World Jourol of
Agriculture &
Soil Science

ISSN: 2641-6379
World Journal of
Agriculture and Soil Science

Research Article

DOI: 10.33552/WJASS.2020.04.000599

lris Publishers

Copyright © All rights are reserved by Chris-Emenyonu

Suitability Evaluation of Urban Soils underline by Asu
River Parent Material forCassava Manihotesculenta
and Bambara groundnut (Vignasubterranea (L.)
Verdc) Production in Ebonyi, Southeastern Nigeria

Chris-Emenyonu*, Onweremadu EU, Njoku JD and Ahukaemere CM

Department of Soil Science and Technology, Federal University of Technology, Nigeria

Technology, Federal University of Technology, Nigeria.

*Corresponding author: Chris-Emenyonu, Department of Soil Science and

Received Date: April 27,2020
Published Date: May 11, 2020

Abstract

Cassava and Bambara groundnut are commonly consumed crops in Nigeria. Cassava is a tuber crop of utmost importance in Nigeria and

increasing the production of cassava will enhance food security because cassava is consumed widely in Nigeria and Bambara groundnut is the third
most important legume after groundnut (Arachishypogaea) and cowpea (Vignaunguiculata) in Africa. Soil suitability evaluation of some urban soils
derived from Asu river group in Ebonyi rainforest agroecological zone of South eastern Nigeria was undertaken to define the fitness of the soil for
production of River for Cassava (Manihotesculenta and Bambara groundnut (Vignasubterranea (L.) Verdc). The FAO guideline for land evaluation
was used. Results obtained showed that sand content ranged from 481.85 - 669.6 g kg, silt content ranged from 192.8 - 330.27 g kg-1 while clay
content ranged from 137.6-258.35 g kg*. Bulk density ranged from 1.43- 1.44 gcm™ and textural class ranged from sandyloam to sandy clay loam.
PH varied from very strongly acidic (4.37) to moderately acidic (5.79). Organic matter ranged from 5.08-7.94 g kg'. Soils were low in available
phosphorus with values ranging from 7.60-10.34 g kg and total nitrogen ranged from 0.30 to 0.85 g kg™. Suitability evaluation showed that all the
sites studied were currently not suitable (N1) for cassava production when the pH requirement for cassava was matched with pH of the study area.
These urban soils were also currently not suitable (N1) for Bambara groundnut production due to limitation of rainfall and total nitrogen. Therefore,
this study recommends liming of soil of the study area to encourage cultivation and promote sustainable cassava production and in the cassava of
bambara groundnut, since rainfall of the area is not suitable for its production, there is no need to embark on its cultivation except in alternative
irrigation pattern is to be used.
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Introduction

Nigeria is the most populous black nation in the World and
in sub Saharan Africa [1]. Nigeria’s population 202,363,773
million [2], which is 61% of the World’s Population. 51.2 % of this
population lives in urban area. Increase in population, especially
in urban area means more persons to be fed and yet less available
food in these areas due to insufficient food production as a result
of unplanned land uses resulting to land degradation of urban
landscape, Inadequate information on soil suitability prior to land
use and lastly, Inadequate Information on urban and peri-urban
soils for crop cultivation. Land suitability evaluation is used to
ascertain the compatibility of the land for a specific type of use [3].

Cassava deserves special recognition as a crop which has
placed food on the table of various homes in Nigeria and Africa

@ @ This work is licensed under Creative Commons Attribution 4.0 License|W]ASS.MS.ID.OOOS99.

as a whole. Nigeria is among the major cassava growing countries
of the World and cassava is relatively adaptable to marginal soils
and erratic rainfall. According to Anikwe, et al. [4], famine rarely
occurs in regions where cassava is widely grown since it is known
to provide a stable base to the food production system. According
to Ahukaemere, et al. [5] cassava is primarily grown for its starch
containing the tuberous root. These roots are the major source of
dietary energy for more than 500 million people in African [6,7].
Cassava is a major crop in South Eastern Nigeria and can help in the
quest for food security for the teeming population.

Bambara groundnut is the third most important legume after
groundnut (Arachishypogaea) and cowpea (Vignaunguiculata)
in Africa. Azam- Alj, et al, [8] reported that Bambara groundnut
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seed makes a balance food due to the fact that it contains sufficient
quantities of carbohydrate (63%), protein (16.25%) and fats
(6.3%) with relatively high proportions of lysine and methionine
as percentage of the protein (6.6 and 1.3% respectively) and it can
be consumed in different forms either in the immature green state
or matured form. In South Eastern Nigeria, it is well consumed
especially in Enugu State; it serves as one of their local delicacies. If
the yield of these crops is to be increased, there is a need to match
cassava and bambara groundnut cultivation with the suitability of

soil for its production.

With the recent increase in urban and peri-urban population,
suitability evaluations of soils for cassava and Bambara groundnut
production in these areas are important as it is essential in

enhancing their production in these areas.
Materials and Methods

Description of study area

The study was carried out in Amatam, Isiagwu in Ebonyi
State rainforest agro-ecological zone of Nigeria. Ebonyi state lies
approximately within longitudes 7° 30’ and 8° 30’ East of the
Greenwich Meridian and latitudes 5° 40’ and 6° 45’ North of the
Equator [9] while the study area lies between 5057.290N and
7033.445E with an elevation ranging from 73 to 81m. The climate
is humid tropical. The rainfall pattern is bimodal with peak in July
and September but this has been altered by climate change. The
minimum rainfall is 1700 mm while the maximum is 2000 mm
with a mean of 1800mm [10]. The temperatures are 27 °C and 31
°C for minimum and maximum, respectively. The relative humidity
is 60% during the dry period and 80% in the rainy season [11].
Isiagwu area has savannah vegetation characterized by abundant
tall grasses and other herbaceous plant species. Shrubs are also
found but not in a regular pattern amidst the grassy or herbaceous
vegetation are trees that are scare. Relief of the study area is low-
lying and undulating [9]. The geology of the area is made up of
sequences of sandy shales, with fine grained micaceous sandstones
and mudstones which are Albian in age and belongs to the Asu
River Group [12]. Low input agriculture is generally practiced and
land preparation is by slashing and burning.

Field study and soil analyses

Three urban soils were randomly selected for the study. One
pedon was dug in each urban soil and a total of three pedons
were evaluated. A total of 15 soil samples were collected from the

Table 1: Site characteristics of Urban soils.

three pedons based on horizon differentiation and analyzed in the
laboratory for various soil properties following the procedures
outlined by Soil Survey Staff [13].

Land suitability evaluation was done in line with the FAO
Framework for land evaluation [6] for the arable crops. The
land requirements for Cassava (Manihotesculenta) and Bambara
groundnut (Vignasubterranea (L.) Verdcwere matched with the

land characteristics of the study area.

Geo-graphical Co-Ordinates of Urban Soil (Amatam, Isiagwu,
Ebonyi, State)

D Pedon 1

5057.33N-7033.445E, Altitude: 73m

. Pedon 2

5057.290N-7033.401E, Altitude: 81m

D Pedon 3

5057.454N-7033.167E, Altitude: 73m
Results and Discussion

Soil characteristics

Table 1 shows the characteristics of the study sites, and Table
2a & 2b show the land requirements for cassava and bambara
groundnut production while Table 3 and Table 4 show the
suitability evaluation. The soil texture ranged from sandy loam to
loam in pedon 1, sandy loam in pedon 2 and sandy loam to sandy
clam loam in pedon 3 ( Table 2). Mean sand content ranged from
481.85g kg in pedon 3 to 669.6 g kg' in pedon 2. Clay content
was increased with depth. Silt content ranged from 192.8 g kg to
330.27 g kg-1. Bulk density ranged from 1.40 to 1.44 gcm-3. Soil
reaction was very strongly acidic (4.37) to moderately acidic (5.79).
pH values obtained from soils of Asu River group is similar to those
of Nwite, et al. [12] and were higher than critical limit of pH range
(pH 3.7 - 4.9) which is limiting to plant performance and may cause
aluminum toxicity [14]. Organic matter ranged from 5.08-7.94 g
kg and this is below the critical limit of 10 g kg™ as reported by Esu
[15]. Low organic matter of the area is typical of urban soils because
of the removal of the rich top soils as a result of urban activities.
Soils were low in available phosphorus with values ranging from
7.60-10.34 mgkg™ and total nitrogen ranged from 0.30 to 0.85 g
kg. Cation exchange capacity ranged from 7.37 to 12.90 cmol kg
while percentage base saturation ranged from 86.94% to 95.67%.

Rainfall 1700 - 2000 1700 - 2000 1700 - 2000
Temperature 27°C-31°C 27°C-31°C 27°C-31°C
Soil depth 110 120 100
Sand (gkg) 529.6 669.6 481.85
Silt(g kg) 330.27 192.8 277.8
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clay(g kg) 140.13 137.6 258.35
Texture SL SCL SCL
BD (gcm-3.) 1.44 1.43 1.43
Slope 1-2 1-2 1-2
Drainage WD WD WD
T
pH 5.79 5.4 4.37
T N(gkg) 0.3 0.44 0.85
CEC (Cmo1(+) kg-1) 7.37 12.94 12.9
Base saturation(%) 94.47 95.67 86.94
Organic C(g kg) 6.34 7.94 5.08
Al saturation 3.73 4.21 3.72

CEC= Cation exchange capacity, TN=Total Nitrogen, Organic C= organic carbon, Al saturation= Aluminum saturation, Bd=bulk density.

Land suitability evaluation of studied soils

Land characteristics considered for the cultivation of cassava
and Bambara groundnut were rainfall, temperature, topography
(slope) and drainage. While the soil characteristics considered
for cassava production wereorganic carbon, pH, cation exchange
capacity, Total Nitrogen and Base saturation (Table 2a & 2b).

Table 2a: Land requirements for Bambara Groundnut Production.

All urban sites studied were marginally suitable (S3) for the
production of cassava as a result of organic carbon (Table 3) and
these values were lower than the critical limit of 20-40g kg and
for the production of Bambara groundnut, all site studied were
currently not suitable for its production due to rainfall (Climatic)
and Total Nitrogen (Fertility) and pH in site 3 (Table 4) [16].

Rainfall (mm) 1400 750 300 >300
Temperature (°C) 19 30 <16 >38
Soil Physical
Characteristics (s)
Soil texture S, CL SL,SiL LS CL,SiCL
Topography (t)
Slope (%) 0-2 2-4 4-6 >6
Drainage Well drained moderately drained imperfectly drained Poor
Soil Fertility Status (f)
pH 5-6.8 5-6.5 5-6.0 <4.5
Total N (%) 5 3 <2
CEC (Cmo1(+)kg™) >5 5.5-4.5 4.5-3.0 <2
Base saturation (%) >60 50-35 <35 <30

FAO (2011) Nsor & Akamigbo (2015) CL = Clay loam, SiL = Silty Loam, SL = sandy loam, LS = Loamy sand, SiCl =Silty clay Loamy.

Table 2b: Land requirements for Cassava Production.

Climate ©
Rainfall (mm) 1400-1800 1100-900 900-500 <500
Length dry season (months) 3-4 4-6 6-7 >7
Temperature (°C) 26-20 26-30 >30 Any
Soil Physical
Characteristics (s)
Soil depth (cm) >125 >75 >50 <50
Soil texture L,SCLLfS,LS, LCS,Fs C
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Topography (t)
Slope (%) 0-4 4-8 16-13 30-50
Drainage Well drained moderately Poorly drained Very poorly drained
Soil Fertility Status (f)
Total N (%) >0.2 0.1-0.2 <0.1 Any
pH 6.1-7.3 7.4-7.8 8.4 or >4

CEC (Cmo1(+)kg-1) >16 3to16 <3 Any

Organic C (g kg-1) >15 <8 <5 Any

Base saturation (%) >35 <20-35 <20 Any

Sys et al. [15] and Nuga & Akinbola [10] CL- clay loam; SCI- sandy clay loam; L-loam; LFS, loamy fine sand; C-Clay; CS- Clayey Sand.

Table 3: Suitability of urban soils for cassava production.

Rainfall S1 S1 S1

Length of dry season (Months) S2 S2 S2
Topography (% slope) S1 S1 S1
Drainage S1 S1 S1

Total Nitrogen S1 S1 S1

pH S1 S1 S1

Cation exchange capacity (cmolkg) S2 S2 S2
Organic Carbon (gkg-1) S3 S3 S3

Base Saturation (%) S1 S1 S1
Overall Suitability S3 S3 S3

S1-Highly Suitable, S2-moderately suitable, S3-Marginally suitable.

Table 4: Suitability of soils of ebonyi state for bambara groundnut production.

Rainfall N1 N1 N1

Temperature S3 S3 S3

Soil texture S2 S2 S2

Slope S1 S1 S1

Drainage S1 S1 S1

pH S1 S1 N1

Total N N1 N1 N1

CEC S1 S1 S1

Base saturation S1 S1 S1
Overall suitability N(£C) N(£C) N(f,C)

Conclusion Conflict of Interest

Generally, from the results, organic carbon was the most sever
fertility characteristics limiting the production of cassava in the
studied urban soils as values were low, while rainfall and total
Nitrogen were the major constraints limiting the production of
Bambara groundnuts in studied urban soils.

However, for cassava production, management practices that
enhance soil fertility such as addition of organic materials should
be encouraged, while for the production of Bambara groundnut
should be practiced under irrigation agriculture and nitrogenous
fertilizers should be applied.
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