Sadiq et al., 2023).
Overall Land Suitability for Irrigated
Pepper Cultivation
The overall suitability map generated
through the GIS-AHP weighted overlay
analysis revealed that the study area is
predominantly moderately suitable for

irrigated pepper cultivation (Fig. 3).
Approximately 64.9% (116.82 ha) of the
total area was classified as moderately
suitable (S2), while 35.1% (63.18 ha) was
classified as marginally suitable (S3). No
areas were classified as highly suitable at
the overall level, indicating the presence of
certain limitations affecting land
performance for irrigated pepper
cultivation.
The major limiting factors identified in the
study area were available water holding
capacity, cation exchange capacity, soil pH,
drainage, and slope. Low AWHC reduces
the soil’s ability to retain sufficient
moisture between irrigation intervals,
thereby increasing the risk of drought
stress during critical growth stages.
Similarly, low CEC limits nutrient
retention and fertilizer-use efficiency,
while unfavourable pH conditions may
restrict nutrient availability and uptake by
pepper plants.
Drainage and slope also constituted
important physical constraints in some
parts of the landscape. Poor drainage
conditions may lead to waterlogging and
root diseases, whereas steeper slopes
increase the risk of runoff, erosion, and
nutrient loss. These factors can reduce crop
productivity and complicate irrigation
management if appropriate conservation
measures are not implemented.
To improve land suitability for irrigated
pepper cultivation, several management
interventions are recommended. The
incorporation of organic amendments such
as compost and manure can improve soil
structure, increase AWHC, enhance CEC,
and buffer soil pH. In sloping areas,
erosion control measures including contour
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Figure 3: Land suitability map for irrigated pepper cultivation in the study area

farming, cover cropping, and terracing
should be adopted to minimize soil loss.
Areas affected by poor drainage may
require improved drainage systems such as
raised beds or field drains to prevent water
stagnation. In addition, efficient irrigation
practices should be implemented to
optimize water use and maintain
favourable soil moisture conditions.
Conclusion
This study evaluated the suitability of land
for irrigated pepper cultivation in Hunkuyi,
Northern Nigeria using an integrated GIS
and Analytic Hierarchy Process (AHP)
approach. The integration of soil physical,
chemical, and topographic parameters
provided a comprehensive framework for
assessing land capability under irrigated
agricultural conditions. The AHP analysis
revealed that available water holding
capacity and effective rooting depth were
the most influential factors controlling
suitability, followed by soil texture,
drainage, and slope, while chemical
properties such as pH, CEC, base

saturation, and electrical conductivity
played comparatively lower but still
important roles. The consistency ratio
confirmed that the pairwise comparisons
were reliable, strengthening the validity of
the derived weights.
Spatial analysis indicated that most of the
study area is moderately suitable for
irrigated pepper cultivation, with the
remaining portion classified as marginally
suitable. No area attained a predominantly
highly suitable classification, largely due to
constraints such as low water-holding
capacity, moderate limitations in soil
chemical fertility, drainage issues, and
slope variability. These limitations suggest
that while the area has potential for pepper
production under irrigation, productivity
may be constrained without targeted soil
and water management interventions.
The study demonstrates that GIS-AHP is
an effective decision-support tool for land
evaluation in irrigated agriculture. It
provides spatially explicit information that
can guide sustainable land-use planning
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