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ABSTRACT
This paper aimed at evaluating the potential of the different soil attributes for plantation of
selected forest trees (Faidherbia albida, Eucalyptus camaldulensis and Balanitus aegiptica)
dominantly grown in the northern highlands of Ethiopia. The study was conducted at Korir
watershed, northern Ethiopia. The method used to evaluate the land suitability was based on
the FAO approach for land evaluation for forestry. The results of the evaluation revealed that
suitability classes of these trees range from highly suitable (S1) to permanently not suitable
(N). Eucalyptus camaldulensis was highly suitable on the relatively gentle valley bottom and
foot slope (6% of the area) having greater soil depth while unsuitable in majority (about 58%)
of the area. Both Faidherbia albida and Balanitus aegyptiaca were suitable in more than 85%
of the study area. The major limiting factors were the steep slope and shallow soil depth in
major part of the area. Hence, evaluating the land potential for individual species and
assigning these species based on their land requirements should be done before plantation so
as to increase the trees' survival rate.
Keywords: Faidherbia albida, Eucalyptus camaldulensis, Balanitus aegiptica, Suitability,
Ethiopia.
1. INTRODUCTION
Land degradation, which includes degradation of vegetation cover and soil, is a major
environmental and economic challenge in Sub-Saharan Africa including Ethiopia (Mebrat,
2015). According to the study by Temesgen et al. (2014) in Ethiopia, land resources such as
soil, water, forest trees and biodiversity are deteriorated. These authors revealed that
approximately 17% of the potential agricultural Gross Domestic Product (GDP) is being lost
because of soil degradation. Removal of vegetation for domestic and industrial purposes,
cultivation of slopping lands to increase agricultural production area, use of crop residues and
animal manure or dung as fuel were the major causes. A country level survey by the Federal
Democratic Republic of Ethiopia (FDRE) in 2011 reported that the rural households of
Ethiopia account for about 93% of the total energy consumption, and 99.5% of their energy
comes from biomass fuels. Furthermore, the rapidly growing population (about 2.6%)
demands more land for cultivation and more energy for consumption from natural resources;
the consequence will be increased deforestation. Researches (e.g. Sonneveld and Keyzer,
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2002) indicated that fertile top soil in the country was lost at a rate of one billion cubic meters
per year, resulting in massive environmental degradation. Besides, only about 47% of the
land area of Ethiopia falls in the category of being suitable for tree planting because of either
shallowness of the soil, land steepness, severity of erosion or low soil fertility (Holden et al.,
2003).
To tackle the problem, massive reforestation, afforestation, and soil and water conservation
activities were launched in the country (Mehari, 2005). A study by Bekele (2011) estimated
more than 972,000 hectares of state and community plantation areas in Ethiopia. Of this area,
190,000 hectares were classified as commercial plantations and the remaining were nonindustrial plantations (Bekele, 2011). Since 2007, for instance, massive tree-planting
campaigns have been undertaken in connection with the celebration of the country’s
Millennium. Tadesse (2012) reported that about 2.21 billion seedlings were planted in 2009
in four regions (Oromia, SNNP, Amhara and Tigray) of the country. Forest trees such as
Fehiderbia albida, Eucalyptus camaldulensis and Balanitus aegiptica were dominantly
planted for economic and environmental conservation purposes. These trees, according to
Gebreegziabher et al. (2010), supplement household’s income through sales of wood
products and contribute to risk aversion by increasing agricultural production and spreading
risks of agricultural production collapse. These trees were planted mainly in degraded areas
(Jagger and Pender, 2003) and to some extent as agroforestry systems (Kidanu et al., 2004).
Nevertheless, reforestation impacts could not match with the deforestation rates in which
poor implementation and follow-up of plantations have limited their success. Re- forestation
goals were set in terms of number of seedlings to be planted rather than their ecological
requirements (Mehari, 2005). However, the successful growth and production of planted trees
can only be sustainable if the ecological characteristics match with the requirements of the
planted trees (FAO, 1995). For instance, the highland of northern Ethiopia (Tigray) has a
highly diverse and complex pattern of soils resulting from the wide range of landforms,
geology, climate and vegetation (Teka et al., 2015). However, tree plantations have been
implemented with little due consideration of the ecological (soil attribute in particular)
requirements of individual species. This has resulted to the poor trees survival rate in the area
ranging from approximately 45% on village managed to approximately 65% on household
managed woodlots (Gebremedhin et al., 2003). While, Jagger and Pender (2003) estimated an
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average survival rates in the region for eucalyptus at 47%, 58% and 71% for village level,
sub-village level and private woodlots, respectively.
To overcome the challenges of poor tree seedlings survival rate, it is important to design
economically feasible, socially acceptable and ecologically viable forest trees management
and conservation strategies (Mebrat, 2015). Hence, any decision made on what species to
plant and where to plant must be taken carefully. The mechanism by which trees are
appropriately selected, arranged and managed are through land quality measurement
(Venema and Vargas, 2007; Teka et al., 2010; Teka and Haftu, 2012).

2. MATERIALS AND METHODS
2.1. The study area
The study watershed is located at Korir village, in Tigray (Fig 1). The total size of the
catchment is 17 km2. The mean annual rainfall is about 466 mm with mean annual
temperature ranging from 9 to 28°C.

Figure 1. Location of the study area.
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The study area is covered by Mesozoic sedimentary sequence which composed of mainly
four formations, arranged from bottom to top as: Adigrat Sandstone, Antalo Limestone,
Agula Shale and Amba Aradam formation (Rabia et al., 2013). The major soil reference
groups found in the study catchment are Regosols, Leptosols, Vertisols and Cambisols (Teka
and Haftu, 2012; Rabia et al., 2013). The major land cover/land use types of the catchment
are arable land, grazing land, bush and shrub land, plantation, plantation plus bush (mixed)
and built-up areas (Teka and Haftu, 2012).
2.2. Methodology
The periphery of the catchment, landform and each land cover type were demarcated from
aerial photos and topographic map (1:50,000). A preliminary reconnaissance of the
catchment area was conducted prior to the detailed survey so as to distinguish the main land
cover types, landforms and soil types. The above information helped to classify the entire
area of the catchment into eleven land units, set of pixels characterized by the same value for
the diagnostic attributes (Van Orshoven et al., 2011). These major land units helped to
determine the number of pits to be excavated. A soil profile pit (of 1.5 m x 2 m and up to the
depth of the underlying rock) was opened in each land unit except residential areas, and
described using FAO soil description guideline (FAO, 2006). Soil classification was made
based on the world reference base for soil resources (FAO, 2014).
In total, eighteen soil samples were taken from the demarcated soil horizons for analysis of
soil texture, soil pH, CaCO3, soil organic carbon (%), soil EC (cmol+/kg of soil), soil Cation
Exchange Capacity (CEC), soil total Nitrogen and soil Available phosphorous. The soil
samples were air-dried, gently crushed and passed through 2 mm-sieves to obtain fine earth
separates. Particle size distribution was determined by hydrometer method following pretreatment with H2O2 to remove organic matter, and dispersion aided by sodium hexametaphosphate. Electrical conductivity (dS/m) and soil pH (H2O) were determined at a
soil/water ratio of 1:2.5. Organic carbon (%) was determined by the wet combustion
procedure of modified Walkley Black method. The cation exchange capacity (CEC, cmol
(+)/kg) was determined by saturation with NH4OAc (Ammonium Acetate) at pH 7 and
subsequent replacement of NH4 by NaCl extraction. The free CaCO3 content (%) of the soils
was also determined by acid neutralization method. Total nitrogen (TN) was measured by
micro-Kjeldahl digestion procedure and available phosphorus (P) by Olsen method.
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The FAO approach for land evaluation for forestry (FAO, 1984) was adopted to evaluate the
land suitability for the selected trees species. The trees under study were selected based on
their merits taking the economic, social and environmental context into consideration.
According to these criteria, three tree species were chosen for the analysis: Eucalyptus
camaldulensis, Fehiderbia albida and Balanites aegyptiaca. These tree species were
evaluated against the geomorphology (slope) and the soil (drainage, depth, pH, salinity,
coarse fragments and texture) parameters of the study area. The evaluation was done for each
species and land unit following equation proposed by FAO (1984):
Score =

[∑(value ∗ (weight > 1))]
∗ ∑(value ∗ (weight = 1))
∑(weight > 1)

This score was converted to a suitability class (Table 1). The suitability class obtained for
each land unit and species was used to summarize the land unit according to the importance
of the facet it belongs.
Table 1. Suitability classes.
Score
>0.8

Suitability classes
S1 (Highly Suitable)

.6-0.8

S2 (Moderately Suitable)

0.3-0.6 S3 (Marginally Suitable)
<0.3

N (Unsuitable)

Description
Land having no, or insignificant limitations to the
given type of use
Land having minor limitations to the given type of
use
Land having moderate limitations to the given type
of use
Land having severe limitations that preclude the
given type of use

3. RESULTS AND DISCUSSION
3.1. Landscape units
As explained in the earlier section, eleven landscape units were delineated for the study
watershed (Fig 2).
Land Unit – 1: is situated on the plateau with a slope range of 2-5%. The area is
characterized by sheet and rill erosion; some (scattered) bushes such as Aloe succotrina,
Juniperus procera, Olea europaea subsp. Africana and Rumex nervosus; 40-50% stone
cover; about 25% rock outcrop. The land was used for livestock grazing; having an average
soil depth of 23 cm and lime stone parent material.
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Land Unit – 2: is situated on the plateau with a slope range of 2-5%. The area is
characterized by sheet, rill and gully erosion; some (scattered) bushes such as Aloe
succotrina, Juniperus procera, Olea europaea subsp. Africana and Rumex nervosus;
Terraced/soil faced stone bund with trench; 30-50% stone cover; about 25% rock outcrop; the
land was used for rain-fed agriculture having an average soil depth of 29 cm and sandstone
parent material.
Land Unit – 3: is situated on the side slope (hill) with a slope range of 30-50%. The area is
characterized by sheet, rill and gully erosion; < 15% stone cover; < 15% rock outcrop; with
dense bush such as Aloe succotrina, Juniperus procera, Olea europaea subsp. Africana,
Rumex nervosus, Dodonaea angustifolia and Euclea schimperi; Bush land (exclosure) having
an average soil depth of 33 cm and sandstone parent material.
Land Unit – 4: is situated on the plateau with a slope range of 2-5%. The area is
characterized by sheet and rill erosion; <15% stone cover; about <15% rock outcrop; dense
bush of Aloe succotrina, Juniperus procera, Olea europaea subsp. Africana, Rumex
nervosus, Dodonaea angustifolia and Euclea schimperi; having an average soil depth of 28
cm and sand stone parent material.
Land Unit – 5: is situated at the foot slope with a slope range of 3–8%. The area is
characterized by sheet, rill and gully erosion; 15–30% stone cover; about 25% rock outcrop;
livestock grazing area with scattered trees of Euclea schimperi, Acacia etbaica and Acacia
seyal; having an average soil depth of 37 cm and sandstone parent material.
Land Unit – 6: is situated at the side slope (hilly) with a slope range of 30-50%. The area is
characterized by rill and gully erosion; stone terraced with trench bund; 30–50% stone cover;
15-30% rock outcrop; Planted with Acacia saligna, Eucalyptus camaldulensis, Grevillea
robusta, Balanites aegyptiaca and Opuntia ficus-indica; plantation area having an average
soil depth of 22 cm and sandstone parent material.
Land Unit – 7: is situated at the side slope (hilly) with a slope range of 30-50%. The area is
characterized by rill and gully erosion; stone terraced; 30-50% stone cover; 15-30% rock
outcrop; naturally grown moderately dense bushes enriched with plantations of Acacia
saligna, Eucalyptus camaldulensis, Grevillea robusta, Balanites aegyptiaca and Opuntia
ficus-indica having a soil depth of 24 cm and sandstone parent material.
Land Unit – 8: is situated at the foot slope with a slope range of 3-8%. The area is
characterized by sheet and rill erosion; soil faced stone bund with trenches; 30–50% stone
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cover; no rock outcrop; no trees are left; rainfed agriculture having a soil depth of 55 cm and
lime stone parent material.
Land Unit – 9: is situated at the valley bottom with a slope range of 3-8%. The area is
characterized by sheet erosion; <15% stone cover; no rock outcrop; some scattered trees of
Faidherbia albida; rainfed agriculture having a soil depth of >150 cm and sand stone parent
material.
Land Unit – 10: is situated at the valley bottom with a slope range of 3-8%. The area is
characterized by sheet erosion; <15% stone cover; no rock outcrop; few trees of Faidherbia
albida; irrigated agriculture having a soil depth >150 cm and sand stone parent material.
Land Unit – 11: is situated at the foot slope with a slope range of 8-15%. The area is
dominated by lime stone parent material and is used for settlement. Opuntia ficus-indica and
Eucalyptus cameldulensis are the plant species planted on this land unit.

Figure 2. Land unit map of Korir area.
3.2. Description of soil physical and chemical properties
The major soil reference groups with their physical and chemical properties are shown in
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table 2. The study revealed that rooting depth in most soil reference groups of the study area
is very shallow to moderately shallow based on the classification guideline developed by
FAO (2006). This land quality appears to be of limited value for the trees in question.
According to Van Gool (2005), any soil less than 50 cm deep is considered unsuitable for
most perennial crops, while soils having in excess of 80 cm depth are preferable. The EC
(dS/m) values of the soils are very low, ranging from 0.1 to 0.3, according to the Hunting
(1976) classification guide. Based on the findings of Herrera (2000), when the electrical
conductivity is less than 2, few salinity problems are evident. The pH of the soil, range
between 6.9 and 8.2, is within the neutral to slightly alkaline pH rating following the Hunting
(1976) and Van Gool (2005) classification guidelines. The pH of most soils in the area is
ideal to grow most crops including the trees in question. According to Herrera (2000), most
crops grow satisfactorily on soils with a pH ranging from 6.2 to 8.3. The textural class of the
soil reference groups in the study watershed range from sand to clay loam, which are
characterized by a good to fair soil workability (Van Gool, 2005). The CaCO3 (%) content is
classified as high to very high while the CEC values range from very low to very high
content (Hunting, 1976).
Table 2. Soil physical and chemical properties.
LU Depth EC
pH
(cm) (dS/m)
1
0-23 0.26
7.41

Textural TN
class
(%)
Loam
0.2

CaCO3 Pava OM
(%)
(ppm) (%)
8.90
4.25 4.26

2

0-29

0.10

7.03

Sand

7.68

3

0-28

0.09

7.04

4

0-33

0.26

5

0-37

0.065

6

0-22

0.18

7

0-24

0.225

8

0-55

0.23

9

0-150 0.067

10

0-150 0.287

Sandy
clay
7.9
Sandy
loam
6.93 Sandy
loam
8.05 Sandy
clay
8.01 Clay
loam
8.2
Sandy
clay
7.980 Sandy
loam
8.223 Clay
loam
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0.02

3.61

1.44

0.035 8.495

1.815 1.715

0.345 9.905

7.58

7.665

0.05

7.885

1.77

1.975

0.15

12.54

6.34

3.77

0.31

21.03

8.56

8.16

0.1

26.29

3.655 3.12

0.030 8.763

3.980 1.143

CEC
Soil Type
(Cmol/kg)
30.96
Calcaric
Leptosol
2.7
Calcaric
Leptosol
11.16
epi Leptic
Cambisol
23.85
epi Leptic
Cambisol
6.75
endoleptic
Regosol
13.14
calcaric
Leptosol
38.34
epi Leptic
Cambisol
26.01
endoleptic
Regosol
6.600
Regosol

0.060 11.593 1.060 2.620 43.740
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3.3. Land suitability for forest trees plantations
Table 3 shows the suitability results of the selected three species, i.e. Eucalyptus
camaldulensis, Faidherbia albida, and Balanites aegyptiaca. The suitability classes for these
trees range from highly suitable (S1) to permanently not suitable (N). This is due to the
different conditions the trees require for their developments in the local area in question
(Mehari, 2005; Venema and Vargas, 2007; Teka and Haftu, 2012).

Table 3. Provisional land suitability classification for trees plantation.
Land units
LU_1
LU_2
LU_3
LU_4
LU_5
LU_6
LU_7
LU_8
LU_9
LU_10

Eucalyptus camaldulensis
S3
S3
N
S2
S1
N
N
N
S1
S2

Tree species
Faidherbia albida
S3
S3
S3
S3
S3
N
N
S3
S2
S3

Balanites aegyptiaca
S1
S1
S1
S1
S1
S3
S3
S1
S1
S1

3.4. Land Suitability for Eucalyptus camaldulensis
Eucalyptus camaldulensis (locally called keyih kalamintos) is widely grown in most parts of
Ethiopia including the study area for both domestic and industrial purposes (Getahun, 2002).
According to Getahun (2002), about 506,000 ha of the total plantation area, equivalent to
52%, was occupied by Eucalyptus. A field assessment from Huruta district (Ethiopia) also
showed that about 80% of the farming households have planted Eucalyptus (Mekonnen,
2010). The tree is used mainly for poles, posts, construction timber, fuel-wood, ornamental,
shade, bee forage, windbreak and swamp reclamation as it tolerates water logging (Oballa et
al., 2010).
Benefit–cost analysis based on community and village level survey data from Tigray
(Ethiopia) illustrates that planting eucalyptus yields high rates of return, well above 20% in
most circumstances (Jagger and Pender, 2003). A similar study by Mekonnen et al. (2007)
has shown that income from Eucalyptus sales contributes on average up to 25% of total
household’s annual cash income, and for poor households up to 72% of the total annual cash
income. Another study from Huruta district (Ethiopia) showed that Eucalyptus wood products
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contributed to 78% of the local market economy for firewood, 100% each for construction
poles and posts, and 20% for charcoal (Mekonnen, 2010). A similar study in Ethiopia has
also reported that Eucalyptus contributed to 92% construction poles, 74% timber, 85%
firewood, 40% charcoal, 83% posts and 91% farm implements for rural livelihoods
(Mekonnen et al. 2007).
Despite the apparent benefits, there have also been public reactions against Eucalyptus
camaldulensis planting. The tree is known to cause a number of environmental hazards like
depletion of groundwater, dominance over other species by allelopathic effects, loss of soil
fertility and negative impacts on local food security issues (Joshi and Palanisami, 2011). A
study on the effect of the tree on yield of two major crops (Zea mays and Panicum
miliaceum) showed a reduction as the result of the tree stand (Alebachew et al., 2015). These
authors revealed that Maize grain yield reduction was recorded around 6.6 fold as compared
to the control (20 m distance from tree stand). Whereas, Finger millet grains yield difference
was around 2.9 fold as compared to the control. Another study on the impact of growing
Eucalyptus on ground water level indicated that 20 years of continuous cultivation of
Eucalyptus in private and public lands reduced the water level in freshly dug bore wells to
260 m as compared to the mean depth of water level in bore wells (177 m) (Joshi and
Palanisami, 2011). These authors also revealed that the bore well yields, located within a
distance of 1 Km from Eucalyptus plantations, were reduced by 35 to 42 percent during the
span of 3-5 years; whereas, for bore wells located at distance of 1-3 Km from such
plantations, the reduction was to the tune of 25 to 37 percent.
The findings from the study watershed revealed that Eucalyptus camaldulensis was highly
suitable (S1) on both the rain-fed cultivation at the valley bottom and grazing land at the foot
slope (which is 6% of the area). The tree was marginally suitable (S3) in both grazing and
rainfed cultivated lands at the plateau (7% of the total area), and was moderately suitable (S2)
on bush land at the plateau, and irrigated land at the valley bottom (28.53% of the total area).
Nevertheless, the tree was unsuitable in the steep areas and the shallow cultivated land at the
foot slope (58.07% of the total area). It can be concluded that the tree was suitable only in
41.53% of the study area (Table 3 and Fig 3) regardless of its actual plantation in majority of
the area. The major factors which limit the suitability of the area for the tree were the steep
slope (30-50%), limited soil depth (< 33 cm) and higher stone cover (30–50%) in majority of
the study area.
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Figure 3. Suitability map for Eucalyptus camaldulensis.

3.5. Land suitability for Faidherbia albida
Faidherbia albida (locally named ‘Momena’) is another widely planted and naturally grown
tree in Ethiopia, and in particular the northern part. The tree is used by the community for
firewood, charcoal, timber (construction), farm tools, fodder (pods, leaves), nitrogen fixation,
shade, windbreak and fence (cut branches).
The study indicated that Faidherbia albida is suitable (S2 and S3) in 80.88% of the study
area (Table 3 and Fig. 4). It is moderately suitable (S2) in 3.53%, marginally suitable (S3) in
77.35% and unsuitable (N) in 19.12% of the study area. There was no soil classified as highly
suitable (S1).
A similar study was also reported in Somalia by Venema and Vargas (2007), in which 68.5%
of the land area was un-suitable (N), 30.4% marginally suitable (S3) and 1.1%
moderately suitable (S2). However, there was no any portion of land classified as highly
suitable (S1) for the tree. The major factors which limit the suitability of the area for the tree
were the steep slope (30-50%), limited soil depth (< 33 cm) and higher stone cover (30–50%)
in major part of the study area.
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Figure 4. Suitability map for Faidherbia albida.
3.6. Land suitability for Balanites aegyptiaca
Balanitus aegyptiaca (locally named ‘ndrur’) is one of the dominant tree species deliberately
retained on farm fields in the Tigray region of Ethiopia (Gebrehiwet, 2004). It is used by the
community of the study area for fodder (shoots and fruit), as agroforestry tree, for firewood,
charcoal, poles, farm tools, shade, windbreak and fencing (cut branches).
The study showed that the tree was suitable (100%) in the whole area. It was highly suitable
(S1) in most part of the study area (80.88%) except land units coded 6 and 7 (19.12% of the
study area) which were marginally suitable (Fig. 5 and Table 3). In contrast, a similar study
in Somalia by Venema and Vargas (2007) showed that majority (68.5%) of the area was unsuitable (N) for Balanites aegyptiaca. Only 31.5% (16.1% S3 and 15.4% S2) was suitable.
However, there was no any portion of land classified as highly suitable (S1) for the tree
(Venema and Vargas, 2007). The major factors which limit the suitability of the area for the
tree are the steep slope (30-50%), limited soil depth (< 33 cm) and higher stone cover (30–
50%) in majority of the study area.
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Figure 5. Suitability map for Balanites aegyptiaca.

4. CONCLUSIONS
The Korir watershed contains six soil reference groups, i.e. Regosol, calcaric Leptosol,
calcaric Vertisol, epileptic Cambisol, endoleptic Cambisol and epileptic Regosol. The rooting
depth is very shallow to moderately shallow in most of these soils, which appeared to be of
limited value for the deep rooted perennial plants (Eucalyptus camaldulensis, Faidherbia
albida, and Balanites aegyptiaca) considered in this study. Moreover, the CaCO3 (%)
content was classified as high to very high for plant growth which can also influence the
successful growth and production of the trees under study.
The suitability class of the area for the studied trees’ ranges from highly suitable (S1) to
permanently not suitable (N). Eucalyptus camaldulensis, the most common tree species for
community woodlots and private tree investments in northern Ethiopia, was highly suitable
(S1) on the relatively gentle valley bottom and foot slope (6% of the area) having greater soil
depth; marginally suitable (S3) in the shallow degraded upland soils (7% of the area);
moderately suitable (S2) at the relatively undisturbed upland and clay dominated soils in the
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valley bottom (28.53% of the area); unsuitable in the steep areas having a very shallow soil
depth (58.07% of the study watershed). Faidherbia albida, one of the dominant tree species
deliberately retained on farm fields in the Tigray region of Ethiopia, was suitable (S2 and S3)
in about 80.9% of the study area. In contrary to the other trees, Balanitus aegyptiaca was
suitable (S1, S2, and S3) in the whole (100%) area.
It can be concluded that Eucalyptus camaldulensis was unsuitable in majority of the study
area. Its potential productivity was limited to the gentle slope areas with deep soils. Rather,
both Faidherbia albida and Balanites aegiyptica were suitable in larger part though they also
prefer more gentle slope and deep soils. Therefore, evaluating the land potential for
individual species and assigning these species based on their land requirements before
plantation can help sustain the production of the land and the tree species in question.
Moreover, reducing slope gradient and increasing soil depth to the required level through
prior implementation of soil and water conservation measures can help increase the potential
growing area for the trees.
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