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Abstract

Soil is a crucial and precious natural resource that govern numerous ecological processes. However, in Ethiopia
particularly in north Gondar zone, soil erosion is a severe problem and a major cause of the decline of agricultural
productivity. The adoption and diffusion of soil and water conservation practices (SWC), as a way to tackle this
challenge, has become an important issue in the development policy agenda in the zone. Therefore, this study
was to identify factors affecting Soil conservation investments in the North Gondar zone. Data was collected
through interviewed schedule, filed observation and focus group discussion. The multistage sampling technique
was employed to select 206 sample households. Both descriptive and econometrics model was used to analyze
the collected data. A multivariate profit (MPV) model was used to analyze the effect of demographic,
socioeconomic, market, institutional and biophysical related factors on the interdependent investment decisions
of SWC practices using household survey. The MPV model analysis indicates that farmers invest a combination
of practices at parcel level by considering substitution and complementarity effects of the practices. The results
also revealed that age of household heads, literacy status of household heads, off-farm activity, distance of
farmlands from homesteads, tropical livestock unit, and access to training were influence farmers’ investments
in SWC practices. The overall results indicate that the identified physical, socioeconomic, and institutional factors
influence promote or hinder investments in SWC practice so, policymakers should take into consideration these
various factors in designing and implementing SWC policies and Programmers.
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1. Introduction

Soil is a vital non-renewable natural resource which takes between 200 and 1000 years for the formation of
2.5cm fertile soil under the farming ecosystem. It is crucial and precious natural resource that govern numerous
ecological processes (nutrient cycle, waste treatment, water purification, detoxification) and medium for human
food production (Ochoa et al., 2016). In this 21t century, the capacity of a soil to function within the ecosystem
and to interact positively with all nearby ecosystems is being looser and threatening Pulido, Helwig, Carlos,
Gabriels, & Cornelis, 2017). Studies showed that accelerated soil degradation seriously affected food security
and implies a decline in prosperity with an attendant reduction in ecosystem function and services. Sall
degradation is old aged phenomenon on this planet (Dessalew Meseret, 2016). It started as early as the human
being's history of farming. The deterioration of soil resource arises due to two major factors. The first is
anthropogenic activities due to increases in human population growth in the world that led to a reduction in
land availability, and a shift in conventional farming system used to be the means of replenishing soil fertility
(Ajayi, Akinnifesi, Sileshi, & Chakeredza, 2007). The second reason include all-natural factors of soil degradation
like climate (precipitation, temperature, wind), soil type (texture, structure, moisture, roughness, and organic
matter), topography slope angle and slope length, hydrology, and geomorphology.
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Even though soil degradation is a shared environmental problem for the whole world, developing countries
continue to be the most vulnerable and threatened by soil degradation because of inability of their farming
populations to replace lost soils and nutrients (Gashaw, Bantider, & Silassie, 2014; Haregeweyn et al,, 2013;
Dessalew Meseret, 2016; Yitbarek, Belliethathan, & Stringer, 2012). Moreover, mismanagement of soil resource
by human activities that take place in already fragile areas lead to accelerated soil degradation (Gashaw et al.,
2014; Dessalew Meseret, 2016; Tekwa, Belel, & Alhassan, 2010). If land degradation continues in the current
trend, it may pose a serious threat to food production and rural livelihood in those developing nations. For
instance, studies in Ethiopia reveal that soil fertility is getting low and many lands become in a position of being
no efficient to support plant growth (Adugna, Abegaz, & Cerda, 2015; Beyene, 2011; Esser & Haile, 2002; Mushir
& Kedru, 2012; Thiemann, 2005). The decrease in soil fertility leads to increase in farm-level investment and
made land-based living extremely difficult. All physical and economic evidence shows that reduction of land
resource productivity is a serious problem in Ethiopia with the continued population growth; the problem is
going to escalate in the future. Poor farmers outlook toward the problem and their inability to adopt
conservation technology aggravate the problem (Adimassu, Kessler, Yirga, & Stroosnijder, 2013; Belay, 2014,
Birhanu & Meseret, 2013; Desalew Meseret & Amsalu, 2017; National & State, 2013). Over the last three decades,
population growth has outstripped agricultural production and income growth in Ethiopia. In the highlands, soil,
the basic natural resource on which the livelihood of the majority of the population-based degraded
progressively. Likewise, many authors stated that the main obstacle to sustainability of subsistence farmers is
the depleted soil organic matter caused by land degradation (Adugna et al, 2015; Amsalu & Graaff, 2006;
Beyene, 2011; Esser & Haile, 2002; Mushir & Kedru, 2012; Thiemann, 2005; Zegeye, 2009) This devastating
problem is not uniform all over the country because the Northern and highland portions of the country found
to be under severe to very severe degradation risk due to reasons like mountainous land escape, erosive rainfall,
and poor soil quality.

The strategies designed in combating soil degradation and assuring environmental sustainability need to
evaluate. Conventional technological and extension approach rarely considered indigenous knowledge and
actual local situations. In addition, challenges that become barriers to soil conservation technologies adoption
hardly studied. The influence of land quality, land fragmentation, and land tenure aspects on investment in SLM
still requires some thorough investigation, Therefore, the general objective of this research work is to printout
biophysical and socioeconomic factors that are bottlenecks for sustainable adoption of soil resource
conservation technologies in north Gondar zone.

2. Description of The Study Sites

The study area is the North Gondar zone, which is located in the northwestern part of Amhara Region of Ethiopia.
This mountainous agricultural zone is one of the most severely eroded parts of the Ethiopian highland. The study
region has a very rugged mountainous topography, with an average slope of 12%, and most of the study areas
are composed of gullies and ridges. The soil types of study areas predominately classified as Nitosols and
Vertisols. The common land-use types of the study area are mainly agricultural (crop) land, forestland and
grazing land.

2.1. Sample Size and Sampling Method

For the household survey, a total of 206 households were sampled based on a systematic sampling procedure,
with kebele registers used as sampling frames. A two-stage sampling procedure was employed to select sample
households. In the first stage of the sampling procedure, as mentioned earlier, the districts were selected
purposely based on their specific experience with SLM activities and diverse bio-physical and socio-economic
characteristics. In the second stage, farmers from each district were selected randomly from lists of all
households in the districts. A total of 60, 125, and 115 farmers were selected randomly from Chilga, Tikil dngay,
and Maksegnit districts, respectively.
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2.2. Method of Analysis

Simple descriptive statistics as T-test and Chi-square were employed to compare a mean/association of land
quality, land fragmentation and other socioeconomic variables with SWC practices. A multivariate profit (MVP)
model is applied to analyze the interdependent investment decisions of the SWC practices (soil bunds, stone
bund, compost/manure, and chemical fertilizer) by smallholder farmers. Investment decisions by smallholder
farmer are multivariate in nature and so the appropriate modelling procedure should not be univariate, but must
instead take into account the interactions and possible simultaneity of the investment decision. This is because
farmers are more likely to invest in a mix of technologies than in a single technology to cope with multiple
agricultural production constraints (Kassie, Jaleta, Shiferaw, Mmbando, & Mekuria, 2013).

The multivariate profit econometric model is described by a set of binary dependent variables. The model is
specified as follows

chemj = Xllﬂl + & (1)
J compos; = X, 5, +&°
soilB; = X, 3, + &€

(stonB; = X35, +&°

(2)
e" (0 1 P2 Pz P ]
g O Pxn 1 P23 P2
&€ | N1 O P Pa 1 pa
g Ol Par Paz Pas 1
— 3
Var(g/X)=1
Cov(g/X)=p

Where soil, stone , compos; and chem,, binary variables taking value 1 when farmer j selects an soil bunds,
stone bund, compost/manure, and chemical fertilizer respectively, and O otherwise; x1 to x4 are vectors of
independent variables determining the respective SWC practices variables; B' s are vectors of simulated
maximum likelihood (SML) parameters to be estimated; to are correlated disturbances in
a seemingly unrelated multivariate profit model;

]

and s p are tetrachoric correlations between endogenous variables.
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3. Results and Discussion

3.1. Household Characteristics of Investing and Non-Investing Households

Definitions and summary statistics of the variables used in the econometric analysis are given in Table 3. Farmers
in the study area used both modern and traditional conservation methods. The most widely used soll
conservation technologies were soil bund, stone bund, compost, and inorganic fertilizer. Results showed that
82.04% of the sampled smallholder farmers had adopted compost/manure, 87.81 % of the sampled smallholder
farmers had adopted chemical fertilizer, 89.81 % of the sampled smallholder farmers had adopted stone bund
, and also 82.04 % of the sampled smallholder farmers had adopted stone bund soil bund soil and water
conservation practices at the time of the survey. Table 3 showed that unconditional mean analysis of the socio-
economic and institutional factors determining the decisions of SWC adoption. The T-test analysis showed that
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the significant differences among adopters and non-adopters. In terms of age, results showed that compost and
soil bund adopters were significantly older than non-adopters.

variables | compost | t-/z- | chemical/fert | t-/z- | stone bund | t-/z- | soil bund t-/z- | over
/manure | /x? ilizer /X? /x° /X° all
Yes | N f;at'“ Yes( | No isctsat'St Yes(1 | N isctjt'St Yes(1 | Nof fgjt'St g:)e
=1 |o 186) (20) 85) o] 69) 37)
69 | = (2
7 1)
Age of | 49. | 43. | - 48.6 49.7 | 04 49.06 | 46 | -1.1 49.6 448 | - 48.7
househol | 8 7 299" 233" |5
d
Family 6.2 | 64| 0.33 6.3 6.2 |-0.18 | 6.25 6.8 | 1.00 6.3 6.3 0.10 6.31
size 0

Tropical 93 |55 |-23" |87 9.7 1.58 8.1 98 | 0.52 5.2 5.7 0.20 24.3
livestock | 6 6 2
unit

Total 1.7 | 1.0|-3.9" | 1.61 143 | -0.85 1.66 1 - 17 0.9 - 1.59
farm size 3.04™ 4.58™

Distance |24 |17 - 4.64 48 |0.18 239 |21 |-052 | 242 218 | -0.62 | 2.36
to 2.04” 5
nearest
develop
ment
center

Distance | 4.7 | 43| -049 | 241 1.98 | -0.9 4.64 48 | 0.16 4.4 5.7 171" | 46

to farm | 3 4 0

land

from

homer

Number | 2.7 |29 | 049 29 1.89 | -2.77" | 2.99 16| - 2.6 32 1.80" | 2.79
of plots 1 3.33™

Table 1: Mean of household characteristics of investing and non-investing households

** ** and * are significant at 1%, 5%, and 10% significant levels, respectively. Source: Authors"™ Computation,
2018;
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Table 2: Proportion of households of investing and non-investing households

Variable | Categ | compost | x? chemical/fer | x? stone G soil bund | x° Ove
s ory /manure | statis | tilizer statis | bund statis statis | rall
tics tics tics tics (%)

No | Yes No Yes No | Yes No | Yes

Literacy | Litera | 14. | 69. | 1.05 |437 |796 |028 |87 |75 |005 |14. |69. |028 |839

status of | te 08 |9 1 4 24 56 | 42 8
HH
llliter | 3.8 | 12. 049 | 155 14 | 14. 34 | 12. 16.0
ate 8 14 3 6 5 0 62 2

particip | Yes 11. | 54. | 003 |291 |631 |016 |53 |60. | 193 13. | 52. | 097 | 66.0

ation in 65 | 37 1 4 68 11 19 2
in/form

al No 6.3 | 27. 194 | 320 48 | 29. 48 | 29. 33.9
instituti 1 67 4 5 13 5 13 8
on

Access | Yes 82 [46. | 128 |243 |519 [008 |43 |50. [124 |97 |44. |0.018 | 543

to credit 5 12 4 7 00 1 66 7
No 9.7 | 35. 243 | 432 5.8 | 39. 8.2 | 37. 45.6
1 92 0 3 81 5 36 3

Off/non | Yes 97 [40. | 128 |243 |480 |005 |53 |45 |014 |10. |39. | 160 |504

income 1 78 6 4 15 68 | 81 9
No 8.2 | 40. 243 | 46.6 4.8 | 44. 7.2 | 41. 49.0
5 78 0 5 17 8 75 3

owners | Yes 17. | 80. | 0.01 485 | 927 |0.26 10. | 87. | 0.56 17. 1 79. | 112 | 243

hip  of 48 | 10 2 19 |3 96 | 61

iron

roof No 04 |19 0.00 | 243 0.0 | 24 00 |24 97.5
9 4 0 3 0 3 7

owners | Yes 9.7 | 40. | 042 | 437 |89.8 | 033 |87 |85 |3.05 |15 |79. |887" |94.1

hip  of 1 78 1 4 44 05 |13 |° 7
tools
No 8.2 | 40. 049 | 5.34 14 |43 29 | 29 5.83
5 78 6 7 1 1

Percepti | Shallo | 09 |82 | 295 |049 |874 |054 |00 |92 385 |04 |87 |392 |971

on of|w 7 5 0 2 9 4

soil

depth Medi | 11. | 38. 291 | 470 6.8 | 43. 11. | 38. 50.0
um 17 | 83 9 0 20 17 | 83 0
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Dept | 5.8 | 34. 146 | 38.8 34 | 36. 6.3 | 33. 40.2
h 3 47 3 0 89 1 98 9

Percepti | fertile | 10. | 49. | 0.16 | 194 | 577 | 1.69 |48 |54 | 142 10. | 49. | 0.012 | 59.7

on of 19 | 51 7 5 85 68 | 03 1

soil

fertility | Inferti | 7.7 | 32. 291 | 373 53 | 34. 7.2 | 33. 40.2
le 7 52 8 4 95 8 01 9

Percepti | Red 6.8 | 37. | 084 | 194 |[427 |0.09 |43 [40. [003 |53 |39. |406" |446

on of 0 86 2 7 29 4 32 6
soil type
Black | 11. | 44. 291 | 524 5.8 | 49. 12. | 42. 55.3
17 |17 3 3 51 62 |72 4

SWC Yes 15. | 72. | 052 |437 |830 |006 |82 |79. |[087 |16. |71. |013 |873

training 05 |33 1 5 13 02 |36 8
No 29 |97 049 | 121 1.9 | 10. 1.9 | 10.
1 1 4 4 68 4 68 12.6
2

SWC Yes 72 |65 |227" 388 | 684 |030 |68 |65 |037 |58 |66 |3587 873

Progra 8 05 5 0 53 3 50 | ™ 8
m
No 10. | 16. 0.97 | 26.7 34 | 24. 12. | 15.
68 | 99 0 0 27 14 | 53 12.6
2

ek %% % are significant at 1%, 5%, and 10% significant levels, respectively; Source: Authors Computation, 2018.
3.2. Determinants of investment decisions in Soil conservation technologies

The results of the multivariate profit model are presented in Table 5. The regressions are estimated at the farm
household level. The likelihood ratio test (chi 2(3) = 60.64, p-value < 0.0001) for independence between the
disturbances is strongly rejected, implying correlated binary responses between different SWC practices and
supporting the use of an MVP model. Moreover, the likelihood ratio test in the model (p 21 =p 31 =p41=p
32 = p 42 = p 43 = 00) is significant at 1%. Therefore, the null hypothesis that all the p (Rho) values are jointly
equal to 0 is rejected, indicating the goodness-of-fit of the model or implying that the decisions to invest SWC
practices are interdependent. Hence, the use of multivariate profit model is justified to determine factors
influencing sustainable utilization of soil conservation measures. Further, there are differences in investment
decision behavior among farmers, which are reflected in the likelihood ratio statistics.

The p values (pij) indicate the degree of correlation between SWC practices investment decisions. The p 21
(correlation between the investment decisions of compost and fertilizer, p31 (correlation between compost and
stone bund investment decisions), p41 (correlation between the investment decisions of compost and soil bund)
and p32 (correlation between the investment decisions of soil bund and stone bund) are positively and
statistically significant at the 1% significance level (Table 3). The study reveals that compost/manure and fertilizer
are substituting each other in the farming system of the study areas. Similarly, stone bunds and soil bund are
substituting each other in the farming system of the study areas.

The marginal success probability for each equation (SWC investment decision) is reported below. The simulated
maximum likelihood (SML) estimation result showed that the probability that farmers invest in compost/manure,
chemical fertilizer, soil, and stone bund SWC technologies were 81, 89, 81, and 88%, respectively. Chemical
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fertilizer was the most common SWC used by the sample households. It was used as a single technology on 89%
of sample households. This is good evidence because farmers were interested in investing fertilizer as SWC
practices. If farmers invest all four SWC practices, their joint probabilities of investing these SWC technologies
would be only 68 %. It was likely for farmers to invest all four market channels SWC practices simultaneously.
This was justified either by the fact that simultaneous invest of all SWC practices was affordable for the
smallholder’s farmers, or that all four SWC practices were simultaneously accessible in the study areas. However,
their joint probability of not investing all four SWC practices was 2 %, implying that the households were more
unlikely to fail. The finding was also consistent with (Teklewold, Kassie, & Shiferaw, 2013)and (Firew, n.d.)

Table 3: Results of a multivariate profit analysis of investments in SWC practice.

Coefficients (investment decisions equations)

compost/manure | chemical (2) stone bund | soil bund (4)
) 3)
Age of household 0.03™ -0.007 0.01 0.02™
Literacy status 043 -0.83" 0.15 0.32
Family size -0.06 0.03 -0.04 0.006
Tropical livestock unit 0.01™ -0.02™ -0.02" -0.01
Total farm size 0.58™ 0.18 0.65™ 0.79
dD:;;[:Ir;Toement ce::er nearest | 044 0.1 0.04 014
Distance to farm land from home | 0.01 -0.01 -0.02 -0.04"
Access to credit 0.21 0.19 0.25 0.38
i;?]iitii[(;igzzon in in/formal | -0.02 0.24 0.28 0,01
Off/non income -0.10 0.19 -0.04 -0.42
Access to training on SWC 0.12" -0.46 0.24 -0.18
Constant -1.00 2.06” 0.39 -0.04
Predicted probability 0.81 0.89 0.88 0.81
p 21 -0.22™
p 31 0.50™
p 41 0.79™
p32 0.62"
p 42 0.44™
p43 -0.82™
Number of simulations (draws) 5
Wald chi2(39) 60.64
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Likelihood ratio test of | rho21 = rho31 = rho41 = rho32 = rho42 = rho43 = 0:
independence chi2(6) = 99.32°

Joint probability (success) 0.68

Joint probability (failure) 0.02

*xk Rk % are significant at 1%, 5%, and 10% significant levels, respectively; Source: Authors Computation, 2018

Among household characteristics, the age of the household head influenced the adoption of introduced SWC
practices, which is compos/manure and soil bund positively, and it was statistically significant at 1% significance
level. This result suggests that older farmers are more likely to invest in compost/manure and soil bund bunds.
The result consistent with A snake et al.,, 2018; Seawater (2015), have verified that age of household heads had
positively influenced adoption of SWC practices. Contrary to this (Teshome, 2014 reported that age of household
heads was negatively correlated with investment decisions in SWC practices confirmed that younger farmers are
often expected to invest more in soil conservation practices. Because they are more often educated, and they
are more aware of soil erosion problem and its solution.

Access to SWC training correlated positively and significantly with the adoption of soil and water conservation
practices, which is compost/manure at 5% level of significance. Farmers who have access to SWC training, the
probability of adopting soil and water conservation practices, which is compost/manure will increase by 12%.
This could be training is one means to create awareness about the problems of erosion and the benefits of SWC
measures to motivate farmers to investment in SWC measures. These results are consistent with the findings of
(Adimassu et al., 2013; Birhanu & Meseret, 2013; Posthumus, Gardebroek, & Ruben, 2010). The distance of
farmland from homestead is negatively related to the decision of soil bund investment statistically significant
level. This implies that households who have their farmland that are far from the homesteads have a lower
probability of investing in soil bund. This revealed that less time and energy are needed for maintaining near
farmlands than far away farmlands. Thus, farmers who have farmlands far from their homes are discouraged
from conserving their farmlands. Similarly, reported that longer walking distance between farm lands and
household residences correlated significantly and negatively to the adoption of introduced SWC practices.

The distance of the development center from home is negatively related to the decision of soil bund investment
at 10% significant level. As distance of development center from home increase by 1 km, the probability of
households invest in soil bund will decrease by 14 %. This implies that distance to development center was a
proxy variable for access to extension service; hence, farmers who are far from development centers have got
less extension service like benefiting of SWC. Households who have their farmland that are far from the
homesteads have a lower probability of investing in soil bund. This revealed that less time and energy are
needed for maintaining near farms than far away farmlands. Thus, farmers who have farmlands far from their
homes are discouraged from conserving their farmlands. The result is consistent with (Asfaw & Neka, 2017;
Desalew Meseret & Amsalu, 2017; Teshome, 2014)

The main and significant economic factors considered in this study are the area of farmland, participation in off-
farm income activities, and livestock holding of the household. Economic factors can play important role in
determining the adoption of SWC practices. Among the economic factors, farm size is an important variable in
relation to the adoption of soil and water conservation (Table 5). Farm size had positive and significant influence
on the adoption of compost/manure and stone bund terraces. As the farm size of household increases by
hectare, the probability of adoption of compost used and soil bunds increases by 58% and 65%, respectively
(Table). This is because large farms have land available for compost and stone bund while on small farmers all
land is needed for crop production. The result consistent with Wolak & Negash, 2014) they reported that a
positive relationship between the size of farmland holding and the probability of adopting soil and water
conservation practices. But (Asfaw & Neka, 2017) (Adusumilli & Wang, 2018) argued against this. They
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confirmed that farm size is associated negatively and significantly with the adoption of introduced soil and water
conservation practices

The number of Tropical Livestock Units (TLU's) is positively related to the decision of compost/manure
investment and negatively related to the decision of chemical fertilizer/ stone bund. This implies that each
additional unit of livestock increases the probability of compost used per hectare will increase by 1%, and
probability of chemical fertilizer and stone bund used per hectare will decrease by 2%. The result consistent
with; (Teklewold et al., 2013); (Firew, n.d.), they reported that livestock ownership positively influences the
adoption of manure farming because livestock waste is the single most important source of manure for small
farms in most parts of Ethiopia.

Participation in off/non-farm activity is one of the important socio-economic factors that influence farmers’
decision to adopt introduced soil and water conservation practices. Participation in off/non-farm income is
negatively related to the decision of soil bunds investment. This is because farmers who are involved in non/off-
farm activities may encounter time and labor constraints for investing in bunds. This means there is labour
competition between off/non-farm activity and SWC practices which restrain farmers from involving in
implementing and maintaining conservation practices on their farmlands. This is in line with other findings
(Asfaw & Neka, 2017). Contrary to this (Jim, Villano, & Fleming, 2012) reported that off/non-farm activity
positively related to the decision of SWC investments.

4. Conclusions and policy implication

Sustainable soil management practices are important to increase productivity and improve food security in the
northwest of Ethiopia. In this research, household-level data were used to printout biophysical and
socioeconomic factors that are bottlenecks for sustainable adoption of soil resource conservation technologies
in north Gondar zone using a multivariate profit model. The results revealed that there are strong
complementarities and substitutability between soil conservation practices, reflecting the interdependence of
soil conservation practices adoption. Studies that consider the adoption of soil conservation practices in isolation
ignore important cross-technology correlation effects, and potentially generate biased estimates. The cross-
technology correlation information can have important policy implications as policy changes that affect one soil
conservation practices can have spillover effects on other soil conservation practices. In addition, such
information helps policy-makers and development practitioners to define their strategies of promoting soil
conservation practices technologies.

Most importantly, the results showed that the probability of adoption of soil conservation practices technologies
are influenced by several factors Age of household, literacy status, tropical livestock unit, total farm size, distance
to development center and farmland, participation in off/non-farm income activities and access to SWC training
are important policy variables that have a high impact on adoption of soil conservation practices technologies.
The study also revealed that the current level of farm fragmentation (total farm size and distance to farmland)
are very high, and it affects soil conservation practices technologies investments. Therefore, policy measures are
needed to stop the further fragmentation of cultivated land. On the other hand, farmers prefer to some extent
fragmented land, with different types of parcels, to minimize agricultural production risks. Thus, land
consolidation/land amalgamation/land exchange policies should be backed up by a proper crop insurance
scheme. Livestock ownership clearly influences the use of manure. Although increasing the number of livestock
might not be a feasible option, introducing high yield breeds and improved forage legumes can increase
livestock products, including manure.

Acknowledgements

We have great appreciation to the University of Gondar.

1861



5. Reference

10.

11.
12.

13.

14.

15.

16.

17.

Adimassu, Z., Kessler, A, Yirga, C., & Stroosnijder, L. (2013). Farmers’ perceptions of land degradation and
their investments in land management: A case study in the central rift valley of Ethiopia. Environmental
Management, 51(5). https://doi.org/10.1007/s00267-013-0030-z

Adugna, A, Abegaz, A., & Cerda, A. (2015). Soil erosion assessment and control in Northeast Wollega,
Ethiopia. Solid Earth Discussions, 7(4), 3511-3540. https://doi.org/10.5194/sed-7-3511-2015

Adusumilli, N., & Wang, H. (2018). International Soil and Water Conservation Research Analysis of soil
management and water conservation practices adoption among crop and pasture farmers in humid-south
of the United States. International Soil and Water Conservation Research, 6(2), 79-86.
https://doi.org/10.1016/j.iswcr.2017.12.005

Ajayi, O. C, Akinnifesi, F. K, Sileshi, G, & Chakeredza, S. (2007). Adoption of renewable soil fertility
replenishment technologies in the southern African region: Lessons learnt and the way forward, 31, 306—
317.

Amesalu, A., & Graaff, J. De. (2006). Determinants of adoption and continued use of stone terraces for soil
and water conservation in an Ethiopian highland watershed, 1.
https://doi.org/10.1016/j.ecolecon.2006.01.014

Asfaw, D., & Neka, M. (2017). International Soil and Water Conservation Research Factors affecting
adoption of soil and water conservation practices: The case of Wereillu Woreda ( District ), South Wollo
Zone, Amhara Region, Ethiopia. International Soil and Water Conservation Research, 5(4), 273-279.
https://doi.org/10.1016/j.iswcr.2017.10.002

Belay, T. T. (2014). Perception of farmers on soil erosion and conservation practices in Dejen District,
Ethiopia, 2(6), 224-229. https://doi.org/10.11648/].ijepp.20140206.15

Beyene, K. K. (2011). Soil Erosion, Deforestation and Rural Livelihoods in The central Rift Valley Area of
Ethiopia: a Case Study in the Denku Micro- Watershed Oromia Region, 90.

Birhanu, A., & Meseret, D. (2013). Structural Soil and Water Conservation Practices in Farta District, North-
Western Ethiopia: An Investigation on Factors Influencing Continued Use, 7522(4), 114-121.

Brevik E, Cerda A, Mataix-Solera J, Pereg L, Quinton J, Six J, V. O. K. (2015). The interdisciplinary nature of
SOIL. SOIL, 1, 117-129.

Esser, K., & Haile, M. (2002). S Oil C Onservation in T Igray ,. Soil Conservation, (5), 1-21.

Firew, A. T. (n.d.). of Ethiopia: adoption and impact Land management in the north-western highlands of
Ethiopia: adoption and impact Akalu Teshome Firew.

Gashaw, T., Bantider, A, & Silassie, H. G. (2014). Land Degradation in Ethiopia: Causes, Impacts and
Rehabilitation Techniques, 4(9), 98-105.

Gebreselassie, Y., Amdemariam, T. Haile, M., & Yamoah, C. (n.d). Lessons from Upstream Soil
Conservation Measures to Mitigate Soil Erosion and its Impact on Upstream and Downstream Users of
the Nile River.

Haregeweyn, N., Poesen, J., Verstraeten, G., Govers, G., Vente, J. D. E,, Nyssen, J., ... Moeyersons, J. (2013).
ASSESSING THE PERFORMANCE OF A SPATIALLY DISTRIBUTED SOIL EROSION AND SEDIMENT DELIVERY
MODEL ( WATEM / SEDEM ) IN, 204(May 2011), 188-204.

Jim, M., Villano, R, & Fleming, E. (2012). Factors influencing farmers ' adoption of modern rice
technologies and good management practices in the Philippines. Agricultural Systems, 110, 41-53.
https://doi.org/10.1016/j.agsy.2012.03.010

Kassie, M., Jaleta, M., Shiferaw, B., Mmbando, F., & Mekuria, M. (2013). Technological Forecasting & Social
Change Adoption of interrelated sustainable agricultural practices in smallholder systems: Evidence from

1862



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

rural Tanzania. Technological Forecasting & Social Change, 80(3), 525-540.
https://doi.org/10.1016/j.techfore.2012.08.007

Meseret, D. (2016). Land Degradation in Amhara Region of Ethiopia: Review on Extent, Impacts and
Rehabilitation Practices, 6(1), 120-130.

Meseret, D., & Amsalu, A. (2017). International Soil and Water Conservation Research Determinants of
farmers ' perception to invest in soil and water conservation technologies in the North-Western Highlands
of Ethiopia . International Soil and Water Conservation Research, 5(1), 56-61.
https://doi.org/10.1016/j.iswcr.2017.02.003

Mushir, A, & Kedru, S. (2012). Soil and water conservation management through indeigenous and
traditional practices in Ethiopa: a case study. Ethiopian Journal of Environmental Studies and
Management, 5(4), 356-365. https://doi.org/10.1016/j.gloenvcha.2009.01.007

National, O., & State, R. (2013). Farmers ' Perception of the Impact of Land Degradation and Soil and
Water Conservation Measures in West Harerghe Zone of, 3(11), 12-19.

Ochoa, P. A, Fries, A., Mejia, D., Burneo, J. I, Ruiz-Sinoga, J. D., & Cerda, A. (2016). Effects of climate, land
cover, and topography on soil erosion risk in a semiarid basin of the Andes. Catena, 140, 31-42.
https://doi.org/10.1016/j.catena.2016.01.011

Posthumus, H., Gardebroek, C., & Ruben, R. (2010). From Participation to Adoption: Comparing the
Effectiveness of Soil Conservation Programs in the Peruvian Andes.

Pulido, M., Helwig, L., Carlos, L., Gabriels, D., & Cornelis, W. M. (2017). Visual examination of changes in
soil  structural quality due to land use. Soil & Tillage Research, 173, 83-91.
https://doi.org/10.1016/j.still.2016.08.011

Teklewold, H., Kassie, M., & Shiferaw, B. (2013). Adoption of Multiple Sustainable Agricultural Practices in
Rural Ethiopia, 64(3), 597-623. https://doi.org/10.1111/1477-9552.12011

Tekwa, I. J.,, Belel, M. D., & Alhassan, A. B. (2010). The effectives of indigenous soil conservation techniques
on sustainable crop production, 1(3), 74-79.

Teshome, A. (2014). Tenure security and soil conservation investment decisions: Empirical evidence from
East Gojam, 6(1), 22-32. https://doi.org/10.5897/JDAE2013.0450

Thiemann, S. (2005). Assessment of Erosion and Soil Erosion Processes — a Case Study from the Northern
Ethiopian Highland, 3, 173-185.

Yitbarek, T. W., Belliethathan, S., & Stringer, L. C. (2012). THE ONSITE COST OF GULLY EROSION AND
COST-BENEFIT OF GULLY REHABILITATION: A CASE STUDY IN ETHIOPIA, 166(November 2010), 157-166.

Zegeye, A. D. (2009). Assessment of upland erosion processes and farmer's perception of land
conservation in Debre-Mewi watershed, near Lake Tana, Ethiopia. Perception, (May), 90.

1863



