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Introduction

Land degradation is a chronic problem in the highlands of Ethiopia; contributing its own parts
for the current complex ecological, economic and social problems. Deforestation is part of land
degradation which is a serious challenge in Ethiopia. Gete, (2000) reported that in the highlands
of Gojam (Anjeni and its surrounding), the forest cover declined from 27% in 1957 to 0.3% in
1995. Deforestation negatively affects the ecosystem services including available water,
agricultural productivity (soil fertility, soil loss), biodiversity, fuelwood, and fuelwood and wood
products. Hurni et al. (2005) estimated a run off of 5-30 times higher in the highlands of Ethiopia
after the clearing of the original forest that results in a negative impact at local, regional and

national levels.

The loss of forest cover in Ethiopia caused mainly by 1) high rates land use change from forest to
cropland because of population pressure (Zeleke and Hurni, 2001; Hurni et al., 2005) and, 2)
Fuelwood and charcoal are major energy sources derived from forest (Mondal et al., 2018). The
gap between demand and supply for fuelwood in Ethiopia is very high, resulting in continuous
degradations of the natural forest which is a general challenge in sub-Saharan African countries
(Kutsch et al., 2011; Msuya et al., 2011; Oguntunde et al., 2008). Forest degradation in
Ethiopian highlands has been more severe than the lowlands because of low population pressure
for the latter case. However, its current state of degradation in the lowlands is not any less than
the highlands. As a result, there is an increasing energy insecurity crisis as a natural forest is the
major sources of firewood and charcoal. This situation helps to expand of eucalyptus in the mid
to highlands of the country including to the productive soils.

Ethiopia has been working towards sustainable energy self-sufficiency with a minimum impact
on the environment (Finance and Development, 2010). Restoration of the degraded landscapes
through plantation is one of the focuses of the country with multiple ecosystem services
including fuelwood supply to the rural communities. Interestingly, an innovative form of A.
decurrens plantation has been evolved recently in Fagta Lekoma district of the Amhara National
Regional State (Figure 1) that directly or indirectly supports the strategy of the country towards
environmental management and energy expansion. Gojam highland is one of the water towers of
the country and it is under serious degradation (Simane et al., 2013). Fortunately, the new form

of A. decurrens is evolved in one of the districts of Gojam highland and expands with fast rates
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years. Because of the high population density (innovated by the community) and excellent
performance of the species in the study area, high biomass is produced. Charcoals are produced
at the sites of the plantation at multiple charcoal making points depending on the size of the
plantation. This distribution helps for the management of the charcoal production process and it
is part of the innovation made by the community. These charcoal making spots are parts that
could not be separated from A. decurrens plantations as they have substantial area coverage.
These charcoal producing spots may affect the soil properties as reported by Kutsch et al. (2011),
Msuya et al. (2011) and Oguntunde et al. (2008). Despite the expansion of the plantation with
high rates, there is a lack of empirical evidence about the associated impacts of on soil properties
for its further regional and national scale expansions. Therefore, the specific objectives of the
research were to evaluate trends of soil properties at different ages of plantation against the
adjacent crop lands and assess the trends of soil properties along with the charcoal making spots

Materials and Methods
The study sites

The research was conducted at Fagita Lekoma district, Awi zone of the Amhara National
Regional State (Figure 2). The district is characterized by a high and uni-modal type of rainfall.
High soil degradation (soil-acidity) with low crop productivity has been the major challenge of
agriculture and food security. The farming system is a mixed crop-livestock and subsistence with
high rates of current shift to A. decurrens plantation. The population of the district is 126,367
with a density of 193.40 per square kilometer (CSA, 2007).
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Figure 2. Location of the study site
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Soil sampling procedures
The research comprised of two sets of independent activities as briefly indicated below.
Effects of A. decurrens at different ages of plantation compared to cropland on soil properties

The study was conducted at five sites that have different ages of the plantation (1 to 4 years) and
cultivated land (cropland) adjacent to each other. For each site, two sampling points were
selected and from each point, soil samples were collected at two soil depths (0 to 15 and 15 to 30
cm) per ages of the plantations (1 to 4 years) as well as cultivated land that made 20 samples per
site. However, at site five it was impossible to get cultivated land as the site was completely
covered by A. decurrens. All in all, a total of 96 soil samples were collected for the analysis of
soil organic carbon, pH and cation exchange capacity. Correspondingly for each core samples

were collected for the analysis of the bulk density and moisture status.
Distributions and effect of charcoal production spots (sites) on soil properties

To evaluate and quantify the effect of the charcoal production process on selected soil properties,
soil samples were collected from charcoal production spots/sites/. The study was superimposed
from ten sites where charcoal was produced with a maximum of a month before soil sampling
and the sites were undisturbed. The general procedures of charcoal production and its associated
activities in the district are shown in Figure 3.

.| Figure 3. Charcoal production

decurrens.

Proceedings of the 9" and 10™ Annual Regional conference on Completed Research Activities on Soil and Water Management 6

and associated  activities.
Numbers in the figure show:
(1) Harvesting of plantation at
age of 5 year; (2) leaf-debris;
(3-6) charcoal production
process; (7) charcoal
marketing, (8) Soils after
charcoal production and the
major target of this study and
(9) ploughing after 5 years of
plantation for the planation of
annual crops with Acacia



Tadele et al Restoration of degraded Highlands through Acacia Decurrens

From each site, four soil samples (two from heated and two from adjacent non-heated) were
collected from 0 to 15 and 15 to 30 cm depths for the determination of some selected soil
properties: pH, SOC, available P (P-Olsen) and bulk density. Forty soil samples that are
independent of activity 1 one was collected. Leaf litters, charcoals, and other debris were
removed before soil sampling. The size of the land for each sampling site was measured. The
numbers of charcoal making points were also counted, and their corresponding area was
calculated based on the formula of a circle: A=nr"2 as the shape of charcoal producing points
were circular. Where A= area of charcoal making points, m is pi or 3.14 and r is the radius of the
charcoal making points. Finally, areas of charcoal making points were summed together to

calculate their percentage (heated areas) per the sampling site.
Soil preparations and analysis

All collected soil samples were analyzed at Adet Agricultural Research Center. The samples
were air dried under shade, ground using pestle and mortar, and sieved to pass through 2 mm
sieve. Soil pH was determined in a 1:2.5 soil to water suspension following the procedure
outlined by Sertsu and Bekele (2000). The organic carbon content was determined by wet
digestion method using the Walkley and Black procedure (Nelson and Sommers, 1982).
Available phosphorus was determined following the Olsen procedure (Olsen and Sommers,
1982). The cation exchange capacity (CEC) was determined after extraction of the samples with
1IN ammonium acetate at pH 7. The soil moisture content was determined following a

gravimetric procedure with the formula:

(A—B)100
B — weight of tin

Percent moisture (weight) =

Where: A is weight of air-dry soil and B is weight of oven-dry soil in grams (Sertsu and Bekele,
2000).

Data analysis

The impacts of independent variables such as the age of plantation and soil heating on soil
properties were statistically evaluated. Analysis of variance (ANOVA) was carried out to

evaluate the presence of a significant difference between and among treatments. For variables
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showing a statistically significant difference between treatments (p<0.05), further analysis of

mean separation was carried out using the Least Significant Difference (LSD) at 5% probability.
Results and Discussion
Effects of A. decurrens at different ages of plantation and cropland on soil properties

The highest mean soil organic carbon (SOC) (3.08 %) was found from A. decurrens plantation of
4 years old (Table 1 and Figure 4) followed by the first year and second year with the lowest
from the third year. The amount of SOC even under A. decurrens is still lower that may be
improved in the long run up on increasing the number of rotations over time. Because the sites
were selected from only one rotation as it is a new introduction to the area. Moreover, the earliest
plantations including some of the sampling sites for this study were used to plantations as they
were less attractive for annual crop production because its acidity and hence croplands used as a
comparison of this study were better off before plantation making some ups and downs. The
result of this research is encouraging as compared to the long-term impacts of physical soil
conservation measures alone (Amare et al., 2013; Amare, 2018). SOC content of the cultivated
land is better than soil under all ages of acacia, because plantation at site 1 was mainly done on
the degraded soils although its current expansion is too fertile as well as irrigable soil. However,
SOC sequestration potential of the degraded soil is much higher than soils with higher amounts

of SOC upon implementing prudent rehabilitation of the degraded soils (Minasny et al., 2017).
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Figure 4. The effect of depth (cm) on soil properties for different ages of plantation and cropland
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Table 1. Soil response to different ages of A. decurrens compared to cropland

Parameter Treatment Site-1 Site-2  Site-3 Site-4 Site-5 Mean

Cultivated 238 219 313 2.21 - 2.48
1-Year 082 259 384 4.21 1.30 2.55
SOC (%)  2-Year 1.02 258  4.04 2.45 2.46 2.51
3-Year 142 261  3.18 2.64 1.35 2.24
A-Year 135 232 3.8 6.03 2.40 3.08
LSD (5%) 0.79 NS 0.5 1.7 NS NS
Cultivated 511 512 518 5.16 - 5.14
1-Year 562 531  5.00 5.23 5.53 5.34
pH (H20)  2-Year 548 503  4.92 5.28 5.31 5.20
3-Year 532 514 517 5.43 5.34 5.28
A-Year 508 512 501 5.13 5.03 5.07
LSD (5%) 029 NS NS NS NS NS
Cultivated 35.99 3200 3268 2728 - 31.99
1-Year 2754 3384 37.13 40.83 31.94 34.26
CEC 2-Year 29.97 3162 3855 3656  29.70 33.28
(meq/100g)  3-Year 2823 3286 3240 3562 21.70 30.16
A-Year 3261 3125 3578 4437  30.35 34.87
LSD (5%) 324 NS NS 7.8 2.2 NS

The result of this research indicates that the newly introduced large scale plantation may be one
of the best strategies to SLM to restore the degraded lands and improve soil health. Moreover, it
is the best approach and practice towards soil carbon management and to mitigate climate
change. Similarly, a trend of soil bulk density was reduced as the age of plantation advanced
(Figure 4) and better than the cultivated land. Its implication in the long run for repeated
rotations plantations the soil health could be significantly improved as bulk density is one of the
soil quality indicators. The effect of plantation on the cation exchange capacity of the soil
similarly improved with the age of the plantation and better than cultivated land as indicated in
Figure 4. The effect on pH and moisture content was also positive compared to adjacent
cultivated land and could be considered as best SLM practice that improves the ecosystem
sustainably. No significant effect was observed within the sampling depths (0-15 and 15-30 cm).
Tegegne (2007) found a substantial contribution of A. decurrens to improve soil fertility at
depths below 30 cm. The same author reported 5.97 kg foliage per tree advantage of A. decurrens

over E. globulus that could be used for the restoration of the soil fertility upon decomposing.
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Effect of charcoal production spots (sites) on soil properties

The shapes of charcoal production spots were found circular with a radius that ranges from 3 to
4.2 meter and a mean of 3.6 meters. The density of these charcoal making spots found to be
about 25 per hectare and their proportion was about 10.3% which is a substantial size compared
to the size reported by Chidumayo (1993) in Zambia with a total area of 1026 square meter
(10.3% of a hectare) which is a significant proportion. The analysis for the number of charcoals
making points as well as its area coverage was based on the only first single harvest.
Nevertheless, the practice is expected to repeat at least every five years on the same field that
increases the density of charcoal making points and associated effects on the soil. Available P
and pH were significantly increased in the heated soils compared to adjusted non-heated soil.
The effect was higher in the upper 0 to 15 cm depth than the lower 15 to 30 cm depth (Figure 5,
6 and 7). The effect of heating resulted in a change of 0.6 unit of pH that is about the effects of
applying 2.4 ton lime per hectare (Figure 5). While looking at the effects of heating on soil
properties at 0 to 15 cm and 15 to 30 cm depths separately, both pH and available phosphorus
were significantly higher in the upper parts than the lower parts.
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Figure 5. Effects of heating on selected soil properties (the mean values of depths)
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Figure 6. Effect of heating on selected soil properties at 0 to15 cm soil depth
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Figure 7. Effect of heating on selected soil properties at 15 to 30 cm soil depth

Available phosphorus from heated soil was increased by 120% as compared to the non-heated
one while the pH increased by one unit that is about the effects of the application of four ton of
lime per hectare (Figure 6). For the lower parts of the soil depth (15-30 cm) the effect of heating
resulted in an increase of 39% of available phosphorus and 0.2 unit of pH over the non-heated
one (Figure 7). The implication of this research finding is important in the acid soil where a low
level of available phosphorus and low pH are among the challenges for crop productivity. The
"guie™ system in the central highlands of Ethiopia similarly increased the pH and available
phosphorus but significantly reduced SOC (Amare et al., 2013). The finding of this research is in
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line with the findings of Wahabu et al. (2015) who reported the positive effect of charcoal
production on soil pH while SOC was negatively affected in their findings may be due to
different degree of exposure to heat. In our research, the effect of heating on SOC and bulk
density was not significant at all depths (Figure 5-7).

Conclusion and Recommendation

A new and innovative form of A. decurrens plantation started nearly a decade ago in the
degraded and acidic areas where annual crop production has been a great challenge. Its
innovation was started at Fagta Lekoma district in the highlands of Gojam and expanding to the
neighboring districts. The finding of this research indicated plantation of A. decurrens in the
degraded landscapes of the study area and the associated activities (charcoal production spots)
improved soil-based ecosystem services including SOC with single harvest (rotation) (5 years).
This ecosystem service may be sustainably and continuously improved upon increased the
number of plantations (rotations) per field. The implication of the finding is a win-win situation
of natural resources management on one hand and energy supply on the other hand with A.
decurrens plantation. Its shallow root depth makes it one of the best advantages to shifting to any
land use systems when and where needed. Therefore, this innovative form of sustainable land
management practice is ecologically and technically sound for large scale regional and national
promotion of the innovation with similar ecological niches of the study area to curve the current
situation of land degradation and energy crises. Further study is needed to find out the best
ecological niches of A. decurrens and to find other alternative provenances and/or species to the
lowlands where forest degradation is resulting in critical shortages of fuelwood and wood
products. The long-term impacts of this innovative land use system on ecosystem services
including on restoration and stock of soil organic carbon, soil micro-organisms, native flora, and
biodiversity must be monitored. Access to efficient charcoal producing technologies and
alternative uses of A. decurrens need a further strategy. Regular monitoring and protecting the
misuse of potential areas (fertile land and irrigation areas) that could be used for food crops

production is important.
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