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Introduction
Land use land cover change (LULCC) in ecosystem services 

has been detected as one current alarming issue in glob (World 
Resources Institute, 2000-2001). It has negative consequences on 
both quality of environment and life [1]. LULCC can affect food se-
curity, biodiversity, biogeochemical cycles, soil fertility, hydrologi-
cal cycles, energy balance, land productivity and the sustainability 
of environmental service provision [1,2]. In addition to this, it also 
contributes to global warming [1].

Several decades and at least dozens of research findings have 
revealed that LULCC resulted for global climate change [3] and 
it accounts one-third of climate change in the glob (Tan and Lal, 
2005). Land use changes (LUC) related to agricultural practices  

 
was responsible for 24% of global greenhouse gas (GHG) emis-
sions in 2010. In between 1970 to 2011, CO2 emissions increased 
by about 90% and LUC have been the second largest source of 
global carbon emissions, next to the use of fossil fuels in the world. 
Land use change from forest to farmland in tropics has been re-
sponsible for 15% to 25% of annual global GHG emissions, and ac-
counts for nearly 70% of total GHG emissions in Africa [4]. Soil is 
one of terrestrial ecosystem that can be served as a sink or source 
of atmospheric carbon dioxide [5,6]. 

Findings on LULCC in north western parts of Ethiopia re-
vealed that shifting of cultivated land from 39% in 1957 to 77% 
in 1995 whereas natural forest diminished from 27 to 0.3% in 
that year order [7]. The other study conducted in the upper Gilgel 
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Abbay catchment of Blue Nile basin in Ethiopia showed that the 
diminishing of forest covers from 50.9 to 16.7% in between 1973 
and 2001 periods due to the expansion of farmland [8]. Similar 
other study in the South-Central Rift Valley Region of Ethiopia also 
disclosed that downing trend of natural forest covers from 16% in 
year 1972 to 2.8% in the year 2000 [9].

Except LULCC map of Ethiopia, which generated by Woody 
Biomass Inventory and Strategic Planning Project (WBISPP) in 
(2005) [10], most LULCC studies conducted by different authors 
in the South Gonder in Ethiopia were limited either spatially or 
temporally for certain areas excluding current study area. And 
also, none of those studied, investigated the impact of LULCC on 
soil carbon stock at different land use types. This study was limit-

ed to examining soil carbon stock in the highland area of the coun-
try. So, this study was initiated to fill those big gaps with following 
specific objectives of to analyze LULCC in between 1986, 1999 and 
2013 and, to estimate soil carbon stock at different land use types.

Methodology 

Location of the study area
The study was conducted in 2016 in a Tikurewuha catchment 

in Awzet Kebele, Farta district, South Gonder, and Ethiopia. It is 
located 673km far away from the Addis Ababa city and geograph-
ically located between latitude 11.44o to 11.48o and longitudes 
38.60o to 38.90o (Figure 1). 

Figure 1: Location map of study area, Tikurewuha catchment.

Biophysical characteristics of study area
The total areal coverage of the study watershed is 2,668.5 

hectares. According to Farta district agricultural office unpub-
lished report in (2012), the study area receives 1500mm rainfall 
annually with a mean annual temperature of 15.5oC. Composition 
of vegetation in the study area was dominated by plantation for-
est, but some indigenous tree species were restricted to churches, 
farm lands homesteads and community woodlot. The most dom-
inate exotic tree species in the study area was Eucalyptus globu-
lus. This tree species grows faster than the indigenous trees and 
serves as a cash generating tree for local farmers. 

Sources and types of data
Data from primary sources include satellite imagery, field and 

laboratory data. Secondary data such as census records and un-
published official documents and reports were collected from the 
Central Statistical Authority (CSA) of Ethiopia.

Data collection and processing

Data collection

Three time series Landsat images of 1986, 1999 and 2013 
were used to analyze LULCC of the entire study area. All images 
used in this study had 30 m spatial resolution and below 5% cloud 

cover. Reconnaissance survey was carried out in December to Jan-
uary 2016 to obtain a general understanding of the current land 
use study of the pattern area. Digital image processing and visual 
interpretation of satellite image was made by using ERDAS imag-
ine 2015. ARCGIS version 10.2.1 and Garmin GPS were used to 
collect ground control points. Land use and land cover classifica-
tion were interpreted according to the legend established through 
merging similar types of spectral properties.

Image pre-processing

Image enhancement and geometric refinement were carried 
out. Geometric correction of image pixel positions was done by 
adjusting the optical geometry to minimize the distortions due to 
the motion of the image platform. The boundary of the study area 
was delineated in a 1:50,000 topographic maps [11].

 Image classification and analysis

Both unsupervised and supervised image classification meth-
ods were carried out as outlined by Rogan & Chen [12]. To have 
an overall representative land use, land cover cluster of pixels, un-
supervised classification was carried out first and then followed 
by supervised classification to categorize the images using ground 
truths. Supervised classifications were based on the results of un-
supervised classification and supplementary data (Google Earth). 
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Accuracy assessment

The classified land use and land cover maps may contain 
some sort of errors that can be caused by several factors. From 
methods of satellite data collection of a classification technique 
may errors may be introduced. So, the error was quantitatively 
described through classification accuracy assessment to use the 
classified land use, land cover maps by using standard methods 
of Congalton [13]. References were identified from Google Earth 

using Global Positioning System (GPS) in the field for accuracy as-
sessment purpose. Total accuracy was computed and to meet the 
minimum 85% accuracy as indicated by Anderson et al. [14].

Land use land, cover change detection 
Land use types which converted from one class to any of the 

other classes were computed in a hectare (ha) and percent (%) 
base and the change directions were also determined following 
the standard procedure and map was produced using (Figure 2).

Figure 2: Land use/ land cover maps of study area in 1986, 1999 and 2013.

Estimation of soil carbon stock 
The soil organic carbon sequestration was estimated by using 

the following equation (Guo and Gifford, 2002)

10
D*BD*SOCCs =

Where Cs is soil organic carbon stocks per unit area, SOC is 
soil organic carbon concentration in %, BD is soil bulk density in 
g/cm3, D is the soil sampling depth in cm.

Soil sampling at field level
About 5 main sampling points were distributed systematically 

at, each land use types by using ARCGIS version 10.2.1. I.e., total 
of 15 main sampling points were located. About 10 to15 sub-soil 
samples were collected for each main sample based on the com-
plexity of the topography and variability of the soil type at the 
depth of 0-30 cm. For landscapes having a homogenous soil type 
and uniform topography; 10 sub-samples were collected within 
10 to 50 m distance between each sub-plot in a zigzag manner. 
But, for undulating topography where the slope varies in short 
distance and heterogeneous soil type, 15 sub-samples were col-
lected within a relatively short distance that ranges 10 to 20 m 
between and among each sub-sampling points. Samples from 
each sub-sample were composed into one bucket for each main 

plot and it was thoroughly mixed and around 1kg representative 
mixed soil sample was collected.

Soil sample preparation and analysis
Total of 15composite soil samples were packed, labelled and 

shipped to the Behar Dar soil laboratory in Ethiopia for analysis. 
Soil samples were air dried, crushed and passed through 0.5mm 
diameter sieve for analysis of organic carbon (OC) in the soil. Soil 
OC content was analyzed by the wet digestion method of [15]. 
Then the mean value of OC was calculated for each land use type. 
The bulk density of the soil was estimated from undisturbed soil 
samples collected using a core sampler for each land use types by 
following the procedure of [16]. 

Results and Discussion

Land use, land cover in 1986, 1999 and 2013
Farm land, forest land and grassland coverage were 77.1%, 

9.7% and 13.2% in year 1986, 65.4%, 19.4% and 15.2% in year 
1999, and 51.7%, 29.1% and 19.2% in year 2013, respectively 
(Table 1). Those times serious land use, land cover data showed 
that the increasing trend of forest and grassland coverage from 
year to year while farm land showed diminishing pattern.

Table 1: Land use land cover and its change (LULCC) in different time intervals.

Land use Type

Land use and Land Cover Land use Land Cover Change

1986 1999 2013 1986 1999 2013

Ha % Ha % Ha % Ha % Ha % Ha %
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Farm land 2056 77.1 1743.7 65.4 1379.2 51.7 -312.3 -15 -364.5 -18 -676.8 -33

Forest land 259.7 9.7 518.5 19.4 779.8 29.2 258.8 100 261.5 101 520.1 201

Grazing land 352.3 13.2 405.9 15.2 509.5 19.1 53.6 15 29 29 157.2 44

Land use land cover change in between 1986 to 2013

Farm land

It was declined from 312.3 ha (15%) and 364.5 ha (18%) 
from1986 to 1999 and 199 to 2013, respectively. However, farm 
land decreased from 1999 to 2013 was larger than that of 1986 
to 1999 (Table 1). After 27 years (in 2013), farm land was turned 
downed by 676.8 ha (33%) due to different factors that forced lo-
cal farmers to shift their land towards plantation forest and graz-
ing land. Perhaps, high rainfall that leased their land to be acidic 
and less productive could be one of the major driving forces of 
the shrinking of farm land. This finding was contrary to the most 
of land use land cover change findings in different parts of Ethio-
pia that carried out by different scholars, including (Kidane et al. 
2012) [17-23].

Forest land

Increase in forest land was detected in both from 1986 to 1999 
and 1999 to 2013 at the expense of cultivated land. Forest land 
was enlarged by 258.8 ha (100%) and 261.3 ha (101%) in 1999 
and 2013, respectively. In general, forest land was amazingly op-
timized by 520.1 ha (201%) in 2013 when it compared with that 
of initial year status (Table 1). This remarkable achievement could 
be due to a forestation program of the Derg regime, an initiative 
to preserve indigenous trees or forests and planting of trees at the 
household level especially in highland parts of Ethiopia including 
the study area. In addition to this, lands with less crop production 
due to soil acidity were forced local farmers to convert their land 
to eucalyptus plantation. This finding agreed with that of Amare 
Sewnet (2015) in Infraz Watershed, North western Ethiopia and 
Woldeamlak [24] in Chemoga watershed in Ethiopia. But, it was 
contrary to the most of land use land cover change findings in 

different parts of Ethiopia, which conducted by different scholars 
like [17-23].

Grassland

Similar to that of forest land use change, grassland was show-
ing increasing pattern in 1999 and 2013 in expense of farm land. 
While, grassland increased from 1999 to 2013 was larger than 
that of 1986 to 1999. It increased by 53.6 ha (15%) and 103.6 ha 
(29%) in 1999 from that of 1986 and in 2013 from that of 1999, 
respectively. A Total of 520.1 ha (201%) grassland was increased 
at the end of 2013 when it compared with that of initial cover-
age (Table 1). This finding was in agreement with that of Amare 
Sewnet (2015) in Infraz Watershed, North western Ethiopia. But it 
was contrary to most of the findings related to land use land cover 
change in different parts of the Ethiopia.

Soil carbon rich land use type
As estimated result of soil carbon stock revealed that rela-

tively high amount of soil carbon was observed in the forest land 
use type with a mean value of 112.03g/cm2 followed by grazing 
land (99.62g/cm2). While soil carbon sequestered in farm land 
(50.64g/cm2) was almost one-half of that of grazing land soil 
carbon stock. So, relatively small amount of soil carbon was se-
questered in farm land use type (Table 2). Hence, the conversion 
of farmland to forest land has positive attributes for soil carbon 
stock followed by land use change types of farmland to grassland 
use type. Soil carbon stocks in forest land and grassland uses have 
no statistical significance difference. Those results revealed that 
the current farmers farming system conversion provided an op-
portunity to sequester additional carbon into a soil that in turn 
can alleviate current climate change problems [25,26]

Table 2: Soil carbon stock in different land use change types in 2017.

Land use Type Mean OC (%) Mean BD (g/cm3) Mean CS (g/cm3)

Farm land 13.37 1.28 50.64

Forest land 34.69 1.08 112.03

Grazing land 25.02 1.34 99.62

LSD (0.05) 2.31 4.78 15.56

CV (%) 5.83 13.49 12.2

Conclusion 
Land- use and land-cover changes in the study area were con-

trary to the historical trend of conversion of forest and grassland 
to farmland in different parts of the country as at least dozens of 
research findings agreed. Forest land use type showed remarkable 
soil carbon stock and it is easy to imagine that huge amount of car-
bon could be sequestered in forest land considering the carbon 
stocked in above ground biomass in addition to stocked in the soil. 

Even if forest cover showed an increasing pattern, there are no 
land use plan sustainable, soil water conservation practices and 
continuous and strong soil acidity reclamation campaigns in the 
study area yet. Due to this, most of lands are going out of produc-
tive land. If current trend and perception is not averted, the huge 
agricultural potential of this part of land will soon be severely de-
graded, perhaps beyond recovery in some places. Despite the fact 
that the existing trend of land use land cover change had a positive 
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impact to mitigate climate change, it could have a negative impact 
on Scio-economy of the local community.

Recommendations
Even if increases in forest cover due to exotic eucalyptus tree 

plantation could be viewed as positive for climate change mitiga-
tion efforts, indigenous forests contain many endemic species and 
maintain biodiversity, which is important for sustainable ecosys-
tem functioning. Exotic eucalyptus plantations have been linked 
to environmental changes that could harm ecosystem functioning. 
In line this, Eucalyptus has been found to deplete groundwater as 
many of the findings revealed. Hence, depletion of the groundwa-
ter table could impact native forest health as well as agricultural 
productivity. So, introduction of proper land management and 
integrated environmental rehabilitation strategies must be given 
high priority Moreover, endogenous tree plantation must get high 
priority to preserve existing biodiversity and regeneration.
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