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Abstract

Soil degradation attributed to soil erosion is one of the most serious environmental problems in Highlands of
Ethopia. However, farmers’ adoption of introduced physical soil and water conservation measures and
maintenance of existing PSWC measures was limited on cultivated land. This study was aimed at investigating
factors affecting the adoption of introduced physical soil and water conservation practices in Bahir Dar Zuria
Woreda. Multi-stage sampling techniques were employed to select sample kebeles and representative households.
Data were collected from 132 sample households. Descriptive statistics and logistic regression models were used
to analyse the data. The descriptive result showed that improved soil bund and cut off drains are relatively
dominant conservation structures practiced by smallholder farmers. 64.8% of the respondents did not maintain
the existing soil conservation structures while only 35.2% were maintained initially adopt soil conservation
structures. On the other hand, majority of the smallholder farmers (40%) and 37% were perceived medium and
high soil erosion problem on their cultivated land. The logistic regression model result showed that the
profitability of the structure in erosion control, extension contact, training, and perception of the household head
on soil erosion problems was found to be positive and significant at a 1 % level of significance to the adoption of
PSWC measure. Membership and off-farm activity were found to influence the adoption of soil conservation
structures negatively and significantly. Therefore, to make the use and maintenance of PSWC measure
sustainable, due attention on regular follow-up and awareness creation work should be done to enable farmers
allocating their time and labour force for maintenance of soil conservation beside to other off farm activities.
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Abbreviations Full name

SWC Soil and water conservation

PSWC Physical soil and water conservation
NGO Non-governmental organization

1. INTRODUCTION

Land degradation in the form of soil erosion and nutrient depletion threatens food security and the sustainability
of agricultural production in sub-Saharan Africa (Erkossa et al., 2015). About 80% of agricultural land in the
world is suffering from moderate to severe soil erosion (Angima et al., 2003, De Graaff et al., 2009). In Ethiopia,
where agriculture is the mainstay of the national economy, its production has been highly dependent on natural
resources for centuries (Amsalu et al., 2007). However, increasing pressure due to the increased human
population has degraded vital natural resources in the country and became an atrocious threat to sustainable
agriculture (Gete and Hurni, 2001, Haregeweyn ef al., 2017). Particularly, soil degradation attributed to soil
erosion is one of the most serious environmental problems in Highlands of Ethopia (Haregeweyn et al., 2017). In
addition, nutrients are lost in agricultural land via soil erosion, crop residue removal, harvested product, and
leaching, and gaseous (Kiros et al., 2014, Van Beek et al., 2016, Ejegue, 2021). Low intrinsic soil fertility,
negative nutrient balance, limited replenishment of removed nutrients, and high erosion rates cause soil fertility
decline to become a major threat to current and future food production (Laeckemariam et al., 2016, Ejegue, 2021).
Highland areas of Ethiopia are receiving high rainfall and are occupied by high population density are likely to
be the major reason for soil erosion in the form of water erosion (Hurni et al., 2010, Haregeweyn et al., 2017).
Furthermore, the main cause of soil erosion of Ethiopia highland areas are often due to cultivation of the steep
and fragile soils, limited recycling of dung and crop residues and overgrazing (Habtamu et al., 2014);
agricultural intensification (Desta, 2010, Adgo et al., 2013,Amare et al., 2013,Adimassu et al.,2014,
Haregeweyn et al., 2017). Soil erosion problems also aggravated by a compounded factor like low adoption
SWC technology, institutions, demographic, physical factors, and policy issues (Gete et al., 2006). And also
some farmers dismantled the conservation structures once built in the past through food for work programs on
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their cultivated land (Bekele and Holden, 1999, Fisum et al., 2002, Yeraswork, 2000).

In response to soil degradation challenges, government, NGO and development partners have invested
substantial resources in promoting soil and water conservation practices since the mid-1970s and 80s as part of
efforts to improve environmental conditions and ensure sustainable and increased agricultural production
(Bekele and Holder, 1999, Menale et al., 2008, Shimelis, 2012). Combating land degradation and investing in the
soil and water conservation for future generations is a major development task promoting sustainable land
management (Hurni et al., 2010, Ejegue, 2021). Various site-specific studies in Ethiopia indicated
implementation of PSWC measures had positive effects including reduction runoff, soil loss, changing interlope
gradient, enhancing moisture storage, improving soil quality, and increasing crop productivity (Amdemariam et
al., 2011, Admassu et al., 2014, Ademe et al., 2017). In Ethiopia, a hundred and thousand kilometers of fanyajuu,
soil/stone bunds, stone-faced soil bund, and hillside terrace were constructed on croplands (Haregeweyn et al.,
2012, Kebede, 2014). However, reports indicated that physical soil and water conservation structures have not
been sustainably implemented on cultivated land by the smallholder farmers (Fisum et al., 2002, Yeraswork,
2000). These problems resulted in a negative attitude towards the adoption of soil and water conservation
structures. Similarly in the study area, there is less willingness to accept and maintain the existing physical soil
and water conservation over a reasonably long period of time in their farmland. Besides, soil erosion is a major
contributor to the prevailing food insecurity in the area. Therefore, this study aimed to investigate factors
affecting the farmers’ adoption decision of introduces physical soil and water conservation measure by
smallholder farmers on cultivated land.

2. MATERIALS AND METHODS

2.1. Description of the Study Area

The study was conducted in Bahir Dar Zuria woreda in West Gojam Zone in Amhara Regional State. It is
situated on the southern shore of Lake Tana. It is located at 565 km North West of Addis Ababa, having latitude
and longitudinal elevation between 11°25 'N- 11°55’N and 37°04°E- 37°39’E, respectively, with an average
elevation of 1840 m above sea level. The agro-climatic zone of the study area is Woyna Dega within an average
annual temperature of 210C. The annual average rainfall of the study area is between 900 mm to 1035 mm. The
entire area of the study district has a topography characterized by gently sloping to steep slopes, with undulating
mountains, rill, and gullies are common features of the study area (Astatike, 2016).This makes the area highly
exposed to serious soil erosion problem.The local geology and its interaction with climate determine the nature
and type of soil. The major portions of the agricultural soils in the district are shallow this makes the area highly
exposed to serious soil erosion problem. And some part of the district, soil is largely light brown and has sandy
loam texture with high infiltration rate. The soil types in the study area are Nitisols (red), Vertisols (black) and
Vertic Nitisol (Mekonnen, 2015). Agriculture is the dominant sector and biggest employer of the economically
active population in the study area (more than 88% of the total population). The livelihood of the community is
dependent on a mixed farming system i.e. crop production and animal rearing is the main economic activity
(Fentahun et al., 2007).
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Figure 1; Map of the study area

2.2. Sampling Techniques

Multi-stage sampling techniques were employed to select sample kebeles and respondent farmers. In the first
stage, from 32 kebele in Bahirdar Zuria woreda, three kebele namely Yinesa Sositu, Yibab Chencher, and
Yiloma Yegnfit kebele were selected purposively. The kebele selection criteria were due to relative activities in
introduced physical soil and water conservation intervention program and the problem related to lack of
maintenance of existing introduced PSWC measure and aggravated soil erosion problem due to lack of practice
soil conservation measure on cultivated land were identified by different projects actors and woreda agricultural
office. At the second stage, a list of household heads in the selected kebeles was obtained from the Kebele
offices and development agents (DAs) to stratify households into user and non-user households for this study.
The three Kebeles have a total of 2915 household heads. In the third stage, the probability proportional to size/
population technique was used to fix the number of the sample households selected from each kebeles. Finally, a
simple random sampling technique was used to select 132 respondents from user households and non- user of
PSWC measure in each kebeles on cultivated land.

Table 1. Distribution of sample household heads in each kebele

Sample kebeles Adopter Non-adopter

Yinesa Sositu kebele 483 22 596 27
Yibab Chencher kebele 288 13 638 29
Yiloma Yegnfit Kebele 369 16 541 25
Total 1140 51 1775 81

Note: N= total number of household heads, n= number of sample household
Source: Own sampling design (2017)

2.3. Method of Data Collections

Both qualitative and quantitative data were collected from primary and secondary sources through field
observation, structured household interviews, and focused group discussions. Qualitative data were collected
from elders, selected farmers, and key informants, who have adequate knowledge and information about the past
and present condition of the study area. The knowledge and information from these sources include land use,
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PSWC practices, causes for lack of continued use of existing physical soil and water conservation measures,
consequences of soil erosion. The quantitative primary data include household characteristics (age, education,
and family size), farm characteristics (source of farm plot, farm size and distance of farm plots from home),
institutional factors (training, extension contact, and membership), perception of soil erosion, causes, extents and
consequences of soil erosion, type of SWC practices and off-farm activities. Secondary data were compiled
through review various literatures of published articles and other scholarly materials conducted in Ethiopia.

2.4. Methods of Data Analysis

Qualitative data were analyzed through interpretation and conceptual generalization. For quantitative data, both
descriptive statistics and the econometric model were implemented on SPSS 20 software packages and Microsoft
Excel version. The descriptive techniques of the analysis were frequency, percentage, and piechart. Practices of
physical soil water conservation measures and continued use of existing physical soil and water conservation
measures were analyzed descriptively. Mean differences for independent variables were tested using the p-value
and chi-square test. With regard to econometric analysis, the logistic regression model was employed to
investigate factors affecting the adoption of introduced physical soil and water conservation measures on
cultivated land.

3. RESULTS AND DISCUSSIONS

3.1. Introduced physical soil and water conservation measures

The survey result showed that farmers’ in the study area practiced improved physical soil and water conservation
measures on cultivated land. Results indicated that (Figure 1) improved soil bund and cut off drains are relatively
dominant conservation structures practiced in the area. While stone bund and stone-faced soil bund conservation
measures practiced at a low level by smallholder farmers. Focus group discussants and key informant farmers
further elaborated that even if it is effective in soil erosion, the limited implementation of stone bund and stone-
faced soil bund measures was due to the labor-intensive nature of the structures, technical and maintenance
problems. And also stone used for other sources of income in the study area for making foundation in the
construction of the house. The result was consistent with the finding of Habtamu (2014), who found that the
limited implementation of the stone bund was due to the problem of the availability of larger stones around their
farm plots, labor-intensive nature for the construction and maintenance of the structure, and lack of awareness.
Similarly, Mazengia and Mowo (2011) indicated the continued use of stone bund SWC structures are challenged
by dependency to aid, unwillingness to accept technical re commendations, lack of interest by land users and
local leader, and loose partnership with development agent.

Percent
80
60 ——
40 —
66.7
20 — —] —— 39.2
21.6 13.7
0
Improved soil bund Improved stone Improved cut off Improved Stone
bund drain faced soil bund
PSWC measuress

Figure 2: Widely used PSWC measure on cultivated land.
Note that there are multiple responses. Source: Computed from survey data (2017)
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Figure 2. Widely practiced improved soil bund in the three kebeles, a) young and b) old PWC measures.

3.2. Farmers’ Continued use of existing introduced PSWC

The survey result (figure 2) showed that a farmer’s response to the maintenance of the existing PSWC measure
was categorized into four parts; reconstructed, retained, partially removed, and totally removed from cultivated
land. Results showed that 13.7% and 29.4% of respondents have retained and reconstructed physical soil and
water conservation measure respectively. In contrast, about39.2% of the respondents removed partially, and the
remaining 17.6% of respondents totally removed conservation structures from their cultivated land. The finding
was in line with Yeraswork (2000), who indicated that the majority of farmers have been totally or partially
removed conservation structures constructed on their cultivated land. This is due to physical soil and water
conservation structures need frequent maintenance, which is high labor demanding, loss of land to
conservation. .These problems resulted in a negative attitude towards the sustainability of soil and water
conservation structures. Similarly, Woldeamlak (2003) reported that more than half of the farmers that installed
conservation structures on their cultivated land did not plan to maintain and reconstruct the structures after
initially adopt the technology.
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Figure 3: Condition (status) of the existing structure on cultivated land (n=51)
Source: Field survey, 2017

The result also revealed that out of the total user sample household 64.8% of the respondent were not
maintain existing soil conservation structure while 35.2 % maintain the existing structure on cultivated land. This
implies that most farmers did not give attention to maintain soil conservation structure even though most farmers
perceived the existence and impact of erosion problems on cultivated land. The result supported with the focus
group discussion confirmed that lack of maintaining or partially and completely removed the structure was due
to difficulty to turn oxen during plowing, lack of intervention measures (follow-up) by woreda and kebeles
experts, and loss of land due to construction of the bund. The result is consistent with Legesse (2021), who found
that partially and the completely removed structure was due to the lack of farmers’ knowledge and skill to adapt
land management technologies and lack of intervention measures by government and non-governmental
organizations.
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3.3. Discouraging factors for continued use of PSWC measures and Farmers’ perception of soil erosion
The survey result indicated (Table 1) that different daunting factors were found to continue the use of existing
physical soil and water conservation measures. Of which inadequate labor (49%), loss of land to the bund
(45.1%), work is very tedious (33.3%), rodents and pests hide on the bund (19.6%), source of land (47.1%) and
few don’t believe in the use of PSWC measure (3.9%) were the major discouraging factor to smallholder
farmers’ on cultivated land. Other studies carried out elsewhere have concluded that farmers fail to adopt PSWC
technologies, not for lack of concern for sustainable land use but for the inappropriateness of the technologies
provided. For instance, in India’s semiarid tropics, farmers failed to maintain or even intentionally ruined the
introduced PSWC measures because the measures were not suitable for their small farms (Kerr and Sanghi,
1992). The result is contradicted with Kerr and Sanghi (1992) investigation because in the study area the main
problem farmers failed to the continued use or ruined the introduced PSWC measures is not because the
measures were not suitable for their cultivated land.

Table 2. Factors that daunting farmers’ to maintain existing PSWC measure (n=51)

Discouraging factor to continued use of existing PSWC measures Percent
Inadequate of labour 49.0
Loss of land to the bund 45.1
Works is very tedious 333
Rodents and pests hide on the bund 19.6
Due to source of land (rented land) 47.1

I don’t believe in the use of PSWC measure 3.9

Note that there are multiple responses
Source: computed from field survey, 2017

In addition, the survey result indicated that farmers classified their cultivated land depending on their
perception of the degree of erosion problem (i.e., extent or severity of occurrence of soil erosion on the farm
land). The respondents were given three alternatives: low, medium, and high to indicate the severity of the
problem. The survey result showed in figure 3, majority of the farmers (40%) and 37% were experienced
medium and high soil erosion problem respectively, whereas 23% of the respondents encountered low soil
erosion problems. A Chi-square test indicated that there is a significant relationship between perception of
erosion as a problem and adoption of soil and water conservation structures (2 = 18.9, P = 0.074).
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Figure 3: The bar graph showed the farmers perception and soil erosion severity.

According to Morgan (2005), the main agents of soil erosion are water and wind, each contributing a
significant influence on the detachment and transport process. Obviously, the role of water in eroding the land is
very high during the intensive rainy season while wind causes erosion during the dry windy season. Moreover,
among the interviewed smallholder farmers, about 30% and 29% ranked heavy rain and over-cultivation as the
main causes of soil erosion in the study area respectively (Figure 4). The respondents also indicated the
cultivation of steep slope and overgrazing and other factors contributing to soil erosion in the study area.
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Figure 4: The distribution of farmer’s response by perception on causes of soil erosion.
Source: Own analysis from survey data, 2017

3.4. Factors affecting use of improved structural SWC measures

This result of the binary logistic econometric model analysis conducted to investigate factors affecting the
adoption of PSWC measures (Table 3). The dependent variable was the adoption of improved PSWC measures,
which run on 132 household respondents. Econometric models estimate not only directions of relationships but
also the significance of relationships between dependent and independent variables. This model showed the
existence of positive or negative relationships between dependent and independent variables and the amount of
influence of independent variables on the dependent variable. The regression analysis was first performed for the
three sample kebeles separately. However, except for minor changes in the coefficient B the determinant
variables turned out to be similar. Therefore, the analysis was done for the whole sample households (n=132).
There were 15 explanatory variables that entered into the binary logistic model. The household characteristics
such as education, extension contact, training, perception on soil erosion, perception on the profitability of
PSWC, landholding size of the household head did have a significant impact on the adoption and maintenance of
PSWC structures in this study (Table 3). Whereas involvement in off-farm activities, membership and distance
from the farmland were affected negatively by the adoption and maintenance of PSWC measures.

Table 3. Result of Logistic model for adoption of PSWC measures on cultivated land.

Variables Coefficient S.E. Wald Sig Exp(B)
OFFARM -1.502 0.521 8.318 0.004*** 0.223
AGE 0.024 0.026 0.882 0.348 1.024
TRAIN 1.766 0.564 9.794 0.002%x** 0.671
EXTENTION 1.339 0.603 4.923 0.026** 0.515
POFSF -0.499 0.534 0.876 0.349 0.607
MEMBERSHIP -1.361 0.606 5.054 0.025%* 0.256
SEX 0.640 0.535 9.401 0.752 5.155
EDUCTION 1.616 0.505 1.487 0.223 1.851
HHSIZE 0.154 0.140 1.214 0.381 1.166
SLOP 0.688 0.560 1.507 0.220 1.990
PROF 1.570 0.530 8.774 0.003*** 4.805
SOURCEOF LAND -0.174 0.512 0.115 0.734 0.840
DISTANC -0.199 0.486 0.168 0.682 0.819
PERERO 0.736 0.541 1.851 0.074* 2.087
FRMSIZE 0.204 0.298 0.467 0.194 1.226
Constant -3.529 1.368 6.656 0.010 0.029

-2 Log likelihood= 121.725

2 =15.370 R Square= 0.6830

The result showed that contact with extension agents (EXTENTION) correlates positively (B=1.339) with
the adoption of PSWC measure and significant at a 1% level of significance. This implies that farmers having
contacts with extension agents increase by 51% (Expected percent) the adoption of soil and water conservation
structure and also tend to understand the problem of soil erosion and the benefits of conservation structure and
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they are more likely to use conservation structures. This result contradicts the finding of Aklilu (2006) in the
Beressa watershed, highlands of Ethiopia, who reported that discussions with extension staff in the area reveal
that agricultural extension is more focused on crops and livestock production than PSWC measure implantation
and maintainace of it.

Farmer's perception of the profitability of PSWC measure (PROF) correlates positively with the adoption of
PSWC measure and significant at a 1% level of significance. This implies that farmers who found the PSWC
measure profitable in the long run in erosion control and improve productivity through retaining nutrients; they
retained and redevelop the existing structure. The result was consistent with the result of Million (2004) who
found that farmers' perception of profitability of the conservation structure in erosion control affected farmers’
decisions positively.

Farmer's perception of soil erosion problem (PERERO) affects farmers decision to adopt physical soil and
water conservation measures positively and significant at 10% level of significance. The implication of the study
that a farmer who feels that his farmlands are exposed to soil erosion is more likely to adopt structural soil and
water conservation measures than those who do not perceive the problem of soil erosion. This result is consistent
with the finding of (Aberham, 2008; Woldeamlak, 2003 and Eyasu, 2005). Those found that when farmers do
not acknowledge soil erosion as a problem, they cannot expect benefits from controlling the erosion process and
it is highly likely that they can decide against adopting any conservation structure on cultivated land.

Farmers' participation in off-farm activities (OFFARM) affecting farmers' decision to adopt soil
conservation measures negatively and statistically significantly at a 1% level of significance. The implication of
the study was farmers who involve in off-farm income-generating activities were far from the farming land and
likely to put less effort into maintenance and hence on retention of conservation structures. The result was
consistent with Tenge (2004), who found that the probability use of soil conservation structures decreases with
increasing farmer’s involvement in off-farm income-generating activities. Similarly, Mekuriaw et al. (2017)
reported that off-farm activities (selling firewood) and the use of free grazing systems (communal land)
influenced the adoption of introduced SWC practices negatively and it was statistically significant. Farmers who
practiced off-farm activities such as pretty trade and selling of firewood were not maintaining PSWC structures
because off-farm activities that occur in the dry season when bunds are constructed and maintained.

Participation in training related to PSWC activity (TRAIN) was found positively and significantly
influences the adoption of PSWC at a 1% level of significance. This implies that training about PSWC measures
is one of the major sources of information to adopt PSWC. Moreover, taking training widens the household’s
knowledge with regard to increasing farmers' attributes and practices towards the adoption of physical soil and
water conservation by 67% on cultivated land. The result was consistent with Kebede (2006), who found that
training on PSWC activity has a positive influence on the adoption of soil conservation structures.

Unexpectedly membership of the farmer in local organizations (MEMBERSHIP) was found negatively and
significantly influence at a 5% level of significance with the adoption of conservation structures. This was due to
involved in membership like farmers involved in local leadership (administration) and off farm activity like
kebele organization have no time to put effort on soil conservation use and also mostly focused or discussions on
expansion of education facility in village and health service than working on PSWC measure on cultivated land.
This result contradicts the finding of Semgalawe (1998) also reported the degree of access the farmer has to
information from agricultural experts had a positive influence on conservation decisions of the recommended
type and modified types of conservation structure.

The sizes of farmland (FRMSIZE) affect positively the farmers’ decision on the adoption of structural soil
and water conservation measure. This implies farmers with larger farm size can afford to retain and reconstruct
structures compared to those with relatively lower farm size that part of the scarce productive land occupy by
conservation structures. Our finding was consistent with the finding of Amsalu and De-Graaff (2007) found that
farmers who have large farms are more likely to invest in soil conservation measures. Furthermore, Kebede
(2014) revealed that farmers who had larger farms are more likely to apply SWC measures than those whose
farms are relatively small.

The variable household plan to continue in farming activity (POFSF) correlates negatively with the
adoption of PSWC measures. This implies that households plan to leave farming activity influences farmers
‘decision to adopt PSWC measure negatively due to limiting the planning horizon of farmers on cultivated land.
This result contradicted with Lee and Stewart (1983), who found a longer planning horizon, tends to encourage
conservation decisions by increasing the present value of expected net return and by allowing sufficient time to
maintain and retained conservation structure.

4. CONCLUSION RECOMMENDATION

Different PSWC measures are practiced on cultivated land by smallholder farmers. Among these improved soil
bund, cut off drain are relatively dominant conservation measures practiced in the area. While Stone bund and
stone-faced soil bund conservation measures practiced at a low level. The continued use of existing soil and
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water conservation structures through maintaining and retained were varied among households. Even though
majority of the smallholder farmers were perceived medium and high soil erosion problem on their cultivated
land, majority of the smallholder farmers not maintain the existing structures due to different discouraging
factors among these inadequate labours, loss of land to the bund and works is very tedious to smallholder
farmers. The result of the study showed that farmers’ decision to adopt the introduced PSWC measures was
influenced by multiple factors such as demographic, physical, institutional, and economic factors. The
profitability of the PWC structure on soil erosion control, extension contact, training, and perception of the
household head on soil erosion problems are found to be positive and significant to households’ adoption of
PSWC measure while off farm and membership are found to influence the adoption of soil conservation
structures negatively and significantly. To make the use and maintenance of PSWC measure sustainable, the
Woreda Agricultural officials should give due attention to regular follow-up, delivering training, and
encouraging farmers who have a better performance in using and maintaining existing PSWC measures.
Considering the essence of these factors might contribute to designing appropriate strategies to attain approach
and technical change in sustainable natural resource conservation process in the study area under similar
conditions. Furthermore, awareness creation work should be done to enable farmers allocating their time and
labor force for the maintenance of soil conservation besides to other off-farm activities. Further research should
be conducted on the effectiveness of introduced physical soil and water conservation-related to soil fertility
improvement in the district.
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