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Abstract: Agricultural land is an indispensable resource for agrarian communities worldwide.
There is a growing awareness that the world’s arable land supplies are limited and finite. For the
last five decades, the Government of Ethiopia (GoE) and other development organisations have car-
ried out land preservation uptakes intended to curb the effects of land degradation and improve
agricultural productivity through various soil and water conservation practices (SWCPs). The study
assessed the sustainability, drivers, and constraints of SWCPs in Dessie Zuria and Kutaber Woredas
of South Wollo. We used the exploratory case study approach, involving qualitative and quantita-
tive methods. Catastrophic weather conditions, the presence of the soil and water conservation pro-
gram, and declining soil fertility were the top drivers influencing the program’s implementation.
Based on the identified farm-level indicators and views of the respondents, physical measures were
more sustainable than biological and mixed methods. The prominent factors hurdling the interven-
tion were lack of tenure security, risk of rodent infestation, and losing a sense of ownership. Train-
ing community members on the importance of land preservation, amending the existing rigid land
tenure policy, incorporating indigenous SWCPs, broadening the scale and extent of community
participation, and enforcing laws and bylaws are recommended for the upcoming interventions.
The finding has implications for land preservation and food security actors working to scale up
evidence-based sustainable land management practices to the broader area.

Keywords: land preservation; sustainability; drivers; constraints; tenure security; Dessie Zurai;
Kutaber; community participation

1. Introduction

Land is an essential resource for communities engaged in agriculture worldwide.
There is an increased recognition that the Earth’s arable land resources are limited and
finite. Nevertheless, its sustainability is constrained by widespread land degradation.
Land degradation is a common phenomenon, with significant ecological, social, and eco-
nomic consequences, particularly in small-holder farming [1]. The Global Environmental
Facility (GEF) reported that one-fourth of the Earth’s total land area is eroded [2]. Sixty %
of the global ecosystem has been degraded [3]. Diagana [4] found that Africa’s degraded
soil covers about 494 million hectares. The problem in Sub-Saharan Africa (SSA) is perva-
sive; 40, 26, and 12% of the grassland, forest, and cropland have been reported to suffer
from land degradation, respectively [5]. Curbing land degradation is critical for achieving
food security. According to Lefroy et al. [6], more than 30% of children in West Africa die
before the age of five, particularly in areas of substantial soil degradation.
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Ethiopia is well-known for its agriculture, which dates back over 3000 years. Agri-
culture is the economy’s engine, accounting for half of the country’s GDP and employing
more than 85% of the workforce [7]. The sector generates 88% of export revenues and 73%
of the raw material requirements of agro-based domestic businesses [7,8]. Several factors,
however, harm the sector’s productivity; among others, land degradation has a predomi-
nant role in this regard. In Ethiopia, recorded soil loss measurements due to water erosion
range from 3.4 to 84.5 tons/ha/year with 42 tons/ha/year [8]. The same source reveals a
loss of 4 mm of soil a year, at least twenty times the replacement rate. The country’s annual
deforestation rate is about 150,000 ha/year [9]. According to FAO, 50% of Ethiopia’s high-
lands, which occupy 44% of the country’s total territory and are home to 88% of the in-
habitants, have been eroded [10].

The GoE and several development partners have taken action to combat land degra-
dation by introducing different land preservation interventions. As a result, various
SWCPs composed of physical, biological, and mixed schemes were introduced. Several
studies have been commenced regarding these interventions' sustainability, adoption
rate, and effectiveness. For instance, Bewket [11] reported that farmers” adoption of these
practices remains inconsistent because of the delivery-oriented approaches that the inter-
ventions follow [12]. Furthermore, the sustainability of the interventions was hurdled by
their inability to incorporate Indigenous soil and water conservation practices (ISWCPs)
[13].

Contrary to this, Mekuriaw et al. [14] indicated that land preservation through
SWCPs had significantly contributed to preventing erosion with a high sustainability rate.
Several studies focusing on determinants and sustainability rate of SWCPs have been un-
dertaken [15-23]. Existing research focused on a single SWCP and failed to investigate the
complementarity among practices, degree of sustainability, adoption decisions, and sig-
nificant intervention constraints, and did not consider the application of farm-level met-
rics. Applicability and expansion of these land-preserving practices need to be investi-
gated based on their site-specific agro-ecological and livelihood-related set-ups and real-
ities to be evaluated by the end-users, and in most cases, previous researchers did not take
this into account.

Therefore, this research investigated drivers for adopting SWCPs, magnitudes of sus-
tainability, and constraints observed during adoption using farm metrics reported by the
community members. The study was conducted in Dessie Zuria and Kutaber Woredas of
South Wollo. The paper is sub-divided into six sections. After this introduction, Section 2
provides a literature review, Section 3 focuses on materials and methods, and Section 4
presents the findings. Section 5 deals with the discussion, and Section 6 states the conclu-
sions, recommendations, and future research directions.

2. Literature Review
2.1. Land Degradation

Land is a vital resource for maintaining biotic and abiotic assets on Earth, such as
food production, biodiversity preservation, natural water system management, and car-
bon storage. Land degradation is the deterioration of soil properties linked to agriculture
productivity, infrastructure maintenance, and the quality of natural resources [1]. Land
degradation takes many forms such as acidification, salinisation, compaction, soil erosion,
and loss of soil organic matter (SOM), to name a few [3]. Land degradation was defined
by Abdi et al. [24] as the outcome of complex interrelationships between biophysical and
socio-economic challenges that affect many people and their land, particularly in the trop-
ics and developing countries. There are various and complex causes of land degradation.
The effects of proximate drivers such as topography, climate, and soil characteristics are
understood as causes of land degradation.

Nevertheless, there are many debates regarding the drivers of land degradation. For
instance, Nkoynya et al. [25] separated these drivers in two broad categories; proximate



Land 2022, 11, 676

3 of 29

(natural and anthropogenic) and underlying causes. Population density, market access,
land tenure, poverty, access to agricultural extension services, decentralisation, and ab-
sence of non-farm income were grouped as underlying causes. Proximate causes are trig-
gered by human activity and natural processes, such as topography, land cover change,
climate, soil erodibility, pest and disease, unsustainable land management, and infrastruc-
ture development. Other concerns that can have a magnifying impact include policy, trade
obstacles, and a lack of well-functioning institutions, information, education, and feed and
fuel [4].

Degradation due to human action proportionally exceeds other sorts of incidences.
According to Blaikie and Brookfield, land degradation should be a matter of “regional
political ecology”, a discipline that conglomerates ecology with political economy and
degradation with society [26]. The same source pointed out that land degradation is a
social issue. Natural processes such as leaching and erosion occur with or without human
intervention. Hence, the term degradation involves social criteria that tie land to its cur-
rent or potential use.

2.2. Theorizing Land Degradation

Subject to debate, several theories have been put forward to explain the fundamental
causes of land degradation [27]. Two prominent schools of thought regarding land deg-
radation prediction, severity, and impact are globally popular. The first school comprising
ecologists, soil scientists, geographers, and agronomists anticipated the problems and in-
quired immediate action to curb the situation in the shortest time possible [28]. Hence,
supporters of this school aspire for policy and development interventions. In contrast, the
second school of thought, mostly comprised of economists, contends that if land degra-
dation is such a severe problem, why have market forces not addressed it? Supporters of
this school argue that land managers (farmers) have a vested interest in their land and do
not allow it to deteriorate to the point where it is damaging their profitability [29]. A pru-
dent producer who wishes to maximise the discounted net revenue from land over time
would ignore soil loss until the present value of marginal private returns derived from
additional soil loss falls below the implied marginal personal cost of soil loss. Land is one
of the few factors of production owned by the rural poor, and nearly all of these house-
holds are involved in some sort of agricultural activity to earn a living from their small
plot of land. However, farm land degradation has increased in low-income countries in
Sub-Saharan Africa, and a comprehensive development strategy necessitates initiatives
that improve the rural poor’s livelihood. This reality justifies that any intervention with
the goal of uplifting the livelihood of the pro-poor community should start from land
preservation and maintaining the sustainable use of land. Therefore, this research fol-
lowed the first school of thought, which seeks to intervene through academic, develop-
ment, and policy dialogue in the shortest time possible.

2.3. Sustainable Land Management

The idea of sustainable land management (SLM) was developed at the 1992 Earth
Summit and was first used by [30]. The basis for sustainable agriculture is a strategic com-
ponent of sustainable development and poverty alleviation [31]. The basic concept behind
“sustainable land management” looks relatively simple. However, it is one of the most
ambitious goals in real life; its overall intent is to bring back sustainable natural resource
systems [31]. Reversing ecosystem degradation while meeting the increasing demand for
their services can be completed in part by scenarios such as SLM, which need considerable
changes in policies, institutions, and practices that are not currently underway [32]. SLM
ensures adequate current production levels whilst preserving the land resource base over
time, not compromising or reducing development opportunities for the future genera-
tions [33]. SLM seeks to bring about balanced change in the social, ecological, and envi-
ronmental dimensions of human well-being by focusing on meeting the current genera-
tion’s demands without jeopardising the requirements of future generations. According
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to Millennium Ecosystem Assessment (MEA)[34], SLM as an entity must meet the follow-
ing criteria: (1) productivity must be maintained; (2) hazards must not rise; (3) soil and
water quality must be preserved, and (4) methods must be economically feasible and so-
cially acceptable.

Several success and failure stories on previously implemented SLM technologies
have been documented. For instance, a study conducted in Tanzania showed that SLM
investment in rain-fed agriculture in the Usambara highlands was an essential component
of food security [26]. Similarly, research conducted by ILRI-IPMS in Ethiopia revealed that
the SLM program resulted in the establishment of mechanisms for effective forage pro-
duction and utilisation through zero-grazing schemes. As a result, the botanical composi-
tion of species in grazing and stock exclusion plots was preserved, and bee flora cover
was further improved [33]. Unlike these examples, a study in Ethiopia’s highlands
showed that the program was hampered by various problems, including a lack of exten-
sion services, a failure to include ISWCPs, land tenure insecurity, and other policy-related
issues [13].

2.4. Types of SLM Practices

The selection and implementation of individual SWC practices depend on objective
realities existing at the ground level where the intervention is intended to take place. The
degree and intensity of the problem, slope and topography, farming system, and other
socio-economic and institutional contexts, in particular, are among the elements that limit
the rate of acceptability, scalability, and usability SWCPs. According to Tefera and Sterk
[33], available technical support, suitability of the structure to the existing farming activi-
ties, aspiration of short-term practice, labour demand, and tenure security was assumed
to be integral parts of the intervention. Ethiopia’s Ministry of Agriculture and Rural De-
velopment (MoARD) listed three major SWC categories: biological, physical, and combi-
nations [34]. Hence, physical practices, among other things, are composed of soil bunds,
stone bunds, stone-faced bunds, cut-off drains, check dams (with gabion and stone),
trenches, and the like. Biological practices include homestead plantation, woodlots, com-
post, crop rotation, area closure, mulching, alley farming, and so forth. The third practice
combines two practices that incorporate two or more practices, for instance, bund and
gully stabilisation [34]. Furthermore, practices such as agroforestry, conservation agricul-
ture, small-scale irrigation, minimum tillage, and other activities complement the other
two.

2.5. Sustainability and Adoption of SLM Practices

Brundtland [35] pointed out that sustainability is gaining traction in agriculture. Re-
searchers have struggled to put the concept into practice. The broad concept of sustaina-
bility is composed of four pillars: (a) productivity, (b) production stability, (c) soil and
water quality, and (d) socio-economic feasibility. Another study cited in Tisdell [36] added
a new aspect to the pillars: “acceptability”. Scholars are continuously debating how to
approach the problem of sustainability. According to Lefroy et al. [6], sustainability is a
dynamic term. What is viable in one region may not be feasible in another. Once consid-
ered sustainable may no longer be now or in the future due to changes in conditions or
attitudes. Nonetheless, some practical issues occur when conducting sustainability stud-
ies, such as the massive amount of data required to quantify many different sustainability
indicators and the difficulty in understanding the intricate connections among such indi-
cators. Some researchers have combined indicators into indexes [37]. Specific levels or
conditions of an indicator are sometimes considered to have exceptional significance in
sustainability evaluation and are referred to as ‘thresholds.” A threshold is one at which a
significant shift in an indicator’s effect occurs or one beyond which further change occurs
in the indicator would be unacceptable. Criteria are the interacting processes and factors
that define “threshold” levels [38]. This approach enables the meaningful aggregate of
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indicators measured in different ways [39]. Recognising a period over which sustainabil-
ity is evaluated allows for some leeway in meeting the “pillar” requirements as long as
these requirements are met over the entire period. Productivity patterns, in particular,
must be adaptable. In an agricultural context, the time scale can include frequent regener-
ating fallows that result in cyclical changes in productivity and fertility [39]. If SLM is to
be a realistic goal, some flexibility is required. Land use ‘sustainability’ can be viewed as
a future extension of land use “suitability”.

2.6. Farm-Level Indicators of Sustainability

Improving farmers’ capability to look inside, observe, and experiment is vital for
evaluating, developing, and deep-scaling SLM technologies [39]. It is essential to create
local knowledge related to specific locations and to support understanding of local pro-
duction conditions. Such systems provide site-specific ecological information and supply
the key to grasping people’s socio-cultural conditions [40]. Several developments and pol-
icies have been ineffective due to a failure to understand local knowledge and approaches
that influence how farmers manage natural resources [41].

Farmers’ preference to preserve their natural resources through soil and water con-
servation practices is primarily influenced by their understanding and perceived ad-
vantages and outcomes. However, farmer perceptions of soil erosion and soil fertility con-
trol issues in Ethiopia have received little emphasis in reputation evaluation or conserva-
tion planning [42]. Characteristics of various farming systems acknowledge the varied
ways of achieving SLM practices in a given region. Commonalties within every sustaina-
ble farming system’s features can function as SLM indicators. Moreover, indicators were
polished to guide alternatives and sustain farming practices [39]. This study compiled
data and information obtained from farmers and the literature, complemented by expert
judgments, into databases comprising region-specific evaluation criteria, indicators, and
thresholds for local applicability. These then served as a basis for developing sustainabil-
ity assessments of the farm-level production system in the region.

3. Methods
3.1. Site Description

Dessie Zuria and Kutaber Woredas (a middle-level administrative tier of govern-
ment, often equal to the district, above kebele and below zone) are located in the south
Wollo Zone (administrative tier of government below the regional state and above
Woreda) of Amhara National Regional State of Ethiopia (ANRS). South Wollo is among
the ten administrative zones of ANRS. It lies around 11°8” N, 39°38” E and consists of 21
rural and two urban Woredas, with various cultures, agro-ecologies, resource endow-
ments, livelihoods, and farming systems. According to the 2020 estimates of CSA, South
Wollo had a total population of 3,239,475, of which 51.46% were women. Eighty-one %
live in rural and 18.8% in urban areas of the residents. The total area of the zone is
17,067.45 square kilometres [43]. Among Woredas of South Wollo, Dessie Zuria and Kuta-
ber Woredas were selected for this study (See Table 1 and Figure 1). Woredas and Kebeles
were selected based on their susceptibility to soil degradation and the presence of SWC
interventions. Research Woredas are known to have diverse agro-ecologies composed of
Dega (highland), Weynadega (midland), Kolla (lowland), and Wurch (moist) (Table 1)
[44]. The researchers purposefully identified six kebeles from three agro-ecologies of the
two Woredas. The biophysical and socio-economic characteristics of research Woredas are
indicated in Table 1.
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Table 1. Socio-economic and physical features of the study Woredas.

Biophysical, Socio-Economic, and De-

. . L. Kutaber Dessie Zuria
mographic Characteristics
Northing 11°19'60.00" 11°09'60.00"
Easting 39°14'60.00" 39°19'60.00"
Altitude (m) 1500-2930 1649-3817
Area (km?) 719.92 937.32
Mean annual rainfall (mm) 1110 1200
Mean Minimum temperature (°c) 6.56 5
Mean Maximum temperature (°c) 23.13 25

Agro-ecosystem in (%)

Dega 41%, Weynadega 55% and Kolla 4%.

Dega 47%, Weyenadega 45%,
Kolla 2% and Wurch 8%.

Landscape in (%)

Plain 10%, undulating 59%, mountainous
22% and rift 9%.

Plain 15%, undulating 35%,
mountainous 45%, and rift 5%.

No. of rural kebeles

22

32

Lithosols 22 5%, Regosols 16%, Rock surface

Cambisols 45.5%, Regosols 34%

3 o, 1 o,
Soil types (%) 24%, Vertisols 2%, and Cambisols 36%. Lithosols 13.5 /;,ﬁ;d Rock surface
Population 117,163 186,631
Land tenure Public Public
Extension support service Yes Yes
Wheat, barley, b d
Major crops Wheat, barley, beans, peas, and teff cat, bar ey,te f(zans, peas, an

Farming system

Crop-livestock

Crop-livestock

Source: Dessie Zuria and Kutaber Agriculture and Natural Resource Management Offices docu-

mentation.
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Figure 1. Study area map.

3.2. Research Approach and Tools

The mixed research method, which queries qualitative and quantitative data collec-
tion using distinct designs and involves philosophical assumptions and theoretical frame-
works, was selected for the study's research approach. As Creswell [45] stated, the central
presumption is that combining qualitative and quantitative methodologies gives an in-
creased and complete comprehension of the study issue than either approach alone. A
case study is a research tactic that encourages methodical investigation and clarification
of a situation within its specific circumstance. It is seamless to deconstruct and constructs
the concept under scrutiny [46]. According to Baxter and Jack [47], assessing programs
and interventions under a cause study approach is an excellent idea due to their adapta-
bility and flexibility to the local circumstances.

The case study approach has many categories through which it investigates the real-
ities of the world. Unlike the explanatory approach, the exploratory sequential methodol-
ogy is initiated by a qualitative survey and followed by a quantitative stage [45]. Creswell
included that an exploratory successive mixed strategy is a plan in which the researcher
initially explores subjective information and examination and then uses the findings in a
second quantitative phase. All research procedures followed are indicated in Figure 2.
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Figure 2. Research flow diagram.

3.3. Variables

The explanatory variables considered in this study were those anticipated to influ-
ence different physical SWCPs. Among others, they were: land size, sex of household
head, agro-ecology, age of the household head, educational status of the household head,
family size, farming experience, wealth status, livestock ownership, training on SWC, and
perception of tenure security. List and descriptions of the dependent variable are indi-

cated in Table 2:

Table 2. Description

of independent variables.

Variables

Description

Land size

Sex of the household head
Agro-ecology
Age of the household head
Educational status of the household
Family size
Farming experience

(in ha)
Sex of the household head (1 = man, 0 = woman)
Agro-ecology: (1 =Dega,2 = Weyenadega , 3 = Kolla)
Age of the household head in years

The educational attainment of the household head in years

Size of the household (in numbers)

Number of years devoted to farming in years by the household head

The total area of a farm (cultivated land, grazing land, woodlots, and bare land);
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Wealth group

Livestock ownership
SWC training

Perception of tenure security

The wealth status of the household head as assumed by the respondent (1 = poor,
2 =middle, 3 =rich)
Livestock size owned by the household in (TLU)
Training delivered by government or other stakeholders (1 = yes, 0 =no)
The extent to which the household head perceives the tenancy of his land (1 = yes,
0=no)

4. Results

Based on the finding of the various data collection tools, the below indicated results
were recorded. In Section 4.1, we describe the respondents’ socio-economic characteris-
tics, focusing on their sex, age, education, and wealth. The following section, Section 4.2,
expands on the perceptions of land degradation, Section 4.3 deals with drivers of SWCPs,
Section 4.4 examines farm-level indicators, the sustainability of the three categories of the
practices in general and the correlation of physical practices with household variables
seen in Sections 4.5 and 4.6 elaborates constraints of the intervention.

4.1. Socio-Economic Characteristics of the Respondents

Of the 402 respondents, the majority (80%) were households headed by men, and
about a quarter (20%) were households headed by women (Table 3). The age of the re-
spondents varied between 20 and 71 years (Table 3). About 60% of the respondents were
in the 31-40 and 41-50 age categories. This suggests that farming was the main occupation
for this age category compared with other age categories. Furthermore, 90% of the age
category in the age pyramid indicated the presence of a potential workforce that can be
deployed to development work such as watershed management. The substantial group
(40%) had no formal education and could not read and write (Table 3). Those who could
read and write constituted below half (42%) of the total respondents, which in turn am-
plifies the difficulty of diffusing innovations among the illiterate-dominated community.
For the wealth category formulation, different variables were taken into consideration.
During FGD, community members were questioned how wealth groups were defined,
and among other things, farm size, number of oxen, shoat, ownership of transport ani-
mals, labour availability, and having a flour mill were a few parameters considered. From
Table 3, it can be seen that only 7 (1.75%) of the respondents assumed themselves as a
better-off household and the rest, 395 (88.25%), were either poor or middle-level in terms
of the perceived wealth status. The overall high proportion of poor households could be
correlated to the high prevalence of land degradation, shrinking farm size, and poor agri-
cultural productivity.

Table 3. Demographic and socio-economic characteristics of the respondents.

Household Characteristics of the Respondents Frequency Percent
Sex
Man 324 80.8
Woman 78 19.2
Age
20-30 49 12.2
31-40 112 27.9
41-50 126 31.2
51-60 76 19.0
61-70 31 7.7
Above 71 8 2.0
Education
lliterate 159 39.6
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Read and write 74 18.2
1-6 grades 95 23.7
7-8 grades 42 10.5

9-12 grades 32 8.0
Wealth
Poor 134 33.42
Middle 261 64.84
Rich 7 1.75

Source: Own survey.

4.2. Perception and Extent of Land Degradation

The study explored how the community understands land degradation and the ex-
tent of the problem. As portrayed in Table 4, 345 or 85.79% of the respondents duly per-
ceived the issue of land degradation and the pain it presents on land productivity.

Table 4. Perception of land degradation.

Do you Perceive the Prob-

lem of Land Degradation? Frequency Percent
Yes 345 85.79
No 57 14.21

Those who perceived the problem's existence were asked to rate the extent and mag-
nitude of the degradation. Figure 3 shows that the majority (68%) believed that the prob-
lem of land degradation rarely or very rarely occurs. This happened because of several
reasons. One assumption could be that, though land degradation was a problem in the
area, farmers’ perception of the problem was minimal. Secondly, farmers who partici-
pated in the survey only expressed their views based on the situation of their particular
farm plots. Failure to duly perceive the problem could be linked with weak community
participation in the intervention.

Very frequently
2%

Frequently
30%

P

Very rarely
10%

Rarely
58%

m Rarely = Veryrarely = Frequently = Veryfrequently

Figure 3. Severity of land degradation as perceived by the respondents.

4.3. Drivers of SWC Practices

Land degradation has negatively affected the productivity of farmlands. Many social,
economic, and biophysical phenomena contribute to the prevailing subsistence-oriented
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agricultural system in the North-eastern escarpments of Ethiopia. No other factor than
land degradation contributes much too low agricultural productivity and poses food and
nutrition insecurity. Hence, the study was curious to investigate and identify drivers re-
sponsible for farmers to adopt SWCPs. While undertaking the qualitative sessions, com-
munity members were asked to list what led them to engage in SWC activities. The seven
most critical drivers were identified and inputted in the questionnaire for further Likert
scales based on evaluations made by the respondents.

Extreme weather conditions constituted a score of 1093 and ranked first among the
drivers (Figure 4). Extreme weather events such as drought and flood negatively impacted
the farmers’ livelihoods. These further affected crop development and productivity and
paved the way for crop pests and diseases. Scoring second was the presence of the SWC
program. As a result of the program, awareness and training was given, and community
members were mobilised for the campaigns. Despite the program’s ad hoc and top-down
oriented nature of implementation, the programs have introduced and scaled-up different
SWCPs. Furthermore, farmer surveyors, who could lead the construction of bunds, were
trained, necessary hand tools were provided, and a sketch map of the schemes was devel-
oped through this program. Declining soil fertility was third place in the slant with 978
points. It is unquestionable that various factors influence soil fertility. Among others are
poor agricultural practice, failure to apply yield-augmenting inputs, crop rotation, fallow-
ing, and mulching. This further initiated them to invest in SWC schemes, aspiring for the
betterment of their plots. Low agricultural production took the fourth rank with a score
of 961. It is common to see farmers producing insignificant yields from their fields, which
cannot support the food demand of family members. As a result, family members are re-
peatedly exposed to chronic and seasonal food insecurity. The shrinking plot size took the
fifth rank in the list, resulting in either due to land degradation or sharing farm plots
among descendan