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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  

 
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- Ali, et al, [8] reported that Bambara groundnut 
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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-1, silt content ranged from 192.8 – 330.27 g kg-1 while clay 
content ranged from 137.6-258.35 g kg-1. Bulk density ranged from 1.43- 1.44 gcm-3 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-1. Soils were low in available 
phosphorus with values ranging from 7.60-10.34 g kg-1 and total nitrogen ranged from 0.30 to 0.85 g kg-1. 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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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 

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)

• Pedon 1

5057.33N-7033.445E, Altitude: 73m

• Pedon 2

5057.290N-7033.401E, Altitude: 81m

• 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-1 in pedon 2. Clay content 
was increased with depth. Silt content ranged from 192.8 g kg-1 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-1 and this is below the critical limit of 10 g kg-1 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-1 and total nitrogen ranged from 0.30 to 0.85 g 
kg-1. Cation exchange capacity ranged from 7.37 to 12.90 cmol kg-1 
while percentage base saturation ranged from 86.94% to 95.67%.

Table 1: Site characteristics of Urban soils.

SITE SITE 2 SITE 3

                  Climate

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  (g kg) 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

          Soil Fertility (f)

pH 5.79 5.4 4.37

T N(g kg) 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). 

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].

Table 2a: Land requirements for Bambara Groundnut Production.

Factor Suitability Rating

Land Qualities / 
Characteristics Highly Suitable (S1) Moderately suitable (S2) Marginally Suitable (S3) Not suitable (N)

Climate ©     

Rainfall (mm) 1400 750 300 >300  

Temperature (°C) 19 25 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 4 3 <2

CEC (Cmo1(+)kg-1) >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.

Factor Suitability Rating

Land Qualities/
Characteristics Highly Suitable (S1) Moderately suitable (S2) Marginally Suitable (S3) Not suitable (N1& N2)

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 CS 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 3 to 16 < 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; SCl- sandy clay loam; L-loam; LFS, loamy fine sand; C-Clay; CS- Clayey Sand.

Table 3: Suitability of urban soils for cassava production.

Land Characteristics SITE 1 SITE 2 SITE 3

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.

Site 1 Site 2 Site 3

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(f,C)   N(f,C) N(f,C)

Conclusion
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.

Acknowledgement
None.

Conflict of Interest
No conflict of interest.

References
1. Fallahi E, T Eichert (2013) Principles and practices of foliar nutrients with 

an emphasis on nitrogen and calcium sprays in apple.  HortTechnology 
23(5): 542-547.

2. Bukovac MJ, HP Rasmussen, VE Shull (1981) The cuticle: Surface, 
structure and function. Scann Electr Microsc III: 213-223.

3. Bukovac MJ, PD Petracek (1993) Characterizing pesticide and surfactant 
penetration with isolated plant cuticles. Pestic Sci 37: 179-194. 

4. Glenn GM, BW Poovaiah (1985) Cuticular permeability to calcium 
compounds in ‘Golden Delicious’ apple fruit. J Amer Soc Hort Sci 110: 
192–195. 

5. Glenn GM, BW Poovaiah, HP Rasmussen (1985) Pathways of calcium 
penetration through isolated cuticles of ‘Golden Delicious’ apple fruit. J 

http://dx.doi.org/10.33552/WJASS.2020.04.000599
https://journals.ashs.org/horttech/view/journals/horttech/23/5/article-p542.xml
https://journals.ashs.org/horttech/view/journals/horttech/23/5/article-p542.xml
https://journals.ashs.org/horttech/view/journals/horttech/23/5/article-p542.xml


Citation: Chris-Emenyonu, Onweremadu EU, Njoku JD, Suitability Evaluation of Urban Soils underline by Asu River Parent Material 
forCassava (Manihotesculenta and Bambara groundnut (Vignasubterranea (L.) Verdc) Production in Ebonyi, Southeastern Nigeria. 
World J Agri & Soil Sci. 4(4): 2020. WJASS.MS.ID.000599. DOI:  10.33552/WJASS.2020.04.000599.

World Journal of Agriculture and Soil Science                                                                                                                     Volume 4-Issue 5

Page 5 of 5

Amer Soc Hort Sci 110: 166-171. 

6. Knoche M, PD Petracek, MJ Bukovac, WE Shafer (1994) Urea penetration 
of isolated tomato fruit cuticles. J Amer Soc Hort Sci 119: 761-764.

7. Schonherr J, M Riederer (1989) Foliar penetration and accumulation 
of organic chemicals in plant cuticles. Gunther (ed.). Reviews of 
environmental contamination and toxicology, Springer Verlag, New York 
108: 1-70.

8. Harker FR, IB Ferguson (1988) Transport of calcium across cuticles 
isolated from apple fruit. Sci Hort 36(3,4): 205-217.

9. Harker FR, IB Ferguson (1991) Effects of surfactants on calcium 
penetration of cuticles isolated from apple fruit. Sci Hort 46(3,4): b225-
233.

10. Roy S, WS Conway, AE Watada, CE Sams, EF Erbe, et al. (1994) Heat 
treatment affects epicuticular wax structure and postharvest calcium 
uptake in ‘Golden Delicious’ apples. Hort Science 29: 1056-1058.

11. Rosen MJ (1978) Surfactants and interfacial phenomena. Wiley, New 
York. 

12. Attwood D, AT Florence (1983) Surfactant systems: Their chemistry, 
pharmacy and biology. Chapman & Hall, London. 

13. Chaplin MH, AR Dixon (1974) A method for analysis of plant tissue by 
direct reading spark emission spectroscopy. Appl Spectrosc 28: 5-8.

14. Bartram RD, W Bramlage, EM Kupferman, KL Olsen, ME Patterson, et 
al. (1993) Apple maturity program handbook.USDA–ARS Tree Fruit 
Research Station, Wenatchee, WA.

15. Conway WS, CE Sams (1983) Calcium infiltration of ‘Golden Delicious’ 
apples and its effect on decay. Phytopathology 73: 1068-1071.

http://dx.doi.org/10.33552/WJASS.2020.04.000599
https://www.sciencedirect.com/science/article/abs/pii/0304423888900556
https://www.sciencedirect.com/science/article/abs/pii/0304423888900556
file:///E:/Journals/WJASS/WJASS.MS.ID.000598%20not%20pub/WJASS-20-MRW-624_W/Effects%20of%20surfactants%20on%20calcium%20penetration%20of%20cuticles%20isolated%20from%20apple%20fruit.%20Sci%20Hort
file:///E:/Journals/WJASS/WJASS.MS.ID.000598%20not%20pub/WJASS-20-MRW-624_W/Effects%20of%20surfactants%20on%20calcium%20penetration%20of%20cuticles%20isolated%20from%20apple%20fruit.%20Sci%20Hort
file:///E:/Journals/WJASS/WJASS.MS.ID.000598%20not%20pub/WJASS-20-MRW-624_W/Effects%20of%20surfactants%20on%20calcium%20penetration%20of%20cuticles%20isolated%20from%20apple%20fruit.%20Sci%20Hort
https://journals.ashs.org/hortsci/view/journals/hortsci/29/9/article-p1056.xml
https://journals.ashs.org/hortsci/view/journals/hortsci/29/9/article-p1056.xml
https://journals.ashs.org/hortsci/view/journals/hortsci/29/9/article-p1056.xml
https://journals.sagepub.com/doi/10.1366/000370274774332894
https://journals.sagepub.com/doi/10.1366/000370274774332894

	Suitability Evaluation of Urban Soils underline by Asu River Parent Material forCassava (Manihotescu
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Description of study area 
	Field study and soil analyses 

	Results and Discussion 
	Soil characteristics  
	Land suitability evaluation of studied soils 

	Conclusion
	Acknowledgement
	Conflict of Interest 
	References
	Table 1
	Table 2a
	Table 2b
	Table 3
	Table 4

