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Soil texture he %clay content was significantly higher in croplands than church forests

the %sand was higher in church forests than croplands at (p<0.05).
e SOC was significantly higher in H1 than H2 and in church forests
than croplands at (p<0.05). The better soil characteristics were obtained in
church forests than in croplands. Hence, it is recommended to conserve the
natural forests as in the church forests to maintain better property of the soil
through enhancing soil organic matter, soil organic carbon and by decreas-
ing soil bulk density.

Soil horizons

sodicity in turn, control nutrient availability and transfor-
mations and can affect physical properties and thus plant
erals, soil organic matter  growth !

ir and the composition and Soil BD is a basic soil property influenced by some soil

¢ components greatly influence  ,gical and chemical properties such as SOM . It is

¢s, including texture, structure, bulk  the oven-dried weight of that sample divided by the bulk
RD) and porosity !"?. Chemical properties of  volume of the soil sample and is normally expressed in

soils su pH, nutrients, soil carbon, soil salinity and g cm™ P!, BD is a dynamic property that varies with the
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structural condition of the soil and can be altered by culti-
vation, trampling by animals, agricultural machinery, and
raindrop impact . Moreover, vegetation influences the
physical properties of soil to a greater extent and improves
the soil structure, infiltration rate, water holding capacity,
hydraulic conductivity and aeration which are directly re-
lated to the BD 1"

Soil organic matter levels have declined over the last
century in some soils as a result of intense agricultural
practices, over-grazing, deforestation and conversion of
forest to cultivated farmland ®'%. Soil resources are finite,
non-renewable and prone to degradation through misuse
and mismanagement *'". The unsustainable land use and
land cover changes are recognized as the main factors in
the process of land resource degradation "',

High SOM content increases the aggregate stability
through cohesion of aggregates which in turn reduces the
loss of fine soil particles "*. SOM content also increases
nitrogen mineralization and maintain the soil pH which in
turn affect plant growth and soil quality as a whole """,

Agricultural cultivation is known to decrease carbon
storage “*'!, and results in a net flux of carbon to the at-
mosphere “>**. On the other hand, there is evidence that
primary forests and forests that are adequately managed
(e.g. church forests) for diversity and multiple benefits
more resilient to disturbances and maintain healthy, stall

soils, provide natural habitats for forest biodiversity an

provide a more stable stock of carbon .

ine the soil texture,
arbon in the two land use

Tewahdo Church forests and farmlands and villages adja-
cent to the church forests that are approximately surround-
ing 1 km radius from the edge of the forests. Site 1 (Assela
Teklehaymanot) is 175 km far from the capital Addis Aba-
ba (AA) and have an area of 25 ha. The elevation range
was from 2521 to 2581 m.a.s.1.
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As adopted from **), highland areas are found in altitu-

dinal range of 2300 to 3200 m a.s.l., midlands from 1500
to 2300 m a.s.l. and lowlands from 500 to 1500 m a.s.l..
Therefore, Site 1 is in the highland agro climatic zone
accordingly. Site 2 (Etisa Teklehaymanot) is found 75
km far from AA and have an area of 23 ha. The elevation
range was from 1500 to 2301 m.a.s.l and hence, it is in
the mixed midland and lowland agro climati
3 (Saramba Kidanembhret) is found 200

Saramba Kidanem heret

. Location of the study sites in central Ethiopia

2,2 Materials Used for the Study

Transect lines and plots of 20 m x 20 m were established
to collect soil samples in the church forest. A digging
shovel was used to collect soil samples since the forest
floor was not easy to use soil augur because of gravely
rocks. A 50 cm plastic ruler was also used to measure the
depth of the soil horizon. Soil core samplers were also
used to collect soil sample for determining soil bulk den-
sity. Finally, a plastic bag container and paper made tags
were used to store each soil sample and to differentiate
one from the other.

2.3 Methods

Soil samples were collected from two soil horizons (H1:
upper first and H2: Lower next to H1) for soil texture,
SOM, and SOC analysis. According to *” a vertical sec-
tion of the soil in the land area exposes more or less dis-
tinct horizontal layers. It shows the distinctive characters
of the soil profile. The surface layer is darker in color
because of its higher organic matter contents such as litter,
humus, minerals, residues of the dead flora and fauna. The
study also identified soil color is often a reliable indicator
of soil though color alone does not affect all soil charac-
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teristics “®. Hence, the different soil colors were used to
identify the consecutive soil profiles and the depth of the
soil samples collected was determined by the depth of
each horizon.

Soil samples were collected on the diagonal line one at
each tip (end) of the diagonal and one at the center of the
plot in each plot of 20 m % 20 m quadrant. Then, similar
layers (horizons) from these three locations within the plot
were mixed to form a soil composite in order to reduce
the variability. The composite sample for each soil layer
was mixed very well and again divided into 3 equal parts
among which one was selected randomly for the subse-
quent laboratory analyses . The same procedure was
undertaken on croplands those are adjacent to sampled
church forests to compare soil properties. For BD analysis
a soil core sampler of 5 cm diameter and 5 cm height for
Site 2 and 3 and a core sampler of 8cm diameter and 8§ cm
height for Site 1 to collect soil samples from three diago-
nal positions in the center of 20 m % 20 m forest plots and
adjoining cropland lands.

After the soil samples collected the soil was spread on
plastic sheet, air-dried in a dust-free room, cleaned from
extraneous substances and crushed to pass through 2 mm
sieve. A part of the 2 mm sieved soil was further processed
to pass through 0.5 mm sieve for the determination
SOC content. Then the SOC was determined using wet

gestion of * method in which the carbon is oxidized u
der standard conditions with potassium te in the
presence of concentrated sulfuric acidgfl he content
was estimated from the SOC con, ot -
n 70
s galcu-
¢ (dried

linder.

2.4 Data Anal

The SOM
the lab

Pnd adjoining cultivated lands soils and
o the three sites. The result of the analysis was
used to vhether the different land uses have signifi-
cant diffefences on the soil physical and chemical charac-
teristics. Mean separation was done by Least Significance
Difference (LSD) for those attributes which produce a sig-
nificant difference. Excel and statistical Package for So-
cial Science (SPSS) v20 were used. Hence, the local level
soil variation as affected by land use type was studied and
analyzed.
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3. Results
3.1 Soil Texture Analysis

Though it was assumed to get more than 3 soil horizons
in both cultivated lands and church forests, the assessment
obtained only two horizons (depending on change of soil
color) in both land use types because of gravely nature
of each sites with soil depth. More specifi :

in church forests than fa
shown no difference bot

in Site T (Highland, Assela
ki egd midland and lowland,

Etisgffeklehymanot) an 3 (midland, Saramba Kid-
nembhret), €entral Ethiopia
Soil texture class
La! Soil hori- % % %
f sand(Mean£St- | Clay(Mean+St- | Silt(Mean+St-
dem) dem) dem
H, 21.3942.25° | 42.18+2.82° | 32.27£1.73'
H, 21.66£2.29° | 47.28+2.61¢ | 31.07+1.50'
Chreh H, 36.01£2.15% | 27.6342.09° | 36.40+1.53'
forest H, 32.14£2.83" | 34.0842.51" | 33.78+1.43'
Overall
comparison HIEZV s 0.508 0.048 0.227
(p<0.05)

Note: 1. Different superscript letters show the difference is significant
between soil horizons and between land uses and according to the tex-
tural triangle, Farm (H1 and H2) have silty clay and Church Forest (H1)
have silt loam and church forest (H2) silty clay loam textural class. 2.
Stdem=standard error of the mean.

According to the result of the ANOVA table, the two soil
horizons, H1 and H2 were significantly different (P<0.05)
in the mean clay percentage while no statistical difference
was observed for sand and silt contents between the two
soil horizons. The difference in the content of sand per-
centage, clay and silt between land use types (farmland
and church forest) was highly significant (Appendix-Table
A-6).

Among the three studied sites similarly the result table
showed the sand percentage was higher in Site 3 and the
%clay content was higher in Site 2. The mean %silt con-
tent was almost balanced in the 3 studied sites. According-
ly, the %sand content was significantly different between
Site 3 and Site 1 and also between Site 3 and Site 2 but no
significant difference between Site 1 and Site 2. A similar
result found for %clay content. However, there was no
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significant difference in %silt content in all the three sites

(Table 2).

Table 2. Percent sand, clay and silt content among Site |
(Highland, Assela Teklehymanot), Site 2 (mixed midland
and lowland, Etisa Teklehymanot) and Site 3 (midland,
Saramba Kidanemhret), central Ethiopia

Soil texture class
Study site "o/ sand(Mean=St- | % clay(Mean=St- | %Silt(Mean+St-
dem) dem) dem)
Si“’l:ﬂ;g"' 23.27+1.55° 38.642.29° 35.82+1.26¢
Site 2(Mid-
land mixed 24.83+2.37° 42.7042.75° 32.50+1.38®
lowland)
Site SN 1 39.5642.49° 30.50+1.83¢ 29.94:1.12¢
and)
Overall
Significan-
ce(P<0.05) 0.000 0.07 0.08

Note: According to the textural triangle, Site 1 has silty clay loam soils,

Site 2 has silty clay and Site 3 has clay loam soils

tively, with the topsoil (H1) showing higher values than
the underneath soil (H2).

The SOM and SOC content was also compared be-
tween land use types and among the three study sites. The
results have shown these two soil chemical properties
were significantly different between land use types and
among the three studied site. The SOM and SOC values
were higher in church forests than adjoining
in all the three sites. The differences ing

(F=13.706; p=0.000, F=13.726;
land use types at (F=33.174; p=

Ethiopia

3.2. Soil Bulk Density

The soil BD was determined for all the three sites in the
two land use types. The mean BD was higher in cultivat-
ed lands than church forests and it was also highest in
Site 3 church forest than Site 1 and Site 2 church ford

midland and lowlan
(midland, Sara

Bulk density

0.11+0.006"

0.07+0.005"

0.27+0.016"

0.05+0.016"

Farmland 0.25+0.01"

Church forest 0.2140.01®
Farmlar}((i) r\;ss t church 0.035
Among sites 0.000

3.3. Soil Organic Matter and Soil Organic Carbon

The ANOVA have shown SOM and SOC were signifi-
cantly different between the two soil horizons H1 and H2
at (F=10.733; P=0.001), and (F=10.724; P=0.001) respec-
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0OC %
7.76+0.62° | 4.50£0.36"
6.21£0.56° | 3.60+0.32°
5.27£0.61° | 3.05+0.36"
3.51£0.46° | 2.04+0.27
5.28+0.84" | 3.06+0.49"
2.69+£0.39" | 1.56+0.23°
HI vs H2 0.001 0.001

4. Discussion
4.1 Soil Physical Properties

In the present study the mean clay percentage was high-
er in farmlands than church forests. A similar result was
observed on agricultural lands in Turkey ", The present
study results were also in agreement with °* which identi-
fied on average clay content was higher in cultivated land
by 2.1% from the forest land. Another study by "' iden-
tified sand content of three land use types, natural forest,
natural forest and pasture land were greater than clay and
silt content but clay content was greater in cultivated land
compared to forest and pasture lands. The physical prop-
erties of soil play important role in the control of erosion
and to increase the soil fertility ™', It is also expected that
soil properties may vary depending on management prac-
tices and land use types "),

Accordingly, sandy soils allow a rapid entrance and
passage of water through them. On the contrary, the high
mean clay percentage of the cultivated land in the present
study may aggravate soil erosion due to delayed infil-
tration rate but higher water holding capacity once the
water is infiltrated. According to "Y' adequate moisture is

DOI: https://doi.org/10.30564/re.v2i4.2368



Research in Ecology | Volume 02 | Issue 04 | December 2020

required for decomposer organisms to operate efficiently.
Excessive moisture or anaerobic conditions resulting from
prolonged inundation may impede the activity of soil flora
and fauna and decomposition process. The soil texture,
shape and size of particles in the soil and its physical con-
dition, both of surface and profile layers affect vertical
filtration and capability of soil to retain water. Therefore,
the balanced clay percentage, sand percentage and silt
percentage of the church forest soils in all the three stud-
ied church forests may create favorable conditions for
both the activities of soil organisms and for plant growth
as described by 7.

The present study results indicated the soil BD was
higher in the cultivated lands than church forests with a
significant difference at (p<<0.05) asserting farming prac-
tices increase the compaction and expose soils to erosion.
In a similar study in Ethiopia highest BD (0-15 cm depth
of soil) was found in the cultivated lands and the lowest
under the natural forest . This result was also in agree-
ment with that of *”. Higher BD may cause restrictions to
root growth, and poor movement of air and water through
the soil. BD can be changed by crop and land manage-
ment practices that affect soil cover, organic matter, soil
structure, and porosity and weaken the natural stability
of soil aggregates making them susceptible to dam!
caused by water and wind .

The lower soil BD in the church forests (0. 16gm c
) than cultlvated lands (0. 19gm cm’ ) of t

northern Ethiopia “* showed t

highest average BD and for
use land cover types. C

a statistically significant difference
hrge study sites. Accordingly, Site 1 that is

prised a vegetation of big trees and broad leaved shrubs
and is well populated to cover the soil with enough litter
fall have shown the highest SOM (8.83 %) and SOC (5.13
%) content than the other two sites. A similar situation is
observed in the cultivated lands of this site that showed
a mean SOM (5.13 %) and SOC (2.98 %) contents. This
may also be attributed to a gradual decomposition and

Distributed under creative commons license 4.0

continuous accumulation of organic matter as the area is
cooler than Site 2 and Site 3. The SOM and SOC contents
in Site 2 and Site 3 seem almost alike with Site 2 having
a slightly higher mean SOM and SOC of 5.45 % and 3.16
% respectively than Site 3 which have 5.32 % and 3.09 %
respectively. A similar trend was seen observed on culti-
vated lands of Site 2 having mean values SOM (3.33) and
SOC (1.93 %) and Site 3 having SOM (2.65 %2

decreased organic matter by 48.8% . Ac-
), SOC is a powerful indicator for assessing
i otentlal productwlty
The study by ! found that SOM content decreased
down along the soil profile similar to the present study.
The same study by Jaiyeoba also reported the conversion
of forest to cultivated land significantly decreased SOM
content. A number of similar studies also approved that
forest soils contain higher SOM than cultivated land soils
(41 Generally, SOM is a critical loch in the carbon cycle
and a storehouse of nutrients, and through its influence on
many essential biological and chemical processes it plays
a pivotal role in nutrient discharge and accessibility **.

4.3 Conclusion

The findings of the study did not support the hypothesis
that no observable differences will be discerned between
different land use types. The lower BD value in church
forests may be attributed to their higher organic matter
and humus content. The mean SOM and SOC content
on the other hand, was higher in church forest than the
cultivated lands indicating land use change from forest to
cultivated land conveys a higher loss of organic matter.
The highland site has higher mean SOM and SOC content
than the lowland and the midland sites which may be at-
tributed to the slow rate of organic matter decomposition
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prevalent in the highland site (Site 1) due to cooler soil
temperature. Based on similar studies it can be concluded
that organic matter content indicates the suitability of soil
for plant growth and other important processes in the soil.
The mean clay percentage and the mean SOM and SOC
content have shown significant difference (p<0.05) be-
tween the two soil horizons (H1 and H2). H2 have shown
higher clay percentage than H1 and both the mean SOM
and SOC contents were higher in H1 than H2. The higher
percentage of SOM and SOC in the upper soil horizon (H1)
indicates the presence of higher accumulation of litter and/
or crop residues. Therefore, conserving the natural forests
as in the church forests for increasing the better quality
of soil through enhancing SOM, SOC and decreasing soil
BD is recommended.
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