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Abstract
Background: - Land degradation is one of the major challenges in agricultural production Ethiopia. To combat
the problem different Soil and Water Conservation (SWC) measures were introduced.

Methods: - This research was conducted in the Masha Deniba micro-watershed, Dawuro Zone, Southern Ethiopia
aimed to assess impact of stone bund conservation on soil properties. This study compared the effects of stone
bund age along landscape positions. Surface soil sample from 17 farms were collected and analyzed for soil
bulk density (BD), organic matter (OM), total nitrogen (TN), pH and cation exchange capacity (CEC) of soil.

Result:- Results showed that farms treated with stone bunds showed improvement in soil chemical properties.
For most parameters, the peak was obtained from stone bunds having 10 years age. The non- conserved plots
had the lowest soil nutrients contents. Lower topographic position had shown higher nutrients contents than
farms in upper topographic position. Overall, OC, TN, S and B contents were low in the watershed. 

Conclusion: - From the �nding we can conclude that stone bunds improved soil nutrient when compared to non-
treated farm with the respect of age and landscape position. But constructing physical structures alone does not
restore the soil fertility to the level that the crop is demanding. Thus, integration of physical conservation with
agronomic and biological measures is highly recommended.

1. Introduction
Soil degradation can be described as deterioration of the physical, chemical and biological or economic
properties of soil (Maitima and Olson, 2001). It is a principal environmental problem in Ethiopia which is
manifested mainly in the form of soil erosion, soil fertility loss, and crop yield reduction. The excessive
dependence of the Ethiopian rural population on natural resources, particularly land, as a means of livelihood is
an underlying cause for land and other natural resources degradation (EPA, 1998). Soil degradation is caused
and aggravated by erratic and erosive rain fall, topographical setup and inappropriate land use practices
(Tamene et al. 2006; Ciampalini et al. 2008; Nyssen et al. 2009; Tesfaye and Fanuel, 2019).

Generally, water erosion is prominent in highlands of Ethiopia where erratic rainfall generate erosive runoff
(Hurni, 1993). Various studies provided empirical evidence of the severity of the problem. For example, the
Ethiopian highland reclamation study (EHRS) estimated 1.9 billion tons annual topsoil loss from the highlands
due to water erosion, which is equivalent to 8 mm soil depth or 130 t ha− 1 annual losses (FAO, 1986). Hurni
(1993) also reported as much as 300 t ha-1 annual soil loss from croplands with average rates of 42 t ha− 1. The
extent of soil loss due to erosion in the Ethiopian highland is high varying between 42 t ha− 1 y− 1 and 175.5 t ha− 

1 y− 1 (Admasu et al., 2017).

The impact of soil erosion is complex leading to reduction in soil depth and moisture storage capacity together
with soil-nutrient losses, and ultimately results in reduced agricultural production and productivity
(Vancampenhout et al., 2006; Tesfaye and Fanuel, 2019). Soil erosion is a threat not only to agriculture but also
to the economy, as the country´s economy depends on agriculture.

Soil conservation is the only known way to protect the productivity of the land (Panda, 2007). Different SWC
Measures are in place to mitigate land degradation problems. Their performance considerably varies based on
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type of structure, age of structure, land scape position (Tesfaye and Fanuel, 2019). Space occupied by soil and
water conservation (SWC)structures, impediment to traditional farming activity, water logging problems, weed
and rodent problems, huge maintenance requirement, are some of the reasons that cause farmers refrain from
SWC works(Mitiku.et al., 2006).

Thus, this study aimed to examine the impact of SWC (Stone Bund) on selected soil physical and chemical
properties as compared to non-conserved (Control) farm plots in Masha-Deniba Micro Water Shed in Zima
Waruma kebele of Loma woreda.

The speci�c objectives include:

To investigate the impacts of stone bunds and their age on soil physical and chemical properties;

To investigate the effects of landscape positions on soil physical and chemical properties of the watershed.

Research questions

1. What impacts were observed on soil physical and chemical properties by the application of SWC
technologies?

2. Is age of stone bund affect the soil fertility status?

3. Are there differences in soil properties among topographic positions?

2. Materials And Methodology

2.1. Description of the study area
The Loma woreda in Dawro Zone of Southern Nation, Nationalities and People Regional State (SNNPRS),
Ethiopa is one of the highly eroded areas in the zone. Extent of soil degradation is threatening human livelihood
and environmental integrity. The implementation of watershed based soil conservation activities are deep rooted
when compared to others in Dawuro Zone (DZAND, 2016/17) and the study was selected our study. Loma
woreda (6038'.-7007'N and 36093'—37030' E), is located at 322 km and 504 km, from region capital and Addis
Ababa, respectively. The total area of the woreda is estimated to be 1200.30 Km2 and it is surrounded by Mareka
woreda in the North West, Gena Bossa North East, Gamo Gofa Zone in the South, Wolaita Zone in the East, and
Essera Woreda in the West (Fig. 1).

Following the recommendation of experts (Zonal and woreda level), Zima Waruma watershed/ Masha-Deniba
Micro-water Shed (60 54’00’’-70 02’00’’ N and 370 28’-37030’ E) covering 10.89 Km2 was used for this study
(Fig. 1). The reason was that conservation measures have been applied in the area. In addition, traditional soil
fertility maintenance techniques are also found.

2.1.1. Agro-ecology and Soils
Loma woreda has endowed with enormous and diversi�ed land features that different elevation in-turn out�ts
the variability in rainfall and temperature. The altitude the study woreda ranges from 501meter above sea level
(m.a.s.l) around Omo river valley to 2012 m.a.s.l. According to the Southern Region Meteorological Agency, the
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mean annual temperature and rain fall of Loma Woreda during 2015/2016varied from 15.1°c -27.5°c and 500–
1800 mm. respectively. The major soil type according to the report of Zonal Agricultural Department (2016/17)
is nitisoil. The soil texture varied from silt to sandy texture.

The agro ecology according to traditional classi�cation system includes Kolla (i.e., low land), Woyina Dega (i.e.,
mid highland) and Dega (i.e., high land). About 41%of the zonal land is lies under WeynaDega ecological zones,
Kolla covers about 38% and Dega agro-ecological zone constitutes 21% of the total agro-ecological zones.
Those three agro-ecological zones are suitable for agricultural production and human settlement.

2.1.2 Farming System
The means of livelihood is based on mixed crop-livestock agriculture where it is dominantly rainfed and
subsistence. The major crops under rain fed condition include: maize (Zea mays), tef (EragrostistefZucca),
potato (Solanumtuberosum), enset (Enseteventricosum), coffee (Coffeaarabica) and the dominant natural
vegetations are mainly broad- leafed forest like Wanza(Cordials Africana), Weira(Olean Africana), Bamboo
(Arundineria) Grawa (Vernoniaspecious) Shola (FicusSychmorise), Sobo, Woybeta, Badana and Acacia tree
specious are the dominant one. Deforestation in search of additional farm land and income, land degradation,
inappropriate land use and land and water management practices, are among the common challenges to the
sustainability of the agricultural systems (Dawuro Zone Agriculture and Natural Resource Department Report
2016/17).

2.1.3 Socio-Economic Characteristics
The demographic and socio-economic description highlights based on 17 respondent households. Gender result
indicated that about 94.1%) (n = 16) were headed by male and 1(5.9%) households were headed by female out
of which 47% (n = 8) of the households have no formal education and 53% (n = 9) of respondents attended
elementary school. As far as the marital status of the heads of household is concerned, 16 (94.1%) married (still
living together and 1(5.9%) of the household heads were widowed in relation to this the family size of the
respondents showed that 23.5% had 5–7 family, 41.2% had 8–10 families, 29.4% had above 11 and only 1% of
the household heads had between 2–4 families. Overall, the average family size of the household heads was
5.5. In contrary of that huge family size; land owning can be characterized that 69% of the household heads
have the land category of 0.125-05 ha, 22% of the household heads were having 0.6-1 ha while only 9% of
household heads have 1.3 ha-2 ha. Land fragmentation has its own problem on achieving SWC practices.

2.2 Research Design

2.2.1 Sampling Procedures and Sample Points
Preliminary �eld survey in the watershed was carried out to identify representative farms. Stone bund is
common in the area. Farmlands treated with stone bund but having different age after construction were
selected from different topographic positions. Four farm lands having stone bund age of 3, 5, 7, 10, 12, 15 and
17 were selected. In addition, on farm land without stone bund is also included for comparison. Farm lands lie in
three topographic positions such as upper positions (> 36% slope), middle position (16 to 35% slope) and lower
topographic position (up to 15% slope) were selected. Thus a total of 17 farm lands were identi�ed for soil
sample collection in collaboration with woreda experts and site extension worker. In addition, slope, socio-
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economic characteristics and other relevant information from each farmland was recorded using data collection
sheet. Each farm land was also geo-referenced.

2.3 Data collected
Disturbed and undisturbed soil sample at a depth of 0–20 cm were taken using augur and core sampler,
respectively. About 10 sub-samples from each farm were taken to form one kg composite sample. The sampling
under stone bunds includes the area between the two successive structures whereas for non-conserved plots,
the sampling refers to the area under cultivation which is found between successive farm boundaries. After soil
processing (drying, grinding and sieving), soil physicochemical properties like texture, pH, soil organic carbon
(OC), and macro and micronutrient contents and cation exchange capacity (CEC) were analyzed.

Soil texture was analyzed by Bouyoucous hydrometer method (Bouyoucous, 1951). Soil BD was determined by
using the core method (Anderson and Ingram 1993). Soil pH was measured in water at soil to water ratio of
1:2.5 (Van Reeuwijk, 1992). Organic carbon content was determined by the volumetric method (Walkley and
Black, 1934). Total N was determined by Kjeldahl Method. Available P, K, Ca, Mg, S, Bu, Cu, Fe and Fe were
determined by the Mehlich-3 method. Soil analysis was conducted in Debire Zeit Horticoop and bulk density was
analyzed in Wolaita Sodo University Soil Laboratory.

2.4 Data Analysis
The data was evaluated using descriptive statistics such as mean, standard deviation, minimum, maximum and
median. To complement descriptive statistics, Pearson correlation, and regression analysis were performed.
Variation in soil properties was also determined using the coe�cient of variation (CV) and rated as low (< 20%),
moderate (20–50%) and highly variable (> 50%) according to Aweto (1982) cited in Amuyou et al. (2013). For the
management purposes, interpretation was given using proper ratings. The data were subjected to general linear
model procedure using the SPSS and Microsoft excel.

3. Results And Discussion

3.1. Age of Stone Bunds and their Effect on Soil Property
Particle size distribution with age of stone bund was in in the order of silt > sand > clay with loam and clay loam
textural classes. This might indicate the homogeneity of soil forming process, similarity of parent materials and
the presence of intensive soil management practices promoting further weathering (Panday et al., 2019). Soil
bulk density (BD) varies between 1.31 to1.49 gcm− 3 from 12 years and control farms, respectively (Table 1 ).
The mean was 1.34 gcm− 3. Soil BD declined with age of stone bund (Fig. 2). This could be attributed to the
effects of reduced soil loss through erosion; and addition of organic matter from plants. Similar results were
reported by Tesfaye and Fanuel (2019) who indicated a decline in BD with age of soil bund. Soil BD was ideal
for proper root development (Hazelton and Murphy, 2007).
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Table 1
Effects of Stone bund age on soil physical and chemical properties (N = 17)

  Stone bund Age (Year) Overall data

Age of
SWC

0 3 5 10 12 Mean Min Max StDe CV
(%)

Sand 34 35.5 35.75 36 33 35.00 28.00 40.00 3.03 8.66

Clay 26 24.5 26 23 30 25.88 18.00 38.00 5.02 19.38

Silt 40 40 38.25 41 37 39.12 28.00 46.00 4.06 10.37

Texture Loam Loam Loam Loam Clay
Loam

Loam        

BD 1.49 1.36 1.31 1.34 1.31 1.34 1.10 1.51 0.12 9.22

pH 7.08 7.05 7.08 7.27 7.16 7.13 6.82 7.44 0.16 2.30

OC 1.49 1.94 1.73 2.39 2.02 1.99 1.39 2.71 0.39 19.81

TN 0.11 0.16 0.16 0.20 0.16 0.17 0.11 0.23 0.04 20.81

P 30.85 27.73 36.59 56.94 20.14 35.09 13.56 80.75 19.29 54.98

S 6.79 10.84 12.27 13.69 8.57 11.08 6.79 17.74 3.28 29.65

Ca 10.69 13.96 14.50 14.69 17.99 15.02 8.06 26.51 5.19 34.53

Mg 1.94 2.55 2.60 2.88 2.71 2.64 1.83 4.25 0.65 24.75

K 1.60 1.92 2.21 2.41 1.23 1.92 0.83 3.75 0.86 44.58

Na 0.06 0.09 0.09 0.06 0.10 0.08 0.04 0.14 0.03 30.52

Cu 0.61 1.10 1.10 0.97 0.75 0.96 0.14 1.68 0.34 35.89

Fe 104.88 85.74 90.96 91.90 97.22 92.24 63.54 113.72 15.35 16.65

Mn 228.46 283.19 273.88 297.73 227.91 268.19 196.27 349.52 45.60 17.00

Zn 6.76 6.06 5.46 7.75 2.16 5.44 1.49 10.94 2.40 44.12

B 0.36 0.48 0.57 0.94 0.14 0.52 0.01 1.21 0.36 69.26

Mo 0.16 0.19 0.18 0.18 0.16 0.18 0.03 0.22 0.04 23.45

CN 13.05 11.93 10.95 11.72 12.63 11.88 9.83 14.13 0.92 7.72

CEC 17.72 22.37 22.03 22.41 31.77 24.24 16.69 44.31 7.99 32.97

PBS 80.68 82.70 85.99 89.68 69.26 81.83 61.08 98.86 10.34 12.64

Soil pH among age of stone bund varied between 7.05 (3 years) and 7.27 (10 years). The result revealed an
increment in soil pH at 10 and 12 Years when compared to untreated farms (Fig. 2). These might be associated
to the decrease of the loss of soil organic matter and exchangeable bases through soil erosion and runoff; and
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thereby increase soil pH. This is also explained with positive and signi�cant relationship with OC (r = 0.71), Ca (r 
= 0.67), Mg (r = 0.78) and K (r = 0.63) (Appendix 1).

Soil organic carbon (OC) of farm lands with age of stone bunds showed low variability. The mean of OC (1.99%)
was between 1.49% and 2.39% from untreated and stone bund at 10 years (Table 1). It is noted that soil bunds
in general, and with increasing age of bunds improved the soil OC of farms (Fig. 2). The mean total N (TN)
(0.17) varied from 0.11 to 0.20% obtained from untreated and 10 years stone bund. The result almost followed
the trends of soil OC (Fig. 4.9). This signi�es that stone bunds restore eroded materials on their embankment.
Reports by Tesfaye and Fanuel (2019), and Dulo et al. (2017) indicated that increasing age of structures
enhanced soil OC when compared to non-conserved land.

Available P was found highly variable (CV > 50%) among age of stone bunds that varies from 27.7 to
56.9 mg/kg (Table 1) from 3 years and10 years’, respectively (Fig. 2). The high variability in available P content
may re�ect differences within age of stone bunds and soil management. Higher amount of available P from
integrated soil bund for 5 years was reported by Tesfaye and Fanuel (2019). The authors explained that
reducing soil erosion and runoff, and improved amount of soil OC might result an increased available P on
integrated and 5 year age stone bund. Pearon correlation matrix also indicated the positive and signi�cant
relationship of available P with OC (r = 0.50), pH (r = 0.55) (Appendix 1). The sulfur content (mgkg− 1) ranges
from 6.79 (3 years age) to 13.69 (10 years age) with moderate variability (CV = 20–50%). Available S has shown
positive and signi�cant relationship with OC (r = 0.53) and pH (r = 0.55) (Appendix 1). The restoration of soil OC
and reduced rate of soil erosion and runoff could result an increased available S stone bunds.

Exchangeable cat-ions among age of stone bunds showed moderate variability (CV = 20–50%) (Table 1).
Exchangeable calcium was dominant in the exchangeable site followed by Mg2+, K+ and Na+. Overall stone
bunds showed higher amount of exchangeable cat-ions, and the amount was also increasing with age of stone
bund (Fig. 2). This might be attributed with improvements in pH, soil OC and CEC of the soil. Pearson correlation
matrix also showed the signi�cant and positive relation exchangeable bases with OC, TN and CEC (Appendix 1).
The mean soil micronutrient contents were in the order Mn > Fe > Zn > Mo > Cu > B, and their variability was low
(Fe, and Mn), moderate (Cu, Zn, Mo) and high (B) (Table 1). Overall, the contents of Cu, Mn and B were better
under conserved farms and with increase age of stone bunds, whereas, Fe content declined with age of
conserved farms. The CEC content (Cmolc/kg) ranged between 17.4 and 31.8 with mean value of 24.2 (Table 3).
CEC has shown signi�cant and positive relationship with soil pH (r = 0.54), OC (r = 0.64), Ca (0.94) and K (0.74)
(Appendix 1).

3.2. Landscape Position and their Effects on Soil Properties
The effect of landscape position averaged over stone bund is summarized in Table 2. Though not big, the
amount of silt and clay has shown a decreasing trend towards upper positions whereas, sand content was
increasing towards upper position. Overall, the textural class falls under clay loam (lower postion) and loam
(middle and upper positions). Soil bulk density (BD) showed differences along landscape positions in which
middle and upper positions exhibited lower BD (Table 1; Fig. 3). The better amount of organic carbon towards
lower land scape positions might be linked to lower bulk density. The result is in line with the work of previous
researchers (Lawal et al., 2014 and Gebreselassie et al., 2015) who reported an increased BD value with the
slope.
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In the present study, most of measured parameters such as soil pH, OC, and total N, S, Ca, K, Mg, B, base
saturation and CEC has shown a decreasing trend towards the upper topographic positons (Table 2; Fig. 3). The
result regarding available P showed maximum value at middle > lower > upper position. However, Fe was found
to have increasing content towards upper positions Table 2; Fig. 3).

In general, farms in the upper topographic position of the watershed, in most of the soil parameters had lower
content than farms in the lower topographic position. This might be associated to downward movement with
runoff water from top and accumulation at the bottom slope position. The work of other researchers (Fanuel et
al., 2016; Khan et al., 2013;

3 Gebreselassie et al., 2015) also indicated the lower nutrient contents in upper than lower slope position which
they have presumed to be due to soil erosion. This suggests the need to strengthen SWC in the upper parts of
the watershed.
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Table 2
Landscape Position and Their Effects on Soil Properties (N = 17)

Topo Lower Middle Upper Mean Min Max StDe CV (%)

Sand 32.33 35.20 37.50 35.00 28.00 40.00 3.03 8.66

Clay 27.67 26.40 23.67 25.88 18.00 38.00 5.02 19.38

Silt 40.00 38.40 38.83 39.12 28.00 46.00 4.06 10.37

Texture Clay Loam Loam Loam Loam        

BD 1.25 1.42 1.37 1.34 1.10 1.51 0.12 9.22

pH 7.27 7.18 6.96 7.13 6.82 7.44 0.16 2.30

OC 2.23 2.19 1.59 1.99 1.39 2.71 0.39 19.81

TN 0.19 0.18 0.14 0.17 0.11 0.23 0.04 20.81

P 38.87 45.73 22.43 35.09 13.56 80.75 19.29 54.98

S 12.76 10.36 9.98 11.08 6.79 17.74 3.28 29.65

Ca 19.48 15.39 10.25 15.02 8.06 26.51 5.19 34.53

K 2.49 1.81 1.44 1.92 0.83 3.75 0.86 44.58

Mg 3.26 2.63 2.04 2.64 1.83 4.25 0.65 24.75

Na 0.10 0.06 0.08 0.08 0.04 0.14 0.03 30.52

Cu 1.29 0.64 0.90 0.96 0.14 1.68 0.34 35.89

Fe 77.71 99.05 101.10 92.24 63.54 113.72 15.35 16.65

Mn 270.04 253.23 278.82 268.19 196.27 349.52 45.60 17.00

Zn 5.29 6.20 4.96 5.44 1.49 10.94 2.40 44.12

B 0.68 0.61 0.29 0.52 0.01 1.21 0.36 69.26

Mo 0.20 0.15 0.17 0.18 0.03 0.22 0.04 23.45

Si 577.52 618.03 523.86 570.49 404.58 725.16 87.38 15.32

CN 11.81 12.09 11.77 11.88 9.83 14.13 0.92 7.72

CEC 29.75 25.51 17.67 24.24 16.69 44.31 7.99 32.97

PBS 85.27 81.75 78.47 81.83 61.08 98.86 10.34 12.64

4. Conclusions And Recommendation
From this study, we can conclude that stone bunds improved soil nutrient when compared to non-treated farm.
The effect of bund, in most cases, had shown improvements up to 10 years after construction. On the other
hand, lower topographic position had higher nutrients contents implying that the upper ones are prone to soil
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erosion. Overall, farms in the watershed irrespective of age of stone bund and landscape positions had shown
low contents of OC, TN, S and B. These limitations were attributed to inadequate management practices. This
indicates that constructing physical structures alone does not restore the soil fertility to the level that the crop is
demanding. Thus, integration of physical conservation with agronomic and biological measures is highly
recommended to improve soil quality.
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Figure 1

Location map of the study area produced by the researchers’
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Figure 2

Effects of Stone bund age on soil properties (Bulk Density, pH, OC, TN, Av. P, S, Ca, Mg, K, B and Cu)
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Figure 3

Effects of landscape position on Soil quality such as:- (soil bulk density, pH, OC, TN, Ca, Mg, K, B, Fe and CEC).
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