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Physical and chemical properties of soils in Gera moist Afromontane forest, southwest Ethiopia fm
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Soail is the centre of plant growth and, in turn, plants are important elements in soil creation. This points to a strong
positive correlation between forest growth dynamics and soil qualities. However, the decline in the biological, chem-
ical and physical characteristics of forest soils alters this link. Therefore, the objective of the study was to determine
the physical and chemical properties of soils in the Afromontane rainforest of Gera as inputs for vegetation and land
Dereje Egeta. management. A systematic random sampling design was used to collect a soil sample. Twenty main plots with a size
of 20 m by 20 m pits measuring (0.5) m by (0.5) m, one in the centre and four in the corners, were dug for the
collection of soil samples. Soil samples were collected to a depth of 0 - 20 cm using an auger because the soil has a
similar profile and is mixed to form a soil composite. From the composite sample, twenty samples were randomly
selected as a working sample. Descriptive statistics and inferential statistics were carried out to analyze the data using
SAS software. The sampled soil contains an average of 56.93 % sand, 26.22 % silt and 16.36 % clay. The average
bulk density of the forest is 1.49 g cm. The forest contains 3.91 and 6.74 % organic carbon and matter, respectively.
The analysis revealed that sandy loam accounts for 70 % of the texture classes in the Gera forest. Total nitrogen was
highly correlated with organic carbon and matter, and magnesium and calcium were highly correlated with cation
exchange capacity, while sodium was highly correlated with electrical conductivity. Further study on other soil phys-
ico-chemical properties will be required for rapid rehabilitation of the Gera forest for site species that match and
sustain the forest.
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El suelo es el centro de crecimiento de las plantas y, a su vez, las plantas son elementos importantes para la creacion
del suelo. Esto sefiala una fuerte correlacion positiva entre la dindmica del crecimiento forestal y las cualidades del
suelo. Sin embargo, la disminucion de las caracteristicas bioldgicas, quimicas y fisicas de los suelos forestales altera
este vinculo. Por lo tanto, el objetivo del estudio fue determinar las propiedades fisicas y quimicas de los suelos del
bosque humedo afromontano de Gera como insumos para la vegetacion y el manejo del territorio. Se utiliz6 un disefio
sistematico de muestreo aleatorio para recolectar una muestra de suelo. Se cavaron veinte parcelas principales con un
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tamafio de 20 m por 20 m pozos que miden (0.5) m por (0.5) m, una en el centro y cuatro en las esquinas, para la
recoleccion de muestras de suelo. Las muestras de suelo se recolectaron hasta una profundidad de 0 - 20 cm usando
un sinfin debido a que el suelo tiene un perfil similar y se mezcla para formar un compuesto de suelo. De la muestra
compuesta, se seleccionaron al azar veinte muestras como muestra de trabajo. Se llevaron a cabo estadisticas descrip-
tivas y estadisticas inferenciales para analizar los datos utilizando el software SAS. El suelo muestreado contiene una
media de 56.93 % de arena, 26.22 % de limo y 16.36 % de arcilla. La densidad aparente promedio del bosque es de
1.49 g cm. El bosque contiene 3.91 y 6.74 % de carbono organico y materia, respectivamente. El analisis revel6 que
el franco arenoso representa el 70 % de las clases de textura en el bosque de Gera. El nitrégeno total estaba muy
correlacionado con el carbono organico y la materia, y el magnesio y el calcio estaban altamente correlacionados con
la capacidad de intercambio catidnico, mientras que el sodio estaba altamente correlacionado con la conductividad
eléctrica. Se requerira mas estudio sobre otras propiedades fisicoquimicas del suelo para la rehabilitacion rapida del
bosque de Gera para especies del sitio que coincidan y sostengan el bosque.
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Introduction

Soil is one component of natural resources that is
made up of mineral matter, water, air, and organic
matter (OM)2. Soil is the growth center for plants due
to the give support, nutrients, and water required for
plant development, and in turn, plants are important
elements for soil creation through geological pro-
cesses and the chemistry of the above-ground atmos-
phere2,

This indicates a strong positive correlation between
forest growth dynamics and soil qualities®. However,
the decline in the biological, chemical and physical
characteristics of forest soils disrupts this link and re-
duces their ability to operate fully, whether tempo-
rarily or permanently.

In the forest ecosystem, deforestation, forest degra-
dation, population growth and agricultural expansion
are major causes of soil degradation that decrease soil
fertility and alter ecology®. Therefore, rehabilitation
of degraded forests should remain one aspect of the
interventions aimed at combating the effects of soil
fertility loss, global warming, and climate change.
Rehabilitation of degraded forests demands an un-
derstanding of both the physical and chemical prop-
erties of the soil. Thus, the understanding of soil
physicochemical properties provides insight into the
environmental requirements of the plant species
needed for successful ecological restoration and bio-
diversity protection® specifically, the natural distribu-
tion of forest tree species, growth, and forest biomass
is governed by soil physical properties such as soil
texture, bulk density (BD), and porosity. Besides
soil, physical properties also soil chemical properties
such as soil: pH, OM, total nitrogen (TN), available
phosphorus (AVP), and exchangeable bases, also af-
fect plant growth and distribution.,

Most studies on soil properties have focused on the
sustainability of agricultural production, but many

have not focused on the soil properties of forest pro-
duction®. However, forest soils are the fundamental
agents for maintaining tree growth and diversity®.
The physical, chemical and biological properties of
forest soil are vital for improving productivity and
maintaining tree growth and diversity. In addition, its
physicochemical properties are essential for sustain-
able management of natural forests2C.

In southwestern Ethiopia, waterlogging is one of the
main problems in the region, which in turn can cause
leaching of nutrients under plant roots, making the
soil deficient in some nutrients, and affecting the ac-
celeration of the restoration of degraded forests pro-
posed by the Ethiopian government as a green leg-
acyl, This large-scale afforestation of degraded
lands and forests is practiced in southwestern Ethio-
pia, particularly in the degraded Gera forest, for cli-
mate and erosion control, carbon sequestration, food
security enhancement and biodiversity conserva-
tion2. However, the success stories were below ex-
pectations and the problem remains immense. This
could be related to the lack of species and site match-
ing®. In general, no research has been conducted on
soil properties in the degraded humid Afromontane
rainforest (AF) of Gera. Therefore, knowledge of soil
physical and chemical properties is crucial and a pre-
requisite for restoration of degraded forests and sus-
tainability of natural vegetation.

The objective of the study was to determine the phys-
ical and chemical properties of soils in the wet Gera
PA as inputs for vegetation and soil management.

Materials and methods

Study sites selection. Following a full reconnaissance
survey to select the moist AF of Southwest Ethiopia,
Gera moist AF was purposefully selected for this
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study based on its level of degradation based on
FAO forest degradation assessment guidelines.
Description of the study area. The research was done
in Gera District, Jimma Zone, Oromia Regional
State, in Southwest Ethiopia. The district is located
at an elevation of 1300 to 2400 meters above sea
level, within latitudes of 7° 27’ to 7° 55’ north, and a
longitude of 38° 01’ to 36° 24’ east. The mean annual
temperature of the district ranged between 15 and 22°
C, and the vast area of the district’s annual rainfall
varies between 1300 and 1700 mm?°, The agro eco-
logical zones of the district are 3.7, 50.19, and 46.11
% lowland, mid-highland, and highland, respec-
tively. The forest is located about 440 km southwest
of Addis Ababa, the capital city of EthiopiaZ®.

Figure 1 map of study area

Gera Forest

Belace Forest

= Etiopia

Soil sampling. Initially, a reconnaissance survey was
conducted through a field visit and physical observa-
tion across the Gera forest to gain a general impres-
sion of the forest. Using this as a baseline distance
between the transect lines was determined to be 430
m and the distance between consecutive quadrants
was 500 miZ, A systematic random sampling design
was used to collect soil samples. Sample plots of 20
x 20 m were laid out along four transect lines follow-
ing®8. In each main plot, pits measuring 0.5 x 0.5 m
were dug, one at the center and four at the corners, a
total of one hundreds soil samples were collected
from twenty plots before composite®. Soil samples
were collected up to a depth of 0-20 cm since the soil
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has a similar profile it was mixed to form a soil com-
positeZ, This composite sample was divided into dif-
ferent parts, and twenty samples were randomly se-
lected as working samples and transported to Jimma
University, College of Agriculture and Veterinary
Medicine soil laboratory located in Jimma town,
Ethiopia, for soil physical and chemical analysis.

Figure 2 Sampling design for data collected
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Furthermore, some selected properties of the soil,
such as soil pH, exchangeable cations, electrical con-
ductivity (EC), moisture contents (MC), AVP, TN,
OM, exchangeable bases (K, Na, Mg, and Ca), cation
exchange capacity (CEC), BD, and soil texture, were
analyzed following the standard soil analysis meth-
odology employed by the National Soil Laboratory
of EthiopiaZ:22, The OMC of the soil was determined
by the wet combustion procedure of Walkley-
Blackz. The TN content of the soil was determined
by the wet-oxidation procedure of the Kjeldahl
method?%. The AVP content of the soil was deter-
mined by the P-Olsen method?. The exchangeable
cation content and the CEC of the soils were deter-
mined by the 1 M ammonium acetate (pH 7) method
according to the percolation tube procedure®. The ef-
fective CEC was calculated as the sum of the ex-
changeable cations extracted by ammonium acetate
buffered at pH 7 plus the extractable Al extracted by
1 M KCI. BD was determined by the core methodZ.
The pH and exchangeable cation were calculated us-
ing a 1:2.5 soil-to-water suspension ratio. Soil texture
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was determined using the hydrometer methodZ.
Data analysis. Descriptive statistics (i.e., percentage,
mean, maximum, and minimum) and inferential sta-
tistics (like correlation analysis) were carried out to
analyze the data using SAS software. Furthermore, a
Pearson correlation analysis was carried out between
the soil physical and chemical properties.

Results

Physical properties of the soil. Forest soil showed
that sand had the highest percentage value, ranging
from 24 to 64.8 %. The silt content ranged from 20
to 55 %, while the clay content ranged from 9.6 to 28
% (Table 1).

Table 1 Values of determined physical properties of the studied soils

No of samples Sand (%)  Silt (%) Clay (%)  Textural Class BD (g cm™) Porosity (%) MC (%)
1 64 21.6 14.4 Sandy loam .97 63.3 71.20
2 60 24 16 Sandy loam 1.34 49.43 53.03
3 59 27 14 Sandy loam 1.23 53.58 51.03
4 42 30 28 Loam 1.44 45.66 52.12
5 62.6 224 15 Sandy loam 157 40 45.77
6 58.8 31.6 9.6 Sandy loam 1.615 39.05 46.05
7 60 22 18 Sandy loam 1.66 37.35 50.15
8 58 23 19 Sandy loam 1.36 48.67 64.55
9 63 24 23 Sandy loam 1.32 50.18 51.15
10 54 20 16 Sandy clay loam 1.63 38.84 51.40
11 62.4 20.2 27 Sandy loam 157 40.75 44.01
12 24 55 11 Silt loam 1.68 36.6 49.39
13 62 27 11 Sandy loam 1.62 38.86 47.79
14 52 26 22 Sandy clay loam 177 33.20 43.26
15 62 27.4 10.6 Sandy loam 1.38 47.92 44.85
16 64.8 23.6 11.6 Sandy loam 1.42 46.41 45.50
17 59 23.6 17.4 Sandy loam 1.60 39.62 39.17
18 53 26 21.5 Sandy loam 127 52.07 68.52
19 62 26 12 Sandy loam 1.86 29.80 34.69
20 56 24 20 Sandy clay loam 149 56.22 43.68
Mean 56.93 26.22 16.36 1.49 44.38 49.87

MC moisture contents, BD bulk density.

Soil texture or the proportion of sand, silt, and clay-
sized particles that make up the mineral fraction of
the soil contains different ratios. Texturally, the stud-
ied soils were sandy loams with a sandy content rang-
ing from 53 to 64.8 %, a silt content ranging from
31.6 to 21.6 %, and a clay content ranging from 14.4
to 27 %. Loam is contents 42 % sand, 30 % silt, and
28 % clay. The other textural class was sandy clay
loam, which contained sand from 52 to 56 %, silt
from 20 to 26 %, and clay from 16 to 22 %. Finally,
silt loam contained 24 % sand, 55 % silt, and 11 %
clay. The values of BD in the study area ranged be-
tween .97 g cm™ and 1.86 g cm™. The values of soil
porosity in the study area oscillated between 29.8 and
63.3 %. Finally, the MC of the studied soil ranged

between 34.69 and 71.2 % (Table 1).

Chemical Properties of the Soil. The chemical prop-
erties of the studied soil were given in Table 2. The
pH of the studied soils ranged from 4.00 to 5.75. The
soil can be said to be slightly weak acidic based on
the logarithmic pH scale. The exchangeable cation of
the studied soils was found between 59.05 and 137.1.
The organic carbon (OC) of the studied soil ranged
between 4.68 and 5.03 %. TN content in the soils
ranged from (.4) to (.43) % while the values of AVP
in the soil were between 10.54 and 22.2 ppm. OM of
the studied soil ranged between 8.06 and 8.67 %.
CEC of the studied soil ranged between 23.32 and
27.38 meq 100 g*.
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Table 2 Values of determined chemical properties of the studied soils

No of samples  pH EC(mscm?’) OC% TN % AVP (ppm) OM % CEC (meq 100 g%
1 4.97 77.51 4.68 .40 10.54 8.06 23.32
2 4.80 93.73 3.12 .27 1411 5.37 18.74
3 5.07 92.83 3.90 .33 14.59 6.72 20.44
4 4.53 59.05 3.23 27 22.20 5.58 25.16
5 5.20 74.40 3.63 31 10.76 6.25 20.00
6 5.36 77.54 4.056 .35 11.17 6.99 18.78
7 5.36 62.70 3.93 .34 11.18 6.79 22.58
8 4.00 71.54 5.03 43 13.61 8.67 26.84
9 4.85 130.13 4.10 .35 12.17 7.05 20.60
10 5.29 86.36 4.17 .35 19.35 7.19 27.38
11 4.65 99.81 3.74 .32 21.57 6.45 21.40
12 5.27 65.83 4.29 37 11.23 7.39 20.28
13 4.25 61.44 3.59 .32 12.90 6.18 17.86
14 4.89 60.39 421 .36 19.33 7.26 25.52
15 5.48 88.71 4.87 42 11.67 8.40 22.10
16 477 74.08 3.02 .26 13.71 5.21 16.22
17 5.75 137.1 4.02 .34 13.46 6.92 22.54
18 5.52 93.09 3.20 .27 11.42 551 21.52
19 53 60.30 351 .30 11.08 6.05 18.10
20 5.63 107.89 3.96 .34 11.84 6.83 23.66

EC electrical conductivity, OC organic carbon, TN total nitrogen, AVP available phosphorus, OM organic matter, CEC cation exchange capacity.

Table 3 Values of determined exchangeable cations of the studied soils

No of samples K (meq100g?) Mg (meq100g?) Ca(meq100g?)  Na(meq100g?)

1 8.43 241 18.18 .02
2 11.29 1.94 14.61 .02
3 11.67 211 15.93 .02
4 18.26 2.60 19.61 .01
5 8.60 2.07 15.59 .02
6 8.94 1.94 14.64 .02
7 8.94 2.34 17.60 .01
8 10.89 2.78 20.92 .01
9 9.74 2.13 16.06 .03
10 15.57 2.83 21.34 .02
11 17.26 221 16.68 .02
12 8.98 2.10 15.81 .01
13 10.32 1.85 13.92 .01
14 15.46 2.64 19.89 .01
15 9.33 2.29 17.23 .02
16 10.97 1.68 12.64 .01
17 10.77 2.33 17.57 .03
18 9.13 2.23 16.77 .02
19 8.86 1.87 14.11 .01
20 9.47 2.45 18.44 .02

K potassium, Mg magnesium, Ca calcium, and Na sodium.

Exchangeable Cations (K, Mg, Ca and Na). The val- g?), Ca (18.18-21.34 meq 100 g?), and Na (.01-.03
ues of exchangeable cations in the studied soils were meq 100 g) (Table 3).
K (8.43-18.26 meq 100 g*), Mg (1.68-2.83 meq 100 Correlation between soil physicochemical proper-
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ties. The result of the Pearson’s correlation analysis
between soil properties of the study sites, Table 5.

Table 4 Descriptive statistical values of chemical properties and exchangeable cations of the studied soils

Parameters Minimum Maximum Mean Standard Deviation
pH 4 5.75 5.05 46
OC (%) 3.02 5.03 3901 .56
OMC (%) 521 8.67 6.74 .96
TN (%) .26 43 .33 .05
AVP (%) 10.54 22.2 13.90 3.69
Na (meq 100 g%) .011 .03 .02 .004
K (meq 100 g?) 8.43 18.26 11.14  3.02
Ca (meq 100 g1 12.64 21.34 16.88 2.37
Mg (meq 100 g?) 1.68 2.83 2.24 .32
CEC (meq100g?) 16.22 27.38 2165 3.05
EC (mscm™) 59.05 137.1 83.72 22.38

EC electrical conductivity, OC organic carbon, TN total nitrogen, AVP available phosphorus,
OMC organic matter content, CEC cation exchange capacity.

Table 5 Pearson's correlation coefficients between soil physicochemical properties

pH EC ocC Sand Clay Silt TN AVP OoMC CEC K Mg Ca Na MC BD Porosity
Parameters
pH 1
EC .36 1
oc 14 .06 1
Sand =21 19 -.18 1
Clay -.02 .01 -.06 -.50* 1
Silt .09 -.26 -.05 -42 -41 1
N .14 .06 1.00* -17 -.08 -.03 1
AVP -.48* .08 =17 -.29 AT* -.06 -17 1
omMC 14 .06 1.00* -.18 -.06 -.05 1.00* -17 1
CEC A1 .03 .56* -.49 75 -.32 .55* .29 .56* 1
K -.48* .09 -.16 -.29 46* -.05 -17 1.00* -.16 .28 1
Mg .10 .03 .B5* -.49 76 -.32 .54* .30 .B5* 1.00* .29 1
Ca A1 .03 .56* -.49 75 -.32 .55* .29 .56* 1.00* .28 1.00* 1
Na .35 1.00* .09 .19 .03 -.29 1.00 .08 .09 .07 .08 .07 .07 1
MC -.32 .00 .05 -12 .23 =11 .05 .03 .05 .23 .03 .23 .23 .03 1
BD .18 -.49* .05 -.29 -.01 .09 .04 -.06 .05 -.04 -.06 -.05 -.04 -51* -.60* 1
Porosity -.05 57* -.03 .23 .08 -12 -.01 .02 -.03 A1 .02 12 A1 59* .48* -.94* 1

Correlation is significant at P <.05, Values with * are values for significant pair.

EC electrical conductivity, OC organic carbon, TN total nitrogen, AVP available phosphorus, OMC organic matter content, CEC cation exchange capacity, MC moisture contents, BD bulk density.

Exchangeable cation has a low correlation with pH
(.36). Clay was moderately negative and signifi-
cantly correlated with sand (.50). Silt has a low neg-
ative correlation with an exchangeable cation of (.26)
and sand has a correlation of (.42) and clay has a cor-
relation of (.41). TN is highly and significantly cor-
related (1.00) with OC. AVP is inversely related to
pH (.48) and significantly related to clay (.47). OM
is highly correlated with OC and TN (1.00). Cata-

strophic exchange capacity is highly and signifi-
cantly correlated with clay (.75) moderately with OC
(.56) TN (.55) and OM (.56) and negatively with sand
(.49) and silt (.32). Potassium (K) was negatively
correlated with pH (.48) clay (.46) and very highly
correlated with AVP (1.00), as well as negatively
correlated with sand (.29) and positively correlated
with CEC (.28). Magnesium (Mg) was highly corre-
lated with CEC (1.00) and clay (.76) moderately cor-
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related with OC (.55) TN (.54) and OM (.55) nega-
tively correlated with sand (.49) and silt (.32) and
positively correlated with AVP (.30) and potassium
(.29). Calcium is highly correlated with magnesium
(1.00) and CEC (1.00), is moderately correlated with
OC (.56) TN (.55) and OMC, MO (.56) is negatively
correlated with sand (.49) and silt (.32) and is posi-
tively correlated with AVP (.29) and potassium (.28).
Sodium has a high correlation with higher exchange-
able cation and TN (1.00), a positive correlation with
lower pH (.35) and a negative correlation with lower
silt (.29). MC is negatively correlated with (.32) and
positively correlated with clay (.23) CEC (.23) mag-
nesium, and calcium. Table 5 shows that BD was
negatively correlated with EC (.49), moderately cor-
related with sodium (.51) and MC (.60) and nega-
tively correlated with sand (.29). Porosity is moder-
ately positively correlated with EC (.57) sodium (.59)
and MC (.48) but highly negatively correlated with
BD (.94).

Discussion

Soil is the most important natural resource because it
provides the basis for all other activities required for
life. So its protection is a prerequisite for nature con-
servation. Soil physicochemical properties are one
technique for determining the state of the soil and re-
covering it. Our research plays a great role in mini
mizing the cost required for the restoration of de-
graded forests in southwest Ethiopia due to the phys-
ical and chemical properties of the soil is known. As
a result, it keeps species and sites from being mis-
matched. Additionally, it is crucial for various stake-
holders involved in the development of forestry in
southwest Ethiopia.

When we consider particle size, the soils studied-
have the highest mean percentage of sand and the
lowest of clay, with silt in between (Table 1). Our
results agree with the findings of2 and, who re-

124

ported that sand has the highest particle size distribu-
tion in the areas studied, and agree with those of2,
who indicated that sand has the highest particle size
and clay the lowest in the native forest areas studied.
This similarity could be due to the effects of the depth
at which the sample was collected. In addition, our
results agree with those of3l, who reviewed different
literature on different forest types in Kerala, noted
that sand has the largest particle size, silt is medium
and clay is the smallest. Our findings contradict those
of22, which reported that sand particle size is the low-
est and clay the highest in natural upland forests of
northwestern Ethiopia. This difference is due to the
fact that particle size distribution varies over an ex-
tended period as a consequence of erosion, deposi-
tion, eluviation, weathering and parent materials. In
particular, temperature and precipitation are the two
main active soil-forming factors contributing to soil
weathering and development. Our observation also
contradicts the findings of3334 which pointed out that
sand has the lowest particle size at the studied site.
This difference could be due to the effects of soil
depth.

Soil porosity has a direct relationship to the grain size
distribution of the sand (Table 1). This general truth
means that sandy soil has no water-holding capacity,
and good soil water-holding capacity is an important
factor in soil fertility. Clay has the lowest porosity,
which means that it has the highest water holding ca-
pacity. Our results agree with those of34, who re-
ported that the total soil porosity of the studied site
was recorded 63 %, which is in our range. This sim-
ilarity is due to the dominance of clayey soil of the
studied site. Our results contradict the findings of*2,
which indicated that the porosity of natural forests
was 74.14 %. This difference could be due to the im-
pact of soil compaction that will damage soil pores
and the level of disturbance.

The BD of the studied forest was recorded at an av-
erage of 1.49 g cm?® (Table 1). Our observation
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agrees with the findings of%3, who noted that the BD
of Harenna forest and Yayu forest were recorded as
1.42 and 1.23 g cm™ respectively and contradicts his
findings of Bonga forest and Berhane-Kontir forest,
which were recorded as 1.01 and 1.07 g cm respec-
tively. This difference is due to the frequency of rain-
fall and seasonal climatic variations at the two sites.
Our results contradict those of2¢, which found that
DB of three ecclesiastical uplands, mixed midland
and lowland-midland forests were recorded as (.07),
(.05) and (.21) g cm3, respectively. This difference is
due to differences in species composition, disturb-
ance, decomposition rates, etc. Soil BD is influenced
by factors like OMC, management practices, texture,
soil fauna, etc. Our result also contradicts the find-
ings of24, which pointed out that the BD of natural
forests of different land uses is recorded as (.98) g
cm3. This difference is due to soil depth and level of
disturbance. Our results contradict the findings ofZ,
which reported that the BD of native forests in the
studied areas is (.78) g cm. Soil BC could be af-
fected by the availability of parent materials.

The soil MC of our studied forest was recorded at the
mean of 49.87 % (Table 1). Our results are in agree-
ment with those of22, who observed that the MC of
the studied areas was recorded in the ranges of 71.83
and 43.38 %. This similarity could be due to the fact
that soils with a very high proportion of sand have a
very low water holding capacity due to the large pore
spaces between the particles, which allow water to
move freely into the deeper layers, leaving the upper
layers practically dry. Our result contradicts the find-
ings of®, who reported that the soil MC of the studied
site was recorded at 26.4 and 15.0, respectively. This
difference could be due to rainfall and other climatic
conditions in the two areas. Our observation also
contradicts the findings of*3, which observed lower
soil MC in Harenna forest, Bonga forest, Berhane-
Kontir forest and Yayu forest. This difference could

be due to variations in the proportions of soil texture,
vegetation cover, climatic gradients and the time of
data collection.

The TN of our studied forest ranges from (.26) to-
(.43) or an average of (.33) % (Table 2). In northeast-
ern Ethiopia®, the NT content of Gatira George
church forest and Gemeshat natural forest were re-
ported to be (.42) and (.36) respectively. This simi-
larity could be due to the soil having good aeration,
drainage and permeability. NT is higher due to the
low level of soil disturbance by erosion. Our findings
contradict those of2, which pointed out that the TN
of the studied site was recorded as (.59), which is far
from our results. This difference could be due to the
reduction of aboveground biomass due to different
impacts of human and livestock activities and levels
of forest degradation. Our results contradict the find-
ings of3’, which refers that the studied NT is recorded
at (.09) to (.12) % which is lower than our findings.
This difference is due to the fact that TN is affected
by storage time, temperature and MC of the areas.
The result of the analysis implies that the average pH
of the studied soil sample was pH 5.05 (Table 4). Ac-
cording to the soil pH classification®, the sample has
a neutral soil reaction class (within the range of 6.7-
7.3) and an acid soil reaction class if it is below 6.7.
Therefore, it needs to be upgraded to neutral. Our re-
sults indicate that the soil sampled was acidic. The
acidic soil may be due to acids released by the de-
composition of organic residues obtained from forest
vegetation. Our result was similar to the findings of%,
which noted that the pH of the Jibat forest soil was
5.66. This similarity is due to the characteristics of
the vegetation, the nature of the parent material and
rainfall. Our observation is in agreement with the
findings of%?, who noted that the pH of the studied
site is slightly acidic. Our observation is in agreement
with the findings of2, who reviewed different forest
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types in Kerala and recorded the pH value of the ev-
ergreen forest as 5.1, or acidic. This is due to high
rainfall in humid tropical areas, which causes leach-
ing of base ions from soils. Soil pH values can be af-
fected by the quality of the litter falling from the
plants.

The mean exchangeable cations of the soil sampled
as a whole was 83.72 ms cm™ (.83 ds m?). The EC
measurements are used as an indication of the total
amounts of soluble salts in the soils. According to*.
the soil is classified as non-saline (<2 ds m™). There-
fore, this sampled soil was a non-saline soil.

The mean OMC of the sampled soil was 6.74 (Table
4). This means that in terms of OMC the sampled soil
was high, which means that the soil is fertile as OMC
is a good indicator of soil fertility. This could be due
to the fact that OMC was added to the soils through
litter fall and fine root decomposition. The OMC
value of the soil is low (below the range of 1-2 %)%,
below the range of (.8) - 2.6 %, and below the range
of (.86) - 2.59 %%, Our findings contradict those of%,
which found that the OMC of the studied soil ranged
from 1.68 to 2.60 %. This difference could be due to
microbial activities and other biotic and abiotic fac-
tors. Our results also contradict the findings of* who
reported that the OMC content of the studied site
ranged from 2.14 to 4.07 %. This difference could be
due to the nature of the plant species, rooting system,
plant height, canopy, growth level, soil formation
processes and season of the year. Our observation
contradicts the findings of®, who pointed out that the
OMC of the studied forests accounted for half of our
findings. This difference could be due to the high re-
moval of fallen litter means humus or topsoil in the
forests studied by® and the diversity of vegetation
cover in our case. The difference could be due to be-
ing influenced by time storage, temperature and MC.
The OC of the studied forest ranged from 3.02 to 5.03
(Table 2). This observation contradicts the findings
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of# which indicated that the OC of the studied areas
ranged from 1.24 to 2.36 %. This difference is due to
the level of forest disturbance, such as grazing, which
affects the aboveground biomass of the forest. The
difference in soil OC accumulation is attributed to
vegetation type, soil type, human disturbance
through vegetation removal, overgrazing by live-
stock, parent material and other climatic factors. OC
is affected by the depth of soil where data are col-
lected. The OC in our study forest was twice that of
the Gatira George church forest and Gemeshat natu-
ral forest in northeastern Ethiopia, according to the
study of®. This difference could be due to soil layers
and locations due to climatic, edaphic, biological and
land management practices, vegetation cover, aspect
and topography of the studied areas.

The AVP of the studied forest was observed in the
ranges of 10.54 to 22.3 ppm respectively (Table 2).
These results agree to some extent with the findings
of2, who reported that the total AVP of the studied
site was recorded at 10.92 and 18.22 % respectively.
The high AVP values can be attributed to the high
OMC content in the soil.

CEC, is a measure of the total amount of negative
charges within the soil that adsorb plant nutrient cat-
ions such as calcium, magnesium, potassium, and
Na. The cation exchange capacity of the studied for-
est was dominated by potassium and calcium (Table
3). These findings contradict the result obtained by,
which observed that calcium was the lowest cation
exchange capacity for the natural forests studied.
This difference could be due to the rate of loss of nat-
ural forests. Forest loss affects soil PMC. Such a re-
duction in the supply of PMC will, of course, cause a
reduction in soil nutrient contents such as N, P, Ca,
Mg and K. The cation exchange capacity of our study
was observed in the range of 16.22 to 27.38 meq 100
gt Our result is in line with the findings of2®, who
pointed out that the exchange capacity cations of the
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studied natural forest is 26.10 meq 100 g*. This sim-
ilarity is due to the vegetation composition of the
studied forest.

Generally, the analysis revealed that sandy loam ac-
counts for 70 % of the textural classes in the Gera
evergreen forest. Soil porosity is inversely propor-
tional to BD. TN was very highly correlated with OC
and OMC, magnesium and calcium were highly cor-
related with CEC, whereas sodium was highly corre-
lated with exchangeable cation. Our research pro-
vides the basis for the restoration of degraded forests
and adjacent land use in south-west Ethiopia by giv-
ing an overview of the soil properties of the site to
ensure the right species for the site (species-site
matching). Also give highlighted information to pol-
icymakers for sustainable land management and to
take measures for soil management practices to im-
prove the soil quality of the area. Further study will
be required on other soil physicochemical properties
for fast rehabilitation of the Gera forest for site spe-
cies matching and sustaining the existing forest. Ad-
ditionally, awareness creation and job opportunities
should be made available to the local community that
lives around and within the forest area, which helps
prevent forest degradation and deforestation that
leads to soil fertility loss. For future rehabilitation of
the degraded forest of Gera, one should consider the
soil properties of the forest to plan plant species
agreements with the soil.
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