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ABSTRACT

A detailed pedological characterization of vertisols was carried out from in Itigi district central
Tanzania from 2022 to 2023 to adequately attain data relevant for agricultural planning and
executing soil fertility studies across the district. Six sites were selected, named as IPD-P1, DML-
P1, ITIG-P1, KTR-P1, SJR-P1 and TKR-P1 and considered as benchmark sites of existing vertisols
in the district with reference to existing soil information and a prior conducted reconnaissance soil
survey. Four samples from each site making a total of 24 samples were collected and analyzed with
standard laboratory procedures for understanding their chemical and physical properties. The soil
profiles were adequately very deep dominated by clayey. The pH level in all soils were between
slightly acidic (< 6.4) to moderate alkaline (> 8.2). Available P, K and Zn were generally low (> 2.1
cmol+ /kg, >17.4 cmol+ /kg, 0.79 cmol+ /kg respectively) in all study profiles. Levels of
Exchangeable bases in all study profile were adequately available in which Ca dominated over
others (<15 cmol/kg. With the use of USDA soil taxonomy, profiles were classified as IPD-P1
(vertic chromic gypsitorrests) DML-P1 (vertic chromic calcitorrests) ITG-P1 (vertic chromic
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gypsitorrests) KTR-P1 (vertic chromic calcitorrests) SJR-P1 (vertic chromic gypsitorrests) and TKR
(vertic chromic gypsitorrests). The six studied profiles had slight variations among them and within
their horizons in terms of physical and chemical properties, and therefore this enhances the need of
carrying soil characterization for effective fertilization recommendations.

Keywords: Vertisols; soil morphology; soil properties; fertility levels; soil classification.

1. INTRODUCTION

Soil data which is scientifically identified,
analyzed and related to various land uses is vital
for its utility aiding in planning and management
initiatives. Pedological characterization of various
landscapes entailing soils of localities is critical to
bring information about the nature of the slopes
where are located, their colour and nature of
growing vegetation [1]. Carrying out a
pedological characterization enhances the
understanding of the influence of abiotic and
biotic factors, landscape properties and biological
processes to the biophysical features of the soils.
Making sustainable planning and management of
soils resources becomes effective if its
morphology, and characteristics are well
understood [2].

Vertisols are common in tropical and subtropical
areas since such areas experience extreme
dryness and extreme wetness [3]. They are also
found in some parts of temperate and humid
regions [4]. Naming of the vertisols is locally
known as in Australia are named as cracking
clays, in Philippines are named as adobe,
Shachiang in China, Black Cotton Soils in India,
Makande in Malawi, Vleigrond in South Africa [5]
and Mbuga nyeusi in Tanzania [6]. Vertisols are
defined with high level of clay dominant which
determine and affect other morphological
features including ability to swelling during wet
season and shrinking during dry season [7]. A
good number of studies show that vertisols are
limited in the Phosphorus and Potassium levels
while exchangeable bases including Ca, Mg,
CEC are always high with low Sodium levels
implicating less salinity [8-10].

Vertisols occupies 350 million hectares of the
global agricultural land in which 60% are located
in tropics while 30% in subtropics and 10% in
cooler regions [3,6]. Largest coverages of
vertisols are in Australia (80,000,000 ha) while
India has a total of 73,000,000 ha of vertisols
followed by Sudan having 50,000,000 ha while
United States having 18,000,000 ha [5]. In
Ethiopia, vertisols occupies 12.61 million
hectares of the total agricultural land in the

country [11]. In Tanzania, vertisols occupies a
total of 47497 km2 of the total available crop land
in the country [12].

Vertisols are agriculturally potential benefits
dryland farming in Asia, Africa and some parts of
Europe occupied by such soils having vertic
properties [13]. In parts of Africa as Egypt,
Ethiopia and Cameroon, vertisols are used to
cultivate annual crops including sorghum, rice,
chickpea, and cotton. In Tanzania, semi-arid
areas having vertisols including Singida,
Dodoma, Shinyanga, Geita, Simiyu, Manyara,
Tabora, Kigoma and Mwanza are dominated with
cultivation of chickpea, Maize, cotton, sunflower,
rice and onions [6,14,15]. In all these areas
vertisols are useful in agriculture, are considered
fertle enhancing high produces offering
cultivation of two crop varieties in rotation within
one agricultural season [16]. Overcultivation with
minimal use of management practices are
accountable for vertisols fertility depletion and
decline in their quality posing a threat to semi-
arid and arid crop farming [13,11]. Such decline
and depletions are evidenced in Africa, Australia,
and America as indicated in a number of studies
[13,17-21]. This brings the potentials and
indisputable of understanding fertility levels and
suitability of vertisol in determining management
practices for sustainable productivity of vertisols
and in planning for agricultural development.

This study largely concentrated on understanding
morphology of the vertisols, their fertility levels
and making classification of the surveyed soils. It
is grounded on the base that, vertisols are
minimally studied in Tanzania while the existing
studies are based on few observations with
limited predictive potentials of the soils while
reflecting generalized information.

2. MATERIALS AND METHODS
2.1 The study Sites

The study sites are located in the central part of
Tanzania specifically in Itigi District of Singida
region and a detailed description of each site is
presented in Table 1.
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The climate of Singida region and Itigi in specific
can be termed as semi-arid type. The mean
annual rainfall ranges between 500 mm to 700
mm in which the whole region experiences a
unimodal rainfall pattern with a clear distinct of a
dry season and wet season. The rainfall season
normally begins in the end of November and
sometimes early of December ending in the end
of April and in few years in early May. The dry
season begins in May and ends in late of
November. Maximum mean temperature is
32.9°C normally experienced in November while
the minimum mean temperature is 17.8°C
normally observed in July [6]. Fig. 1 indicates the
climatic observation annually of the study
locations presenting rainfall and temperature
observations.

2.2 Data Collection

Selection of sites were based on existing soil
information of the region, reconnaissance survey
and transect walks. The selection of sites
considered land morphology, the observable soil
physical features, and the common cropping
patterns with critical consideration of the
vegetation nature of the areas. Stratified random
sampling was employed to ensure no effect of
difference in historical practices and
management of surveyed areas. In each used
sampling unit in soil samples collections,
observations were made effectively to maximum
depth of 120cm in which beneath that follows
another layer of gypsum deposits. The six
profiles profile were named as IPD-P1, DML-P1,
ITG-P1, KTR-P1, SJR-P1 and TKR-P1l. The
locations of the study sites were identified
through a standard GPS receiver in which
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coordinates were determined and recorded. In
making observation, the FAO guidelines [22]
were adopted and used. The studied profiles
horizons included the depths of 0-30cm, 30-
60cm, 60-90cm and 90-120cm. soil colour was
observed and classified based on soil colour
chart as presented by Munsell Color Company
[23]. Samples were collected through a
combination auger and were packed in polythene
labelled bags for laboratory procedures.

2.3 Standard Laboratory Procedures

The standard laboratory procedures were used
to analyze chemical and physical properties.
Particle distribution of the soils in particular sand,
silt and clay proportions were determined
through hydrometer and classified by USDA
textural class triangle [24]. Soil pH was
determined by using potentiometric method in
water and in KCL. Soil Organic was determined
through Walkley-Black method as described by
FAO [25] while 1.724 factor was used to
determine organic matter through multiplication.
Electrical conductivity was determined using
potentiometric method [26]. The soil sodium,
calcium, magnesium and potassium were
determined using atomic emission spectrometry
through ammonium acetate saturation [27]. Soll
phosphorus was extracted by Bray and Kurtz-1
method [28]. For determination of soil total
nitrogen, the Micro Kjedahl digestion distillation

and a titre method was used [1]. Saoll
extractable micronutrients including Zn, Mn and
Fe were determined using atomic
absorption spectrophotometer through

diethylenetriaminepentaacetic acid [29].
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Fig. 1. Climate data of the study areas from January to December in 2022
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Table 1. Site characteristics of the studied pedons in the study areas

Profile Coordinates Altitude MAR MAT (°C) AEZ Land use Landform Slope
(m) (mm)
IPD-P1 5°45 227 S 34° 295" E 1300 500-700 17.8-32.9 S-A Agriculture Flat/Plane Gentle
DML-P1 5°41° 37 S 34° 30° 39" E 1304 500-700 17.8-32.9 S-A Agriculture Flat/Plane Gentle
ITG-P1 5°44’ 517 S 34° 28 59" E 1290 500-700 17.8-32.9 S-A Agriculture Flat/Plane Gentle
KTR-P1 5°3844”S34° 22’13’ E 1298 500-700 17.8 - 32.9 S-A Agriculture Flat/Plane Gentle
SJR-P1 5°39°30"S 34°31"13"E 1300 500-700 17.8-32.9 S-A Agriculture Flat/Plane Gentle
TKR-P1 5°40°'60” S 34°29°'20"E 1299 500-700 17.8-23.9 S-A Agriculture Flat/Plane Gentle

Note: MAR = Mean Annual Rainfall; MAT = Mean Annual Temperature; AEZ = Agro ecological zone; S-A = Semi-Arid; IPD-P1 = Ipande Profile 1; DML-P1 = Damwelu Profile
1; ITG-P1 = ltigi Profile 1; KTR-P1 = Kitaraka Profile 1; SJR-P1 = Sanjaranda Profile 1; TKR-P1 = Tambukareli Profile 1
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3. RESULTS AND DISCUSSION
3.1 Morphological Characteristics

The observed soil profiles in all their horizons
were dark in colour while hard, demarcated and
shrinking during the dry season. Generally, all
profiles were deep ranging between 110 cm to
130 cm. all studied profiles were poorly drained
and water table was found to be in more than
180 cm below. All studied profiles were very dark
in colour in exception of ITG-P1 which had a dark
grey soil in the topsoil. The consistence was
found very hard in all studied profiles particularly
in their subsoil and subsurface. A fine clayey
dominated composition of the profiles and
therefore affected structure which was wedge
shaped structure for all profiles and limited
porosity. During the dry season, the profiles were
dominated by slickensides with deep cracking
structures enhancing confirms existence of
shrinking, swelling and pedoturbation [30].

3.2 Soil Physical Properties

Study findings based on laboratory procedures
and physical surveys on soil physical properties
are presented in Table 2. Particle size
distribution of the studies soils was assessed
since the property determines other features of
the soils including structure, moisture retention,
soil aeration and capacity to hold longer nutrients
[30]. Silt percentages were generally low (<32%)
ranged between 8 to 32% in all studied horizons
of the profiles with mean value of 18.25%. Silt
percentages were declining from topsoil to lower
horizons in IPD-P1 and SJR-P1 contrary to other
pedons as higher ratios of silt were observed in
lower horizons of DML-P1, ITG-P1 and TKR-P1.
Sand contents were very low (<30%) in all
horizons of all profiles ranging between 5 to 29%
with a mean value of 17.79%. The sand content
was inconsistent from top horizons to lower ones
in all profiles. The clay content was high (>43%)
in all studied pedons and horizons ranging
between 43% to 78%. Clay contents were
observed to increase from top subsoil in IPD-P1,
DML-P1, ITG-P1, KTR-P1 and SJR-P1 while an
increase was noted in TKR-P1 subsoil. Highest
clay content (78%) was recorded in KTR-P1
while the lowest one (43%) was in DML-P1.
Based on In All studied pedons were very deep
to a maximum depth of 140 m. all studied profiles
had clay soil textural class [31]. The particle
distribution of the studied soils implicates high
ability of the soil to hold longer the moisture,

enhancing immobility of Nyaombo and Majule
[13] and difficult to work on particularly when
extreme wet and extreme dry [32]. In crop
farming, the high clay content poses difficult to
some crop roots in penetration while provides
supportive environment for crops that normally
utilizes soil moisture for growth like chickpea and
have deep roots development [6,13].

The bulk density varied over profiles and
horizons (Table 2). The bulk densities of the
studied pedons ranged between 1.5 g/m3 and
2.3 g¢/m3 with a mean value of 1.9 g/m3. The
levels of bulk densities were increasing in profiles
IPD-P1, DML-Pland ITG-P1 while decreasing in
from topsoil to subsoil in profiles KTR-P1 and
SJR-P1. Bulk densities of topsoils ranged
between 1.5 g/m3 to 2 g/m3 while in the subsoil
the range was between 1.6 g/m3 to 2 g/m3
marking minimal variations. The highest bulk
density was 2.3 g/m3 in subsoil of ITG-P1 while
the minimum level (1.5 g/m3) was in topsoil of
IPD-P1. Study results in terms of bulk density
indicates the soils quality and their abilities to
ecosystem function in which the increasing levels
of bulk density as in IPD-P1, DML-P1 and ITG-
P1 limits the infiltration levels of water in the
respective soils while creating easy runoff [33].
Most of pedons had high bulk density above the
normal rate (1.0 g/m3 to 1.6 g/m3) meaning that
the studied soils are difficult to root penetration,
very compact and limited soil air movement.

3.3 Soil Chemical Properties

Soil pH differed slightly among pedons and within
profiles (Table 3) from moderately alkaline to
slightly acid. The maximum level of soil pH was
in in IPD-P1 (8.2) while was minimum (6.37) in
pedon TKR-P1l. soil pH was increasing from
topsoil to subsoil in all studied profiles. Topsoil
pH level in all pedons ranged between 6.4
(slightly acid) to 7.9 (moderately alkaline). The
subsoils of IPD-P1 and SJR-P1 were mildly
alkaline while profiles DML-P1 and TKR-P1 had
neutral pH. The KTR-P1 subsoil had moderately
alkaline (pH = 8). The lowest horizons (Bss3) of
all profiles ranged between mildly alkaline to
moderately alkaline due to large CaCO3 deposits
beneath the horizons. In all studied pedons, the
pH levels as determined by KCL were low and
appeared in consistence implicating the soil
having net negative charge [30].

The organic carbon of topsoil ranged between
1.07% to 1.7% while subsoil organic carbon level
was between 1.01% to 1.31%. The maximum
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Table 2. Physical characteristics of studied soils

Pedon Horizon Depth (cm) Particle size Distribution (%) Textural  Bulk Density
Sand Silt Clay class (g/m3)
IPD-P1 Ap 0-30 11 26 63 Clay 1.5
Bssl 30 -60 6 24 70 Clay 1.9
Bss2 60 — 90 11 16 73 Clay 1.9
Bss3 90 - 120 17 8 75 Clay 2
DML-P1 Ap 0-30 10 22 68 Clay 1.7
Bssl 30-60 12 16 72 Clay 1.9
Bss2 60 — 90 5 20 75 Clay 1.9
Bss3 90 -120 10 21 69 Clay 2
ITG-P1 Ap 0-30 25 32 43 Clay 1.9
Bssl 30-60 29 24 47 Clay 2.1
Bss2 60 — 90 23 26 51 Clay 2.3
Bss3 90 - 120 25 32 43 Clay 2
KTR-P1 Ap 0-30 16 12 72 Clay 1.9
Bssl 30-60 15 11 74 Clay 1.6
Bss2 60 — 90 15 10 75 Clay 1.9
Bss3 90 - 120 10 12 78 Clay 2
SJR-P1 Ap 0-30 27 13 60 Clay 2
Bssl 30-60 23 13 64 Clay 1.7
Bss2 60 — 90 22 12 66 Clay 1.8
Bss3 90 -120 21 11 68 Clay 1.8
TKR-P1 Ap 0-30 27 15 58 Clay 2
Bssl 30-60 29 17 54 Clay 2
Bss2 60 — 90 22 18 60 Clay 1.9
Bss3 90 -120 16 27 57 Clay 1.9

Note: IPD-P1 = Ipande Profile 1; DML-P1 = Damwelu Profile 1; ITG-P1 = Itigi Profile 1; KTR-P1 = Kitaraka Profile
1; SJR-P1 = Sanjaranda Profile 1; TKR-P1 = Tambukareli Profile 1

level of organic matter (1.8%) was found in
profile IPD-P1 while the minimum level of organic
matter (01%) was recorded in KTR-P1l. The
organic mean value for all studied horizons was
1.25%. All studied soils had low level of organic
carbon [34]. Organic matter for topsoil and
subsoil ranged between 1.74% to 3.1% in all
pedons. The maximum level of organic matter
was 3.1% in topsoil of pedon DML-P1 while the
minimum level among horizons was 1.72% in
KTR-P1. The low levels of organic carbon
implicated low level of organic matter as the
earlier determines the least. Despite of the dark
colour of observed soils low level of organic
carbon and organic matter are enhanced by
limited occurrence of decomposition in semi-arid
areas due to scarce distribution of vegetation
resulting from low rainfall [13].

All studied profiles and within horizons had low
level of available phosphorus [35]. The topsoils
of studied pedons had phosphorus ranging from
0.6 mg/kg to 2.1 mg/kg in profiles SJR-P1 and
KTR-P1 respectively. The lowest recorded
available phosphorus in all horizons was 0.5
mg/kg in profile SJR-P1 and TKR-P1. The mean

value for all horizons’ available phosphorus was
1.37 mg/kg. The low level of P in studied soil is
an outcome of P fixation performed under the
influence of acidity and alkalinity in the formation
of insoluble compounds as well as the influence
of parent materials featured with low [36].

Total nitrogen was ranging between 0.03% to
0.09% in all horizons of studied pedons. The
mean value for total nitrogen was 0.06%. The
level of nitrogen was decreasing from topsoil to
subsoil and downward consecutive horizons.
Generally, nitrogen level in all horizons of studied
profiles were rated low based on description by
Tenga et al. [37]. Low level of nitrogen in
vertisols is caused by denitrification resulting
from poor drainage [13].

Exchangeable Ca ranged between 15.6 to 42.6
cmol (+)/kg. The topsoils of profiles IPD-P1, ITG-
P1 and SJR-P1 had high level of Ca ranging
between 15.6 to 19.4 cmol (+)/kg while the
topsoils of DML-P1, KTR-P1 and TKR-P1 had
very high level of Ca ranging between 20 to 35.7
cmol (+)/kg. The level of Ca was increasing from
topsaoils to lower horizons in all studied pedons in
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which all the below topsoils had very high level of
Ca which was > 20 cmol (+)/kg. The studied soils
had high rates of Ca mainly due to large deposits
of gypsum beneath the soils [6,13].
Exchangeable Mg ranged between 0.4 cmol
(+)/kg to 13.4 cmol (+)/kg with a mean value of
7.8 cmol (+)/kg. The topsoils of IPD-P1, DML-P1,
ITG-P1 and KTR-P1 had very high level of Mg
including 10.2, 13.4, 9.7 and 11.6 cmol (+)/kg
respectively and level of Mg was observed to
decrease form topsoil to lower horizons. Profiles
SJR-P1 and TKR had high (2.5 cmol (+)/kg) and
medium (0.5 cmol (+)/kg) as described by
[ILACO [38]. All horizons in profiles IPD-P1,
DML-P1, ITG-P1, KTR-P1 and SJR-P1 had very
high level of Mg ranging between 13.4 to 5.4
cmol(+)/kg. The level of Mg in all studied profiles
was therefore sufficient to support a variety of
crop production.

The level of exchangeable K ranged between 0.8
to 17.4 cmol (+)/kg with a mean value of 4.88
cmol(+)/kg. The topsoils of all studied profiles
had very high level of K ranging between 1.2 to
14 cmol(+)/kg while the level of K was increasing
from topsoil to lower horizons. TKR-P1 differed
with other profiles in which the level of K was
decreasing from topsoil to subsoils and beneath
horizons having a range of high to very high level
of K.

The level of Na in all studied profiles was rated
between low to very low as all were found below
0.85 cmol (+)/kg. The topsoils of the studied
profiles including IPD-P1, DML-P1, ITG-P1, KTR-
P1, SJR-P1 and TKR-P1 had Na levels of 0.85,
0.46, 0.09, 0.9, 0.3 and 0.1 cmol (+)/kg
respectively while subsoils horizons had not
exceeded 0.83 cmol (+)/kg of sodium content
and it was observed that the level of
exchangeable sodium was decreasing from
topsoil to lower horizons. The low level of Na
influenced the low level of Exchangeable Sodium
Percentage (ESP) in which all profiles had low
level of ESP ranging between 0.1% to 2.5% in
which this implies that the studied soils are non-
saline [39]. The study soils had varied range of
cation exchange capacity (CEC) that ranged
between 25.80 cmol (+)/kg to 55.70 cmol (+)/kg
with a mean value of 39.36 cmol (+)/kg. All the
horizons of the studied soils profile had high to
very high level of CEC in which such levels
indicate higher levels of mixed clay mineralogy
[30,35]. The topsoils of profiles IPD-P1, DML-P1,
ITG-P1, KTR-P1, SJR-P1 and TKR-P1 had high
CEC levels having 33.2, 42.9, 26.8, 50.8, 35.5

and 25.8 cmol (+)/kg respectively. The CEC
rates were observed increasing from top soil to
lower horizons. The subsoils of profiles IPD-P1,
DML-P1, ITG-P1, KTR-P1, SJR-P1 and TKR-P1
had CEC rating between 55.7 cmol (+)/kg. to
26.4 cmol (+)/kg and the lowest level (25.8 cmol
(+)/kg) was recorded in topsoil of pedon TKR-P1.

Electrical conductivity of all studied pedons were
low (<1.7 ms/cm). Electrical conductivity ranged
between 0.18 ms/cm as a minimum to 0.8 ms/cm
as maximum level. The topsoils of pedons IPD-
P1, DML-P1, ITG-P1, KTR-P1, SJR-P1 and
TKR-P1 had EC levels of ranging between 0.2 to
0.8 ms/cm while the subsoils ranged between 0.2
to 0.8 mc/cm as well. The low levels of electrical
conductivity mean soils are none saline [14,18].

3.4 Extractable Micronutrients

The extracted micronutrients including Zn, Mn
and Fe of the studied profiles are presented in
Table 4. Extractable Zn varied between 0.09 to
0.79 mg/kg with a mean value of 0.45 mg/kg.
Topsoils of studied profiles had Zn level ranging
between 0.9 to 74 mg/kg while subsoils had a
range between 0.19 to 0.79 mg/kg. In IPD-P1
profile Zn ranged between 0.51 to 0.28 mg/kg
which is rated as low. In profile DML-P1 Zn
ranged from 0.73 to 0.29 which is rated as
medium to low level and in profile ITG-P1 ranged
from 0.09 to 0.32 mg/kg. in pedons KTR-P1,
SJR-P1, and TKR-P1 the level of Zn ranged
between 0.22 to 0.74 mg/kg, 0.24 to 0.75mg/kg
and 0.41 to 0.79 mg/kg all rated low to medium
level.

In terms of Manganese (Mn), study profiles had a
range of 9.65 to 46.30 mg/kg with a mean value
of 24.94 mg/kg. topsoils of studied profiles IPD-
P1, DML-P1, ITG-P1, KTR-P1l, SJR-P1 and
TKR-P1 had Mn levels of 10.85, 15.7, 28.5, 39.6,
27.7 and 37.1 mg/kg respectively. The subsoils
of all studied pedons, Mn was ranging between
12.63 to 35.3 mg/kg. The existing levels of Mn
are adequate for plant growth [30]. Extracted Fe
varied among profiles and horizons ranging
between 0.4 to 3.7 mg/kg with a mean value of
1.9 mg/kg rated as low to high [4]. Topsoils had
Fe ranging between 1.3 to 1.9 mg/kg while
subsoils ranged between 1.8 to 3.3 mg/kg rated
as high [40]. Lower horizons of all studied
profiles had lowest levels of extracted Fe ranging
between 0.4 to 0.6 mg/kg rated as between low
to medium [41].
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Table 3. Chemical properties of studied soils

Depth pH ocC OM N Av. P Exch. bases and CEC EC ESP

c § (cm) . (cmol y/kg) ms/cm

E % H20 KCL % mg/kg Ca Mg K Na CEC

o Ap 0-30 7.3 6.1 1.6 2.6 0.08 1.9 19.4 10.2 2.7 0.85 33.2 0.2 25
A  Bssl 30-60 7.6 6.4 15 2.6 0.07 11 22.7 9.8 3.9 0.83 37.2 0.6 2.2
E Bss2 60-90 7.6 6.3 1.3 2.2 0.05 0.8 22.9 9.7 4.1 0.81 37.5 0.6 21
~  Bss3 90-120 7.8 6.3 1.2 2.1 0.05 0.6 24.9 5.4 3.9 0.72 34.9 0.8 2.1
—4 Ap 0-30 6.9 5.9 1.8 3.1 0.07 2 27.8 134 1.2 0.46 42.9 0.5 11
% Bssl 30-60 7.1 5.3 1.3 2.2 0.06 1.9 28.3 11.4 21 0.39 42.2 0.4 0.9
= Bss2 60 — 90 7 6 11 1.9 0.06 1.8 29.9 10.5 3.3 0.38 44.1 0.4 0.9
O Bss3 90 -120 7.3 5.6 11 1.9 0.05 1.7 27.3 10.1 34 0.34 411 0.2 0.8
o Ap 0-30 7.9 6.7 1.7 2.9 0.09 1.8 15.6 9.7 14 0.09 26.8 0.8 0.3
A  Bssl 30-60 7.9 6.7 1.0 1.7 0.07 0.9 18.4 8.5 15 0.05 28.5 0.7 0.2
(,2 Bss2 60 — 90 8.1 7.1 1.0 1.8 0.05 8 20.2 8.3 1.9 0.08 30.5 0.6 0.3
~  Bss3 90 -120 8.1 7.1 11 1.9 0.03 0.6 20.9 7.1 2.1 0.04 30.1 0.6 0.1
4 Ap 0-30 7.6 6.3 11 1.8 0.08 21 35.7 13 1.2 0.9 50.8 0.25 1.8
; Bssl 30-60 8 7 1.0 1.7 0.06 11 40.2 11.6 3.1 0.8 55.7 0.2 14
~ Bss2 60 — 90 8.2 6.7 1.0 1.7 0.06 0.8 39.8 9.7 4.1 0.7 54.3 0.2 1.3
X  Bss3 90 -120 7.9 6.7 1 17 0.08 0.7 42.6 8.2 4.2 0.7 55.7 0.18 1.3
« Ap 0-30 6.7 5.3 11 1.9 0.06 0.6 18.4 25 14 0.3 35.5 0.2 0.8
Q- Bssl 30-60 7.8 6.5 1.2 21 0.05 0.5 20 9.2 1.7 0.3 46 0.2 0.7
L Bss2 60 — 90 7.9 6.8 1.2 21 0.04 0.5 24.6 8.8 1.7 0.09 50.3 0.3 0.2
?  Bss3 90 -120 8 6.7 1.2 2.1 0.05 0.3 27.3 7.4 1.7 0.09 52.2 0.4 0.2
4 Ap 0-30 6.4 5 1.6 2.7 0.08 11 20 0.4 5.3 0.1 25.8 0.2 0.4
% Bssi 30-60 6.8 5.8 1.3 23 0.08 0.9 25 0.4 1 0.02 26.4 0.8 0.3
Dé Bss2 60 — 90 7.1 6 1.2 21 0.07 0.8 28.9 0.8 0.9 0.02 30.6 0.7 0.1
F  Bss3 90-120 7.3 5.6 14 24 0.06 0.5 30.3 11 0.8 0.04 32.2 0.6 0.1

Note: OC = organic carbon; OM = Organic matter; N = Nitrogen; Av. P = Available phosphorus; CEC = Cation exchange capacity; EC = Electrical conductivity; ESP =
Exchangeable Sodium Percentage; IPD-P1 = Ipande Profile 1; DML-P1 = Damwelu Profile 1; ITG-P1 = Itigi Profile 1; KTR-P1 = Kitaraka Profile 1; SJR-P1 = Sanjaranda Profile
1; TKR-P1 = Tambukareli Profile 1
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Table 4. Extractable micronutrients status of studied soils

Pedon Horizon Extractable Micronutrients (mg/kg)
Zn Mn Fe
IPD-P1 Ap 0.51 10.85 1.6
Bssl 0.45 24.35 1.8
Bss2 0.32 26.02 1.7
Bss3 0.28 11.35 0.4
DML-P1 Ap 0.61 15.7 1.7
Bssl 0.73 12.63 2.2
Bss2 0.36 6.65 3.2
Bss3 0.29 37.1 0.4
ITG-P1 Ap 0.09 28.5 1.9
Bssl 0.19 35.3 2.2
Bss2 0.32 28 3.7
Bss3 0.31 10.96 0.7
KTR-P1 Ap 0.74 39.6 1.8
Bssl 0.45 35.2 2.4
Bss2 0.51 37.12 3.3
Bss3 0.22 46.3 0.6
SJR-P1 Ap 0.56 27.7 1.3
Bssl 0.69 22.04 3.3
Bss2 0.75 15.7 3.5
Bss3 0.24 13.6 0.6
TKR-P1 Ap 0.41 37.1 1.6
Bssl 0.79 20.76 2.2
Bss2 0.48 19.01 3.7
Bss3 0.56 37 0.6
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- Diagnostic Other diagnostic features Order Suborder Great group Subgroup Family
o epipedon and
°©
o subsurface
o ;
horizon
Ochric Semi-arid, gently sloping, very Vertisols Torrerts Gypsitorrests Chromic Very fine clayey,
N epipedon, deep, clayey, mildly alkaline, Gypsitorrests gently sloping, mild
A Calcic horizon wider deep cracking structure, alkaline, non-acidic,
a sticky during wet, very had isohyperthermic,
during dry season. chromic gypsitorrests
Ochric Semi-arid, gently sloping, very Vertisols Torrerts Calcitorrerts Chromic Very fine clayey,
o epipedon, deep, clayey, neutral to mildly Calcitorrests mildly alkaline, non-
- Calcic horizon alkaline, wider deep cracking acid, isohyperthermic,
E structure, sticky during wet, chromic calcitorrests
very had during dry season.
Ochric Semi-arid, gently sloping, very Vertisols Torrerts Gypsitorrests Chromic Fine clayey, acidic,
- epipedon, deep, clayey, slightly acidic to Gypsitorrests moderate alkaline,
a Calcic horizon moderate alkaline, wider deep isohyperthemic,
(,-_9 cracking structure, sticky during chromic gypsitorrests
- wet, very had during dry
season.
Ochric Semi-arid, gently sloping, very Vertisols Torrerts Calcitorrerts Chromic Very fine clayey,
— epipedon, deep, clayey, slightly acidic to Calcitorrests acidic, moderate
Q- Calcic horizon moderate alkaline, wider deep alkaline,
E cracking structure, sticky during isohyperthermic,
< wet, very had during dry chromic calcitorrests
season.
Ochric Semi-arid, gently sloping, very Vertisols Torrerts Gypsitorrests Chromic Fine clayey, moderate
- epipedon, deep, clayey, neutral to Gypsitorrests alkaline,
Q. Calcic horizon moderate alkaline, wider deep isohyperthermic,
%,) cracking structure, sticky during chromic gypsitorrests

wet, very had during dry
season.
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- Diagnostic Other diagnostic features Order Suborder Great group Subgroup Family
o epipedon and
°©
o subsurface
o ;
horizon
Ochric Semi-arid, gently sloping, very Vertisols Torrerts Gypsitorrests Chromic Fine clayey, acidic,
5 epipedon, deep, clayey, slightly acidic to Gypsitorrests isohyperthermic,
x calcic horizon neutral, wider deep cracking chromic gypsitorrests
?_4 structure, sticky during wet,

very had during dry season.
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3.5 Soil Classification and Fertility Levels

The assessed soil morphology, properties both
physical and chemical were utilized by the study
to feature the diagnostic horizons and other
attributes corresponding to soil classification as
by soil Taxonomy [5]. The classification results
are presented in Table 5.

4. CONCLUSION

The studied soils had adequate depth, optimum
texture and penetrable to most crop roots. All
study areas landscapes are gentle slopes
therefore allows mechanizations though limited
to high clayey ratio. The pH level ranging
between slightly acidic to moderate alkaline
provide a conducive condition for growth of a
wide range of crops and plants. Organic matter
and organic carbon are generally low in the
studied soils due to limited decomposition of
plants in semi-arid areas necessitating adding of
organic manure for better crop production. Study
soils had low level of nitrogen and therefore
needs fertilization with N component or growing
crops with nitrogen fixation ability as pulses
particularly chickpeas and others. P, K and Zn
were found low in all profiles and therefore for a
good condition for growth of fertilizers, the soils
need to be fertilized with P and K fertilizers along
with Zn based on existing status of the specific
soil sites. Exchangeable and CEC bases were
found adequate to support growth of a variety of
crops. The six selected soil profiles were
classified based on USDA soil taxonomy in which
profile IPD-P1 was vertic chromic gypsitorrests,
profile DML-P1 was vertic chromic calcitorrests,
profile ITG-P1 was vertic chromic gypsitorrests,
profile KTR-P1 was vertic chromic calcitorrests,
profile SJR-P1 was vertic chromic gypsitorrests
and profle TKR was vertic chromic
gypsitorrests.
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