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ABSTRACT 

Deforestation is one of the anthropogenic activities that potentially reduce soil quality. Hence, a 

study was carried out in Ikole-Ekiti, Southwestern Nigeria to evaluate the effect of conversion of 

secondary forest (SFR) to cashew plantation (CPL), oil palm plantation (OPP) and leucaena 

plantation (LPL), on selected soil physical properties. Soil samples were taken from 0 – 15 cm and 

15 – 30 cm depth, and the soil parameters evaluated were; particle size distribution, bulk density 

(BD), total porosity (TP), macroaggregate stability and microaggregate stability indices. The OPP 

indicated lowest sand (724 g/kg), compared to other land use types, while the highest clay (177 

g/kg), lowest BD (1.3 g/cm3 and highest TP (52 %) registered in OPP were significantly higher 

than SFR but similar to values in CPL. Again OPP recorded significantly highest percent aggregate 

stability (65 %) and mean weight diameter (0.9mm) compared to other land uses. The 

microaggregate stability indices were controlled by the total content of the fine particles in them, 

hence may not be used to predict soil erodibility. There was increase in clay and reduction in sand 

with depth. In conclusion,OPP or CPL showed more superior capacity to enhance soil physical 

health compared to LPL and SFR land use. 
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INTRODUCTION 

The exposure of soils to weather influences, 

and clearing activities associated with 

deforestation adversely affect soil quality and 

health (Shafiqul et al., 2020). The rate of 

forest degradation and deforestation in 

Nigeria has been rising in spite of the 

Nigerian government policies prohibiting 

indiscriminate deforestation practices, illegal 

logging is on the increase and the worst-hit 

region is the southwestern parts 

(Oluwajuwon et al., 2021). The Southwest 

(SW) Nigeria, in the rainforest 

agroecological zones is one of the most 

biodiverse regions of Nigeria (Fasona et al., 

2020). From statistics, an average of 11% of 

Nigeria’s primary forests is lost annually 

since 2000, which is about twice the rate of 

the 1990s, and about 5% from 2010 to 2015 

(FAO 2016; FAO2005).  

Onyekwelu et al., (2008) reported soil 

structure degradation, nutrient deficiencies 
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and soil compaction as some of the 

consequences when rainforest soils are 

exposed by deforestation.Mamo et al., (2000) 

showed decline in soil properties from 

conversion of native forests to secondary 

forest while Keller etal., (2004) observed 

subtle changes in soil structure as a result of 

logging. 

 Soil aggregate stability is a measure of soil 

structure (Six et al., 2000) and therefore can 

be destroyed by anthropogenic activities such 

as deforestation. Aggregation affect soil 

capacity to store and stabilize carbon (Six et 

al., 2004; Kodesova et al.,2008) as well as 

soil water storage capacity and distribution in 

landscape (Berhe and Kleber, 2013). 

Aggregate stability is critical for infiltration, 

root growth and resistance to water and wind 

erosion.  

The mean weight diameter (MWD) is an 

index of macroaggregate stability which 

gives information on structural stability of 

soils, erosion, infiltration and aeration 

(Hillel, 1998). Routhipor et al., (2004) 

reported significant negative correlation of 

MWD and erodibility. In addition,Igwe and 

Ejiofor (2004) indicated that soils with low 

MWD have potential to erode faster than 

those of higher MWD adding that soils with 

high stability and MWD is able to resist the 

impact of rainfall. The removal of forest 

canopy and exposure of the soils to direct 

impact of rain fall is a great challenge for 

sustaining macro aggregate stability of 

rainforest soils in the present scenario of 

climate change.   

Furthermore, microaggregates measure 

colloidal stability of soils.  Colloidal stability 

is crucial for prediction of soil erosion and 

therefore an important component in soil 

conservation (Basga et al., 2018). It is well 

known that deforestation, resulting to 

reduced canopy under unpredictable weather 

events makes the soil vulnerable to 

dispersion. Therefore, dispersion indices 

such as water dispersible clay, water 

dispersible silt, dispersion ratio and 

aggregating indices can be used in land 

management to predict soil erosion under 

different land uses for best recommendation. 

Clay dispersion is related to physical, 

chemical and biological degradation and 

consequently affects productivity (Igwe, 

2009;Nguetenkenkam and Dultz 2014). High 

WDC can lead to surface sealing, crusting 

and reduced infiltration which might increase 

surface runoff (Igwe, 2003). 

Many research work has shown decline in 

MWD and micro stability indices with 

conversion of forests to other agricultural 

uses (Osakwe et al., 2018). Other studies 

showed that conversion of forests to other 
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land uses increased the bulk density, reduced 

porosity, and infiltration rates (Gülser et al., 

2021; Sun et al.,2015; Qi et al., 2018). 

Currently, most of the primary forests that 

possess high biodiversity and ecosystem 

sustainability are largely secondary forests 

and previous land use studies focused more 

on primary forests and rarely on the 

secondary forests which are more prevalent. 

Therefore, studies should shift to alternative 

land use cover to secondary forest that may 

improve and conserve soil qualityand as 

wellcushion the adverse effect of more 

intense exposure of land to weather 

influences.Tree crop cultivation such as 

cashew, oil palm and leucaena may be 

explored to meet such challenge.These crops 

are cash crops and has an added advantage of 

economic gain. Cashew is a tropical nut tree 

crop and grows well in poor, nutrient-

deficient soils and does not need intensive 

labor for most part of the year except during 

the harvest seasonDendena et al.(2014).  Itis 

a source of food, income industrial raw 

material and foreign exchange for countries 

in Africa Adeigbaet al.,(2015) and there is a 

growing demand of the nuts all over the 

world (Semporeet al., 2021). Improvement in 

soil physical parameters compared to 

adjacent forest land were recorded in older 

cashew plots indicating that little or no need 

for fertilization in replanting of older cashew 

plants (Oloyedeet al., 2019). 

Also, Luecaenais a deep rooted nitrogen-

fixing tropical tree crop, used as ruminant 

forage, green manure, fuelwood, and craft-

wood (Brewbaker, 2004). The unripe pods 

and seeds serve as medicine and food for 

natives. It is used in land reclamation, erosion 

control, water conservation, reforestation and 

soil improvement programs (Duke,1983). 

Some researchers reported that improved soil 

physical properties such as infiltration rates, 

reduced dispersible clay and improved bulk 

density and total porosity compared to other 

land use types (Imogieet al., 2008; 

Patrick2019). Some engineers have used it in 

slope bio engineering, the use of living plant 

materials for slope stabilization in soil 

erosion control.They reported that it played a 

major mechanical and hydrological role in 

stabilizing slopes and protecting against soil 

erosion (Normanizeret al., 2008).  

Oil palmis equally a multipurpose tropical 

tree crop. Their importance ranges from 

being a major source of oil in homes to 

several industrial uses and they contribute to 

national economy. The oil from the fleshy 

fruits are good source of vitamin A and 

carotenes.Oil palm showedsignificant 

improvement in soil properties compared to 

forest(Rusman et al.,2019) while Nadeesha et 
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al. (2016) did not find any difference in soil 

physical properties comparedwith the forest. 

We therefore hypothesize that conversion of 

secondary forest to cashew, oil palm and 

leucaena plantations will improve soil 

aggregate stability and some soil physical 

properties. The aim of this study is to 

quantify soil aggregate stability indices and 

some physical properties in a secondary 

forest, cashew, leucaena, and oil palm 

plantation of a sandy loam soil of south 

western Nigeria and compare the variations 

in the afore mentioned soil quality indices 

among the land use types relative to the 

secondary forest. 

 

MATERIALS AND METHODS 

Description of Study Site             

The research was conducted at Ikole-Ekiti 

(Latitude: 7o 47’ 29” N. Longitude: 5o 30’ 31” 

E) in the rainforest zone of Ekiti State, 

southwest Nigeria. Itis characterized by 

binomial rainfall pattern with mean annual 

rainfall of 1600 mm and average annual 

temperature of 24.2 °C. The soils are derived 

from Basement complex of Southwestern 

Nigeria (Shittu, 2014).The topography is 

characterized by gentle undulating plain 

topography with an increasing sparse natural 

vegetation. 

 Land use history 

The cashew, luecaena and oil palm 

plantations were established by Ekiti State 

Agricultural Program (ADP) in 1996 while 

the forest is a secondary forest. 

 Experimental Design 

The experiment was a 4 x 2 factorial 

experiment replicated three times in 

Randomized Complete Block Design 

(RCBD).  The numbers represent four land 

use types (cashew, leucaena , oil palm 

plantations and secondary forest) and two 

sampling depths (0 – 15 cm and 15 – 30cm). 

 Soil Sampling  

A stratified random sampling method 

(Peterson and Calving, 1986) that involved 

dividing each land use area (27m by 27m) 

into three replicates from which soil samples 

were taken. Soil samples were collected 

randomly from 0-15 cm and 15 – 30 cm at 10 

point in each replicate and made composite. 

A total number of 6 composite samples were 

collected at each land
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Fig. 1b: Map of Ekiti State showing study location (Ikole)       Figure 1a Map of Nigeria 

 

use with a total of 24 composite samples.  

Core samplers were used to collect soil 

samples randomly in 5 places in each 

replicate across the two depth.A total of 120 

core samples and 24 composite samples were 

collected in well labeled polythene bags for 

laboratory analysis. 

The 24 samples were air dried and passed 

through a 2 mm sieve and < 2mm soil was 

used for required laboratory analysis. 

 Laboratory Analysis 

Particle size distribution and 

microaggregate stability indices 

Particle size distribution of less than 2mm 

fine soil fraction was measured by the 

Hydrometer method (Gee and Bauder, 1986). 

Measurement of microaggregate stability 

involved the determination of the amount of 

clay in calgon dispersed and water-dispersed 

samples using bouyoucos hydrometer 

method of particle size aalysis described by 

Gee and Bauder (1986). The micro stability 

indices were calculated as follows: 

CDI = [% clay (water) / % clay (calgon)]  
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 CFI = [% clay (calgon) - % clay (water)] / 

[% clay (calgon)].  

WDC = % clay in water  

WDS = % silt in water  

ASC = [% clay + % silt (calgon)] – [% clay + 

% silt (water)] 

 DR = [% clay + % silt (water)]/ [% clay + % 

silt (calgon)]  

Where, CDI, clay dispersion index,  

CFI, Clay Flocculation Index, WDC, water 

dispersible clay, WDS, water dispersible 

clay, ASC, aggregated silt plus clay, DR, 

dispersion ratio 

Macroaggregate stability indices  

The distribution of water stable aggregate 

was estimated by the wet sieving technique 

described in detail by Kemper and Rosenau 

(1986). Air dried sample was sieved to obtain 

the aggregates by placing the 4mm sieve on 

2mm sieve. The soil sample between the two 

sieves was used as the aggregates. To 

separate the water stable aggregate, three 

different sieves were used 2mm, 0.25mm and 

0.053mm. 50 gm of>4mm dry aggregates 

was placed on the topmost sieve and 

presoaked pre-soaked for 5mins in water. The 

sieves and their contents were oscillated 

vertically, once per second, in the water 

40times. Care was taken to ensure that the 

soil particles on the topmost sieve were 

always below the water. The resistant 

aggregates on each sieve were oven dried at 

1050 for 24hr and weighed. The mass of 

<0.053mm was obtained by difference 

between the initial sample weight and the 

sum of sample weight collected on the 2, 0.25 

and 0.053mm sieve nests. 

The percentage ratio of aggregate in each 

sieve represented the water stable aggregate 

of sizes >2.00 mm, 2 -0.25mm, 0.25 -

0.053mm and  <0.053mm and was computed 

as follows: 

The sand correction was done by dispersing 

the water stable aggregate collected from 

each sieve with sodium hexameta phosphate 

(calgon). Thereafter, the mixture was allowed 

to stand for 24hrs and shaken with 

mechanical shaker. The suspension was then 

washed back through the 0.053mm sieve and 

rinsed with distilled water. The sand left on 

the sieve was oven dried and weighed. 

. 

%Aggregate stability = wt. of  WSA- wt. of 

sand    x 100 

                                      Wt. of sample- wt. of 

sand 

Where WSA= Water stable aggregates. 

The mean weight diameter (MWD), another 

measure of stability was calculated using this 

formula 

MWD =∑𝑛
𝑖=𝐼 𝑊𝑖𝑋𝑖 
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Where Wi= weight of aggregate in the ith 

aggregate size range as fraction of dry weight 

of sample. 

            Xi= Mean diameter of any particular 

size range of aggregates separated by sieving 

Bulk density and total porosity 

Bulk density (BD) was measured by the core 

method, as described by Blake and Hartge 

(1986). Core samplers were used to collect 

soil samples and oven dried for 24 hours at 

105°C. Fresh and oven dried weight was 

taken and was used to calculate bulk density, 

porosity and moisture content. 

Calculations 

                                           (BD)  = 

oven dry mass of soil (g)

volume of soil (cm3)
  

 

 Total porosity is the percentage of bulk 

volume not occupied by solids was calculated 

from bulk density (Bd) value assuming a 

particle density (Pd) of 2.65 g cm-3. 

Calculations 

  (Pt) =1 −
Bd

Pd
× 100  

2.6 Statistical Analysis 

The data generated was subjected to analyses 

of variance following the procedure outline 

for experimental design using GENSTAT 

Release 7.2 DE statistical software. 

Treatment means were separated using 

Fishers least significant different at 5% 

probability level. 

 

RESULTS AND DISCUSSIONS 

 Land use effect on soil physical properties 

Effect of Different Land Use on Particle 

Size Distribution 

The result of the particle size distribution and 

texture is shown in Table 1.  The texture 

remained sandy loam in all land use. This is 

expected because texture is an intrinsic 

characteristics of the soil and may not change 

easily by management. This is in agreement 

with the report of other researchers Obi 

(2000). The particle size distribution showed 

that all plantations indicated higher clay 

compared to SFR (102 g/kg)with the highest 

contribution in OPP (177g/kg). Reduction in 

sand compared to SFR was only shown in 

OPP (729 g/kg) while silt in OPP was similar 

to the SFR. Reduction in sand with increase 

in fine particles implies enhancement of soil 

physical properties. Higher clay may induce 

aggregation and improve water and nutrient 

holding capacity. 
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Table 1: Effect of Land Use on Soil Particle Sizes and Texture. 

Parameter Sand Silt clay Texture 

Land use  g kg-3   

CPL 760 66 173 SL 

SFR 797 101 102 SL 

 LPL 791 60 150 SL 

 OPP 727 96 177 SL 

LSD 24.0 29 26  

CPL -  Cashew Plantation, SFR - Secondary Forest, LPL -  Luecaena Plantation, OPP - Oil Palm 

Plantation 

 

 Effect of Different Land Use onSoil Bulk 

Density and Total Porosity 

 The result on the effect of land use on soil 

bulk density (BD) and total porosity (TP) is 

shown in Figure 2 and 3 respectively.  

Relative to the SFR, OPP depicted the best 

reduction in bulk density and increase in TP 

while CPL was not different from the SFR. 

Contrary to other plantations, the bulk 

density in luecaena increased by 11% 

compared to the SFR which is above the 

critical limits of BD that can restrict root 

growth according to Morris and Lowery 

Table of critical limits of bulk density for 

different soil textures.  Accordingly, there 

was a corresponding decline in TP in 

LCP.The increase in BD and decline in TP 

may be attributed to grazing of cattle in the 

LCP which resulted to soil compaction. Tate 

et al.,(2004) reported about 40% increase in 

BD in grazing sites compared to un-grazed 

area. Increase in BD affect porosity, water 

redistribution in the profile, infiltration and 

nutrient availability among other soil 

processes (Ogbodo and Chukwu, 2012; 

Nwite et al., 2016). 
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Fig. 2: The effect of land use on soil bulk density (BD) 

CPL - Cashew Plantation, SFR -  Secondary forest, LPL -  Leucaena Plantation, OPP - Oil Palm 

Plantation 

 

Figure 3: The effect of land use on soil total porosity (TP) 

 CPL - Cashew Plantation, SFR - Secondary Forest, LPL -  Leucaena Plantation, OPP - Oil Palm 

Plantation 
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The Effect of Depth on Soil Physical 

Properties 

The effect of depth on soil particle sizes, bulk 

density and porosity are shown in Table 2. 

There was significant increase and significant 

reduction in clay and sand with depth 

respectively.The higher clay at 15 – 30 cm 

might be due to clay eluviation. The two 

factors that predisposes the soil to clay 

eluviation among others are abundance of 

water and soil porosity. It is important to note 

that transportation of clay to lower depths 

may improve aggregation and consequently 

promote sequestration of soil organic carbon. 

Stabilization at this lower depth may be 

crucial for climate change mitigation. 

Nevertheless, climate-smart land 

management should consider the balance 

between SOC stabilization in top soils for 

productivity versus sequestration in lower 

depths for climate mitigation Tores et 

al.,(2017). Lowersand with depth may be 

expected because of lower exposure to 

erosion. Hence, the need for adequate soil 

cover to prevent or reduce soil erosion. 

Furthermore, depth had no significant effect 

on the BD and TP probably because the two 

depths are within the top soil. 

 

 

Table 1:The Effect of Depth on Soil Particle Sizes, Bulk Density and Porosity. 

Parameter 

DEPTH 

Sand 

 

Silt 

g/kg 

Clay BD 

g/cm3 

Porosity 

% 

0-15cm 787 75 138 1.4 46 

15-30cm 751 84 163 1.5 44 

LSD(0.05) 17.0 NS 18.2 NS NS 

BD - Bulk density 

 

The Interaction Effect of Depth and Land 

Use on Soil Physical Properties 

The interaction effect of depth and land use 

on soil physical properties is shown in Table 

3.  The result still followed the trend of lowest 

clay in SFR (75 g/kg) at 0 -15 cm which may 

suggest exposure of top soil to erosive force 

of rain fall due to removal of the primary 

forest canopy. Highest contribution to clay 

content (203 g/kg) was shown at the 15 – 30 

cm depth in the CPL but was not different 

from clay in the OPP at both depths. The 

increase in clay content with depth is an 

indication that management practice should 

96 
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maintain adequate topsoil cover to avoid 

downward loss of colloidal particles as 

already discussed above. No significant 

effect of the interaction of land use and depth 

was observed in the silt content. Lowest sand 

was revealed in OPP at both depths, similar 

to CPL at the 15 – 30 cm depth. It was noted 

that the highest sand was at 0 – 15 cmdepth 

in the SFR similar to LPL. Reduction in sand 

and increase in clay inferred improvement in 

soil physical condition in a coarse textured 

soil. 

 

Table 2: The Interaction Effect of Depth And Land Use On Soil Physical Properties 

 

Depth 

Parameter 

Land use 

Sand 

 

Silt 

g/kg 

Clay 

 

Texture BD 

g/cm3 

Porosity 

% 

0-15 CPL 797 59 143 SL 1.4 49 

 SFR 824 101 75 LS 1.5 45 

 LPL 804 46 150 SL 1.6 40 

 OPP 724 93 183 SL 1.3 52 

15-30 CPL 724 73 203 SCL 1.3 49 

 SFR 770 101 128 SL 1.6 41 

 LPL 777 73 150 SL 1.8 34 

 OPP 730 100 170 SL 1.2 53 

LSD(0.05)  34 NS 36  0.20 7.54 

 

 SCL - Sandy clay loam, SL -Sandy loam, LS -  Loamy sand 

CPL -  Cashew Plantation, SFR - Secondary forest, LPL Leucaena Plantation, OPP, Oil Palm 

Plantation 

 

The lowest BD and highest TP were depicted 

in OPP at both depths which were similar to 

CPL at 0 -15 and 15 – 30 cm depths. There 

was significant increase in BD (1.8 g/cm3) 

and decline in TP (34 %) at 15 – 30 cm depth 

in the LPL.  There was physical degradation 

of soil physical condition in LPL shown by 

increments in soil BD and decline in soil TP. 

This condition will reduce root growth and 

proliferation, reduce water infiltration and 

promote increase in soil erosion and 

runoff(Echavaria et al., 2007).The entire 

results showed that OPP and CPL were more 

superior land use with respect to enhancing 
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soil physical properties relative to the SFR, 

while LPL degraded the physical properties 

or was neutral in improving soil properties. 

Probably the cattle grazing caused soil 

compaction and affected the physical 

properties of the soil as noted earlier. 

 

Land Use Effect on Aggregate Stability 

Indices 

The Effect of Land Use on Microaggregate 

Stability Indices 

The effect of land use on microaggregate 

stability indices is shown in Table 4. There 

was no significant effect of land use on CDI, 

CFI and DR.  The WDC and WDS were 

controlled by their total contents in the land 

use types (Table 1). Hence SFR with the 

lowest clay and highest silt registered lowest 

WDC and highest WDS. It seems this was the 

reason for the non-significant difference 

observed in the CDI, CFI and DR. The result 

agreed with the findings of other workers that 

clay dispersion in water is dependent on the 

total clay content in each location. and the 

percentage of clay dispersed was controlled 

by such factors as clay mineralogy, calcium 

carbonate and organic matter content of the 

soil (Colchin et al., 1985; Osakwe, 2014). 

 

Table 4: TheEffect of Land Use on Micro Aggregate Stability Indices 

Parameters 

Land Use  

CDI 

 

ASC 

g/kg 

CFI 

 

DR 

 

WDC 

g/kg 

WDS 

g/kg 

  

CPL 0.30 163 0.69 0.32 50.4 26.2   

SFR 0.25 117 0.74 0.41 24.9 60.5   

LPL 0.34 122 0.65 0.42 50.4 36.7   

OPP 0.28 172 0.71 0.36 50.4 50.0   

LSD(0.05) NS 26.0 NS NS 5.00 22.4   

Where, CDI - Clay Dispersible Index ASC, Aggregate Silt plus Clay, CFI - Clay Flocculation 

Index, DR -Dispersion Ratio, WDC - Water Dispersible Clay. WDS, Water Dispersible Silt 

CPL, Cashew Plantation, SFR - Secondary forest, LPL -  Leucaena Plantation, OPP -  Oil Palm 

Plantation 
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These results imply that the microaggregate 

stability indices might not be used to predict 

soil erodibility in this location.  Clay 

mineralogy may affect the behavior of clay 

minerals in water. However, OPP and CPL 

indicated significantly higher ASC compared 

to the SFR while the LPL was similar to the 

SFR. Fine materials are important since they 

promote accumulation of organic matter via 

aggregation. Guggenberge et al., (1999) 

reported that low silt plus clay content may 

limit capacity for physical protection of 

POM-C. 

 

Effect of Land Use on Percentage 

Aggregate Stability and Mean Weight 

Diameter 

Effect of land use on percent aggregate 

stability(AS) is shown in Figure4OPP and 

CPL showed significant improvement in AS 

compared to SFR but with higher 

contribution in OPP. In addition, LPL, had 

similar AS implying no improvement. The 

same trend was observed in the MWD 

(Figure5). The results partially supported the 

hypothesis that tree crops will enhance soil 

quality compared to SFR because leucaena 

had neutral or negative effect on soil 

properties compared to the SFR attributed to 

cattle grazing in the plantation.  Overgrazing 

increases the BD, destroys the macropores, 

consequently affecting the macro aggregates. 

However, to make a rationale  conclusion on 

Luecaena as a replacement  tree crop, 

reducing grazing activities will be 

considered.  

 

 

Fig.4: The Effect of Land Use on Percentage Aggregate Stability (AS) 
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CPL -  Cashew Plantation, SFR - Secondary Forest, LPL -  Leucaena plantation, OPP -  Oil Palm 

Plantation 

 

 

Fig. 5: The Effect of Land Use on Mean Weight Diameter (MWD) 

CPL -  Cashew plantation, SFR - Secondary Forest, LPL -  Leucaena plantation, OPP -  Oil Palm 

Plantation 

 

The Effect of Depth on Aggregate Stability 

Indices 

The effect of depth on microaggregate 

stability and macroaggregate stability was 

not significant except for about 14 % higher 

ASC at 15 – 30 cm depth compared to 0 – 15 

cm depth (Table 5).  Clay is a major 

aggregating agent, hence, increase in its 

content with depth may promote aggregation 

(Table 3).  Other authors explained the 

mechanisms of aggregation and showed that 

clay is a crucial for aggregation and stability 

of soils (Hillel, 1998; Brady and Weil, 2008) 
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Table 5: The Effect of Depth on Aggregate Stability Indices 

Parameters 

Depth 

CDI 

 

ASC 

(g/kg) 

CFI 

 

DR 

 

WDC 

(g/kg) 

WDS 

(g/kg) 

AS 

(%) 

MWD 

(mm) 

0 – 15cm 0.32 133 0.68 0.37 43.2 36.6 49 0.7 

15-30cm 0.28 154 0.72 0.38 44.8 50.1 48 0.7 

LSD(0.05) NS 18.3 NS NS NS NS NS NS 

Where, CDI - Clay Dispersible Index ASC, Aggregate Silt plus Clay, CFI - Clay Flocculation 

Index, DR - Dispersion Ratio, WDC - Water Dispersible Clay. WDS, Water Dispersible Silt 

 

 

The Interaction of Depth and Land Use on 

Aggregate Stability Indices 

The result of the interaction of depth and land 

use on microaggregate indices is presented in 

Table 6. No significant effect of land use was 

observed in all the microaggregate stability 

indices evaluated relative to the SFR at both 

depths except significant increase in   ASC 

recorded in CPL and OPP at both depths. The 

lowest ASC recorded at 0 -15 cm in LPL was 

at par with the SFR at both depths and LPL at 

15 – 30 cm depth.  The reduction in ASC in 

LPL reiterates that grazing adversely affected 

the aggregation of soil fine particles and 

consequently may affect other soil processes. 

 At the macroaggregate scale, OPP showed 

best significant enhancement in the 

percentage AS at both depths while CPL 

minimally improved the AS also but only at 

15 – 30 cm depth.  Also, LPL recorded 

similar percent AS relative to the SFR. On the 

contrary, there was no significant 

contribution by LPL to AS. compared to the 

SFR. It is possible that soil compaction as a 

result of trampling effect of grazing animals 

in the LPL, increased the bulk density and 

porosity (Figure 1 and 2), and consequently 

affected macro aggregation. Lower stability 

implies loss of macro aggregates which 

influence porosity, infiltration and root 

development. 

Furthermore, the MWD(1.0 mm)  was only 

enhanced in OPP at the 0 -15 cm 

depthcompared to the values in the SFRat 

both depths.  Also, the lowest MWD (0.50 

mm) registered in LPL at both depths were at 

par with MWD recorded in SFR at both 

depths.Soils with lower MWD will be more 

easily detached by erosive forces while 

aggregates with higher MWD will display 
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greater resistance to disruptive impact of 

raindrop.  

 

Table 6: The Interaction Effect of Depth and Land Use on Aggregate Stability Indices 
 

Parameters 
Depth 

 
LAND USE 

CDI 
 

ASC 
g/kg 

CFI 
 

DR 
 

WDC 
g/kg 

WDS 
 g/kg 
 

AS 
% 

MWD 
Mm 

0-15cm CPL 0.35 133 0.64 0.34 50.4 19.3 49 0.8 

 SFR 0.29 114 0.70 0.35 21.6 40.5 41 0.7 

 LPL 0.34 106 0.65 0.46 50.4 40.0 37 0.5 

 OPP 0.27 179 0.72 0.35 50.4 46.7 70 1.0 

15-30cm CPL 0.25 193 0.74 0.30 50.4 33.3 55 0.8 

 SFR 0.22 121 0.78 0.47 28.2 80.5 37 0.6 

 LPL 0.33 139 0.66 0.38 50.4 33.3 39 0.5 

 OPP 0.30 166 0.69 0.38 50.4 53.3 60 0.8 

 LSD(0.05) NS 37 NS NS NS NS 12 0.2 

Where, CDI - Clay Dispersible Index ASC, Aggregate Silt plus Clay, CFI - Clay Flocculation 

Index, DR - Dispersion Ratio, WDC - Water Dispersible Clay. WDS, Water Dispersible Silt 

CPL -  Cashew Plantation, SFR - Secondary Forest, LPL -  Leucaena Plantation, OPP -  Oil Palm 

Plantation 

 

CPL, Cashew plantation, SFR, Secondary forest, LPL, Leucaena plantation, OPP, oil palm 

plantation 

Summary and Conclusion 

Replacement of secondary forest with tree 

plantation crops showed quantitative 

evidence of improvement with respect to soil 

aggregate stability and some physical 

properties but in some of the plantation crops. 

The soil under the oil palm plantation 

indicated the highest mean weight diameter, 

percent aggregate stability, aggregated silt 

plus clay, porosity, lowest bulk density and 

sand relative to the secondary forest, 

followed by the soils under cashew 
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plantation. On the contrary there was no 

significant improvement in the Leucaena 

plantation attributed to grazing activities 

which possibly affected the physical health of 

the soil. 

Notably, clay dispersion index, clay 

flocculation index, dispersion ratio, water 

dispersible clay and water dispersible silt 

were not affected by secondary forest 

conversion to the three plantation land use 

types but rather was controlled by the total 

contents of clay and silt in them. Also, the 

higher amount of clay and aggregated silt 

plus clay in 15 – 30 cm depth compared to 0 

– 15 cm depth was attributed to the process 

of clay eluviation and illuviation. 

Our research partially fulfilled the hypothesis 

that replacing secondary forest with 

plantation crops would enhance soil 

aggregate stability and soil physical 

properties in the studylocation. It was true for 

oil palm and cashew plantation but not for 

Leucaena. Therefore, there would be need for 

validation before such decision is taken. In 

addition, good management of these 

plantations may further boost the soil quality 

for climate change mitigation, increase tree 

crop production, and with the added benefit 

of food security and financial gain for the 

farmers 

 

REFEERENCES 

Adeigba, O., Olasupo, F.O., Adewale D.,  

Abimbola, M.A. (2015). A review on  

cashew research   and 

production in Nigeria in the last four 

decades. Scientific research and 

Essays 10(5):196 –209 

Basga, D.S. and Nguuetnkam, P. (2018).  

Land use impact on clay dispersion/  

flocculation in irrigated and flooded 

vertisols from Northern Cameroon. 

International Soil and Water 

Conservation Research 6 (3):237 – 

244. 

Berhe, A. A. and Kleber, M. (2013).  Erosion,  

deposition, and the persistence of soil  

organic matter: mechanistic 

considerations and problems with 

terminology. African Journal of 

Agronomy, 2 (8), 194-199. 

Blake, G. R. and Hartge, K. H. (1986). Bulk  

Density. 363-382 in A. Klute, ed.,  

Methods of Soil Analysis, Part 1. 

American Society of Agronomy, 

Madison, Wisconsin 

Brady, N. C. and Weil, R. R. (2008). The  

Nature and Properties of Soils. 14th 

edition. Persons Educ. Inc. New 

Jersey 

 

 



Efeect of Different Land Use on Selected Soil Physical Properties - Osakwe,Quadri,Aladeokin, Adeyoriju,Ilo 

104 
 

Brewbaker, J. L. (2004). Nitrogen  

improvement and culture. 

Encycolpedia of Forest Science, 1490 

- 1501 

Dendena, B. and Corsi S.(2014). Cashew,  

from seed to market: a review. Agron  

Sustain Dev.,34:  753–772. 

Detwiler, R. P. (1986).Land use change and  

the global carbon cycle. The role of 

tropical soils. Biogeochemistry 2: 

67-93. 

Duke, J. A (1983). A hand book of energy  

crops. In Agris 2013.  Purdue 

University, Centre for New Crops and 

plant Products 

Echavaria, F. G., Serna, A., Banuelos, R.,  

Flores, M. J., Gutierrez, R., Salinas, 

H. (2007). Soil physical degradation 

of range lands under continuous 

grazing at the Zacatecas, Mexico 

highlands,In. Lamaddelena N. (ed.) 

Bogliatti C. (ed.), Todorovic M. (ed.), 

Scardigno A. (ed.). Water saving in 

Mediterranean agriculture and future 

research needs, 3 Bari:CIheam, 151- 

161 (Option Mediterraneennes: Serie 

B. Etudes et Recherches: n. 56:3  

FAO (2005). State of the World’s Forests  

2005. Food and Agriculture 

Organization of the United Nations, 

Rome. 

FAO (2016) State of the World’s Forests  

2016. Forests and Agriculture: Land-

Use Challenges and Opportunities. 

Food and Agriculture Organization, 

Rome, 126.  

Fasona, M.J., Akintuyi, A.O., Adeonipekun,  

P.A., Akoso, T.M., Udofia, S.K.,  

Agboola, O.O.,  Ogunsanwo, 

G.E., Ariori, A.N., Omojola, A.S., 

Soneye, A.S. and Ogundipe, O.T. 

(2020)  Recent  Trends in 

Land-Use and Cover Change and 

Deforestation in South-West 

Nigeria.GeoJournal 1 – 27 

Gee, G.N. and Bauder, J.W. (1986). Particle  

Size Distribution. In: Klute, A., Ed.,  

Methods of Soil  Analysis Part 

1. Physical and Mineralogical 

Methods, 2nd Edition, Agronomy 

Society of  America/Soil Science 

Society of America, Madison, 

Wisconsin, 383-411 

Guggenberger, G., Frey, S., Six, J., Paustian,  

K. and Elliot, E. (1999). Bacterial and  

fungal cell- wall.  Residues in 

conventional and no-tillage agro-

ecosystems. Soil Science Society of 

American Journal63:1188-1198. 

Gülser, G., İmanverdi, E. and Füsun G.  

(2021). Effects of deforestation on 

soil properties and organic carbon 



Efeect of Different Land Use on Selected Soil Physical Properties - Osakwe,Quadri,Aladeokin, Adeyoriju,Ilo 

105 
 

stock of a hillslope position land in 

Black Sea Region of Turkey. 

Eurasian  Journal of Soil 

Science, 10(4), 278 – 284 

Hillel, D. (1998). Environmental Soil  

Physics. Academic Press. San. Diego. 

Igwe, C. A. (2003). Erodibility of soils of the  

upper rain forest zone, South eastern  

Nigeria. Land  Degradation and

 Development14: 323-334. 

Igwe C. A. and Ejiofor, N. (2005). Structural  

stability of exposed gully walls in  

Eastern Nigeria as  affected by 

soil properties. International Agro 

Physics 19: 215-222. 

Igwe, C. A., Zarei, M. and Stahr, K. (2009).  

Colloidal stability in some tropical 

soils of South Easten  Nigeria as 

affected by iron and aluminum 

oxides. Catena77: 232-237 

Imogie, A.E., Udosen, C.V., Ugba, M.M. and  

Utulu, S.N. (2008). The long term  

effect of luecaena on the 

physicochemical properties of and 

fresh fruit bunch production of oil 

palm.  African Journal of Plant 

Science 2 (11): 129 – 132 

Iwara, A., and Ogundele, F. (2013). Effect of  

Teak (Tectona grandis) and Rubber  

(Elaeis guineensis) Plantations on 

Soil Physico-Chemical Properties of 

Alfisol and Ultisolin Parts  of 

Nigeria. Agriculture and Biology 

Journal of North America 4 (2): 137-

144. 

Kodešová, R., Kočárek, M., Kodeš, V.,  

Šimůnek, J. and Kozák, J. 2008. 

Impact of soil  micromorphological 

features on water flow and herbicide 

transport in soil. Vadose Zone 

Journal, 7:798-809 

Keller, M. G., Asner, J.N., Silva, M. and  

Palace, M. (2004). Sustainability of 

selective logging of  upland forest 

in the Brazillian Amazon. Carbon 

budgets and remote sensing as a tool 

of evaluation of logging effects in 

Working forests in the tropics. 

Conservation through sustainable 

management? Columbia Univ. Press. 

New York. 

Kemper, W.D. and Rosenua, R.C. (1986).  

Aggregate stability and size 

distribution (2nd ed.). in:   

klute, editor, methods of soil analysis. 

part 1. physical and mineralilogical 

methods 1, Soil  Science 

Society of America, Madison, 

Wisconsin, USA, 425-442 

Mamo, T., Alemu, B. and Larsson, R.(2000).  

Effect of natural forest conversion to  



Efeect of Different Land Use on Selected Soil Physical Properties - Osakwe,Quadri,Aladeokin, Adeyoriju,Ilo 

106 
 

plantation and  secondary forests on 

soil chemical properties in Munessa 

mountain forest of Ethiopia. 

Ethiopian Journal of Natural 

Resources 2(2).  

Morris L. A. and Lowery, R. F. (1988).  

Influence of site preparation on soil  

conditions affecting  stand 

establishment and tree growth. 

South.Journal of Applied. Forestry 

12(3):170-178. 

Nadeeesha, S. and Weeraeinghe, T.K.  

(2016). The effect of oil palm 

production on the properties  of soil 

in some selected areas of NAGODA 

in the Divisional Secretariat of the 

Galle  District. International 

Journal of Agriculture, Forestry and 

Plantation, 3 

Nguetnkam, J. P. and Gultz, A.(2014). Clay  

dispersion in the typical soils of north  

Carmeroon as a function of 

pHelectrolyte concentrations. Land 

degradation and development, 25: 

153 -  162. 

Normaniza, O., Faisal, H.A. and Barakbah, S.  

S. (2008). Engineering properties of  

Leucaena  leucocephala for 

prevention of slope failure. 

Ecological Engineering 32:215–221 

  

Nwite, J. N., Aya, F. C. and Okolo, C. C.  

(2016). Remediation of crankcase oil  

contaminated soil  with different 

sources of manure in Abakaliki, 

South East, Nigeria. Journal of 

Bioremediation and Biodegradation 

7:350 

Ogbodo, E. N., Chukwu, G.O. (2012). Soil  

fertility evaluation of selected Aquic  

Haplustalfs in  Ebonyi State, 

Southeast Nigeria. Nigeria Journal of 

Soil Science 22(1)97-102 

Oloyede, A.A., Adeyemi, E.A., Akanbi, O.  

and Solaniyi, O. O. (2019). Physico-  

chemical  properties of soils of 

cashew (Anachadium occidentale) 

plantations in Nigeria. 111 All 

African Horticultural Congress. Acta-

Horticulturae 1225.  

Oluwajuwon, T., Akintunde, A. Alo, F. N.,  

Ogana, O. and Adekugbe,,A. (2021).  

Forest Cover Dynamics of a Lowland 

Rainforest in Southwestern Nigeria 

Using GIS and Remote Sensing 

Techniques.Journal of Geographic 

Information System13: 2. 

Onyekwelu, J.C., Mosandl, R., and Stimm, B.  

(2008). Tree species diversity andsoil  

status of primary and degraded 

tropical rainforest ecosystems in 



Efeect of Different Land Use on Selected Soil Physical Properties - Osakwe,Quadri,Aladeokin, Adeyoriju,Ilo 

107 
 

Asner. Tropical Forest Science 20(3), 

168 -193. 

Osakwe, U. C (2014).  Effects of Land Use  

on Soil Chemical Properties and 

Micro-aggregate  Stability in the 

Tropics. Proceedings of 38th Annual 

Conference, Soil Science Society of 

Nigeria, 10th – 18th March 2014, 185- 

192. University of Uyo, Nigeria. 

Osakwe U. C. (2018). Effect of land use on  

soil aggregate properties and soil  

erodibility (k-factor)  in selected 

soils of Enugu State, Southeastern 

Nigeria.). International Journal of 

Agriculture and Rural Development 

21(1);3478-3400. 

Patrick, S. M. (2019). The roles of leucaena  

leucocephala on sandy loam soil pH,  

organic matter, bulk density water 

holding capacities and carbon stock 

under humid low land tropical 

climatic condition. Bulgarian Journal 

of Soil Science 4(1): 33- 45. 

Qi, Y., Chen, T., Pu, J., Yang, F., Shukla, M.  

K. and Chang, Q.(2018). Response of  

soil physical  chemical and 

microbial biomass properties to land 

use changes in fixed desertified land. 

Catena160:339–344. 

 

 

Routhipor, H., Farzanal, H. and Asadi, H.  

(2004). The effect of aggregate  

stability indices on soil erodibility 

factors using rainfall simulator. 

Iranian Journal of Range and Desert 

Research  11: 235-254. 

Rusman, B., Augustia, A. and Aprisal A.  

(2019). Changes in soil chemical and  

physical properties  of Andisols 

under oil palm small holder in the 

West Pasaman District of West 

Sumatra.  Conference series, 

Earth and Environmental Science, 

347 (1):012040.  

Sempore, J., Nomwend, S., Laurencia, T. S.,

 Windpouir, V. T., Fabrice, B. and  

Mamoudou, H. D. (2021). 

Morphological characterization and 

quality assessment of cashew 

(Anacardium  occidentale L.) nuts 

from 53 accessions of Burkina Faso, 

Journal of Agriculture and Food 

Research 6: 10021 

Shafiqul, I. B. and Imrana, L. (2020). Effects  

of deforestation on soil physical  

properties in  Nongkhyllem 

Wildlife Sanctuary, Meghalaya, India 

Advances in Zoology and Botany 

8(5):  392-399. 

 

 



Efeect of Different Land Use on Selected Soil Physical Properties - Osakwe,Quadri,Aladeokin, Adeyoriju,Ilo 

108 
 

Shittu, O.S. (2014). Properties of soils  

developed on charnockite in Ekiti 

state, Nigeria, Elixir  Agriculture, 

77: 29037 – 2904. 

Six, J., Bossuyt, H., Degryze, S., and Denef,  

K. (2000). A history of research on 

the link between microaggregates, 

soil biota, and soil organic matter 

dynamics. Soil Tillage and Research 

7–31 

Sun, W., Zhu, H. and Guo, S. (2015). Soil  

organic carbon as a function of land  

use and topography  on the Loess  

Tate, K.W., Dudley, D.M., McdoughGald, 

N.K. and George, M. R. (2004). Effect of  

canopy and  grazing on soil bulk 

density. Range land ecology and 

management, 57:411 -417 

 

Tores, S.G. Schuller, R. and Lanigan, 

G.(2017). Illuviation provides long-term sink  

for C  sequestration in subsoils. 

Science Report 7: 45635. 

 

Plateau of China. Ecological Engineering  

83: 249–257  

 

 

 

 

 

 

 


