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Abstract

Background: Soil erosion is one of the major causes for food insecurity, and environmental degradation in Ethiopia.
To reduce erosion effects, soil and water conservation practices have been promoted at farm level and watershed
scale-executed via mass-community mobilization program. In Lemo district, little information is available on suitability
of soil conservation practices implemented through this program. The aim of this study was to assess technical fitness
of physical soil conservation structures implemented via mass-community mobilization, its effect on soil properties,
and extent of farmers participation in soil conservation practices. Field observation and physical structure component
measurments were used to assess the technical fitness. Whereas, composite soil samples were collected from steep,
moderate and gentle slope classes to evaluate the effects of conservation practices on soil properties. Structured
questionnaire was used to assess the farmers participation in soil conservation.

Results: As compared to nationally established specification of graded soil bund for areas similar with Lemo district,
technical errors were found in bund spacing and vertical interval. The studied soil properties were not significantly
(P>.05) influenced with sample distance from soil bund. But, soil moisture content, bulk density, clay, reaction, electri-
cal conductivity, organic carbon, total nitrogen and cation exchange capacity were significantly (P <.05) affected with
slope gradient. These properties become better as the slope gradient decrease. Among the study household heads,
only 59.69% were participated in soil conservation activities. Land holding size, cropland slope, contacts with exten-
sion agents and training opportunity were significantly (P <.05) contributes for farmers’ participation in soil conserva-
tion activities.

Conclusions: To ensure the sustainability of watershed management practices and minimize observed technical
faults on conservation structures continued technical supports, trainings, and follow-ups are required in the study
area.
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Background

The global agricultural production and productivity
has been challenged with soil erosion related problems.
Almost all lands in Sub-Sahara Africa (SSA) are prone to
soil degradation, and Ethiopia is among the most affected
countries (Vlek et al. 2008). Every year, about 10 million
hectare (ha) of croplands are abandoned globally (Pimen-
tel 2006) and 6.5 million ha in Africa (Mekonen and Tes-
fahunegn 2011). Due to erosion, about 12 tons (ha/year)
of soils in lost every year in Ethiopia, and the economic
impacts of this loss is estimated about $139 million-
which is 3-4% of agricultural growth domestic product
(GDP) of the country (Demelash and Stahr 2010). Ero-
sion affects soil physical conditions (e.g., reducing soil
depth, water-holding capacity), and chemical properties
(e.g., nutrient depletion) that affect agricultural produc-
tion (Hurni et al. 2010). In addition, soil erosion causes
negative effect on environment, agronomic productiv-
ity, food security and the overall life quality (Atnafe et al.
(2015).

In 1970s, soil and water conservation program was
incited in Ethiopia with the support international organi-
zations to reduce soil degradation, improve agricultural
production, enhance food security and reduce poverty
(Gashaw et al. 2014). The focus of this program is con-
struction of physical structure such as terraces and stone
bunds (Alemu and Kidane 2014). Recently, nationwide
soil and water conservation campaigns (mass-community
program) are promoted to ensure sustainable watershed
development, food security and socioeconomic develop-
ment (Meshesha and Birhanu 2015). Most of the conser-
vation practices introduced via this campaign are able to
reduce soil erosion in highlands of Ethiopia; for example
soil bund reduce erosion by 30.5%, improve infiltration,
reduce surface runoff and soil loss, improve basic soil
conditions (pH, CEC, OC etc.), and increases crop yields
(Ayalew 2011; Wolka et al. 2011; Adimassu et al. 2013;
Sinore et al. 2018).

However, soil and water conservation technologies
are not equally successful or effective in many parts of
Ethiopia. Level of farmers participation in soil conser-
vation activities are influenced by inadequate expert
follow-up and assistance, farmers landholding size and
technical skills (Wolka and Negash 2014; Mekonen and
Tesfahunegn 2011; Sinore et al. 2018). Nowadays, mil-
lions hectare of lands are covered with soil and water
conservation practices. But, successful stories are
reported from northern Ethiopia and scientific evidences
that justify the success of soil conservation technology in
southern Ethiopia including of Lemo district are limited.
The information on suitability of soil and water conser-
vation measures implemented in Lemo district will assist
the stakeholders (farmers, development agents, decision
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makers) in the selection, design and proper implemen-
tation of conservation measures for better outcomes.
Therefore, the objectives of present study were to assess;
(1) technical fitness of physical soil and water conserva-
tion structures implemented in the study area, (2) effect
of the implemented structures on selected soil physico-
chemical properties, and (3) factors affect levels of farm-
ers participation in soil conservation practices.

Methods

Description of the study area

The study area-Lemo district is located in Hadiya Zone,
Southern Nation Nationalities and People’s Regional
State (SNNPRS), Ethiopia (Fig. 1). The district is located
in south of Addis Ababa the capital of Ethiopia and near
to Hossana town—the administrative centre of Hadiya
zone. The district is 232 km away from Addis Ababa and
15 km from Hossana. Geographically, Lemo is situated
between 7°22/00"-7°45'00"N latitude and 37°40'00"-
38°00'00”E longitude.

The study area has 1-7% flat to gentle slope, 7-15%
moderate slope, and 15-30% steep slope. The coverage of
flat to gentle slope 54.3%, moderate slope 5.4%, and steep
slope 40% (LWARDO 2009). Lands at different slope
classes are used for crop production—both annual and
perennial (85.96%), grazing (4.24%), natural and planta-
tion forests (6.2%), and unproductive land covers 3.6%.
The mean annual rainfall varies from location to loca-
tions, and ranges from900 - 1400 mm (MOARD 2005),
whereas the minimum and maximum temperatures are
13 and 23 °C, respectively. The dominate soil types of the
area is nitisol and vertisol (FAO 2006).

According to CSA (2007), total population of Lemo
district is 118,594 composed of 58,666 male and 59,928
female. Regarding place of settlement, 1.73% of the pop-
ulation lives in semi-urban and the rest in rural area.
Subsistence mixed agriculture (crop and livestock) is
the major livelihood basis of rural settlers. Fully, nature
dependent subsistence agriculture is exercised for cen-
turies, and land degradation is becomes one of major
constraint for agricultural production and productivity.
Currently, soil and water conservation structures imple-
mented by mass-community mobilization program and
individual farmers initiative are become popular solution
to minimize the impacts of land degradations.

Methods of data collection

Direct field observations and measurements of physi-
cal soil and water conservation structures (graded soil
bunds) implemented via mass-community mobilization
campaigns were used to assessed technical fitness of con-
servation practices in the study area. The observations
and measurements were made on nine separate fields
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Fig. 1 Map shows the location of Lemo district in Southern Nations Nationalities and People’s Regional State, Ethiopia

Table 1 Nationally recommended specifications of graded
soil bunds for areas similar to Lemo district

Bund components Recommended Sources
standards

Embankment height (m) 5-75 FEPA (2004)
Embankment top width (m) 3-5 SAONREPA (2004)
Embankment bottom width (m)  1-1.5 FEPA (2004)

Berm length (m) 2-25 SAONREPA (2004)
Ditch width (m) 5-6 SAONREPA (2004)
Ditch depth (m) 5-6 SAONREPA (2004)

situated at gentle, moderate, and steep slope classes. The
field measurement of soil bunds embankment height,
embankment top width, embankment bottom width,
ditch depth, ditch size, berm length, vertical interval, and
space between bunds were carried out using tape meter,
water level, string (rope) and graduated poles. The meas-
ured bund components were compared against nationally
established specifications based on soil texture, slope and
agro-ecological zones (Table 1) to identify limitations of
the implemented soil and water conservation structures.
The composite soil samples were collected from crop-
lands situated at moderate, steep and gentle slopes

treated with soil bund through mass-community
mobilization program. The soil samples were collected
from 1, 2, and 4 m away from soil bunds using auger
at 0-15 cm sampling depth. Total of 27 composite
samples were collected for laboratory analysis (3 slope
classes*3 sampling intervals*3 replications). In addi-
tion, undisturbed core samples were collected to deter-
mine soil bulk density and moisture content.

A structured questionnaire was used to assess fac-
tors affect the levels of farmers participation in soil
and water conservation practices in Lemo district.
The questionnaire was administered to representative
household heads found in the three slope positions
(steep, moderate steep and gentle). The respondent
household sample size was determined using Cochran’s
(1977) formula with marginal error of 5% and confi-
dence interval of 95%. Accordingly, 129 respondent
household heads were selected for questionnaire sur-
vey. A proportional sampling technique was employed
to decide the numbers of respondent household from
each slope class (Table 2). Lists of household heads
recorded at Village (locally called Kebele) adminis-
trative office was used as sample frame for random
selection of the households for face-to-face interview.
Besides, focused group discussions (FGD) and key
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Table2 The distribution of sample population

in the three slope classes in the study area

Slope class Total population Population Sample
proportion population

Moderate slope 510 (510/1897)*100 35

Steep slope 898 (898/1897)*100 61

Gentle slope 489 (489/1897)*100 33

Total 1897 129

informants (KI) interviews were used to triangulate and
supplement the information acquired from household
survey.

Soil laboratory analysis

All of the soil parameters were analysed at Soil Labora-
tory of College of Agriculture and Veterinary Medicine,
Jimma University. The samples were air dried, grounded,
and passed through 2 mm soil sieve mash for soil tex-
ture, reaction (pH), electrical conductivity (EC), organic
carbon (OC%), total nitrogen (TN%), available phos-
phorous (Av.P ppm), and cation exchange capacity (CEC
meq/100 g) analysis. Soil particle size distribution was
determined using hydrometer method (Waling et al
1989) in which hydrogen peroxide (H,O,) was used to
destroy organic matter whereas, sodium hexametaphos-
phate (NaPO,), and sodium carbonate (Na,CO;) were
used as dispersing agent. Bulk density was determined by
core method, the ratio of solid mass to total volume of
core sample after the soil dry in oven for 105 °C for 24 hrs
(FAO 2007).

The soil reaction (pH-H,O) was measured using pH
meter method. The pH meter glass electrode was inserted
in the suspension of 1:2.5 (soil: water on a mass to volume
basis) after calibrating the pH meter with buffer solution
of pH 4 and 7. Similarly, soil EC was measured using the
glass electrode method within the suspension of a 1:2.5
(soil: water on a mass to volume basis) using EC meter.
Total nitrogen was determined using Kjeldahl diges-
tion—distillation and titration procedures (Bremmer
1996). Soil organic carbon (OC) was determined follow-
ing Walkley and Black (1934) wet digestion and titration
method whereas soil organic matter content was com-
puted from OC. The soil available phosphorous (Av. P)
was extracted using Bray-II method (Van Reeuwijk 1992)
and P in the extract was measured via spectrophotometer
at wavelength of 882 nm. Soil cation exchange capac-
ity (CEC) was determined after leaching the soil sample
with ammonium acetate method (1IN NH,OAc) at pH 7.0
(Waling et al. 1989).
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Data analysis

The two-way factorial analysis of variance (ANOVA) was
used to test the effects of slope and sample distance on
basic soil property. The ANOVA was preformed follow-
ing General Linear Model (GLM) procedure at probabil-
ity (P) of .05 and confidence interval (CI) of 95%. After
checking the assumptions of ANOVA, main and inter-
action effects of the independent variables (soil parame-
ters) were analyzed using SPSS version 20 software (IBM
Corp 2011). Normal distribution and confidence interval
of soil dataset was tested using Shapiro—Wilk test; null
hypothesis of the test was that, soil samples were nor-
mally distributed, and the test value was significant at 5%
confidence interval (CI) the distribution will be non-nor-
mal. Finally, Chi square test was used to assess the effect
of socio-economic and demographic factors on farmers
participation in soil conservation practices.

Results and discussion
Technical fitness of physical soil and water conservation
practices
Graded soil bund was the common soil and water con-
servation structure build at croplands situated in dif-
ferent slope classes; steep, moderate and gentle. Except
space between successive bunds and vertical intervals,
the rest components of bunds were compatible with the
national specifications (Fig. 2). The space between suc-
cessive bunds built on croplands at the three slope classes
through mass-community mobilization program was
meaningfully wider than the recommended standards.
The interviews conducted with Focused Group Discus-
sion (FGD) and key informant (KI) revealed, the main
reasons for the presence of wider space between bunds
were lack of sufficient technical support during bund
design and layout, misunderstand on the importance
space between bunds, and focus on quantity (i.e., area
coverage with bund) rather than quality of the work. In
addition, wider spaces between bunds were preferred by
farmers to minimize possession of cultivable areas with
physical structures. Unlikely, wider space between bund
may cause the formation of rills and gullies in crop-
land and needs more labour for maintenance of bunds.
Meshesha and Birhanu (2015) reported, the substandard
physical structure are ineffective in controlling erosion
and require immediate repairs. An inadequate technical
support for farmers is reported as causes for ineffective
soil and water conservation practices (Wolancho 2015).
When the space between soil and water conservation
structures is wider than the required space, the risk of soil
erosion on cropland will increase (Masresha 2014; Molla
and Sisheber 2017). On top of this, the vertical interval of
bunds in the study area was lower than national stand-
ard, this could facilitate surface run off and destruction
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Fig. 2 Comparison of graded soil bunds constructed in Lemo district against standards established by the Ministry of Agriculture and Rural

of bunds as well as croplands via allowing accumulation
of water in the bunds. As rainwater accumulated inside
the structures, soil erosion and runoff damage the con-
structed structures. This agrees with Molla and Sisheber
(2017) who reported, when vertical interval of graded soil
bund is lower than the required standard huge amount
of runoff can be generated and cause damage to bund
embankment and croplands.

Effects of graded soil bund on soil properties
The normal distribution test result presented in Table 3
revealed; the significant test values of the all soil param-
eters were greater than the chosen alpha level (P>.05).
This indicates the soil samples were normally distributed
among the slope classes and ability to represent the study
area where the sample came. Thus, the null hypothesis
that the soil samples came from a normally distributed
population was accepted and alternative hypothesis was
rejected. Shapiro—-Wilk normality tests with P value
greater that .05 shows normal distribution of the datasets
(Ghasemi and Zahedias 2012).

The two-way factorial ANOVA test showed, the inter-
action effect of slope position and soil sample distance
was not significantly (P>.05) affected soil particle size

distribution, moisture content, bulk density, pH, EC, OC,
TN, CEC and Av.P (Table 4). Similarly, soil-sampling dis-
tance from bunds was not significantly (>.05) affected the
studied soil properties. However, slope position was sig-
nificantly (P <.05) affected soil clay content in the study
area (Table 4). A high clay proportion was observed at
gentle slope and low at steep slope, as the slope gradient
increases clay content declined.

The difference in clay proportion among slope posi-
tions could be due to the influence of topography (slope)
and past erosion events that removed clay from steep
slope and deposited at gentle slope area. Previous studies
show, slope positions has meaningful effect on soil tex-
ture through its influence on soil formation and erosion
processes (Selassie et al. 2015; Bezabih et al. 2016). Other
finding also reported, soil and water conservation struc-
tures influence the processes of soil erosion and deposi-
tion at different slope position (Ademe et al. 2017).

As shown in Table 4, soil moisture content was signifi-
cantly (P <.05) affected by slope positions. The soil mois-
ture increases along the slope gradient; this is due the
nature of water movement, low bulk density, clay con-
tent and soil organic matter content. Challa et al. (2016)
reported, soil moisture increase at low bulk density and
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Table 3 Soil sample distribution and confidence interval (Cl) test
Soil parameters Slope Statistic Df Sig. 95% Cl
Lowe limit Upper limit
pH (H,0) Moderate 536 9 216 4884 5.563
Steep 617 9 701 4951 5.724
Gentle 590 9 360 4813 5612
AV.P (ppm) Moderate 956 9 760 5.268 5618
Steep 895 9 226 5173 5.764
Gentle 952 9 709 5474 5753
OC (%) Moderate 955 9 743 1.586 2.390
Steep 946 9 641 2301 2777
Gentle 915 9 353 2.857 3.566
OM (%) Moderate 844 9 640 2303 3462
Steep 881 9 159 3.640 4534
Gentle 964 9 838 5498 6.315
TN (%) Moderate 964 9 835 125 1892
Steep 863 9 104 152 229
Gentle 883 9 170 231 360
C:N (ratio) Moderate 563 9 100 10.980 14522
Steep 834 9 501 11.164 17.103
Gentle 865 9 107 9.146 13.909
CEC (meg/100 g) Moderate 976 9 941 17.358 20.795
Steep 969 9 890 17.906 22465
Gentle 975 9 936 24.552 29.145
EC (dS/m) Moderate 901 9 256 310 398
Steep 665 9 201 279 583
Gentle 873 9 132 599 7687
Sand (%) Moderate 769 9 109 2312 2822
Steep 930 9 481 16.29 21.26
Gentle 891 9 205 14.88 21.12
Clay (%) Moderate 920 9 396 3498 37.02
Steep 933 9 510 38.34 43.66
Gentle 966 9 856 55.62 66.38
Silt (%) Moderate 908 9 301 1741 2393
Steep 893 9 215 37.20 40.80
Gentle 958 9 775 31.74 34.70
BD (g/cm?) Moderate 988 9 994 1134 1.260
Steep 932 9 497 1.015 1.147
Gentle 961 9 811 976 1.097
MC (%) Moderate 713 9 302 24.934 26.655
Steep 826 9 240 24.752 27.506
Gentle 938 9 564 27.32 28912

high soil organic matter content. Further, statistical
analysis shown, soil bulk density was significant (P <.05)
affected with slope position. The lowest bulk density was
recorded at gentle slope (1.03 g cm™>) and highest at
steep slope (1.19 g cm ). The change in soil bulk density
along slope position was attributed to soil organic carbon
and clay fraction. This coincides with Hailu et al. (2012)

who stated, bulk density raise with organic carbon, and
accumulation of crop residues. Moreover, soil bulk den-
sity is directly related with slope position, as the slope
increase bulk density also increased and vice versa (Beza-
bih et al. 2016).

Soil reaction was significantly (P<.05) affected with
slope positions, high pH value was observed at gentle
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Table 4 Main and interaction effects of slope and soil
sample distance from bund on basic soil properties

Source of variations SS df MS F

Soil clay content (%)

Slope 31.000 2 45.000 29.8247%**

Sample distance 34.889 47444 23.007™

Slope * sample distance 2311 4 30.778 19.951™
Soil MC (%)

Slope 28425 2 14.212 6.201%*

Sample distance 2.288 2 1.144 499"

Slope * sample distance 680 4 170 074"
Soil BD (g/cm?)

Slope 123 2 061 9.354**

Sample distance 008 2 004 625"

Slope * sample distance 036 4 .009 1.362™
Soil pH

Slope 3.185 2 1.593 10.750%**

Sample distance 519 2 259 1.750™

Slope * sample distance 370 4 093 625"
Soil EC (dS/m)

Slope 533 2 266 15.384***

Sample distance 026 2 013 .765™

Slope * sample distance 099 4 025 1.426M
Soil OC (%)

Slope 6.759 2 3379 17.020%**

Sample distance 222 2 a1 560"

Slope * sample distance 856 4 214 1.078™
Soil TN (%)

Slope 094 2 0047 11.209%x

Sample distance 004 2 002 501™

Slope * sample distance 012 4 003 735™
Soil CEC (meg/100 g)

Slope 31.120 2 59.060 26.502%**

Sample distance 15.132 2 7.566 1.261™

Slope * sample distance 25.601 4 14.650 2441™
Soil Av.P (ppm)

Slope 51 2 076 793"

Sample distance 014 2 .007 073"

Slope * sample distance 130 4 032 340™

*** Significant at P-value <.001; ** significant at P-value <.05; ns non-significant
at P-value>.05

slope and the lowest at moderate slope. The presence of
highest soils pH at gentle slope was associated with high
soil OC, CEC and clay fraction moved with runoff and
erosion from steep slope positions. This corresponds
with Yimer et al. (2006) who stated, surface runoff in
steep slope decrease soluble basic cations, increase H
activity and reduced soil pH. Nevertheless, the current
finding contradict with Yeshaneh (2015) who reported,
the presence of lowest soil pH at gentle slope associated
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with removal of basic cations due to intensive and con-
tinues cultivation. Electrical conductivity (dS/m) was sig-
nificantly (P <.05) changed with slope positions, relatively
higher EC (.68 ps/cm) was found at gentle and lower
(.35 us/cm) at steep slope. This occurs due to removal of
basic cations with erosion from steep slope and accumu-
lation at gentle slope areas associated with high rainfall of
the area. This is consistent with Bezabih et al. (2016); EC
differs along slope position due to runoff and soil erosion
processes that affects soil basic cations.

Soil organic carbon and total nitrogen were signifi-
cantly (P <.05) influenced with slope positions, the high-
est amount was found at gentle slope and lowest at steep
slope. This could be due to the removal of organic mat-
ter through erosion and surface runoff from steep slope
and deposition in gentle slope, and presence of better soil
moisture at gentle slope. Earlier study show, soil organic
carbon content increases with moisture content and clay
deposition at lower slope position (Hailu et al. 2012).
Aytenew (2015) reported, soil nitrogen content decrease
with increasing slope; the content is low at steep slopes
and high at gentle slope position. In case of soil cation
exchange capacity, significant (P<.05) difference was
observed along slope positions, the highest amount was
found at gentle slope and lowest at steep slope (Table 4).
The highest CEC at gentle slope was associated with
high soil clay and organic carbon content. Former stud-
ies show, high soil CEC at gentle slope is related with the
deposition of clay minerals and organic matter into lower
slope positions, and CEC decreases as clay and organic
matter content of soil decrease (Aytenew 2015; Bekele
etal. 2016).

Factors affect farmers participation in soil and water
conservation practices

About 953% of the respondent household heads
acknowledged the presence of soil erosion (in the forms
of rill, sheet and gully) problem on their croplands
whereas 4.7% did not recognized the problem (Fig. 3).
Among the farmers’ acknowledged the presence erosion
problems on their cropland, 27.9% perceived the problem
as severe on their cropland, 41% as moderate and 26.4%
as minor. Farmers perception and understanding about
the degree of erosion problem on their cropland govern
their willingness and participation in soil and water con-
servation activities. This agrees with Tesfaye and Kasa-
hun (2015) who reported, most farmers easily identify the
problem of soil erosion in their cropland. Framers under-
standing on erosion problems determine their engage-
ment in soil and water conservation practices (Gebre
et al. 2013). Farmers who had better understanding of
soil erosion problem would take conservation action ear-
lier and invests more resources on conservation practices
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to minimize the impacts of erosion on their cropland. In
addition, interviews conducted with focus group discus-
sion (FGD) and key informants (KI) revealed the spatial
variability of soil erosion (moderate, sever and minor)
due to topographic, livestock grazing pressure, soil con-
servation practice adoption, steep slope cultivation, and
improper farming systems. Spatially, more soil erosion
problems were reported from steep slope areas, farmers
situated at the steep slope areas were more likely to par-
ticipate in conservation practices than the others.

As presented in Table 5, 93.5% of farmers participated
in soil and water conservation activities were 26—64 years
old while 6.5% were over 64 years old. The chi-square
test statistics indicated; household head age, educational
level, family size, and cropland access means were not
significantly (P>.05) influence farmers participation in
soil and water conservation activities. Whereas, house-
hold land holding size, farmland slope, contact with
development agents (extension workers), and access to
conservation training were significantly (P<.05) influ-
ence the participation of farmers in soil and water con-
servation activities. The lowest landholding size in the
study area was below .5 ha and the highest was above two
ha; only 8% of farmers using soil and water conservation
had above two ha cropland. This implies participations of
farmers with relatively larger land holding size are better
than the smaller size. Previous studies indicate, farmers
having larger farm sizes are interest to implement con-
servation technologies in their cropland than the others
(Gebre et al. 2013; Abebe and Sewnet 2014; Sinore et al.
2018).

Among farmers participated in soil and water con-
servation activities, 32% had croplands on moderate
steep slope, 49% on steep slope, and 19% at gentle slope
(Table 5). A slope situation of cropland determines farm-
ers adoption of soil and water conservation technologies
(Birhanu and Meseret 2013; Gebre and Weldemariam
2013). Atnafe et al. (2015) also reported as the slope gra-
dient of cropland increases the probability of soil erosion
risk increases and farmers use soil and water conserva-
tion practices.

Most of the farmers preformed soil and water conserva-
tion activity on their croplands had frequent contact with
extension workers (DAs), and attends training provide
by different stakeholder (e.g., NGO). Other studies indi-
cated, contact with local extension workers, and access to
training on soil conservation technologies improve farm-
ers participation in soil conservation practices (Birhanu
and Meseret 2013; Atnafe et al. 2015; Sinore et al. 2018).
The knowledge and skills obtained from extension work-
ers and training improve farmers decision and execution
of soil and water conservation technologies (Getachew
2014).

Conclusions

Mass-community mobilization based physical soil and
water conservation practices is one of the most impor-
tant approaches used to address soil erosion and land
degradation problems at national level. Most of the
physical soil and water structures built through this pro-
gram in Lemo district has technical problems on space
between bunds and gradient of graded bund. These
limitations are potential causes for soil conservation
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Table 5 Factors affect farmers use of soil and water conservation practices (n=129)

Variables Category Participant N (%) Non-participant N (%) X2
Age (year) 26-64 72(935) 40 (77) 13N
> 64 5(6.5) 12(23)
Educational status llliterate 43 (56) 20 (38)
Able to read and write 19 (25) 24 (46) 140N
Elementary school 12 (15) 3(6)
Secondary school 3(4) 5(10)
Family size (number) 1-3 6 (8) 3(6)
4-6 29 (38) 13(25) 109"
7-9 35 (45) 28 (54)
>10 7(9) 8(15)
Land size (ha) <5 4 (5) 28 (54)
6-1 23 (30) 10 (19)
1.1-15 25(32) 6(11) 17.2%%%
1.6-2 19 (25) 5(10)
>2 6(8) 3(6)
Land access means Own 67 (87) 38(73.1)
Rent 4(52) 6 (11.5) 9.01M
Share 6 (7.8) 8(15.4)
Cropland slope class Moderate 25(32) 10 (19) 15.1%%
Steep 38 (49) 23 (44)
Gentle 14(19) 19 (37)
Contact with DAs Twice per month 19(24.7) 7(13.5)
Once per month 39 (50.6) 14 (27) 18.7%**
Rare per month 18 (23.4) 25 (48)
Access to train No contact 1(1.3) 6(11.5)
DAs 63 (81.8) 29 (55.8)
NRM expert 8(104) 7(13.5)
NGO 1(1.3) 5(9.6) 16.14%*
Media 2(2.6) 5(9.6)
Neighbours 3(3.9) 6(11.5)

ns non-significant at P- value > .05
** Significant at P- value < 0.05
*** Significant at P- value < 0.001

structures malfunction, and sometimes aggravate erosion
problems through facilitating conditions further erosion.
Soil clay content, bulk density, moisture content, reac-
tion, electrical conductivity, organic carbon, total nitro-
gen, and cation exchange capacity are changed with slope
gradient; these soil properties become better at gentle
slope than the steep. However, the contribution of graded
soil bund for soil property improvement is relatively uni-
form among slope classes (steep, moderate and gentle).
The observed difference in soil properties between slope
classes is due to the effects of topography and past ero-
sion events.

In the study area, most of the household heads par-
ticipanted in soil conservation activities. Farmers land
holding size, cropland slope, access to soil and water

conservation trainings, and contact with extension work-
ers are positively influence their participation in con-
servation activities. General, through providing quality
extension services and training on soil and water con-
servation practices it is possible to enhance farmers par-
ticipation and correct the technical limitations in bund
spacing and vertical interval in the study area.

Final, future research on joint effects of topography
(slope classes), conservation practices (soil bund), and
space between consecutive bund on soil loss should be
done.
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