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Abstract: Soil erosion is now almost universally recognized as a serious threat to man's well-being,
if not his very existence. As a result, we assessed the soil physicochemical properties of two possible
levels of soil bund and fanya juu. RCBD with three replications was used to collect soil samples
from each soil conservation structure. Five composite soil samples were collected from each soil
structure based on slop (0-30cm). Soil physicochemical properties such as erosion index, dispersion
ratio, and erodibility proportionality ratio were investigated. The effect of different soil structure
levels revealed that soil properties differed significantly (P<0.05) for all parameters studied. The
control plots had significantly higher (P<0.05) dispersion ratio, erosion indexes, and erodibility pro-
portionality than the soils treated by the level bund and level Fanya juu structures. On the control
plot, this result showed lower clay content and higher sand content. The level of soil bund and fanya
juu had a significant (P<0.05) effect on soil OC, CEC, OM, and TN, as well as available phosphorous
and potassium. As a result, all related soil properties show a positive relative change when the level
of soil bund and fanya juu is compared to the control plot. Aside from this result, the dynamic
natures of the sciences compel us to conduct additional research based on the agro-ecological zones
of the study area.
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1. Introduction

Today, soil erosion is almost recognized as a serious threat to man’s well-being, if not
to his very existence. Recent estimates indicates annual soil loss in Ethiopia is between 1.5
and 3 billion tons [1], of this about 50% occurs in cropland where soil loss has been re-
ported to be very high (296 tons/ha/year) on a 16% slope with “teff”” crop (Eragrostis abys-
sinica) on nitisols [2] and [3]. The EHRS study estimated that about 50% of the high
lands are already significantly eroded, of which about 14 million hectares are severely
eroded. In Ethiopia, two millions hectares have reached a stage of irreversible destruction
and cannot sustain cropping in the future [1].

The effects of soil degradation can be described as: flood hazard, decreases in produc-
tivity of the land as well as production per unit area, and the regulatory capacity of the
mountains is drastically reduced and the overall effect is frequent drought, famine, and
related disasters. Ethiopia has a long history of following traditional conservation meth-
ods [4] and [5]. These are numerous examples of certain parts of the country where these
techniques can be seen. Stone terracing in Konso as well as Gomugoffa, for example, ran-
dom bench terraces in North Shoa and Hararge, and contour bench terraces in Hararge
and tied ridges in Konso, drainage furrows of North-East Shoa, and sod rotation, trash
bunds, trash heap composting and fallowing. To date, these techniques have not been
evaluated nor has there been any attempt to improve them or popularize them [3].
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The scientific conservation programme is a recent phenomenon. A start was made in
the early 1970s. However, serious attempts on a large scale were delayed until the early
1970s, when the assistance of the WFP and UNDP/FAO became available [6]. The Ethio-
pian high lands saw probably the most extensive soil conservation activity in the 1970s
and 1980s [7] and [8]. Between 1980 and 1990, about 2.3 million ha of land was covered by
hill side terraces in a forestation of the steep slopes; about 1 million hectares was planted
with different tree seedlings [9].

One of these high land areas of Ethiopia is Hadiya zone, Lemmo district, where these
soil conservation practices by government program were carried out. According to De-
partment of Agricultural and Natural Resources Development report of Hadiya zone,
21,185.89 hectares was covered by tree seedlings in one decade and 15,000 hectares was
covered by soil conservation structures within five years [10]. Even if so much amount of
land is covered by soil conservation structures, their effects brought by sustainable fund-
ing are not yet investigated. This is to mean no research was made to investigate the effects
of these soil and water conservation structures on soil physicochemical properties. Hence,
this research aimed at investigating the effects of specified soil and water conservation
structures (level and fanya juu) bunds on the physicochemical properties of the soil.

2. Material and methods
Design of the Research

Seven experimental sites, each of them consists of three treatments, namely, level
bund, control plot, and level fanya juu. They are also closer together to avoid external

factors such as pest infestation, plant diseases, and other agro ecological factors. Graded
bund and graded fanya juu are not selected because they are not available in the district.

Plot Layout
¥ 50 METER® —*50) METER* *SOMETER *
UPPER POSITION UPPER POSITION UPPER POSITION
MIDDLE POSITION MIDDLE POSITION MIDDLE POSITION
LOWWER LOWWER POSITION LOWWER POSITION
POSITION
LEVEL BUND CONTROL LEVEL FANYAJUU

The plot length and width are 15m and 50m, respectively. The interstructural space
was divided in to three positions of 5m length.

Description of the Study Area

This study was conducted in Lemo District, Hadiya zone, Southern Ethiopia. Geo-
graphically, the study area is located in 07°41'N Latitude and 037°31'E Longitude. Topog-
raphy of the study area is rugged high land and hilly areas with a range of slope from 2-
35 percent. Generally, the terrain is mountainous, undulating, and broken type that is very
much prone to soil erosion. According to Gilmour (2016), land-use planning, soil types or
the distribution of soil units in the study area is sand-sandy loam, loam, and clay. As it
has been indicated above, the most widely distributed or that covers a large areas is loam.
They are distinguished by a high amount of clay and these soils are high fertile and prob-
ably well-drained.
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The District is found in ‘Woina Dega’ agro-climatic zone with an altitudinal range of
1950-2400 meters above sea level. It has a temperature range of 15-18°C and an average
rainfall is 1150mm. In the study area, there are a number of rivers and seasonal streams
that drain to the area. They supply water for both drinking and sanitation purposes. The
activities and intervention of human beings have influenced the natural vegetation in the
study area greatly. Farmers are already adapted to the planting of some tree species in the
district, to meet the demand for wood needs. This is actually dominated by different types
of Eucalyptus species.

The District has a population of 207,469, of which 103,576 are male and 103,893 fe-
male. The dominantland-use types in the district are sedentary mixed farming, whereby
the cultivated land accounts for 89% of the total land area. This in turn indicates that there
is great pressure on land. The area practices complete integration of trees, crop, and ani-
mal production which is similar to the study of [11].

Figure 1. Location of Lemo District in Hadiya zone, Ethiopia (Source: Survey result).

Sampling Techniques and Data Collection

Composite auger hole sample (each made from subsamples collected from 3 different
spots, upper, middle, and lower portion of the plot) were taken along the major slope to
a depth of 0-30cm. A total of 63 composite samples, 42 for treated plots and 21 for un-
treated plots, were collected. For the determination of some parameters, such as bulk den-
sity, 63 undisturbed core soil samples, which retain the original pore geometry, were col-
lected from each experimental plot. The soil parameters and methods of their analysis are
given below. The undisturbed core soil samples and disturbed soil samples collected be-
fore planting were bagged separately with appropriate labels and transported to Univer-
sity Laboratory, and all disturbed soil samples were air dried by separating in canvas or
trays and placing it on an open air for several days. The air-dried soil samples were
grounded to pass through a two mm size sieve in preparation for laboratory analysis.
Analyses were carried out on soil texture, bulk density (gm/cm?), Total pore space (%),
water holding capacity (%), Dispersion ratio, Erosion index, pH(1:2.5), organic carbon (%),
total nitrogen (%), Available potassium (mg/kg), Available phosphorus (%) and CEC
(meq/100gram).

The soil samples collected before planting the crop were analyzed for different phys-
icochemical properties of the soil. Standard laboratory procedures were employed for the
parameters required. In determining the particle size, the density of soil-water suspension
was measured with a Bouyoucos hydrometer as described by [7]. Bulk densities were
measured in an undisturbed condition by driving a cylindrical cutter carefully in to the
soil, dug out, cleaned, trimmed, and weighed. Available Water holding capacity was de-
termined by subtracting the soil water potential at the wilting point (-15 bar) from that of
the field capacity (-1/3bar) using a pressure plate apparatus [12]. Soil pH were measured
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potentiometrically in the supernatant suspension of a 1:1 or 1:2.5 soil: liquid mixture by
using a pH meter. Total porosity was found using the moisture loss equation (1) [13].

Total porosity (%) =

wt. of sat. soil —wt. of ovendry soil ., M

volume of core x density of water

Organic carbon was determined following the wet digestion method and oxidizable
organic matter was also determined using the method described by [14]. The Kjeldahl
procedure [15] was used to determine the total nitrogen based on the principle that treats
the soil with concentrated sulfuric acid. [16] Solution was used to determine potassium in
the soil. Two methods [17] were described for the determination of available phosphorus.
The Olsen extraction method, which was used for acidic and nonacidic soils [18], was em-
ployed [19]. Erodibility was determined by [20] method using equation (2). Dispersion
ratio was found out by using equation (3) as given by [21].

0 0 ;
Ep- Yosand + Yosilt 2
%clay

Where: EP = erodibility proportionality, % sand = percent sand found in the texture
separation, %silt = percent silt obtained in texture separation, and% clay = percent clay
obtained in texture separation.

Sed + Ced

S (5+C) ®)

Where: Dr is the dispersion ratio, Sed is easily dispersible silt in the soil; Ced is easily
dispersible clay in the soil, S is silt in the soil and C is clay in the soil.

The easily dispersible silt and clay were found out by taking 10 gm of 10 mesh (2mm)
sieved soil in an open mouth measuring cylinder and gently shaking after making the
volume to 1000 C.C by distilled water. Out of this, after allowing proper time for setting
in proportion to room temperature [22], a portion was pipetted out, dried, and weighed
to a constant weight. This gives the amount of easily dispersible (silt +clay) in the sample.
The total silt +clay in the soil were determined by mechanical analysis. Erosion index was
worked out by the following expression (4) as suggested by [23].

r:

El= Dr
C (4)
4 Swhc

Where: El is the erosion index, C= clay, whc= water holding capacity which was de-
termined using a pressure plate apparatus.

Data Analysis

The data collected for different parameters related to a physicochemical property of
soil were statistically analyzed using analysis of variance for 7 replications of RCBD was
computed using SAS to see if there was a significant difference between the treatment
means for the various variables. Least significance difference was used to separate means
from each other among the locations using the 5% probability level. Pearson correlation
coefficient was used to show the relationship and significance of the recorded soil charac-
teristics.
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3. Resutls and Discussion
Textural Classification of the Experimental Plots

Table 1. Particle distribution (%) of the soil as affected by conservation structure.

Treatment Upper position  Texture Middle position Texture Lower positic
North-Ballesa-one

Clay Silt Sand Clay Silt Sand Clay Sit S
Level bund 20 40 40 Loam 21 41 38 Loam 32 45
Level fanya juu 18 42 40 Loam 20 42 38 Loam 22 45
Control 18 22 60 'Sandyloam 19 23 58 'Sandy Loam 18 43
North—Ballesa—two
Level bund 20 40 40 Loam 21 42 37 Loam 22 63
Level fanya juu 21 40 39 Loam 21 40 39 Loam 22 45
Control 18 40 42 Loam 21 42 37 Loam 16 45
Ana—Ballesa—three
Level bund 16 53 31 Silt Loam 18 54 38 Loam 23 53
Level fanya juu 20 45 35 Loam 23 47 30 Loam 24 49
Control 16 30 54 Sandy Loam 17 38 45 Loam 18 42
Ana—Ballesa—four
Level bund 18 40 42 Loam 19 41 40 Loam 20 43
Level fanya juu 16 40 44 Loam 20 41 39 Loam 22 42
Control 14 26 60 Sandy Loam 18 28 54 Sandy Loam 18 41
Ana—Ballesa—-five
Level bund 18 40 42 Loam 20 42 38 Loam 21 43
Level fanya juu 17 40 43 Loam 18 42 40 Loam 20 44
Control 16 41 43 Loam 17 42 41 Loam 18 44
Amibicho=six
Level bund 21 20 59 Sandy Loam 24 40 36 Loam 30 43
Level fanya juu 19 34 47 Loam 20 39 41 Loam 24 42
Control 18 26 56 Sandy Loam 18 27 55 Sandy Loam 19 36
Amibicho—seven
Level bund 20 38 42 Loam 20 40 40 Loam 26 44
Level fanya juu 18 38 44 Loam 20 M 39 Loam 32 42
Control 18 22 60 Sandy Loam 18 24 58 Sandy Loam 20 36

(Source: Laboratory analysis result).

Texture was affected both by position of the land relative to the structure within the
same conservation structure and by the different soil conservation structures. Analysis of
variance showed that the content of sand, silt, and clay were significantly affected by the
position and location of conservation structures (Tables 1 and 3). Sand and clay are signif-
icantly (P<0.05) affected by treatment alone, whereas silt was affected by treatment and
location (Tables 2 and 3)

Higher contents of silt were determined at the lower position than in the upper and
middle position, showing that the silt is more sensitive to erosion from the upper and
middle position and accumulated at on the lower position for all locations (Table 1) Silt
sized particles are small enough to reduce the permeability of soil and are also easily car-
ried by runoff. The mean contents of clay, silt, and sand of the control plots were signifi-
cantly lower and higher (p<0.05) than the mean contents of level bund and level fanya juu
respectively (Table 2). [24] Studied soils in a topo sequence of terraced (down- and mid-
slope) and to none terraced land (up-slope) in the Hagere-selam uplands in Degua Tem-
bien, Tigray. Surface soils from terrace benches had the highest clay contents, while soils
from non-terraced land were sandy.
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Table 2. Comparison between treatments versus soil type .

Treatment Clay (%), Silt (%), Sand (%),
Mean Std Mean Std Mean Std
Levelbund  21.429a 3.67° 43.095a 8.91° 35.95a 12.29°
Levejluianya 20.333a 2.57° 41.905a 772 37.29a 10.95°
Control  17.762b - 34.19b - 48.24b
LSD (0.05) 1.62 3.65 486
CV (%) 13.09 14.75 19.22

N.B. *Significant at (p<0.05), and means in a column followed by the same letter are not signifi-
cantly different. (Source: analysis results)

As it is seen from (Table 2), water erosion in the study area resulted a reduction in
the soil depth and affected the texture of the plough layer in the interstructural areas of
level fanya juu and control plot by taking the original soil material and leaving uncovered
coarser soil particles in the sub-soil layers. From the analysis of variance (Table 2), clay,
silt, and sand are significant at (p<0.05) by location and position. On the other hand, clay
and sand were significantly affected (P<0.05) by conservation structures, not by location
(Table 3).

The average clay and sand content recorded in the level bund and level Fanya juu
are significantly higher and lower (p<0.05) than the average clay and sand content of the
control plot respectively (Table 2). The amount of soil erosion which occurs under a given
conditions is, however, influenced not only by the soil itself, but by the treatment or man-
agement it receives [25]. The low clay content and the high sand available in the control
plot show the higher extent of erosion in the study area which affected the unmanaged
plots than managed plots. The results of this study are in conformity with the findings
reported by [26] showing that erodibility (erosion intensity) is positively and significantly
correlated with high sand content.

Table 3. Comparison of means of soil separates as deduced by location.

Locations Clay% Silt% Sand%
North-Belesa-one 20.889%a 38.11b 41.00b
Ana-Ballesa-three 19.444b 45.667a 36.00b
Ana-Ballesa-four 18.333b 38.00b 43.667a
Ana-Ballesa-five 18.333b 42.00b 39.667b
Ambicho-six 21.444a 34.11b 44.889a
Ambicho-seven 20.222b 36.11b 42.556b
LSD(0.05) 2.47 5.576 74

N.B. Means with in columns followed by the same letter are not significantly different at ( p<0.05).
(Source: analysis results).

Significant difference was observed between location one; six and the other five lo-
cations in clay content. There was also a significant difference between locations six; four
and the other five locations in sand content in the study area (Table 3). Lower sand con-
tents were seen in level bund and level fanya juu treated plots than the control plots. Fur-
thermore, soils with a low proportion of sand accumulated more organic matter than soils
with a high proportion of sand in a relatively wetter climate, as in the case of the study
area [27]. Soils of low organic content are subjected to comparatively rapid erosion; usu-
ally they have less retentive of moisture [28]. Coarse texture is usually associated with a
single-grain structure (particles separated, that is, not clustered in granules or aggregates).

Sandy soils are susceptible to erosion for rain drop removal due to their low con-
sistency and large particles that can no longer resist the kinetic energy of rain splash, ac-
cording to studies on the effects of soil texture on the erosion process [29]. Significant dif-
ference at (P<0.05) was observed among the conservation structures and location of silt
content (Table 3). Primary soil particles, particularly clays, tend to cohere under natural
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conditions to form secondary units called aggregates. The ability of these secondary units
to resist breakdown when wet is important for maintaining a high permeability to water
and air. The size of the aggregates determines their susceptibility to movement (erosion)
by water.

Bulk Density, Total Porosity and Available Water

Measurements made for bulk density on the experimental plots of treated and un-
treated showed that there were no significant differences observed between level bund
and level fanya juu (Table 4). The mean bulk density of level bund treated plot is lower
(P<0.05) than the level fanya juu and the control plot and the level fanya juu is significantly
lower than the unprotected plot as the bulk density decreases with increasing clay con-
tent in soil. It is expected that water retention also increases with decreasing bulk density.
The total porosity of sandy soils is less than that of fine textured soils [22]. These variations
result mostly from differences in total pore space such that the finer texture soils have
more pore space and lower bulk density than sandy soils. Organic matter decreases bulk
density in two ways, first, organic matter is much lighter in weight than the corresponding
volume of mineral matter; second, organic matter gives increased aggregate stability to a
soil. Moreover bulk density increases when cultivation causes a loss in organic matter
from soil [22]. An increase in bulk density on the control plot of this study was due to poor
management. Runoff and erosion loss of soil and nutrients can be caused by excessive
bulk density when surface water is restricted from moving through the soil.

As indicated on (Table 5), the porosity of the soil was statistically significant (P<0.05)
among the selected conservation structures and locations. On level bund and level fanya
juu plots, the total pore volume was significantly higher (P0.05) than on control plots (Ta-
ble 4) There is no significant difference between the level bund and fanya juu, but there is
a significant difference between the control plots and the selected conservation structures.
The low average pore volume in the control plot was because of soil degradation due to
removal of soil organic matter and exposure of subsoil by water erosion in the study area.
The importance of soil organic matter to soil porosity, particularly its contribution to the
proportion of large pores in clay-dominated soils, is well documented by [22].

The control plot had the lowest total pore volume (45.516 %) (Table 4), This low total
porosity in the control plot is due to the study area's low organic carbon, low organic
matter, and high bulk density values (Tables 4 and 5). This finding was supported by [30]
due to top soil removal and exposure of subsoil, a 26% decrease in total porosity was
known. Sandy soils usually have less pore space than finely textured soils.

Table 4. Comparison of treatments versus soil physical properties.

Available water holding

Treatment Bulk density gm/cm3, Porosity (%), .
capacity

Mean Std Mean Std Mean Std

Level bund 1.381a 0.016" 47 .565a 2.049° 17.8452a 5.25

Lev‘;llffnya 1.383a 0.014" 47.052b 1536 17.4233a 4.83"

Control 1.399b 45.516¢ - 12.591b -

LSD (0.05) 0.0082 0.474 1.536
CV% 0.9434 1.6298 15.46

* Significant at (P< 0.05), and Means in a column followed by the same letter are not significantly
different at (P<0.05). (Source: analysis results).

Available soil water (ASW) is the amount of water available for uptake by plants,
which is held at suctions between the wilting point and field capacity. It varies with soil
type and can be correlated with the clay content and structural arrangement of the soil. It
varies also with soil treatment because the size and distribution of pores in the topsoil
reflects surface exposure, normal seasonal wetting, and drying, and management. Ac-
cording to the available water, the holding capacity in the soil increases as the porosity of
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soil increases and the bulk density decreases (Table 4). Study by [31] of the water content
of 244 soil samples, found that the (ASW) of well-structured soils was one-third to twice
as large as that in comparable (similarly-textured) poorly structured or degraded soils.
Bearing in mind that ASW varies with natural weathering and management, (Table 4)
gives typical values of a for different treatments selected.

Table 5. Comparison of means of location versus soil physical properties.

Location Bulk density Porosity (%), AYailable V\./ater
(gm/cm3), holding capacity (%),
North Belesa-one 1.4067a 46.8556b 15.788a
North Belesa-two 1.3789d 47.40a 15.06a
Ana Belesa-three 1.3856¢ 47.3778a 16.117a
Ana Belesa-four 1.4011b 46.4078c¢ 16.532a
Ana Belesa-five 1.39¢ 45.9844c¢ 16.128a
Ana Belesa-six 1.3767d 45.8478¢ 15.929a
Ambicho- seven 1.3756d 47.1044b 16.119a
LSD (0.05) 0.0125 0.7243 2.346

(Source: analysis results).

Bulk density of North Belesa-one is significantly different from the other six loca-
tions, whereas there is no significant different between locations on the available water
holding capacity.

Organic Matter, Organic Carbon and Soil pH

The amount of organic matter contained in a soil is important with respect to erodi-
biltity; and soil structure. Almost all soils of low organic matter content are subject to
comparatively rapid erosion; [28]. Supplying plant nutrients is one of the important func-
tions of organic matter in soil. Another is to help bind the mineral particles into aggregate
units providing an open structure with adequate pore space for good aeration. Control
plot has a relatively smaller organic matter content value (2.973) than level bund and level
fanya juu (Table 6). Because of that, it is exposed to erosion. Most soils contain between 1
and 6 percent organic matter. Relatively small amount of organic matter was shown on
North Belessa sample one; two, Ana Ballesa four, five and Ambicho seven was due to
erosion. Whereas the other locations has higher amount of organic matter which is helpful
in overcoming the problem of too much water in clay soil as it is a problem of too little
water in a sandy soil as it is. Organic matter helps to hold the clay particles together in
clusters that have air space between them, hence the location which have high organic
matter content, are rich in clay and good in drainage.

Soil pH is an important consideration for farmers and gardeners for several reasons;
including the fact that many plants and soil life forms prefer either alkaline or acidic con-
ditions, that some diseases tend to thrive when the soil is alkaline or acidic, and that the
pPH can affect the availability of nutrients in the soil. By strict definition, any pH below 7
is acid and any pH above 7 is alkaline. The mean pH of the soils sampled from untreated
and treated plots of all locations are found between 5.86 and 6.405 which are slightly acid
with level fanya juu and level bund and control plots approaching medium acid, (Table
6). The average pH of the control plot was smaller than those of the treated plots. This is
because of the removal of base by leaching processes from the soil and therefore tends to
lower the pH with time [22]. The pH is significantly higher on level fanya juu and level
bund than the control plot. The relative higher average pH at the level bund and level
fanya juu treated plots than the control plot can be explained by the difference in the ex-
tent of soil loss between the control level bund and level fanya juu treated plots. This was
also confirmed by [1] who found that the higher amount of soil loss due to erosion might
have had removed the topsoil and exposed the subsoil to the surface resulting in lower
pH. Leaching processes are accelerated under acid conditions because more cations are
released by acid weathering and fewer are held by cation exchange [22]. Hence, the control
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plot is approaching medium acid because there is higher leaching process than level bund
and level fanya juu treated plots. The low organic carbon reflected in the unprotected plots
was also due to extensive leaching of base cations and rapid development of acidity.

Table 6. Comparison of treatments versus soil chemical properties.

Treatment pH value, Organic matter (%), Organic carbon (%),
Mean Std Mean Std Mean Std
Levelbund  6.405a 0.545* 3.621a 0.648* 2.098a 0.649*
Leviffnya 6.129a 0.269° 3.663a 0.69° 1.962a 0.513*
Control 5.86b - 2.973b - 1.449b -
LSD (0.05) 0.157 0.2875 0.2738
CV% 4.11 13.515 23.98

N.B. The starred values in the column indicate pairs of means that are significantly different.
Means with the same letter in the column are not significantly different. (Source: analysis results).

The smallest pH (5.99) was observed in Ana Ballesa three (Table 7), which is the most
erodeded based on the above physical characteristics. Usually the optimum pH is some-
where between 6 and 7.5 because all plant nutrients are reasonably available in this range.
The pH of the soil influences the rate at which plant nutrients are released by weathering,
the solubility of all soil materials, and the amount of nutrients stored on cation exchange
sites [22]. Thus, the availability of nitrogen, potassium and phosphorus is between pH 6
and 8.

Table 7. Comparison of location versus pH values, between organic carbon and organic matter.

Location pH Organic matter %  Organic carbon %
North belesa-one 6.21b 3.44c 1.94a
North-Belesa-two 6.24a 3.05¢ 1.67a
Ana-Belesa-three 5.99b 3.51b 1.68a

Ana-Belesa-four 6.11b 3.21c 1.90a
Ana-Belesa-five 6.14b 3.42c 1.83a
Ambicho-six 6.06b 3.88a 1.90a
Ambicho-seven 6.16b 3.41c 1.90a
LSD(0.05) 0.2397 0.4391 0.418

N.B Means with the same letter in the column are not significantly different (Source: analysis re-

sults).

The chemically active form of carbon in the soil is of higher interest than the other
forms. This includes the immediate decomposition of products of raw organic material
and soil humus. In this study, the selected conservation structures affected significantly
(P<0.05) soil organic carbon; soil pH, soil organic matter, available potassium, available
phosphorous, cation exchange capacity and total nitrogen. The organic carbon content of
all soil samples was between 0.56% and 2.73%. The level bund treated plot had higher and
significant organic carbon followed by level fanya juu than the control plot. The mean
organic carbon content for level bund, level fanya juu, and control plot were 2.098%,
1.962%, and 1.449%, respectively (Table 6). These values indicated as an increment of
47.79% and 35.4% of organic carbon in the respective structures than the control plot. Even
if the coefficient of variance for organic carbon was greater than twenty, the model ex-
plained the three variables almost to the same level.

Studies of [32] exist that calibrate the contribution of various individual, site-specific
conservation practices on changes in soil organic carbon. There is a general absence, how-
ever, of a comprehensive effort to measure objectively the contribution of these practices
including conservation tillage, the Conservation Reserve Programme, and conservation
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buffer strips to a change in soil organic carbon. However, this was done in US after re-
counting the evolution of the use of various conservation practices like terraces, soil
bunds, etc, it is estimated that the organic carbon in the soil in 1998 in the United States
attributable to these practices was about 12.2 million metric tons. By 2008, there will be an
increase of about 25%. Given that there is a significant potential for conservation practices
to lead to an increase in carbon seqestration. In addition this result was in conformity with
the findings of [33] who observed increased organic carbon in the conservation treated
plots compared to untreated plots and the study by [34] confirmed it by his findings that
an increased organic carbon in treated plots than control plots.

Erodibility, Dispersion Ratio and Erosion Index

In the present investigation, the soils in the level bund and level Fanya juu treated
plots had significantly lower (P<0.05) erodibility proportionality ratio than the control
plots (Table 8) This shows that soils in the control plots are more erodibile than the con-
servation treated plots as also reported by [35]. This indicates that the amount of soil ero-
sion which occurs under a given conditions is, however, influenced not only by the soil
itself, but by the treatment or management it receives. Erodibility proportionality of loca-
tion four was significantly different from the other six locations (Table 9). This was due to
the particle size distribution in the control plot.

Table 8. Comparison of treatment versus erodibility, desperation ratio, and erosion index.

Treatment Erodibility Dispersion ratio Erosion index
¢ ¢ Mean Stv Mean Stv Mean Stv
Level bund 4.4.3a 0.89" 70.10a 8.47" 4.4.3a19.23a 6.28*
3.816a
Levilflanya 3.93a 0.78" 71.72a 6.85° 20.24a 527
Control 4.71b 78.57b - 25.51b
LSD (0.05) 0.389 2.92 2.16
CV (%) 15.054 6.38 16.02

N.B. The starred value in the table indicates pairs of means that are significantly different. Means
with the same letter in the column are not significantly different. (Source: analysis results).

This might be due to the amount and cumulative effects of the other elements in the
soil and the difference in texture. Relatively highest erodibility proportionality ratio was
observed on Ana Ballesa four (4.54%) and the lowest erodibility proportionality ratio on
Amibicho six (3.79%) (Table 9). In this study, the soils on the level bund and level Fanya
Juu had significantly lower (P<0.05) dispersion ratio than the control plots (Table 8). Dis-
persion ratio was significantly different between North Ballesa one and two, and the other
five locations (Table 9). The highest dispersion ratio (76.48) was observed in North Ballesa
one while the lowest was recorded in Ana Ballesa four (69.78). This was due to the textural
variation of the control plot in the areas. The level bund and the level fanya juu are com-
paratively more resistant to erosion than the control plots due to the treatment the soils
received. From (Table 8), the control plots had the highest dispersion ratio (78.57) which
shows the highest susceptibility to erosion. This finding was supported by [36], who con-
firmed that management influences erodibility more than any other factor, and defined
decision of crop management.
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Table 9. Comparison of location versus erodibility, dispersion ratio, and erosion index.

Location Erodibility Dispersion ratio Erosion index
North Ballesa ~ R; 3.93b 76.48a 24.83a
North-Ballesa  R» 4.19b 74.68a 20.87b
Ana-Ballesa R; 4.26b 74.19b 20.29b
Ana-Ballesa R4 4.54a 69.78b 21.02b
Ana-Ballesa Rs 4.49 72.51b 22.57b
Ambicho Re 3.79¢ 73.232b 20.56b
Ambicho R7 3.85¢c 73.4b 21.48b
LSD (0.05) 0.595 4.457 3.33
N.B. Means with the same letter in the column are not significantly different. (Source: analysis
results).

Like dispersion ratio, the highest value was observed in the control plots (25.51)
whereas the lowest was recorded by level bund (19.23) followed by level fanya juu (20.24)
(Table 8). An increase in surface soil dispersibility increases erodibility, this in turn en-
hanced by ESP (exchangeable sodium percentage) [37]. From (Table 9), the lowest value
(20.29) of erosion index was observed in Ana-Ballesa three and the highest (24.83) was
observed in North-Ballesa one. There is a significant difference in erosion index between
location one and the other six locations (Table 9). This might be due the difference in tex-
ture and the amount and cumulative effect of other elements of the soil.

Cation Exchange Capacity and Soil Nutrients

When soil is removed from the field, both available and potential plant food, along
with inert mineral material and everything composing the body of the soil, is carried away
(Table 10). According to (Table 10), level bund and level fanya juu structures had higher
values of cation exchange capacity (CEC) (27.75) and (25.45 meq/100g) respectively than
the control plots (21.03meq/100gram). This is because the exchange capacity of soil de-
pends on the percentage of humus it contains and on the percentage composition of its
clay; this is also due to the leaching problem on control plot soils with a low CEC can only
hold a small quantity of nutrients on the exchange sites. The nutrients applied to the soil
that exceed this amount can easily be leached out by excess rain.

Table 10. Comparison of treatment versus CEC and soil minerals.

. Available potassium Available
0,
Treattmen CEC (meq/100gr), Total Nitrogen (%), mg/kg, phosphorus (ppm),
Mean Std Mean Std Mean Std Mean Std

Level 7750 6.72° 02a  0036° 157la 328  5.77a 1.8*

bund

Level " »s4sb 442 0.85a  0021° 1406a  1.63% 518  121°
fanya juu

Control  21.03¢ - 0.164b - 12.43b - 3.97¢c -
LSD(0.05) 2.153 0.0074 1.07 .5045

CV (%) 13.97 6.525 12.2 16.29

N.B. The starred values in the columns are pairs of means which are significantly different.
(Source: analysis results).

In this study, conservation structures significantly affected (P<0.05) cation exchange
capacity, available phosphorus, available potassium and total nitrogen. There is a signifi-
cant difference of cation exchange capacity among the locations of North-Ballesa sample
one; Ana-Ballesa sample three and the other five locations (Table 11). This is due to the
particle size distribution in the study area. It is not surprising that nitrogen is the most
widely applied fertilizer element. The concentration of nitrogen in igneous rocks is so low
that it can meet plant needs. The atmosphere is 78% nitrogen but this nitrogen cannot be
used for higher it cannot meet plants until it is chemically combined with hydrogen, oxy-
gen or carbon [22]. The average total nitrogen observed in the plots under conservation


https://doi.org/10.20944/preprints202112.0114.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 December 2021 d0i:10.20944/preprints202112.0114.v1

treated land is between 0.164% and 0.2% (Table 10). As shown in (Table 11), there is a
significant difference in total nitrogen among each location and position (P<0.05).

Table 11. Comparison of location versus CEC and soil minerals.

. . Available
Location CEC meq/100gr Total ljltrogen Av-allable Phosphorus
(%) Potassium mg/kg

(ppm)

North Ballesa-1 26.3a 0.1789b 13.98b 5.189a
North Ballesa-2 23.73b 0.1833b 14.26b 4.9a

Ana Ballesa-3 26.34a 0.1889a 14.11b 4.678a
Ana Ballesa-4 24.23b 0.1844b 15.04a 4.97a
Ana Ballesa-5 26.83b 0.1767b 14.15b 4.99a

Ambicho-6 23.8b 0.1822b 13.12b 4.856a

Ambicho-7 22.94b 0.1878b 13.78b 5.211a
LSD (0.05) 3.2886 0.0114 1.63 0.771

N.B. CEC (cation exchange capacity), N (Nitrogen), K (Potassium), P (Phosphorus). Means with
the same letter in the column are not significantly different at (P<0.05). (Source: analysis results).

For the control plot, the lowest value (0.164) for mean Nitrogen was observed, while
the highest (0.2) and (0.185) were observed for level bund and level fanya juu, respectively
(Table 10). This demonstrates that the conservation treated plots retain more nitrogen than
the control plots because the treatments retain more organic matter and the organic matter
held in the control plot was quickly released due to the soil's medium acidity. As stated
by [38], organic matter content occurs mostly in either partly humified still recognizable
particles or in humified components associated with clay minerals and similar to the find-
ing which was consistent with that of [39] who found top soil removal resulted in reduced
total nitrogen available phosphorus and potassium content of the top 10 cm of the soil
through the loss of organic matter [40]. Moreover showed that the lowest nitrogen value
was observed on control plots whereas the highest were recorded on level fanya juu and
level bund, respectively.

Potassium is the third most likely nutrient element to limit plant growth and is there-
fore a widespread constituent of fertilizers. Nitrogen, phosphorus, and potassium are all
components of a complete fertilizer. Potassium occurs in soil as potassium ions in mineral
structures and as hydrated potassium ions in solution or absorbed on cation exchange
sites [22].

Available potassium content as shown in (Table 10) varies from 12.43mg/kg of soil,
15.71mg/kg of soil. This value is affected by the conservation structure showing the high-
est value 15.71mg/kg for level bund, 14.06mg/kg for level fanya juu, and 12.43mg/kg for
control plots. The smallest value for the control plot is caused by the leaching effect on the
plot. The analysis of variance (Table 10) showed that the amount of available potassium
was significantly affected (P<0.05) by conservation measures. There is a significant differ-
ence between conservation structures and control plots. However, there is no significant
difference between level bund and level fanya juu (Table 10).

The relatively high amount of available potassium in the level bund and level fanya
juu was due to the high organic matter and organic carbon content of these plots. This is
also because the control plots have a relatively high amount of sand. Sand has low cation
exchange capacity and therefore has small exchangeable potassium. The sand particles
weather very slowly and therefore are slow to release potassium [22]. A significant differ-
ence in potassium content was observed between the locations of Ana-Ballesa-four and
the other six locations (Table 11). This is probably due to land management like level bund
and level fanya juu construction, cultivation practices, and erosive agents such as runoff.

The low level of potassium in the control plot is due to the plant uptake of potassium
from the root zone where as other treatments get additional potassium from organic mat-
ter. [41] the found uptake of potassium by wheat growing soil exceeded the available po-
tassium content of the soil. The removal of potassium by crop growth and the loss caused
by leaching are also the main causes for low levels of potassium on the control plots [22].
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The lowest amount of potassium in the control plot is also due to the low amount of cation
exchange capacity in the control plot (Table 10).

The mean available phosphorus contents of the soils sampled from the seven loca-
tions as affected by conservation structures vary between 4.678 and 5.211 ppm (Table 11).
Based on the interpretation of [42], almost the locations had questionable amounts of
available phosphorus (Table 10). The analysis of variance showed that the amount of
available phosphorus was significantly affected (P<0.05) by conservation structures. The
highest amount of phosphorus (5.77 ppm) was recorded in level bund which is signifi-
cantly different from level fanya juu and control plots, followed by level fanya juu (5.18
ppm) which also is significantly different from the control plot (Table 10). The higher
amount of phosphorus on level bund and level fanya juu than the control plot was due to
higher organic carbon and organic matter values on level bund and level fanya juu (Table
6). Organic matter has two types of indirect influence on phosphorus availability. Iron and
aluminum ions can be complexes and tied by organic matter. Complexion leaves iron and
aluminum in a solution to precipitate insoluble phosphorous compounds [22].

Phosphorus showed no significant difference among all seven locations (Table 11),
and this was probably because of slope similarity among locations. The lowest phospho-
rus value in the control plot is due to uncontrolled erosion, which washed away the nu-
trients, as well as crop removal of nutrients. The amount of loss varies for different ele-
ments. Phosphorous is mainly lost along with colloidal particles. Nitrogen in the nitrate
form is soluble and so can be lost in solution in the runoff without any physical soil move-
ment occurring [43].

Changes in Soil Characteristics within the Inter-Structural Spaces of the Soil

The area was studied to compare the variability in soil properties within the inter-
structural space using the mean values of selected soil properties in plots treated with
conservation structures. Except for bulk density and total porosity, which differ signifi-
cantly with location, there was a significant difference (P0.05) due to conservation
measures and among the interstructural positions in soil physicochemical properties.

In terms of clay, silt, and sand content, there was a significant difference (P0.05) be-
tween the lower, upper, and middle positions (Table 12). The lowest values of clay (18.1)
and silt (36.05) content were observed on the upper position whereas the highest values
were observed on the lower position. One possible explanation is that erosion removed
more top soil from the upper position and deposited it to the lower position between the
two conservation structures. [44] Reported that the increase in clay content caused by ero-
sion in the upper segment of a slope between bunds. The nutrient content and soil physi-
cal characteristics also showed a considerable difference because of erosion.

Table 12. Means of physicochemical properties in interstructural space of the soil.

Positions on the conservation structures

Soil properties

Upper Middle Lower LSD (0.05)
TN (%) 0.179b 0.18b 0.19a 0.01
OC (%) 1.65b 1.824b 2.027a 0.25
OM (%) 3.14c 3.36b 3.75a 0.22
Av.P (%) 4.82b 4.69b 5.4a 0.46
AV K (mg/kg) 13.44b 13.28b 15.47a 0.77
CEC (meq/100g) 23.45b 23.13b 27.64a 1.51
AWHC (%) 15.11b 15.29b 17.46a 1.34
Porosity (%) 46.29b 46.61b 47.23a 0.38
Bulk density 1.39a 1.38b 1.38b 0.07
(gm/cm?)
PH 6.01b 6.11b 6.28a 0.14
Clay (%) 18.1c 19.67b 21.67a 1.81
Silt (%) 36.05¢ 38.86b 44.29a 2.62

Sand (%) 45.86a 41.95b 33.47c 2.83
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N.B. Means with the same letter in the column are not significantly different. (Source: analysis
results).

Total nitrogen, organic carbon, organic matter, available phosphorous, available po-
tassium, cation exchange capacity, and PH were the highest in the lower position (Table
12). According to farmer’s and own field observation, lower crop yield was observed in
the upper position. The basic reason for this is an increasing spatial variability of soil fer-
tility and their translocation and deposition in the lower position. [45] Moreover found
that during the erosion process that forms the terraces, the top soil below the structure is
gradually moved down the slope and accumulates above the next soil and water conser-
vation structures. Loss of organic matter not only resulted in reduced water holding ca-
pacity and degraded soil aggregation but also the loss of nutrients; decrease in soil poros-
ity and increase in bulk density.

Consequently, the finer particles are moved to the lower depth or moved to other
areas through erosion and thus leaving the coarser particles at the site [46] and [47] in a
soil conservation research station observed soil and fertility redistribution along the tran-
sect in six years old well-established terraces in the conservation treated catchments. He
reported that the soil immediately above the conservation structure had more available
phosphorous, total nitrogen, and organic matter but less exchangeable potassium and clay
content than the soil upslope. However, in our findings clay and potassium also have high
content in the lower position (Table 12). Soil and water conservation structures and buffer
zones can significantly reduce erosion and sediment transport caused by rainfall and sur-
face runoff. These structures capture surface runoff or slow down their movement by in-
creasing infiltration. Hence, untreated farm lands lose their all amount of nutrients if five
tons of topsoil is removed but actually it is 7 tons. Erosion is the main cause of fertility
and productivity loss in the study area. Erosion removes the most productive topsoil and
the most selective nutrient rich finer particles.

4.Conclusion and Recommendations

Conclusion

Soil is a critical natural resource in crop production. It is critical to ensure good soil
management to keep this resource available for current and future generations. The soil
and water conservation structures (level bund and level fanya juu) studied in Lemmo Dis-
trict influenced the soil Physicochemical properties significantly (P<0.05). Silt, clay, and
sand were significantly affected by position and location and they are affected signifi-
cantly by soil conservation structures (P<0.05). No significant differences were observed
on clay, silt, and sand content between level bund and level fanya-juu. Higher amount of
clay content 20.333 and 21.429% was observed at level fanya ju and level bund plots, re-
spectively. Highest silt (43.095%) was observed on the level bund while the highest sand
was observed on the control plot.

There was no significant difference between level bund and level fanya juu on the
content of bulk density. Although non-significant higher bulk density (1.399gm/cm?) was
observed on the control plot than on level bund (1.381 gm/cm?) and level fanya juu (1.383
gm/cm?) plots. No significant difference was observed between level bund and level fanya
juu. Level bund has the highest average (47.565%) pore volume whereas the lowest
(45.51%) was observed in the control plot. Soil and water conservation structures signifi-
cantly affected available potassium, total nitrogen, organic matter content, phosphorous,
organic carbon, soil pH, and cation exchange capacity. No significant difference was ob-
served on organic matter and organic carbon content, whereas there was a significant dif-
ference between the treated plots and the untreated plots.

The control plot had the lowest pH of 5.86 %. The mean organic matter percentages
for level bund, level fanya juu, and control plot were 3.621 percent, 3.663 percent, and
2.973 percent, respectively. These values showed an increment of 23.21% and 21.76% over
the control plot. No significant difference in organic matter content was observed between
level bund and level fanya juu, whereas there was a significant difference between the
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control plot and treated plots. Location and position affected significantly porosity, nitro-
gen, phosphorus, potassium, organic matter, organic carbon, cation exchange capacity,
and pH between inter-structural spaces of the bunds because there is a slope difference
between interstructural spaces that is between the upper, middle and lower position. A
prolonged dry season, high intensity rains, overgrazing, and poor farming practices are
some of the contributing factors to the soil degradation in the area. Continuous and suc-
cessful food crop production in the area, therefore, requires good cultural practices to
minimize soil degradation.

Recommendations

soil and water conservation measures should have to be exercised on cultivated land
where there is an erosion problem. Raising yield of agricultural production and improv-
ing the quantity of products will increasingly difficult without a steady use of soil and
water conservation technologies. Hence, the government should encourage the respec-
tive offices to extend these technologies to be used by all farmers of the area to achieve the
intended goals of agriculture. Farmers training centers should be used in greater extent
for the dissemination of conservation information through demonstration. The role of soil
and water conservation should be clarified, firmly established as common goals among
the stakeholders, the approach should be holistic. Obstacles to conservation should be
identified at the local level and dealt with as part of the program implementation process.

Hence, in the future we should have to give special attention to the construction of
soil and water conservation by the farmers equally or more than the attention given to
crop production. Because only production will never bring sustainability of the system
without the continuous follow-up and maintenance of soil and water conservation struc-
tures by the farmers. If the level of awareness is high regarding the importance of soil and
water conservation structures, there will be little need for intensified technical assistance,
implementation of other programmes and strategies.
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