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Abstract: In Ethiopia, farmers have changed cropland to Eucalyptus globulus plantations for construction, 

fuelwood and economic benefits. However, it has adverse effects on soil properties. The investigation was, 

therefore, to evaluate the impact of Eucalyptus globulus plantations on soil properties in northwestern Ethiopia. 

About 30 soil samples were collected from two soil depths (0-20 and 20-40 cm) and three land uses (Eucalyptus 

globulus plantations, cropland and grazing land) with five replications. Soil properties were analyzed using a 

two-way analysis of variance (ANOVA). Based on the result, soil properties such as silt particles, moisture 

content (MC), organic matter (OM), total nitrogen (TN) and cation exchange capacity (CEC) were significantly 

higher under the soil of Eucalyptus globulus plantations than in cropland and grazing land. Whereas the lower 

contents of bulk density (BD), soil pH, available phosphorus (AP), electrical conductivity (EC) and 

exchangeable bases (Ca, Mg, K, and Na) were recorded in Eucalyptus globulus plantations. Besides, clay, BD, 

MC, pH, EC, CEC, percent base saturation (PBS) and basic cations increased with soil depth while decreasing 

sand, silt, TP, OM and AP. The basic cations ( Ca, Mg, K), PBS and AP  decreased in the soil of the 25-year old 

Eucalyptus globulus plantation compared to cropland by 38%, 36%, 43 %, 45% and 47% and grazing land by 

56%, 60%, 76 %, 60% and 56%, respectively. Therefore, appropriate and effective land use management 

principles should be implemented in the study area. 

Keywords: Eucalyptus globulus plantation; land use type; soil depth; soil properties 

 

1. Introduction 

Eucalyptus was introduced to East-African countries during the second half of the 19th century 

to rehabilitate degraded lands [1,2]. It has spread throughout the country as an important component 

of farming systems, because of its great ability to meet increasing demand for construction purposes, 

fuelwood and higher economic returns [3–5,90]. A substantial portion of productive cropland and 

grazing land has been converted into Eucalyptus plantation woodlots in the highlands of Ethiopia 

[6,86,92]. Currently there has been a significant conversion of croplands to the Eucalyptus globulus 

plantations in the northern highlands of Ethiopia [90,92]. Eucalyptus plantations area coverage was 

about 148,000 ha in the year of 2000 and about 506,000 ha in 2009 [7,8]. Of the total planted area, 58% 

was covered between 1978 and 1989 as community plantations [9]. The higher nutritional 

requirements of the fast-growing Eucalyptus globulus plantation were most likely an accelerating 

factor of chemical degradation of the soils [19,91]. Eucalyptus reduced markedly the readily available 

nutrients and water stores in the watersheds, as a result of its greatest water sucking ability due to 

deep and dense root network [20]. Furthermore, soil hydrophobicity induced by decomposition of 

Eucalyptus plantation litter, which reduced infiltration, also reduced water storage [90]. Litter fall 

and litter decomposition are the major sources of nutrients in the forest ecosystem, but the litter 
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quality of Eucalyptus plantations is low [21]. Eucalyptus plantation leaf-litter contains relatively 

higher phenolic compounds, a low decomposable and mineralization rate by soil microorganisms 

[22–24].  

There were concerns about the negative impacts of Eucalyptus globulus plantations on the soil 

productivity and environment in Ethiopia and other East African countries as well as all over the 

world [10–14]. The impacts include soil fertility reduction, high interception, loss of water, and 

disruption of understory plantations due to allopathic effects that inhibit undergrowth regeneration 

and fall in the groundwater table. A study by Turner and Lambert [15] indicated soil organic carbon 

content to be less in Eucalyptus plantations compared to native vegetation areas. Another study 

[16,86] indicated increased soil acidity and decreased base saturation in the Eucalyptus plantation 

compared to native vegetation areas and croplands. Moreover, Eucalyptus plantations showed high 

organic matter (SOM), increased acidification, decreased exchangeable cations, while increased 

cation exchange capacity (CEC) and nitrogen [13]. Also, Eucalyptus plantations have been adversely 

affecting the physicochemical properties of soils [17,18,86]. However, few studies indicating 

Eucalyptus plantations have a positive influence on soil fertility and crop productivity [25]. Likewise, 

soils were found better in soil chemical properties (pH, N, CEC and SOM) under Eucalyptus globulus 

plantations compared to cropland [26].  Farmers perceived that plots under Eucalyptus plantation 

prior to their conversion to cropland, had better fertility, required less nitrogen fertilizer and better 

crop yields compared to plots that were under continuous cropping [44]. In a recent study in Ethiopia 

[27], there were no significant differences observed in soil properties such as pH, electrical 

conductivity (EC) and OM between Eucalyptus plantation and crop land use types. Besides, 

insignificant variations were observed between Eucalyptus globulus plantations and the grazing land 

in available phosphorus (AP), basic cations, as well as CEC [90,93].   

The impacts of Eucalyptus globulus plantations on soil properties are still being debated with no 

total agreement, as the impact would depend mainly on the species, the site characteristics and 

management practices. Notwithstanding the negative ecological impacts, Eucalyptus continues to be 

planted by farmers in Ethiopia on their agricultural and grazing lands to meet the increase in the 

demand for construction materials, economic value and fuelwood [28,44,86]. Nowadays, Ethiopia 

has the largest area of Eucalyptus plantations in East Africa and is one of the 10 pioneer countries 

that have introduced Eucalyptus plantations [2]. It is, indeed, a good source of income for the 

smallholder farmers of Ethiopia [90]. Farmers prefer species, namely Eucalyptus globulus plantations, 

for their growth performance and yield compared to other exotic and native species in northwestern 

highlands of Ethiopia [2,29,86,90]. In the study area, about 33% was covered by Eucalyptus globulus 

plantations [30]. Still, there is limited research evidence on the impact of Eucalyptus globulus 

plantations on the soil properties in the study area. Therefore, the objective of this study was to 

investigate the impacts of Eucalyptus globulus plantation compared to grazing and cropland use types 

on soil properties in Wonka Kebele, Gozamn district, northwestern highlands of Ethiopia. The 

evidence to create appropriate land use guidelines, manage the valuable soil resources and ensuring 

the food security for the local community. 

2. Materials and Methods 

2.1. Description of the Study Site, Climate and Soil Type 

The study was conducted in Wonka Kebele, the lowest administrative unit of Gozamn district, 

Amhara region, and northwestern highlands of Ethiopia (Figure 1). It is situated between 10°1′46″ 

and 10° 35′ 12″ N latitudes and 37° 23′ 45″ and 37° 55′ 52″ E longitudes (Figure 1). The altitudes range 

from 800-3748 m.a.s.l, and it is located 300 km from Addis Ababa. Besides, the study area covers 

about 2270 ha [30].  
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Figure 1. Location map of the study area. 

The average annual rainfall of the study area is 1628 mm with the rainy season extending up to 

six months [30]. The rainfall, however, is concentrated in the season of May to September [32]. The 

maximum and minimum average temperatures were 25°C and 11°C, respectively [32]. The study area 

belonged to the midland agro-ecological zone. The dominant soil types are Nitisols, Vertisols and 

Cambisols, while, Pheazemes, Acrisols and Leptosols are associated to soil types in different parts of 

the district (Figure 2). Nitisols are the dominant soil types in the study area [32]. 

 

Figure 2. Soil map of the study area. 

2.2. Site Selection and Soil Sampling Design  

A field survey was conducted in the study area in order to find representative sampling locations 

that satisfy our objective of looking into how eucalyptus globulus plantations affect soil properties. 

Thus, three distinct land use types that are close to one another had soil samples taken from them. 
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The 25-year-old Eucalyptus globulus plantations, grazing land, and cropland were were selected. The 

woodlots of the eucalyptus plantation were chosen since they constituted the majority of the 

plantations in the research area. Grazing areas were chosen to serve as the control group. As a result, 

three land use options were chosen that had similar agroclimatic zone, soil type, slope and 

biophysical characteristics. Soil sampling was done by a cluster sampling design given by Thompson 

[33], which was later applied by Vagen et al. [34] and Abegaz et al. [35]. The same was modified by 

Adugna and Abegaz [36] to uniform their small catchment size. Accordingly, three adjacent sites of 

one-hectare each land use types such as Eucalyptus, grazing and cropland were selected in the study 

(Figure 3). 

 

Figure 3. Soil sampling from Eucalyptus, cropland and grazing land use types in Wonka Kebele. 

A cluster of 100*100 m and five cluster centroids, each of 20*20m were established (Figure 4). 

The first tile (20*20m) was established by fixing its central point at the center of one-hectare area. The 

area of this sampling plot was marked by using a 10m radius from the cluster center point and four 

sampling plots were established at a distance of 20m from the center of the sampling plot to the north, 

south, east and west (Figure 4). Thus, 1 kg of composite soil samples were collected per plot form 

three land use types with two soil depths. About 30 composite soil samples (three land use types * 

two soil depths * five replications) were collected for soil analyses. Likewise, a core sampler was used 

for collecting 30 undisturbed soil samples (at depths of 0–20 cm and 20–40 cm) from each subplot of 

the land use types for determining the bulk density. Analyzed soil samples were packed in plastic 

bags, recorded with a sampling code, and sent to the soil laboratory of Amhara Design and 

Supervision Works Enterprises (ADSWE). Soil samples were crushed, oven-dried at room 

temperature, and sieved through a 2 mm sieve. 
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Figure 4. Soil sampling design of plot in the study site. 

2.3. Soil Laboratory Analysis 

Soil particle size distribution was done by the hydrometer method [37]. The soil bulk density 

(BD) was determined by using the core sampler [38]. The porosity of the samples was calculated from 

the values of BD and particle density (PD) (2.65g/cm3). Soil moisture content (MC) was determined 

by gravimetric method [38]. The pH of the soil was determined by a glass electrode pH meter using 

a 1:2.5 soil: water ratio [87]. Exchangeable acidity (H+ and Al3+) in extracts titrated with 0.01 M NaOH 

at 1 M KCl was measured [39]. The soil organic carbon (OC) content was determined following a wet 

digestion method [40] and soil organic matter (OM) was obtained by multiplying organic carbon 

content by 1.724. The total nitrogen (TN) content in soil was evaluated by the Kjeldahl digestion and 

distillation method [41]. Available phosphorus (AP) was determined using the Olsen method [42]. 

The exchangeable bases were extracted employing 1N ammonium acetate solution at pH 7.0. Calcium 

(Ca) and magnesium (Mg) were determined on the Atomic Absorption Spectrophotometer, while 

potassium (K) and sodium (Na) were estimated by Flame Photometer [88]. The Cation exchange 

capacity (CEC) was determined by employing ammonium-saturated soil samples, which were 

leached with NaCl and displaced ammonium was distilled and titrated [43]. The electrical 

conductivity (EC) was measured using a 1:5 soil: water ratio [89]. Percent changes in the soil 

properties under eucalyptus compared to cropland and grazing land were computed as given by 

Adugna and Abegaz [36] 

𝐶ℎ𝐸𝑃 =
𝐿𝑢𝐸𝑃 − 𝐿𝑢𝐶𝐿

𝐿𝑢𝐶𝐿
 × 100                                    . … … … … … … . . (1) 

𝐶ℎ𝐸𝑃 =
𝐿𝑢𝐸𝑃 − 𝐿𝑢𝐺𝐿

𝐿𝑢𝐺𝐿
 × 100                                    … … … … … … … (2) 

Where, 𝐶ℎ𝐸𝑃 is the percentage change in soil property under Eucalyptus plantation compared 

to cropland and grazing land,𝐿𝑢𝐸𝑃, 𝐿𝑢𝐶𝐿 and 𝐿𝑢𝐺𝐿 are the mean values of the soil properties under 

Eucalyptus globulus plantation, crop and grazing lands, respectively.  

2.4. Statistical Analysis 
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The data of soil properties under Eucalyptus globulus plantation and other land uses were 

analyzed by two-way analysis of variance using SAS software. The treatments were arranged in a 

factorial randomized complete block design format with land use and soil depth. Comparison of 

means was done using list significant difference (LSD) at (0.05). 

3. Results and Discussion 

3.1. Impact of Eucalyptus Globulus Plantation on Soil Properties 

3.1.1. Soil Texture 

The Eucalyptus globulus plantation had statistically comparable in sand particles (18.2%) to 

cropland (16.0%), but significantly lower than grazing land (21.0%) (Table 1). However, there is an 

insignificant difference between the interaction effects of land use types and soil depths (Table 3). 

The silt content was significantly higher in Eucalyptus plantations (17.0%) than in cropland (12.1%) 

and grazing land (15.6%). Clay content under eucalyptus (64.7%) was statistically insignificant for 

grazing land (63.4%), but lower than cropland (71.9%). Silt and clay under Eucalyptus relative to 

cropland was 14, 41 and -10% and relative to grazing land it was -13, 9 and 2%, respectively (Table 

7). A higher proportion of coarser fraction and lower proportion of fine fraction under Eucalyptus 

than on cropland, suggests the soil under Eucalyptus has been relatively degraded compared to 

cultivated land. 

Table 1. Soil physical properties as affected by land use and soil depth. 

Land use 

types 
Sand (%) Silt (%) Clay (%) 

Textural    

class 
BD (Mg m-3) 

TP  

(%) 
MC (%) 

Eucalyptus  18.20b 17.00a 64.70b Clay 1.09 58.90 23.58a 

Cropland  16.00b 12.10b 71.90a Clay 1.11 58.11 20.28ab 

Grazing land  21.00a 15.60b 63.40b Clay 1.11 58.11 18.70b 

LSD0.05 1.70 0.90 2.50  NS NS 3.68 

SEM (±) 0.80 0.30 1.10  0.03 1.20 1.20 

Depth (cm)         

0-20  15.00 20.20a 67.10b Clay 1.08a 59.20a 19.83b 

20-40  14.80 16.60b 73.00a Clay 1.34b 49.40b 22.71a 

LSD0.05 NS 1.40 2.00  0.05 3.28 2.89 

SEM (±)  0.30 0.70 0.90  0.027 1.01 0.90 

CV (%)  10.00 5.10 3.80  6.89 4.78 13.11 

Values followed by the same letter across column are not significantly different using the Scheffe mean 

comparison test at p<0.05. 

Soil depth was insignificant effect on sand, but it was in silt and clay (Table 1). Silt was 

significantly higher under 0-20 cm depth (20.2%) than 20-40 cm depth (16.6%), the clay was 

significantly higher under 20-40 cm depth (73.0%) than 0-20 cm depth (67.1%) (Table 1). The higher 

clay content in the subsurface soil compared to surface soil could be due to illuviation process, i.e. 

migration of clay from surface soil and its deposition in the subsurface soil. Similar findings have 

been reported by Eyayu et al. [45] who found overall mean values of silt to be higher on the surface 

than in the subsurface, and that of clay to be higher in the subsurface than in the surface layer in 

northwest Ethiopia. Likewise, Gebeyaw [46] reported that clay content was higher in the subsurface 

layer than in the surface layer of soils in Ethiopia. Furthermore, Sonaimuthu et al. [47,86] stated that 

clay content was increased with soil depth and silt content was decreased with increased soil depth 

under different land uses due to translocation of clay and its accumulation in the subsurface layer. 

3.1.2. Bulk Density (BD) and Total Porosity (TP) 
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The BD was varied from 1.09 Mg m-3 to 1.11 Mg m-3 under Eucalyptus globulus plantation and 

cultivated and grazing lands but not significant variation (p <0.05) the interaction effects (Table 1 and 

2). Percent change of Eucalyptus vs. cropland and grazing lands was low i.e. -1.8 % (Table 7). 

Similarly, Yitaferu et al. [26] found no difference in BD values among the Eucalyptus and cropland 

use types. The 0-20 cm depth had significantly lower value of BD (1.08 Mgm-3) compared to 20-40 

cm soil depth (1.34 Mgm-3). This was due to high pore space as a result of higher OM content and 

biological activity. The lower BD in the surface soils under diverse land uses has also been reported 

by Fikadu et al. [48] and Sonaimuthu et al. [47]. The BD of the soils under the three land uses at both 

depths is considered as low according to Hazelton and Murphy [49]. The findings are similar to 

Chanie et al. [50] who found low soil BD (1.0 to 1.1 Mg m-3) at all depths under Eucalyptus plantation. 

The lower BD implies greater pore space and improved aeration, creating a choice environment for 

biological activity. Moreover, TP varied from 58.9% for Eucalyptus globulus plantations and 58.1% 

for cropland and grazing land types (Table 1). Accordingly, the soils under Eucalyptus globulus 

plantations were supposed to be structurally better than cropland and grazing lands. The TP was 

significantly affected by soil depth (Table 1). The surface soil had a significantly higher TP (59.2%) 

than the subsurface soil (49.4%). This might be due to the presence of organic matter in the Eucalyptus 

globulus plantations. Similar findings on TP have been reported by Sonaimuthu et al. [47]. 

3.1.3. Soil Moisture Content (MC) 

The MC showed significantly (p<0.05) affected by land use, soil depth and interaction effects 

(Table 1 and 2). The higher soil MC (23.6%) was recorded under Eucalyptus globulus plantation than 

grazing land (18.7%) and cropland (20.3%) (Table 1). The MC under Eucalyptus increased by 16 and 

26% compared to cropland and grazing lands, respectively (Table 7). Relatively higher MC under the 

Eucalyptus globulus plantation might be due to relatively good ground cover that could decrease 

soil temperature and increase water retention in the soil. As reported by Karim et al. [51] MC of soil 

under canopy cover was higher as compared to bare land, which indicated that canopy cover 

decreased the rate of evaporation of water in dry weather from soil and increased the water holding 

capacity of soil. The higher OM content of Eucalyptus plantations might also be the reason for 

increased MC in soil. Besides, the consumption was a significantly lower amount of water to produce 

a high amount of dry biomass by Eucalyptus as compared to croplands [52]. According to Kumar 

[53], Eucalyptus has a low transpiration rate and it controls stomata for water retention. The 

capability of Eucalyptus in adjusting their consumption to the availability of water helped keep better 

MC in the study area. Table 1 showed that the subsurface (20-40 cm) soil had significantly higher MC 

(22.7%) than the surface soil (19.8%). The more exposure of upper soil to high temperatures and more 

evaporation could be the reasons for relatively drier soil conditions on the surface. Besides, the lowest 

value (15.44%) and the highest value (25.13%) were found in the surface soil (0-20 cm) and subsurface 

(20-40 cm) soil of cropland, respectively (Table 1). The marked difference in the MC at the surface 

and subsurface of cropland was due to more withdrawal of moisture from the surface soil by the 

crops, as the root system of most of the cereal crops is concentrated in the surface soil. 

Table 2. Soil physical properties as affected by interaction between land use and soil depth. 

Land use types 
Depth  

(cm)  

Sand  

(%)  
Silt (%)  

Clay  

(%)    
BD (Mg m-3)      TP (%)  MC (%)  

Eucalyptus  0-20  17.9a 20.5 61.4 1.10 58.1 24.1a` 

 20-40  16.1b 16.0 68.0 1.08 59.2 23.0ab 

Cropland  0-20  12.0c 18.3 69.7 1.15 56.6 15.4d 

 20-40  12.2c 13.7 74.1 1.07 59.6 25.1a 

Grazing Land  0-20  16.0b  20.0 63.9 1.15 56.6 17.4cd 

 20-40  16.0b  20.0 63.9 1.06 59.8 20.0bc 

LSD0.05  0.2   NS  NS   NS NS 3.6  

SEM (±)   0.5  1.2  1.6  0.05  1.7  1.7  
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CV (%)   5.1  10.0  3.8  33  4.78  13.11  

Values followed by the same letter across columns are not significantly different using the Scheffe mean 

comparison test at p<0.05. 

3.1.4. Soil pH 

The lower soil pH was recorded under Eucalyptus globulus plantation (5.07) than cropland (5.08) 

and grazing land (5.39) (Table 3). Accordingly, the percent change in soil pH under Eucalyptus 

compared to cropland and grazing land was decreased by -0.2 and -0.6 %, respectively (Table 7). 

Through their root systems, eucalyptus trees have been shown to release specific organic acids into 

the soil. The pH of the soil may be lowered by organic acids' contribution to soil acidification [90,93]. 

Moreover, the lower soil pH in the Eucalyptus plantation was associated with the depletion of the 

soil base cations in the Eucalyptus tree [86]. However, as per the rating of Tekalign [54], the soil under 

Eucalyptus and cropland was strongly acidic and moderately acidic under grazing land. The lower 

soil pH under Eucalyptus globulus plantation compared to grazing and croplands in the central and 

highlands of Ethiopia [55,56,86]. Also, Hailu [3] found low pH on Eucalyptus globulus plantations 

compared to cultivated land. Relatively lower content of pH under Eucalyptus could lead to more 

bioavailability of iron, aluminum, or manganese that could reach toxic levels in plants [57–59]. 

Table 3. Effect of land use and soil depth on chemical properties of soils. 

Land use 

types 
 pH  Ex. acidity      EC (dS m-1) OM (%)  TN (%)  AP (mg kg-1)  

Eucalyptus  5.07  1.47a          0.02b 4.87a 0.24a 1.24b 

Cropland 5.08  1.26a          0.03a 2.80b 0.14b 2.49a 

Grazing land 5.39  0.95b          0.03a 4.41a 0.20a 2.80a 

LSD0.05 NS 0.30           0.005 0.97  0.05  0.70  

SEM (±)      0.19 0.10          0.001 0.25  0.01  0.18  

Depth (cm)      

0-20 5.05 0.95a      0.02b 4.17 0.20 2.65 

20-40 5.31 1.51a     0.03a 3.89 0.18 1.71 

LSD0.05 NS 0.26     0.004 NS  NS  NS 

SEM (±)      0.04 0.10       0.001 0.37  0.01  0.23  

CV (%) 20.60 12.11 16.09 24.89  26.00  22.35  

Values followed by the same letter across column are not significantly different using the Scheffe mean 

comparison test at p<0.05. 

3.1.5. Exchangeable Acidity 

Soil pH was significantly higher under Eucalyptus plantation (1.47 cmol kg-1) compared to 

grazing land (0.95 cmol kg-1) and cropland (1.26 cmol kg-1). The increase under Eucalyptus 

compared to grazing land was by about 33% (Table 7). The results are corroborated by the findings 

of [60] who found more acidic soil under Eucalyptus plantation after conversion from grazing land. 

Also, Yitaferu et al. [26] found relatively higher exchangeable acidity under Eucalyptus plantation 

compared to cropland land. Alemie [20] was found a very acidic soil condition under Eucalyptus 

plantation. The higher soil acidity under Eucalyptus globulus plantation might have resulted from the 

cumulative effect of hydrogen (H+) ion released by its roots leading to soil acidification [14,61]. High 

soil acidity under Eucalyptus plantation could be higher uptake of basic cations and their removal 

from the soil. As stated by Nsabimana [62], the high nutrient consumption by Eucalyptus plantations 

and removal of biomass is the major reason for the acidity of soil under the Eucalyptus plantation. 

The frequent harvesting of high nutrient content aboveground biomass can lower the availability of 

basic soil nutrients and intensify soil acidification [13,63]. The higher exchange acidity under 

Eucalyptus could also be attributed to the decomposition of OM, which releases organic acids 

including humic, nitric and sulfuric acids in the soil [64,65].  
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3.1.6. Electrical conductivity (EC) 

The electrical conductivity showed significant variation (p < 0.05) across land use types and soil 

depth but no interaction effects (Table 3 and 4). It was significantly lower under the Eucalyptus 

globulus plantation (0.02dSm-1) than grazing land (0.03dSm-1) and cropland (0.03dSm-1) (Table 3). 

The result agrees with the findings of Jaleta [93], who found higher EC in grazing land soils as 

compared to the soils in cultivated land and Eucalyptus globulus plantations. The effect could be due 

to less accumulation of basic cations due to high rainfall in the study area. The higher EC with soil 

depth could be explained by more accumulation of base cations due to leaching from upper to lower 

depths. Similar results by Jaleta [93] who stated that the EC was increased with increases soil depth. 

The EC values were, however, below the critical level of <4 dS m-1 [49] and did not pose any salinity 

problem in the three land use types. 

Table 4. Soil chemical properties as affected by the interaction between land use and soil depth. 

Land use types  
Depth 

(cm)  
    pH  

  Ex. acidity   

   (cmol kg-1)  
EC (dSm-1)  OM (%)           TN (%)  AP (mg kg-1)  

Eucalyptus  0-20  5.13 1.01 0.02b 5.32 0.26 1.38c 

 20-40  5.01 1.52 0.02b 4.42 0.20 1.11c 

Cropland  0-20  5.22 1.25 0.03a 3.07 0.15 3.44a 

 20-40  4.95 1.70 0.025b 2.54 0.12 1.54c 

Grazing land 0-20  5.59 0.60 0.03a 5.02 0.23 3.12a 

 20-40  5.19 1.31 0.02b 3.81 0.17 2.48b 

LSD0.05   NS  NS 0.005   NS NS  0.63  

SEM (±)        0.20  0.22  0.01  0.25  0.01  0.18  

CV (%)   20.60  12.10  16.09  24.90  26.00  22.30  

According to the Scheffe mean comparison test, values that are followed by the same letter in each column do 

not differ substantially at p<0.05. NS stands for non-significant. 

3.1.7. Organic Matter (OM) 

The Eucalyptus globulus plantation had significantly higher soil OM content (4.87 %) than 

cropland use (2.80 %), while statistically similar to grazing land use (4.41%) (Table 3). The increase in 

OM content under eucalyptus compared to cropland and grazing lands was 74 and 10%, respectively 

(Table 7). The Eucalyptus plantation, therefore, offered more biomass for decomposing into the soil. 

The results are corroborated by the findings of Liang et al. [66], who found significantly higher OM 

content in Eucalyptus plantations (7.71%) compared to cropland (4.83%). Yitaferu et al. [26] also 

found significantly high OM was recorded in the Eucalyptus plantation/woodlots (3.21%) compared 

to croplands (2.86%) in Koga irrigation area, Ethiopia. The continuous leaf litter fall and its 

decomposition, lack of tillage as well as reduced soil erosion are the factors contributing towards the 

build-up of OM in the soils under Eucalyptus plantations. On the contrary, the continuous tillage of 

cropland enhanced depletion of OM in the soil. Also, the practice of complete removal of crop 

residues from the cropland for animal feed and fuelwood might have resulted in minimal turnover 

of organic residues into the cropland soils. Lower soil temperatures under Eucalyptus plantations 

decreasing the rate of decomposition could also be a factor in increasing OM input under Eucalyptus 

plantations [67]. The OM content was increased from the surface (0-20cm) soil to subsurface (20-40 

cm) (Table 5). Organic matter was higher on surface soil depth than subsurface soil due to the source 

of organic matter that have found on the surface of the soil [68]. 

Table 5. Effect of land use and soil depth on exchangeable bases, cation exchange capacity and percent 

base saturation. 

Land use types  
      Ca  

 (cmol kg-1)  

    Mg   

(cmol kg-1)  

    Na 

(cmol kg-1)  

     K   

(cmolkg-1)  

CEC  

 (cmol kg-1)  

PBS  

(%)  

Eucalyptus  3.29c 1.14c 0.58b 0.17c  27.6a  18.89c 
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Cropland  5.35b 1.77b 0.70a 0.30b  23.95c  34.26b 

Grazing land  7.47a 2.82a 0.60b 0.69a 25.04b 46.97a 

LSD0.05 1.13  0.44  0.08  0.11  1.44  2.21  

SEM (±) 0.38  0.15  0.02  0.05  0.53  0.97  

Depth(cm)       

0-20  4.31b   1.61  0.60 0.29 25.14b 27.10b 

20-40  6.43a 2.21 0.66 0.49 25.90a 37.80a 

LSD0.05 0.95   NS NS  NS  1.17  1.81  

SEM ±  0.54  0.21  0.01  0.05  0.75  1.54  

CV (%)  9.86  18.51  11.86  15.01  2.51  6.83  

According to the Scheffe mean comparison test, values that are followed by the same letter in each column do 

not differ substantially at p<0.05. NS stands for non-significant. 

3.1.8. Total Nitrogen 

The total nitrogen (TN) in soils was significantly (p<0.05) affected by the land use types, but the 

interaction effects not significant (Table 3 and 4). The soil under the Eucalyptus plantation had a 

significantly higher content of TN (0.24%) than cropland (0.14%) and grazing land (0.20%) (Table 3). 

The higher TN under Eucalyptus vs. cropland and grazing lands was 71 and 20 %, respectively (Table 

7). This might be associated with Eucalyptus globulus plantations having high litter fall and biomass 

that decomposes into the soil, which results in increased TN and OM content. As per the ratings by 

Hazelton and Murphy [49], the TN status under Eucalyptus and grazing lands was medium, while it 

was low under cropland. The higher TN content of soil was recorded under Eucalyptus plantations 

shown by Mengist [13]. Likewise, soils of Eucalyptus globulus plantations/woodlots were high TN was 

recorded as compared to croplands [26]. Lalisa et al. [55] also indicated that TN was higher on the 

soils of Eucalyptus woodlots than grazing land and cropland soils in the central highlands of 

Ethiopia. The low TN content under cropland could be expected due to considerable amounts of N 

lost through soil erosion and runoff from croplands [69]. The TN level in soils was similar to the level 

of OM, which influences the amount of N in soil [51]. The OM is the main pool of N in the soil [70], 

largely governing the relative distribution of TN in three land use types. The dependence of TN on 

OM is well evidenced by a highly significant relationship (r = 0.98**) between OM and TN content of 

soils (Figure 5). Which was the higher content of TN in the soil of Eucalyptus globulus plantations was 

a higher amount of OM through litter fall and its decomposition, the factors governing nutrient 

supply in forest soils [26,71,72]. The organic pools, including microbial biomass, contributed more 

than half of the mineralizing the nitrogen in Eucalyptus plantations [73]. The capacity of Eucalyptus 

species to extend the nutrient cycle deep to the ground soil, where other trees and crop species could 

not access, might also increase the contents of TN [74]. Eucalyptus trees increase nutrients from 

deeper parts of the soil through their roots to the litter, which after decomposition would have an 

additive effect on the nutrient increments in the soil [26]. Also, the large canopy cover under 

Eucalyptus, lowering the soil temperature and volatilization loss of N, could also contribute to high 

nitrogen under Eucalyptus [13,26]. Thus, considering TN levels from three land use systems, the 

Eucalyptus globulus plantation exerted a positive influence on the soil of TN. 
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Figure 5. The relationship between organic matter and total nitrogen in soils. 

3.1.9. Available Phosphorus (AP) 

Soil AP was significantly (p < 0.05) affected by land use and interaction effects but not soil depth 

(Table 3 and 4). Eucalyptus globulus plantation indicated significantly lower AP (1.24 mg kg-1) than 

grazing land (2.8 mg kg-1) and cropland (2.49 mg kg-1) (Table 3). The percent changes of AP under 

Eucalyptus globulus plantation compared to cropland and grazing lands were -50 and -55.7%, 

respectively (Table 7). The interaction of land use and soil depth (Table 7) indicated AP under 

Eucalyptus at 0-20 cm depth was significantly lower than cropland and grazing lands, whereas at 20-

40 cm depth the significant reduction was recorded only compared to grazing land. The lower AP 

content in the Eucalyptus globulus plantation relative to grazing and croplands might be due to more 

fixation of AP by acidic in Eucalyptus globulus plantations. This was closely evidenced by the higher 

values of exchange acidity (1.47 cmol kg-1) in the Eucalyptus globulus plantations than grazing land 

(0.95 cmol kg-1) (Table 3). According to [75], highly acidic soils which have a pH value less than 5.5 

contain high concentrations of acidic cations such as aluminum (Al) and iron (Fe) on the exchange 

sites of soil colloids, which precipitate AP in soil. The bond of phosphorus with Al and Fe becomes 

stronger over time, limiting the availability of AP in the soils [76]. The finding of the study is 

confirmed by Chanie et al. [50], who found a very low range of AP was recorded in the Eucalyptus 

woodlot. Moreover, Yechale and Solomon [77,78] found the amount of AP in Eucalyptus woodlots 

much lower than croplands. The AP also showed lower Eucalyptus woodlot (14.94 mg kg-1) 

compared to cropland (17.96 mg kg-1) in Ethiopia [26]. 

3.1.10. Exchangeable Bases 

The mean values of exchangeable cations (Ca, Mg, K, Na) were significantly (p<0.05) affected by 

land use and soil depth (Table 5). Eucalyptus plantations indicated significantly lower concentrations 

of exchangeable cations than on cropland and grazing land (Table 5). The decreases under Eucalyptus 

globulus plantation compared to cropland and grazing lands were 38 and 56 % for Ca, 36 & 60 % for 

Mg and 43 and 75 % for K, respectively (Table 7). The interaction between land use and soil depth 

(Table 5) also indicated decreased concentrations of Ca, Mg and K under Eucalyptus globulus 

plantations than on cropland and grazing lands in respect of 0-20 and 20-40 cm soil depths (Table 5). 

The mineral elements Ca2+ and K+ seem to be, particularly, limited under Eucalyptus globulus 

plantation due to removal of biomass and immobilization of Ca, Mg and K into woody biomass might 

be the reason for such a reduction of basic cations. Besides, the fast-growing nature of Eucalyptus 

globulus plantation which was largely absorbs basic cation and releases hydrogen ions [86]. The 

results are verified by the findings of [19,86], who found lower concentrations of Ca, Mg and K in the 

soils of Eucalyptus globulus plantations than on grazing land. Likewise, the soil plantation of 

Eucalyptus showed low levels of exchangeable cations (Ca, K and Mg) compared to their 

concentrations prior to plantation [13,90,93]. Similarly, Chen et al. [79] showed the content of basic 

cations was lower in the Eucalyptus plantations. Soil fertility may suffer a notable decrease, 

particularly if nutrients in tree crowns are lost through short harvest cycles [80–82]. Berthrong et al. 

[83] indicated a decrease in mineral soil cations by redistribution from soil of eucalyptus plantations. 

The status of basic cations such as Ca, Mg and K as per the ratings of Hazelton and Murphy [49] was, 

in general, low to moderate under Eucalyptus and moderate to high under grazing and croplands. 

3.1.11. Cation Exchange Capacity (CEC) 

The result indicated that the CEC was significantly affected by land use, soil depth and the 

interaction between land use and depth (Table 5 and 6). It was significantly higher under Eucalyptus 

globulus plantation (27.6 cmol kg-1) compared to cropland (23.95 cmol kg-1) and grazing (25.4 cmol 

kg-1) lands (Table 5). The higher CEC under soils of eucalyptus plantations might be related to high 

organic matter content in eucalyptus plantation that increases CEC. The interaction between land use 

and depth also indicated significantly higher values of CEC under Eucalyptus globulus plantation than 
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cropland and grazing lands for both 0-20 and 20-40 cm depths (Table 5). This could be due to the clay 

soil's composition and OM was more in eucalyptus plantations, which raise CEC. As per ratings by 

Hazelton and Murphy [49], the CEC value was high under Eucalyptus, whereas moderate under 

cropland and grazing lands. The prevalence of acidic cations (Al3+, Fe3+, and H+) in the soil exchange 

complex, which is supported by a significantly more acidic as shown by higher exchangeable acidity 

and low amount of basic cations, might be the cause of the higher CEC under eucalyptus [84]. The 

higher CEC under Eucalyptus globulus plantation compared with the soil from cropland and grazing 

land might be explained by the tree's comparatively higher OM content, which offers more cation 

exchange sites. Higher CEC in soils with higher OM levels [26,82,85].  

Table 6. Interaction effects between land use types and soil depths on soil properties. 

Land use types Depth (cm)      Ca    Mg  Na  K  CEC PBS 

Eucalyptus  0-20  2.42d 1.01c 0.57 0.08d 28.1a 14.5d 

 20-40  4.17c 1.28c 0.59 0.27c 27.1b 23.3c 

Cropland   0-20  4.36c 1.45c 0.60 0.27c 22.25d 30.1b 

 20-40  6.34b 2.08b 0.80 0.34c 25.64c 37.2c 

Grazing land  0-20  6.16b 2.37a 0.60 0.53b 25.1c 38.5b 

 20-40  8.79a 3.26b 0.60 0.85a 24.99c 54.02a 

LSD0.05  0.69  0.46  NS  0.08  0.8  2.38  

SEM±        0.38  0.15  0.02  0.005  0.3  0.89  

CV (%)   9.85  18.5  11.9  15.01  2.51  6.83  

Values followed by the same letter across columns are not significantly different using the Scheffe mean 

comparison test at p<0.05. 

3.1.12. Percent Base Saturation 

The results of the analysis of variance showed that soil depth, land use, and their interactions all 

had a significant impact on the percent base saturation (PBS) (Table 5 and 6). Compared to cropland 

(34.26%) and grazing land (46.97%), it was much lower than Eucalyptus globulus plantations (18.89%) 

(Table 5). Table 7, showed the difference the PBS between cultivated and grazing areas and 

eucalyptus fields was -45 and -60%, respectively (Table 7). The lowest PBS could result from high and 

prolonged uptake of basic cations by plant roots and a poor source of biomass available to the soil 

and the fast-growing eucalyptus plantations largely absorb basic cations. The study conducted in 

Ethiopia [16,56] that PBS was decreased in the Eucalyptus was grown compared to native vegetation 

sites and adjacent croplands. Such a reduction in PBS under Eucalyptus compared to cultivated and 

grazing lands could be uptake basic cations by the woody biomass of Eucalyptus as indicated earlier. 

As per the rating of Hazelton and Murphy [49], the PBS was very low under Eucalyptus, moderate 

under grazing land and low under cultivated land in the study area.  

Table 7. Percentage change of land use types on some selected soil properties . 

Land use types Sand Silt Clay BD Porosity    MC       pH Acidity  EC 

 Eucalyptus Vs. Cropland  14%  41%  -10%  -1.8% 1.4 %     16%        -0.2  -14%    -33% 

Eucalyptus Vs. Grazing land  -13%  9%   2 % -1.8% 1.4%     26%        -0.6  33%    -33%   

  OM    TN  AP     Ca                                 Mg         K       CEC                               PBS 

Eucalyptus Vs. Cropland 74%  71% -50%   -38.5% -35.6%    15.1%     -43.3%          -45% 

Eucalyptus Vs. Grazing land  10%  20% -56%   -55.9% -60%     10.1%     -75.4%        -60% 

4. Conclusions 

The studies evaluate the effects of Eucalyptus globulus plantations compared to cropland and 

grazing land on soil properties. According to the findings, soil properties found in Eucalyptus globulus 

plantations had substantially greater contents of silt particles, moisture content (MC), organic matter 

(OM), total nitrogen (TN), and cation exchange capacity (CEC) than in cropland and grazing land. In 

contrast to grazing and cropland, Eucalyptus globulus plantations were found to have lower levels of 
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bulk density (BD), soil pH, available phosphorus (AP), electrical conductivity (EC), and exchangeable 

bases (Ca, Mg, K, and Na). Besides, sand, silt, and clay, as well as pH, EC, CEC, BD, MC, and PBS, 

were higher while decreasing soil depth. Soil properties such as AP, pH, EC, and basic cations were 

decreasing in Eucalyptus globulus plantations. Nevertheless, the effects of Eucalyptus globulus 

plantations on the soil were soil acidity and a decrease of basic cations, AP and PBS. Therefore, 

appropriate and effective land use management models should be applied on the study site in order 

to manage the soil properties. 
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