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A B S T R A C T 
 

Different studies have shown that the effect of eucalyptus trees on soil physicochemical 
properties is variable, which indicates that more investigations that focus on different 
specific geographical locations and eucalyptus tree species are required. The objectives of 
this study was to evaluate the status of soil nutrients under four eucalyptus tree species 
planted in hedgerow system in comparison with that in its adjacent open land. To achieve 
these objectives, soil samples were taken from a soil depth of 0-20 cm from 15-20 spots by 
using auger and composited for respective treatments. Each soil samples analyzed at Teppi 
soil laboratory following standard procedures. Analysis of variance (ANOVA) and 
treatments separation were made by using Least Significance Difference (LSD) at 95% 
probability level. The analysis result indicated that there were no significance differences 
between Eucalyptus tree species and its adjacent open land in the level of soil nutrients 
(total N, available P, pH, OM, soil moisture and OC) (p<0.05). The only significant 
difference recorded between Eucalyptus tree species and its adjacent open land in the level 
of sand percentage whereas non-significant difference was noticed between the treatments 
on the level of silt and clay percentage in the study. Finally, the results indicate that the 
eucalyptus tree species established in hedgerow system on clay soil in high rainfall area have 
no significant impact on soil physicochemical properties under short rotation period of the 
tree species. 
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Introduction 
 

Eucalyptus is one of the exotic tree species and 
most successful plant growing on different 
environments in Ethiopia and broadly in Africa 
(Zegeye, 2010). Eucalyptus was planted in Africa 
initially on the southern African plateaus in the 
early 19th century to supply fuel wood (Beinart, 
2003). During the time, the country has small 
remnant natural forest thus the only option for 
fuel wood was eucalyptus (Bennett, 2011). In the 
1895, the Emperor of Ethiopia introduced the 
tree from Australia to address the prevailing fuel 
wood and construction material demand 
(Breitenbach, 1961). Still today plantation 
establishment in Ethiopia is predominantly 
Eucalyptus (Bekele, 2011) outperforming other 
exotic and native species due to the fast-growing 
nature of eucalyptus combined with its widely 

recognized socio-economic benefits. Many 
eucalyptus species are easy to cultivate for fuel 
wood, timber, construction and charcoal due to 
their ability to coppice readily, tolerance for low 
quality sites, and low maintenance requirements 
(Liang et al., 2016). 
 

Evidences on ecological, social and economic 
importance of the species are emerged in most 
part of the globe (Bargali. and Singh, 1991; 
Bargali et al., 1993; Bargali, 1995). Specific 
concerns focus on potential loss of soil fertility 
and productivity under short harvest rotations 
and the associated impact on biodiversity (Jagger 
and Pender, 2003). The impact of eucalyptus tree 
plantations upon soil resources has been very 
much debated and any complete consolidated 
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views do not exist, partly because the impact is 
much dependent on variable site and forest 
conditions.  Both positive and negative effects of 
Eucalyptus on soil properties were reported by 
different studies conducted in Ethiopia and 
elsewhere. A study in highlands of Ethiopia 
showed that land-use change from agriculture to 
E. globulus and E. camaldulensis plantation had 
no adverse impact on exchangeable potassium, 
total soil nitrogen, phosphorus, and sulphur at 
least up to the age of 14.5 years (Hailu, 2002). 
Similarly, no pronounced changes were reported 
in soil bulk density, organic matter, texture, pH, 
exchangeable potassium and available water 
capacity due to Eucalyptus hedgerows along 
maize farmland in Amhara Region, Ethiopia 
(Alemie, 2009). Liang et al. (2016) reported 
higher organic matter and nutrient levels in 
Eucalyptus plantations in comparison to nearby 
agricultural land in northern Ethiopia. Evidence 
from literature suggests the potential of 
Eucalyptus to reduce soil erosion (Grewal et al., 
1992; Kidanu, 2004), sequester carbon in the soil 
in long term (Silva, 2012) and restore degraded 
lands through increasing the soil carbon by 37 g  
m-2  yr-1 (Lemenih, 2006). A study conducted in 
central Mozambique revealed that plantations of 
E. grandis increased total soil organic carbon 
stocks (0-50 cm) and N stocks in the top 10 cm 
(Guedes et al., 2016). On the contrary, negative 
effect of Eucalyptus plantation on soil TN, 
exchangeable Ca and soil moisture content 
(Alemie, 2009), and P stocks (Alemie, 2009; 
Guedes et al., 2016) was reported. It was  also  
reported  that Eucalyptus  globulus  depleted  soil  
nutrients  in  the  central  highlands of Ethiopia 

(Kindu et al., 2006). This could be due to the 
combined effect of fast growth and the inability to 
fix nitrogen (Zegeye, 2010). All these studies can 
give a clue on the impact of Eucalyptus species on 
soil. However, site-specific findings on the 
species may mislead and draw a wrong 
conclusion. Therefore, this study examine the 
effect of four eucalyptus tree species on soil 
physicochemical properties established in 
hedgerow agro-forestry system in a high rainfall 
area of South West Ethiopia.  
 

Materials and Methods 
 

Description of study area 
 

The study was conducted in Modiyo kebele in 
Decha district Kaffa zone, south west Ethiopia. 
The district is located within the latitude of 0708'-
07o26' N and longitude of 35o53'-36o36' E (Fig. 1). 
The altitude and the topography of the study area 
ranges between 500-2300 meter above sea level 
consisting of a highly dissected plateau with flat 
and undulating terrain on areas above 1500 
meter above sea level. The dominant soil unit in 
the study area is Dystric Nitosol (Nd). The study 
area experience one long rainy season, lasting for 
8 months from March to October and the wettest 
months are between May and August. The mean 
annual rainfall ranges from 1710 mm at Bonga 
station to 1892 mm at Wushwush station. Over 
85% of the total annual rainfall, with mean 
monthly values in the range of 125-250 mm 
occurs in the 8 months long rainy season. The 
mean temperature is 19.4°C at Bonga and 18.1°C 
at Wushwush station (Bekele, 2003). 

 

 
 

Fig. 1. Map of the study area.  
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Plant material and nursery management  
 

Seeds of Eucalyptus species were obtained from 
National Forest Research Center, Addis Ababa. 
Seedlings for the trials were raised at Keyakela 
nursery site in Kaffa zone from December 2011 to 
June 2012 close to the study sites. Nursery 
sowing of the multipurpose species was done on 
seedbeds and after germination; the seedlings 
were pricked out into white polythene tubes. A 
bamboo shed was set up immediately after 
pricking out to provide shade and was removed 
as necessary. While in the nursery, the seedlings 
were watered twice per day during the morning 
and evening except on days when it rained. This 
was reduced to once every other day three weeks 
prior to planting. Weeds were removed on 
detection and root pruning was done when ever 
roots out grew the polythene. 
 

Study design and planting  
 

The study was conducted from 2013 to 2016 on 
permanent experimental plots laid out in a 
randomized complete block design with five 
treatments and three replications to evaluate the 
effect of Eucalyptus species on physical and 
chemical characteristics of the soil, which is 
planted as a hedge. Four eucalyptus tree species 
were considered as a treatments, Eucalyptus 
camaldulensis, Eucalyptus citriodora, 
Eucalyptus grandis and Eucalyptus saligna. In 
order to establish Eucalyptus hedgerow along the 
contour Eucalyptus seedlings were planted at the 
trial sites. Three rows of eucalyptus species with 
10 m distance between rows and 0.5 m spacing 
between trees along the row were adopted to 
establish the hedgerows with a total plot area of 
300 m2. 
 
 

Soil sampling 
 

Composite soil sample (15-20 spots) from 0-20 
cm soil depth, were taken using auger at (before) 
planting and end of the trial (from each plot). The 
collected samples were weighed and air-dried, 
samples were sifted through a 2 mm sieve, and 
approximately 200 g of every composite sample 
were sent to laboratory for analysis. Samples 
were subjected for analysis for texture, pH, OC, 
OM, total N, CEC and available P at Teppi soil 
laboratory. 
 

Analysis of soil samples 
 

The soil samples were air dried under the shade, 
ground using pestle & mortar and sieved to pass 
through 2 mm sieve. The soil pH (1:2.5 
soil/water) was determined in a 1:2.5 soil to 
water suspension following the procedure 
outlined by (Sahelemedhin and Taye, 2000). The 
available phosphorus (AP) was determined 
following the Olsen procedure (Olsen et al., 
1954). Total nitrogen was determined using the 
micro-Kjeldahl method (Bremner and Mulvaney, 
1982), while particle size analysis was carried out 
using hydrometer method (Bouyoucos, 1962). 
The organic carbon content was analyzed by wet 
digestion method using the Walkley and Black 
oxidation method (Walkley and Black, 1934) 
while soil organic matter (OM) content was 
calculated by multiplying soil organic carbon 
content by a factor of 1.724. The Cation Exchange 
Capacity (CEC) was determined after extraction 
of the samples with 1 N ammonium acetate 
(Chapman, 1965). 
 

Results and Discussion 
 

Initial soil physicochemical properties of 
the experimental sites 
 

Composite soil sample were taken and subjected 
for analysis for texture, pH, OC, OM, total N, CEC 
and available P. 

 

Table 1. Soil physicochemical properties before planting the eucalyptus tree species in Decha Woreda 
Kaffa zone southwest Ethiopia. 

 

Soil properties  Values Soil rating (Landon, 1991) 
% OC 3.76 High 
% OM 6.48 High 
%TN 0.32 High 
Av. P (ppm) 12.06 Low 
CEC in meq 100g soil-1 4.06 Very Low 
pH soil H2O 1:2.5 5.20 Strongly acidic 
Textural class clay  

 

Note: OC-Organic carbon, OM-Organic Matter. TN-Total Nitrogen, Av. P- Available Phosphorus, CEC-Cation 
Exchange Capacity. 
 

Soil N content was 0.32%, which is higher than 
0.15% N critical level for crops recommended by 
Sobulo and Osiname (1981). The organic matter 
was optimum whereas the available phosphorus 
was very low as ATA’s Critical levels used to 

classify analytical results of soil fertility 
parameters in southern region. The soil pH 5.20 
showed that the soil is strongly acidic. The soil 
textural class is clay.  
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Effects of eucalyptus trees species on soil 
physical properties  
 

Soil moisture and soil texture 
 

Surface soil moisture data were collected by using 
digital instrument (digital soil moisture tester) 
directly from the field during maize yield 
harvesting time every year. The obtained soil 
moisture data across the treatment was not 
significant (Table 2). The null difference of the 
soil moisture under the tree and open area was 
recorded. Which is may be due to agro-ecological 

characteristics of the study area in which the area 
is known with its high moisture and rainfall 
obtaining up to eight months per year. This result 
is in line with Alemie (2013) who reported that 
when there is sufficient rain, eucalyptus tree do 
not affect the soil moisture, but only when 
rainfall decreases Eucalyptus dries out the soil 
faster. In contrary to this, other authors reported 
the decline of soil moisture near to the 
Eucalyptus edges (Kidanu et al., 2005; Canisius, 
2016). 
 

 

Table 2. Top soil moisture (percentage) under four Eucalyptus tree species in Decha district Kaffa 
zone south west Ethiopia. 

 

Treatment Mean ± SD 
Year I Year II Year III 

Control 14.16±0.66 12.30±0.99 13.23±1.54 
Eucalyptus saligna 13.60±2.08 11.60±0.88 13.30±1.21 
Eucalyptus citriodora 13.50±1.13 12.10±0.96 13.50±1.24 
Eucalyptus camaldulensis 14.10±1.77 12.40±1.94 14.10±1.14 
Eucalyptus grandis 13.50±1.27 11.90±.89 13.50±1.71 
CV (%) 11.70 11.10 10.50 
LSD (0.05) NS NS NS 

 

Note: Mean values with different letters are statistically different at α 0.05.   
 

There were no significant differences in the total 
silt and total clay percentage between the soil 
under eucalyptus tree species and the soil out of 
the eucalyptus tree species (control) but the 
significant difference was recorded for total sand 
percentage between the eucalyptus tree species 
and the control (Table 3 a & b). The result was 
nearly similar to the finding by Alemie (2009) 
who noticed non-significant effect of eucalyptus 
tree plantation on soil texture in comparisons of 
soils at different distances and depths. 
 

Effects of eucalyptus trees species on soil 
chemical properties 
 

Soil pH  
 

The pH value of soil under different eucalyptus 
species was not varied as compared to the control 
but the value of pH was varied significantly 
(P<0.05) as compared to soil result of before 
establishment (Table 1, 3 a & b). The pH value of 
the soil revealed an improvement from 5.2 
(strongly acidic) to the range between 5.5-5.8 
(Moderately Acidic) with maximum improvement 
of soil acidity under Eucalyptus camaldulensis 
according to Horneck et al. (2011) classification. 
The result was in line with Cao et al. (2010)’s 
finding who reported the reduction of soil pH 
from 4.2 to 4.5, under Eucalyptus spp. 
plantations in China. Similarly, Alemie (2009) 
found reduced soil pH and strongly acidic values 
ranging from 3.5 to 4.0 under Eucalyptus spp. 
plantations in Koga watershed in Ethiopia and 
with (Alemie et al., 2013, Liang et al., 2016)’s 
report as compared to adjacent agricultural land. 
The possible case for the improvement of soil pH 
may be due to its canopy cover, which may lead 
to increasing volumes of leaf litter and other 

organic material available to the soil than relative 
to agricultural fields (Liang et al., 2016). 
 

 In addition, the result was in contrary to 
Lemenih and Teketay (2004)’s finding who 
indicated that growing of Eucalyptus increased 
soil acidity while the base saturation declined 
compared to native vegetation sites and adjacent 
agricultural lands. 
 

Soil organic matter 
 

Soil analysis result indicated that Eucalyptus 
trees were not affected organic matter content of 
the experiment site. Moreover, the study revealed 
the improvement of soil organic matter under the 
four eucalyptus trees species as compared to 
before establishment (Table 1, 3 a & b). organic 
matter varied from 8.24-10.15% with an average 
of approximately 9.18% and ranged under high 
level according to (Stephanie et al., 2012), who 
classified soil OM as low if it is less than 4%, 
medium if it is between 4% and 8% and high if it 
is above 8%. And the result was in line with Leite 
et al. (2010) who found in Brazil that contents of 
soil organic matter were considerably higher in 
Eucalyptus spp. soils than in pasture areas, 
which they attributed to the greater amount of 
residues produced by the Eucalyptus spp. 
plantation (leaves, branches, bark and especially 
roots) that remained in the soil. Similarly the 
finding was in line with Alemie (2009)’s finding 
who noted that Eucalyptus trees did not affect 
organic matter content in the soil significantly in 
comparison along distance from Eucalyptus 
stand. 
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Table 3a. Soil physical and chemical characteristics in eucalyptus vs. maize trial in Decha Woreda, 
kaffa zone southwest Ethiopia. 

 

Treatments  %OC %OM %TN Av. P in ppm CEC in meq 100g soil-1 

Control 5.24±0.80 9.03±1.38 0.45±0.07 12.84±0.40 5.48±0.75 
E. citriodora 5.14±0.80 8.86±1.39 0.44±0.07 12.59±0.34 5.41±0.78 
E. camaldulensis 5.54±1.14 9.55±1.96 0.47±0.10 13.07±0.66 5.78±1.13 
E. grandis 4.88±0.95 8.41±1.64 0.42±0.08 12.54±0.48 5.12±0.91 
E. saligna 5.62±0.93 9.69±1.60 0.41±0.05 12.97±0.42 5.82±0.90 
P in ANOVA 0.59 0.59 0.18 0.31 0.43 

 

Table 4b. Soil physical and chemical characteristics in eucalyptus vs. maize trial in Decha Woreda, 
kaffa zone southwest Ethiopia. 

 

Treatments  pH soil H2O 1:2.5 Sand (%) Silt (% ) Clay (%) 
Control 5.6±0.20 18±0.11b 34±3.00 48±2.30 
E. citriodora 5.6±0.23 26±0.52a 20±11.00 54±6.42 

E. camaldulensis 5.7±0.32 28±0.57a 24±8.08 48±5.03 
E. grandis 5.5±0.25 28±0.50a 16±8.71 56±6.11 
E. saligna 5.7±0.25 28±0.57a 20±6.42 52±1.15 
P in ANOVA 0.43 0.01 0.32 0.60 

 

Note: Means with different letters are significantly different at p=0.05. OC- Organic carbon, OM- Organic 
Matter, TN-Total Nitrogen, Av. P- Available Phosphorus, CEC- Cation Exchange Capacity. 
 

Soil available phosphorus and total nitrogen  
 

The mean concentration of soil available P 
recorded were 12.84 and 12.59, 13.07, 12.54, 
12.97 ppm for control and Eucalyptus tree 
species, respectively (Table 3 a) but the difference 
was not significant. The soil analysis result 
revealed that the eucalyptus trees species was not 
affected the concentration of soil available 
phosphorus as compared to the control and pre-
cropping soil analysis in the study area. 
Moreover, the study revealed the improvement of 
soil available P under the four eucalyptus trees 
species as compared to before establishment 
(Table 1, 3 a). Similarly, there were no significant 
differences in the level of the concentration of soil 
total nitrogen between the soil under the 
eucalyptus tree species and the control. However, 
the soil analysis result revealed the improvement 
of total nitrogen concentration in the soil as 
compared to pre-cropping soil analysis result in 
the trial (Table 1, 3 a). This improvement could 
also be explained by the significantly different 
quantities of organic matter, due to the obvious 
difference in leaf litter (Liang et al., 2016). 
 

As organic matter input increases in the soil due 
to increased litter falling from the forest or 
plantation canopy, microorganisms break down 
the organic matter, generating more nutrients, 
including nitrogen and phosphorus (Bot and 
Benites, 2005). Both nitrogen and phosphorus 
are associated with the amount of organic matter 
found in soil, as organic matter acts as a major 
source of nutrients to the soil (Brady, 1990). 
Nitrogen and phosphorus levels were higher 
under Eucalyptus camaldulensis than 
agricultural land, where there are also higher 

amounts of organic matter. The result was in line 
with Yitaferu et al. (2013)’s finding who founded 
greater total nitrogen concentration in eucalyptus 
land use than others. In addition, in contrary 
with Alemie (2009) who found decreased total 
nitrogen concentration under plantations of 
Eucalyptus spp. in Ethiopia and Tererai et al. 
(2014) in South Africa. Results of the present 
experiment are not in agreement with Yitaferu et 
al. (2013) and  Alemie (2009).   
 

Soil organic carbon and cation exchange capacity 
The concentration of soil organic carbon revealed 
an improvement as compared to initial value of 
organic carbon from 3.76% to minimum 4.88% 
under Eucalyptus grandis and maximum 5.62% 
under Eucalyptus saligna (Table 3 a). Our data of 
soil organic carbon were supported by the 
findings of Bekele et al. (2006), who showed that 
E. grandis plantation, after 20 years of 
cultivation and 35 years of pasture, increased the 
total soil organic carbon to nearly pre-
deforestation levels. Likewise, Ashagrie et al. 
(2005) found out that the bulk of soil organic 
carbon of E. globulus plantation at age of 21 was 
as similar as with that of its adjacent natural 
forest. These findings in combination with the 
prior studies can indicate that eucalyptus tree 
species included in this study has the potential to 
improve the soil organic carbon. Similar to OC, 
cation exchange capacity was improved as 
compared to initial value from 4.06 to minimum 
5.12 under Eucalyptus grandis and maximum 
5.82 under Eucalyptus saligna and the value of 
cation exchange capacity in our study was an 
unusual in the soil with high organic matter and 
clay soil texture (Table 3 a & b).  
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As our result was in line with some authors 
finding (Cao et al., 2010; Leite et al., 2010; 
Bekele et al., 2006; Ashagrie et al., 2005), there 
is also the contradiction with a few comparative 
studies on soil nutrient under exotic plantations 
(E. globulus, E. grandis, E. saligna, Pinus patula 
and C. lustanica) and other land use (Betre et al., 
2000; Michelsen et al., 1996; Maro et al., 1991). 
Those studies showed that pH, total N, available 
P and some other nutrient contents of soil in the 
adjacent natural forest soil were higher than 
those in soil of the certain plantations. Possible 
causes of the difference with the present study 
might be associated with the location of the 
plantation, age of the plantation, forest 
management activities and microclimatic 
condition.  
 

Conclusion and Recommendations 
 

The evaluation of the effect of eucalyptus tree 
species on the soil physicochemical properties in 
high rainfall area was brought non-significant 
impact on soil nutrients in the study area. 
However, there is even a slight improvement of 
soil nutrients under the eucalyptus tree species as 
compared to the opened land in some cases and 
before establishment of soil sample analysis in all 
cases. The soil pH was improved as compared to 
before and after the trial respectively and high 
improvement was recorded the soil under 
Eucalyptus camaldulensis and Eucalyptus 
saligna than the remaining treatments. Similar to 
soil pH, soil organic carbon and soil organic 
matter have revealed an improvement in 
comparison with before soil analysis and 
relatively the higher value was recorded in soil 
under Eucalyptus camaldulensis and Eucalyptus 
saligna, which is a good indication of soil 
improvement under the eucalyptus tree species in 
the short rotation system. The concentration of 
total nitrogen and available phosphorus followed 
the same manner to organic carbon and organic 
matter, but the difference is the concentration of 
total nitrogen was the least under Eucalyptus 
saligna as compared to other treatments. The 
percentage of clay and silt particles was not 
significantly affected by the eucalyptus tree 
species while the slight significant difference was 
recorded on the percentage of sand. Therefore, 
the study concludes that growing eucalyptus tree 
species in hedgerow or boundary planting for 
short rotation period in high rainfall area does 
not affect the concentration of soil nutrients of 
soil physicochemical properties. Our suggestions 
for future research should plan to test the soil 
over a long period to see any major differences. 
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