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The conversion of Forest Reserve to other land-uses in recent times has caused many complex 
changes in the forest ecosystem. Hence, we investigated soil properties in five land use types; logged-
over natural forest, Gmelina arborea plantation, Tectona grandis plantation, agricultural land and 
relatively undisturbed forest, developed from Little Ose forest reserve in the humid-tropical south-
western Nigeria. We compared the result of soil properties under relatively undisturbed forest with 
other land use types for the purpose of detecting the impact of conversion on soil properties in the 
study area. Composites soil samples from two soil depths (0 - 15 cm and 15 - 30 cm), within 12 quadrats 
of 10 m x 10 m transect laid in each of the land-use types, were collected using soil auger. We observed 
that there were no significant differences in soil physical properties, (sand, silt, bulk density) at both 
top and sub-soil layer in all the land use, except clay content that was significant difference (p≤ 0.05) 
under relatively undisturbed forest at sub-soil layer of the profile. Exchangeable acidity was 
significantly higher (1.80 mg/kg, 1.80 mg/kg and 1.90 mg/kg) in the relatively undisturbed forest and 
monoculture plantations than in logged-over forest and agricultural land. We found that the agricultural 
land had the highest concentration of (N, P, K), while available phosphorus and magnesium were 
significantly increased (p≤ 0.05) at both soil surface layers in the agricultural land compared to other 
land-use types.  Although there was no significant difference in organic carbon among the land use 
types, but the organic carbon and organic matter was proportionally higher in relatively undisturbed 
forest than other land use types. The level of  organic matter and Ca

2+
 content declined significantly (p≤ 

0.05) in monoculture plantation and agricultural land compared to relatively undisturbed forest, while 
available phosphorus was significantly increased (p≤ 0.05) at the top soil surface layers in the 
agricultural land compared to other land-use types.  
 
Key words: Agricultural land, forest conversion, land-use, monoculture plantation, soil physico-chemical 
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INTRODUCTION 
 
The conversion of Forest Reserve to other land-uses in 
recent times has caused many complex changes in the 
forest ecosystem whose impact raises diverse ecological 
problems (Henrik et al., 2010). Increasing population 
coupled with urban poverty has exacerbated the migra-
tion of people into rural  areas  especially  villages  closer 
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or inside the Forest Reserves in Nigeria (Adeofun and 
Akinsanmi, 1997). This has led to the de-reservation of 
substantial parts of most of the Forest Reserves in South-
western Nigeria (such as, Omo, Oluwa, and Olokemeji) for 
the establishment of monoculture plantations, while 
encroachment by landless farmers for agricultural 
activities has further impoverished many (Ola-Adams, 
1996, Ogunleye et al., 2004). The structural alteration of 
the potential Forest Reserves has not been without cost 
and this  has  resulted  in  a  mosaic  of  land-uses  in  the  



 
 
 
 
Forest Reserves. Both forest litters and soil microbes 
constitute an important resource that makes forests fertile 
for arable farming in the tropics (Akachukwu, 2006) and 
the fertility status of a soil is acknowledged to be a 
reflection of the soil properties and soil texture 
characteristics (Michel et al., 2010).  

The conversion of forest land to tree plantations and 
food crops plots has been shown to adversely affect soil 
Carbon (C) and Nitrogen (N) levels (Michel et al., 2010). 
There are also strong indications that the conversion of 
tropical forests into land for agriculture or plantation might 
have negative impacts on soil properties and the carbon 
budget (Hertel et al., 2009). Hence, a selection of 
appropriate ecological indicators with well-established 
sensitivity to disturbances will assist in assessing the 
extent of these impacts with a view to addressing the 
associated ecological problems. 

Consequently, soil physical and chemical properties 
have been proposed as suitable indicators for assessing 
the effect of land-use changes and management (Janzen 
et al., 1992; Bremer et al., 1994; Alvarez and Alvarez, 
2000). This approach has been used extensively by 
several authors to monitor land-cover and land-use 
change patterns (Schroth et al., 2002; Airiohuodion, 
2003; Faboya, 2010; Michel et al., 2010). Similarly, a lot 
of studies have been carried out on the soil 
physiochemical and biological changes (Schroth et al., 
2002; Tchienkoua and Zech, 2004; Walker and 
Desanker, 2004) over the humid tropical regions of the 
world. In spite of the economic importance of plantation 
forestry and agriculture, previous studies on the effects of 
different land-use types on soil properties in Nigeria are 
still grossly inadequate. Hence, this study is designed to 
assess how soil properties vary with different land-use 
types over Little-Ose Forest Reserve. 
 
 
EXPERIMENTAL 
 
Description of the study area 
 
This study was conducted in Little-Ose Forest Reserve, a 
lowland rainforest zone (330 m above sea level) in Emure 
Local Government Area of Ekiti State, southwest Nigeria 
(Figure 1). It covers an area of about 26.62 km

2
 and lies 

approximately between latitudes 7.55
o
N:7.58

o
N and 

longitudes 5.55
o
E: 5.57

o
E. The climate is humid sub-

tropical (Thornthwaite, 1948) with sharp seasonal 
variation in rainfall, temperature and humidity. The raining 
season lasts from April to October and the dry season 
from November to March. The temperature lies within a 
uniformly high mean monthly temperature of about 25°C 
and an annual rainfall of about 1400 mm (Adeniyi, 1993). 
The geological descriptions of the area by Dessauvagie 
(1975) and Ola-Adams and Hall (1987) show that the 
area is gently undulating plain with underlying rock which 
is gneiss and crystalline is found in the basement  
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complex of continuous weathering. The ferrigenous 
(ferric-luvisol) tropical soil which is common to many 
upland plant of south-western Nigeria is also the nature 
of soil in Little-Ose Forest Reserve (FAO/UNESCO, 
1970). The soil is a representative of the soil in Ondo 
State of Nigeria which comprises of well-drained matured 
red stony and gravely soil in the upper part of the 
sequence, grading into the hill wash overlaying original 
parent material or hard pan layers in the valley bottom 
(Smyth and Montgomery, 1962). 
 
 
Soil sampling 
 
The study area was categorized into five different land-
use types representing (i) logged-over forest, (ii) Gmelina 
plantation, (iii) Tectona grandis plantation, (iv) agricultural 
land and (iv) relatively undisturbed natural forest; 
considered as a control. Simple random technique 
method was adopted in locating 12 quadrats of 10 m x 10 
m transect laid in each of the land-use types. Composites 
soil samples were taken at 0 -15 cm (surface layer) and 
15 - 30 cm (subsurface layer) depths using soil auger and 
put into polythene bags. The surface layers were A-
horizon and the subsurface layers were the upper parts 
of B-horizon. The collected composite soil samples was 
air-dried and passed through a 2 mm sieve. Soil 
properties (such as soil pH, total nitrogen, available 
phosphorus, organic matter, organic carbon, cation 
exchange capacity, exchangeable acidity, and bulk 
density) were analyzed and measured in the Central 
Laboratory, Obafemi Awolowo University, Ile-Ife, Nigeria.  

The soil bulk density was determined by adopting core 
method (Blake and Hartage, 1986), particle size by 
hydrometer method (Bouyoucous, 1951), organic matter 
and carbon by Walkley-Black wet oxidation method 
(Nelson and Sommer, 1996) as well as total nitrogen by 
the micro-kjeldal digestion method (Bremner et al., 1994). 
The soil pH was measured electrometrically in water at 
1:2 soil/water ratio using pH meter (Rhoades, 1996). 
Available phosphorus was determined by using Bray 
No.1 method, while exchangeable cations (K

+
, Ca

2+
, Na

+
 

and Mg
2+

) was determined using 1M NH4OAc buffered at 
pH 7.0 as extractant. Also, the atomic absorption 
spectrophotometer was used to read the K

+
 and Na

+
 

concentrations in the soil samples. In the data analysis, 
one way analysis of variance (ANOVA) and Duncan 
multiple range tests were employed to separate treatment 
means with a significance level of p< 0.05. 
 
 
RESULTS 
 
Tables 1 and 2 show the results of the particle size and 
bulk density analysis of the top-soil (0 – 15 cm) and sub-
soil (15 – 30 cm) surface layers in the study area 
respectively. There  were  no  significant  differences  (p<  
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Figure 1. Map of Ekiti State, Nigeria, showing the location of Little-Ose Forest Reserve (inset). 

 
 

Table 1. Particle size and bulk density of top-soil surface layers (0 - 15 cm) in the different land-use types over Little-Ose 

Forest Reserve.  
 

Land-use type Sand (%) Silt (%) Clay (%) Soil bulk density (g cm
-3
) 

Undisturbed Natural forest 71.43
a 

17.17
a 

12.50
b 

1.20
a 

Logged-Over Forest 78.13
a 

16.53
a 

15.91
a 

1.39
a 

Gmelina arborea plantation 75.47
a 

16.56
a 

18.72
a 

1.53
a 

Tectona grandis plantation 76.45
a 

16.23
a 

17.70
a 

1.72
a 

Agricultural land 73.93
a 

10.56
b 

15.47
a 

2.20
a 

 

Means within the same column, followed by the same superscript letter are not significantly different at 5 % level according to 
Duncan multiple range test. 

 
 

Table 2. Particle size and bulk density of sub-soil surface layers (15 - 30 cm) in the different land-use types over Little-Ose Forest 

Reserve.  
 

Land-use type Sand (%) Silt (%) Clay (%) Soil bulk density (g cm
-3
) 

Undisturbed Natural forest 73.08
a 

15.55
a 

17.64
b 

2.90
a 

Logged-Over Forest 76.13
a 

17.18
a 

17.37
b 

2.18
a 

Gmelina arborea plantation 71.87
a 

15.96
a 

20.57
a 

1.90
a 

Tectona grandis plantation 73.00
a 

16.71
a 

21.71
a 

1.95
a 

Agricultural land 74.00
a 

10.93
b 

18.38
a 

2.12
a 

 

Means within the same column, followed by the same superscript letter are not significantly different at 5 % level according to Duncan 
multiple range test. 

 
 
0.05) in the sand and bulk density at both top and sub-
soil surface layers. The silt content was significantly 
different in agricultural land compared to other land-uses. 
Clay content was relatively low relative in the undisturbed 
natural forest in both top and sub-soil surface layers. 

Table 3 gives the chemical properties of top-soil surface 
layers (0 - 15 cm) in the different land-use types over 
Little-Ose Forest Reserve. Evidences show that there 
were no significant differences (p< 0.05) in the pH, 
organic carbon, available nitrogen, Na

+
, and K

+
 at the top-
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Table 3. Chemical properties of top-soil surface layers (0 - 15 cm) in the different land-use types over Little-Ose Forest Reserve. 
 

Land-use type 
pH 

H20 

Organic 

Carbon 

(mg/kg) 

Organic 

Matter 

(mg/kg) 

Available 

Nitrogen 

(mg/kg) 

Available 

P 

(cmol/kg) 

K
+ 

(cmol/kg) 

Ca
2+ 

(cmol/kg) 

Mg
2+ 

(cmol/kg) 

Na
+
 

(mg/kg) 

Exchangeable acidity 

H+Al 

(mg/kg) 

Undisturbed Forest 4.96
a 

1.80
a 

3.11
a 

0.15
a 

9.48
b 

0.23
a 

2.41
a 

1.45
b 

0.12
a 

1.80
a 

Logged-Over Forest 5.23
a 

0.57
a 

1.83
b 

0.12
a 

4.16
d 

0.11
a 

1.20
a 

2.20
b 

0.20
a 

0.44
b 

Gmelina  plantation 4.66
a 

0.93
a 

1.59
b 

0.14
a 

7.23
c 

0.14
a 

0.70
b 

2.17
b 

0.20
a 

1.80
a 

Tectona plantation 5.69
a 

0.51
a 

0.57
c 

0.12
a 

4.52
d 

0.19
a 

0.86
b 

1.88
b 

0.24
a 

1.93
a 

Agricultural land 6.54
a 

1.63
a 

2.82
a 

0.16
a 

14.90
a 

0.32
a 

2.15
a 

4.13
a 

0.23
a 

0.34
b 

 

Means within the same column, followed by the same superscript letter are not significantly different at 5 % level according to Duncan multiple range test. 

 
 

Table 4. Chemical properties of sub-soil surface layers (15 - 30 cm) in the different land-use types over Little-Ose Forest Reserve. 
 

Land-use Type 
pH 
H20 

Organic 
Carbon 
(mg/kg) 

Organic 
Matter 

(mg/kg) 

Available 
Nitrogen 
(mg/kg) 

Available 
P 

(cmol/kg) 

K
+ 

(cmol/kg) 
Ca

2+ 

(cmol/kg) 
Mg

2+ 

(cmol/kg) 
Na

+
 

(mg/kg) 

Exchangeable 
acidity H+Al 

(mg/kg) 
Undisturbed Forest 4.82

a 
1.59

a 
2.75

a 
0.14

a 
7.95

a 
0.12

a 
2.06

a 
1.05

a 
0.09

b 
2.03

a 

Logged-Over Forest 5.67
a 

0.55
a 

0.95
b 

0.39
a 

5.02
a 

0.05
b 

0.73
b 

1.74
a 

0.18
a 

0.44
b 

Gmelina  plantation 5.69
a 

0.51
a 

0.57
b 

0.12
a 

4.53
a 

0.19
a 

0.56
b 

1.88
a 

0.24
a 

1.93
a 

Tectona plantation 6.29
a 

0.76
a 

1.31
b 

0.11
a 

7.61
a 

0.14
a 

1.77
a 

2.51
a 

0.26
a 

0.31
b 

Agricultural land 5.72
a 

0.56
a 

0.97
b 

0.16
a 

6.05
a 

0.16
a 

1.33
a 

2.27
a 

0.20
a 

0.79
b 

 

Means within the same column, followed by the same superscript letter are not significantly different at 5 % level according to Duncan multiple range test. 

 
 
soil surface layer among the different land-use 
types. The organic matter was significantly (p< 
0.05) high in relatively undisturbed natural forest 
when compared with soil under other land-use 
types investigated. The magnesium and available 
phosphorus values in the top soil were higher in 
agricultural land compared to other land-use 
types. Exchangeable acidity was significantly 
different in Tectona grandis plantation at the top 
soil surface layer. Soil under Gmelina arborea and 
Tectona grandis plantations were significantly 
lower in Ca

2+
 than other soil in other land-use 

types. 
At the sub-soil surface layer the pH, organic 

carbon, available nitrogen, Mg
2+

 and available 
phosphorus   were    not    significantly   difference  

among the different land-use types investigated 
(Table.4). Organic matter was higher in relatively 
undisturbed natural forest when compared with 
soil under other land-use types investigated. The 
organic matter and Exchangeable acidity were 
significantly high (2.75 mg/kg) and (2.03 mg/kg) in 
relatively undisturbed natural forest when 
compared with soil under other land-use types. 
 
 
DISCUSSION 
 
Changes in soil physical properties 
 
According to the results, statistical differences 
were observed which showed that  land-use types  

have a significant effect on soil Physico-Chemical 
properties. Soil clay content was significantly 
impacted by the land use changes because the 
value of clay content was reduced in the 
undisturbed natural forest at both the top-soil 
surface layer, but in terms of depth, an 
appreciable increase in clay content was 
observed as the depth increased down the soil 
profile. Bulk density value was comparatively 
higher in agricultural land in the top soil surface 
layers than other land use types including the 
undisturbed natural forest. This slight increase 
within agricultural land might be attributed to the 
effects of human and animal activities within this 
area. Trampling of pasture during farming active-
ties has been shown to increase the  bulk  density  
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in this area. The bulk density was 2.20 gcm

-3 
and 2.12 

gcm
-3 

at top and sub-soil surface layer (Tables 1 and 2). 
The findings agree with the report of Davidson and 
Ackerman (1993) that land management for agriculture 
often results in soil particles desegregation. Michel et al. 
(2010) findings on a tropical forest in Cote d’Ivoire also 
observed increased in bulk density from natural forest to 
cultivated lands.  The ecological implication of the finding 
is that the soil under this land-use may be susceptible to 
erosion and capable of retarding plant root penetration 
than other land use types in this study area. 

However, there was no significant difference in the 
sand content both at top and sub-soil, except general 
decrease in sand content with depth down the soil profile. 
This corroborates the assertion of Onyekwelu et al. 
(2005) at Oluwa and Omo Forest Reserves and report of 
Faboya (2010) on Ogbese Forest Reserve. Similarly, 
there was little variation in the Silt content in the 
Agricultural land when compared with values of other 
land-use types.    
 
 
Changes in soil chemical properties 
 
The results indicated a significant difference (p< 0.05) in 
the soil chemical properties under the different land-use 
types. Top-soil pH ranged between 4.66 and 6.54 and is 
comparatively higher in Gmelina arborea plantation and 
relatively undisturbed natural forest (Table 3). There is 
slight increase in pH in soil under Gmelina arborea 
plantation and relatively undisturbed natural forest 
compared to agricultural land, logged-over natural forest 
and Tectona grandis plantation which may be due to 
leaching of base elements. Juo and Manu (1996) found 
that growing vegetation tended to decrease soil pH, with 
low nutrient stocks. This phenomenon may be related to 
cation uptake by plant, with subsequent release of H

+
 

ions, organic matter decomposition into organic acids, 
increased CO2 level through root respiration and 
nitrification.  

Agricultural land showed little decrease in soil pH at top 
soil surface layers, while Tectona grandis plantation 
shows little decrease in pH at the sub-surface soil layers. 
Conversion of forest reserve into monoculture plantations 
and agricultural land resulted in significant decreases of 
both the organic carbon concentration and organic matter 
stock. A trend of increased organic carbon and matter 
content of soils under relatively undisturbed forests was 
observed at both layers of soil surface. Michel et al. 
(2010), also reported significant reduction in soil organic 
carbon content in multispecies tree plantation and mixed-
crop fields compared to natural forest in Cote D’voire, this 
may be due to lack of under storey vegetation that is 
often associated with Agricultural land. This support the 
concern of Hertel et al. (2009) that the conversion of 
tropical forests into land for agriculture or plantation has 
negative effects on the carbon budget.  

 
 
 
 

This result is indicative of the rapid loss of organic matter, 
mostly from top 0 - 15 cm to sub-soil 15-30 cm layers due 
to forest conversion. Belowground carbon storage is 
critical to the effective carbon sequestration potential of 
any ecosystem, because it has implication on carbon 
deficit in the atmosphere.  

Furthermore, there was no significant difference in the 
available nitrogen under the different land-use examined. 
Similarly, there was lower concentration of Na

+
 under the 

different land-use types when compared with agricultural 
land in the top soil surface layers. The Na

+
 concentration 

was higher in Tectona grandis plantation in comparative 
with other land-use type examined at the sub-soil layer. 
The results also showed no significant difference in the 
concentration of K

+
 at the top soil surface layers. 

Potassium concentration was significantly low in the sub-
soil surface layers in logged-over natural forest when 
compared to other land-use types. The concentration of 
Ca

2+
 was slightly higher in relatively undisturbed natural 

forest and agricultural land when compared with other 
land-use types at top soil surface layer. This may 
perhaps be attributed to leaching. Relatively undisturbed 
natural forest and Tectona grandis plantation had higher 
concentration of Ca

2+
 at sub-soil surface layers. The 

higher concentration of Ca
2+

 under Tectona grandis 
plantation support the findings of Singh (1998) who 
reported higher Ca

2+
 concentration in soil under Tectona 

grandis plantation.  
The concentration of Mg

2+
 showed significant 

differences among the land-use types at top soil surface 
layers. Agricultural land was significantly high in 
concentration of Mg

2+
, followed by Tectona grandis and 

Gmelina arborea plantations respectively. Available 
phosphorous (P) was significantly higher in the 
agricultural land in comparative to other land-use types.  
Increased leaching in the relatively undisturbed natural 
forest may be responsible for higher available 
phosphorus in natural forest, while the use of fertilizers 
and other chemicals may be responsible for higher 
phosphorus in the agricultural land. There was significant 
difference in exchangeable acidity under the different 
land-use types. Tectona grandis plantation has the 
highest exchangeable acidity, closely followed by 
Gmelina arborea plantation and relatively undisturbed 
natural forest at the top soil surface layers of the soil 
profile. At the sub-soil layers only relatively undisturbed 
natural forest and Gmelina arborea plantation had 
exchangeable acidity concentration that was significantly 
different from other land-use types studied. 
 
 
Conclusions 
 
The focus of this study seeks to investigate the impact of 
land use changes on soil properties with respect to the 
development of agricultural land and plantations of exotic 
tree species in Little-Ose forest reserve. The development  



 
 
 
 
of plantations and agricultural land from Little-Ose forest 
reserve has not only transformed the physical landscape 
but also impacted negatively on the soil quality in the 
area.  The result of the soil analysis of variance showed 
that the soil properties in different land-use types (when 
compared with the control i.e. relatively undisturbed 
natural forest) are significantly altered. The agricultural 
land is more bulky than other land-use types investigated. 
The concentration of phosphorus is significantly higher in 
agricultural land than other land-use types. Relatively 
undisturbed natural forest has higher organic carbon and 
matter than any other land-use. The pH declined slightly 
in soil beneath relatively undisturbed natural forest and 
increased in others there is no significant difference in the 
amount of available nitrogen among the different land-
use types investigated. The study has applications in the 
study of biodiversity change in relation to land use 
changes. These findings can help guide afforestation and 
reforestation programs, including those aimed at 
increasing soil fertility and erosion control. 
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