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ABSTRACT : Changes in soil C and total N stocks were investigated following reforestation of
previously cultivated soil in compariso n with soil subjected to continuous cultivation and soil under an
adjacent natural forests in south central highlands of Ethiopia. Two of the most widely planted tree
species in the highlands of Ethiopia, namely Eucalyptus saligna and Cupressus lusitanica, were considered
in the plantation treatments. Soil C and total N contents in the upper 0–10 and 10–20 cm soil layers were
significantly different in the order: Natural forest > C. lusitanica > E. saligna > Farmland. Differences in
soil C and total N contents among the sites for soil depths greater than 20 cm were negligibly small and
statistically not significant. Soil C and total N stocks in the upper 0.80 m mineral soil also varied
significantly in the same order as above. Estimated average annual soil C accruals were 156 and 37 g C
m -2 yr-1 for Cupressus lusitanica and Eucalyptus saligna, respectively. The results demonstrate that
reforestation of former arable soils in the dry Afromontane region of Ethiopia could yield significant
restoration of soil C and total N that are lost in the process of natural forest conversion into arable lands
and subsequent cultivation. However, the two plantation species differed considerably with respect to
the rate of soil C and total N accrual. This suggests that proper selection of tree species will considerably
affect the magnitude and rate of soil C sequestration.

Key words/phrases: Continuous farming, Cupressus lusitanica, Eucalyptus saligna, soil carbon
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INTRODUCTION
Land degradation in the forms of soil erosion and
declining soil fertility is threatening agricultural
productivity, which is the mainstay of the
economy, in Ethiopia. To achieve sustainable
development on the basis of agricultural economy
in Ethiopia, restoration of the vast degraded lands
existing in the country is imperative. In fact,
rehabilitation of degraded lands is a subject that is
receiving considerable attention today in many
parts of the world (Perrow and Davy, 2002),
particularly in Sub Saharan Africa (SSA )
(Chamshama and Nduwayezu, 2003). Reforestation or afforestation is one of the strategies proposed for rapid rehabilitation of degraded lands in
the tropics (e.g., Parrotta et al., 1997; Lamb, 1998;
Montagnini, 2001).
Moreover, reforestation or afforestation is one
viable strategies propos ed for carbon sequestration
to partially mitigate the elevated atmospheric CO2
(Winjum and Schroeder, 1997; Silver et al., 2000).

Although reforestation of arable lands offers
substantial opportunity in C sequestration through
fixation in biomass, the effect it makes on soil C is
not yet clear (Malhi et al., 1999; Mendham et al.,
2002). Research findings on changes in soil C
following reforestation of previously arable lands
have shown variable results ranging from large
accumulation (e.g., Smith et al., 1997; Silver et al.,
2000; Paul et al., 2003) to considerable reduction
(e.g., Scott et al., 1999; Turner and Lambert, 2000).
Because soil contains the largest terrestrial C stocks
(Lal, 2001) as well as sequestration of C in the soils
is one of the main options identified for
atmospheric CO2 mitigation (Smith et al., 1997),
additional studies are needed to investigate the
impacts of reforestation/-afforestation on soil C
storage (Davis and Condron, 2002; Garten, 2002;
Mendham et al., 2002).
In Ethiopia, reforestation activities have over a
century of history. Today, plantation forests
established for the purposes of supplying wood
products and restoring degraded lands cover
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about 126,500 ha of lands in Ethiopia (Gebrekidan
Teklu, 2003). According to the national inventory
report by Gebrekidan Teklu (2003) few exotic
species of the genera Eucalyptus (59.3%) and
Cupressus lusitanica (20.6%) predominate the
plantation forests in Ethiopia. Although such
reforestation or afforestation programs provide
opportunities to rehabilitate degraded soils (Fisher,
1995; Mulugeta Lemenih et al., 2004), no study has
so far examined their potentials from soil fertility
restoration, particularly from soil carbon
sequestration viewpoint in Ethiopia. The objectives
of this study were, therefore, to: (i) evaluate
changes in soil C and total N contents/stocks
following reforestation of previously cultivated
soil; (ii) assess if soil C accumulation levels may
differ between plantation species. Two of the most
widely planted tree species in the highlands of
Ethiopia, namely Eucalyptus saligna and Cupressus
lusitanica were considered in the plantation
treatments.

MATERIALS AND METHODS
Study site
The study was undertaken at Lepis, which is part
of the Gambo district of the Shashamane Forest
Industry Enterprise (SFIE ). Lepis lies within
latitudes 7°12’N and 7°14’N, and longitudes
38°45’E and 38°47’E at about 240 km south of
Addis Ababa (Fig.1). The study sites lie in the
altitude range from 2100 to 2200 m a.s.l. The
natural forest of Lepis is a dry Afromontane forest,
and belongs to the Munessa-Shashamane-Forest
that covers the eastern escarpment of the Central
Ethiopian Rift Valley. The rainfall has bimodal
distribution. The short rainy season extends
between March and June and the major rainy
season occurs between July and October. The mean
annual rainfall is 1200 mm and annual mean
temperature is about 20°C. The soils of the area are
classified as Mollic Andosol (FAO, 1998) or Humic
Haplustands (Soil Survey Staff, 1999). The soils
developed from volcanic parent materials,
principally, volcanic lavas, ashes and pumices
from quaternary volcanic activities in the Rift
Valley. The soil texture in the surface layer of the
soils of the study sites vary from sand loam to
loam with the compositions of 16–19% clay, 17–
36% silt and 54–66% sand.

The natural forest around Lepis suffered
extensive deforestation for long period of time, a
process that still continued unabated (Kebede
Seifu, 1998). Pressure from increasing population
and unplanned utilization of the forest has led to
the shrinkage of the natural forest area, its
composition and productivity leading to the
modification of the forests through the
introduction of plantation forestry (Anonymous,
1990). Considerable portion of the lower edge of
the natural forest in Lepis was cleared in 1968 and
converted to farmland. The forest was cleared with
bulldozer and had been ploughed with tractor.
Major crops cultivated in rotation are wheat, maize
and barley. The farmland has been fertilized with
mixture of diammonium phosphate (DAP ) and
Urea at the rate of 100 kg ha-1 yr-1 each beginning
shortly after clearance and conversion of the site.
Part of this farmland was abandoned after 16 years
of continuous cultivation and reforested with
different exotic tree species. Two plantation stands
established on the abandoned farmland site used
for this study were 17-years-old Eucalyptus saligna
(hereafter referred to as Eucalyptus stand) and 15years-old Cupressus lusitanica (hereafter referred to
as Cupressus stand). The Eucalyptus stand covers
25.5 ha with stem density and stand volume of 910
trees and 372.5 m-3 ha -1 , respectively. The Cupressus
stand covers 5 ha with stem density and stand
volume of 803 trees and 220 m-3 ha-1 respectively.
Mean annual increment (m3 ha -1 yr-1 ) was 25.7 for
the Eucalyptus stand and 18 for the Cupressus stand.
All the sites were adjoining on the same
topographic position, climate and soil type.
Soil sampling and analysis
Soil samples were collected from five pits
arranged within 15 m radius of a central point
established well inside each site. The pits were dug
to 100 cm depth and soil samples were taken from
0–10, 10–20, 20–40, 40–60, and 60–80 cm increments
from each pit with hand trowel uniformly along
each sample depth. The soil samples were airdried, mixed well and passed through a 2 mm
sieve for chemical analysis. Other sets of soil core
samples from each pit and sample depth were
taken for bulk density determination. A sharp
edged steel cylinder (height 5 cm and diameter 7.2
cm) was forced manually into the soil for drawing
the samples for bulk density.
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Fig. 1. Map of Lepis shows the natural forest, plantation stand and the farmlands from which samples were taken for the
study.

Soil pH was measured in water and 1M KCl
suspension of 1:2.5 (soil: liquid ratio) using a glasscalomel combination electrode. Organic C and
total N were analysed with a LECO-1000 CHN
analyser and the results reported on oven-dry
basis. As test with HCl in all the soil pits did not
show signs of carbonate. Moreover, since all the
soils had pH less than 7.0 (Table 1), we assumed
that the total C obtained in the analysis closely
estimates the organic C contents of the soils. Bulk

density (g cm-3 ) was determined after drying the
core samples in an oven at 105° C. Bulk density of
each sample was calculated by dividing the total
oven-dry mass of each sample by the volume of
the soil core used in the sample collection. Bulk
density was corrected for coarse fragment content
after sieving crushed soil samples through a 2 mm
sieve and weighing the soil fractions < 2 mm
(mineral soil fraction) and > 2 mm (rock and ravel).

Table 1. Mean (± SE) soil bulk density and soil pH in the upper 0–80 cm mineral soils under the natural forest
(NF), Cupressus lusitanica (CL), Eucalyptus saligna (ES) and the farmland (FL).
Soil property

Depth (cm)

Bulk density (Mg m-3 )

0–10 ***
10–20***
20–40*
40–60 ns
60–80 ns
0–10 ***
10–20**
20–40 ns
40–60 ns
60–80 ns
0–10***
10–20ns
20–40ns
40–60ns
60–80ns

pH

C: N ratios

*** significantly

Study sites
NF

0.66(0.02)
0.73(0.02)
0.99(0.05)
1.09(0.03)
0.94(0.05)
6.20(0.19)
6.05(0.09)
6.16(0.04)
6.46(0.06)
6.11(0.10)
9.1(0.29)a
9.7(1.85)
11.3(0.52)
10.3(0.12)
8.7(0.22)

CL

0.85(0.03)
0.83(0.08)
0.89(0.03)
0.91(0.07)
0.85(0.06)
6.23(0.15)
6.50(0.15)
5.87(0.09)
5.55(0.09)
5.15(0.12)
10.7(0.37)b
10.2(0.45)
10.2(0.84)
7.9(0.0.9)
6.5(0.31)

ES

0.90(0.02)
0.83(0.06)
0.98(0.04)
1.01(0.06)
0.91(0.05)
5.42(0.07)
6.07(0.29)
5.69(0.03)
6.11(0.04)
5.47(0.02)
11.4(0.30)c
10.3(0.39)
10.0(0.11)
9.0(0.27)
7.2(0.41)

different at P < 0.001, ** P < 0.01, * P < 0.05; ns denotes not significantly difference at P < 0.05.

FL

1.07(0.03)
1.11(0.03)
1.07(0.04)
1.06(0.04)
0.98(0.06)
6.51(0.07)
5.48(0.08)
6.69(0.10)
6.58(0.01)
6.22(0.03)
10.7(0.13)b
10.5(0.28)
10.5(0.38)
8.2(0.51)
7.1(0.13)
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Data analysis
Soil C (g m-2 ) stock for each sampled depth was
calculated using the following equation:

C = ( z ρbc )10 ..................................................(1)
where,
C = carbon stock (g m-2 ) of a sample depth
z = thickness of a sample depth (cm),
pb = bulk density (g cm-3 ) of a sample depth,
and
c = carbon content (g kg-1 soil) of a sample
depth.
Total N (g N m-2 ) stock for each sampled depth
was also computed with a similar equation.
Cumulative soil C and total N stocks to 0.80 m
mineral soil were calculated by adding the soil C or
total N stocks of the 0–10, 10–20, 20–40, 40–60, 60–
80 cm soil increments, respectively.
Differences in soil bulk densities between land
uses/land covers affect comparisons of soil organic
carbon (SOC) stocks by influencing the amount of
soils that are sampled from a fixed soil depth
(Dawit Solomon et al., 2002; Mendham et al., 2002).
Such differences in soil bulk densities between the
natural forest, the plantations and the farmland in
the preset study (Table 1) were accounted for by
adjusting thickness of each sampled layer under
each land use/land cover with respect to
equivalent weights of soils under the natural forest
using the equation:

z corr =

ρ forest
Z ...............................................(2)
ρ LU

where,
z corr = adjusted thickness of a sample soil
layers under plantation or farmland,
? forest = bulk density of the sampled soil layer
under the natural forest,
? LU = bulk density of the sampled soil layers
under plantation or farmland,
z = thickness of soil layers used during field
sampling (Dawit Solomon et al.,
2002).
The average annual accrual (rates of
accumulation) of soil C and total N under the
plantations were calculated after dividing the
difference in soil C or total N stocks (g m-2 ) in the
soils of the plantations and the farmland by the age
of the respective plantation. Similarly, average

annual soil C and total N losses due to
deforestation and subsequent cultivation were
estimated after diving the difference in the total
stocks (g m-2 ) of soil C and total N obtained under
the natural forest and farmland by the age of the
farmland since clearance and conversion. The soil
analytical data were also subjected to one-way
Analysis of variance (ANOVA) for each depth
separately to observe whether or not the changes
between soil C and total N of the soils of the
plantations, the farmland and the natural forest
were significant. Least significant difference (LSD )
was used for mean separation for those properties
that were found significantly different. The level of
significance used was 0.05.

RESULTS
Soil C and total N contents and vertical
distribution
The soil C (g kg-1 ) and total N (g kg-1 ) contents in
the 0–10 and 10–20 cm soil layers under the natural
forest, the plantation stands and on the farmland
showed significant differences (P < 0.001). The soil
of the natural forest had the highest significant soil
C (79.7g kg-1 ) and total N (8.8g kg-1 ) contents
followed by Cupressus stand in the 0–10 cm soil
layer. In the same soil layer, the farmland had the
lowest soil C (32.6g kg-1 ) and total N (2.8g kg-1 )
contents. Compared with the soil of the farmland,
the soils under Cupressus and Eucalyptus stands
contained 30.52 and 7.99 g kg-1 higher soil C
contents in the surface 0–10 cm soil layer.
In the 10–20 cm soil layer as well the soil of the
natural forest had the highest significant soil C and
total N contents. On the other hand, the differences
in soil C and total N contents of the 10–20 cm layer
between the Cupressus stand, Eucalyptus stand and
the farmland were not statistically significant (P >
0.05). However, soil C contents were 3.50 and 0.68
g kg-1 higher in the soils under Cupressus and
Eucalyptus stands respectively that the soil of the
farmland. Differences in soil C and N contents of
below 20 cm soil depth were not statistically
significant among all the sites. Generally, the
vertical profiles in soil C and total N contents
showed that differences were mostly confined to
the upper 0–10 and 10–20 cm soil layers (Fig. 2).
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Fig. 2. Vertical profiles of mean (±SE) of soil C (a) and total N (b) in kg-1 in the upper 0.80 m mineral soil Cupressus
lusitanica (CL) and Eucalyptus saligna (ES) compared to the soil under adjacent natural forest (Reference 1) and
farmland (Reference 2).

C: N ratios

Total soil C and N stocks in the upper 0.80 m soil layer

The C: N ratios of the surface 0–10 cm soil
differed significantly (P < 0.001) among the natural
forest, the plantations and the farmland (Table 1).
The soil under the Eucalyptus stand had the highest
C: N ratio (11.36), while the soil of the natural
forest had the lowest (9.05). There was no
statistically significant difference in the C: N ratios
between the Cupressus stand and the farmland,
while both of them had C: N ratios that were
significantly higher than the natural forest and
significantly lower than the Eucalyptus stand. The
differences in C: N ratios of soil depths below 10
cm were not statistically significant between the
four sites (Table 1).

Soil C stocks (g m-2 ) in the upper 0.80 m mineral
soil varied significantly (P < 0.001) among the
natural forest, the plantation stands and the farmland. The minimum and maximum soil C stocks
were 12,601±873 and 17,826±1167 g m-2 in the
farmland and natural forest, respectively (Fig. 3).
While the soil C stocks in the natural forest was
significantly higher than the other sites, the soil C
stock in the Cupressus stand (14943±475 g m-2 ) was
the second highest and was significantly higher
than the soil C stock in the farmland. The
Eucalyptus stand had a total soil C stock of
13238±868 g m-2 , which was slightly higher than
the farmland, but the difference between the two
was not statistically significant.
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Fig. 3. Mean (± SE) soil C (a) and total N (b) stocks in g m-2 in the upper 0.80 m mineral soil under Cupressus lusitanica ( CL)
and Eucalyptus saligna ( ES) compared to the soils under adjacent natural forest (Reference1) and farmland
(Reference2).
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The soil total N stocks (g m-2 ) in the upper 0.80 m
mineral soil differed significantly (P < 0.001)
among the sites. The natural forest, with total N
stock of 1,475±107 g m-2 had the highest significant
total N stock followed by the Cupressus stand with
1131±33 g m-2 total N stock. The total N stocks in
the soils of the Eucalyptus stand and the farmland
were 951±29 and 882±50 g m-2 respectively, and the
difference between the two was not statistically
significant.
Loss of soil C and total N due to conversion of
natural forest to arable land
The soil C and total N stocks were significantly
lower in the farmland compared with the soil
under the natural forest. The loss of soil C from the
upper 0.80 m mineral layer was found to be 5,225 g
m-2 within 33 years of continuous cultivation after
conversion from natural forest. This was 30% of the
soil C stock in the natural forest soil. The average
rate of soil C loss due to deforestation and
subsequent cultivation is estimated to be 158 g m-2
yr-1 . Similarly, 590 g m-2 or 40% of the soil total N
stock in the natural forest was lost from the upper
0.80 m mineral soil of the farmland within 33 years
of continuous cultivation after deforestation and
conversion. This loss is at an approximate average
rate of 17 g m-2 yr-1 of total N. Soil C and N losses
occurred mainly in the upper 0–10 and 10–20 cm
soil layers, estimated at about 59.1% and 31%,
respectively. Similarly, 67% and 21 % losses of total

Reforestations of former farmland showed
positive changes in soil C and total N with respect
to the soils of the adjacent farmland (Fig. 4). Soil C
was higher by 2342 and 637 g m-2 in the soils under
Cupressus and Eucalyptus stands, respectively than
the soil of the farmland. The average annual soil C
accumulations in the plantation stands were
estimated to be in the order of 156 and 37 g m-2 yr-1
for the Cupressus and the Eucalyptus stands,
respectively. Similarly, there was 250 g m-2 and 69
g m-2 higher total N in the soils of the Cupressus
and the Eucalyptus stands, respectively, compared
with the soil total N stock in the farmland (Fig. 4).
Like the losses in soil C and total N following
conversion of natural forest into arable land, soil C
and total N gains were clearly most pronounced in
the upper 0–10 and 10–20 cm soil layers. About
81% gains in the Cupressus stand and 71% gains in
the Eucalyptus stand were in the surface 0–10 cm
soil layer. Despite the clear changes in soil C
following reforestation of former agricultural
lands, however, after 15–17 years of stand
development the soil C and total N stocks under
the plantations are still far lower than the soil C
and total N stocks in the soil of the adjacent natural
forest (Fig. 4).
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Fig. 4. Mean ((± SE) changes in soil C (a) and total N (b) in the o.80 m mineral soil under Cupressus lusitanica ( CL) and
Eucalyptus saligna ( ES) plantations with reference to the soils under adjacent natural forest (Reference1) and
farmland (Reference2).
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DISCUSSION
The results of this study showed that conversion of
Afromontane natural forest into arable land causes
a considerable decline in soil C and total N stocks.
This is consistent with findings of several studies
(e.g., Sombroek et al., 1993; Teissen et al., 1994;
Mulugeta Lemenih and Fisseha Itanna, 2004)
concerning the declines in soil C and total N
following the conversion of native vegetation into
agricultural system, particularly crop production
in the tropics. The underlying reason primarily is
soil tillage, which enhances aeration and breakdown soil aggregates to allow physical contact of
soil organic matter to decomposer organisms (e.g.,
Balesdeent et al., 1988; Dawit Solomon et al., 2002).
In addition, soil C losses following deforestation
and subsequent cultivation is exacerbated particularly in the case of tropical small-holder farmers
such as those from the highlands of Ethiopia where
crop residues form important parts of the harvest
and are removed from the farm fields (Dawit
Solomon et al., 2002; Mulugeta Lemenih and
Fisseha Itanna, 2004). Nonetheless, the present
study showed that reforestation of former farmlands will reverse soil C stocks by sequestering
carbon in the soil. This is also consistent with
several studies that indicated increased sequestration of soil C following conversion of former
agricultural lands to perennial vegetation through
reforestation or afforestation (e.g., Polglase et al.,
2000; Post and Kwon, 2000; Silver et al., 2000;
Garten, 2002). The average rates of soil C accrued
by the plantations in the current study are within
the ranges of reported soil C accumulation
following reforestation and afforestation from
other similar studies (e.g., Post and Kwon, 2000;
Polglase et al., 2000; Silver et al., 2000; Garten, 2002;
Paul et al., 2002). The average accumulation rate of
soil C for the Cupressus lusitanica stand was greater
than the weighted average change in soil C of
several afforested former arable lands reviewed by
Paul et al. (2002).
The changes in soil C under the plantation
stands compared to the farmland soil could be
attributed to (i) higher inputs of organic substrates
from the plantation than from the cropping
system, and (ii) reduced decomposition of both
newly added and the old soil C owing to the
minimum soil disturbances in the plantations than
the farmlands. Nevertheless, the soil C and total N
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stocks under the plantations are still far lower than
the soil C and total N stocks of the soil of the
adjacent natural forest. This means that 15–17 years
may not be long enough for the plantation stands
to offset the soil C and total N lost due to
deforestation and cultivation in the area. In fact,
time since reforestation/afforestation has a significant effect on accumulation in soil C (Trouve et al.,
1994; Paul et al., 2002; 2003). Soil C accumulation at
early stages of plantation development (< 10 years)
could be either low or negative as there is relatively little input of C from aboveground biomass
due to a small forest biomass and low rate of little
fall. However, this trend gradually improves as the
plantation matures and accumulation continues
relative to the plantation ages (Trouve et al., 1994;
Post and Kwon, 2000; Paul et al., 2002; 2003),
provided other factors remain constant. For
instance, after reviewing several reports on soil C
accumulation following reforestation or afforestation Paul et al. (2002) showed that soil C decreases
in young (< 10-year) forest stands, but accumulation is maximized if forest rotation is maintained
for 20–50 years. This may suggest that the
relatively young age since the establishment of the
plantation stands studied can explain for the
shortfall to completely offset the soil C and total N
lost due to cultivation. Assuming the same average
rate of annual soil C accumulation, the time taken
for the plantations to achieve equivalent amount of
soil C stock (0.80 m) as in the adjacent natural
forest was estimated to be 18 years for Cupressus
lusitanica and 124 years for Eucalyptus saligna.
However, Post and Kwon (2000) acknowledged
uncertainties in estimating rates of soil C accrual
that arise from long averaging times (typically
several decades) because of the potential nonlinear
dynamics in soil C accumulation under perennial
vegetation.
On the other hand, the study showed
considerable difference between the two plantation
species with respect to their potential in soil C
accrual. This confirms several other studies where
significant effects of forest type (species) on soil C
have been reported (e.g., Lugo, 1990; Paul et al.,
2002). The soil under Cupressus lusitanica had 13%
soil C and 19% total N greater accumulations in the
whole 0.80 m soil depth than the soil of Eucalyptus
saligna species despite the 2 year earlier establishment of the later species. This may be related to
several aspects of species-specific factors such as
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litter fall, root dynamics, and rate of transfer of C
from litter to soil (i.e. litter quality and
humification rate) (Parrotta, 1999; Jobbagy and
Jackson, 2000; Berg, 2001; Mendham et al., 2002;
Paul et al., 2002). It appeared that compared to
Cupressus lusitanica, the Eucalyptus stand produced
lower litter that decomposes slowly leading to low
soil C accumulation. This was consistent with
several studies that have shown low litter
production and slow decomposability in
Eucalyptus stands compared to several other
species (e.g., Bernhard-Reversat, 1987; Jonsson et
al., 1996), but inconsistent with the review report
by Paul et al. (2002). For instance, Jonsson et al.
(1996) reported a little contribution to soil C from
the litters of Eucalyptus spp. compared to several
other species in Tanzania. Bernhard-Reversat
(1987) has reported Eucalyptus litter to have high
levels of soluble components, lower microbial
respiratory outputs and low amount of organiclight fraction, which consequently leads to
degraded soil organic matter beneath Eucalyptus
plantations. Other studies have also reported a less
favourable condition for litter decomposition
under Eucalyptus plantations because of generally
low moisture contents in soil under Eucalyptus
(Grove et al., 2001), reduced number and diversity
of soil fauna (e.g., earthworm numbers) (Kardell et
al., 1986; Hingston et al., 1989; Bi et al., 1992), and
anti-microbial effects (Della Bruna et al., 1991),
which all together may contribute to lower soil C
stock under this species.
Based on the results from this study, the area
needed for reforestation to offset the national CO2
emissions, which is estimated to be 16,297 Gg CO2
(Asress Wolde Giorgis, 1995), by sequestering as
soil C was estimated to be 9.7 million hectares
(equivalent to 7.4% of the country’s landmass)
assuming 75% Eucalyptus and 25% Cupressus
species plantations. If Cupressus species alone is
considered, because of its superior soil C
sequestration as shown in this study, as little as 2.8
million hectares (equivalent to 2.1% of the
country’s landmass) is required. Since large
quantities of C are also stored in the root, litter and
above ground biomass, in effect a much less area of
land will be needed to offset the national CO2
emissions in Ethiopia. These estimated areas are
comparatively little compared to the vast degraded
landmass available in the highlands of Ethiopia
today.
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CONCLUSION
The results of this study showed that
reforestation/afforestation can be used to restore
soil C and total N, and thus soil productivity in the
highlands of Ethiopia. In addition, reforestation
can be used as a strategy to offset the national CO2
emission to comply to the international convention
on climate change for which the country is one of
the signatories. On the other hand, the large
difference in soil C accrual rate between the tree
species considered strongly suggests the need for
proper species selection in reforestation or
afforestation
programs
designed
for
C
sequestration or degraded land restoration.
Furthermore, the soil C accumulation rates in the
plantations, without accounting for the C stored in
the biomass, were found to be lower than the rate
of soil C loss when natural forest is converted to
agricultural land use. This is probably due to either
(i) the large soil C loss from the agro-ecosystems
owing to the poor soil managements and/or (ii)
due to factors related to the plantation
management most probably to the ages of the
plantations.
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