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“Contribution of Soil and Water Conservation Practices to Livelihood Improvement and Land Resource Restoration in Meribo and Halu Sub-Watersheds, Wondogenet Woreda, Sidama Region, Ethiopia.”
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Land degradation has long been a major environmental and socio-economic challenge in Ethiopia, particularly in Wondogenet Woreda. This study aimed to examine the contribution of soil and water conservation (SWC) practices to rural livelihoods and land resources.
A cross-sectional research design was employed using mixed (quantitative and qualitative) approaches. Data were collected from 162 household heads selected through purposive and simple random sampling. Quantitative data were analyzed using SPSS version 25 with descriptive statistics (frequency, percentage, mean, and standard deviation) and inferential statistics (independent sample t-test and binary logistic regression). Qualitative information from key informant interviews and focus group discussions was analyzed narratively for triangulation.
The results indicate that the most common physical SWC practice was Fanjuu (47.6%), while the dominant biological practices were agroforestry (45.2%) and crop rotation (40.7%). Among soil improvement measures, mulching (50%) was the most widely used. Participation in SWC practices was associated with improved livelihoods, with mean annual household income increasing from 28,096 birr (non-participants) to 32,681 birr (participants). SWC practices also enhanced land resources by improving soil fertility, increasing grass and tree cover, enhancing water availability, and reducing soil erosion and flooding. Key determinants influencing SWC adoption included labor availability, education level, land fertility, access to credit, distance to plots, training, slope category, and household income.
In conclusion, SWC practices significantly contribute to both livelihood improvement and land resource sustainability in the study area. Strengthening technical support from local institutions and promoting both physical measures (e.g., soil bunds and fanjuu) and biological practices that enhance soil organic matter are recommended to sustain and scale up the benefits.
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[bookmark: _Toc52080095][bookmark: _Toc52108227][bookmark: _Toc52179110][bookmark: _Toc80428691]1. Introduction 
On a global scale, the annual loss of 75 billion tons of soil costs the world about US$ 400 billion per year or approximately US $70 per person per year. Thus, land degradation will remain an important global issue of the 21st century because of its adverse impact on agronomic productivity, the environment, and its effect on food security and the quality of life (Eswaran, 2001). Agricultural sector play a vital role to improve economic development,enhance food security, and alleviate poverty. Nevertheless, depletion of natural resource is one of the majo problems throughout the world. The survey report for soil degradation in the International Soil Reference and Information centers indicated that nine million hectares of land is degraded all over the world (Mohammed et al., 2018). In addation to about 47 percent of degrading land globally is forest; crop land  accounts for about 18 percent of the whole degraded land (Bai et al., 2013). About two billion people and 1.9 billion hectares of land are affected by way of land degradation globally (Naseer& Pandey, 2018). It is estimated that land degradation expenses the international economic system between $18-20 trillion USD yearly (UNCCD, 2019). Ethiopia is dependent on agriculture to satisfy the demands for food and other goods and services. Conversely, the role of agriculture in improving poverty and food insecurity is undermined owing to land degradation such as soil erosion and nutrient depletion (Asnake, Heinimann, Gete, &Hurni, 2018), which resulted in diminishing of crop and livestock productivity (Akalu, De Graaff, &Menale, 2016). Similarly Land degradation is one of the socio-economic and environmental challenges in Ethiopia, which is caused by in appropriate agricultural practice, steepness of the farm land, undulated topography, erratic rainfall, low vegetation cover, severe water erosion and weak land resource management (Awulachew, 2017).

Proper use of soil and water conservation practices in agriculture and forestry play an important role in global prosperity, benefiting billions of people who depend entirely on farming and forest products for their livelihood (Adams & Eswaran, 2000). In addition soil and water conservation practices are primarily geared towards coping with a high degree of uncertainty, minimizing risk, and meeting subsistence needs, rather than maximizing production and profits (Scoones, 1998).According to Hailu (2017) that soil and water conservation measures improved soil textures, reduce bulk density, increase infiltration rate, increase organic matter content and increase nutrient availability, thus in Zeiy watershed households who practiced soil and water conservation a field with improved soil fertility than non-practiced households. This could be another reason for the increase in yield of those households who practiced soil and water conservation than non-practiced households.  In addition to (Hadush, 2015) revealed that crop production increase to 0.673 ton/ha in smallholder farms that adopted SWC measures in Adwa district, Tigray region. Zenebe (2017) conducted on Impacts of Soil and Water Conservation Practices on Crop Yield, Run-off, Soil Loss and Nutrient Loss in Ethiopia: Review and Synthesis. The review and synthesis showed that most physical soil and water conservation practices such as soil bunds and stone bunds were very effective in reducing run-off, soil erosion, and nutrient depletion.Yenealem (2013) was studied  a study titled “Impact of Integrated Soil and Water Conservation Program on Crop Production and Income in West Harerghe Zone, Ethiopia . Used to estimates of propensity score matching (PSM indicate the existence of a positive additional significant crop production value premium of birr 1,510.42 (US$ 80.55) per hectare and annual gross income of birr 4,288.29 (US$ 228.7) for program groups compared to non-program groups. This indicates that on average participant households earned 8.3 percent more crop production value per hectare and 21.2 percent more gross household income than their matches. The independent analysis result of the data also revealed that the value of crop production was fairly higher on moisture stress program kebeles (1,771.35 EB/hectare) than in the high rainfall areas of the program (1,439.28 EB/hectare). Therefore, in an agricultural dependent country like Ethiopia, soil and water conservation is crucial in improving the livelihoods of the rural farm households

Even though the government of Ethiopia promoted various SWC practices, farmers could not implement practices and improve agricultural productivity (Asnake et al., 2018). The performances of SWC practices are less effective and mostly undertaken in campaigns without the full participation of crop producers and livestock keepers. Demographic, economic, institutional and physical factors influence farmers’ decision on adoption of agricultural technologies (Belete, 2017; Berhanu et al., 2016; Damtew, Husen, &Demeku, 2015; Daniel & Mulugeta, 2017; Kebede & Mesele, 2014; Mohammed et al., 2018; Mulie, 2012; Yitayal& Adam, 2014; Zemenu&Minale, 2014).  Similarly result showed that  in Wondogenet woreda According to Kebede (2015) studied Soil erosion risk assessment in the Chaleleka wetland watershed, Central Rift Valley of Ethiopia  Increased flooding and newly formed rills and gullies were observed in the Cheleleka wetland watershed.These events were  due to problems related to land-use changes and are adversely affecting land productivity .The result showed that  only 13.6 percent of the study area has a soil loss value of fewer than 10 tons per hectare per year with the remaining area experiencing a higher soil loss value. A large area, 53.6 percent of the watershed, is under severe to extremely severe soil loss (>45 tons per hectare per year). Another 17.3 percent of the study area has an annual soil loss of 20–45 tons per hectare. Therefore, a significantly large area of the Cheleleka wetland watershed ( Wondogenet area )  has non-tolerable soil erosion that threatens annual crop production, land productivity, and hydrological functioning of the area. From the conservation perspective, a large proportion of the watershed needs immediate watershed management intervention. Thus researches on SWC practices among smallholders are limited and have not yet been studied in Wondogenet Woreda, which are crucial for designing policies and strategies (Asnake et al., 2018). Therefore, the objective of this study was to examine the contribution of soil and water conservation practices to rural livelihoods and land resources .in the study area.

2. Methodology
2.1. Description of the Study Area
The study area is located approximately 272 km south of Addis Ababa and 24 km east of Hawassa City in the Sidama Regional State (WGWA, 2020). Geographically, it lies at 7°06′ N latitude and 38°37′ E longitude (Figure 1). The altitude of the area ranges from 1,720 to 2,620 meters above sea level.
The climate is characterized by Woina Dega (62%) and Dega agro-climatic zones. The area receives bimodal rainfall, with the short rainy season occurring from March to May and the long rainy season from July to October. The mean annual rainfall is approximately 1,700 mm. The mean annual temperature is 28 °C, while the mean minimum temperature is 10 °C (Wondo Genet District Office of Agriculture, 2024).
The major land-use types in the area include agriculture (10,106 ha), grazing land (2,484.68 ha), forest (1,333.8 ha), and residential areas (571.38 ha). The main crops produced are cereals, vegetables, fruits, cash crops, and root crops, with maize, barley, and wheat being the dominant cereals.
Regarding soils, the highland areas bordering the Rift Valley are characterized by moderately weathered dark reddish-brown soils with a clay-loam texture (Mengistu, 2004). In contrast, soils at the lower elevations of Wondo Genet are deep, loamy, and relatively fertile Mollic Andosols (FAO, 1988).
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Figure 1.Map of the study area





2.2.1 Sampling Procedures and Sample Size Determination
This study employed a cross-sectional design integrating both quantitative and qualitative research approaches. The study area was purposively selected based on accessibility in terms of transportation and communication infrastructure. Subsequently, two kebeles within the woreda were also selected purposively due to the presence of active soil and water conservation interventions.
At the final stage, household respondents were selected using simple random sampling with probability proportional to size (PPS) to ensure that households in each watershed had an equal chance of being included while reflecting their population share.
Sample Size Determination, the required sample size was determined using the rule-of-thumb formula proposed by Green (1991), which is commonly applied in regression analysis to ensure adequate statistical power:
Where: = minimum required sample size  = number of explanatory (independent) variables included in the regression model   50 = constant representing the base sample size 8 = multiplier representing the recommended number of observations per predictor variable In this study, the regression model included 14 explanatory variables (  ). Therefore: Thus, the minimum required sample size was 162 households, which was adopted for the survey.
Sample Allocation, the total sample was proportionally distributed between the two study watersheds based on the number of households: Meribo watershed: 98 households Hulo watershed: 64 households.  Accordingly, a total of 162 sample households were selected and included in the analysis.




2.2.2. Data types and method of data collection
In order to get adequate information, both quantitative andqualitative data were collected from primary and secondary sources. The secondary data were collected from differentpapers, while the primary data were collected from surveyed households supplemented by key informants,focus groups discusstion  and field observations.

2.2.3. Method of data analysisThedata were analyzed using both descriptive and inferential statistics. The descriptive analysis includes frequency, percentage, mean, and standard deviation were used to assess the major types of SWC activities,an independent t-test was usedto examine the contribution of soil and water conservation practices in improving the livelihood of families in the study sub-watersheds. Likewise, an independent t-test was used to analyze the contribution of soil and water conservation practices to land sources. Furthermore, binary logistic regression analysis was used to analyze determinant factors of soil and water conservation practices within the study area

2.3. Hypothesized variables
2.3.1. Dependent variable
The dependent variable in this study isthesoil and water conservation practice of the household head.Household heads who participate in at least one of the different soil and conservation practice on their farmlandand assumed one and become a participant.Those household heads who did not participate in any of the different soil and conservation practice on their farmlandandassumedzero and become non-participant.

2.3.2. Independent variables
There is no general rule that orders which variables to be included in the model (Anderson, Mekonen, & Stage, 2011). However, the researcher was guided by empirical studies to know which variables affect the dependent variable (Bryson et al., 2002). Accordingly, the researcher identified different demographic, social, and economic factors. The variables are Gender, Age, Family size, Labor, Education level, Land size, TLU, Land fertility, Credit, Distance, Training, Slope category, Extension service, and Income

RESULTS AND DISCUSSION
4.1 Types of SWC Activities Undertaken in the Study Area
This section presents the major soil and water conservation (SWC) activities practiced in the study watersheds. Respondents ranked the practices according to their level of participation. A weighted ranking index was calculated by multiplying each rank value (1–4) by the corresponding frequency, and the sum of scores was used to determine the relative importance of each practice.

Table 1: Physical types of Soil and Water Conservation Measures

	Watershed
	Physical practice
	Rating Scale 
	Rank sum
	Rank

	
	
	Rank 1
	Rank 2
	Rank 3
	Rank 4
	
	

	Meribo watershed
	Fanjuu
	20
(47.6)
	10
23.8)
	8
(19.0)
	4
(9.5)
	130
	1

	
	Soil bund
	13
(31.0)
	18
(42.9)
	6
(14.3)
	5
(11.9)
	123
	2

	
	Wooden check dam
	6
(14.3)
	14
(33.3)
	16
(38.1)
	6
(14.3)
	104
	3

	
	Cut of drain
	9
(21.4)
	10
23.8)
	9
(21.4)
	14
(33.3)
	98
	4

	Halo watershed
	Fanjuu
	11
(40.7)
	6
(22.2)
	7
(25.9)
	3
(11.1)
	79
	1

	
	Soil bund
	5
(18.5)
	10
(37.0)
	5
(18.5)
	7
(25.9)
	72
	2

	
	Wooden check dam
	5
(18.5)
	7
(25.9)
	6
(22.2)
	9
(33.3)
	62
	4

	
	Cut of drain
	6
(22.2)
	7
(25.9)
	9
(33.3)
	5
(18.5)
	68
	3



4.1.1 Physical SWC Practices
The results in Table 1 indicate clear differences in the adoption of physical SWC measures between the two watersheds.
In Meribo watershed, Fanjuu was ranked first (rank sum = 130), with nearly half of respondents (47.6%) identifying it as their primary practice. Soil bunds followed as the second most practiced measure. Conversely, cut-off drains received the lowest ranking, indicating relatively limited adoption.
Similarly, in Halo watershed, Fanjuu also ranked first (rank sum = 79), confirming its importance across both sites. However, wooden check dams were the least preferred practice in this watershed.
These findings suggest that farmers tend to prioritize physical measures that are perceived as more effective and manageable within their local biophysical conditions, while labor-intensive or less immediately beneficial structures receive lower adoption.
Table 2: Biological types of Soil and Water Conservation Measures

	Watershed
	Biological practice
	Rating Scale 
	Rank sum
	Rank

	
	
	Rank 1
	Rank 2
	Rank 3
	Rank 4
	
	

	Meribo watershed
	Agroforestry
	19
(45.2)
	11
(26.2)
	7
(16.7)
	5
(11.9)
	128
	1

	
	Intercropping
	13
(31.0)
	16
(38.1)
	8
(19.0)
	5
(11.9)
	121
	2

	
	Crop rotation
	6
(14.3)
	13
(31.0)
	15
(35.7)
	8
(19.0)
	101
	3

	
	Grass strip
	6
(14.3)
	13
(31.0)
	9
(21.4)
	14
(33.3)
	95
	4

	Halo watershed
	Agroforestry
	5
(18.5)
	10
(37.0)
	7
(25.9)
	5
(18.5)
	69
	2

	
	Intercropping
	5
(18.5)
	5
(18.5)
	9
(33.3)
	8
(29.6)
	61
	3

	
	Crop rotation
	11
(40.7)
	5
(18.5)
	6
(22.2)
	5
(18.5)
	76
	1

	
	Grass strip
	5
(18.5)
	5
(18.5)
	8
(29.6)
	9
(33.3)
	60
	4


4.1.2 Biological SWC Practices
As shown in Table 2, the dominant biological SWC practices varied between watersheds.
In Meribo watershed, agroforestry ranked first (rank sum = 128), indicating its strong integration into local farming systems. In contrast, crop rotation was the top-ranked practice in Halo watershed (rank sum = 76).
Key informant interviews and focus group discussions revealed that both agroforestry and crop rotation are widely recognized for improving soil fertility, enhancing moisture retention, and increasing overall farm productivity. Farmers reported maintaining diverse multipurpose tree species—such as mango, enset, moringa, and papaya—within their homesteads, which contribute to food, income, and ecological stability.
Grass strips were consistently ranked lowest in both watersheds. Participants explained that limited extension support and the perception that grass strips reduce cultivable land area discouraged their adoption.

[bookmark: _Toc64236737][bookmark: _Toc80428740]Table 3: Soil Management types of Soil and Water Conservation Measures
	Watershed
	Soil Mgt.
	Rating Scale 
	Rank sum
	Rank

	
	
	Rank 1
	Rank 2
	Rank 3
	Rank 4
	
	

	Meribo watershed
	Mulching 
	21
(50.0)
	9
(21.4)
	8
(19.0)
	4
(9.5)
	131
	1

	
	Contour faming 
	13
(31.0)
	17
(40.5)
	6
(14.3)
	6
(14.3)
	121
	2

	
	Organic composite 
	8
(19.0)
	9
(21.4)
	16
(38.1)
	9
(21.4)
	100
	3

	
	Inorganic fertilizer 
	8
(19.0)
	11
(26.2)
	9
(21.4)
	14
(33.3)
	97
	4

	Halo watershed
	Mulching 
	7
(25.9)
	5
(18.5)
	7
(25.9)
	8
(19.0)
	65
	4

	
	Contour farming 
	12
(44.4)
	7
(25.9)
	5
(18.5)
	3
(11.1)
	82
	1

	
	Organic composite 
	6
(22.2)
	7
(25.9)
	9
(33.3)
	5
(18.5)
	68
	3

	
	Inorganic fertilizer 
	9
(33.3)
	10
(37.0)
	3
(11.1)
	5
(18.5)
	77
	
2



4.1.3 Soil Management Practices
The results in Table 3 highlight differences in soil management priorities between the two watersheds.
In Meribo watershed, mulching was the most widely practiced measure (50% ranked it first; rank sum = 131). This reflects the area’s moisture stress conditions and the availability of crop residues, which make mulching an effective moisture-conservation strategy.
In Halo watershed, contour farming ranked first (rank sum = 82), likely due to the watershed’s topography and relatively higher moisture availability, which favor erosion-control practices.
The least adopted practices differed by location: inorganic fertilizer ranked lowest in Meribo, whereas mulching was least practiced in Halo. Discussions with farmers indicated that these patterns are influenced by differences in residue availability, rainfall conditions, and local management priorities.

[bookmark: _Toc80428719]4.3. The Contribution of SWCPractice in Improving Livelihood of Families
In this section of the study, soil and water conservation practice (SWCP) contribution in improving families’ livelihood was summarized and discussed. The results are presented as follows
[bookmark: _Toc80428741]Table 4:The Contribution of SWC Practice for Income and Livestock Amount
	
Variables
	SWCP
	

t-test
	p-value 

	
	Participant
	Non-participant
	
	

	
	Mean
	SD
	Mean
	SD
	
	

	Total Income
	32681.42
	4850.16
	28094.0
	4131.60
	7.30
	0.000

	TLU
	5.63
	2.48
	3..61
	1.99
	2.90
	0.004


Source: Own survey, 2024

Table 4. shows a significant difference between soil and water conservation participant households and non-participant households on the average annual income. The result of the independent samples t-test was significant (t = 7.30, p <0.01).Participant households’ average income was more significant than those of non-participant households. 
According toTable 4, there is a significant difference between farmers who implemented SWCP and not in their livestock holdings.  . The result of the independent samples t-test was significant (t = 2.90, p <0.01), indicating that those who implemented SWCP have more number of TLU than their counterparts. Inconsistent with this finding, Abebe (2015) stated that the mean livestock-keeping income of adopters and non-adopters is 41121 Birr and 36803 Birr, respectively. 
[bookmark: _Toc80428742][bookmark: _Toc52179137]


Table 5:The Contribution of SWC practice for Cereal Crops Annual Harvest in Quintal
	
Cereal crops
	SWCP
	

t-test
	p-value 

	
	Participant
	Non-participant
	
	

	
	Mean
	SD
	Mean
	SD
	
	

	Maize
	57.85
	13.97
	43.11
	9.28
	6.04
	.000

	Barely
	30.48
	3.65
	21.41
	1.21
	13.75
	.000

	Wheat
	39.41
	2.94
	26.32
	0.33
	25.44
	.000


Source: Own survey, 2020

Table 5 showed a significant difference between soil and water conservation practice participant households and non-participant households on the average annual maize production. The result of the independent samples t-test was significant (t = 6.04, p <0.01), indicating that participant households’ average annual maize production was significantly greater than the average production of non-participant households. According to Ayalew (2011),  similar maize yield was increased four-fold, from 40quntai-160 quintal per ha in In Southern region of Ethiopia due to participation in soil and water conservation practice in their farmland. Gatbel (2018) also indicated that the mean maize crop yield for SWC of householdswhopracticedSWCwashigher than those who did not practice SWC (44.74 and 23.29 quintal per hectare per household respectively). Likewise, Tadele (2016) found thatthe major cereal crop productivity of SWC adopters was greater than non-adopters.   
Key informants pointed out that the difference in crop productivity betweenparticipant households and non-participant households was due to the implementation of SWC practices. The group discussants also confirmed the difference in maize productivity due to SWC practices. There was also a similar significant difference in barley and wheat production between SWC participant and non-participant households (table 5). SWC participants could be able to harvest more cereal crops than non-participants.Similar findings were observed in studies conducted in different parts of Ethiopia (Ayalew,2011);Tadele K,2016;  Tesfaye and Fanuei, 2019).
[bookmark: _Toc80428743]

Table 6: The Contribution of SWC practice for Cash Crops Annual Harvest
	
Cash crops
	SWCP
	

t-test
	p-value 

	
	Participant
	Non-participant
	
	

	
	Mean
	SD
	Mean
	SD
	
	

	Khat
	287.41
	37.77
	200.78
	35.83
	12.93
	.000

	Sugarcane
	23.41
	37.86
	17.23
	33.66
	0.45
	.654


Source: Own survey, 2020
Table 6 showed a significant difference between soil and water conservation practice participant households and non-participant households on the average annual khat production. The result of the independent samples t-test was significant (t = 12.93, p <0.01), indicating that the average khat productionsignificantly differed between the participant households (Mean = 287.41) and non-participant households (Mean = 200.78). Similarly, Mekonen and Gebreyesus (2011) found that implementing SWC measures had a positive impact on grain and biomass yield and the increment of more than 25% for grain and 30% for biomass yields. According to Muluken (2020),khat is the major cash crop is grown in easternHarereg  Ethiopia and soil and water conservation. It plays a significant role in increasing production by promotingsoil and water conservation practices.
The key informants indicated that khat is the most common cash crop in both Meribo and Halo watersheds. Although it is a common cash crop, SWC participant households get more khat productivity per hectarethan SWC non-participant households. As summarized inTable 6, there is no significant difference (t = 0.45, p >0.10), between soil and water conservation practice participant households and non-participant households on the average annual sugarcane production.
According to the group's discussion result indicated that sugarcane is the least cash crop harvested in both studied areas. This is because of the long time sugarcane required to be harvested from their farmlands.
[bookmark: _Toc80428744]
Table 7:The Contribution of SWC practice for Root Crops Annual Harvest
	
Root crops
	SWCP
	

t-test
	p-value 

	
	Participant
	Non-participant
	
	

	
	Mean
	SD
	Mean
	SD
	
	

	Sweet potato
	234.90
	107.36
	199.59
	36.82
	1.80
	.077

	Potato
	261.23
	34.42
	133.78
	24.27
	17.27
	.000

	Enset
	331.16
	56.15
	188.74
	49.25
	10.77
	.000


Source: Own survey, 2020

Table 7 showed a significant difference between soil and water conservation practice participant households and non-participant households on the average annual sweet potato production. The result of the independent samples t-test was significant (t = 1.80, p <0.10), The key informants indicated that sweet potato is the next to maize and kahat common Root crops in Meribo watershed.
As it is indicated inTable 7, the same is true for potato and enset production. There were significant differences(t = 17.27, p <0.01; t = 10.77, p< 0.01)  between soil and water conservationparticipantandnon-participant households on their average annual production of potato and enset respectively. According to group discussants,potato is a root crop next to barley and wheatin Halo watershed. .Similar significant difference in potato and enset production was reported by Ayalew (2011) in the Southern region of Ethiopia.

[bookmark: _Toc80428745]Table 8:The Contribution of SWC practice for Vegetable Crops Annual Harvest
	
Vegetable crops
	SWCP
	

t-test
	p-value 

	
	Participant
	Non-participant
	
	

	
	Mean
	SD
	Mean
	SD
	
	

	Cabbage
	296.58
	19.73
	200.99
	17.49
	20.03
	.000

	Tomato
	255.91
	45.61
	170.32
	21.25
	6.96
	.000

	Avocado
	243.45
	29.77
	145.36
	45.90
	12.07
	.000

	Mango
	307.69
	76.55
	181.43
	83.01
	7.53
	.000


Source: Own survey, 2020
There were significant differences(P < 0.01) between soil and water conservation practice participantandnon-participant households on their average annual production of cabbage, tomato, avocado and mango (Table 8). The focus group's discussion reported that soil and water conservation users adopted improved seeds, organic and inorganic fertilizers mulching on their farmlands which resulted in improved productivity of cabbage, tomato, avocado, and mango per hectare.
The key informants also indicated that the presence of perennial crops such as avocado and other biological conservation measures like grass strips in their farms protect fields from both water and wind erosion and hold soil nutrients in place which is beneficial for avocado production.
In general, Adgo et al., (2013), Kebede and Mesele (2014),stated that investments in soil and water conservation (SWC) practices enhance crop production, food security, and household income. Soil and water conservation practices have the potential to boost crop productivity.
[bookmark: _Toc80428720]4.4. The Contribution of SWCP to Land Resources
In this section, the contribution of soil and water conservation practice (SWCP) to land resources was summarized and discussed. The results are presented as follows:
[bookmark: _Toc64236743][bookmark: _Toc80428746]Table 9: The Contribution of Soil and Water Conservation Practices to Land Sources
	
No.
	
Variables
	HD
	D
	NC
	I
	HI

	
	
	

	

	

	

	

	

	

	

	

	


	1
	Land fertility
	0
	0.0
	9
	5.6
	53
	32.7
	88
	54.3
	12
	7.4

	2
	Grass supply
	3
	1.9
	8
	4.9
	57
	35.2
	77
	47.5
	17
	10.5

	3
	Number of trees
	4
	2.5
	6
	3.7
	57
	35.2
	77
	47.5
	18
	11.1

	4
	Water supply
	4
	2.5
	6
	3.7
	55
	34.0
	77
	47.5
	20
	12.3

	5
	Soil erosion
	29
	17.9
	73
	45.1
	57
	35.2
	3
	1.9
	0
	0.0

	6
	Flooding
	31
	19.1
	75
	46.3
	53
	32.7
	3
	1.9
	0
	0.0

	7
	Availability of forage
	3
	1.9
	4
	2.5
	51
	31.5
	80
	49.4
	24
	14.8


Note: HD=Highly decreased, D=Decreased, NC=No change, I=Increased, and HI=Highly increased
Source: Own survey, 2020
In line with land fertility,As it is indicated in Table 9,the majority of sampled respondents(54.3%) agreed thatsoil and water conservation practice increases land fertility.  The key informants indicated that even though most of the respondents in the studied watersheds believe that there is a lot to be gained from the soil and water conservation practicesfew respondents in the studied watershed’s believed that soil and water conservation practice decreases land fertility. Their misunderstanding comes from the inability of farmers to get assistance from agricultural development agents.  They live far from the center and have no real information about soil and water conservation practices. Similarly, studies (Mekuria et al., 2017;Damene et al., 2013; Mekuria and Aynekulu,  2013; Descheemaeker et al. 2009) reported that soil and water conservation practices had a high contribution in restoring soil fertility by increasing organic matter of soil, the holding capacity of water, and nutrient availability in the soil. 
Regarding grass supply,as presented in table 9,58% offarmersanswered thatsoil and water conservation practice increases grass supply,whereas6.8% of themindicated thatsoil and water conservation practice decreases grass supply.The focus group's discussantsreported that some of the landsareprotected from animal and human intervention, they could produce more grasses which enable farmers to use it as fodder for their livestock. Inconsistent with this finding, Mekuria and (Veldkamp,2012; Asefa et al. 2003; Mengistu et al. 2005) indicated that SWC practices highly contributeto the increment of grass supply.
 The majority of sampled respondents (58.6% ) argued thatSWC practice increases the number of trees (Table 9).The key informants indicated that fuelwood is one of the critical problems in the studied watersheds.Adopters ofsoil and water conservation practice usually use planting trees for multi-purposes. They plant cord Africana, mango, avocado trees grown on their private plots of land. ]In line with this finding, Mekuria, and Veldkamp,2012;Mengistu et al. 200;Asefa et al. 2003) reported  the  contribution of SWC in increasing vegetation cover and biodiversity
The majority of respondents (63 and 65.4 %) explained that erosion and flood hazards were decreased respectively as a result of SWC practices. Similarly,the majority (64.2 and 59.8%) of respondents reported that the availability of forage and water was improved respectively as a resultof their  SWC practices (Table 9).  The key informants explained that soil and water conservation practice helps to protect the removal of fertile topsoil in the farmland and percolate the rainwater percolate down which resulted in the availability of water and forage in the watersheds.In corresponding to this finding, Anwar et al. (2016) stated that contribution of soil and water conservation practices to increasing groundwater recharge.


[bookmark: _Toc68611931]Figure 2: Change in the Implementation ofSWCP to Land Resource
Source: Own survey, 2020
As Figure 2 presents, sampled respondents were asked whether the implementation of SWCP brings change to their land resources or not. Accordingly, 63% of respondents indicated that the implementation of SWCP brings change to their land resources. In contrarily, 37% of farmers were not benefited from the implementation of SWCP. The result implies that the majority of farmers in the study area were benefited from the implementation of SWCP. The key informants also added that soil and water conservation practice helps ‘increasing vegetation cover and biodiversity,enhancing ecosystem carbon stocks,reducing soil erosion,restoring soil fertility,increasing groundwater recharge. 
[bookmark: _Toc80428721]
4.5. Determinant Factors of Soil and Water Conservation Practices
[bookmark: _Toc517231894][bookmark: _Toc80428747]Table 10: Results of Binary Logistic Regression Model
	Variables
	Β
	S.E
	Wald
	p-Value
	Exp(β)

	Gender
	-.018
	.856
	.000
	.983
	.982

	Age
	-.016
	.025
	.414
	.520
	.984

	Family size
	-.144
	.263
	.302
	.583
	.866

	Labor
	.460
	.207
	4.912
	.027
	1.584

	Education level
	.861
	.391
	4.848
	.028
	2.366

	Land size 
	2.663
	1.823
	2.133
	.144
	14.339

	Tropical livestock units
	.091
	.115
	.632
	.427
	1.096

	Land fertility
	-.878
	.485
	3.280
	.070
	.416

	Credit
	1.200
	.628
	3.652
	.056
	3.319

	Distance
	-.054
	.031
	2.976
	.085
	.948

	Training 
	1.544
	.603
	6.559
	.010
	4.684

	Slope category
	1.146
	.447
	6.569
	.010
	3.146

	Extension service
	1.048
	.767
	1.866
	.172
	2.853

	Income
	.173
	.069
	6.292
	.012
	1.189

	Constant
	-13.105
	3.618
	13.117
	.000
	.000

	Chi-Square
	114.18
	
	
	
	

	p-value
	0.000
	
	
	
	

	Pseudo R2
	0.679
	
	
	
	


Note: β= Binary logit coefficient (Estimate), SE=Standard Error
Source: Computed from own survey, 2020
[bookmark: _Toc80428724]The chi-square result (χ² = 114.18, p < 0.001) indicates that the logistic regression model is statistically significant. This shows that the independent variables included in the model—gender, family size, labor force, education level, land size, tropical livestock unit (TLU), land fertility, credit access, distance to plot, training, slope category, extension service, and income—jointly explain variations in the adoption of soil and water conservation (SWC) practices. The significant variables are discussed below.
Labor Force
Labor force was statistically significant at the 5% probability level and showed a positive association with SWC practice. The positive regression coefficient indicates that households with a higher proportion of productive-age members (15–65 years) are more likely to adopt SWC practices. Specifically, holding other variables constant, an increase of one unit in labor force increases the odds of adopting SWC practices by a factor of 1.584.
This suggests that households with more active agricultural workers are better able to invest in labor-intensive conservation measures. Similar findings were reported by Abiyot (2016), who found a positive relationship between labor availability and SWC adoption. Likewise, Akalu et al. (2015) showed that farm labor availability significantly influences both initial and final adoption stages of SWC practices. Tesfaye (2017) also noted that larger household labor capacity enhances farmers’ decisions to implement sustainable land management (SLM) practices.
Educational Level
Educational level has a positive and statistically significant effect on SWC adoption at the 5% level. The odds ratio indicates that an increase of one unit in education raises the likelihood of adopting SWC practices by a factor of 2.366.
This implies that educated farmers are more likely to understand soil erosion problems and adopt appropriate conservation measures. Gatbel (2018) similarly found that education enhances awareness of erosion risks and mitigation strategies. Tsegaye (2014) and Tizazu (2017) also confirmed that education significantly improves the adoption of SWC practices by enhancing farmers’ ability to access information and interact with extension services.
Land Fertility
Land fertility shows a significant relationship with SWC adoption. Households with highly fertile land tend to participate less in SWC practices, whereas those with less fertile land are more actively involved. This may be because farmers with fertile plots perceive lower immediate risk from land degradation. Amsalu (2006) reported a similar negative association between high land fertility and SWC adoption.
Credit Facility
Access to credit has a positive and significant effect on SWC practice. The regression coefficient indicates that households with credit access are more likely to adopt conservation practices, as credit enables investment in inputs such as organic fertilizers and improved seeds. This finding is consistent with Tadele (2016), Alufah et al. (2013), and Boureima et al. (2018), who all reported that credit availability significantly enhances adoption of SWC technologies.
Distance to Plot
Distance from the homestead to farmland has a negative and statistically significant effect on SWC adoption. The odds ratio (0.948) indicates that as distance increases by one unit, the likelihood of adopting SWC practices decreases. This suggests that farmers are less likely to invest in conservation measures on distant plots due to reduced supervision and higher labor costs. Similar results were reported by Abdallah (2017), Derajew et al. (2013), and Simon et al. (2012).
Training
Training was highly significant (p < 0.001) and positively influenced SWC adoption. Households that received training were more likely to implement conservation practices, as training enhances awareness, skills, and confidence in using new technologies. Tadele (2016), Akalu et al. (2015), and Addisu et al. (2015) similarly found that training programs play a crucial role in promoting adoption of SWC measures.
Slope Category
Slope category has a positive and significant effect on SWC adoption. Farmers cultivating steep slopes are more likely to implement conservation measures because erosion risks are more visible and severe. This finding agrees with Abiyot (2016), Tizazu (2017), and Addisu et al. (2015), who reported that steeper land increases the likelihood of adopting SWC practices.
Income
Household income positively and significantly affects SWC adoption at the 5% level. As income increases, farmers are better able to finance conservation activities and purchase necessary inputs, thereby increasing adoption likelihood. Tadele (2016) also emphasized that higher income improves farmers’ capacity to invest in land management technologies.

Discussion

In the study area, the primary physical soil and water conservation practice identified was the Fanjuu structure. Key informants highlighted that leveledFanjuu bunds are particularly effective for controlling surface runoff, preventing nutrient loss, improving soil quality, and enhancing crop production. This observation is supported by focus group discussions, which suggested that the average land slope of 20-30% in the study watersheds is well-suited for the construction of Fanjuu bunds. This finding aligns with Yenealm et al. (2013), who noted that Fanjuu bunds were the most commonly used soil and water conservation practice among participants in the West Harerghe Zone, Ethiopia, with 71% adoption. Similarly, Akalu (2014) observed that farmers prioritized Fanjuu bunds for erosion control on moderate slopes in North-Western Ethiopia. Yitayal and Adam (2014) also reported that Fanjuu bunds were the most widely adopted practice in Adama District, Ethiopia, followed by soil bunds in terms of adoption intensity.Soil bunds, while less commonly adopted than Fanjuu bunds, were still significant in minimizing labor for SWC establishment. However, practices such as cut-off drains and wooden check dams were less favored due to their high cost, labor requirements, and the significant land area they occupy. Getenesh (2019) corroborates this, indicating that cut-off drains (13.7%) and wooden check dams (17.3%) were among the least adopted practices in Ensaroworeda, Amhara region. Conversely, Mushir (2019) found that cut-off drains were a dominant SWC practice in the Tigray Region, likely due to their effectiveness in managing excess runoff from uplands.Agroforestry emerged as a prominent SWC practice in the Lante, Arba Minch area, as noted by Molla (2016). Mersha (2017) further emphasized that agroforestry home gardens are highly valued for their ecosystem services and role in smallholder livelihoods in southern Ethiopia. Sileshi (2016) highlighted that Gedeo agroforestry is a principal livelihood system that integrates various crop types, including staple, cash, and supplementary crops, rather than merely supplementing staple crops.
Crop rotation was ranked as the most important SWC practice in EnsaroWoreda (Getenesh, 2019) and was more widely adopted than other biological SWC practices in the Bale Eco Region (Taddele, 2016). Intercropping, while also significant, was the second most practiced SWC method in Lante, Arba Minch (Molla, 2019), and served multiple functions such as maintaining soil organic matter, reducing soil evaporation, and providing shade.The use of grass strips as an SWC practice was minimal in the study area, with Getenesh (2019) reporting only 6.6% adoption in EnsaroWoreda and Taddele (2016) noting their limited use overall. Mulching and contour plowing were highlighted as important soil management techniques in Bale (Taddele, 2016). Additionally, inorganic fertilizer application was more prevalent in the Halo watershed compared to the Meribo watershed, likely due to the steep terrain of the former. This finding is consistent with Tadelle’s (2016) study in the Bale highlands. In contrast, Chany (2018) found that inorganic fertilizer use was minimal in the Zeiy watersheds, Majang Zone Gambella, due to less degraded land conditions.

Contribution of SWC Practices to Livelihood Improvement
Studies indicate that households engaged in SWC practices generally have higher incomes compared to those who do not. Gatbel et al. (2019) reported that households practicing SWC earned more than their non-practicing counterparts. Similarly, Yenealem (2013) found increased gross annual incomes among SWC adopters in West Harerghe, Oromia Region. Meaza (2015) also observed higher average household incomes among SWC practitioners in the Adwa district, Tigray Region.
Top of Form
Bottom of Form



5. Conclussion

The main purpose of this study was to examine the contribution of soil and water conservation (SWC) practices to rural livelihoods and land resources in the Meribo and Halo sub-watersheds of the Wondo Genet area, Sidama Regional State, Ethiopia. The study was guided by specific research questions derived from the overall objectives presented in Chapter One.
Chapter Two reviewed relevant theoretical and empirical literature on the role of SWC practices in improving livelihoods and sustaining land resources. Chapter Three described the research methodology. A cross-sectional survey design was employed to collect quantitative data from households, complemented by interview guidelines to support and triangulate the survey results. Both purposive and simple random sampling techniques were used to select study units. A total of 162 households participated in the survey, including 69 SWC participant households and 93 non-participant households, resulting in a 100% response rate.
Data were analyzed using descriptive and inferential statistical techniques. Descriptive statistics (frequency, percentage, mean, and standard deviation) were used to summarize socio-economic and demographic characteristics. Weighted scores were applied to identify dominant SWC activities. Independent samples t-tests were used to compare livelihood outcomes between participant and non-participant households. Percentile analysis assessed the contribution of SWC practices to land resources, while binary logistic regression identified determinant factors influencing adoption of SWC practices.
The findings indicated that Fanjuu was the dominant physical SWC practice, while agroforestry and crop rotation were the major biological measures, and mulching was the principal soil management practice. The t-test results revealed that SWC practices significantly improved household livelihoods, as participant households had higher average income, greater livestock holdings, and higher crop production compared to non-participants.
Regarding land resources, SWC practices contributed to improved soil fertility, increased grass and forage availability, enhanced tree cover, improved water availability, and reduced soil erosion and flooding. The conservation structures helped reduce runoff, enhance water infiltration, and protect fertile topsoil.
The logistic regression results showed that labor force availability, education level, access to credit, training, slope category, and household income positively influenced the adoption of SWC practices. In contrast, land fertility and distance from farmland negatively affected adoption.
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