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Abstract 

The study was conducted at Munesa Shashemane, Ethiopia to understand the long term effects of land use 

change on soil properties under different land use types. Comparison of change in soil properties over time was 

made by using samples from Mechanized farm (MF), Traditional farm (TF), plantations of Cupresus lusitanica 

(CL) and Euclayptus saligna (ES), and Natural Forest (NF), the data before ten years ago on the same site at this 

study was made. All data collected were subjected to ANOVA using the general linear model of SAS 9.0 at p < 

0.05. Based on the result, under both plantation tree species, the total N, BS, and exchangeable Ca at 0-10 cm 

and 10-20 cm; available K and exchangeable K at 10-20 cm soil layer was increased significantly compared to 

the data before ten years ago. Under MF the bulk density, exchangeable Ca and exchangeable Na at 10-20 cm; 

total N, BS and available K at 0-10 cm and 10-20 cm soil depths increased significantly. Under TF, available K 

at 0-10 cm and 10-20 cm soil layer, BS and exchangeable Ca at 10-20 cm soil layer increased significantly. The 

CEC at 0-10 and 10-20 cm; the available P and exchangeable Na at 10-20 cm soil layer were decreased 

significantly compared to the data before ten years ago. Based on the results, the change in soil physicochemical 

properties is exacerbated by the land management practices, which may include selecting the right plantation 

species for restoring the site, and the plant residue management under different land use systems over time. 
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1. INTRODUCTION 

Inappropriate land use, agricultural productivity decline, and increasing population pressure are considered as the 

major driving factors of deforestation for millennia in Ethiopia (Elias, 2002). The rapidly growing human and 

domestic animal population created the need for expanding crop and grazing land (Teketay, 2001). The land 

pressure from increasing human population and domestic animals have had a negative impact on soil quality. 

Since many animals feed on the crop residue, little organic matter is returned back to the soil from continuous 

farmlands. Shortage of fuel wood, and increased dependency on crop residue and animal dung for household 

energy consumption leads to loss of the soil nutrients. Such practice for long period may cause severe soil 

degradation. The degradation is expressed in terms of loss of soil quality. 

According to Lal (1997), soil degradation is the loss of actual potential productivity caused by the 

decline in soil physical, chemical and biological properties, including reduction in soil biodiversity. Land 

degradation can occur naturally, but human activities accelerate the process (Tefera, et al., 2002). The rate of 

land degradation depends on the magnitude of deriving variables such as the land use change (Harrington CA, 

1999). Conversion of forested land to crop cultivation in Bangladesh resulted in surface compaction and 

significant decreases in silt and clay contents of the soil. In relation to this, the soil quality such as soil porosity 

and aggregate stability, N, fulvic and labile C, microbial biomass C and deteriorated significantly (Islam and 

Weil, 2000).  

The combined factors i.e., expansion of agricultural land, as well as increased demand of forest 

products are the threat on natural forests. In many areas, the harvest of timber products from Natural Forest (NF) 

is constrained in relation to diminishing natural forest. In response to this problem, use of tree plantations with 

fast growing native and exotic species to produce timber is becoming a common option (Laclau, 2003, Lemenih, 

2006, Nambiar and Brown (Eds.), 1997, Tiarks et al., 1998, Harrington, 1999). Fast growing exotic trees species, 

which have the ability to accumulate high amount of nutrients in their biomass and restore the soil physic-

chemical properties. Tropical forest plantations are the most productive ecosystems in the world due to their fast 

growth (Binkley and Ryan, 1998). On the same study, E. saligna, which is fast growing compared to Albizia 

facaltaria, indicated that it has accumulated about 50% more aboveground biomass than Albezia at the same age. 

The trees shed part of their biomass to the soil, and release nutrients to the soil surface through decomposition 

and organic matter mineralization.  

Although some researchers, for instance, (Binkley and Resh, 1999, Richter et al., 1999) do not fully 

agree on the idea that a tree plantation can restore abandoned land and its nutrient resources, however the works 

of several researchers (Fisher, 1995, Lemenih et al., 2004, Lugo, 1997, Schroth and Sinclair, 2003) indicate the 

positive contribution of plantation forestry established on previous crop lands. The study by Lemenih et al. 

(2004) also revealed the chance of reversed degradation with tree plantation based on careful species selection to 

achieve ecological restoration. Even though most of the studies encourage making tree plantation for restoration 
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on degraded land, there are few studies that investigate the effect of continuous use of the same land either for 

tree plantation, or cultivation i.e. temporal change. Especially, studies that compare the change in soil conditions 

over time under different land use systems are important to predict the long term effects of the land use change. 

To compare the change in soil properties over time under different land uses, i.e., Eucalyptus saligna (E. 

saligna Sm.), Cupresus lusitanica (C. lusitanica Mill.), Natural Forest (NF), Mechanized Farming (MF) and 

Traditional Farming (TF), the land uses were resampled after 10 years stay of the study by Lemenih et al. (2004) 

on the same site.   

The objectives of this study were to: (1) assess differences in soil properties under five different land-

uses assuming similar initial conditions (spatial analogue approach), (2) compare the soil property changes over 

time for five land-uses by repeated soil sampling (temporal analogue approach).  

 

2. Materials and methods  

2.1. Study site description  

The study was made at warm sub-humid and humid eco-climatic zones of the elevation gradient part of the 

Munesa Shashemane forest, specifically at Lepis area, which is about 240 km south of the capital city, Addis 

Ababa close to the Rift Valley eastern escarpment. The plantations are in the Gambo district of the Shashemane 

Forest Industry Enterprise (SFIE) which is situated on latitude 7
0
20'N and longitude 38

0
45'E (Fig 1). 

 
Figure 1: The map of study area showing different land uses from where data collected (adopted from Lemenih 

et al., 2004). 

The NF around Lepis is a tropical dry afromontane forest of the eastern escarpment of the central 

Ethiopian Rift Valley and belongs to the Munesa Shashemane Forest (Lemenih et al., 2004). The five land uses 

sampled are situated near by each other in the bottom at an altitude of approximately 2100 m a.s.l on flat 

topography. The rainfall has bimodal distribution. The short rainy season extends between March and June and 

the major rainy season occurs between July and October. The mean annual rainfall is 1333 

mm, and the annual range of temperature is about 5.7 to 19.5 
0
C. The soils parent materials consist of volcanic 

lavas, ashes and pumices from quaternary volcanic activities in the Rift Valley. The soils of the area are 

classified as Humic Haplustands (Soil Survey Staff, 2003) and Mollic Andosol (FAO 1986) as described in 

Lemenih et al. (2004). The agricultural landscape has a scattered remnant trees from the NF which gives the 

agricultural landscape a parkland agroforestry structure. Self-subsistence agriculture, integrating crop production 
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and animal rearing is the dominant land-use in the area.  

 The major annual crops produced include different varieties of barley (Hordeum vulgare) wheat 

(Triticum sp.), maize (Zea mays), sorghum (Sorghum vulgare), potato (Solanum tuberosum), and perennial crop 

enset (Ensete ventricosum) (Abate, 2004). These crops cultivated during the initial ten to fifteen years after 

clearance of the NF by only utilizing the natural fertility of the soil (Lemenih et al., 2004). Later, an inorganic 

fertilizer is added in the form of urea and Diammonium phosphate (DAP) at an approximate the rate 50 kg ha
-1

 y
-

1 
for each of the two fertilizers. However, some farmers cannot afford to apply the recommended amount. Some 

farmers do not use any fertilizers at all.  

The mechanized farming (MF) site has been plowed since 1968 and cultivated with wheat, barley and 

maize as major crops in rotation with the use of fertilizer at the rate of maximum 100 kg ha
-1

 y
-1 

of urea and DAP 

respectively since clearance and conversion of the site. Part of the farmland under MF was abandoned after 16 

years of continuous farming and converted to plantations of E. saligna and C. lusitanica (Lemenih et al., 2004). 

After February 2001, E. saligna stand has been thinned or harvested four times. It was clear felled immediately 

after soil sample was taken at 2001, second coppice at 2005, third coppice at 2008 and singling at 2011. Within 

these 10 years the total volume of 252 m
3
 ha

-1
 was removed as transmission poles, saw logs, construction poles 

and fuel wood. The stand of C. lusitanica at the time of repeated sapling at 2011 was 25 years old. It has been 

thinned 3 times and the stand stem density at the time of sampling was 400 trees ha
-1

 (data from Gambo district 

of SFIE).  

 

2.2. Study approach  

The most common approach to the study of how soil is affected by different land uses is the spatial analogue 

method where time is substituted for space. It allows comparisons to be made without waiting for long periods 

before the effect of land use becomes evident. The spatial analogue method involved sampling from sites 

presently under different land-use, but within a similar environment and on similar soil types (Lemenih et al., 

2004). Soil conditions and soil-forming factors, except time variation, are kept as homogeneous as possible, i.e. 

similar topography, climate, geology and land-use history is preferred (Lemenih et al., 2004). However, the 

method can always be questioned as describing spatial variation instead of actual effects of land-use. In this 

study, we complemented the spatial analogue method by looking at the actual changes over time for the different 

land-uses separately. Hence, soil properties in the present soil condition were compared with a previous study by 

(Lemenih et al., 2004) as the base line. In this way, we would be able to determine whether there is a change in 

soil properties attributed to the land-use that is consistent with the previously detected differences.  

 

2.3. Sampling and laboratory analysis 

Following the same procedures in Lemenih et al. (2004), soil samples were taken from five different land uses to 

study the effect of land use change on soil properties over time. The five different land uses that were studied 

where plantations of E. saligna and C. lusitanica; mechanized and traditional cropland cultivation and natural 

forest. A square plot of 20 x 20 m
2
 area was established at the same location as the previous study. A set of 

disturbed soil samples were taken from four corners and the center of the square at 0–10 and 10–20 cm depths 

uniformly along each depth. Another set of undisturbed soil samples were taken from soil layers of 0-10 and 10-

20 cm using sharp edge steel cores (7.2 cm high and 5 cm diameter), and oven-dried at 105oC for the 

determination of soil bulk density. The experiment had a total of 50 (5 land use types* 2 depths*5 rep) samples 

for bulk density measurements. Simultaneously, 50 soil samples were collected from the same pits for chemical 

analysis.   

The disturbed soil samples were air-dried, homogenized and made to pass through 2mm sieve for 

chemical analysis. Soil pH was measured in water and 1 M KCl suspension of 1:2.5 (soil: water ratio) using a 

glass–calomel combination electrode. Total N was analyzed with a LECO-1000 CHN analyzer and the results 

were reported on oven-dry basis. Available P (Olsen) was analyzed according to the standard methods (Olsen et 

al., 1954), exchangeable bases (Ca, Mg, K and Na) were analyzed after extraction by using 1 M ammonium 

acetate at pH 7.0. The experimental outputs of the Ca and Mg in the extracts were analyzed using atomic 

absorption spectrophotometer; then Na and K were determined by using flame photometry method following 

Black and Waring (1976).procedures. By using 1 M ammonium acetate the exchangeable base forming cations 

displaced, and the samples were washed using ethanol. Then it was fixed with ammonia, and replaced by Na
+
. 

The cation exchangeable capacity (CEC) was estimated titrimetrically by distillation of ammonia that was 

displaced by Na
+
 following Chapman (1965). Base saturation (BS %) was computed from the base forming 

cations (Ca, Mg, Na and K) by CEC of the soil).  

 

2.4. Data analysis  

Comparisons of soil properties under E. saligna, C. lustanica, TF, MF and NF land use systems were made after 

data was analyzed by using two-way analysis of variance (ANOVA) with the help of SAS 9.0 statistical package. 
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The Tukey test was used to determine the significant difference between land uses and difference along soil 

depths at p<0.05. Some soil properties from current and previous results for instance total N, available P, 

available and exchangeable K, exchangeable Ca and exchangeable Na were converted to an amount on area basis 

by using soil bulk density, soil depth and concentrations of soil properties by using equations 1 and equation 2.  
1 : *E q u a t i o n A B C=  

2 2
2 : * ( ) ( )a bE q a t io n c C

A B
= +  

2 2
3 :

1 2

X Y o
Equation Z

m n

σ σ

 
 

− − =
 
 +
 

�  

Where A stands for mean concentration of soil property, B stands for bulk density, C stands for the 

value of soil properties in stock bases, and c stands for standard deviation of the soil in stock basis, a is the 

standard deviation of the soil in concentration basis and b is the standard deviation of the soil bulk density.  To 

detect whether or not the change in physical and chemical properties of the soil under the plantations, the 

farmlands and the NF were significantly different compared to the previous data, two sample t-tests was used 

where, X bar is the previous mean and Y bar is the present mean; σ1
2
 and σ2

2
 are the standard deviation of 

previous and present data respectively, and the m and n are number of samples. The level of statistical 

significance was computed at p<0.05. 

 

3. Result and Discussion   

3.1. Soil physicochemical properties by using spatial analogue approach 

The soil under C. lusitanica plantation gave lower bulk density and even it was close to that of NF. The 

significantly lower bulk density under NF and C. lusitanica at the surface soil depth (0-10 cm) may be attributed 

to the higher litter accumulation on the surface soil and the reduced surface soil disturbance. With regards to E. 

saligna plantation stand, the observed higher soil bulk density may be the response to lower liter accumulation 

and less soil aggregate stability under the canopy (Table 1). The study made on the same site at the same time to 

this study indicated that, most of the farmers lived near the plantations were engaged in collecting branches and 

leaves during pruning and thinning periods (Poultouchidou, 2012). Due to the periodic tree harvesting of E. 

saligna, the canopy gap gives a chance for free grazing animals and may lead to soil compaction. 

Table1. Mean(SD) of some soil physicochemical properties in the 0–10 and 10–20 cm soil layers under natural 

forest (NF), mechanized farm (MF), traditional farm (TF), and plantation with C. lusitanica and E. saligna.  

Soil properties Depths (cm) NF MF TF C. lusitanica E. saligna 

BD (g cm-3) 
0-10 0.73 (0.12)b 1.07 (0.04)a 0.98 (9.04)a 0.88 (0.15)ab 1.04 (0.18)a 

10-20 0.77 (0.05)d 0.99 (0.09)b 0.84 (0.04)cd 0.95 (0.07)cb 1.18 (0.06)a 

pH 
0-10 6.88 (0.27)a 5.88 (0.76)b 5.42 (0.28)b 6.70 (0.29)a 5.70 (0.35)b 

10-20 6.78 (0.33)a 6.00 (0.89)a 5.66 (0.42)a 6.70 (0.37)a 6.18 (0.89)a 

N (g Kg-1) 
0-10 8.02 (0.81)a 5.56 (0.11)b 5.78 (0.15)b 7.30 (0.87)a 5.98 (0.24)b 

10-20 5.26 (0.19)b 5.48 (0.19)b 5.56 (0.36)ab 5.96 (0.24) a 5.48 (0.15)b 

EC (dS m-1) 
0-10 0.22 (0.12)a 0.1 (0.05)ab 0.15 (0.04)ab 0.13 (0.05)ab 0.06 (0.03)b 

10-20 0.09 (0.08)a 0.05 (0.04)a 0.05 (0.02)a 0.08 (0.02)a 0.05 (0.03)a 

CEC (Cmolc Kg-1) 
0-10 36.9 (5.44)a 20.9 (1.35)b 24.2 (2.35)b 36.9 (4.40)a 26.6 (2.96)b 

10-20 21.6 (2.87)b 21.4 (2.24)b 22.8 (2.88)ab 27.0 (2.69)a 26.2 (0.89)a 

BS (%) 
0-10 108 (8.67)a 97.7 (36.5)a 86.0 (16.5)a 97.1 (7.19)a 99.2 (11)a 

10-20 84.2 (19.2)a 95.8 (18.2)a 76.6 (18.7)a 93.9 (20.9)a 90.7 (10.4)a 

Av. K (mg kg-1)  
0-10 647 (422)ab 448 (79.6)ab 270 (77.9)b 717 (264)a 468 (98)ab 

10-20 536 (622)a 377 (141)a 177 (49.9)a 696 (195)a 435 (77.3)a 

P (mg Kg-1) 
0-10 9.53 (4.99)ab 18.4 (8.68)a 6.46 (0.63)b 8.36 (3.74)b 3.66  (1.54)b 

10-20 1.60 (0.83)b 10.9 (8.68)a 2.61 (0.62)b 2.95 (0.73)b 2.30 (1.19)b 

K (Cmolc Kg-1) 
0-10 1.65 (1.08)ab 1.15 (0.20)ab 0.69 (0.2)b 1.83 (0.68)a 1.20 (0.25)ab 

10-20 1.36 (1.59)a 0.96 (0.36)a 0.45 (0.13)a 1.78 (0.50)a 1.11 (0.20)a 

Ca (Cmolc Kg-1) 
0-10 32.4 (5.01)a 17.2 (6.92)c 18.0 (5.28)c 30.5 (3.31)ab 22.6 (4.07)bc 

10-20 14.5 (4.44)a 18.1 (5.29)a 15.2 (5.97)a 20.7 (5.11)a 20.3 (2.84)a 

Na (Cmolc Kg-1) 
0-10 0.25 (0.04)a 0.18 (0.02)bc 0.17 (0.03)c 0.21 (0.04)abc 0.28 (0.05)a 

10-20 0.27 (0.07)a 0.20 (0.05)a 0.20 (0.08)a 0.20 (0.05)a 0.30 (0.04)a 

Where BD stands for bulk density, pH for soil pH level, N for total nitrogen, EC for electric 

conductivity, CEC for cation exchange capacity, BS for base saturation, P for available phosphorus, Av. K for 

available potassium and K for exchangeable potassium, Ca for exchangeable calcium, and Na for exchangeable 

sodium. Different letters in the same row shows significant difference at (p<0.05). 
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Table 2. The amount of soil macronutrient stocks under differnt land uses. 

Nutrients (Mg ha
-1

) C. lusitanica E. saligna MF NF TF 

N  1.21 0.13 1.13 0.99 1.04 

P  10.4 6.62 30.2 8.36 8.24 

K  1.29 1.00 0.84 0.89 0.4 

Ca  9.4 9.52 7.27 7.02 6.02 

Mg  1.03 0.99 0.64 1.23 0.75 

Where N stands for total nitrogen, P for available phosphorus, K for exchangeable potassium, Ca for 

exchangeable calcium, and Mg for exchangeable magnesium.  

Under MF and TF, significantly higher bulk density is observed at the surface soil layer as compared to 

NF. The finding Fisher (1995) supports current study is in a tropical forest in Zimbabwe and Yao et al. (2010) in 

Mid-West Côte d’Ivoire; where the bulk density of the soil becomes higher after the native vegetation was 

converted to agricultural land. In current study, continuous cultivation practices may have resulted in the loss of 

soil organic matter through mineralization and increase soil bulk density. As reported by Lemenih et al. (2008), 

the soil bulk density increased after more than 50 years of cultivation and soil porosity decreased relative to the 

length of time the soils were subjected to cultivation. (Islam and Weil, 2000, Miralles et al., 2009) also made 

similar observations. The rise in bulk density in continued farmlands is due to crop residue removal during site 

preparation and crop harvesting, and use of heavy machinery that destroys the soil macro pores, especially under 

MF at surface soil.  

C. lusitanica plantation stand has shown more improvement on the soil pH compared to E. saligna 

(Table 1). The lower level of pH found in the 10-20 cm soil layer for MF, E. saligna, and TF may be due to 

different reasons. The most important is the higher rate of removal of base cations throughbiomass harvest and 

the corresponding input of H
+
 from the top soil layer. N fertilizer application may also result in nitrification 

which is an acidifying process and it could mostly be important in the case of MF. The rate of acidification can 

be increased when there is higher amount of N input through fertilizer (Hazelton and Murphy, 2007).  

Soil total N was lower under continuous farm lands compared to NF and C. lusitanica. This observation 

is in line with the results by Lemenih et al. (2005), that only 59.2% of the soil total N at 0-10 cm soil depth was 

remaining after 53 years of continuous cropping following deforestation. Numerous field studies have indicated 

that crop management practices can either enhance or diminish quantities of soil total N (Knops and Tilman, 

2000). The study by Lemma, (2006) attributes that the decline in total soil N is due to lower crop residue inputs 

and intensive harvest.  Despite the urea application at the rate of 100 Kg ha
-1

 y
-1

, MF land exhibited the lowest 

value for total N (Lemenih et al., 2004) and it was confirmed in this study as well. The higher soil disturbance by 

the machine plowing that facilitates mineralization and the loss of soil N through leaching or volatilization 

(Chesworth (Edt.), 2008), but it can also be speculated that this may be the result of long term harvest and 

complete removal of the aboveground biomass.  

The comparison between plantation species for soil total N revealed that significantly higher 

accumulation was under C. lusitanica than under E. saligna at both upper and lower soil layers. E. saligna 

diverged more negative from the NF compared to C. lusitanica at 0-10 cm soil depth (Table 1). This result may 

be due to the fast growth rate of E. saligna plantation species, frequent export of biomass through harvest and 

possibly higher volatilization rate which may be facilitated by frequent harvest activity imposed soil disturbance. 

The poorer soil N status under the fast growing E. saligna stand compared to C. lusitanica was also reported by 

(Lemenih et al., 2004).   

The comparison between continuously cultivated lands, soil available P revealed significantly greater 

concentration under MF compared to TF (Table 2). This may be attributed to the constant inorganic fertilizer 

(Diamonium Phosphate) application that helps compensate the nutrient removed through biomass. The 

application of inorganic fertilizer has a tendency boost the concentration of P. A study in northern Guinea reports 

that, under continuous cultivation with no fertilizer addition, a significant reduction occurred in available P pool; 

while the cultivation complemented with inorganic P fertilization, it increased the available P of the site 

(Agbenin and Goladi, 1998). The lower values of exchangeable K
+
, exchangeable Ca

+2
 and exchangeable Na

+1
 

under these farm lands (Table 2) may be attributed to a cumulative effect of nutrient removal through long term 

biomass harvest and leaching from the surface soil layer. The reduction in pH of the soil under the farm lands at 

0-10 cm soil depth may be an indication of reduction of these base cations.  

In general, the soil stock value of N under C. lusitanica>MF>TF>NF>E. saligna; K
+ 

under C. 

lusitanica>E. saligna>NF>MF>TF; Ca
+2

 under E. saligna>C. lusitanica>MF>NF>TF, and Mg
+2

 under C. 

lusitanica>NF>E. saligna>TF>MF (Table 2). 

 

3.2. Change in soil physico-chemical properties over time  

Comparisons of the data from the study by (Lemenih et al., 2004) with the current study data presented in Table 
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1 shows that the changes in soil property vary depending on the parameters at different soil layers. For instance, 

pH, base saturation and exchangeable Ca
+2

 increased significantly in both 0-10 cm and 10-20 cm soil depths 

under NF. On the other hand, available K
+1

 increased significantly at 0-10 cm soil depth however, total N 

increased significantly at 10-20 cm soil layer under NF (Fig 3, 4, 5, 6 and 7). pH of the soil has shown about 

0.68 and 0.75 units increment, base saturation has shown about 29.5% and 28% increment, and exchangeable 

Ca
+2

 about 196 gm-
2
 and 115 gm-

2
 increment at 0-10 and 10-20 cm soil depths respectively. In line with the 

higher accumulation of exchangeable Ca
+2

 content in the soil under NF, the pH level was significantly increased 

over 10 years of land uses. Soil CEC and bulk density which are highly dependent on the soil organic matter as 

stated by (Yimer et al., 2008) did not show significant variation within this two sampling periods. This may be 

attributed to non-significant increase in soil organic matter under NF as stated in the study made on the same site 

by Poultouchidou (2012). In contrast, 35.8 gm-
2
 significant increase in  Available K

+1
 at 0-10 cm and 252 gm-

2
 

total nitrogen at 10-20 cm soil depths at p<0.05 was observed. Nutrients that are contained in litter-fall are 

released after breakdown of the organic matter and be immediately available for plant growth. This is an 

important process in healthy forest ecosystem (Pöyry, 1992).  

Under TF, soil bulk density and base saturation at 0-10 cm soil layer and total N at 0-10 cm and 10-20 

cm soil layers increased significantly. CEC at both 0-10 cm and 10-20 cm soil layer, pH at 0-10 cm and available 

P at 10-20 cm soil layer reduced significantly within ten years of land use (Fig 2, 3, 4, 5, 6, and 7). Soil bulk 

density showed little rate of change under MF which may indicate that MF land had reached the maximum 

compaction level already before ten years. As indicated by Powers et al. (2005), not all sites responded similarly 

and the degree of increase in bulk density depends on the initial bulk density. As initial bulk density increased, 

the relative change due to severe compaction declined. In contrast to MF, soil bulk density showed significant 

increase under TF after ten years at 0-10 cm soil layer. Under MF, total nitrogen and available K
+1

 at both 0-10 

cm and 10-20 cm soil layer increased significantly while, exchangeable Ca
+2

 and Na
+1

 increased at 10-20 cm soil 

depth only. In contrast, the change in these soil properties were insignificant under TF. In these farmlands where 

the origin of base cations mainly is the parent material, the change in concentration of some of the base cations 

were lower compared to other land uses. The level of rate of change of these soil properties under the land uses 

may be the response of the level of weathering and the amount of nutrients extracted by the plant biomass. The 

inorganic fertilizer application during every cropping season may be contributed to higher positive change in the 

soil total N and available K
+1

 under MF. The use of inorganic fertilizers enhances the availability of K
+1

. Higher 

K
+1

 was released from the soil K
+1

 reserves in the plots under NP treatment compared to unfertilized soils (Yu et 

al., 2009).  

The tree plantations have brought positive effects on some of the soil properties. In fact the positive 

contribution of plantations to the soil nutrient pool varies with the tree species nutrient acquisition. It may also 

depend on the amount of litter accumulated under the canopy, harvest management and rate of nutrient release 

back from the biomass. Hence, total N, base saturation, and exchangeable Ca
+2

 were significantly increased at 

both 0-10 cm and 10-20 cm soil layers. Available K
+1

 and exchangeable K
+1

 at 10-20 cm soil layer were 

increased under C. lusitanica and E. saligna. However, considering some of the soil properties that have shown 

significant changes under both plantation species, the soil properties under E. saligna had higher rate of change 

than C. lusitanica did during the ten years land uses. Under C. lusitanica, soil pH and exchangeable Na increased 

significantly at 0-10 cm soil depth. In contrast to C. lusitanica, the level of available K
+1

 under E. saligna 

increased at fast rate in the surface soil layer (Fig 2, 3, 4, 5, 6 and 7).  
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Figure2: comparison of the soil bulk densities at 2001 and 2011 of repeated sampling periods. * - refers to 

significantly different but, ns – refers not significantly different at p<0.05. 

 

 
Figure3: Comparison of the soil pH at 2001 and 2011 of repeated sampling periods. * - refers to significantly 

different but, ns – refers not significantly different at p<0.05. 

NB: NF stands for Natural forest, CL for C. lusitanica, ES for E. saligna, MF for Mechanized farm, and TF for 

Traditional farm. 
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Figure4: Comparison of the soil Total N at 2001 and 2011 of repeated sampling periods. * - refers to 

significantly different but, ns – refers not significantly different at p<0.05. 

 

 
Figure5: Comparison of the soil base saturation at 2001 and 2011 of repeated sampling periods. * - refers to 

significantly different but, ns – refers not significantly different at p<0.05. 
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Figure 6: Comparison of the soil Available K at 2001 and 2011 of repeated sampling periods. * - refers to 

significantly different but, ns – refers not significantly different at p<0.05. 
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Figure7: Comparison of the soil Exchangeable Ca at 2001 and 2011 of repeated sampling periods. * - refers to 

significantly different but, ns – refers not significantly different at p<0.05. 

The factor that may be responsible for the soil properties change is that of the intensity of tree 

harvesting from the plantation stand in the study site. Plantation stand of C. lusitanica in the study site has been 

thinned but not clear felled, while the E. saligna has been coppiced four times within the last ten years. The 

harvest activates intensify disturbances which facilitates the decomposition of litter in the soil layer and the rate 

of release of nutrients to soil. The frequent harvest from the plantation stands may lead to the decomposition and 

mineralization of organic matter under the canopy of E. saligna. The finding of Poultouchidou (2012) on the 

same site, indicated significantly lower organic carbon under E. saligna compared to that of C. lusitanica. This 

may be the indication of the higher rate of decomposition and mineralization of the organic matter in the soil. 

Other studies also revealed that the soil disturbance resulted in an increased contact of the litter with the 

decomposers which lead to lower organic matter (Lemenih et al., 2005, Powers; 2005, Tiarks et al. (eds), 2004).  

In northern Spain, Schmitz et al. (1998), reported that logging in native deciduous forests and old pine 
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plantations resulted in mineralization and nutrient loss due to intense exposure of the soils to solar radiation, as 

well as disturbance due to trunk extraction practices. The soil organic matter is a critical pool in the carbon cycle 

and contains a pool of nutrients and it plays a key role in nutrient release and availability in soils (Lemma, 2006). 

Under C. lusitanica, the lower divergence of soil properties may be related to the lower disturbance of soil layer. 

The nutrients may be retained in the organic matter under this land use for long time. The significantly elevated 

soil bulk density over time under both plantation tree species at 10-20 cm soil depth may be due to the reason 

that the subsurface layers are subjected to the compacting weight from tree harvesting machineries and grazing 

animals under the plantation.   

 

4. CONCLUSION  

Based on the results, the following conclusion is drawn. According to the spatial analogue approach the soil 

property under C. lusitanica indicated more similar conditions with that of NF compared to E. saligna, MF and 

TF. For instance; lower bulk density, the higher N, the near neutral pH level, higher available and exchangeable 

K under C. lusitanica, which are close to NF. Hence, C. lusitanica is better performing with regards to soil 

physicochemical properties.  

The rate of change in some soil properties over time was relatively lower under NF compared to those 

of other land use types studied. However, based on the intrinsic nature of land use types sampled, the change in 

soil properties may also be related to the intensity and frequency of harvesting the aboveground biomass and 

related soil disturbance. The results of repeated sampling after ten years on the continued faming land indicated 

that the more soil property positive changes were observed under MF compared to TF, i.e. more declining soil 

property will be expected under TF in future. With regards to plantations, the greater divergence was observed 

under E. saligna over time. The positively higher rate of change in some soil properties under E. saligna 

compared to C. lusitanica within these years of land use. This may be attributed to the frequent aboveground 

biomass removal and the subsequent mineralization of the soil organic matter as result of soil disturbance. Over 

these ten years land use, plantations of E. saligna and C. lusitanica were better in maintaining and restoring soil 

properties than continuous farmlands. In general, based on the results the long term effect of land use change on 

the soil properties is influenced by the land management system. Therefore, land management that include return 

of residues of crop or plantation trees to reduce the loss of nutrients; as well as the right plantation tree species 

selection can be used as a tool of restoring degraded lands and maintaining sustainability. 
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