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Abstract

Background: This study investigated the variation of soil organic carbon in four land cover types: natural and
mixed forest, cultivated land, Eucalyptus plantation and open bush land. The study was conducted in the Birr
watershed of the upper Blue Nile (‘Abbay’) river basin.

Methods: The data was subjected to a two-way of ANOVA analysis using the general linear model (GLM)
procedures of SAS. Pairwise comparison method was also used to assess the mean difference of the land uses and
depth levels depending on soil properties. Total of 148 soil samples were collected from two depth layers: 0–10
and 10–20 cm.

Results: The results showed that overall mean soil organic carbon stock was higher under natural and mixed forest
land use compared with other land use types and at all depths (29.62 ± 1.95 Mg C ha− 1), which was 36.14, 28.36,
and 27.63% more than in cultivated land, open bush land, and Eucalyptus plantation, respectively. This could be due
to greater inputs of vegetation and reduced decomposition of organic matter. On the other hand, the lowest soil
organic carbon stock under cultivated land could be due to reduced inputs of organic matter and frequent tillage
which encouraged oxidation of organic matter.

Conclusions: Hence, carbon concentrations and stocks under natural and mixed forest and Eucalyptus plantation were
higher than other land use types suggesting that two management strategies for improving soil conditions in the
watershed: to maintain and preserve the forest in order to maintain carbon storage in the future and to recover
abandoned crop land and degraded lands by establishing tree plantations to avoid overharvesting in natural forests.
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Background
Land use changes in the tropics are responsible for 12–
20% of the human-induced greenhouse gas emissions
and are expected to remain the second largest source of
greenhouse gas emission also for the future (van der
Werf et al., 2009; IPCC 2007). The dominant type of
land use change is the conversion of forest to agricul-
tural systems with continuously high rates of 13 million

hectare being deforested per year (FAO 2005). Various
studies have been conducted to assess the effect of land
use changes on soil physical and chemical properties
(Yimer et al. 2007; Lemenih et al. 2004; Singh et al.
1995). Yimer et al. (2007) compared crop lands, forest
lands, and grazing lands and found that soil organic car-
bon decreased in crop lands as compared to forest lands.
Another study conducted by Lemenih et al. (2004)
showed that soils under Eucalyptus saligna Sm. deterio-
rated more than those in traditional farming. Singh et al.
(1995) also showed that planting trees on alkaline soils
increased organic carbon and reduced the soil pH more
than in the open lands.
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Soil organic carbon inventories are characterized by
large uncertainties that may result from: (i) the large
spatial variability of soil properties (such as large grain
size, bulk density, soil thickness, and SOC concentra-
tion) and resulting SOC stock (Don et al. 2011, 2007),
(ii) the imperfect knowledge of the link between envir-
onmental conditions and SOC stocks, and (iii) the limi-
tation of regional data sets (such as geological and soil
maps) to represent the small variability of soil properties
(Homann et al. 1995). This is especially true in mountain
environments, which are characterized by a greater
geo-diversity than any other landscape (Slaymaker et al.
2009; Korner 2003).
Factors that may be important for increasing SOC

storage include (i) litter production (both above and
below ground); (ii) litter quality; (iii) placing organic
matter deeper in the soil either directly by increasing
below-ground inputs or indirectly by enhancing surface
mixing by soil organisms; (iv) increasing physical protec-
tion through either intra-aggregate or organic mineral
complexes; and (v) microclimate change (Lemma et al.
2006). On the other hand, elevation and temperature dif-
ferences are identified as the dominant controls on moun-
tain SOC at regional scales (Djukic et al. 2010; Van
Miegroet et al. 2007, 2005; Leifeld et al. 2005), local topo-
graphic changes (e.g., slope curvature and aspect, Egli et
al. 2009; Tan et al. 2004), soil properties (e.g., soil type, soil
moisture, pH and clay-content; Djukic et al. 2010; Leifeld
et al. 2005), and vegetation (e.g., type and stand age; Luys-
saert et al. 2008; Zhou et al. 2006) may introduce a large
variability of mountain SOC at local scales. Small-scale
variability may even impose strong scatter at large-scales
and conceal relationships between SOC, topography, and
climate. Small changes in the SOC pool therefore can have
large implications for atmospheric CO2 concentrations
(Simo et al. 2010; Theurillat et al. 1998).
The rapidly increasing population pressure on the

highlands of Ethiopia has led to vast changes in land use
pattern mainly caused by increasing agricultural produc-
tion. In this region, cultivated lands showed slow but
continuously increasing trend at the expense of forest
and grasslands over the last four decades (Kidanu and
Mamo 2003; Eshetu et al. 2004). Even though Gebrehiwot
et al. (2013) has been quantified the forest land changes in
Birr watershed in the Blue Nile Basin and discussed the
drivers for the changes, the authors did not provide the
information on the variation of the soil organic carbon in
relation to land use changes. On the other hand, soil or-
ganic carbon content exhibits considerable variability
spatially, both horizontally according to land use and ver-
tically within the soil profile. The SOC diminishes
with depth regardless of vegetation, soil texture, and
clay size fraction (Trujilo et al. 1997). Soils of the
world are potentially viable sinks for atmospheric

carbon and may significantly contribute to mitigate
the global climate change (Singh and Lal 2001). How-
ever, Susmita (Dhakal, S.: Land use change effect on
soil carbon stock. Kirtipur: MSc. Thesis, Tribhuvan
University, unpublished) indicated that the assessment
of potential carbon sequestration in soil requires esti-
mating carbon pools under existing land uses and its
depth wise distribution in the soil profile.
The objective of the study was to describe the varia-

tions in the SOC concentration and stock in relation to
different land use types within Birr watershed, Upper
Blue Nile (‘Abbay’) Basin, North-Western Ethiopia.
Hence, the specific research questions to be addressed in
this study are (1) what is the influence of land use types
on SOC stock? (2) How does SOC stock vary with soil
depth? And (3) how SOC stock related to the other soil
variables such as soil textural fractions, moisture con-
tent, and bulk density at different soil depths?

Methods
Study site description
The study was conducted in the Birr watershed at middle
of the ‘Abbay’ river basin geographically located within
10.50–11.250 North and 37.250–37.750 East (Fig. 1). It
covers an area of ~ 1170 km2 (Solomon N: Error in high-
resolution satellite rainfall production in stream flow pre-
diction in Birr watershed, Ethiopia, unpublished).
The mean annual rainfall recorded was 1730 mm

(averages from 1960 to 2004) with mono-modal rainfall
(Gebrehiwot et al. 2013). The mean maximum and mini-
mum annual temperature of the watershed were 29.6°
and 14.0 °C, respectively. The watershed was character-
ized by a complex terrain dominated by high elevation
which ranges from 1771 to 3257 m above sea level. The
Luvisols dominates the watershed while Cambisols are
present in small portion in the catchment (Solomon
N: Error in high-resolution satellite rainfall produc-
tion in stream flow prediction in Birr watershed,
Ethiopia, unpublished). The area is well known by
rain-fed cereal crop production. The main crops are
maize (Zea mays L.), wheat (Triticum aestivum L.),
teff (Eragratis teff ), sorghum (Sorghum bicolor L.), fin-
ger millet (Eleusine coracana), and potato (Solanum
tuberrosum Linnaeus) in addition to pulses and oil
crops (Sinamaw A: Land use land cover change and
its driving factors: A case of Birr watershed, upper
Blue Nile river basin, Ethiopia. Ethiopia: Msc. Thesis,
Hawassa University, unpublished).
Two decades ago, the cultivation land covered the

largest part of the Birr watershed (ca. 514.8 ha, and 44%
of total watershed area). Other wooded and grasslands
were found to be the second largest land use types cov-
ering 397.8 ha (34% of total watershed area) while forest
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land covers 152.1 ha (13%) and the Eucalyptus planta-
tion covers about 105.3 ha (9%) of the total watershed
area (Gebrehiwot et al. 2013).

Land use classification
The current study on the Birr watershed was ultim-
ately targeted on carbon stock change estimation.
Consequently, the classification has been slightly
adapted to include FAO standards, without losing the
opportunity of some comparison with the study of
Gebrehiwot et al. (2013). The four main strata have
been used for allocation of various samples, while the
sub-category has been used during land use
classification.

1. Natural forest: includes all forest land spanning
more than 0.5 ha with trees higher than 5 m and a
canopy cover of more than 10%, or trees able to
reach these thresholds in situ. It does not include

land that is predominantly under agricultural or
urban land use. Its subcategories include
� Dry mixed deciduous forest: evergreen and

deciduous forest in areas where annual rainfall is
1500 mm.

� Other natural forest: includes riverine forest and
any other natural forests.

2. Plantation forest: includes forest plantations and
wood lots spanning more than 0.05 ha with trees
higher than 5 m and a canopy cover of more than
10%, or trees able to reach these thresholds in situ.
It does not include land that is predominantly
under agricultural or urban land use. Its
subcategories include
� Eucalyptus plantations: plantations dominated by

Eucalyptus species
� Other plantations: plantations dominated by

other species than Eucalyptus
3. Other wooded land and grass land: land not

classified as “forest,” spanning more than 0.5 ha

Fig. 1 Geographical location of study site in map of Ethiopia
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with a tree cover less than 10%. It does not include
land that is predominantly under agricultural or
urban land use. Its subcategories include
� Other wooded land: land not classified as “forest”

or predominantly under agriculture and which
has a combined cover of shrubs, bushes, and
trees exceeding 10%.

� Grassland: land not classified as forest or
predominantly under agriculture which is under
grass cover and has a combined cover of trees
and bushes less than 10%.

4. Cultivated land: its subcategories include:
� Crop land: land under continuous or seasonal

crop cultivation.
� Residential areas: land covered by living houses,

home gardens, offices, and market places.

Methodological approaches
Site selection criteria
The following criteria were fulfilled to construct a soil
sampling design: objective selection of sampling plots,
possibility to study effects of land use change on soil car-
bon, and possibility to get average carbon content of
soils under different land uses in the area.

Selection of sampling sites
The field observation and soil sampling (according to
sampling design from different land uses) was carried
out starting from 9 February to 8 March, 2015 for a
month in the study watershed. Sampling was done in
two kebeles, one in the down-stream and one in the
up-stream part of the catchment. Four types of land use
classes were considered: cultivated land, open bush land,
natural and mixed forest (fulfilling the FAO forest defin-
ition) and Eucalypt plantations. These four groups were
consistent with the ones that Gebrehiwot et al. (2013)
used in his study. The sampling was stratified to transi-
tions between land uses, and an equal number of
samples were taken on each land use, i.e., the sam-
pling was not being proportional to the area covered
by each land use. The sampling plots were selected
along transects in the landscape and potential sam-
pling points are located when transect crosses a
border between two land use/land cover classes. Sam-
pling was taken from place 10 m before and 10 m
after the border between the land uses. The potential
sampling points along transects were identified in
Google earth and when all potential points were be-
ing identified, a random selection was done so that
37 paired points were found that given 74 sample
points. Hence, total of 148 soil samples were collected
for the whole study and analyzed at Wondo Genet

College of Forestry and Natural Resources Soil
Laboratory, Hawassa University.

Laboratory analysis
Before soil chemical analysis has carried out, air-dried soil
samples were pounded with pestle and mortal, and passed
through a 2 mm sieve. Then, soil textural analysis was de-
termined through hydrometer method (Bouyoucos 1962)
while moisture content in the soil was determined by the
percentage weight loss of soil sample after it was
oven-dried at 105 °C divided by the dried soil weight in
gram according to ICARDA (2013). On the other hand,
the bulk density analysis was determined by using core
sampling method that each sample was dried at 105 °C for
a minimum of 48 h according to Blake and Hartge 1986.
The soil pH was measured potentiometrically in the
supernatant suspension of a 1:2.5 (w/v) soil-water ratio by
using a pH meter (Carter 1993; Karaoz 1989). Soil organic
carbon concentration in the soil samples was deter-
mined according to Walkley and Black (1934). Finally,
soil organic carbon stock was determined for every
depth of land use/land cover types according to
Lemma et al. (2006).

Soil organic carbon SOCð Þstock
¼ z � ρb � SOC concentration g=kgð Þ � 10

Where; Soil organic carbon (SOC) stock (Mg ha− 1); z
= sampled soil layer thickness (m); and ρb = bulk density
(Mg m− 3).

Statistical analysis
First test for normality (‘kolmogorov-Smirnov’) and
equality of variance (‘Levene statistic’) for the properties
of the soil were conducted. The ANOVA models were
utilized to compare the effect of land uses and soil depth
depending on soil physiochemical properties using the
general linear model (proc GLM with Tukey’s HSD) pro-
cedures of SAS software (SAS Institute 2002). Pearson’s
correlation coefficients and regression equations were
tested for significance using p < 0.05 as a criterion for
significance. Pairwise comparison method was also used
to assess the mean difference of the land uses and depth
levels depending on soil properties. The mean square
error (R) was obtained by adding the square of differ-
ences between the observed and the mean of the
dependent variables and dividing it to residual degree of
freedom. The multiple comparisons of means for each
class variable (among land uses, depth, moisture content,
bulk density, soil organic carbon) was carried out using
the DUNCAN test at α = 0.05.
Variation in the soil physiochemical properties across

land uses and soil depth were computed by taking the for-
est land use and 0–15 cm soil depth as reference groups
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respectively. Hence, for a given physiochemical soil prop-
erty, the variation expresses how much it increased in per-
cent in relation to the reference group. For example, the
variation (%) for cultivated land and 15–30 cm soil depth
for a given physiochemical soil property were com-
puted as

VariationCultivated land %ð Þ

¼ ValueCultivated land−ValueMixednatural forest

ValueMixednatural forest

� �
� 100

Variation15−30 cm %ð Þ

¼ Value15−30 cm−Value0−15 cm

Value0−15 cm

� �
� 100

Result and discussion
Effect of land use change on the soil physical properties
Soil textural fractions
The soil textural fractions of sand (p = 0.0223) and clay
(p = 0.0447) showed significant variation with land use/
land cover types (Table 1). No significant difference was
observed in silt fraction across all land use types. The
sand fraction was higher in the natural and mixed forest
land (60.7 ± 5.74) followed by open- and bush land (59.3
± 5.74) compared to other land use types (Table 1). The
overall mean sand fraction was lower under cultivated
land (33.8 ± 5.74) compared to other land use types
(Table 3). On the other hand, cultivated land had higher
clay fraction (38.8 ± 5.23) compared to other land use
types. Sandy clay loam is the dominant textural class in
the in the 0–10 and 10–20 cm soil depths under Euca-
lyptus plantation and open-bush land while sandy loam
throughout the soil layers under the natural and mixed
forest. The results indicated that soil textural fractions
responded differently following conversion of natural
and mixed forest to other land use types. Sand fraction
under natural and mixed forest, and open-bush land was

higher compared with other land use types. This might
be attributed to the high precipitation conditions, which
remove the fine particles, i.e., silt and clay fractions in
agreement with Yuksek et al. (2009), Yimer et al. (2007),
and (Getachew, F: Effects of land use types on soil physical
and chemical properties in Wondo Genet, Ethiopia.
Ethiopia: MSc. Thesis, Hawassa University, unpublished)
in that the high proportions of sand in the study area was
related to the impact of soil erosion process due to high
rainfall, which has selectively transported the fine soil parti-
cles and leaving behind the coarser ones. The overall mean
sand fraction under cultivated land was 34.5% lower than
other land uses while clay fraction was higher by 36.5%.
The increase in clay fractions with depth in the studied
soils might be related to clay translocation from the upper
soil layer to the layer below and clay formation due to
on-going weathering processes in the of soil profile (Yimer
et al. 2006). Similarly, Jaiyeoba (1998) indicated the effects
of leaching on clay fraction distribution with depths.

Soil moisture content
There was no significant moisture content variation with
land use types (p = 0.063; Table 2). The results showed
that overall mean soil moisture content was slightly higher
under Eucalyptus plantation (19.66 ± 0.8) compared with
other land use types. The soil moisture content showed
significant difference with soil depth (p < 0.0001; Table 1).
It was higher under natural and mixed forest land use
(21.72 ± 1.4) than other land use types while lowest was
observed in soil under cultivated land (15.37 ± 0.9) use in
the 10–20 and 0–10 cm soil depth, respectively.
Overall, mean soil moisture content was 13.36% higher

under Eucalyptus plantation compared to cultivated land.
This could be due to the prevalence of relatively lower
amount of evapo-transpiration anticipated from the Euca-
lyptus plantation, and natural and mixed forest land uses.
This result confirms with the finding of (Kassahun, H. T.,
Engda, T. A., Collick, A. S., Oumer, H. A., Bayabil, H. K.,

Table 1 Mean (±standard error) of the soil chemical properties across land uses (0–20 cm)

Response variables Soil depth (cm) Land uses Overall

Natural and mixed forest Cultivated land Eucalyptus plantation Open bush land

pH 0–10 5.83 ± 0.1A 5.52 ± 0.1AB 5.41 ± 0.1B 5.34 ± 0.1B 5.53 ± 0.06

10–20 5.82 ± 0.1A 5.49 ± 0.1B 5.22 ± 0.1B 5.34 ± 0.1B 5.47 ± 0.06

Overall 5.83 ± 0.1A 5.51 ± 0.07B 5.32 ± 0.08B 5.34 ± 0.07B

SOC (%) 0–10 4.58 ± 0.31A 2.33 ± 0.22B 2.71 ± 0.24B 2.77 ± 0.23B 3.10 ± 0.13

10–20 2.66 ± 0.31A 1.6 ± 0.22B 2.03 ± 0.24B 1.7 ± 0.23B 1.99 ± 0.13

Overall 3.62 ± 0.22A 1.97 ± 0.16B 2.37 ± 0.17B 2.23 ± 0.16B

SOC 0–10 36.9 ± 2.76A 22.71 ± 1.95B 25.09 ± 2.14B 26.95 ± 2.04B 27.91 ± 1.12

(Mg ha−1) 10–20 22.35 ± 2.76A 15.12 ± 1.95B 17.78 ± 2.14B 15.49 ± 2.04B 17.69 ± 1.12

Overall 29.62 ± 1.95A 18.92 ± 1.38B 21.44 ± 1.51B 21.22 ± 1.44B

The mean values followed by the different letters across rows are significantly different (p < 0.05)
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Tebebu, T. Y., Zewdie, A. A., Solomon, D., Nicholson, C.
F., & Steenhuis, T. S.: The effect of land use and its man-
agement practices on plant nutrient availability and car-
bon sequestration. Ethiopia: MSc Thesis, BahirDar
University, unpublished) who reported that cultivated land
is lower in moisture content due to continued plowing
and complete exposure for high solar radiation, which will
result in loss of significant soil moisture. The mean mois-
ture content significantly increased with 16.56% with soil
depth. It was found to be higher in the 10–20 cm under
natural and mixed forest land use and lower under culti-
vated land in the 0–10 cm soil depth.

Soil bulk density
The land use types significantly (p < 0.0001) affected the
soil bulk density (Table 1). It was higher under cultivated
land (0.97 ± 0.013) followed by open bush land (0.95 ±
0.014) compared with other land use types. Bulk density
in soil under natural and mixed forest land use type was

found to be the lowest (0.83 ± 0.018). The soil bulk density
showed significant variation with soil depth (p = 0.0202;
Table 2). It has shown a decreasing trend except in soil
under natural and mixed forest land use types. On the
other hand, the bulk density in the top 0–10 cm was lower
under natural and mixed forest (0.819 ± 0.02) than other
land uses (Table 3).
The lower bulk density under natural and mixed forest

land use compared to others could be related to the
higher organic matter content which increases the soil
volume without affecting its weight. This is a result that
is similar to findings in Takele et al. (2015) and Fantaw
and Abdu (2011). They reported that the lower bulk
density in the soil under forest and the higher bulk dens-
ity in soils under cultivated land were attributed to the
differences in soil organic matter and less disturbances
under forest land use than in the cultivated land. On the
other hand, higher bulk density in cultivated land could
be attributed to the impact of repeated tillage which

Table 3 Mean (±standard error) of the soil physical properties across land uses (0–20 cm)

Response variables Soil depth (cm) Land uses Overall

Natural and mixed forest Cultivated land Eucalyptus plantation Open bush land

Sand (%) 0–10 66 ± 9.93A 35.5 ± 9.93B 50.5 ± 9.93A 55.5 ± 9.93A 51.9 ± 4.97

10–20 60 ± 9.93A 34 ± 9.93B 50.5 ± 9.93A 63 ± 9.93A 51.9 ± 4.97

Overall 60.67 ± 5.74A 33.83 ± 5.74B 52.67 ± 5.74A 59.33 ± 5.74A

Silt (%) 0–10 19 ± 5.86A 28.5 ± 5.86A 29 ± 5.86A 30 ± 5.86A 26.8 ± 2.93

10–20 18.5 ± 5.86A 28 ± 5.86A 23.5 ± 5.86A 25 ± 5.86A 23.8 ± 2.93

Overall 19.00 ± 3.38A 27.33 ± 3.38A 23.67 ± 3.382A 24.83 ± 3.38A

Clay (%) 0–10 14.5 ± 9.05B 36 ± 9.05A 20.5 ± 9.05AB 14.5 ± 9.05B 21.4 ± 4.527

10–20 21.5 ± 9.05B 38 ± 9.05A 26 ± 9.05AB 12 ± 9.05B 24.4 ± 4.527

Overall 20.67 ± 5.23B 38.83 ± 5.23A 23.67 ± 5.23AB 15.83 ± 5.26B

MC (%) 0–10 17.11 ± 1.41A 15.37 ± 0.99A 18.79 ± 1.09A 16.24 ± 1.04A 16.88 ± 0.57

10–20 21.72 ± 1.41A 18.76 ± 0.99A 20.52 ± 1.09A 19.95 ± 1.04A 20.23 ± 0.57

Overall 19.42 ± 0.99A 17.06 ± 0.70A 19.66 ± 0.77A 18.1 ± 0.74A

BD (g cm−3) 0–10 0.819 ± 0.03B 1.000 ± 0.02A 0.936 ± 0.02A 0.969 ± 0.02A 0.931 ± 0.01

10–20 0.836 ± 0.03C 0.945 ± 0.02A 0.877 ± 0.02BC 0.925 ± 0.02AB 0.896 ± 0.01

Overall 0.828 ± 0.02C 0.973 ± 0.02A 0.906 ± 0.01B 0.947 ± 0.02AB

The mean values followed by the different letters across rows are significantly different (p < 0.05)

Table 2 Summary of two-way ANOVA results for the soil physical properties in relation to land use and soil depths (0–20 cm)

Source of
variation

D.F Sand Silt Clay Moisture content Bulk density

MS p MS p MS p MS p MS p

LU 3 917.597 0.0223 73.153 0.3999 597 0.0447 59.288 0.0632 0.124 < 0.0001

Depth 1 1.5 0.9924 75.042 0.3662 95.042 0.5749 408.126 < 0.0001 0.044 0.0202

LU*depth 3 37.222 0.9743 13.653 0.9707 14.542 0.9963 12.259 0.6738 0.009 0.3603

Mean 51.6 23.7 24.7 18.38 0.926

R-square 0.557 0.354 0.513 0.149 0.281

Error 148 197.542 68.625 163.917 23.889 0.0081

LU and MS stand for the land use land cover and mean of square, respectively
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disturbs the soil structure, causing a compacted surface
soil layer. This is in agreement with Kizilkaya and Den-
giz (2010) in that loss of organic matter by conversion of
natural forest into cultivated land has resulted in a
higher bulk density. Similar results were reported by
Islam and Weil (2000) that continuous tillage practice
has result an increase in soil bulk density.
The soil bulk density showed significant variation with

the soil depth. The higher bulk density was observed in
the surface soil across all land uses which could be due to
the effect of moisture content and soil texture on bulk
density. The Pearson correlation coefficient showed that
bulk density was inversely correlated with moisture con-
tent (p = 0.01) and positively correlated with silt fraction
(p = 0.05). This implies that the higher moisture content
and lower silt fraction results in lower bulk density. On
the other hand, bulk density might be influenced by clay
fraction of soil texture. This result is similar to Askin and
Ozdemir (2003) who reported that a unit increases in or-
ganic matter and clay content caused a relative decrease
in soil bulk density. Fantaw and Abdu (2011) reported that
application of organic materials from the plant system
leads to a decrease in the surface soil bulk density than
the layer below. Yimer et al. (2006) also indicated that the
compaction resulting from the weight from the top layer
might be the reason for the increased bulk density in the
lower layer.

Effect of land use change on soil chemical properties
Soil pH (H2O)
The soil pH was significantly affected by land use types
(p = 0.0003; Table 4). The results indicated that the mean
soil pH was 5.4 and ranged from 5.83 to 5.22 across land
uses. Results showed that the overall mean soil pH
under natural and mixed forest was significantly higher
(p = 0.0003, 5.83 ± 0.1) and lower under Eucalyptus plan-
tation (5.32 ± 0.1) compared with other land uses in the
0–20 cm soil depth. Results revealed that there was no
significant variation in soil pH with soil depth (p = 0.474;
Table 5). However, it was confirmed that the mean pH
value was higher under natural and mixed forest (p =

0.045, 5.83 ± 0.1) while lower in the Eucalyptus planta-
tion (p = 0.009, 5.22 ± 0.1) compared with other land
uses in 0–10 and 10–20 cm soil depths, respectively.
It was found that soil acidity was significantly higher in

the Eucalyptus plantation than in other land uses. This is
likely due to the acidifying effect of Eucalyptus trees.
Sasikumar et al. (2002) indicated that the phenolic acids
and volatile oils released from the leaves, bark, and roots of
certain Eucalyptus species have deleterious effects on other
plant species. This finding is similar to Eshete et al. (2011)
who reported that most of Eucalyptus species have acidify-
ing effect on the soil properties. On the other hand, the
higher acidity (lower pH) in cultivated land compared with
forest land was probably due to continuous removal of
basic cations by crops, crops’ harvest enhanced leaching of
basic cations, and washed away of exchangeable bases by
soil erosion. This result is consistent with Gebrekidan and
Negassa (2006) who reported that land use and manage-
ment practices have remarkably influenced the soil pH.
There was no significant variation on soil acidity with

the soil depths. However, the soil pH value in the Euca-
lyptus plantation showed a decreasing trend (3.5%) with
soil depth. This might be related to the selective pump-
ing of bases from the layer below through perennial
plant roots which gradually release base cations. This is
in agreement with Kidanemariam et al. (2012) and Fan-
taw and Abdu (2011) who stated that the continuous re-
lease of basic cations from the slow decomposition of
organic residues and deposition of bases at the surface
by the deep rooting of forest trees from the subsoil.

Soil organic carbon concentration
The SOC concentration showed significant difference with
land use types (p < 0.0001; Table 4). The overall mean SOC
concentration was higher under natural and mixed forest
(p < 0.0001, 3.62 ± 0.22) and lower under cultivated land
(1.97 ± 0.16) compared with other land uses. The mean
SOC concentration also showed a significant difference
with soil depth (p < 0.0001; Table 4). The mean SOC con-
centration was higher under natural and mixed forest land
use (p = 0.0001, 4.58 ± 0.31) and lower in soil under culti-
vated land (p = 0.0004, 1.6 ± 0.22) than other land use types
in the 0–10 and 10–20 cm soil depth, respectively. Gener-
ally, it has a decreasing trend with soil depth (Table 6).
It was found that mean SOC content under natural and

mixed forest was 45.58, 38.39, and 34.53% higher than that
of cultivated, open-bush land, and Eucalyptus plantation,
respectively. This could be due to removal of the crop res-
idues from cultivated land during crop harvesting and
continuous tillage practice. Under cereal land cultivation,
the low SOC content may be due to frequent harvesting
by crops which thereby perpetually remove the nutrients
from the soil (Fermont et al. 2008; Haileslassie et al. 2005).
The removal of the crop remains (Haileslassie et al. 2005)

Table 4 Summary of two-way ANOVA results for the soil chemical
properties in relation to land use and soil depths (0–20 cm)

Source of
variation

D.F pH (H2O) SOC content SOC stock

MS p MS p MS p

LULC 3 1.588 0.0003 15.306 < 0.0001 629.084 0.0002

Depth 1 0.125 0.4741 43.901 < 0.0001 3797.15 < 0.0001

LULC*depth 3 0.08 0.8027 2.363 0.1085 95.518 0.375

Mean 5.46 2.4 21.86

R-square 0.125 0.35 0.301

Error 148 0.243 1.149 91.497

LULC and MS stands for the land use land cover and mean of square, respectively
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for cooking and animal feed almost leaves no biomass to
be returned to the soil. The small-sized nature of the
major crops grown (‘teff ’ and wheat) in the study area is
another constraint for the nutrient return to the soil
through plant remains, a determinant source for labile
carbon (Hooker and Stark 2008). Cultivation also exposes
the available organic matter to moisture (Reicosky and
Forcella 1998), aeration, and other decomposing agents,
facilitating the fast degradation and mineralization (Wild
2003) of the available organic matter thereby reducing the
soil carbon. The frequent (Shisanya et al. 2008), i.e., in-
tense utilization of farmlands (Murage et al. 2000) due to
land shortage is another factor for the diminishing quality
of the farmlands as the crops remove substantial amount
of nutrients (Fermont et al. 2008) with minimal return
rate every year.
The SOC concentration was influenced by soil depth

and showed decreasing trend with depth. Assuming that
the native forest sites are appropriate ecological refer-
ences, croplands through forest clearance has released
about 65.1% of the carbon concentration originally accu-
mulated in the top surface layers of soil under natural
and mixed forest followed by open bush land (62.9%)
and Eucalyptus plantation which has released about
55.7%. As soil depth considered, it declined by 41.92%
under natural and mixed forest and 38.63% under open
bush land. On the other hand, the lowest decline in
SOC concentration was observed under Eucalyptus

plantation; which was about 25.09% followed by culti-
vated land (− 31.33%).
The lower SOC concentration found in the deeper

layer could be related to the reduced amount of the
external inputs in to the soil. This is consistent with
Alemayehu et al. (2010) who reported animal wastes and
inorganic fertilizers temporarily remain in the top
surface soil rather than going deeper. According to
(Nagy, R. C.: Impact of land use/cover on ecosystem car-
bon storage in Apalachicola. Auburn: Msc Thesis, Miami
University, unpublished), there could be noticeable
change in organic matter in the surface horizon and
rooting zone of fine-textured soils due to the tendency
of fine particles to bind tightly with organic matter; thus,
fine-textured soils are more likely to accumulate dis-
solved organic matter (Sanchez et al. 2006). Others have
seen declines in soil carbon in coarse-textured soils be-
cause of the inability of coarse particles to protect the
organic matter in the soil aggregates (Vance 2000).

Conversion effect of land use on carbon stocks
The results showed that mean SOC stock was highly influ-
enced by the land uses (p = 0.0002; Table 4). The overall
mean SOC stock was found to be higher under natural
and mixed forest land (p = 0.0002, 29.62 ± 1.95) and lower
in soils under cultivated land (18.92 ± 1.38) than other
land use types. On the other hand, the SOC stock was
highly influenced by soil depth (p < 0.0001; Table 4). The

Table 5 Variation (%) (difference) in soil properties within 0–20 cm soil depth between cultivated land, Eucalyptus plantation, and
open- and bush land as compared to natural and mixed forest in the watershed

Soil properties Land uses

Cultivated land Eucalyptus plantation Open bush land

Sand (%) − 44.24 (26.84)* − 13.19 (8.0)N.S − 2.21 (1.34)N.S

Clay (%) 46.78 (18.16)* 12.67 (3.0)N.S − 23.42 (4.84)N.S

Moisture content (%) − 12.15N.S 1.24N.S − 6.79N.S

Bulk density (g cm−3) 17.51** 9.42** 14.37**

pH (H2O) − 5.49** − 8.75** − 8.40**

SOC concentration (%) − 45.58 (1.67)** − 34.53 (1.25)** − 38.39 (1.39)**

SOC stock (Mg ha−1) − 36.12 (10.7)** − 27.62 (8.18)** − 28.36 (8.40)**

N.S. stands for not significant; ** and * are significant at 1 and 5%, respectively

Table 6 Variation (%) in soil properties between 10 and 20 cm and 0–10 cm soil depth compared to values of 0–10 cm soil depth
in the watershed

Soil properties Land uses

Natural and mixed forest Cultivated land Eucalyptus plantation Open- and bush land

Moisture content (%) 26.94* 22.06* 9.21* 22.84*

Bulk density (g cm− 3) 2.08* − 5.5* − 6.3* − 4.54*

pH (H2O) − 0.17N.S − 0.54N.S − 3.51NS –

SOC concentration (%) − 41.92* − 31.33* − 25.09* − 38.63*

SOC stock (Mg ha−1) − 39.43* − 33.42* − 29.14* − 42.52*

N.S. stands for not significant, *significant at 5% level
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mean SOC stock was higher under natural and mixed for-
est land use (p = 0.011, 36.9 ± 2.76) and lower in soil under
cultivated land (p = 0.013, 15.12 ± 1.95) compared with
other land use types in the 0–10 and 10–20 soil depth,
respectively (Table 1). It was found that SOC stock under
natural and mixed forest was 36.12% more than cultivated
land followed by the open bush land (28.36%) and Euca-
lyptus plantation (− 27.62%). The SOC stock follows the
pattern: natural and mixed forest > Eucalyptus planta-
tion > open- and bush-land > cultivated land.
The SOC stock also significantly varied with soil depth

and showed a decreasing trend. Assuming that the na-
tive forest sites are appropriate ecological references,
croplands through forest clearance has released about
59.0% of the carbon stock originally accumulated in the
top surface layers of soil under native forest followed by
open-bush land (58.0%) and Eucalyptus plantation which
has released about 51.8%. Considering the soil depth
within land uses, SOC stock was declined by 42.52%
under soils in the open bush land followed by 39.43%
reduction under soils in the natural and mixed forest.
On the other hand, lower SOC stock variation was ob-
served under Eucalyptus plantation; which was 29.14%
followed by cultivated land (− 33.42%).

Conversion of natural and mixed forest to Eucalyptus
plantation
Conversion of natural and mixed forest to Eucalyptus
plantation declined the SOC stock by 27.61%. This could
be due to initial clearing of vegetation that significantly
reduced inputs to the soil. This finding is consistent with
Guo and Gifford (2002) who stated that an average 13%
decline in SOC was calculated for the conversion of nat-
ural forests to plantations. Similarly, Wu and Cai (2006)
and Chen et al. (2004) reported that the lower organic
matter contents in soil under plantation forests than
under natural forests. On the other hand, Sohngen and
Brown (2006) also reported that the conversion of nat-
ural hardwood forests to pine plantations can actually
emit more carbon from the system.

Conversion of natural and mixed forest to open bush land
Conversion of forest to open-bush land declined the SOC
stock by 28.36%. The SOC stock under natural and mixed
forest land was higher than open-bush land most probably
because of differences in management practices between
the two land use systems. This finding agrees with Abera
and Belachew (2011) who stated that the soils under forest
sites were well protected, with little disturbance but that
of open bush lands were poorly managed; heavily
overgrazed, and mostly they were susceptible to sur-
face erosion and water logging. In addition to this,
cow dung is largely used as fuel source rather than
enriching SOC of open bush land sites. In the same

study, Jaramillo et al. (2003) reported the SOC de-
creased after conversion to pasture. The authors also
stated that conversion of forest to pasture has been
examined in a few studies including assessment of
changes in total ecosystem pools of carbon and nitro-
gen, as well as separate above- and below-ground es-
timates. Overall, the transition from forest to pasture
led to decreased ecosystem carbon by 25%.

Conversion of natural and mixed forest to cultivated land
Conversion of natural and mixed forest to cultivated
land declined the SOC stock by 36.12%. This could be
due to due to low amount of organic materials applied
to the soil coupled by reduced physical protection of
SOC as a result of intensive cultivation and increased
oxidation of soil organic matter and complete removal
of the biomass from the field and due to severe deforest-
ation, steep relief condition, and excessive erosion haz-
ards. This result is in conformity with the finding of
many other authors (Gebrekidan and Negassa 2006)
(Tilahun, G: Soil fertility status as influenced by different
land uses in Maybar areas of South Wello Zone, North
Ethiopia. Ethiopia: MSc Thesis, Haramaya University,
unpublished) elsewhere. The soil carbon loss after
conversion of forest lands to cultivated land is also
similar to result reported by Guo and Gifford (2002)
who observed that − 42% (34–50%) in consideration
of 37 studies.
Generally, the variation and their difference in the soil

properties within the soil depth between land use land
covers as compared to natural and mixed forest in the
watershed is described under Table 5 below.
On the other hand, the variation in soil physical and

chemical properties across the soil depth in the water-
shed under natural and mixed forest, cultivated land,
Eucalyptus plantation, and open- and bush land is de-
scribed under Table 7 below.

Conclusions
Land use/land cover changes have influenced some of
the soil properties of soils in the study area. The change
in textural fractions in the four land uses is attributed to
human influences like overgrazing accelerating soil ero-
sion. There is also significant difference in the soil bulk
density across the land uses considered in the study area.
Land use/land cover type influences soil organic carbon
in soils. Accordingly, cultivated land had lower amounts
of organic carbon than other land use/land cover types,
suggesting the need for sustainable cropping systems
such as crop rotation, addition of organic matter, and
crop residues to reverse the situation. The low carbon
input from the agricultural crop could not compen-
sate for the large mineralization of organic matter in
cultivated fields. Variation of organic carbon among
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different land use/land cover types were minimal on
the lower soil layer as compared to the surface soil
layer, implying that the surface soil layer was most af-
fected by different management practices.
This study indicates that there is an urgent need to

improve soil fertility by developing sustainable land
use/cover practices to reduce the rate of soil erosion
and to ensure long-term sustainability of the farming
system, as a result national efforts are urgently
needed to protect the remaining forests and to imple-
ment extension programs to ensure sustainable use of
lands and conservation of forested areas. In general,
land use/land cover change presents a more serious
threat to carbon storage when coupled with a chan-
ging climate.
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