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FOREWARD

It is with immense pleasure and a profound sense of duty that I extend my warmest greetings
to all participants, stakeholders, and partners that gathered for the 48th Annual Conference of
the Soil Science Society of Nigeria (SSSN), hosted by the Department of Agricultural Land
and Climate Change Management Services (ALCCMS): Federal Ministry of Agriculture and
Food Security, (FMAFS), Abuja and held at the prestigious International Women Development
Centre, Abuja, Nigeria, from 29th July to 2nd August 2024. The conference was a testament to
the unwavering commitment of soil scientists and stakeholders in ensuring Nigeria's
agricultural sector thrives through improved soil management practices and innovative
solutions.

The theme of this year’s conference aptly underscores the critical role of soil health and fertility
management in addressing some of the most pressing global challenges, including climate
change, food security, and environmental sustainability. As our nation intensifies efforts to
boost agricultural productivity and achieve food security for our growing population, soil
scientists are key players in providing practical solutions that will enhance soil resilience,
optimize land use, and promote climate-smart agriculture.

Soil serves as the foundation of our agricultural systems and ecosystems. Therefore, ensuring
its health and fertility is paramount to sustaining productive farmlands, improving crop yields,
and enhancing the livelihoods of our farmers. As such, the Federal Ministry of Agriculture is
committed to supporting initiatives that promote sustainable soil management practices. In this
regard, 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 take this opportunity to commend the leadership and members of the Soil Science Society of
Nigeria for their dedication to advancing soil science research and promoting sustainable land
use practices. Your contributions have remained invaluable in guiding policymakers,
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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SUSTAINABILITY ASSESSMENT OF SOME DIFFERENT
SOIL MANAGEMENT SYSTEMS FOR GINGER
PRODUCTION IN KAGARKO LOCAL GOVERNMENT
AREA, KADUNA STATE, NIGERIA

1Joshua, D. A; 2Maniyunda, M. L. 3Jibrin, A;

Land3 Department of Geography and Environmental Management,
Ahmadu Bello University, Zaria, Nigeria.
’Department of Soil Science, Ahmadu Bello University,
Zaria, Nigeria.

*Corresponding author email: josdogara2(@gmail.com

Abstract

A two staged soil survey that involved reconnaissance and semi-detailed methods were carried
out to delineate site into soil management units. Five soil units identified include: KG1 was
well-drained forested (virgin) soils, KG2 moderately drained forested (virgin) soils. KG3 well
drained intensively cultivated soils, KG4 moderately drained intensively cultivated soil and
KG5 poorly drained soils. In each soil unit, soil profiles were excavated, described and
sampled according to standard procedures. Soil samples for fertility assessment were collected
at 0to 15 cm and 15 to 30 cm in each soil unit for routine analysis. Rain fed ginger was planted
in each soil units and crops performance indices were collected. Result revealed soil pH varied
between very strongly acidic and moderately acidic (4.97and 5.84). Exchangeable bases: Ca
and Mg were between high (10.40 and 4.80 cmol(+)kg'1) and low. Organic carbon was
between high (16.83gkg™) and low. Ginger harvested indicated that soil unit KGI had the
highest yield with the total weight of 123,500 kgha™! against KG2, KG3, KG4 which had
120,250 kgha'', 22,800 kgha' and 24,300 kgha™ total weight respectively,; however, no harvest
was done in KG5 due to hydromorphic conditions. Ginger harvested from two plots of unit
KG3 separately treated with cow dungs and poultry droppings had total weight of 87,200 kgha
" and 86,150 kgha™ respectively; this quadrupled the total weight 22,800 kgha™' harvested in
the controlled soil unit KG3. The post-harvest assessment showed decreased in essential
nutrients against soil units KG1 and KG2 due to the leaching potential of the virgin soils after
cultivation. There was increase in both ginger yield and post-harvest nutrients assessment in
the two plots of farm unit KG3 that were separately treated with cow dungs and poultry
droppings than the controlled soil unit. The cow dungs had higher ginger yield and ability to
buffer soil OC than poultry drops.

Key Words: Rain-fed, Agriculture yield, Nutrients Supplements, and Sustainability.

Introduction

Soil is the major source of food and fiber
for man and animals; and raw materials for
operation of industries (Soil Science
Division Staff, 2017). Soil is in intense
pressure to wrongful utilization in the
developing countries where fallowed
system had faded away and soil inventory
is not being prioritized for -efficient
utilization (Chukwu et al, 2014; Anedo et
al, 2017, Data et al, 2018 and Maniyunda

et al, 2019). Soil inventory, pre-planting
potentials and regular soil fertility
assessment are invaluable in to ensure food
security in a world of ever increasing
population, couple with low soil nutrients
and dwindled farm land (Chukwu et al,
2014; Maniyunda et al., 2015; Nwaogu and
Muogbo, 2015; Abagyeh et al, 2022;
Joshua et al., 2022).

Bakayoko ef al. (2009) and Tanimu et al.
(2012) reported gross decline in soil
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nutrients of continuously cultivated soils of
tropical Africa; however, animals waste
addresses nutrients deficiency for optimal
crops yield. Bada et al (2019) and
Ndzeshala et al. (2022) stated that cow
dungs and poultry drops have the potentials
to amend organic carbon (OC), potassium
(K), total nitrogen (TN), available
phosphorus (P) and zinc (Zn) in nutrients
impoverished soils. On the other hand,
intercropping system of farming with
leguminous crops amends N and OC
deficient soils for improved yield and
sustainability; nevertheless, cattle dung has
low mineralization than poultry drops
(Nwogu and Muogbo, 2015).

According to FAO (2019) and Kaduna State
Ginger Investment Policy and Strategy
(GIPS) (2021), ginger (Zingiber officinale)
is a perennial underground rhizome that is
grown in the tropical humid climate.
Nigeria is the second largest producer and
exporter in the world market behind India.
Also, a leading producer in Africa, as the
continent produced 888,859.05 metric tons
(MT) of ginger on 102,098.00 ha in 2021;
Nigeria contributed 768,304.92 (MT);
equivalent of 86% of the total production
on 86,911.00 ha (Unguwanrimi et al., 2023
and UNFAOstat, 2024).

Ejechi et al. (2018), Olaghere ef al. (2022)
and Tomide (2023) revealed that the
Nigeria’s ginger is in high demand not only
because of the high quality of its pungent
aroma; but also, its high oil and Oleoresin
content distinguish it to serve as spice to
garnish food, beverages, confections and
medicinal raw materials in both local and
modern pharmaceutical industries.
Adegboye (2011), Ayodele and Sambo
(2014), Marcus (2019), GIPS (2021) and
Tomide (2023) reported ginger as a major
cash crop in Kagarko Local Government
Area in Kaduna State. The area is ranked
second leading producer of ginger in
Nigeria  (Adegboye, 2011). Ginger
cultivation is done in an open parkland of
clay loam, sandy loam, black rich clay and

lateritic soils, with depth between 25 and
150 cm as the rhizome is shallow rooted
(Anedo et al, 2017; Srinivasan et al., 2018).
Ginger propagates optimally in well-
drained none-saline soils, but moderately
drained soils give good yield provided there
is adequate surface drainage after
cultivation (Olaniyi et al, 2012; FAO,
2019; Adivappar and Naik, 2021).

Srinivasan et al. (2018), Nwaogu and
Muogbo (2015) and Data et al. (2018)
opined that ginger is highly nutrients
exhaustive; however, Maniyunda et al.
(2015), Anedo et al. (2017), Data et al
(2018), FAO (2019), Maniyunda et al.
(2019), Adivappar and Naik (2021), and
Tarfa et al. (2022) Jibrin et al. (2022)
asserted that to resuscitate nutrients
deficient soil, traditional soil management
techniques  should be  adequately
incorporated with the modern.

Literatures reviewed showed that several
studies had been conducted by Adegboye
(2011), Ejechi et al. (2018), Chidiebere-
Mark and Ibe (2018), Ibrahim (2018),
Marcus (2019), Ibrahim et al. (2019),
Nmadu and Marcus (2020), Sodangi
(2020), GIPS (2021), Olaghere, et al.
(2022) and Unguwanrimi et al. (2023) on
how to upscale ginger production in the
study area. Therefore, by using soil survey
to delineate the soil units of the study area,
this study was aimed at assessing the
potentials of the soil units delineated,
productivity of the soil units and the best
farming management system that will
improve yield and sustain  ginger
production in Kagarko Local Government
Area.

Study Location

Kagarko Local Government Area
(LGA) is bordered with Kachia LGA to
the North, Jaba LGA and Nasarawa
State to the East, Federal Capital
Territory to the South and Niger State to
the West. It lies between latitude 9°35'N



and 9°.08'N and longitude 7° 6'E and 8°
00’E with a total area of 4,400 km? on
the southern tip Kaduna State, Nigeria
as shown in Figure 1. Ginger is the
major cash crops in Kagarko LGA
besides turmeric, cassava, groundnut,
pepper, tobacco and artisan services.
The geology of the area is the Northern

Basement Complex which is consisted
of gneiss and migmatite (Raji et al.,
2011). The area lies on a gently
undulating topography; with elevation
that varied between 573 and 643 m
above sea level. The climate of the site
was classified by Koppen

7°20'0"E 7°30'0"E 7°40'0"E 7°50'0"E
1 1 1 1

9°50'0"N 10°0'0"N
1 1

9°40'0"N

9°30'0"N

10°0'0"N

9°50'0"'N

Kaduna_State

Nigeria

9°40'0"N

9°30'0"N

& &
g 7 g\\
& &
= ® Major_Towns -
4  Other_Towns
_Roads
; Kil ot _Rivers ;
> MU LT L IKilometers E
= 036 12 18 24 30 [ Jiagaro_toa o
& T T T T T EN
7°20'0"E 7°30'0"E 7°40'0"E 7°50'0"E 8°%0'0"E

Figure 1: Map of the Study Area Source:

As Aw with the onset of rainfall in April:
a period the South-westerly commences
its dominant role and ginger farming
begins. The rain reaches its peak by July
and August with a single maximum
annual average of 1,300mm (Abaje et
al.,2010). Materials and Methods

Field activities
A reconnaissance and semi-detailed soil
survey involved systematic and multi-

stage were used to observe the
morphological properties of the soils.
Soil samples were collected from the
delineated soil units for pre-planting
assessment of both physical and
chemical properties. (Soil Science
Division Staff, 2017; Carter and
Gregorich, 2006). The soil samples
were taken for routine laboratory
analysis.




Rain fed ginger cultivation was carried
out on the soil units delineated on well
drained virgin soil, moderately drained
virgin soil, intensively cultivated well
drained soil, intensively moderately
drained soil and poorly drained soil. The
fresh weight of the ginger of each grid
was assessed after cleaning the ginger;
while the dry weight was assessed after
it was dried split in a room temperature.
Post-harvest soil samples were collected
to assess the chemical properties of the
different ginger farms.

Laboratory Activities

Pre-planting and post-harvested soil
samples collected were air-dried,
grounded and passed through a 2 mm
sieve. The percentage particle size
distribution of less than 2 mm soil
samples were carried out using
bouyoucos hydrometric method. The
soil textural triangle was wused to
determine the soil texture. Bulk density
of the soil was determined by oven
drying of undisturbed soil samples in a
core; soil porosity was determined
gravimetrically; Soil organic carbon
(OC) was determined by the Walkey-
Black method, total nitrogen (TN) was
by Kjedahl method, soil pH was by
electrical potentiometer in 1:2.5 soil-
water ratio, electrical conductivity was
taken from the saturate using the
Wheatstone bridge, exchangeable acid

was extracted using 1 N KCl,; available
phosphorus (AP) was determined by
Bray No 1, monovalent exchangeable
bases: potassium (K) and sodium (Na)
were determined by flame photometer
after extraction with ammonium acetate
(NH40OAc) while calcium (Ca) and
magnesium (Mg) were determined by
titration (Hillel, 1971) and Carter and
Gregorich, 2006).

Results and Discussion
Morphological Properties of the Soil
Units

The results of soil survey delineated five
soil units KG1, KG2, KG3, KG4 and
KG5 with distinct soil morphological
properties as shown in Table 1. The soils
units were between very shallow <25
cm and very deep >150 cm. soil
drainage was between well drained and
poorly drained; while soil colour was
between pale brown (I0YR 6/3) and
brown (2.5Y5/1) in the surface soils;
and yellowish brown (I0YR 5/8) and
gley (5YR 5/1) in the sub soils. The
presence of mottle and gley condition in
some soil units indicates permanent and
periodic hydromorphic condition that
restrict effective depth. Soils depth in
KGI, KG2, KG3 and KG4 was
restricted by  either  underlain
impervious layers of bed rocks or petro-
plinthite with concretions of Fe and Mn
oxides



Table 1. Morphological properties of the soil

Horizon  Depth Munsel colour Mottle Texture  Structure consistence
Cm dry moist Colour wet  moist dry

KG1 Well Drained Virgin Soil Pedon

A 0-23 10YR6/3pb 10YR4/3b - - L 2mmsbky  ss fr h

BA 23-49 10YR 6/7by 10YR3/4b - - CL 2smsbky s f vh

Bt 49-102 10YRS5/6yb 10YR4/6dyb - - SCL 2smsbky s vf vh

Bevt 102-158 10YR5/8yb 10YR3/7dyb - - CL 2smsbky s vf vh
KG2 Moderately Drained Virgin Soil Pedon

A 0-19 10YR 6/41lyb 10YR5/4yb - - L 2msbky ss f h

Bt 19-51 10YR6/3pb 10YR4/3b - - CL 2smsbky Vs vf vh

Bevt 51-105 10YR 5/2yb 10YR 5/3dyb Few fine, faint CL Om Vs vf vh
KG3 Well Drained Intensively Cultivated Pedon

Ap 0-14 10YR 5/4yb  10YR 5/6 dyb - - L 2msbky ss fr sh

Bt 14-57 10YR 6/8by 10YRS/6yb - - SiL 2scsbk \& f vh

Btev 57-125  SYR 5/6 yr SYR 4/7 yr - - CL 2scsbk Vs vf vh




Morphological properties of the soil

KG4 Moderately Drained Intensively Cultivated

Soil

KG5 Poorly Drained Soil

Horizo
n
Pedon
Ap
Btl
Btcvg

Pedon
Ap

BCtg

Cgw

Depth  Munsel colour Mottle Textur

Cm dry moist Colour e

0-18 10YR7/21g 10YR 572 - - SL

gb
18-51  2.5Y7/3pb 2.5Y lob - - SiL
51-98  2.5Y 772 25Y6/2bg Few fine, faint CL
pyb

0-17 - 25Y5/1b  com/pro 10YR  5/6 SiL
m dyb

17-64 - 5YRS5/1g com/pro 10YR 4/6 L
m dyb

64- - 5YR5/1g - - L

118

Structur
e

2msbky
2smsbk

y
Om

consistence

wet moist  dry

Ss f h
S f h
Vs vf vh
Vs vf vh
S fr vh
S fr vh

Key: Munsel Colour: yb = yellowish brown, Ig= light gray by = brownish yellow, gb = grayish brown, g = gray, b = brown, dyb = dark yellowish
brown, yr = yellowish red, pb = pale brown, b = brown, lob = light olive brown, pyb = pale yellowish brown, Mottle: com = common, prom =
prominent. Texture: L = loam, SiL = silty loam, CL = clay loam, SL = sandy loam, SCL = sandy clay loam. Structure: 2msbky = medium sub-
angular blocky, 2scsbky = strong coarse sub-angular blocky, 2mmsbky = moderate medium sub-angular blocky, smsbky = strong medium sub-
angular blocky, Om = massive. Consistence: ss = slightly soft; fr = friable; sh = slightly hard; h = hard; vh = very hard; vs = very sticky, f = firm;
vf'= very firm. Boundary: gs = gradual smooth, cs = clear smooth, ds = diffuse smooth.



Sand particle size dominated the surface
horizons of soil units KG1, KG2, KG3 and
KG4; however, as profiles depth increases
silt particle size gradually dominates, until
clay particle size completely dominates the
sub soils which is as a result of soil pedogenic
activities: translocation, transformation and
deposition; which caused eluviation of
suspended clay materials from the surface
horizons with corresponding illuviation in
the sub soils. On the other hand, horizons of
soil units KG5 were strata of deposited
material of the flood plains with prominent
cutans in the surface horizons and pale
grayish sub surface horizons due to gley
condition of underlain water table.

Soil Physical Properties

The bulk density of the soil units was
between 1.33 and 1.53 gcm™ in the surface
horizons; and between 1.54 and 1.72gcm as
shown in Table 2. The particle size
distribution of soil units KG1, KG3 and KG4
were dominantly sand; and ranged between
430 and 670 gkg'!'; whereas, silt particle size
dominated soil units KG2 and KGS5 in the

Table 2. Physical Properties of the Soils

range between 530 and 550gkg™'. The sand
particle content decrease with increased in
depth of the horizons; whereby clay particle
size dominated the sub soils. The soil textural
classes were loam in KG1, KG2 and KG3;
sandy loam in KG4 and silty loam in KG4;
while the sub soils where between clay loam
and silty loam.

Pre-planting Chemical Properties of the
Soil Units

The soil pH of the soil units was between
very strongly acid to moderately acid (4.97
and 5.84) as shown in table 3. The values of
electrical conductivity were less than 2dSm’
'which indicates a none-saline soil. The level
of exchangeable bases were in the trend
Ca>Mg>K>Na. Ca and Mg were high10.40
and 4.80 cmol(+)kg!; and 2.81 and 1.01
cmol(+)kg!; 14.80 and 5.03 cmol(+)kg™;
and 3.04 and 1.01 cmol(+)kg™! respectively;
and low in soil units KG3, KG4 and KGS5.
SOC was moderate (11.15gkg™") in KG1; and
high (16.83gkg!) in KGS5; but low in soil
units KG2, KG3 and

Soil Depth BD Porosity Particle Size gkg! Textural
(cm) gem™ gem? % Clay Silt  Sand  Class
KGl 0-15 1.53 1.35 28 150 350 480 L
15-30 1.54 1.47 21 390 390 230 CL
KG2 0-15 1.49 1.47 29 140 450 410 L
15-30 1.54 2.00 16 350 380 270 CL
KG3 0-15 1.48 1.84 31 150 420 430 L
15-30 1.55 2.05 25 290 540 170 SiL
KG4 0-15 1.44 1.85 27 120 210 670 SL
15-30 1.72 2.40 14 140 590 270 SiL
KGS 0-15 1.33 1.27 34 190 530 280 SiL
15-30 1.61 2.00 28 280 450 270 L

KG4. Soil available P was between low and
medium (15.97 and 12.01 mgk™'). Soil total

nitrogen was low (0.11 and 1.02 gkg™).
Available Fe and Mn were high; and between



39.51 and 118.94 mgkg'; and 2.18 and 63.82
mgkg! respectively.

Yield of Ginger from the Different Soil
Units

The output harvested in 2m? of each ginger
farm indicated that soil unit KG1 had the
highest dry split weight (37,450 kgha) and
total weight (123,500 kgha™') against KG2,
KG3+cow dung, KG3+poultry drops, KG3
and KG4. Soil unit KG2 has the highest fresh

weight (94,450 kgha™') as shown in Figure 2
and Table 4. However, ginger yield in farm
KG3+cow dungs and KG3+poultry drops,
increased to 22,950 kgha! dry split and
87,200 kgha™! total weight; and 21,300 kgha™
! dry split and 86,150 kgha' total weight
respectively; against the yield of 7,600 kgha
! dried split and 22,800 kgha total weight
produced in farm KG3 (controlled farm).
Albeit, no ginger was harvested in farm KG5
due to intolerant to poorly drained soils
(FAO, 2019)



Table 3. Pre-planting Chemical Properties of the Soil Sampled

Soil Depth pH EC. Exchangeable Bases EA ocC OM TN AP Trace Nutrients

(cm) (emol(+)kg™) (gkg™") (gkg’)  (mgkg™) (mgkg™")

H,0 CaCl;, dSm' Ca Mg K Na Al+H Fe Mn
KGl 0-15 5.81 5.27 0.16 1040 2.81 0.12  0.13 1.00 11.15  19.22 0.92 497 5881 28.73
15-30  5.71 4.58 0.40 48 130 0.15 0.16 1.04 6.34 1093 0.39 3.94 4241 15.4
KG2 0-15 5.84 5.12 0.11 148 3.04 024 026 1.02 941 16.22 0.85 401 7832 51.09
15-30  5.03 4.71 021 503 1.01 0.41 0.16 1.13 487 11.84 0.29 1.93  49.71 20.26
KG3 0-15 5.81 5.02 0.09 158 041 0.08 1.95 0.96 3.02 5.21 0.24 893 69.72 13.98
15-30 497 4.02 0.03 1.2 0.29 0.10 2.00 1.02 1.91 3.29 0.3 325  39.51 9.86
KG4 0-15 5.73 4.72 050 1.85 0.58 012 013 174 2.25 3.88 0.37 295 89.92 63.82
15-30  5.49 431 0.10 094 031 022 015 192 1.97 3.4 0.21 2.03  48.76 23.81
KG5 0-15 5.75 4.36 040 095 035 0.46 1.78  1.63 16.83  29.01 1.02 3.00 118.94 4.01
15-30  5.27 4.3 0.13 1.2 022 0.86 121 1.29 2.95 5.09 0.11 2.01 101.13 2.18




The result showed that highest yield was
recorded in well drained virgin soils. On the
other hand, ginger produced in imperfectly
drained virgin soil has the highest fresh
weight because of the moisture status of the

KG

soil, which caused the ginger to have higher
moisture content at the harvest time than the
ginger in soil unit KG1, but lower in dry split
and total weight

3 KG4 KG5
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Figure 2. Yield of Ginger of the soil units

Total weight kg/ha

Table 4. Yield of Ginger under Different Soil Management Techniques

Soil ~ Management Size of Wet Dried  Total Fresh Dry Total
Techniques grid  weight  weight weight weight  weight weight
kg/ha kg/ha kg/ha
m? kgm?  kgm? kgm?
KG1 2 17.21 7.49 2470 86,050 37,450 123500
KG2 2 18.89 5.16 24.05 94,450 25,800 120,250
KG3 + cow dungs 2 12.85 4.59 17.44 64,250 22,950 87,200
KG3 + poultry drops 2 12.97 4.26 1723 64,850 21,300 86,150
KG3 2 3.04 1.52 456 15,200 7,600 22,800
KG4 2 3.85 1.01 486 19,250 5,050 24,300
KG5 2 NH NH - 0 0 0

NH: No harvest

Farm KG3+cow dung produced ginger
with higher fresh, dry split and total
weight than farm KG3+poultry drops;
because cow dungs has higher organic
content to amend nutrients deficient soils
for crops optimal yield, than poultry
drops (Bakayoko et al/, 2009, Bada et al,
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2019, Tarfa et al, 2022 and Ndzeshala et
al, 2022). Therefore, it will be
advantageous for farmers to cultivate
ginger in soil units KG1; however, due to
paucity of virgin soils to satisfy large
scale cultivation, it becomes imperative
that the intensively cultivated soils to be



either treated with cow dungs or poultry
drops; or both in order to buffer and
resuscitate the inherent low soil nutrients

Post-harvest Soil Chemical Properties

The post-harvest assessment of the
chemical properties of the soil units
indicated that the status of Ca, SOC and
available P decreased from 10.40 to 6.40
cmol(+)kg!, 11.15 to 7.69 and 15.97 gkg-
'to 7.37 mgkg™! in surface horizon of soil
unit KG1 as shown in Table 5. Also, the
values of Ca, SOC, and available P
decreased from 14.80 to 6.97 cmol(+)kg
1,941 to 6.86 gkg! and 12.01 to 9.86
mgkg! in the surface horizon of farm
KG2. On the other hand, Ca, SOC, and aP
increasesd in the two separately treated
soil unit KG3. Ca, SOC and available P
increased from 1.58 to 6.20 cmol(+)kg,
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for increment in ginger yield, quality,
environmental security and sustainability

3.02 to 14.11 gkg! and 8.93 to 13.32
mgkg! in farm KG3+cow dungs, and
1.58 to 5.60 cmol(+)kg!, 3.02 to 11.60
gkg!, and 8.93 to 15.78 mgkg! in the
respective surface horizons. The decline
in the surface soil nutrients of KG1 and
KG2 indicated that virgin soils of the
tropical climate are susceptible to swift
mineralization and leaching of essential
nutrients immediately they are cultivated
due to disturbance of biomass which
reduces the rate of carbon sequestration in
the soil (Jibrin et al., 2022) and mining of
soil nutrients by crops (Anedo et al.,
2017; Adivappar and Naik 2021;
Bakayoko et al., 2009)



Table 5. Post-harvest Chemical Properties of the Soil Sampled

Soil unit Depth pH ECe Exchangeable Bases EA oC oM ™ AP Trace
Nutrients
(cmol(+)gkg™) (gkg (gkg”  (mgkg
D D D (mgkg™)
(ecm)  H20 CaClz dSmr Ca Mg K Na

! Fe Mn

KG1 0-15 5.51 4.81 0.80 6.40 1.73 0.11 0.10 0.80 7.69 1326 0.73 7.37 388 2573
1

15-30 5.01 4.15 0.25 6.00 1.62 0.14 0.14 1.02 7.05 12.15 034 5.32 494 1240
1

KG2 0-15 5.87 5.10 0.09 6.97 2.1 0.91 0.11 1.08 10.11 1743 096 9.86 723 48.09
2

15-30 5.01 4.65 0.11 3.72 1.02  2.05 0.16 1.51 581 10.02 043 4.64 49.7  20.26
1

KG3 + Cow dungs 0-15 5.10 443 0.70 6.20 1.67 0.12  0.10 1.01 10.60 1827 0.56 1132 713  34.09
2

15-30 5.13 4.47 0.31 5.80 1.57 0.14 0.15 1.03 7.88 1359 045 5.15 49.7  10.26
1

KG3 + Poultry drops 0-15 4.88 421 0.37 4.60 124 018  0.18 1.51 6.23 1074 0.78 1578  61.7 18.98
2

15-30 5.12 4.46 0.25 5.80 1.57  0.11 0.13 1.94 6.14 1059 025 497 335 11.86
1

KG3 0-15 5.85 5.13 0.41 203 064 0.12 0.14 1.05 342 590 037 6.41 589 14.01
4

15-30 5.20 4.50 0.08 .52 039 0.19 0.16 1.25 235 405 0.17 2.83 71.1  12.18
3

KG4 0-15 5.02 4.839 0.16 1.93 042 0.11 0.13 1.04 3.51 6.05 0.39 5.84 643  7.89
0

15-30 4.99 4.31 0.10 1.08  0.51 020 0.16 1.40 207 348 0.13 1.99 74.0 12.60
2

KG5 0-15 NS NS NS NS NS NS NS NS NS NS NS NS NS NS

15-30 NS NS NS NS NS NS NS NS NS NS NS NS NS NS

NS: No sampled
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On the other hand, essential nutrients in
ginger farm KG3+cow dungs and
KG3+poultry drops increased compared to
the values of pre-planting controlled soil
(KG3) as organic manure has the capacity
to stabilize soil biota and nutrients (Tanimu
et al., 2012; Bada et al, 2019). Farm
KG3+cow dungs has the higher values of
Ca and SOC due to its ability to produce
durable substrates that chelate and
aggregate the soil physical properties than
poultry drops (Data et al., 2018 and Tarfa et
al., 2022). The result showed that soils
treated with cow dungs have higher
agriculture returns and ability to buffer soil
OC than poultry drops, because the rate of
mineralization in cow dungs is slower than
in poultry drops (Ndzeshala et al., 2022).

Conclusion

The study showed that the soil of the study
site was heterogeneous as five soil units
KG1, KG2, KG3, KG4 and KG5 were
delineated with distinct morphological
properties with soil depth between very
shallow and very deep soils. Soil drainage
was between well drained and poorly
drained. Sand dominate the soil particle
size distribution in the surface while the sub
soil were replaced by silt and clay particle
size due to pedogenic processes. The soils
are none-saline with electrical conductivity
<2dSm™. Soil pH was between very
strongly acid and moderately acid as H" and
Al" dominated the exchange site.

The well drained virgin soils had the
highest ginger yield; however, the
imperfectly drained virgin soil had the
highest fresh weight which become less
after dried split. Soil unit KG3+cow dungs
and KG3+poultry drops had a ginger yield
that quadrupled the yield of the controlled
farm KG3 as a result of the effect of organic
amendment. Nevertheless, no ginger was
harvested in far KGS5 as a result of poorly
drained condition which is not suitable for
ginger production. The post-harvest soil
assessment showed that soil nutrient
declined in soil unit KG1 and KG2 as a
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result of leaching and nutrient mining by
crops. However, farm KG3+cow dungs and
KG3+poultry drops had appreciable
increased values of exchangeable bases,
SOC, TN and available P than the
controlled farm (KG3) due to the positive
effects of organic manure amendment.

Therefore, farmers should cultivate the
virgins soil with caution to avoid soil
degradation; the intensively cultivated soil
units should be adequately managed with
animal manure to sustain optimal
production and environmental health; and
other uses such as cultivation of paddy rice
should be assigned to the poorly drained
soil units for sustainability.
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ABSTRACT

This study was undertaken to evaluate soil moisture retention and released characteristics in
parts of Bauchi State under soil derived from basement complex and sandstone parent materials
with the view to reveal the major cause of moisture inadequacy in soil derived from basement
complex parent material. Triplicate core samples were collected randomly within 0 — 60cm at
an interval of 0 — 20cm using 5.0cm diameter and 3cm high rings of known weight (W1) and
volume (V).Soil moisture contents at pressure of 0.33bar, 1.00bar, 3.33bar, 7.00bar, 10.00bar
and 15.00bar were determined using pressure plate extractor. These moisture contents on mass
basis were graphed against their corresponding tension values to give a soil-specific curve
known as the soil moisture characteristics (SMC) curve. The study showed that moisture
retention and released characteristics depended on soil texture. Findings revealed that soils
derived from sandstone exhibited higher plant available moisture at all tension levels evaluated
compared to soils derived from basement complex parent materials. The result also showed
that plant available moisture was rapidly lost at lower tension level of 1bar in soils of basement
complex while it was slowly and steadily released till tension of 15bar in soil of sandstone
origin. Therefore, the use of organic manure, early planting or maturing varieties of crop are
recommended for planting in soil derived from basement complex to avoid complete loss of
Crops.

Keywords: agricultural productivity, Bauchi State, irrigation, parent materials, Soil moisture
retention,

Introduction metamorphic rocks’ while the secondary
The mineral part of the soil is inherited minerals originated as a result of chemical
from the parent materials but it is modified weathering of the primary minerals.
under the influence of different factors and Theoretically, the soil contains all the
processes. The Earth’s crust contains different types of minerals but the real
almost 100 elements and only 8 of them (O, number and type of the minerals that
Si, Al, Fe, Ca, Na, K, and Mg) form 98.5% constitute one type of a soil is quite limited.
of the crust and compose the base of the soil The clay minerals are large group with
body. Most of the soil types contain 60% of common silicate characteristics.

all existing minerals where the silicates and

aluminosilicates are the most dominant The soil water retention is a result of two
ones. They are present in a form of primary forces; adhesion (soil particle attract the
and secondary minerals. The primary water molecules) and cohesion (mutual
minerals originated as a result of attraction of the water molecules). The
weathering of igneous, sedimentary, and adhesion is stronger than the cohesion. The
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force which retains the water in the soil is
called capillary potential and is closely
related to the water content. The free-
flowing water in the soil has a capillary
potential equal to zero, a condition where
all the soil pores; both capillary and non-
capillary are filled with water. Soil water
potential can be determined indirectly by
recourse to measurement of soil water
content and soil water release or soil
moisture characteristics curve that relate
volumetric or gravimetric content to soil
water potential. The measurement of water
potential is widely accepted as fundamental
to quantifying both the water status in
various media and the energies of water
movement in the soil plants atmospheric
continuum Mukaetov (2004) underlines
that by decreasing the water content in the
soil the value of the capillary potential is
increased. In order to assess the humidity of
the soil using the capillary potential, Vucic,
(1987) has proposed the pF value where the
force of the water in the soil is expressed on
the height of a water column in cm (1bar =
1063cmwater/cm?). The pF values are
affected by the mechanical content and
according Vucic, (1987) the bigger the
participation of the fine fractions the greater
the pF values, especially under pressure of
0.33bars.

Differences in soil properties (texture and
structure) affect the water content at
saturation, field capacity, and permanent
wilting point. Texture and structure
determine pore size distribution in soil, and
therefore, the amount of plant available
water (PAW) (O’Geen, 2013). Coarse
textured soils (sands and loamy sands) have
low PAW because the pore size distribution
consists mainly of large pores with limited
ability to retain water. Although fine
textured soils have the highest total water
storage capacity due to large porosity
values, a significant fraction of water is
held too strongly (strong matric forces/low,
negative water potentials) for plant uptake.
Fine textured soils (clays, sandy clays and
silty clays) have moderate PAW because
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their pore size distribution consists mainly
of micropores (O’Geen 2013). Loamy
textured soils (loams, sandy loams, silt
loams, silts, clay loams, sandy clay loams
and silty clay loams) have the highest
PAW, because these textural classes give
rise to a wide range in pore size distribution
that results in an ideal combination of
meso- and micro-porosity. Soil structure
can increase PAW by increasing porosity.
Soil depth and rock fragment content also
affect water holding capacity because
bedrock and rock fragments are assumed to
be unable to hold plant available water
and/or accommodate plant roots.

The Northern Guinea/Sudan Savanna of
Nigeria commonly witness poor rainfall
distribution, dry spells, surface wash and
runoff on farms (Kowal and Knabe, 1972),
and result in soil moisture deficiency that
depress crop yield or complete crop failure
at the uplands (Odunze et al., 2010). Also,
the upland soils have very low moisture
retention capacity, poor inherent fertility
status and are dominated with low activity
clays; in particular kaolinitic clays Lombin,
1987; Odunze, 2006). Crops grown at the
uplands in the =zone include maize,
sorghum, upland rice, cowpea, groundnut
and soybeans, and these suffer moisture
stress following insufficient soil moisture
during their growth phase. This implies that
field crops would experience insufficient
soil moisture to undergo proper growth and
production processes, resulting in low
yields or complete crop failure in some
cases in the area. This problem of
inadequate moisture for plant growth is
worst in parts of Bauchi State, Nigeria that
had their soil derived from basement
complex parent materials.

Widespread occurrences of crop failure
towards the dry season which has caused
farmers nightmare in Bauchi State have
prompted this investigation into the causes
of such early dry spell in the area. Affected
areas include parts of Bauchi, Toro, Tafawa
Balewa and Dass Local Government Areas



of Bauchi State. The crop failure starts with
the leaves showing signs of moisture stress
a week or two (depending on the severity of
the problem) after cessation of rainfall. This
problem had left so many farmers in these
areas with famine throughout the season
since most of them lack the capacity to
provide water inform of irrigation to the
crops in the field.

One possible way of investigating the cause
of this moisture stress in these areas is
through an assessment of soil moisture
retention and release characteristics. Such
an assessment of water retention and
release characteristics was not available in
agriculturally potential Bauchi State,
Nigeria. Keeping this in view, this study
was undertaken to evaluate the soil water
retention and release characteristics in parts
of Bauchi State under soils of basement
complex and sandstone origin with the view
to reveal the major cause of moisture

inadequacy in soil derived from basement
complex.

Materials and Methods

Location of the study area

Four sample locations were used in the
study with two from each Local
Government Areas in Bauchi State. The
Local Government were Toro Local
Government under soil derived from
Basement Complex and Alkaleri under soil
derived from Sandstone parent materials.
Bauchi State occupies a total land area of
49,119km? representing about 5.3% of
Nigeria’s total land mass and is located
between latitudes 9° 30! and 12° 30! North
and longitudes 8° 45! and 11°0° East
(UNDP Report 2018). The state is bordered
by seven states; Kano and Jigawa to the
north, Taraba and Plateau to the south,
Gombe and Yobe to the east and Kaduna to
the West

Table 1: Sample Locations and their Coordinates

Site Latitude Longitude Evaporate (m.a.s.j)
Gar N10° 04’ 46> E10°15° 26 379m
Yankari Road N10° 03’ 05> E10°17° 20 361m
Gumau N10°15° 8 E09° 0’ 55> 830m
Buzaye N10° 14’ 53> E09° 39° 38’ 667m
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Fig. 1: The Study Area
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Climate of the Study Area

The state experiences two main seasons;
rainy and dry season. The rainy season
usually commenced from May and ends in
September with minimum rainfall of about
700mm per annum in the north to a
maximum of about 1300mm per annum in
the South. The vegetation is typically
Sudan Savanna type comprising widely
dispersed trees (Ibrahim, 2010).

Geology of Bauchi State.

Lithologically, soils in Bauchi State are
formed from Basement Complex Rock
(BCR) and the Sedimentary Rocks
comprising the Kerri-Kerri Formation
(KKF) and the Chad Formations (CF)
(Macleod et al., 1971). The BCR covers
most part of the State. Bauchi is basically
composed of crystalline rocks, basement
complex mostly Precambrian to the early
Paleolithic in age. The rocks include the
mixture of granites, gneisses, pegmatite
and some amount of charnokite at the
margin around the area of Alkaleri.
Granites are coarse grained and are
composed of quartz, alkali, feldspar, biotite
and muscouite with ancestry horn bled and
haematite. Pegmatite veins within the
gneisses are composed of potash feldspar
and very large crystal may form. A
charnokitic rock occurs around the margin
where it forms small out crops. Bauchi
metropolis lies within the undifferentiated
basement complex with older granites
outcrops and young granites out crops. The
basement complex is best described as
crystalline rocks of the area (Macleod et al.,
1971).

Sampling Technique

The samples were taken from two different
locations within a local government area.
One local government area was used each
in the two soil formations. Triplicate core
samples were collected randomly within 0
— 60cm at an interval of 0 — 20cm using
5.0cm diameter and 3cm high rings of
known weight (W1) and volume (V). A total
of 54 samples were used in each location
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given rise to 216 samples in all. The names
of the specific locations where samples
were taken and the coordinates marked
using Geographic Positioning System
(GPS) were presented in

Field Procedure

The collection of soil samples was done
starting from the upper layer (0 — 20cm).
The excavation of the soil to allow for
taking of soil samples was carried out by
the use of digger while shovel was used to
move out the soil particles. After the
excavation of the pit to Im, a measuring
tape was used to measure the depth at
which the samples were taken (0 — 20cm,
20 — 40cm and 40 — 60cm) depth. The
undisturbed samples were collected using
the core samplers while the disturbed
samples were taken using a hand trowel
into sampling polythene bags. All the
samples collected were labeled and the
same procedure was used in collecting the
samples from all locations and depths.
Materials used in the field were Cutlass,
Digger, Shovel, Meter rule, Sampling rings,
Auger, Polythene bags, Hammer, Global
Positioning System (GPS), Rubber ban,
Piece of cloth.

Laboratory Procedure

Particle Size Determination

Soil samples were air-dried and served
through a 2mm mesh. Particle size analysis
was carried out by hydrometer method
(Juo, 1979) using sodium
hexametaphosphate as the dispersant.

Bulk density

Soil bulk density was determined by
undisturbed core method (Klute, 1986).
Three core samples were collected
randomly within 0 — 60cm at an interval of
0 — 20cm using 5.0cm diameter and 3cm
high rings of known weight (W1) and
volume (V). The samples were put in an
even at 105°C for 24hours and its weight
(W2) was recorded. Bulk density was
calculated at each tension levels as shown
in Appendix 1.



Determination of Soil
Properties.

Soil moisture content on mass basis

Soil moisture content on mass basis (mass
wetness) was determined by weight of
water at a given tension level divided by
weight of oven dried soil. The water
content was then expressed on percent
basis, thus: Mass of water/mass of soil
solids x 100 as described by Anderson and
Ingram, (1993) and presented in appendix
i

Hydraulic

Moisture content at field capacity
Moisture content at field capacity was the
mass wetness at 0.33bar as shown in
appendix i (Anderson and Ingram, 1993).

Moisture content at permanent wilting
point

Moisture content at permanent wilting
point was the mass wetness at 15bar as
shown in appendix i1 (Anderson and
Ingram, 1993)

Available soil moisture in the soil
Available moisture in the soil is the
difference between the soil moisture
obtained on mass or volume basis at field
capacity and permanent wilting point
(Israelson and Hanson, 1962).

Soil moisture retention and release
characteristics:
Soil moisture retention and released
characteristics of the samples was
determined using the pressure plate
apparatus. A triplicate sample was taken
each/depth/pressure head (0.33bar, 1.0bar,

3.3bar, 7bar, 10bar and 15bar) from 0 —

60cm depth at an interval 0 — 20cm for
undisturbed samples as described by Smith
& Mullins (1991). Each sample was
carefully taken and covered at the bottom
with a piece of cloth tied by rubber ring to
the sampling ring. The rings were 50mm in
diameter and 30mm in height. The soil
samples while in the rings were soaked in
water inside a tray overnight and pressure
was applied to the system the next morning.
For each depth, a moisture retention
determination was carried out in triplicate
at all the level of tension chosen. However,
the triplicate samples were all place on the
equipment at the same time. The amount of
moisture was determined after equilibrium
was reached in about 3 — 5days depending
on the texture of the sample. The samples
were even-dried at 105°C for 24hoursand
the results were expressed in percent
moisture on a dry weight basis. All the
water held between FC and PWP are
available to plants, and all tension values
from FC to PWP correspond to given
moisture contents for any soil. These
moisture content on mass basis was
graphed against their corresponding tension
values to give a soil-specific curve known
as the soil moisture characteristics (SMC)
curve.

Results

The result of this research work as
presented below include the particle size
distribution of the study area obtained from
a composite samples, the mean hydraulic
parameters (field capacity, permanent
wilting point and plant available moisture
of the study area) and the moisture
characteristics of the area as expressed in
soil moisture retention curve

Table 2: Particle Size Distribution of Soils of the Study Area.

PM Location  Depth  %passing Total sand ~ Silt( Clay ( Texture class
(cm) through 2mm 0.02-2mm  0.002- <0.002mm)
sieve 0.02mm)
Gar 0-20 93.50 73.60 12.16 14.24 Loamy sand
20-40 95.40 69.60 16.16 14.24 Loamy sand
SS 40-60  94.80 75.04 12.00 12.96 Loamy sand
Yankari 0-20 94.20 73.60 12.16 14.24 Loamy sand
Road 20-40  95.60 75.04 12.56 10.96 Loamy sand
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40-60  97.53 74.80 11.32 13.88 Loamy sand

Gumau 0-20 50.46 50.32 29.68 21.44 Sandy clay
20-40  55.09 52.32 21.44 26.24 loam
BC 40-60  49.90 51.68 25.44 26.24 Sandy clay
Buzaye 0-20 78.54 54.32 19.44 26.24 loam
20-40  83.06 52.32 21.44 26.24 Sandy clay
40-60  84.32 52.32 21.41 26.24 loam
Sandy clay
loam
Sandy clay
loam
Sandy clay
loam

PM = Parent materials. SS = Sandstone. BC = Basement complex

Table 3: Hydraulic Parameters of Soil of Basement Complex Origin (Toro and Bauchi LGA)
on Cultivated Land in Bauchi State.

PM Sample No  Soil Bulk FC PWP (water%)  Available
Depth Density (water%) water(%)
GR (I) 0-20cm 1.36 16.60 29.60 13.00®
GR(II) 20-40cm 1.14 20.00 34.60 14.602
SS GR (1II) 40-60cm 1.17 22.00 34.90 12.902
YR(I) 0-20cm 1.20 15.00 33.20 18.202
YR(ID) 20-40cm 1.20 18.00 33.20 15.202
YR(IIT) 40-60cm 1.20 17.00 31.60 14.602
GM(T) 0-20cm 1.42 16.10 19.50 3.40°
GM(1I) 20-40cm 1.28 18.10 21.90 3.80°
BC GM(III) 40-60cm 1.13 22.90 28.60 5.70°
BZ(I) 0-20cm 1.44 11.90 16.90 5.00°
BZ(II) 20-40cm 1.10 18.10 23.40 5.30°
BZ(III) 40-60cm 1.22 18.40 22.40 4.00°

PM = Parent materials, BC = Basement complex, SS = Sandstone
Data values bearing different letters a or b are significant at 5% level of probability
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Discussion

The particle size analysis of soil of the
study area was presented in Table 2. From
the table, locations that had soils derived
from sandstone parent materials (Gar and
Yankari Road) had more sand fractions
compared to soils derived from basement
complex formation whereas soil derived
from basement complex parent material
(Gumau and Buzaye) had more clay
particles. Also, from Table 2, the
percentage of the sample that was coarse in
nature (particles above 2mm in diameter)
was more in areas of basement complex
origin compared to the soil of sandstone
origin. Again, Table 2 showed that all the
sample locations of soil derived from
sandstone were loamy sand in nature. Also
observed were sample locations of soil
derived from basement complex that
recorded sandy clay loam as textural
classes. This variation in particle size
distribution among samples had implication
on moisture retention and release pattern of
the area. This result was supported by the
work of Vucic, (1987) who opined that pF
values are affected by the mechanical
content and according to Vucic, (1987), the
bigger the participation of the fine fractions
the greater the pF values, especially under
pressure of 0.33bars.

Table 3 showed the soil hydraulic
parameters such as field capacity (FC),
permanent wilting point (PWP) and
available moisture. From the Table 3,
moisture was higher at all levels (field
capacity, permanent wilting point and
available form) in soil derived from
sandstone compared to that of basement
complex parent materials. A similar result
was reported by O’Geen, (2013) who
opined that water storage and redistribution
are functions of soil pore space and pore
size distribution, which are governed by
texture and structure.

The soil moisture retention curve of Gar
(Fig. 2) and Yankari Road (Fig. 3) all in
Alkaleri Local Government Areas are
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similar in nature due to similar mechanical
content. Both curves showed steep slope
from the beginning to 7bar and turn gentle
till 15bar. This was an indication of free
flow of plant available moisture for plant
use at all tension levels. This free available
moisture content throughout the curve
could be linked with combination of silt and
very fine sand. This result was supported by
the work of Vucic, (1987) who opined that
pF values are affected by the mechanical
content and according to the same author,
the bigger the participation of the fine
fractions the greater the pF values,
especially under pressure of 0.33bars.
Similar results were found in a study by
Filizola et al., (2017), in his study of sandy
soils with different management practices
in an agricultural area. The high moisture
released at lower tension between 0 — 7bar
was as a result of high fine sand content in
this location. As they usually have larger
pores, sandy soils are more rapidly emptied
at low tensions, leaving only small amounts
of water retained at lower potentials.
Generally, the curves were not far from
each other till 15bar due to similar
mechanical properties (equal mineralogical
content of the soil, homogeneity of the
profile).

From the beginning, the curves of Gumau
(Fig. 4) and Buzaye (Fig. 5) experienced a
very steep slope at low tension between 0 —
Ibar, which was an indication of high
available moisture lost at lower tension.
Afterwards, the curves ran more or less
parallel to the soil moisture tension axis,
indicating that little or no moisture was
released between field capacity and
permanent wilting point. This result was
also reported by Obi and Akamigbo, (1981)
“ when the curve runs more or less parallel
to the soil moisture tension axis, it implies
that little or no water is released between
FC and PWP, as observed for some fine-
textured soils; but when the curve slopes
down quickly and then subsequently
becomes gentle, it implies that much of the
AWC of the soil sample is lost at very low



tension”. Also, the horizontal phase of the
curve at high tension may be due to
materials with greater particle size
heterogeneity, the effective pore size can be
reduced by the effect of empty spaces
between larger grains being occupied by
smaller particles (packaging phenomenon);
thus, it is possible for certain particle size
distributions to cause soil compaction and
minimize pore space as also reported by
Donagemma et al., (2016).

Conclusion

The result of the study area showed that
moisture retention characteristics depend
on soil texture. Findings revealed that soils
derived from sandstone exhibited higher
plant available moisture at most tension
levels evaluated compared to soils derived
from basement complex. The result also
showed that plant available moisture was
fast lost at lower tension level of lbar in
soils of basement complex while in soils of
sandstone it was slowly and steadily
released till tension of 15bar. Therefore,
the use of organic manure and early
planting/maturing or drought resistance
varieties of crop is recommended for
planting in soil derived from basement
complex parent material to avoid dry spell.
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