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ABSTRACT

A field study was conducted in Upper Chena catchment, South Gondar, Ethiopia to identify and

describe major causes and extent of land degradation, to evaluate current landuse practices, and

to check the quality of existing soil conservation structures, through household level socio –

economic questionnaires, field surveys and soil laboratory analyses.

Socio - economic data were collected from randomly selected households in the study catchment

and data generated were used to identify the major causes and indicators of land degradation.

Status of degradation of different landuse types, grazing land, cultivation land and forest (wood)

land, was assessed using soil organic matter content, cation exchange capacity, bulk density and

gully parameters. Degradation Indices were computed for grazing and cultivation lands through

comparison with forest land. To evaluate the current landuse practices against the recommended

one, Treatment – Oriented (TO) capability classification scheme was used taking soil depth, slope

percentage and type of soil and water conservation structures as the main parameters. Quality of

stone made terraces was evaluated using the WFP/MOA standard.

Open nutrient cycle, poor agronomic practices, poor livestock management and inefficient

utilization of soil and water conservation structures were the major identified causes of land

degradation in the study catchment. The study revealed that an average of 2413 kg of biomass

fuel, including dung and crop residue, was consumed per household per year. A total of 16

springs had dried in the catchment.

Of the soil parameters investigated, organic matter and cation exchange capacity were higher in

the forest land while bulk density was high in the grazing land. With respect to the forest land,

cultivation and grazing landuse types had a degradation index of -302 % and -323 %,

respectively.Based on the TO classification scheme current landuse in the catchment deviated

from the recommended one by 30 %. Moreover, only 15 % of the required soil and water

conservation structures were constructed, most of which were damaged, indicating that the

current landuse practice is faced with land degradation. Vertical interval between successive

terraces and terrace back height varied significantly from the recommended.
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The overall result of the research indicated that the catchment is under the threat of land

degradation, necessitating appropriate technical and policy interventions before the problem is

worsened.
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CHAPTER ONE

INTRODUCTION

1.1 Background

Environment is a scarce resource with many conflicting demands placed on it (Hanley et al.,

1997). The problem of environmental deterioration has now become one of the most serious

problems confronting mankind. Our impact on the planet earth is so substantial that the vital

important conditions of our existence are being affected and deteriorating. Resource degradation

is identified as one of the major reasons for the distressing trend in food production and economic

growth especially in developing countries. Among the resource degradations that exist in the

world, land degradation takes the lion's share. Perman et al. (1999) estimates that about one -

tenth of the earth's land surface is significantly degraded, and that an area equal to the size of

Italy has been more or less permanently lost to agricultural use.

Land is the primary means of production used to generate a livelihood for rural residents of most

developing countries. Land is the main asset that farmers have to accumulate wealth and, equally

importantly, what they transfer in the form of wealth to future generations (Nega et al., 2003).

Majority of the population in developing countries are immediately dependent on land in some

way or another such as agriculture, forestry, animal husbandry, etc. (Bownder, 1987).

There is a lack of universal agreement on the definition of land degradation (Johnson and Lewis,

1995). However, Land degradation has been defined in so many ways. Taffa (2002) defined land

degradation as the loss of utility or potential utility or the reduction, loss or change of features or

organisms that can’t be replaced. Land degradation is a complex process that can include the

decline in the efficiency of physical and chemical attributes of land. Stocking (1995) also defined

land degradation as a composite term describing the aggregate diminution of the productive

potential of the land, including its major uses, its farming systems and its value as an economic

resource.
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The interaction between human societies and the resource bases upon which they depend can be

characterized by the dynamic tension between three interacting elements that are: human

population dynamics, natural resources (e.g. productive capacity), and technological progress and

economic growth (Andries, 2003). The degradation of these resources is caused by the heavy

pressure from the human and livestock populations, coupled with many other physical, socio -

economic and political factors (Sonneveled, 2002). As a result, the global store of arable and

grazing land continues to decline through the course of time.

Ethiopia has one of the oldest agrarian cultures in the sub - Saharan Africa with a large

agricultural potential. Agriculture is not only the backbone of the economy but also a major

occupation for nearly 85 % of the population. Furthermore, long term economic development and

poverty alleviation programs in Ethiopia are all designed to be based on development in the

agricultural economy (EFAP, 1994 and Gete, 2003).

In Ethiopia land degradation in the form of soil erosion and declining fertility is serious challenge

to agricultural productivity and economic growth (Mulugeta, 2004). Soil erosion by water is by

far the greatest land degradation problem by selectively removing organic matter and clay. Water

erosion not only removes nutrients but also may reduce the soil's chemical capacity to retain

added nutrients. Erosion reduces the thickness and the volume of soil available for water storage

and root expansion for plants. Under extreme gully erosion, enough soil is removed that farm

implements and animals can't move from field to field across the gullies.

Average soil removal all over the country was estimated to be about two billion tons per year

(FAO, 1986). Among the landuse types in which erosion occurs, the most serious one occurs on

cultivation fields. Hurni (1993) reported that the rate of soil loss from cultivation fields was

estimated to be 42 ton per hectare per year on average. The same source also showed that by

assuming an average soil depth of 60 cm, it is predicted that most of the area of cultivated slops

in the Ethiopian highlands would be entirely stripped off the soil mantle within 150 years.

Unwise landuse change is one of the main causes of land degradation. The most productive forest

lands have already been brought into agricultural production. Further expansion of agriculture
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and grazing now takes place on marginal lands, even on steep slopes or on soils of poor physical

structure or low inherent property. Agricultural expansion to these lands often results in rapid

land degradation, with a subsequent decline in production. The clearing of marginal forests and

hills for fuels and construction purposes also challenges the maintenance of biological diversity.

To grapple with the problem, reforestation efforts and soil conservation schemes had been

launched in Ethiopia. However, the success rate has been minimal. This may be attributed to lack

of involvement of local people in planning and implementation of the scheme and poor execution

and maintenance of the soil and water conservation structures. Azene (1997) explained that only

25 % of the rehabilitation target has been accomplished and most of the physical soil

conservation measures and community forest plantations were destroyed in Ethiopia.

To mitigate degradation, it is important to assess major causes and degradation levels and people

perception. In addition, assessment of current landuse and conservation measures is required to

evaluate alternatives. The present work was designed with this mind. The work conducted on a

small catchment in South Gondar, Estie wereda attempted to identify the main causes of land

degradation through socio - economic questionnaires. Attempt was also made to evaluate how the

current landuse practice in the catchment is compatible with Treatment - Oriented capability

classification. The extent of degradation of different landuse types was also quantified by

selecting key parameters. Finally, a quality test was done for stone terrace by selecting key

parameters of the terrace.

1.2 Statement of the problem

The main reasons, which necessitated this research, are the following:

1. Even though land degradation, in particular soil erosion, is assumed to be known for its

severity by the community and the Wereda Office of Agriculture, the causes for this

problems for that specific catchment has not been identified and quantified.

2. As a result of this knowledge gap, the kind of protection measures being conducted and

other interventions don't alleviate the problem significantly and the problem of land

degradation is still continuing.
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3. The investigation of the causes, extent and consequence of land degradation is vital to

recognize the repercussion on the production capacity of the study catchment.

4. Due to high population pressure prevailing in the study catchment, lands, which shouldn't

have been used as cultivation field, are now being tilled and appropriate protection

measures that were important are not done accordingly. Grazing lands and other fragile

areas are rapidly encroached and are being changing to farm fields. Generally, there is

chaos in the landuse system and this has not been studied yet.

5. Due to continuous and unabated soil erosion prevailing in the study catchment, yield

reduction is becoming frequent. Food security both at household in particular and in the

community at large is not secured. The reasons for the efficiency reduction that are

associated with soil erosion are not clearly described. Key parameters like soil organic

matter content, cation exchange capacity, bulk density and gully density of the soil of

different landuse types have not been studied and quantified.

6. Finally, attempts were conducted to stop the current land degradation. Among the

attempts, the construction of stone made terraces is dominant. But the desired objective of

these terraces is not achieved and the process of land degradation has continued. It is also

possible to look a number of demolished and damaged terraces everywhere in the study

catchment. There is also failure to adopt appropriate soil conservation measures.

7. Though the causes for destruction of terraces and its poor performance are many, no

detailed studies have been conducted to test the design quality. Whether the terrace design

parameters mainly vertical interval, terrace back height and terrace top width are done

according to the recommended standard or not is not studied in the study catchment.

The above points are the main problem areas in which the research tried to give answers. Beside

to these problems, no detailed studies have been conducted on issues related to land degradation

in the study wereda. Hence, the result of this research can be used as a springboard for other

researchers. As most biophysical and socio economic aspects of the study catchment is similar

with other catchments in the study wereda and neighborhood weredas, the research findings can

be applicable as a guideline.
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1.3 Objectives of the study

1.3.1 Main objective

The main objective of this research is to identify and describe major causes and extent of land

degradation, and to evaluate current landuse practices and quality of soil conservation structures

at Upper Chena catchment, Estie Wereda, South Gondar, Ethiopia.

1.3.2. Specific objectives

1. To identify major causes and indicators of land degradation.

2. To assess the extent of degradation in the catchment.

3. To evaluate current landuse practices against Treatment - Oriented capability

classification scheme.

4. To evaluate the quality of the dominant type of soil conservation structure against the

recommended technical standards.
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CHAPTER TWO

REVIEW OF LITERATURE

2.1 Land Degradation

2.1.1 Chemical degradation of soil

Chemical degradation of a soil is a change in soils’ chemical properties that regulate nutrient

activity and capacity; or which maintain a favorable balance among principal nutrient elements

Lal et al., (1989). Major chemical properties of soil include cation exchange capacity, organic

matter content, pH, soil salinity and soil acidity. These chemical parameters of soil are the ones,

which determine the quality of a given soil in addition to physical and biological properties. A

given soil is chemically degraded when either of the ideal chemical condition for plant growth is

violated.

Different chemical properties of a given soil type are related to each other in one-way or another.

The presence of one attribute indicates the status of other. For example if a given soil is rich in

organic matter content, it is also easy to predict that the soil is rich in CEC. Therefore, the study

of chemical property or chemical degradation of a given landuse type requires selecting an

appropriate and inclusive parameter. Among the chemical properties that indicate the level of

degradation of a given site, organic matter content and cation exchange capacity are assumed to

be fundamental.

The organic matter content affects the activities of microbes, which in turn have vital role in

making nutrients available for plants. Moreover, organic matter content strongly affects the

physical properties of soil including soil structure, bulk density, percent pore space and water

infiltration capacity. Cation exchange capacity is also crucial in the determination of soil fertility

for two fundamental reasons (Olaitan et al., 1996). The first reason is that the total quantities of

nutrients available to plants as exchangeable cations depend on it. The second reason is that it can

influence the degree to which hydrogen and aluminum ions occupy the exchange complex, and
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thus affects the pH of soils. For the above fundamental reasons organic matter content and CEC

are chosen for this study.

2.1.1.1. Organic matter content

Soil organic matter is derived from the decayed tissue of plants and animals, and from animal

excreta, particularly urine (Ngugi et al., 1978). Soil organic matter has tremendous advantages in

the improvement of soil physical, chemical and biological properties. Soil organic matter

stabilizes soil structure, improves water holding capacity, lowers bulk density, increases CEC, act

as a pH buffer, ties up metals, supplies energy and body building constituents for soil organisms,

increase microbial population and their activities (http://soils,tfree.wsu.edu/mg/htm).

Consolidated organic matter (humus) is slow to be broken-down, so nutrients are released slowly

into the soil. This behavior reduces loss of nutrients by leaching (Ngugi et al., 1978). Each year,

about 1 to 4 % of nutrients in soil organic matter are released through microbial transformation to

become available to plants. Thus, release is highest under warm, moist conditions in which the

microorganisms are expected to be abundant and active enough. Therefore, microorganisms are

important driving force for nutrient release to plants.

Organic matter (humus) contained in the surface layer of a mineral soil usually varies between 1

and 10 %, depending on climatic and drainage conditions (Ilaco, 1985). On average this organic

matter contains 58 % carbon, 5 % nitrogen (C/N= 10-12), 0.5 % phosphorus, and 0.5 % sulfur.

Thus, conversion of percent carbon to percent organic matter is, therefore, done with the

empirical factor of 1.724, which is obtained by dividing 100 by 58. Organic matter content of a

soil could also be roughly estimated from the total nitrogen content of soil by multiplying the

percent total nitrogen by 20 by assuming organic matter contains 5 % nitrogen (Sahlemedihin and

Taye, 2000). Organic matter content of a soil is rated by Ilaco (1985) (Table 1).

http://soils,tfree.wsu.edu/mg/htm
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Table 1: Rating of organic matter

Rating Total organic matter (%)

V. High

High

Medium

Low

Very low

>6.0

4.3-6.0

2.1-4.2

1.0-2.0

<1.0

Source: Ilaco, (1985)

The major portion of the body of the plant is built up by the three elements: carbon, hydrogen and

oxygen, which are taken by the plant from the air and water. Organic carbon is used as a measure

of soil fertility using the correlation of organic carbon and nitrogen through C/N ratio.

Chemically, organic matter is the soil source of all nitrogen. Nitrogen is a very important

constituent of the protoplasm, which is the living substance of the plant cell. The nitrogen

compound comprises 40-50 % of the dry matter of the protoplasm (Tideman, 1996).

2.1.1.2 Cation Exchange Capacity (CEC)

The sum total of the exchangeable cations that a soil can absorb is called CEC of the soil. CEC is

a measure of the quantity of cations that can be adsorbed and held by a soil. CEC measured in

Cmol (+)/kg of soil is an important parameter of soil because it gives an indication of the type of

clay mineral present in the soil and its capacity to retain nutrients against leaching (Sahlemedihn

and Taye, 2000). A cation is a positively charged ion and most nutrients are cations. These

cations include Ca2+, Mg2+, K+, NH4+, Zn2+, Cu2+, and Mn2+ (http://soils, tfree.wsu.edu/mg/htm).

These cations are in the soil solution and are in dynamic equilibrium with the cations adsorbed on

the surface of clay and organic matter.

The negative charge on the very large external surfaces of clay and humus attract positive

charged ions. As a result, these ions are loosely adsorbed at the surface of the solid phase (Ilaco,

1985). There is a fairly constant equilibrium between adsorbed cations and those moving freely in

the soil moisture. When the equilibrium is disturbed, ion exchange between the solid and liquid

soil phases occur, resulting in either adsorption or release of cations. Cation concentration in the
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soil moisture may diminish as a result of leaching or due to adsorption by plant roots; a

concentration increase may be caused by fertilizer application or losses of soil moisture by

evaporation.

The main sources of CEC are clay minerals and organic matter according to

(http://soils1.csesovt.edu/MJE/pdf/soil-chem-props/pdf). Organic matter has higher CEC. This is

because highly decomposed organic matter, known as humus, has very high surface area (greater

than clay). It develops negative charge due to release of H+ ions from its functional groups. Clay

also is important source of CEC through isomorphic substitution. For example substitution of

Al3+ for Si4+ give rise to overall one net minus charge. This increases the negative charge on the

soil and consequently the CEC of the soil. According to Ilaco (1985), the CEC of clay depends

on the type of the clay mineral. When clay species are compared in their CEC, montmorillonite

has highest, illite medium and Kaoilinite lower.

2.1.2 Physical Degradation of Soil

The degradation of the physical properties of a soil is one of the processes that reduce the quality

of a given land. These properties include bulk density, soil crust (seal) formation; gully density

and gully texture (gully surface area). Bulk density for a volume of soil as it exists naturally;

includes any air space and organic material in the soil volume and the bulk soil volume is

assumed not to have changed by drying. Average soil bulk density of cultivated loam is

approximately 1.1 – 1.4 g/cm3 (Danahue, 1990). The same source states for good plant growth,

bulk densities should be below about 1.4 g/cm3 for clays and 1.6 g/cm3 for sand.

The formation of gullies is also one of the physical degradations damaging land. Whenever bulky

amount of soil is removed through erosion, pedon thickness decreases; the physical ground,

which would have been used for crop production, is lost. Gully erosion is the most spectacular

form of erosion as the damaged caused by it is relatively permanent Kukal (2005). Gully erosion

is most prevalent type of water erosion as it dissects the fields, impede the tillage operations,

damaging agriculture, residential and recreational land, and restrict free movement of animals

and human beings. There are many parameters that can describe a given gully. Among these,

http://soils1.csesovt.edu/MJE/pdf/soil-chem-props/pdf
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gully density (m/m2), gully texture (m2) and gully volume (m3) are important measures. The

severity of gullies is categorized based on gully density (Table 2).

Table 2: Gully density category

Gully density (m/100ha) Description
<100
10-100
100-500
500-1000
1000-2500
2500-5000
>5000

Non- applicable (minor)
Minor to moderate
Moderate
Moderate to severe
Severe
Very severe
Extreme

Source: Graham (1989), cited in http://www.epa.nsw.gov.au/soe/97ch2/8.htm

2.2 Major Causes of Land Degradation in Ethiopia.

Causes for land degradation are many, complex and interacting each other. There is serious land

degradation in Ethiopia related to soil erosion, fuelwood crisis, overgrazing, deforestation,

intensive cultivation, poor water control and shortage of livestock feed. These factors interact and

lead to a vicious cycle often referred to as "the poverty, food insecurity and natural resources

degradation trap" Alemneh (2003). Soil erosion, overgrazing and deforestation belong among the

major immediate causes of land degradation.

2.2.1. Soil Erosion

Johnson and Lewis (1995) stated that the most ubiquitous cause contributing to agricultural land

degradation was soil erosion. EFAP (1994) also clarified that measures of land degradation

usually focus on the severity of soil erosion. In the Ethiopian highlands soil erosion is the main

cause of deterioration for soil productivity (NCS, 1994). About 50 % of the total area of the

country is under the threat of soil degradation and the impact of this is causing decline in food

production by one to two percent per annum (NCS, 1994). Annual soil loss in Ethiopia is

estimated at 1.5 and 3 billion tons. Of this, 50 % occur in croplands where soil loss may be as

high as 296 tons/ha/year on steep slopes (FAO, 1986 and Scoones et al., 1996) however different

landuse types have different soil loss rate (Table 3). The most sever degradation, however, is

observed in the northern highlands. Soil fertility decline is mainly caused by intensification of

http://www.epa.nsw.gov.au/soe/97ch2/8.htm
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agriculture on already fragile lands. This process steadily depletes nutrients and extreme soil

fertility loss through erosion can be a precursor to desertification.

Table 3: Soil loss rate estimates made for different land cover/ landuse in Ethiopia

Land cover/landuse area Percentage Soil loss (t/ha/yr)
Crop land (annuals)
Perennial crops
Currently uncultivated land
Totally degraded landscape
Grazing/browsing land
Wood and bush land
Forests
Average

13.10
1.70
18.70
3.80
51.00
8.10
3.60
100.00

42
8
5
70
5
5
1
12

Source: Hurni, (1993)

2.2.2 Overgrazing

Ethiopia has the second largest livestock population in Africa with over 30 million cattle and 42

million sheep and goats (Alemneh, 2003). This large population size is assumed to be

significantly important for the country's GDP. Production from cattle has been estimated to be

620,000 tons of milk, 244,000 tons of meat, 24 million tons of manure, and 2.4 million hides

annually (CSE, 1997 in Kahsay, 2004). The same source also clarified that livestock contributes

about 30 - 35 % of agricultural GDP, about 13 - 16 % of total GDP and more than 85 % of farm

cash income.

However, this economic sector is highly linked to land/soil and water resource degradation in one

way or other. Many types of grassland historically have supported native grasses, originally

dominated by perennial grasses. These grasses are useful for soil stabilization (they maintain

cover of the ground year around and have extensive root systems), are quite productive, and also

are very palatable to cattle. As the size of livestock herds increases, grass is overgrazed, trampled

and soil is compacted. When grazing fields are heavily grazed (particularly at flowering and seed

set times) they produce fewer seeds, decreasing recruitment of new individuals into the

population. Moreover, compacted soil inhibits establishment of grasses.
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2.2.3 Deforestation

The destruction of forest and woodland resources has a complex implication on the status of the

environment. Vegetation cover and dead plant biomass are known to reduce soil erosion by

reducing the erosive energy of the rainfall. Having intercepted this rainfall, they facilitate the

infiltration rate of water to the ground. Forests improve the quality of the soil underneath by the

addition of organic matter through litter fall and nitrogen fixation. They improve the activities of

microorganisms that can facilitate soil nutrient improvement. Moreover, they protect the soil

from extreme erosion by interweaving through its root net.

Even though forests have the above benefits, they have been treated as free resource (open

access), taken largely from land to which every one has the right to access. The heavy

dependency on forests for fuel and building materials has combined with population growth to

contribute to the increasing rate of forest and woodland destruction (Sayer et al., 1992). Increased

destruction of the forests and woodlands has also accelerated land degradation and this negatively

affects agriculture. The removal of trees also alter the hydrological cycle and soil water

availability, at the same time the replacement of perennial plants with annuals leave soil

periodically exposed, encouraging erosion (Stork, 1995). The decreased complexity of the

rooting system, reduction in soil organic matter and change in the soil structure, also increases

susceptibility to pests and pathogens.

Satellite sensing indicate, the worlds forest are vanishing at a rate of 171,000 km2y-1and 100,000

to 200,000 ha annually in Ethiopia (AAU, 2000). Historical estimates suggest some 87 % of the

Ethiopian highlands had forests and woodland covers, but this was reduced to 40 % by 1950, 5.6

% by 1980 and 2.4 % by 1990 (Sayer et al., 1992). Deforestation rate per annum for Ethiopia is

described in table 4.
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Table 4: Deforestation rates for the Ethiopian highlands

Year Forest area (sq. km) Deforestation loss per annum (sq.km)

1900

1950

1965

1985

530,000

210,000

90,000

35,000

-

6,400

8,000

2,750

Source: Sayer et al. (1992)

2.2.4 Biomass fuel consumption

The base for fuel consumption in developing countries including Ethiopia has been biomass fuel.

Bownder (1987) reported that many developing countries have a substantial reliance up on wood

fuels. Akinbami et al. (2003), quantitatively expressed that biomass accounts for over 80 % of

annual energy consumption for developing countries while it was 2 % for developed nations. The

case in Ethiopia is still greater than the developing countries’ average and it is estimated to be 89

% Bownder (1987). Alemneh (2003) states that in Ethiopia fuelwood burning contributes as one

of the main factors for deforestation with biomass fuels supplying nearly 95 % of the country’s

energy market.

Fuelwood supply is getting scarce in Ethiopia as the supply source dwindles, being substituted by

other form of biomass fuels such as dung, branches/leaves and agricultural residues which

otherwise would have been used as soil improvement. Fuelwood demand between 1976 - 87,

exceeded supply by twofold with 42 million cubic meters while supply remained at 24 million

cubic meters (Alemneh, 2003).

The use of dung as fuel is at the opportunity cost of using it as organic fertilizer (Newcomb 1984).

Cow dung contains essential plant nutrients with average dry matter composition of 1.46 %

nitrogen and 1.30 % phosphorus by weight, and 5.7 kg of potassium and 1.4 kg of calcium per

ton of dry dung. By taking Newcomb’s estimate of dung burned in Ethiopian households at 7.9

million tons per annum, the average agricultural output lost by diverting dung to fuel is some

USD 600 million (Bownder, 1987).
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2.2.5 Problems of land tenure and Poverty

Poverty is unquestionably one of the fundamental problems, which almost half of the Ethiopian

population continues to face. Poverty causes enormous environmental damage as the poor are

forced to mine the rapidly disappearing natural resources in the surroundings (Ermias, 2003). The

two circumstances in which poverty may contribute to land degradation are firstly, that the poor

can ill- afford the use of organic or fertilizers, and secondly their inability to mobilize larger

labour inputs for land improvements (Dessalegn, 2001).

The issue of land on the other hand is crucial to the whole operations of improved land

management. It appears that the question of ownership and titles to land is of paramount

importance in farmers’ decision making for investment on improvements to the land/tree growing

(Ermias, 2003). If there is no clear land tenure (ownership right) peasants are forced to undermine

long term use of land resources and concentrates on short-term gains.

2.3 Treatment Oriented Land Capability Classification

Allocation of a given land to specific landuse type requires considering many issues into account.

Tafa (2002) stated that the techniques which make it possible to determine the most suitable use

for an area of land is land capability classification. Land capability has a particular purpose of

recording all agricultural uses and conservation measures, which allow the most intensive

agricultural use of the land without risk of soil erosion. This type of classification reflects the

result of the appraisal of land qualities (Ilaco, 1985).

Lands are grouped into categories of land qualities and then they are grouped into categories

according to their suitability (current or potential) to specified types of sustained use. This

requires taking into account attributes and constituent factors, as well as land qualities relevant to

the requirements of the specific types of landuse under consideration. A tract of land is assigned

to a specific suitability category if its quality comes within the category’s limit. By doing so the

ability of the land to reproduce on virtually permanent basis is achieved (Tideman, 1996).
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In allocating a given tract of land to a given landuse type, there is not single blueprint procedure

for all nations. For every country or geographical region there are different factors, which should

be considered. Soil, climate, social customs, land tenure, and economic conditions vary from

place to place. All these factors affect the choice of the best landuse.

Among many land capability classification systems, a Treatment – Oriented capability

classification scheme, developed in Taiwan and tested to fit the humid tropical hilly lands of

Jamaica, provide a simple system for grouping land into erosion risk classes (Sheng, 1972 cited

in Belay, 2003). The scheme has been tested in the northern highlands of Ethiopia (Wolo) too by

integrating it with GIS (Belay, 2003) and on steep upland areas and under a homogenous climatic

condition Tideman, (1996). This scheme has been applied for the present work.

This scheme of classification has several important features. Tideman (1996) mentioned the

following four advantages: (a) It is treatment – oriented scheme, that is, land is categorized

according to the type of major conservation treatments to be recommended for erosion control. (b)

It is simple classification scheme. Land is divided mainly according to the two major factors i.e.

slope percentage and soil depth. (c) It is easy to understand. The capability map can be easily

understood by farmers and field workers and. (d) It is a practical scheme. That is, this new

scheme classifies more lands as cultivable land through adoption of the appropriate conservation

treatments. In most countries, what are really needed are the creation of more cultivable lands for

agricultural crops rather than the imposition of stricter limits.

Taking these advantages into account, a catchment approach is used to evaluate landuse of the

study area. Catchment approach is chosen because the catchment (watershed) context provides

the natural and logical framework for investigation into the complex and reciprocal linkage

among landuse, soil and water resource, and the interdependence of people in their resource use

practices (FAO, 1978). Because of these significances, catchment is also considered to be the

logical spatial unit for research and also for sustainable and integrated resource management

practices under local people participation. Under this approach, an integrated strategy is used to

study, protect and restore the watershed quality through problem identification, stakeholder

involvement and integrated actions (Cline and Collins, 2003).
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2.4 Soil Conservation Practices

The knowledge that soil erosion is both costly and damaging was first appreciated on a wide

scale by agricultural authorities in USA in the 19th century and in colonial Africa and India in the

early part of the 20th century (Shah and Pretty, 1997). Taking this knowledge into account, many

interventions have been commenced in many part of the world to halt the erosion. The style of

intervention was first established in USA, later in colonial Africa where there is still a marked

contrast between the enduring success of indigenous soil and water conservation and the

approach adopted by soil conservation authorities.

Soil conservation can be advanced through two different approaches (http://collections.ic-

gc.ca/highway/english/soil-h2u/conservation1.html). The first consists of finding and applying

new techniques to reduce soil degradation and erosion, which will eventually improve the soil.

The second is, on a long-term basis, establishing within society the philosophy of soil

conservation as an integral part of sustainable development and part of everyone’s responsibility.

Among the many large-scale soil conservation programs conducted in Africa, that of Ethiopia’s

can be mentioned. According to Shah and Pretty (1997) and Solomon (1994), 1.5 million km of

stone and soil terrace and bunds were constructed on 300,000 ha of land and 80,000 ha of land

were closed off from local people during the late 1970s to 1987. However, these have not been

long - term successes. Some times, successes were reversed almost immediately.

In an evaluation of World Food Program supported conservation in Ethiopia, the extent of

terracing was quoted as ‘impressive’, yet monitoring indicated that 40 % of terracing was broken

down the year after construction. Moreover, Dessalegn (2001) also indicated that in the early

1990s along the main road to the Northern Ethiopia one could see the landscape littered with

debris of environmental rehabilitation programs.

Many reasons could be mentioned for the failure of the program; among which lack of

participation of the local people and lack of maintenance schemes may be cited. Another very

significant reason for the poor performance of soil conservation structures was failure in
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designing structures correctly. Tafa (2002) stated that the design of terrace involves the proper

spacing and location of terraces with appropriate dimensions of the terrace itself. However, the

terraces constructed by farmers in Ethiopia are not having acceptable or regular spacing and

slopes.

It is known that poorly designed structures can aggravate soil erosion. According to Shah and

Pretty (1997), for example in South Africa, the first anti- erosion measures introduced in the early

1930s, were large ridge terraces and bunds, but these imported measures permitted storm water to

break through at vulnerable points. Careless construction made them susceptible to bursting, and

locals came to believe ‘gully was caused by government’. These clearly demonstrate the kind of

saying, “more terracing yet more erosion”. For its best efficiency it has to be combined with other

methods and its construction design should be according to the recommendation. Otherwise the

side effect may exacerbate the problem of soil erosion. In planning soil conservation programs,

community or cooperative action is indispensable. Small farms, which are characteristic in

developing countries, should be addressed explicitly and the problem of soil erosion has to be

tackled on a watershed basis, as a concerted action where all efforts reinforce and complement

each other (Tideman, 1996).
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CHAPTER THREE

MATERIALS AND METHODS

3.1. Description of the study area

a) Location, physiography and soil

Chena catchment is situated in Estie wereda, South Gondar Administrative Zone, Amhara

Regional State, Ethiopia. It is about 676 km northwest of Addis Ababa and about 100 km north

of Bahr Dar. The road, which takes to Estie, departs at Hamusit, to the east from the Bahr Dar -

Gondar highway. The wereda lies within 11034'N latitude and 37041'E longitude (FAO/UNESCO,

1984). Farta wereda from north, Gojjam from south, Lay Gayent and Simada weredas from east

and finally Dera and Fogera weredas from the west border the wereda.

The study catchment is located on average 10 km northwest of Estie town. The catchment

encompasses three kebeles namely Mekane - Eyesus, Amjaye - Belta, Lewage-Ashamagedayat.

The catchment has an area of about 1600 ha. According to the 2003/04 Estie Wereda Agriculture

and Rural Development Annual Report (unpublished) the topography of the area comprises 48.3

% plain land, 28.8 % mountainous and 22.9 % undulated and rugged terrain. With regard to soil

type, 60 % of the soil is reddish, 10 % brown and 30 % black.
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N

Fig 1: Map of Chena catchment. Source: EMA (1988). Scale: not to scale.
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Fig 2: Altitudinal profile of the catchment along the transect wallk direction. (Plot 19 is where the
river Chena cross the transect line)

b) Climate

According to Estie Wereda Agriculture and Rural Development Annual Report (unpublished)

(2003/04), the study catchment shows the combination of 'Dega and Woyna - Dega' climate.

Temperature of the area ranges from 8.30C to 250C. The altitude range of the study catchment is

from 2300-2780 masl. With regard to rainfall, it ranges between 1300 mm and 1500 mm. The

rainfall pattern of the area is characterized by one long summer season and one short spring

season. The long summer rainfall starts from the middle of June and extends up to the middle of

September. This time is the main season for crop production in the study area. The 'Belg' rain

occurs between March and April.
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c) Population and socio economic features

The wereda has a population of 394,111 and a population density of 166.4 persons per km2.

(ECSA, 2003) whereas the study catchment has a population of 2358 and a population density of

147.4 persons per km2 according to the survey result. Average family size per household is

approximately six. Both crop production and animal husbandry are undertaken side-by-side as

most sedentary rural households do. Crop production is the main source of income to the

households.

As the terrain configuration of the area is mountainous and undulated, soil erosion by water (land

degradation) has been one of the main problems that worsen the livelihood of the farming

community since the last two or three decades. For this reason, the wealth status of the majority

of the people declines from time to time according to the local elders.

d) Vegetation, crop and landuse

The study area grows a wide variety of food crops (Table 6) and trees and shrubs (table 7).

However significant yield reduction is observed from year to year. The reduction of the yield

since 1990 is becoming significant. Many people in the wereda have become relief seekers

including those in the study catchment. According to the 1995 annual report of the DPPD of Estie

wereda 163811 people have been registered as relief seekers in five years (Table 5).

Table 5: Relief seeking people of the study wereda

Relief seekers

Year (E.C.) Number of people

1991

1992

1993

1994

1995

30,243

50,160

19,808

12,400

51,200

Source: DPPD (2002)
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Table 6: Major cultivated crops of the study area

Type of crop Scientific name Local name
Barley
Teff
Wheat
Maize
Horse beans
Field peas
Niger seed
Flax (Linseed)
Lupine

Hordeum vulgare
Eragrostis tef
Triticum vulgare
Zea mayz
Vica faba
Pisum sativum
Guizotia abyssinica
Linus usitatissimum
Lupinus albus

Gebs
Teff
Sindie
Bekolo
Bakela
Ater
Nug
Telba
Gibto

As to the tree species, even though many indigenous tree species are found in the area, their

abundance was very limited. A few are found on some farmer's farmlands, river basins, around

churches, homesteads and the community woodlot. The most dominant tree species in the study

area was Eucalyptus globulus. This is because the specie grows fast and serves as cash crop.
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Table 7: Major trees and shrubs of the study area

Indigenous Exotics
Local name Scientific name Local name Scientific name

Shinet
Embus
Abalo
Yeabesh Girar
Kusheshile
Azamir
Atquar
Agam
Kega
Lol
Endod
Abesha Tid
Semiza
Kulkual
Weyra
Wulkfa
Getem
Bisana
Ahot
Gesho
Chibeha
Kerkeha
Koso
Koshim
Wanza

Kumbel

Myrica salicifolia
Allophylus abyssinicus
Bruci antidiscentrica
Acacia abyssinica
Acanthus arboreus
Bersama abyssinica
Buddleja polystachya
Carissa edulis
Rosa abyssinica
Ekebergia capensis
Phytolaca dodecandera
Juniperus procera
Adhathoda schimperiana
Euphorbia abyssinica
Olea africana
Dombeya torrida
Schefflera abyssinica
Croton macrostachyus
Pittosporum viridiflorum
Rhamnus prinoides
Ficus thonningii
Arundinaria alpina
Hygenia abyssinica
Dovialis abyssinica
Cordia africana
Mythenus senegalensis

Nech bahirzaf
Kundo berbere
Casuarinas
Saligna
Deccurence
Atat
Yeferenge tid
Sespania

Eucaluptus globulus
Schinus molle
Casuarina equisetifolia
Acacia saligna
Acacia deccurence
Mytenus senegalensis
Cupressus lusitanica
Sesbania sesban

Regarding the landuse pattern of the study catchment, major landuse types were cultivated land,

forestland, grazing land, area for settlement and infrastructure, unproductive land, and area

serving for miscellaneous purposes (Table 8). One unique observation in the study area was that

the grazing land was divided in two major categories, namely permanent grazing area and oxen

grazing area. The former was the field where all livestock types graze year round, whereas, the

latter was allotted only to oxen and was grazed from the month December to the onset of the

rainy season. Each ox was allowed to graze from morning to about 11.00 a.m. If some one tries to

compare the status of the oxen grazing field and the permanent grazing field it was possible to see

clear difference with regard to cover, status of gullies and fragile lands. The rules and regulations
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working for the oxen grazing field were strict. Trying to violate the rules will let individuals to be

dismissed from the so-called ‘idir’, which is influential social institution.

Table 8: Landuse of the study area estimated from the toposheet

3.2 Data Collection and Analysis

3.2.1 Identification of the main causes of land degradation

To identify the major causes of land degradation in the study catchment, data was collected from

the four ‘gots’ using open and close-ended questionnaire, at the household level. The total

number of households of the study catchment was registered. The number of sample household

farmers selected for the questionnaire was determined using the following formula (Cochran,

1977). Based on this, a total of 102 households were selected. At each of the four 'got ', sample

households were chosen using simple random sampling techniques from the list of residents.

Data recorders were appointed (fig 3) who went to each household and filled the format by

asking respondents orally. It took 1.5 to 2 hours for each respondent to fill the format. Finally,

data collected through the questionnaires were analyzed using inferential statistics.

2

2

d
pqzno 
 N

no
non

11 




Where: no = the desired sample size when the population is greater than 10,000.

n = number of samples size when population is less than 10,000.

Z = 95% confidence limit i.e.1.96.

P = 0.1(proportion of the population to be included in the sample i.e. 10%).

Landuse Area in hectare Percentage

Cultivation area

Forest area

Grazing area

Residential area

Unproductive land

Miscellaneous area

1116

40

100

208

32

104

69.75

2.50

6.25

13.00

2.00

6.50
Total 1600 100
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q = 1 - 0.1 i.e. (0.9).

N = Total number of population.

d = margin of error or degree of accuracy desired (0.05).

Fig 3: Working crewmembers standing at the extremely degraded land.

3.2.2 Assessing the Extent of Land Degradation

To assess the extent of land degradation through the analysis of some chemical and physical soil

properties, the following procedures were used to select the sampling point. Within the research

catchment, three major landuse types namely, farmland, grazing land and forestland, which was

representative, were selected. The selected forest area is called ’Enteye” and it is the only forest

stand in the catchment. The selected grazing land is named ‘Kaka’ and it is the widest area in

which majority of the livestock graze. To choose representative cultivation field, the cultivation

fields were first classified into four parts. The names of these four areas are Madoka Gebriel,

Tegibara Mariam, Amjaye Abo and Aykolba. The reason why the cultivation fields were divided

into four was just to reduce the variability that could arise as a result of site difference.
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Organic mater content and CEC of the soil are the selected chemical parameters to be studied.

From these landuses soil sample at a depth of 15 cm with a replication of three; each spaced 20 m

apart (triangular location) were collected. To analyze the status of the soil chemical degradation

the organic matter content of the collected soil sample was determined using the Walkley - Black

oxidation method (Brady, 1985).

CEC of the soil samples was determined using a standard method (wash and displace method).

That is, the soil sample was extracted with ammonium acetate (NH4OAC). All the exchangeable

cations were replaced by NH4+ ions, i.e. CEC saturated with NH4+. Then the NH4+ saturated soil

was extracted with other salt solution i.e. NaCl. The Na+ ions replaced the NH4+ ions that were

previously adsorbed by the soil. The quantity of NH4+ ions in the leachate is a measure of the

CEC.

Physical degradation was assessed using degree of Soil compaction (bulk density) and gully

quantification. To know the soil compaction level (bulk density), undisturbed soil samples were

collected using soil sample coring of known dimension. Undisturbed soil samples collected with

a known volume-sample coring were dried in the oven at a temperature of 1050C for 24 hours.

To describe the gully, gully density, gully surface area (gully texture), gully volume and plot to

gully area ratio were computed using the relation described by Woldeamlak (2003) for rill

erosion and Kukal (2005) for gully erosion. To do these, sample area that was affected by gully

were selected from the catchment. Then 5 % of the gully-affected area was included in the

sample and the dimensions of all gullies found in the sample area were measured.

1) Plot to gully area ratio
A

SA
n

i

 1

2) Gully density = length of gullies/area (m2)

3) Gully volume = 1/2* t * d * l

4) Gully texture = Length * Average width

Where: SA = surface area of all gullies in m2, A = area of the sample plot in hectare; V = volume

in m3; t = top width in m; d = depth in m, and l = length in m.
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To determine the degree of land degradation, the Degradation Index (DI) also called

Deterioration Index was calculated following the procedure in Adejuwon and Ekanade (1988)

and Islam and Wail (2000) as cited in Mulugeta (2004). To compute DI the difference between

mean values of individual soil properties from the cultivation field and grazing field and the

baseline values of similar soil properties under natural forest were computed and expressed as a

percentage of the values under the natural forest. These percentage changes were summed across

all soil properties to compute the soil DI for each site, which was used as an index of soil

degradation or improvement. Moreover, the analysis of variance (ANOVA) for chemical and

physical soil properties with different landuse type was calculated. Finally, mean difference of

different soil properties for different landuse types were calculated using the Least Significance

Difference method for the test of significance.

3.2.3 Evaluating the Current Landuse Against TO Capability Classification.

To check whether the current landuse practice matches with treatment - oriented capability

classification a transect walk was conducted. In deciding the transect line, it was done roughly

along the long axis of the study area. It was not necessary to randomize transect directions as

mentioned in Sutherland (1996). The transect walk was done across the contour starting from

Chena River to the higher altitude in both right and left wings. Along the transect line sample

plots of dimension 50m by 50m at every 100m distance were taken. At each sample plot, slope

percentage and soil depth were measured. At each measuring site the current landuse type and the

kind of soil and water conservation practices available were recorded.

To compare whether the current landuse practices match with the recommended landuse type the

Treatment - Oriented scheme of classification was used (Table 9, 10 & 11). Values of slope

percentage, soil depth and kind of soil and water conservation structures were checked against the

Treatment - Oriented capability classification table.

The TO scheme allows annual cropping on slopes as high as 47 %, and soils as shallow as 20 cm,

provided appropriate conservation measures are applied (Table 10). Hence, the scheme is

appropriate to the Ethiopian highlands where topographically marginal land and shallow soil are

extensively cultivated because of lack of better arable land. However, the rainfall regimes of
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Northern Ethiopia in general are not only low but are also marked by very high variability. Thus,

to be more effectively used, the TO scheme, which was originally designed for the humid tropics,

where rains are not only high but less variable, needs to be modified and adapted to the erratic

and highly variable regimes of the northern highlands, by putting out of production, those

capability units that could be very vulnerable to the rainfall fluctuations.

Table 9: A modified TO capability classification for use in the northern Ethiopian highlands

Soil depth Gentle

slopping

Moderately

sloping

Strongly

sloping

Very

strongly

sloping

Steep Very

steep

<12%

(<70)

12-26%

(7-150)

27-36%

(15-200)

36-47%

(20-250)

47-58%

(25-300)

>58%

(>300)

Deep (>90 cm) C1 C2 C3 C4 FT F

Moderately deep (50-

90c.m)

C1 C2 C3 P FT/F F

Shallow (20-50c.m.) C1 C2/p C3/p P F F

Very Shallow (<20c.m.) P P P P F F

Source: Belay (2003)
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Table 10: Characteristics and recommended treatments of capability units of the Treatment -

Oriented classification scheme

Group Class Characteristics and Recommended treatments

Suitable for

tillage

C1 Cultivable land: up to 70(12%) slopes; require no or few intensive

conservation measures, e.g., contour cultivation and strip cropping,

vegetative and rock barriers and broad based terrace

C2 Cultivable land slopes up to 150 (12-27%) with moderately deep soil; need

more intensive conservation, i.e. bench terracing, hexagons, mini

convertible terracing, conservation measures can be constructed by small

sized bull dozers;

C3 Cultivable land; slopes 15-200 (27-36%); bench terracing, hexagons, mini

convertible terracing on deeper soils, and hillside ditching, individual basin

on less deep soils; conservations are constructed by small bulldozers;

C4 Cultivable land; slopes 20-250 (27-36%); bench terracing, hexagons, mini-

convertible terracing; all conservation treatments are done by manual labor;

P Pasture; slops approaching 250(47%); soil depth too shallow cultivation;

use for improved or managed pasture and rational grazing; zero grazing

where land is very steep and too wet:

FT Food/fruit trees on slopes of 25-300 (47-58%); soil depth over 50cm; use

for tree crops with Orchard terracing; inter terraced areas in permanent

grass; contour planting; diversion ditches; mulching;

F Forest land; slopes over 300(>58%) or over 250(47%); where soil is too

shallow for any of the conservation treatments;

Wet land,

liable to

flood; also

stony land

P Wet land; slopes below 250 (<47%); use as pasture;

F Very stony land; slopes over 250 (>47%); maintain as forest;

Gully land Maintain as forest land

Source: Tideman (1996)
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Table 11: Rating fitness of recommended versus existing soil conservation structures on each

sampling plot

Kinds of recommended
measures in number

Kinds and status of practiced measures in
number

Rating in %age

Not damaged Damaged

1 0
0
1

0
1
0

0
50
100

2 0
0
0
1
1
2

0
1
2
0
1
0

0
25
50
50
75
100

3 0
0
0
0
1
1
2
2
1
3

0
1
2
3
0
1
0
1
2
0

0
16.6
33.3
50
33.3
50
66.6
83.2
66.6
100

4 0
0
0
0
0
1
1
1
1
2
2
2
3
3
4

0
1
2
3
4
0
1
2
3
0
1
2
0
1
0

0
12.5
25
37.5
50
25
37.5
50
62.5
50
62.5
75
75
87.5
100

Note: Not damage = SWCS or practices that are not dismantled, demolished or degraded.

Damaged = SWCS or practices in which part of it is dismantled. If a certain structure

is damaged it is given 50% for its efficiency in the rating column.



31

3.2.4 Evaluating the Quality of Soil Conservation Structures

To evaluate the quality of the dominant soil conservation structures in the catchment, the

following procedures were used. Major soil and water conservation structure in the area were

identified. The major soil conservation structure in the area was found to be stone terrace. Terrace

parameters i.e. top width, back height, and vertical interval of the identified structure were

measured. To identify the sample terraces that are to be measured, first the whole area of the

catchment was divided into four parts. Then using simple random sampling method one part of

the area was selected.

From this selected area, starting from the bottom of the hill, terrace parameters were measured.

Twenty-three terraces were found and each terrace was measured for its vertical interval, height

and width at three points with in 50 m terrace length. Numbers of dismantled spots in each

terrace of length 50 m were also registered. To evaluate the quality of this structure, the mean

height, mean length, and mean vertical interval were computed for each terrace. Then, these

mean values were compared with recommended (standard) value using t- test.

Even though the objectives of the research were wide, the time and money allocated were limited.

As a result, it was unable to take many more soil samples at different depths for the soil chemical

and physical analysis. Moreover it was unable to produce sample point, soil and landuse land

cover maps.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Causes and Indicators of Land Degradation

4.1.1 Causes of land degradation

4.1.1.1 Open nutrient cycle

Among the many causes of land degradation, prevailing in the study area, open nutrient cycle

plays the major role. This open nutrient cycle is caused as a result of energy consumption crises.

This is because 100 % of the residents in the study catchment are directly or indirectly dependent

on biomass fuels for their energy source. The use of these energy resources (fuelwood, dry dung,

crop residues and wood stumps) has intensified the undergoing land degradation process in so

many ways. Dry dungs are dungs directly collected from field and called ’kubet’ locally whereas

dung cakes are a cake like shape made of dung locally called “tiftif’. Those nutrients, which

would have been added back to the soil as a nutrient through decomposition, are constantly taken

off from the area and the nutrient cycle remains broken. The following results were obtained as to

how much biomass fuel per household per annum was withdrawn from the study catchment.

a) One bundle of fuelwood serves for about 7 days (a week)

b) Average dry dung consumption per month = 5.53 basket

c) Number of dung cakes consumed in average = 10 per week for dry season and 13 per

week for wet season.

Weight of these fuels

a) To determine weight of fuelwood, weight of 10 bundles of fuelwood collected by five

male and five females were randomly selected and measured and the following results

were obtained. The average weight of females’ bundle was about 21.80 kg whereas that of

males was 24.2 kg, which averages 23.00 kg. Then the consumption rate for fuelwood
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was computed as follows. One week per bundle x 23.00 kg per bundle x 52 weeks per

year = 1196.00 kg of fuelwood year-1 household-1 was consumed.

b) To determine weight of dung cakes, five individuals were selected and from each

individual, five dung cakes were taken and measured. Average weights of dung cakes

taken from the five individuals were 0.60, 0.66, 0.70, 0.56, and 0.68. Finally the grand

average weight became 0.64 kg per dung cake. To analyze consumption rate of dung

cakes per household for dry season: 10 dung cakes per week x 10 months = 429 dung

cakes were required and for the wet season: 13 dung cakes per week x 3 months= 167

dung cakes. Then a total of 595 dung cakes per household per annum was required and

when this amount is changed to weight; 0.64 kg per dung cakes x 595 dung cakes= 381.44

kg of dung cakes per annum per household was consumed.

c) To determine the weight of dry dung collected from field, 5 females were randomly

selected and the weight of dry dung in their basket was weighted and the result were 14.5 kg,

17.00 kg, 15.00 kg, 13.00 kg and 16.00 kg. Finally the average became 15.10 kg. Annual

consumption of dry dung became 5.53 basket per household x 15.1 kg per basket x 10 months

= 835.03 kg of dry dung per household per annum was consumed. The reason why it was

multiplied by 10 months was that dry dung couldn’t be collected during July and August. By

summing these entire households consumes a total of 2412.47 kg of biomass fuel per annum

(Table 12).

Table 12: Total weight of fuel consumed per household per year

Fuel type Weight of fuel consumed (kg)

Fuelwood

Dung cakes

Dry dung

1196.00

381.44

835.03

Total 2412.47
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The above result indicated that every year 2412.47 kg of biomass fuel per household was

consumed. If it is seen at the catchment level, 948.10 ton of biomass fuel was consumed per year.

This much amount of nutrients is being pumped out from the catchment. If it were left on the

field it could have improved the fertility of the soil and the degradation level would have been

reduced. This figure doesn't include other biomass fuels like crop residues and wood stumps.

This is because it was difficult for the researcher to quantify these energy sources. However, it

was noted that 42 % of the respondents use wood stumps as fuel source at the time of fuel

scarcity. With regard to crop residues, the straw of maize and lupine are used for fuel source. The

survey result indicated that 16 % and 76 % of the respondents used the straw of maize and lupine

for fuel, respectively.

As a result of this huge energy demand, the open forest access was unable to satisfy the demand

of the residents. As a result, people were forced to plant fast growing tree species, which is

Eucalyptus globulus around their homestead. On average each household had 112 Eucalyptus

trees. Seventy two percent of the residents get their fuelwood from their homestead. Only 14 %

collect wood from open access forest area, which is out of the catchment. Ten percent of the

people get all their fuelwood from market.

When we look at the time spent for collection of fuel, out of those people who depend on open

forest access for their fuel demand, 71 % spent one full day to collect one bundle of fuelwood.

This much amount of time to collect one bundle of fuelwood has implications on other routine

farm activities that require labour. As a result of the depletion of open forest wood sources, it has

now become difficult for females to take share in collecting fuelwood. According to the survey,

collecting wood from open forest access has now become more the responsibility of males (69 %).

Females were restricted to cow dung collection in which the responsibility is 100 % for them.

The price of fuelwood is getting higher and higher from time to time. Average price of fuelwood

in the study area was about 5.80 birr per bundle. Dry Cow dung was sold in a basket unit.

Average price of dry cow dung was 3.18 birr per basket. Dung cakes are sold in numbers and the

average price was about 0.20 birr per dung cake. Since the price of cow dung and dung cakes is

getting higher and higher from time to time, it has attracted the attention of female widowers as a
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livelihood source. Six percent of the respondent sell dry cow dung and dung cakes even though

selling cow dung and dung cakes is counted as a job for inferior peoples.

Another way in which the open nutrient cycle is aggravated was the use of crop residues for

different purposes (Table 13). Using crop residues for animal feed was a major source of nutrient

removal. The following table illustrates the use of crop residues and number of respondents using

the residue for different uses including feed for livestock, as fuel source and for thatching roofs.

Table 13: Use of crop residues.

Type of

residue

Number of respondents using crop residues for

Feed for

livestock

Fuel Thatching roof Fence Other

Pea & bean 102 - - - -

Maize 86 16 - - 4

Teff 98 - - - -

Wheat 43 - 94 - -

Barley 46 - 94 - -

Lupine - 77 - - -

4.1.1.2 Poor agricultural practices

The rate of land degradation would have been reduced if local farmers were using improved

agronomic practices that could otherwise improve land qualities. Among the traditional

agronomic practices that was very important but now abandoned is fallowing. Respondents were

asked whether they practice fallowing or not. Eighty six percent of them replied that they have

stopped fallowing. The main reason for this was land shortage. According to the survey average

land holdings in the area was about 0.75 ha, which was less than the country’s average land

holding i.e. 1.02 ha (Nega et al., 2003).
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When young peoples are married they are given a parcel of land from their respective families.

Eighteen percent of the respondents got their land from their respective families and for this

reason their possession was minimum. Respondent were also asked if there were members of the

family who don’t posses land while their age was above 18. Thirty three percent of the

respondents had one family member while 19 % of the households had two. On average there

was one person per family who was landless. This clearly shows how shortage of land is

aggravated and has become sufficient reason for the abandonment of fallowing.

Another important agronomic measure that is very important is the existence of scattered

multipurpose tree species on farmlands. Respondents were asked if they had trees on their

farmland. Sixty three percent of them did not have even a single tree on their cultivation lands.

They were also asked why they removed these trees. Forty six percent of them replied that such

trees harbor birds that damage crop, leaf drip can reduce yield, they also encourage weed growth,

have shading effect, and occupy land that could be used for crop. Therefore, removal of

indigenous tree species (that would otherwise improve fertility, reduce raindrop impact, and

interweave the soil with their roots) was among the causes of land degradation in the study

catchment.

There were attempts by MOA and NGOs to encourage farmers to plant trees on their farmland

especially on the side of terraces. Sample households were asked whether they favor the art of

planting trees on their farmland, and many of them (82 %) supported it. However, the success of

this activity was minimal. Almost 80 % of the seedlings do not survive. The main reasons for this

were free grazing according to 54 % of the respondents, lack of care for planted seedlings

according to 17 % of the respondents and thus, even though many farmers favor planting trees on

farmlands, the performance was very poor.

The other poor agronomic practice that facilitates land degradation was the way how farmers

collect crop residues. In the study catchment the straw of wheat and barley were collected for

house thatching by uprooting the stalk. By doing so, nothing remained on the ground. Also the

roots, which could have been left on the soil, were taken off.
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4.1.1.3 Poor livestock management

According to the survey, each household had an average of three bovine, one equine and five

sheep and/or goats. Ninety percent of these animals were permanently grazing on a single grazing

field. This has impacted the field and so many gullies have developed (as will quantified latter).

The grazing field was seen bare for more than 6 months (personal observation). Moreover, such

poor livestock management has become one of the significant causes for the destruction of soil

conservation structures. Destruction of terraces attributable to free grazing was about 37 %. The

productivity and number of animals have decreased significantly. This was reported by 97 % of

the respondents. Moreover, as a result of feed shortage arising from grazing land deterioration,

the pulling power of oxen has reduced (according to 59 % of the respondents).

Fig 4: Livestock standing on bare ground.

4.1.1.4 Inefficient utilization of soil conservation structures

In spite of some attempt to construct stone and soil bunds, 37 % of the respondents do not

attempt to construct either of the structures. Even though 86 % of the people recognize the use of

the structures the attempt of construction was minimum. The performance in maintaining the

demolished terraces was also very poor. The main reason for this was shortage of labour. Sixty
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six percent of the respondents blame shortage of labour for not maintaining terraces. Respondents

also forwared disadvantages from terraces (Table 14).

Table14: disadvantage of terraces explained by respondents

NO. Type of damage Number of respondents

1 Narrowing land 31 (30 %)

2 Harbor pest 46 (45 %)

3 Inconvenient for tillage 24 (23.5 %)

4 I don’t realize 22 (21.6 %)

5 No damage 7 (7 %)

Farmers were also asked if they have other reasons why they don’t construct soil conservation

structures on their farmland. The response is presented in table 15.

Table15: Reasons why respondents don’t construct SWCS on their farmlands
No. Reasons Number of respondents

1 Shortage of labour 48 (47 %)

2 Lack of assistance on the design -

3 Lack of implements 24 (23.5 %)

4 It narrows farm land 7 (7 %)

5 Farm land does not require SWCS 17 (16.7 %)

6 Others 6 (6 %)

4.1.2 Indicators of land degradation

A thorough investigation was carried out to identify degradation indicators. One important

indicator was the drying of springs. Sixteen springs have dried as far as respondents know. .These

springs were namely: Asendabo, Giderut, Afad, Shollawminch, Aregwuha, Jibshinkurt, Ferekie,

Zigba, Kichich, Deymesk, Abajmesk, Godguadit, Minchdur, Mujaminch, Majoyeminch, and

Yebetekristianwuha. The main reason for this was the cutting down of indigenous tree species

that existed around the springs and sever erosion.
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Water volume of Chena River decreased from year to year as ascertained by 95 % of the

respondents. The main reason for this was the cutting of riverbank trees, specially, Myrica

salicifolia, as supported by 42 % of the respondents. Five percent of the respondents agreed that

the cultivation of the upland areas, which previously were forest areas, to be the main reason for

the reduction of the river volume.

The other indicator for the prevailing land degradation was yield reduction from the cultivation

fields. Sixty six percent of the respondents indicated that crop yield was decreasing from time to

time. As a result of this 74 % of the interviewed residents can’t produce enough food for their

family. To supplement this deficit, they were forced to sell their labour in the nearby town or far

away from their location. These respondents were also asked to tell the main reason for this yield

reduction and 82 % of them agreed unreliable rain fall duration and intensity to be number one

reason. Significant percentage of the interviewed individuals (71 %) assure fertility decline to be

the second most important reason for this yield reduction.

It has now become difficult for farmers to produce most cereal crops without chemical fertilizer.

Nobody was using chemical fertilizer before 1988. Gradually, people have started using chemical

fertilizer to improve the fertility of the soil thereby increasing their yield. Now 63 % of the

residents don’t sow cereals without chemical fertilizer. The only varieties sown without fertilizer

were barley, pea, bean, linseed, nigerseed and lupine. Respondent were asked to quantify the

yield reduction that arise from not using fertilizer by giving example. Seventy seven percent of

the interviewed people assure that the yield of teff reduce by quarter to half if sown without

fertilizer.
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4.2 Assessment of land degradation

Parameters of land degradation included in the study were:

1) Chemical soil degradation expressed in terms of:

a) Organic matter content (%)

b) Cation exchange capacity (Cmol (+)/kg)

2) Physical degradation expressed in terms of:

a) Bulk density (gm/cm3)

b) Removal of soil through gully erosion (Emphasis on gully density (m/m2), gully

texture (m2) and gully Volume (m3)).

4.2.1 Chemical degradation

4.2.1.1 Organic matter Content (%)

Ho: There was no significant difference in the organic matter content of soils of the

three landuse types

Hl: The organic matter percentage of one landuse type differed significantly

Table 16: Laboratory results showing OM (%)

Replication Treatments

Cultivation land Grazing land Forest land
1 2.09 3.17 8.81
2 2.37 2.75 8.74
3 1.76 3.81 10.22
Total Sum 6.22 9.73 27.77

Mean 2.0733 3.2433 9.2567
Std. Deviation 0.3053 0.5338 0.8350
Std. Error of Mean 0.1763 0.3082 0.4821
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Table 17: ANOVA for Organic matter (%)
Sum of Squares df Mean Square F Sig.

Between Groups 89.129 2 44.565 124.320 0.000
Within Groups 2.151 6 0.358
Total 91.280 8

From the above result the null hypothesis was rejected since F- calculated was greater than F-

tabulated (5.14). This indicated that there was significant difference in organic matter content in

landuse types. This necessitated identifying which pair of landuse types varied significantly with

regard to organic matter percentage. The Least Significance Difference (LSD) method was used

for this analysis:

Fig 5: Average OM values of different landuse types

LSD=tα (νe) n
MSE2

 LSD= t0.05*6* 3
36.0*2

, 1.20

Where: t= student t distribution α = confidence limit (95 % in this case), νe = degrees of freedom

of error. MSE = mean square error, n = number of treatments
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Table 18: Mean difference of Organic Mater (%) between pairs of different landuse types.

Mean
Difference

(I-J)

Std. Error Sig. 95 %
Confidence

Interval
(I) Treatments (J) Treatments Lower Bound Upper

Bound
Cultivated Land Grazing Land -1.1700 0.48890.054 -2.3662 2.618E-02

Forest Land -7.1833* 0.48890.000 -8.3795 -5.9872
Grazing Land Cultivated Land 1.1700 0.48890.054 -2.6182E-02 2.3662

Forest Land -6.0133* 0.48890.000 -7.2095 -4.8172
Forest Land Cultivated Land 7.1833* 0.48890.000 5.9872 8.3795

Grazing Land 6.0133* 0.48890.000 4.8172 7.2095
* The mean difference is significant at the 0.05 level.

Mean difference in organic matter percentage between forest landuse type and grazing landuse

type was very significant (p = 0.000) at 0.05 level. The same was true for mean difference

between forest and cultivation landuse types. Even though mean difference of organic matter

content of the grazing land and the cultivation land was not statistically significant (p = 0.054),

that of the cultivation field was less. This was as a result of continuous nutrient outflow from

farmlands through food crop production and crop residue removal. Therefore, the chemical and

the statistical analysis result indicated that both the cultivation and the grazing lands were

suffering from the degradation of organic matter content when compared to the natural forest area.

The average OM % for cultivated land, grazing land and forestland were 2.07, 3.24, and 9.26

respectively. But Ilaco (1985) rates that soil with OM % ranging between 1.0 - 2.1 to be poor,

OM % from 2.1- 4.2 to be considered medium and soil with greater than 6 % organic matter is

considered high. Using this scale, OM content of the soil in the cultivation land was poor,

medium for grazing land and high for the forestland. Generally, the organic matter content of the

cultivation and the grazing fields was from low to medium. This indicates that the land in the

study catchment is being degraded.

4.2.1.2 Cation Exchange Capacity (Cmol(+)Kg-1)
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Ho: There was no significant difference in the CEC of three landuse types.

Hl: At least the CEC Of one landuse type differed significantly.

Table 19: CEC values for different landuse types (Cmol (+) Kg-1)

Replications Treatments

Cultivation land Grazing land Forest land
1 34.60 27.83 78.97
2 32.90 28.25 73.83
3 33.46 28.46 57.35
Total Sum 100.96 84.54 210.15

Mean 33.6533 28.1800 70.0500
Std. Deviation 0.8663 0.3208 11.2948
Std. Error of Mean 0.5002 0.1852 6.5211

Table 20: ANOVA for CEC values.

Sum of Squares df Mean Square F Sig.
Between Groups 3107.772 2 1553.886 36.298 0.000
Within Groups 256.852 6 42.809
Total 3364.623 8

The above result revealed that the null hypothesis was rejected because F- tabulated (5.14) was

less than F-calculated value. This indicated that there was significant difference in

CEC in landuse types (p = 0.000) and this necessitated identifying, which pair of landuse

types varied significantly in their CEC. The LSD method was used for this.

Fig 6: Average CEC values of different landuse types
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LSD=tα (νe) n
MSE2

 LSD= t0.05*6* 3
795.42*2

,= 13.09

Table 21: Mean differences of CEC between pairs of different landuse types
Mean

Difference
(I-J)

Std. Error Sig.95% Confidence
Interval

(I) Treatments (J) Treatments Lower Bound Upper
Bound

Cultivated Land Grazing Land 5.4733 5.3422 .345 -7.5986 18.5452
Forest Land -36.3967* 5.3422 .000 -49.4686 -23.3248

Grazing Land Cultivated Land -5.4733 5.3422 .345 -18.5452 7.5986
Forest Land -41.8700* 5.3422 .000 -54.9419 -28.7981

Forest Land Cultivated Land 36.3967* 5.3422 .000 23.3248 49.4686
Grazing Land 41.8700* 5.3422 .000 28.7981 54.9419

* The mean difference is significant at the .05 level.

The LSD result revealed that mean difference between forest landuse and cultivation land was

significant at 0.05 level. The same was true between forest landuse and the grazing land. Mean

difference between cultivation land and grazing land was not significance at 0.05 level.

The laboratory and statistical analysis result indicated that the mean CEC values of both

cultivation and grazing field varies significantly or is degraded from that of the natural forest area.

The CEC values of the former landuse types are lower from the forest area by more than 50 %,

indicating that the most important source of CEC (clay and organic matter) were constantly

removed through erosion and open nutrient cycle, resulting in severe land degradation in the

study catchment.

4.2.2 Physical degradation

4.2.2.1 Bulk density

Ho: there was no significant difference in bulk density for the three landuse types

Hl: At least bulk density of one landuse type differed significantly.
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Table 22: Values of bulk density (gmcm-1)

Replications Treatments
Cultivation land Grazing land Forest land

1 1.40 1.48 0.45
2 1.25 1.36 0.45
3 1.29 1.42 0.55

Total Sum 3.94 4.26 1.45
Mean 1.3133 1.4200 0.4833

Std. Deviation 7.767E-02 6.000E-02 5.774E-02
Std. Error of Mean 4.485E-02 3.464E-02 3.333E-02

Table 23: ANOVA for bulk density (gmcm-3)
Sum of Squares df Mean Square F Sig.

Between Groups 1.599 2 .799 209.131 0.000
Within Groups 2.293E-02 6 3.822E-03

Total 1.622 8

Here, F- calculated is greater than F-tabulated (5.14). Therefore, the null hypothesis is rejected at

0.05 level. At least bulk density of one landuse type differs significantly (p = 0.000). If there is

significant difference between treatment means further statistical analysis was required to

compare pairs of treatment means. This was done to know which pair of landuse types varies

significantly in their bulk density. To accomplish this, least significance difference (LSD) method

was used.
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Table 7: Average BDvalues of different landuse types

LSD=tα (νe) n
MSE2

 LSD= t0.05*6* 3
003.*2

. 0.12

Table 24: Mean differences of BD between pairs of different landuse types Table
Mean

Difference
(I-J)

Std. Error Sig.95% Confidence
Interval

(I)
Treatments

(J) Treatments Lower Bound Upper
Bound

Cultivated
Land

Grazing Land -.1167 5.048E-02 .060 -.2402 6.851E-03

Forest Land .8300* 5.048E-02 .000 .7065 .9535
Grazing

Land
Cultivated Land .1167 5.048E-02 .060 -6.8515E-03 .2402

Forest Land .9467* 5.048E-02 .000 .8231 1.0702
Forest Land Cultivated Land -.8300* 5.048E-02 .000 -.9535 -.7065

Grazing Land -.9467* 5.048E-02 .000 -1.0702 -.8231
* The mean difference is significant at the .05 level.

The LSD result revealed that mean difference of bulk density between forest land and grazing

land and forest land and cultivation land was significant at 0.05 level. Even though the difference
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between cultivation field and grazing field in bulk density was not statistically significant, the

grazing field had higher values than the cultivation field, perhaps due to trampling effect

trampling effect from the livestock population grazing on the area.

4.2.2.2 Removal of soil through gully erosion

The area selected for the analysis of gully density, gully texture and gully volume was the grazing

land named ‘Kaka’. In the cultivation field the dominant erosion types were sheet and rill erosion,

and since the research focused on gully erosion the grazing land were selected because gullies are

dominant here. The selected grazing land for this study was cultivation field before the year 1986.

During the Settlement Program conducted by the then government, this area was changed into

grazing land (information from elder peoples living in the study area). Majority of the catchment

dwellers graze their cattle in this field.

The field was highly grazed and remains with grasses of less than 1 cm and patches of Sida ovata

(‘Chifrig’ (Am)) that can withstand overgrazing. During the study period the land was bare and

the physical status of the livestock was poor. Primarily through trampling and overgrazing

gullies are now expanding. Pit like excavations are being developed in the field and these pits are

being developing further into gullies. According to the local people, this grazing field was free of

any gullies when it was allotted for grazing. Unless some protective measures are taken, the

whole field will be out of use definitely within short period of time.

The grazing field was about 30 ha and 5 % of the area was selected for the sample (as it is usual

to take 5 % sample in agriculture and forestry as a rule of thumb) i.e. 5 % of the 30 ha is

approximately 2 ha. Two plots each having 1 ha area was selected randomly and the following

results were obtained (Table25, 26 and 27).
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Fig 8: Photo showing how gullies are deep

Table 25: Values of gully parameters measured in plot No.1
Gully

No.

Length

(m)

Average

width (m)

Average

depth (m)

Volume (m3) Surface area (m2)

1

2

3

125.20

35.00

16.00

9.26

2.24

1.49

2.16

0.55

0.297

1252.10

21.56

3.48

1159.35

78.40

23.84

In this plot there were three gullies and values of gully parameters were as below.

Total volume of gullies = 1277.14 m3, Total surface area of gullies = 1261.59 m2,

Plot to gully area ratio = 0.13 and Gully density in the plot = 176.2m/10,000 m2

Table 26: Values of gully parameters measured in plot No.2

Gully

No.

Length

(m)

Average

width (m)

Average

depth (m)

Volume (m3) Surface area (m2)

1

2

3

4

29.00

29.70

14.20

44.00

5.10

8.40

2.67

5.76

0.97

1.38

0.76

1.18

71.73

172.14

14.41

149.01

147.90

249.48

37.91

252.56
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In this plot there were four gullies and the following results were obtained.

Total volume of gullies = 407.29 m3, Total surface area of gullies = 687.85 m2 ,

Plot to gully area ratio = 0.07 and Gully density in the plot = 16.90m/10000 m2

Table 27: Summary of values of gully parameters for the two plots

Plot

No.

Area of

the plot

(m2)

Number

of

gullies

Total

length

Total

volume

(m3)

Total

surface

area (m2)

Gully density

(m/10000m2)

Gully to

plot area

ratio

1

2

10,000

10,000

3

4

176.20

116.90

1277.14

407.29

1261.59

687.85

176.20

116.90

0.13

0.07
Total 20,000 7 293.10 1684.43 1949.44 293.10 0.20
Avera

ge
10,000 3.5 146.55 842.215 974.72 146.55 0.10

This empirical data revealed that 842.21 m3 of soil has been removed from these gullies with in

19 years (1986-2005). Out of 10,000 m2 grazing land, 974.72 m2 of land has become useless or

is occupied by gullies. Measure of gully to plot area ratio was found to be 0.1 on average. This

means for every nine-unit area of grazing land there was about one unit area of gully. Moreover,

the research result indicated that the gully density was 146.55 m/10,000 m2. This means in a

hectare of grazing land an average length of 146.55 m gullies was recorded, indicating high land

degradation in the grazing field. Gully density of greater than 5000 m/100 ha (50 m/ha) is

categorized as severely degraded (Graham, 1989). However, the reality in the study catchment

was greater than this. Unless some intervention is done the problem will reach catastrophic

proportions.

The large numbers of livestock population have put tremendous impact on the field. If the trend

continues like this, the existing gullies will expand and occupy more fields and new gullies will

be created. The existing gullies have restricted and will aggravate the problem of free movement

of livestock and people. The soil type of the grazing land, vertisol, is known to have the
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characteristics of cracking when it is coupled with huge livestock pressure. This soil type easily

collapses and the rate of gully expansion becomes intense.

4.2.3. Degradation Index

Table 28: Degradation Indices (%) for some soil properties under different landuse types

compared to the soil properties of natural forests

Soil property Average values Degradation indices (%)
Natural
forest

Cultivation
land

Grazing
land

Cultivation
land

Grazing
land

Bulk density (gmcm-1)
CEC (Cmol(+)kg-1
Organic matter (%)

0.48
70.05
9.26

1.31
33.67
2.07

1.43
28.12
3.24

-172.92
-51.93
-77.64

-197.92
-59.86
-65.01

Cumulative DI -302.49 -322.79

The above degradation indices indicated that, among the properties of soil, bulk density was

found to be the most deteriorated parameter to the extent of -198 % for grazing land and -173 %

for the cultivation land. The main reason for this deterioration was the huge trampling effect of

the livestock that constantly graze on the grazing and cultivation fields. Organic matter content

was the second most deteriorated parameter. This deterioration as explained earlier must have

been due to continuous withdrawal of nutrients in the form of fuelwood, crop residues and cow

dung.

Moreover, the CEC of both the cultivated field and grazing land has resulted in negative

deterioration index (-52 % and –60 %, respectively). This may be attributed to the reduction of

organic matter content of the soils of these landuse types. As explained in the literature review

section, organic matter content is one of the principal sources of the CEC of soils. Therefore,

reduction in organic matter content undoubtly reduces the overall CEC of the soil.

Finally, in all soil parameters, the trend in the degradation indices shows negative percentage

value for both grazing and cultivation land. When the cumulative deterioration index of grazing

and cultivation land soil parameters were compared, that of the grazing land took the lion’s share

(-323 %). Hence, it can be concluded that the grazing land was deteriorating rapidly. Unless some
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intervention is taken, this catastrophic effect will lead into complete collapse of the animal

husbandry economic sector of the area.

When the degradation indices of the cultivated land in the study catchment was compared with

other cultivation areas elsewhere, it shown higher negative value. This was illustrated by the case

of Munnesa area. The degradation indices for the cultivated land tilled around Munnesa since the

past 53 years was -190 % (Mulugeta, 2004). If we compare this with the study site (-302 %), it

has a difference of -112 %. This implies that the catchment which is in the Northern Highlands is

much more degraded than the Munessa area.

Fig 9: Photo showing how grazing lands are becoming out of use

ANOVA was also computed to see whether there is spatial variability of physical and

chemical properties of soil within the cultivation land. The result showed that, for all four

‘gots’ there were no statistically significance difference in BD, CEC, and OM. There P values

were 0.154, 0.655 and 0.179, respectively.



52

4.3 Evaluation of current landuses against Treatment Oriented capability
classification

After measuring the soil depth, slope percentage and the kind of soil and water conservation

structures existing in the thirty plots, landuse compatibility with the recommended landuse type

and rating of existing versus required soil and water conservation structures are presented in table

16.
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Table 29: Analysis sheet for evaluation of current landuses against Treatment - Oriented capability classification scheme

Plot
No.

Soil
depth
(cm)

Slope
(%)

Recommended Current (existing) Recommended versus

existing landuse
type

Rating Fitness
of
recommended
versus
existing soil
conservation
practice(s)
(%)

Land
use

Soil conservation
practice(s)

Landu
se

Soil conservation
practice(s)

1 >90 14.3 C2 1. Bench terracing or
terracing

C No soil conservation
structure

Match 0

2 >90 18.5 C2 1. Bench terracing or
terracing

C No soil conservation

structure
Match 0

3 >90 12.0 C2 1.Bench terracing or
terracing

C No soil conservation
structure

Match 0

4 35 21.0 C2/p 1. Bench terracing
or terracing

C Very damaged stone
made terrace

Match 50

5 18 20.0 P 1. Improved or
managed pasture
2. Rotational or zero
grazing

C Very damaged stone
made terrace

Not match 0

6 90 8.1 C1 1. Contour cultivation
2. Strip cropping
3. Vegetative barrier
4. Broad based terrace

C 1.Contour cultivation
2. Trees scattered
3. Very damaged
stone made terrace

Match 62.5
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Table 29 continued

Plot
No.

Soil
depth
(cm)

Slope
(%)

Recommended Current (existing) Recommend
ed vrsus
existing
landuse type

Rating Fitness
of
recommended
versus
existing soil
conservation
practice(s)
%)

Landu
se

Soil conservation
practice(s)

Landu
se

Soil conservation
practice(s)

7 60 6 C1 1. Contour cultivation
2. Strip cropping
3. Vegetative barrier
4. Broad based terrace

C Contour cultivation Match 25

8 80 87 F 1. Tree plantation C No soil conservation
structure

Not match 0

9 60 9.4 C1 1. Contour cultivation
2. Strip cropping
3. Vegetative barrier
4. Broad based terrace

C Damaged stone made
terrace

Match 12.5

10 40 63.5 F 1. Tree plantation C Damaged stone made
terrace

Not match 0

11 40 19 C2/p 1. Bench terracing or
terracing

C No soil conservation
structure

Match 0
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Table 29 continued

Plot
No.

Soil
depth
(cm)

Slope
(%)

Recommended Current (existing) Recommend
ed versus
existing
landuse type

Rating Fitness
of
recommended
versus
existing soil
conservation
practice(s)
%)

Landu
se

Soil conservation
practice(s)

Landu
se

Soil conservation
practice(s)

12 60 9.3 F 1. Maintain a forest P No soil conservation
structure

Not match 0

13 30 8 C1 1. Contour cultivation
2. Strip cropping
3. Vegetative barrier
4. Broad based terrace

C 1.Contour cultivation
2. No soil
conservation structure

Match 25

14 44 6 C1 1. Contour cultivation
2. Strip cropping
3. Vegetative barrier
4. Broad based terrace

C Contour cultivation Match 25

15 >90 6 C1 1. Contour cultivation
2. Strip cropping
3. Vegetative barrier
4. Broad based terrace

C 1.Contour cultivation
2. Damaged stone
made terrace

Match 37.5
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Table 29 continued

Plot
No.

Soil
depth
(cm)

Slope
(%)

Recommended Current (existing) Recommend
ed versus
existing
landuse type

Rating
Fitness of
recommended
versus
existing soil
conservation
practice(s)
%)

Landu
se

Soil conservation
practice(s)

Landu
se

Soil conservation
practice(s)

16 31 6 C1 1. Contour cultivation
2. Strip cropping
3. Vegetative barrier
4. Broad based terrace

C 1.Contour cultivation
2. Damaged stone
made terrace

Match 37.5

17 67 5.3 C1 1. Contour cultivation
2. Strip cropping
3. Vegetative barrier
4. Broad based terrace

C 1.Contour cultivation
2. Damaged stone
made terrace

Match 37.5

18 27 3.7 C1 1. Contour cultivation
2. Strip cropping
3. Vegetative barrier
4. Broad based terrace

C 1.Contour cultivation
2. Damaged stone
made terrace

Match 37.5

19 57 4.5 C1 1. Contour cultivation
2. Strip cropping
3. Vegetative barrier
4. Broad based terrace

C 1.Contour cultivation
2. Damaged stone
made terrace

Match 37.5

20 19 13.8 P 1.Improved
or managed pasture
2.Rotational or
zero grazing

C Damaged stone made
terrace

Not match 0
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Table 29 continued

Plot
No.

Soil
depth
(cm)

Slope
(%)

Recommended Current (existing) Recommend
ed versus
existing
landuse type

Rating Fitness
of
recommended
versus
existing soil
conservation
practice(s)
%)

Landu
se

Soil conservation
practice(s)

Landu
se

Soil conservation
practice(s)

21 10 6.2 P 1.Improved or managed
pasture
2. Rotational or
zero grazing

C No soil conservation
structures

Not match 0

22 18 12 P 1. Improved or managed
pasture
2. Rotational or
zero grazing

C Damaged stone made
terrace

Not match 0

23 7 25.3 P 1. Improved or managed
pasture
2. Rotational or
zero grazing

P No management and
improved grazing system

Match 0

24 24 28.6 C3/P 1.Bench terracing
or terracing
2.Hill side ditching
3.Individual basins
on les deep soils

C No soil conservation
structures

Match 0
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Table 29 continued
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Plo
t
No
.

Soil
depth
(cm)

Slope
(%)

Recommended Current (existing) Recommended
versus
existing
landuse type

Rating fitness
of
recommended
versus
existing soil
conservation
practice(s) (in
%)

Landu
se

Soil conservation
practice(s)

Landu
se

Soil conservation
practice(s)

25 >90 8.13 C1 1. Contour cultivation
2. Strip cropping
3. Vegetative barrier
4. Broad based terrace

C 1.Contour cultivation
2. No soil
conservation structu
res

Match 25

26 >90 12.6 C2 1. Bench terracing or
terracing

P No soil
conservation structu
res

Not match 0

27 10 26.5 P 1. Improved or managed
pasture
2. Rotational or
zero grazing

C No soil
conservation structu
res

0

28 40 9 C1 1. Contour cultivation
2. Strip cropping
3. Vegetative barrier
4. Broad based terrace

C 1. Contour cultivation
2. No soil
conservation structu
res

Match 25

29 >90 12.8 C2 1. Bench terracing or
terracing

C No soil conservation
structures

Match 0

30 30 57 F 2. Tree planting F No soil conservation
structures

Match 0

Av
era
ge

50.9 17.98 70%Match
and 30% don’t
Match

14.58%
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From the Treatment - Oriented capability classification scheme it can be seen that current landuse

matches with recommended landuse with 70 %. The greater problem comes with regard to the

kind of soil conservation structures that are required given those landuse types. Our findings

indicted that only 15 % of the required soil conservation structures were constructed. This

amount was by far less than from the required. Therefore, it can easily be concluded that the

current land degradation process will continue as long as the current trends don't change.

FIG 10: Percentage of required SWCS existing in each plot.

According to TO capability classification, any land with slop greater than 47% shouldn't be

allocated for cultivation of food crops. But the reality in the study catchment was very alarming.

Lands with slope of about 87% were found to be used for crop cultivation. No conservation

structures will be used when such strongly sloping areas are cultivated.

Although the average soil depth of the area was greater than 51 cm, there were farm plots in

which soil depth was as low as 10 cm. However TO scheme prohibits the tillage of land with soil

depth less than 20 cm. In such farm fields the soil depth can’t even accommodate the local

0

10

20

30

40

50

60

70

P1 P3 P5 P7 P9
P11 P13 P15 P17 P19 P21 P23 P25 P27 P29

Plot No.

SW
C

S 
co

ns
tr

uc
te

d 
(%

)



61

plowing share. This shallow depth of soil accompanied by poor water infiltration capacity

aggravated the rate of erosion. It was customary to observe patches of land, which become out of

use in the catchment as a result of erosion occurring on these types of fragile lands.

Fig 11: Variability of soil depth and slope percent at each plot.

Soil depth and slope percentage at each plot show significant variability. The variability of soil

depth was especially higher than slope percentage. This variability has an implication on the

necessity of planning soil conservation activities for each plot. It was also able to see the

correlation between these two parameters. They had negative relationship (r = -0.071) (Table 17).

That means soil depth reduces with increase in slope percentage. However, the relationship was
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not significant both at 0.01 and 0.05 levels. The reason for the negative relationship was that

higher slope areas were plowed without proper soil conservation practices, which resulted in

higher erosion and reduced soil depth.

Table 30: Correlation between soil depth and slope percent
Correlations

1.000 -.071
. .708

30 30
-.071 1.000
.708 .

30 30

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N

Soil depth (cm)

slope (%)

Soil depth
(cm) slope (%)

Fig 12: Relationship between soil depth and slope
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R 2  = 0.0271
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4.4 Evaluation of Quality of Soil Conservation Structures

In order to determine the quality of soil conservation structures, a thorough investigation was

conducted to identify the major structures constructed in the study catchment. Even though few

check dams and stone faced soil bunds were observed, stone bunds were found to be the

dominant and frequently practiced soil and water conservation structures in the study area.

Therefore, stone bund was selected for the study. To check the quality of these stone bunds the

WFP/MOA (2003) standard was used.

Key parameters tested or checked were vertical interval between successive terraces, backside

terrace height and terrace top width. To achieve this objective the farmlands in the study

catchment were first divided into four parts. A random number was used to select one of these

four parts. After identifying the place where the measurements are to be taken, 23 (from the

bottom slope to upslope) sample terraces were chosen and each terrace was measured at three

points to know their average height and average top width. The number of dismantled spots was

also counted. The results are presented in table 31.
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Table 31: Values of measured terrace parameters

Terrace
serial No.

Slope %
(between
successive
terraces)

Back side terrace height (m) Top width of terraces (m) Vertical interval
between successive
terraces (m)

No. of
dismantled
spots on
each terrace

H1 H2 H3 H W1 W2 W3 W

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

-
30.07
27.78
23.53
27.97
25.64
20.94
20.46
32.00
19.32
26.15
25.41
19.78
15.00
24.68
12.25
15.09
15.64
10.21
10.84
13.56
13.79
12.92

0.50
0.50
0.65
0.45
0.50
0.70
0.70
0.60
0.40
0.50
0.60
0.60
0.60
0.50
050
0.60
0.50
0.50
0.65
0.80
0.70
0.75
0.60

0.60
0.60
0.45
0.35
0.40
0.60
0.55
0.60
0.50
0.50
0.50
0.60
0.40
0.50
0.50
0.70
0.50
0.80
0.75
0.75
0.70
0.85
0.65

0.40
0.60
0.55
0.50
0.65
0.40
0.55
0.50
0.50
0.70
0.60
0.50
0.60
0.55
0.55
0.65
0.70
0.80
0.65
0.70
0.85
0.65
0.65

0.50
0.57
0.55
0.43
0.52
0.57
0.60
0.57
0.47
0.57
0.57
0.57
0.53
0.52
0.52
0.65
0.57
0.70
0.68
0.75
0.75
0.75
0.63

0.40
0.60
0.40
0.40
0.55
0.60
0.50
0.60
0.50
0.50
0.90
0.60
0.60
0.40
0.60
1.20
0.70
0.70
0.60
0.70
0.50
0.60
0.60

0.40
0.50
0.50
0.55
0.50
0.50
0.50
0.60
0.50
0.30
0.60
0.50
0.60
0.50
0.60
1.00
0.80
0.70
0.70
0.70
1.00
0.70
0.60

0.40
0.60
0.50
0.45
0.70
0.60
0.50
0.50
0.60
0.40
0.80
0.70
0.50
0.60
0.60
1.20
0.50
0.50
0.60
0.60
0.70
0.70
0.40

0.40
0.57
0.47
0.47
0.58
0.57
0.50
0.57
0.53
0.40
0.77
0.60
0.57
0.50
0.60
1.13
0.67
0.63
0.63
0.67
0.73
0.67
0.53

-
4.60
2.17
2.91
2.31
3.00
2.35
1.87
4.55
3.34
3.26
2.92
3.25
1.38
1.37
3.78
2.83
3.17
1.92
1.67
2.00
2.23
1.35

7
10
8
7
15
17
4
3
14
13
9
15
21
15
18
7
8
5
10
2
2
3
6

Average 20.14 0.59 0.60 2.65 9.52
Standard
deviation

6.70 0.09 0.15 0.94
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Fig 13: Improperly handled stone terraces at Chena catchment

4.4.1 Terrace Height

The mean height of terraces was 0.59  0.09 m. The standard height recommended by

WFP/MOA (2003) is 0.85 m. The question is whether the existing average terrace height fits the

recommended one? This had been the central theme of this particular task. To answer the

question, t -test (student t test) was conducted. Student t- test was chosen because sample terraces

were less than 30 and population mean was not known. The following hypothesis was proposed:

Ho: Average height of the existing terraces (0.59 m) was greater or equal to

the recommended standard (0.85 m)

Hl: Average height of the terraces was less than 0.85 m

n
s
xxt 





23
09.0

59.085.0
m

mm 
13.00

Where: X = mean height of terrace, X= recommended height, and S= standard deviation of

measured height

But from the t- table with 95% confidence limit and n-1 degrees of freedom we get‘t’ value to be

1.717 (one tailed test). Therefore, since t- calculated was greater than t- tabulated the null

hypothesis is rejected. This implies average height of the already existing terraces in the
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catchment was by far below the WFP/MOA standard. The correlation between terrace height and

slope percentage was highly significant at 0.01 level; but it was an inverse relationship (r = -

0.712). The correlation between terrace height and dismantled spots was highly significant at

0.01 level but it was an inverse relationship (r = -0.627). This means as the height of the terrace

increased the number of dismantled spots decreased. This relationship is clearly seen in the

following graph.

Fig 14: Relationship between terrace height and dismantled spots
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4.4.2 Vertical Interval.

According to the measurement conducted, VI = 2.65  0.94 m. But Ngugi et al., (1978)

recommended vertical interval to be determined using the following formula:

)2
4

%(3.0 
peAveragesloVI  2.11 m (This was the recommended vertical interval for that

specific locality). Then a t- test gave the following result after the hypothesis was formulated.

HO: vertical interval between consecutive terraces was equal to 2.11 m

Hl: vertical interval was different from 2.11 m

n
s
xxt 





22
94.0

/65.211.2/
m


 2.70 (this is a t- calculated value)

T- tabulated was found from the t- table with 95% confidence limit and n-1 degrees of freedom

and it equals 2.08. Therefore, since t- calculated is greater than t- tabulated we have sufficient

reason to reject the null hypothesis. This implies vertical interval of the constructed terrace have

significant difference from the recommended one. As a result of this poor quality, the constructed

terraces have poor efficiency or their longevity is short.

Whenever one tries to design a given terrace special emphasis should be given to the vertical

interval, as it is a key parameter. This is because, if vertical interval between successive terraces

is wider than the recommended value, huge amount of runoff will accumulate on the terraces.

The result of this would be the collapse of the structure, since the runoff will be more than it can

hold. This can result in the formation of new rills and gullies which intern aggravate soil erosion

(land degradation). It was tried to show how vertical interval was related with dismantled spots.

They depict a positive relationship (r= 0.210). That means as the vertical interval between

successive terraces increased, the number of dismantled spots also increased due to high runoff.



68

Fig 15: Dismantled spots (DS) and vertical interval (VI) at each terrace.

4.4. 3 Terraces top width

Mean top with was 0.60 m  0.15 m.

Recommended top width (X) according to WFP/FAO (2003) is 0.35 m. To see whether the

average top width fulfills the standard, t- test was conducted.

Ho: Top width  0.35 m

Hl: Top width> 0.35 m

n
s
xxt 





23
15.0

/60.035.0/
m

mm 
8.33 (this is the value of t- calculated)

t- tabulated at 95% confidence limit with n-1 degrees of freedom equals 1.717. Therefore, t-

calculated was by far greater than t- tabulated. Therefore, the decision is to reject the null

hypothesis. This implies that in the existing terrace, mean top width of the terraces was greater

than the recommended standards. For this reason there was no technical failure on the terrace top

width.

To conclude this section; statistical test indicated that the vertical interval of successive terraces

and the terrace height was below the standard. As a result of this, one can easily look a number of
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dismantled spots on each terrace. The research findings have found that there was an average of

10 dismantled spots within 50 m length in each terrace. This much dismantled spots were too

many for the terrace to be effective. Correlation between different parameters of terrace are

indicated in table 32.

Table 32: Pearson correlations for slope percentage, terrace height, number of dismantled spots,

vertical interval b/n successive terraces

Correlations

1.000 -.712** .474* .480*
. .000 .026 .024

22 22 22 22
-.712** 1.000 -.627** -.269
.000 . .002 .226

22 22 22 22
.474* -.627** 1.000 .210
.026 .002 . .349

22 22 22 22
.480* -.269 .210 1.000
.024 .226 .349 .

22 22 22 22

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N

Slope percentage

Terrace height

No. of dismantled spots

Vertical interval betweeen
succesive  terraces

Slope
percentage

Terrace
height

No. of
dismantled

spots

Vertical
interval

betweeen
succesive 
terraces

Correlation is significant at the 0.01 level (2-tailed).**. 

Correlation is significant at the 0.05 level (2-tailed).*. 
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

The problem of environmental deterioration has now become one of the most serious problems

confronting mankind. Land degradation is one of the many forms in which environmental

deterioration is manifested. Sustainable agriculture cannot be achieved without proper

management of the land resource. Improper utilization of the land resource has resulted in

reduction of yield through the deterioration of the livelihood of the locals in the study catchment.

Even though there are many causes for land degradation four major causes can be isolated in the

study catchment. The first one was open nutrient cycle. This open nutrient cycle is manifested

through the utilization of biomass fuel. It was found that 948,000.71 kg of biomass fuel was

withdrawn from the study catchment per year. Moreover significant amount of biomass was also

exported in the form of crop residue.

The second cause for land degradation in the study catchment was poor agricultural practices.

Poor agricultural practice was manifested in the form of absence of fallowing; cutting of

multipurpose tree species that existed scattered on farmlands and inappropriate collection of crop

residues. The third main cause for land degradation was poor livestock management. Ninety

percent of livestock in the study catchment grazed on single grazing land year round. This has

resulted in the formation of wide and deep gullies.

The last cause for land degradation was insufficient utilization of soil conservation structures.

Many farmers in the study catchment don't employ proper type of SWCS. Thirty percent of the

respondents believed that SWCS made farms narrow, while 45 % believed it harbored pest and

the rest believed that it created inconveniency during plowing. There was also poor maintenance

practice for the already constructed structures. Forty seven percent of the people blamed shortage

of labor for their poor maintenance activity.
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The degradation levels of the three landuse types (forest land, grazing land and crop land) were

computed. The grazing and the cultivation land were the ones, which were degraded significantly.

Among the properties of soil, bulk density was found to be the most deteriorated parameter with -

198 % for grazing and -173 % for the cultivation land. The cumulative degradation indices of

grazing and cultivation land were compared and were found to be - 323 % for the former and -

302 % for the latter. This showed land degradation was more sever in grazing fields.

Improper landuse practices were also one of the significant features observed in the study area.

Land plots were not allotted for proper use according to their suitability. The research findings

revealed that the current landuse practice deviated about 30 % from the recommended landuse

type. Moreover, only about 15 % of the required SWCS were constructed. Even the constructed

ones were not managed properly. This implies that the treatments that could shield the area from

deterioration are missed. If the current poor soil conservation practice continues as it is,

agriculture will be further unsustainable.

Finally the qualities of SWCS were assessed and the result revealed that terrace back height and

vertical interval between successive terraces showed statistically significant difference from the

technically recommended ones. The implication for this is that desired objectives of these SWCS

cannot be achieved and their longevity will be shortened. Moreover, the process of land

degradation can't be stopped with such types of under quality structures.

5.2 Recommendations

After forwarding the above conclusions the following recommendations are made.

Proper landuse policy: Currently lands that shouldn't be cultivated is being tilled. Proper types

of conservation practices are not implemented. Therefore, government should design and

implement appropriate landuse policy, regulations and directives.
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Supplying energy conserving stoves: The current energy consumption practice in the study

catchment requires high biomass fuel. There fore, energy conserving stoves should be supplied to

reduce the consumption level.

Improving the quality of soil and water conservation structures: As we have seen in the main

body of the research, only 15 % of the required SWCS are constructed and even the constructed

ones are not handled properly and are with poor quality. Therefore, special emphasis should be

given to this and all development agents, field technicians and farmers in the study catchment

should be given continuous training on how to design, maintain and integrate these structures.

Integrating soil conservation practices: since stone terraces alone haven’t been efficient in

maintaining the soil, it has to be integrated with other SWCS including biological SWCS.

Searching for alternative SWCS: Rather than focusing on terracing, it is also better to look

into other indigenous soil conservation practices.

Increasing popular participation: sustainable soil and water conservation will be achieved

through the participation of local people. So emphasis should be given to this.
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APPENDICES

Annex 1: Result of soil laboratory analysis

Code

NO.

Lab NO. Bulk density

(gm/cm3)

OM (%) CEC in Cmol (+)/kg

TG1

TG1

TG3

AY1

AY2

AY3

F1

F2

F3

AA1

AA2

AA3

MG1

MG2

MG3

GL1

GL2

GL3

929/04

930/04

931/04

932/04

932/04

934/04

935/04

936/04

937/04

938/04

939/04

940/04

941/04

942/04

943/04

944/04

945/04

946/04

1.29

1.51

1.39

1.33

1.23

1.18

0.45

0.45

0.55

1.32

1.25

1.30

1.15

1.35

1.13

1.48

1.39

1.42

2.12

1.9

2.26

2.82

2.47

1.83

8.81

8.74

10.22

1.20

1.97

2.21

1.34

2.04

1.27

3.17

2.75

3.81

36.59

35.31

31.89

28.89

31.46

38.52

78.97

73.83

57.35

34.24

31.89

34.24

33.81

36.38

37.45

27.82

28.25

28.46

Where: TG1-TG3 represents cultivated land 1 (Tegibara area)

AY1-AY3 represents cultivated land 2 (Ayikolba area)

AA1-AA3 represents cultivated land 3 (Amijaye Abo area)

MG1-MG3 represents cultivated land 4 (Madoka Gebreal Area)

F1-F3 represents the natural forest area (Enteye)

GL1-GL3 represents the grazing area (Kaka)



79

Annex 2: Household questionnaires

General

Sex…….

Age…….

Marital Status …….

Academic Status……..

Family Size…….

A) Forest resource

1. Do you have trees in your farmland? Yes, no.

2. What kind of damage do you observe from trees that are found in your farmland?

Harbor bird, leaf drip, encourages weed growth and shading effect, no damage, it has both

damage and benefit, and it takes undue space.

3. Do you want to plant scattered trees on your farmland? Yes, no.

4. What are the reasons why seedling planted on your farmland don’t grow?

Free grazing, no tending; roots are damaged during plowing, drought, lack of water.

5. What kind and how many trees do you have around your homestead?

6. Where is the source of seedling for your need? I raise seedling, I am buying, freely from state

nurseries.

7. Do you have enough supply of seedling? Yes, no.

8. What are the main problems to plant trees in your farmland?

Shading effect, Harbor birds, free grazing, Lack of treatment, Leaf drip creates problem, and the

root is damaged during plowing.

B) Fuel resources

1. What are the main sources of fuel? Wood, cow dung, crop residue.

2. Where are the main sources of fuelwood? Homestead, community forest, buying, collecting

from open forest access, homestead and open forest access.

3. What time it takes to collect fuelwood? One day, half day/quarter a day, other.

4. Whose share is to collect fuelwood? Male, female, both.
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5. How much is the price of one bundle (‘shekim’) fuelwood in birr in your vicinity? 2-5, 5-7, 7-

10,>10.

6. How much is the price of one basket dry cow dung ‘kubet’ in birr in your vicinity? 1-2, 2-3, 3-

4, 4-5, >5.

7. For how many days one bundle (‘Shekim’) fuelwood serves? 3-5, 5-7, 7-10, 10.

8. How many dung cakes do you use per week? For dry season, for wet season..

9. What time does it take you to collect a basket of dry dung ('kubet') from field? Up to 1 hr, 1-

2hrs, 2-3 hrs, 3-4 hrs, 4-5 hrs.

10. How many basket of dry dung ('Kubet') do you use per month? 1-3, 3-5, 6-8, >8.

11. Do you sell dung cake? Yes, no.

12. Do you use wood stumps at the time of fuel scarcity? Yes, no.

C) Land Resource

1. How many 'timad' of land do you posses?

2. How do you get your farmland? During land distribution, from family.

3. Have you started using fertilizer? Yes, no. If yes, since when?

4. When do you get your farmland?

5. Do you observe yield reduction from time to time? Yes, no.

6. Do you have members of your family that don’t have land while his age is greater than 18?

Yes, no. If yes how many?

D) Animal Resource

1. How many livestock do you posses? Bovine, equine, sheep and goat.

2. How do you feed these animals?

Tying and feeding, from grazing field, both from grazing and cultivation fields, other feed types

in addition to conventional feeding ('Chid', hay, oil cakes cut and carry).

3. Do you observe reduction of animal productivity? Yes, no.

4. What are the reasons, which reduce the productivity of grazing land?

Tiling grazing field for food crops as a result of population increment, over grazing, grazing land

are narrow, Gullies are developing.

5. Do your cattle number increased or decreased from past to present?

6. Does the pulling power of oxen reduce from time to time? Yes, no, I don’t realize.
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7. Do you use shifting system in grazing land? Yes, no.

8. Do you exclude others from using your own crop residues for cattle feed at the farmland? Yes,

no.

9. What kind of measure should be taken to protect Soil conservation structures from damage by

free grazing animals?

Setting strict rules and regulations, Restricting free grazing, Punishing those dismantling terrace,

keeping the terrace, Terrace maintenance.

10. How can feed shortage for livestock’s be alleviated?

Reducing livestock population, Collecting crop residue and forage timely, Demarcating new

grazing land, Planting forage seedlings, Conserving grazing field, Widening the existing grazing

field, impossible .

11. What are the main feed sources for livestock? For dry season and for wet season.

From grazing field, Feeding hay, Cut &carry, Crop residue, Crop residue.

E) Food crop resources

1. What are the main food crops in the area?

2. Which crops are sawn without fertilizer?

3. If you sow teff without fertilizer by how much yield reduces?

Don’t reduce, by half, by quarter, it doesn’t grow, I don’t try it

4. Do you use fallowing in cultivation fields? Yes, no.

5. What are food crops sown to fertilize farmland?

6. Do you get enough food to feed your family? Yes, no.

7. What are the uses of crop residues? Feed for livestock, Fuel, Thatching roof, Fence, Other.

8. How do you collect crop residues? Harvesting with sickle, Uprooting, Not collected.

9. What are the main reasons for crop yield reduction?

Fertility decline, Erosion, Rain shortage, Poor utilization of fertilizer, pest, others like snow.

10. How can crop yield reduction be improved according to your opinion?

Good agronomic practice, Compost preparation, Using fertilizer, Terrace construction, Fallowing,

Crop rotation
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F) Soil and water conservation

1. What kind of soil and water conservation structures do you construct by your own on your

farmland?

Stone bund, Soil bund, I don’t construct, I plant seedlings, I use good tillage practice, others.

2. What kind of benefits do you observe from soil and water conservation structures?

Good yield, Retain the soil, I don’t realize, No flood damage, others.

3. What kind of damage do you observe from soil and water conservation structures?

Narrowing land, Harbor pest, Inconvenient for tillage, I don’t realize, No damage.

4. What are the main reasons that you do not construct soil and water conservation structures on

your land?

Shortage of labor, I don’t believe in the use of soil and water conservation structures, No one to

design me, I don’t have implements, my land don’t require these structures, others.

5. What are the main reasons why you do not maintain your soil and water conservation

structures on your farmland?

Shortage of labor, I don’t realize use of terrace, I don’t have terrace, I don’t have implements,

others.

6. List the name of spring dried ever in your lifetime in the catchment.

7. Do you observe reduction of water volume of 'Chena' river from past to present? Yes, no, I

don’t perceive.

8. What are reasons for volume reduction of 'Chena' River? (For those who say yes)

River bank trees are cut, Dry seasons are increased, it is dammed for irrigation, up land areas are

being cultivated.

9. What kind of measures should be taken to halt the current land degradation?

Using fertilizer, Setting strong rules and regulations up on those who destroy soil and water

conservation structures, Constructing terrace, Gully treatment, Stop tilling steep slop land, Stop

tilling degraded land, Planting trees, Conserving forest lands, Others.
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Annex 3: General information about the sample households

Sex

Male households Female households Total

97 5 102

Age
Age category 20-30 31-40 41-50 51-60 61-70 >70
Number of households 27 25 29 10 3 8

Marital Status

Married Divorced Unmarried

91 11 -

Academic Status

Academic category 57 Read &write 1-5 6-8 9-12
Number of households 57 17 26 2 -

Family Size
Number of households 0 20 5 19 12 17 24 5

Family size 1 2 3 4 5 6 7 8
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