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Abstract 

Land degradation reduces the ability of the land to perform various biophysical and chemical 

functions. Therefore, this study assessed the land degradation risk in Yewa North Local 

Government area using geospatial methods. A semi-detailed soil survey was used to obtain 

distribution of various soil types in the studied locations (Sawonjo and Ibese). Three profile pits 

were examined in each location, making a total of six profile pits, and geo-referencing with a GPS 

device. Soil samples were collected according to their pedogenic horizons and 25 surface samples 

were collected at the depth of 0-20 cm with soil auger for Laboratory analyses. Analysed soil 

properties were subjected to spatial analysis function using Arc-GIS 10.5 software and matched 

with standards to assess land degradation risk using Inverse Distance Weighted method. Results 

showed that 18.57% (1.3 ha) was low, 54.29% (3.8 ha) moderate and 27.14% (1.9 ha) high in soil 

salinity in Sawonjo while 22.86% (1.6 ha) was low, 35.71% (2.5 ha) moderate and 41.43% (2.9 ha) 

high in soil salinity at Ibese. Extent of compaction indicated that 31.43% (2.2 ha) was moderate and 

68.57% (4.8 ha) high in Sawonjo while 28.57% (2.0 ha) low, 34.29% (2.4 ha) moderate, 24.28% 

(1.7 ha) high and 6.3% (0.9 ha) was very high at Ibese. Conclusively, high water table, poor 

drainage channels, discharge of effluents from industries and constant use of heavy machineries 

were the major causes of physical and chemical degradations. Thus, for sustainable wetland uses, 

organic amendments (poultry droppings, cow dung, compost, biochar) and use of light machines 

should be considered. 
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Introduction 

Wetland is one of the most valuable 

natural resources for production of food, 

fuel and many other essential goods that 

are required to meet increasing human 

population and animal needs (Alaguraja 

et al., 2010). However, similar to any 

other ecosystems, wetlands show a great 

diversity in their physical, biological and 

chemical characteristics (Thenkabail and 

Nolte, 2016). The soils are highly hetero-

geneous as a result of the hydromorphic 

environment in which they are formed 

(Aki, 2012). 
 

Recently, the importance of wetlands has 

gained rapid attention especially due to 

increasing human population and needs 

(Cohen et al., 2016). Nevertheless, they 

are still regarded as waste land which can 

be traced to lack of understanding on its 

importance for crop and animal 

production, and other essential uses like 

recreational activities (McCartney et al., 

2004; Tiner, 2015). According to Mille-

nium Ecosystem Assessment (2015), 

Wetland degradation may increase in the 

next 50 years if wetlands ecosystem 

services and functions are not efficiently 

and effectively managed and monitored. 

Ojanuga (2006) stated that, many suitable 

wetland soils around the world especially 

in developing countries like Nigeria are 

becoming unsuitable for agricultural 

production due to intensive agriculture 

and other anthropogenic activities. The 

complex nature of these soils, arduous 

agronomic task on management coupled 

with inadequate information on these 

soils in Nigeria has also contributed to 

their mismanagement leading to degrada-

tion (Ukabiala, 2012). Waterlogging, 

salinization, soil compaction, indiscrimi-

nate effluent discharge from industries, 

and use of heavy machineries during land 

clearing are some of the major drivers of 

land degradation. Land degradation leads 

to a gradual decrease in soil productivity, 

hindering sustainable development and 

consequently food gap are expected (El-

Gammal et al., 2015). The alarming 

losses in economic revenues and 

agroecosystem services have revealed an 

urgent need for monitoring of land 

degradation and analyses of its causes in 

order to advise decision makers on 

spatial targeting of land rehabilitation 

measures (Dubovyk et al., 2013). 

Therefore, this study aims to address the 

land degradation risk of selected 

wetlands in Yewa North Local Govern-

ment Area of Ogun State using GIS 

technique. Global Positioning System, 

laboratory analyses, remote sensing and 

GIS were the main methods and software 

used to achieve the set objective. 

 

Materials and Methods 

Description of study area 

The study was carried out in Yewa North 

Local Government Area (LGA) of Ogun 

State (Figure 1). It lies between Latitudes 

6°58' to 6°60' North and Longitudes 3°2' 

to 3°4' East. The study area consists of 

two locations (Sawonjo and Ibese), 

selected within the wetland areas of 
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Yewa North LGA. The climate of the 

area is characterized by the averagely 

hot, humid tropical climate zone of 

southwestern Nigeria. It has two 

recognizable seasons, specifically, the 

rainy season (April to October) and dry 

season (November to March). The 

temperature is proportionately elevated 

throughout the dry season with the 

average around 30 ºC (Olayinka et al., 

2016). The harmattan, which brings in 

the north-easterly winds from December 

to February, has relieving effects on the 

dry season high temperature. Low 

temperatures are however, recorded 

throughout the rains, notably, between 

July and August when the temperature 

could be as low as 24 ºC (Adejuwon and 

Odekunle, 2006). The onset of the rainy 

season ranges from March to April and 

the rainfall pattern is bimodal reaching its 

peak in July and September. The length 

of the rainy season is about 200 days 

ending in late October. The rain is 

convectional and can occasionally occur 

with heavy showers. The rain of the 

second modal is small showers and 

frontal. The spatial occurrence of annual 

rainfall ranges from 960 to 1200 mm and 

vegetation in the area consists of the 

Southern Guinea Savanna characterized 

by semi-deciduous shrubs and trees 

(Olayinka et al., 2016). 
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Figure 1: Map of the study area 

 

Geology of the study area 

The local geology of the study area is 

made up of sedimentary rock sequence of 

Dahomey Basin, which extends from the 

eastern part of Ghana through Togo and 

Benin Republic to the western margin of 

the Niger Delta (Obaje, 2009; Oli et al., 

2019). The structure of the basin is a 

simple monocline against the basement 

which underlain the sedimentary rocks at 

varying depths. The dips are reportedly 

1° or less to the south and southwest 

(Obaje, 2009). The sequence of the rocks  

 

underlying the study area is as follows: 

Abeokuta Formation which is Cretaceous 

in age (Senonia) and this formation lie 

conformably on the sedimentary parent 

material in the north and Ewekoro 

formation in the north-east. It is the 

oldest sedimentary formation, having 

thickness of 250–300 m. It consists of 

arkosic sandstones and grits, tending to 

be carbonaceous towards the base 

(Olabode, 2015). Overlain the Abeokuta 

Formation is Ewekoro/Oshosun/Akinbo 

Formation which is Paleocene. This 
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consists of a series of sandstone, shales, 

limestones and clays varying between 

100 to 300 m in thickness. This 

formation is followed by Ilaro Formation 

(Tertiary age - Eocene). It consists of fine 

to coarse sands alternating with shales 

and clays (Olabode, 2015). Ilaro 

Formation is overlain by Coastal Plain 

Sands (Pliocene) and Recent Alluvium 

(Quaternary age) of Benin Formation 

which is youngest. The formation 

consists of sandstones and shales of 

upper Ilaro Formation, sequence of 

predominant continental sands and some 

lenses of shales and clays which is about 

107.7 m thick (Olabode and Mohammed, 

2016). 

 

Vegetation and land use 

Sawonjo and Ibese occupy vast area of 

land with very sparse vegetations majorly 

grasses and shrubs. The land has been 

allotted to villagers to manage for a long 

period of time. It is not totally flat and 

common crops planted in the areas are 

vegetables, pepper, plantain, banana, and 

maize. The areas have experienced 

industrializations over time with the most 

prominent being Dangote factory. Soil 

excavation is also prominent in these 

areas because of the high sand content in 

the soil (Olabode and Mohammed, 2016). 

 

Field survey 

A reconnaissance soil survey was first 

carried out to get familiar with different 

wetlands in Yewa North LGA. The soils 

were assessed using a semi-detailed scale 

map with flexible grid soil survey 

technique to obtain distributions of 

various soil types. Three representative 

soil profile pits measuring 2 m by 1.5 m 

by 2 m were dug in each location making 

a total of six profiles, and geo-

referencing using Global Positioning 

System device. Soil samples were 

collected from different pedogenic 

horizons encountered. Twenty-five (25) 

surface soil samples were collected at the 

depth of 0 –20 cm with the aid of soil 

auger and undisturbed soil samples were 

collected with soil cores for bulk density 

determination.  Soil samples collected 

were then analysed in the Laboratory 

after air-drying at room temperature 

using standard laboratory procedure. 
 

About 8 ha were mapped out for this 

study in each study location. 

 

Soil degradation assessment 

Land degradation risk was assessed 

following the methodology developed by 

FAO (1979) and UNEP (1991). This was 

done by matching soil characteristics 

with land degradation indicators. Table 1 

illustrates the risk of land degradation 

which depends on the electrical conduc-

tivity and bulk density. 
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Table 1: Classes of soil degradation risk 

 
Hazard type Indicator Unit  Risk class 

Low Moderate High Very 

high 

Salinization EC dS/m <4    4 – 8 8 – 16 >16 

Compaction Bulk 

density 

gcm-3 <1.2   1.2 – 1.4         1.4 – 1.6 >1.6 

 

Source: FAO (1979) and UNEP (1991), EC = Electrical conductivity 

 

Statistical analysis 

The results of the soil analyses were 

subjected to spatial analysis function 

using ArcGIS 10.5 software. Spatial 

interpolation is commonly used to 

produce continuous information when 

data are collected at distinct locations 

(e.g. soil profiles). The inverse distance 

weighted (IDW) is an interpolation 

method, which weighs the surrounding 

known values to derive estimations for an 

unmeasured location. However, the 

weights are based not only on the 

distance between the known points and 

the unmeasured point but also on the 

overall geostatistical relationships among 

the known points (Ali and Moghanm, 

2013). The interpolated soil properties 

include electrical conductivity (EC); soils 

pH; and bulk density using the IDW 

method. The mean was used to determine 

the average distributions of variables. 

Soil properties were assessed for their 

variability using Coefficient of Variation 

(CV%) and compared with variability 

classes proposed by Tabi and Ogunkule 

(2007) where CV values of 0-15, 16-35 

and >35% are rated as slight, moderate 

and high respectively. 

 

Results and Discussions 

Variability of surface soil properties of 

Sawonjo and Ibese 

Table 2 and 3 represents the variability of 

surface soil properties of Sawonjo and 

Ibese. At Sawonjo, the soil pH ranged 

from extremely acid to neutral, with an 

average value of 5.6, the acidic nature of 

the soil could probably be because of 

flooding, the soil becomes highly 

reduced, leading to leaching of soil 

nutrients such as P, K, Ca, Mg and Na 

which may result in decreased soil pH 

(Ogg et al., 2017). The soil texture 

indicated a high sand content with values 

between 750 and 930.00 gkg-1, clay 

content ranged from 60.00 – 140.00 gkg-1 

while the mean value for silt content was 

62.00 gkg-1. The high sand texture could 

be attributed to the flood plain which is 

characterised by deposition of sand. 

Similar soil texture range was reported 

for some wetland soils in Imo State 

(Ukabiala et al., 2016). Values of 

electrical conductivity (EC) ranged from 
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6.00 to 15.99 dSm-1, having a mean value 

of 10.40 dSm-1. The high values of EC 

may be attributed to the origin of parent 

material (sedimentary rocks) and as a 

result of high amount of soluble salts 

deposited in the soils during erosion and 

flooding (Smith et al., 2007) while bulk 

density varied from 1.42 to 1.47 gcm-3. 

The high values of bulk density may be 

due to the effect of using heavy 

machinery on the surface layer (El 

Baroudy, 2010). The highest coefficient 

of variation (CV) value 41.02% was 

recorded in silt content with lowest CV 

value of 1.40% in clay content. This 

variation might be attributed to the 

degree and stages of weathering of the 

soil. In Ibese, the data indicated that the 

texture of the soils had high sand content 

(700-900 gkg-1) which could also be 

attributed to the flood plain, with silt 

content that ranged from 20.00 to 120.00 

g kg-1 and maximum clay value that was 

180.00 gkg-1. Values of soil pH ranged 

from strongly acid to neutral (5.4 to 7.0). 

This strongly acid pH is an indication 

that significant amount of exchangeable 

Al3+ and H+ are present and this can 

affect plant growth (Udo et al., 2009). 

The value of EC ranged from 5.00 to 

15.99 dSm-1, with a mean value of 10.40 

dSm-1 while bulk density varied from 

1.31 to 2.17 gcm-3 with a mean value of 

1.45 gcm-3. The highest coefficient of 

variation value (50.90%) was recorded in 

silt content, with lowest value of 5.67% 

in sand content. This could also be 

attributed to the degree and stages of 

weathering of the soil. The slight 

variability recorded in EC reflects pH 

variability, because pH asides soil depth, 

water content, salinity level, CEC and 

temperature is one the factors that affect 

EC level in soils (Asongwe et al., 2016; 

Osinuga et al., 2020).  

 

Table 2: Variability of Surface Soil Properties in Sawonjo 

 

 BD  

(gcm-3) 

Sand  Silt    

(gkg-1) 

Clay  pH
water

 EC  

(dSm-1) 

Minimum 1.42 750.00 10.00 60.00 4.4 6.00 

Maximum 1.47 930.00 110.00 140.00 7.0 15.99 

Mean 1.62 844.70 62.00 93.30 5.6 10.13 

CV (%) 18.44 5.04 41.02 1.40 13.4 36.14 

 

Key: EC = Electrical conductivity, BD= Bulk density 
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Table 3: Variability of Surface Soil Properties in Ibese 

 

 BD  

(gcm-3) 

Sand  Silt  

(gkg-1) 

Clay  pH
water

 EC  

(dSm-1) 

Minimum 1.31 700.00 20.00 80.00 5.4 5.00 

Maximum 2.17 900.00 120.00 180.00 7.0 15.99 

Mean 1.45 825.30 52.00 128.70 6.2 10.40 

CV (%) 9.20 5.67 50.90 24.98 10.8 15.35 

 

Key: EC = Electrical conductivity, BD= Bulk density 

 

Classes of land degradation risk 

Figure 2, 3, 4 and 5 represents the results 

for assessment of land degradation in 

Sawonjo and Ibese. At Sawonjo, the 

results showed that electrical conduc-

tivity of the soils from ranged from 6.00 

to 15.99 ds/m and the soil bulk density 

varied between 1.42 and 1.47 gcm-3. The 

salinity extent showed that 1.3 ha, 3.8 ha 

and1.9 ha of the land were low, 

moderate, and high respectively. While 

compaction extent showed that 2.2 ha 

and 4.8 ha were moderately and highly 

compacted respectively. 
 

In Ibese, bulk density ranged from 1.31 

to 2.17 gcm-3, while electrical conduc-

tivity ranged between 5.00 and 15.99 

dSm-1. Salinity extent showed that 1.6 ha, 

2.5 ha and 2.9 ha of the land were low, 

moderate and high respectively, while 2.0 

ha, 2.4 ha, 1.7 ha and 0.9 ha were low, 

moderate, high and very highly 

compacted respectively. High rainfall, 

high water table, poor management of 

drainage channels, discharge of effluents 

from industries and constant use of heavy 

machineries in these areas were the major 

causes of physical (compactions) and 

chemical (salinization) degradations. 
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Figure 2: Spatial distribution of electrical conductivity in the soil of Sawonjo and Ibese 

 

 
 

Figure 3: Spatial distribution of bulk density in the soil of Sawonjo and Ibese 



 `  

 

62 

 

Journal of Plant Science and Crop Production (JOPS), Vol. 1, 2024 

 

 
 

Figure 4: Classes of salinity extent in the soils of Sawonjo and Ibese 

 

 
 

Figure 5: Classes of soil compaction extent in the soil of Sawonjo and Ibese 
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Conclusion 

It can be concluded that the distribution 

of the soil properties i.e. EC and bulk 

density (BD) represented a wide variation 

over these soil types in the two locations. 

Furthermore, significant areas in both 

locations are subjected to a high risk of 

soil compaction and salinity. Moreover, 

processes of compaction and salinization 

changes from low to high in different soil 

types. Therefore, reducing soil compac-

tion could be realized through avoiding 

field practices that have the potential to 

damage the soil structure. So, conducting 

field operations with heavy machines on 

wet soils should be minimized. 
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