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ABSTRACT

Data on rainfall, runoff, soil loss, crop yield and land use have been collected from Anjcm soil 
conservation research unit since 1984, in order to evaluate the performance o f different soil and 
water conservation measures on runoff, soil loss and crop yield and based on these, to identify 
the most suitable soil conservation measurc(s) for the study area and other areas having similar 
environmental conditions The experimental treatments evaluated were: grass strip, graded bund, 
graded fanya juu and traditional farming (control plot). The experiments were carried out on 6 m 
x 30-m plots located in two sites with different slope (28 •/• and 12 •/•). However, despite such 
an amount o f  input in terms o f labour, time and money, this raw data had not been analyzed. The 
first part o f  this study aimed ut analyzing this data in order to evaluate the performance o f these 
treatments in minimizing soil loss and runoff The second pan of the study assessed the 
opportunities and constraints for the adoption o f  soil and water conservation measures in Gojam 
Highlands

The result showed that the highest mean annual runoff (501 3 mm, 30.6% o f the mean annual 
rainfall) and soil loss (122 1 t/lia) was measured on traditional farming (control plot) in 
experimental plot I (28% slope). The lowest mean annual runoff (275.3 mm, 16.8% of the mean 
annual rainfall) and soil loss (30 3 t/ha) in this plot was measured on the grass strip In 
experimental plot II (12% slope), the highest mean annual runoff (451.5 mm, 27.5% o f the mean 
annual rainfall) and soil loss (88 2 t/ha) was measured on the traditional farming. The lowest 
mean annual runoff (263.6 mm. 16 1% o f the mean annual rainfall) and soil loss (25 6 t/ha) in 
this experimental plot was measured on graded fanya juu However, no clear difference had been 
observed on crop yield between treatments at both sites Statistical analysis showed that ail the 
soil conservation structures investigated except traditional farming (control plot) arc effective in 
controlling soil erosion on the steeper landscapes (l*P 1), while at lower slope (EF U) only 
graded fanya juu was found to be effective in reducing runoff and soil loss when compared with 
the control plots.

A  questionnaire survey was carried out in Gojam highlands, Ethiopia It covered four agro- 
climatic zones, namely Wurch, Dcga. Weyna Dega and Kolia These zones are located at 
different altitude, topography and farming systems Ten households were interviewed at each 
agro-climatic zone The study revealed that most o f the soil and water conservation work has 
been destroyed or modified by the farmers to suit local conditions at higher altitude (> 2300 m 
asl)

In Wurch zone. 30, 10 and 60% o f  the respondents indicated that the output (crop yield) o f soil 
and water conservation measures was high, low and insignificant respectively In Dcga zone, 50, 
10 and 40% o f the respondents indicated that the output o f soil and water conservation 
measures was high, low. and insignificant respectively In Weyna Dega zone ail the respondents 
said the output o f soil and water conservation measure (traditional ditches) was high In Kolia 
zone, 90 and 10% o f the respondents indicated that the output was high and insignificant 
respectively
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1 INTRODUCTION

1.1 Background

In Ethiopia 88% o f the human population. 60% o f the livestock, and 90% of the area which is 

suitable for agriculture is concentrated in the highlands which arc more than 1500 m asl 

(Constable. 1985). Agriculture and livestock sectors arc economically important to Ethiopia 

and they contribute to more than 90% of Gross National Product A large portion o f land is 

exposed to erosion and the precious topsoil has gone at an alarming rate. The data on soil loss 

rates collected by Soil Conservation Research Project (SCRP) up to 1986 range from 0 to 282 

tons/ha/year, showing high variation in soil loss rate in the Ethiopian highlands which could be 

due to variation in topography, land use and climatic conditions (Mulegeta, 1988) The high 

soil loss rates on cultivated areas indicate the need for conservation measures to be applied to a 

wide range of ecological zones in Ethiopia. According to the work of Ilumi (1993), an average 

soil loss o f  42 t/ha/year from cropland will remove the total sod of the present cropland within 

100-150 years The resulting annual production loss due to soil loss is between 1 and 2%. This 

threatens the ability of Ethiopia to feed its growing population.

The Government of Ethiopia, in recognition o f the severity o f the problems associated 

with soil degradation, has initiated, with the support o f international and bilateral agencies, 

a massive programme for afforestation and soil conservation. The World Food Programme 

(WFP) became involved in this sector o f rural development in the mid-1970s and 

expanded its support continuously Other agencies, such as the European community, 

FAO. and bilateral organizations, also contributed to these efforts Altogether, soil 

conservation and afforestation reached a total estimated input level o f USS 40 million per 

year in 1985 (WFP. 1986), voluntary work not included

The soil conservation research project was established in Anjeni in 1984 The main objectives

o f the Soil Conservation Research Project are "to provide the Ethiopian soil conservation

effort with necessary basic data for the proper implementation of soil conservation measures,
1



and to train locals as well as international personnel in this field of study" (SCRP 1981; SCRP. 

1985) To this end, seven research station were set up in a wide range o f agro-climate zones 

since 1981 and beside other activities, basic data on erosion processes were generated from test 

plots (Grunder, 1986). Humi (1985), underlining the need for research to evaluate the 

performance o f different soil conservation measures in different agro-dimatic zone writes;

"... present Jay soil and sediment losses from  slopes and in nvers amount 
to horrifying ijuantities ... conservation activities, including aiming at a 
better understanding o f the situation, and a  contribution to Its 
improvement, belong to the heart o f  development efforts...".

One o f  the research units is situated in the area of Anjcni, on the lower slopes o f the central 

mountain systems of Gojam region In Anjcni. about one-square-kilometer catchment was 

chosen in 1984 for monitoring at catchment, household and plot level While climatic 

parameters, hydrologic processes, soil erosion and sediment loss arc continuously quantified 

for each storm, other parameters like areas under different land use types and crop yields are 

quantified for each cropping season

1.2 Justification of the study

The government of F-tluopia in collaboration with NGOs launched a massive soil conservation 

programme in the 1970's to arrest and reverse the process o f soil degradation In order to 

effectively implement the programme, huge sums o f money were pumped into the programme 

and a substantial portion of the peasant labor force was mobilized. By the mid o f the 1980’s, 

the programme expenditure had reached around 50 million dollars per year and around 30 

million peasant work-days were mobilized per annum to carry out the programme (Solomon, 

1994). The reports indicate that between 1975 and 1989, around 980.000 ha o f crop land were 

treated with various types of terraces; 310,000 ha of degraded grazing land were dosed for 

natural regeneration; 296,000 ha of highly denuded land were re-vegetated; and 208,000 ha of 

hill side terraces were constructed (National Conservation Strategy. 1990).
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Timberiake (1984), witnesses this: *7 saw these terraces a ll along the road 
side on the main north-south road through Wollo Region, and found them 
as impressive a  product o f human physical labour as Egypt's pyramids.
Paul Valley o f Jhe l  imes o f Ixmdon described a  seemingly endless network 
o f ditches cut into the sides o f hills It is as i f  contour lines were the 
invention o f the farm er rather than o f the cartographer. It is the result o f  
one o f the most massive anti-erosion programmes undertaken anywhere in 
Africa

However, most of the resent reports arc rather discouraging and the results have not been 

what could have been expected, in light of the expenditures. Why has tlie success rale o f such 

efforts been so poor in the Ethiopian highlands, when such efforts have been successful in other 

parts of the world and even in many parts of Afnca (for example, in Machakos district, Kenya 

[Timberiake, 1984])? Poverty or poor farming system or topography or erosive rainfall or a 

combination o f these environmental impact is usually mentioned as the major factor 

contributing to its failure and on this line different reasons were given on the unsuccessful story 

o f soil conservation programme in the Ethiopian highlands. Humi (1985) recognized that 

problems arise due to uniform application of single measures to the different agro-dimatic 

condition. Grunder (1986) also consider this fact as the mam reason why the conservation 

effort in the country has resulted in a much lower impact than expected

The success o f  the programme was constrained by promotion of inappropriate technologies. 

Uniform applications o f a single measure for different agro-dimatic zones arc neither 

appreciated nor adcquatdy maintained by the beneficianes Instead o f conserving land, poorly 

maintained structures may subsequently lead to increased down slope erosion by concentrating 

runoff through overtopping or terrace failure When this occurs, the sudden release of the 

water pounded up on the hillside can do more damage than if no terraces had been constructed 

Research directed to the development of conservation measures that arc suitable for the 

different agro-dimatic zones o f  Ethiopia has. therefore, become a very pressing task and an 

important aspect of the overall conservation movement in the country at the moment

To support the effort o f soil and water conservation activities, by providing scientific

information, the soil conservation research project was initiated and consequently
3



established at different agro-climatic zones However, despite such an amount of input m 

terms of labor, tunc and money, die raw data that has been collected for the last eight 

years has not been analyzed This study aimed at analyzing this data in order to evaluate 

the performance of these treatments in minimizing soil loss and runoff A complementary 

field study aimed at assessing the level of adoption of soil and water conservation 

measures, opportunities and constraints would add value to the existing data and provide 

information upon which decision of technologies and approaches to be used to promote 

adoption to be based.

1.3 Study objective

The overall objective of the study was to evaluate the performance and assess constraints 

and opportunities of adoption o f soil and water conservation measures,

The specific objectives were:

1 To evaluate the effectiveness of different soil conservation measures in terms of runoff 

loss, soil loss anti crop yield using data collected in Anjcni Research Unit between 

1984 and 1992

2 To undertake Field survey to assess the level of adoption of conservation technologies 

in Gojam Highlands and the potential and constraints for widespread adoption.

4



2 LITERATURE REVIEW

2.1 Global problems of soil erosion

Most semi-arid regions suffer severe erosion, often more than in the humid tropics, because the 

rain has a high erosive capacity which is more damaging as a result o f reduced vegetative 

covers. A recent survey showed that 40, 50 and 67% o f the area in Morocco, Turkey and 

Greece were suffering moderate to severe erosion damage respectively (Hudson. 1987). 

Equally alarming rainfall erosion problem arc reported in parts of the USA, Mexico, north-east 

comer of Brazil, and much o f south-east of south .America, the Sahd and the South-west of 

Africa ( e g  Botswana); overstretching cast from Africa through Turkey, Iraq, Iran, and 

Afghanistan, with one arm extending into eastern USSR and China, and the other arm South o f 

the Himalayan through Pakistan to India In Australia, most of the states have severe rainfall 

erosion problems even in the area o f low rainfall

Lai (1977) states that vast areas of the highlands in Ecuador, Colombia and other area of the 

Andes have been either destroyed or seriously damaged by erosion FAO (1983) also 

indicates that 13% of the crop land of Argentina, 27% of the total area of India and 11.6% of 

the total area in Africa north of the equator is affected by water erosion Soil erosion is a 

serious problem particularly in the developing countries due to " a complexity o f human and 

physical factors which undermine not only development projects but present day subsistence" 

(Stocking, 1981).

2.2 Soil erosion in Ethiopia

Some observers have indicated that degraded environments are the primary physical causes to 

the spread of deserts (United Nation. 1977) and famine (Cross, 1983). Hurai (1985), for 

example, states that the high soil loss rates in Ethiopia are "basic dements in understanding the 

recurring famines" Of the complex environmental problems Ethiopia faces today, soil erosion 

and deforestation remain the most serious Both arc already widespread and continue to spread

5



further Some 270,000 kmJ is thought to be eroded significantly and about 20,000 km’ o f farm 

land deemed to be undermined of their fertility and productive base (Highland Reclamation 

Study, 1986).

Soil erosion in Ethiopia has seriously damaged national economy and gravely affected the well 

being of more than 85% of the rural population Most of the erosion processes arc due to 

inappropriate Land use, poor land management, steep slopes, fragile soils, and increased 

pressure on both arable and grazing land on top of these practices o f primitive/ummproved 

traditional fanning systems Forests and marginal lands arc often used for cultivation and fallow 

periods are shortened due to high population pressure and this accelerates erosion

The scale o f the problem may be subject for debate, but there is no doubt that soil erosion is 

one of the most serious threats of food production over most parts of the country. In extreme 

cases land has been so badly degraded that it is abandoned by farmers, but it is the gradual 

degradation o f soil fertility that menaces farmers throughout the country which is more sinister 

and wide spread

The Highland Reclamation Study (1986) further predict that “even if erosion rates stay at 

their current levels, it is projected that land covered by soil less than 10 cm deep ( and thus 

incapable of sustaining crops) will increase five-fold to about 100,000 km2 or some 18 percent 

of the Highlands area by the year 2010" Therefore, by the year 2010, 100,000 km' of arable 

land will have lost a considerable proportion of nutrients, its organic mater, and its water 

holding capacity and rooting anchorage.

According to the work of Harrison (1996), no country in Africa needed an effective 

conservation programme more urgently than Ethiopia. The pressure of population has forced 

fanners to cultivate on steeper slopes The document further pointed out that, more than half of 

the FTighland areas show signs of accelerated erosion Each year it is estimated that 3 5 billion 

tonnes o f  topsoil are washed away, an average of 70 and 100 t h a 1 from cultivated land. Indeed 

annual losses of almost 3001 ha'1 have been recorded in the case o f sloping fields ploughed to a
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fine tilth for the tiny-seeded traditional cereal, teff The same document indicated that in 1900. 

Ethiopia’s forests stretched over 48 million hectares Today they are down to 4.7 million-an 

average annual losses of half a million hectares As a result, rain no longer infiltrates and a lot 

o f it is lost as surface runoff

The study by Soil Conservation Research Project (SCRP), however, has estimated soil loss 

rates (on cultivated lund) o f up to more than 200 tons/ha/ycar from test plot results Estimates 

of soil erosion rates from various land use types are also given by Humi (1986) in which the 

erosion rate from all types of land uses for the highlands is estimated at 1.5 billion tons per 

year Nearly half of these (672,000.000 tones) are from cropland that constitutes only 13 1 % 

of the total area o f the country On the other hand, estimated soil formation rates for cultivated 

land range from 5 to 11 tons/ha/ycar (Humi, 1986), The two differing rates show the 

accelerated nature of the erosion process existing in the highlands.

Similarly the Highlands Reclamation Study (HRS) estimated that between 1985 and 2010, the 

rate o f land degradation will cost 6500 million USD Of this cost, 78% is due to losses in the 

cropping areas Overall. 25% of the highlands arc seriously eroded Already 4% of the total 

Highlands are so seriously eroded that they will not be economically productive again in the 

foreseeable future

According to Humi (1993), current soil loss rates are highest from cultivated land (42 

t/ha/year). where more than half of all field losses occur Other land use types produce only half 

as much total soil loss, although their Arial extent is up to four limes larger

2.3 Soil erosion and conservation research

Plaisancc and Caillcux (1981) listed classifications o f erosion based on mode of action as 

chemical, running water, en m asx  movement, wind and biological. All these have been 

involved in geological erosion (as opposed to accelerated erosion caused by man), which has 

resulted in wearing down o f mountains, cutting of canyons and wearing away o f landscapes

7



Many and probably all o f the world’s agricultural areas have resulted from geological erosion

Accelerated soil erosion research originated in United States in the 1920's. Since then, much 

knowledge about the causes o f soil erosion and, for some areas and regions about its 

magnitude, extent, measures o f control and its effect on soil productivity have been acquired 

Bdpomme (1977) observes that in the 1970’s alone, over 10,000 studies on soil erosion 

phenomena have been published throughout the world Most o f these research outputs arc 

concentrated in the United States. Uuropc and in a few other countries with active research 

centers, whereas there is a scarcity of research in large areas o f the world (Hudson. 1981, 

Stocking and Peaks. 1985).

In general three major themes of research on soil erosion can be identified (1) assessment of 

potential and actual erosion damages by direct surveys; (2) identification of the factors that 

cause soil erosion, assessing their relative strength in causing soil erosion and developing 

models for estimating soil losses and (3) investigation of the effect of soil erosion on soil 

productivity

Assessment of potential and actual erosion damages has involved the use o f qualitative 

descriptions, small scale maps, questionnaires, aerial photographs and nowadays remote 

sensing techniques (Mulugcta, 1988). According to Herweg (1990), nil mapping has been used 

as the basic way to get spatially differentiated information about erosion damage, supplemented 

by various groups o f sediment troughs to consider the amount o f soil washed into the rills from 

the adjacent small catchment De Boodt and Garbles (1977) reported that erosion is a hazard in 

many countries of F.urope including Britain, Belgium and Germany and in the United States. 

However, as indicated by Blaikie (1985). the impact of soil erosion on agricultural production 

in these countries is concealed by adding more fertilizers

Identification of the major variables tliat determine the rate o f soil erosion and developing 

quantitative methods for estimating (predicting) soil losses has been receiving the attention of 

several researchers particularly since the 1950's. A group of US Scientists used laboratory and 

field experiments to test and formulate each of the major factors that cause soil erosion and



the result of several yean of research endeavour is the evolution o f the universal soil loss 

equation (USLE) in the 1950's (Morgan, 1986). The first attempt to develop a soil loss 

equation for hill slopes was that of Zingg (1940) who related erosion to slope steepness and 

slope length Further developments led to the addition of a climatic factor based on the 

maximum 30 - min rainfall total of a two year return period (Musgrave, 1947), a crop factor to 

take account o f the protection effectiveness of different crops (Smith, 1958), conservation 

factor and a soil credibility factor Changing the climatic factor to the rainfall erosivity index 

(R) ultimately yielded the universal soil-loss equation (Morgan. 1986)

AmR.KLSC.P

Where. A mean .iniuul soil loss (t lu yr')

R -  ll>e raintall aonvity index which is equal to the mean annual eradvuv value divided by 100

K » ihc soil credibility index defined as mean annual sal low per unit of erowvity for a standard 
condition of bare sal. no conservation practice.5° slope of 22 m kriRth
l-S ■ llic factors of dope length (L) and slope steepness (S) arc combined in a single index (L a  in 
meter and S in percent)

C ■ die crop factor which represents (lie ratio of sal loss under a given crop to that from hare sal 
P - lire conservation practice (actor

The problems associated with soil erosion and land degradation, which have caused 

widespread famine in developing countries, have long prompted interest in soil conservation 

research The world soil conservation research has beat geared toward the development of 

three complementary erosion control measures (Mulegeta. 1988), namely: ( I )  Agronomic 

(biological) measures which aim to reduce soil erosion thiough the improvement o f soil 

vegetation cover. (2) soil management measures arc concerned with influencing the erodibility 

of the soil by improving its Structure (and hence its infiltration capacity) so that it is more 

rcststam to erosion and (3) mechanical methods that seek to develop measures which involve 

earth moving and soil shuping practices for reducing the velocity o f runoff These measures arc 

therefore complementaiy

Hudson (1981) setup experiments in Zimbabwe to investigate the effect of cover on 
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soil loss The result of his nine years experiments showed that the mean annual soil loss and 

runoff from a tilled, continuously weeded plot was 127 and 13 times more, respectively, than 

from a continuously weeded plot having the same soil type and slope gradient but covered with 

wire gild of appropriate gauge to simulate a lull vegetative cover.

Quoting from the research done by LaJ in Nigeria, Greenland and Lai (1977) also indicated 

that the runoff from the hare fallow plots was 16 times more than that from the plots treated 

with 6-tons/ha mulch Marson and Perrcns (1981) compared the effect o f zero-tillage and 

stubble incorporation to tillage on runoff using simulated rain in the northern wheat belt of 

Australia. They found out that the zero-tillage and retention of crop residue significantly 

reduced runoff velocity and therefore soils loss

Shcng (1981) studied the effects o f two types o f stmcturcs; bench terraces and intermittent 

terrace (terraces in which every third bench is actually constructed, the intermediate land bang 

untreated) All structures reduced soil loss by about half-compared to the control plot, but no 

significant difference in soil loss was found between the structures

2.4 Soil oroslon and soil conservation research in Ethiopia

Apart from soil erosion surveys and evaluations and some isolated studies in various parts of 

Ethiopia, no consistent research activity existed until 1980 (Humi, 1986) Most o f the soil 

erosion and conservation research in Ethiopia is undertaken through the Swiss funded SCRP 

(Mesfin, 1991) Gunner (1969) gives a bnef qualitative treatment of the process o f soil erosion 

and rclutes this to actuul situation in Chilalo Awraja. Otlicr cases o f soil erosion study in 

Ethiopia include FJ-Hassaiun (1985) who studied the problem of soil erosion on the Awash 

valley while Ascfa (1986) assessed the degree and extent o f soil erosion using MSS I^ndsat 

method of data interpretation His study recognizes six soil erosion severity classes 1 1 to 6) in 

Ethiopia, with rating 1 denoting least seventy and 6 highest severity

Humi (1993) reported that soil loss rates from test plots in the Ethiopian Highlands ranged
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from 0 to -*00 t/ha/yr. with average values o f 42 t/ha/yr for cropland, 5 t/ha/yr from grassland, 

and 70 t;ha/yr, for bad land (a term applied to degraded land in the highlands). Similarly, he 

showed that sediment losses from small watersheds ranged from 0 to over 60 t/ha/yr (Tabic 1)

Table I Estimated rates of soil loss from different land use types in Ethiopia

I W »
Oiptond U .l ■c •71
roomaicnipi 1.7 f 17
G rant aai toman* hni SIC a 312
Toallvirisnilwl IX 70 J23
CM M ly un>tiltiv*M» l«7 i 114
Korea J 6 1 4
Wood m l NmJi .vel 11 J 49
M o a n 1000 13 1497

Source: Humi, 1993; (Ml = Million ions)

The finding and the historical evidence (Butzcr, 1981) suggest that the great quantities of soil 

that have been removed from cultivated areas in the Ethiopian highlands for thousands of years 

and the high soil loss rates from slopes in the highlands have been accompanied by erosion- 

induced crop production declines and continuously depressed yields A reduction of barley 

yield o f 25 kg/ha for 1cm of soil loss on a Humic Andosol was measured in the Dcbrc Birhan 

area in North Shewa 0  lumi, 1985).

2.5 Soil and wator conservation in the Ethiopian Highlands

Considering the rate at which soil conservation implementation has been undertaken in 

Ethiopia for the last 25 years, it is estimated that it would take another 70 years until all 

land in need o f soil conservation measures has been conserved Thus, the activities will 

have to be intensified many times m the luture in order to attain stable conditions within 

the next 20 to 50 years (Humi, 1986)

Tabic 2 presents a summary o f  three years o f the implementation activities undertaken in 

the Ethiopian highlands in the period 1882 to 1985 (Humi, 1986).
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Table 2 Achievements o f soil conservation activities in Ethiopia, from 1982 to 1985

Actlmwi L'aK t->AV u tonnwrl1 Votantar?

Hiikute terracing km 303.0*5 29.744 232. *29
OscUam cnmmMXiun km 1.662 1.057 2.711
Mtng wJ reputing t.OOOpt 164,671 71.146 240.U7
Seeding plantmi; i.aoopi I4*.590 91.1*0 239.770
Soil bund cerotrucUon km 95.173 44.409 139.573
SUM M  conrtruclnm km 79.1*0 44.426 126.4*4
Pond coratmction no. 104 292 396
Dun conataMUoa no 11 40 51
Silling diVltl— ini m> 20< 2.426

I. FFW = Food for work. One workday compensated by 1 kg of grain and 120 gm of vegetable oil
2. Voluntary * Work organized through peasant associations in so-called ZemecHas or days of compulsory 
group work, 
pi -  plants

The same document indicated that between 1976 and 1985, conservation and afforestation 

undertaken by the Ethiopian peasants, organized by the government and supported by 

external aid, amounted to some 600,000 km of soil and stone bunds on cultivated land, 

about 470,000 km o f  hillside terraces for afforestation o f steep slopes, thousands of 

checkdams constructed in gullies, thousands of kilometers o f rural roads, almost 80,000 

hectares o f closed areas for natural regeneration and many other land rehabilitation 

activities. Five hundred million tree seedlings were raised and planted, although the 

survival rates remained relatively low at around 20 percent

Traditional conservation measures arc well known in large parts o f Ethiopia For example, 

the people o f Konso in Game Gofa region applied terracing on their cultivated land long 

ago (Kruger, ct al. 1995). Some terraces can also he seen in the North regions and in low 

land areas where water conservation is necessary Other areas like Gojam region have 

developed systems o f  ditches to drain surplus runoff

Major soil and water conservation measures practiced in the Ethiopian Highlands are 

given in tables 3, 4 and 5.
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Tabic 3 Physical soil and water conservation measures

TnM iin ^ (Ita r flk U N W g B
Brnrh t tm r r Stop* a oneta-ertod atlo • m  of •a p t. wath a hmvrimul cuJuvuiai ana oa the map >ad nep nam bawnn 

two steps
r w c -u . An ̂ anktua trail urn  tha huOon .ff a gulla or * mull nv«, which i«txa Aw vcfaotv of the runoff tad 

J"'«m  te deepoa.ng at wutetung nf H* Ituflv
pbu«iune I’loughuag along te  ccaucair and hence inlacrgk ihc flow of run-on Contour ploughing can keep more water in 

plan* and imum in/lHration.
Cutoff .train A channel uaed to cuffed runoff from llw land abova and (n direct it ulrfv to water wuy or a rsaur linaa 

presetting the land below iVero exuasivc arnicas. Cutoff dram usually protect cultivated land from up dupe 
lorrw land <» fauland

lUUtidr Irmif A rmteture along ihc owa.air. where a Itnp ui land it leveled for treet planting
1-0 rl S»iad 1A  c traded Sued except that 4 a ouotrutUd along the contour
torrl Sana* Jam 1 At padcai farrvi ,uu raoept that il ■ uaalnaud along Ihc .uotcua
Mlcraa-basin A mail structure with Ihc dupe <ff a hair *  a full ore la. mcavaacd lo cMaan a mall harm for planting a Uar 

M xrn-hsama have sum according to ter design to conserve water, bcag anal] in moto and large a  dry agro- 
ctimalac room

Kooth ploughing _ The kill n parpoaaly ploughed Virv rough In nerrate efiltr alvei rale and lo knrp more water m place
A IMCUUJ or aililk-ui vfruuuiKc whunnel the accpc* tfcpc or in the valley and used to feixmnodalc 
runolf

Source Ministry of Agriculture (1986)

Tabic 4 Agronomic or biological soil and water conservation measures

T«ten,u« Hear hptioo oT the irrhaiqort
Agrofomtry Ijnd use svsemi ■ which woodv pertntaaM (troea. rhrvbv ale.) are yowat at aaaocubon wah crept and or 

Itvcateuk in a apatial <» temporal atutpaimt in order 10 increase uni tcrtilltv
\B«-y mapping An Agrtdbrudry avaCrm m which Hand cropa w grown m  allrya bantam row* ad haatget llw hedges .notwl 

of trees and diruht nadt as leucaena <* pegcutt peas.
Area lioaairc A protection ayaein to improve land wilh degraded vegetation and'ur through eaafund regeneration No

Out and carry

Cramlawd
Improvement.

A rvaem of utiliZnig fotapa for dall-lccdinu. It can be applied in area •:tenure in fotusl on ctaBcrvalaoa 
atraefuroe and in all aroaa where Itvral och a radiated Tee punt
Includes all adavdua lanwl at uaproauag lia jrodudiaitv <ff graaalaml whtrehv naauff and anal tetana a 
reduced Activdy acludet llw xarcdvcUco of better forage pccica. motaSure cuaBcraulsao. removal of 
anpalatahia apacaaa. (hr cultmg ol ihruha. regular weeding aid---- -nn— <ff aotl fartilrtv

Lhre Stare ■Mars mg of plant apecaca around bomeatoad aloaig farm hnundanea and along permanent drainage fchSwt. 
They are uecd lo rutulicr the omhaiwmtiu at drainage ddehea and lo awad physical damage by human and
uncontrolled litwaock

RrvrgetaOan A ivstcm of forage ettablndsncnt on land with a tew Mrgckatxm cover Such land can hr newly .-namrtated 
bunds, cutoff drama, walctaraa* ur degraded land tad guilaea.

Ikrtp cropping naming tha aatnt or d>ff«retil .mpa at llw taiwa lima or in diffannt lima at rawa The drip .mpa can rntme 
both runoff and nm-on and ipve hiITkwtU found cover during eriwiac ramv «aan

Stahhlr aaalcb SLouis oT oomukrabtc aanounl of caop residues are purpasety left nn the curfsce alter the harvest. Tha 
nsrm prtaunta llw lautSall anpal, itnpruva te Ssrtitdy dalua iff the ami and laattMration rata ami m  Iha 
final analvns rrdcB ml eromett

rraatate. Mecca aaai aorghaon diaw layoad aa a gjul aywcin ter (be purpose a t wales harvesting infiltration, tod

An activity to improve the vegetation cover o t the pound, thwabv reduemg runoff and toil emamn tnd

Source Ministry of Agriculture (1986)
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Tabic 5 Soil and water conservation measures experimented in Anjeni research unit

Trvhnagun Dmerlptlaa of the tcehaignra
C n M lu il A 0  trial bund a  m  onhankmeta wrlh * gradient of up to 1 H bmardt » waterway or nvw. noli of aod aod-ur 

*<***■ » *>•»•" at da upper ndt Tht bund redooea or Hops tht velocity «f«w land flow and onrwnpnnUy 
m«1 crown The hundi art about JO-7J M high and have a hcevam width of 100-110 an. Such gradient n far 
■arplua runntf Co In •framed if fat rteantecn of itw band la not nifflcaeag Tied ru%aa with lop hnghts lowaa &an

Graded Tanya Juu A graded (knyi juai Obroa. up tulh” in Swafrali language 1 a an embankment mwk of denes arut'or ml. with 
IS gradient lowarde the waaerwey Hie lanva juu rtehevua or itnpa the velocity of overland flow end 
conaapaendv »ml erosion t'nfckr die traded bund, tin toil n a lanva jun m moved upeiopa during cunatnactwet 
Tha water retention hum ■ limit at dar fawn wdt of dac wall Mae gradient 1a for napkaa runoff lo be domed if

dorage and guide the water .aver the bund into the dnefc below from where a it (framed tideways
Cm  atrip A craaa itnp ■ a nbbon-like bund .d gram laid oul on cultivated land along the .odour. Usually, gram dnps are 

mho* 1 rimer wada and tgiaced al 1 nultt vertical interval. They an mainly oacad to raplara phvaauai Itnictiwm 
oo gentle ilcwaa and on wtiI »dh good mliltolion (sandy, nfrvi

dMrhra
Traditional d«thm art onaalnactod during each piewffung aeaaon and run diaganally across die dope of the 
cnMvtfcd Uni Thay «rr made by prnaing a Woreifor plough damp into iha ground and can ha entilv 
ddfitaHhtlrd trven the notmal plough lWow» The (jn-henl. ipacaig. number, length, width and degah of the 
traditiucul dalchaa art dopende .«■ the dope ul the field, amount of rainfall < runoff and rurvun), oop tvpc and 
hataiKW from waterways

Source. Ministry of Agriculture (1986)

Table 6 Plant species suitable for soil and water conservation in different agro-climatic 
zones in Ethiopia

Af'Z UgW-n Tree.
w s z
ahovaTMOmaal

Fttuttxm . Dm Um u i. Poo TnfoUtm Frtco. H yprrtatm . Hagerua. Ctipratoos. Sewae 
A'araftpluf. Inm panu. Sc forma

Oega
(2SOO 1200 maal)

Andropogon, Pamcrao. 
>'i»nnlnaiir. IWfvu

Tnfaimm and othrr 
kre-elf im rei

'arm/wrvi O tM .ViBKi Maytorm i, 
fflglfoVfoai Agesua. Ootmi, AparfyUa. 
5n*Anno. HogmtO

Weyna Lkhca (IJOQ - 
1300 at ami)

J/ypcratm . floiwdu.
Aeaaow. H w padm t. 
I'tn m u m  m, PahnUl, 
Cuachruj. Panic* m
Photorn. Satan*  
C itk m h u

Tnfitimm lablofi.
.7)6 went to i j  ‘.-go* 
pao. lo u t oertii, 
Sttsfomra Ottmedrnm. 
S tro m

/anapara*. Olao. Fnphoebta. Pygeum. Croutn, 
AvoU ytti Krythnna. H ogm ia. F /xhcarpus. 
F\cut. AUMKM. ATabaryro. AaAatfosio. 
Ail/daorfoel, P rnutpit. Acacia b a itm to t 
Lxeuonao. Schtm a

holla
(JOO-IJOOmaaO

C dnchnu. O dom . 
P.UUCVM, So fter.
P kolont, Sotwig 
C th m b u

U bio* Slytoujnthei, 
S+itwva.
Worngmlrum, AlrijdM

Aciocia. Monrtga. Ailanrtmt. P’lrklntom a, 
i-forma Aifarueea. Atfozzto. ro m tj'im u . 
C ananm t. Toman*. S.ivphut. A iodtrttciuo

Source Ministry of Agriculture (1986).

2.6 Effect of soil and water conservation in the Ethiopian highlands

Most of the reports indicated that output from soil and water conservation structures are 

not immediate It was revealing to observe that on a steep slope, soil conservation will pay 

only alter a period o f 30 years, way beyond the planning perspective o f both the farmers as

14



well as the government administration (Ludi, 1991), Even if investments are provided 

from external sources, the period needed for soil conservation to make financial returns is 

about 15 years ( the crossing o f the lines. Figure 1) On a gentle slope, results are more 

positives due to reduced erosion and less investment arc needed. From these studies it 

become clear that soil conservation is too expensive even at moderate investment level, 

and that more productive packages have to be found to attract the attention and interest of 

the farmers to embark on a sustainable soil utilization technologies (Humi, 1994).

Development ct daily income on a ger.ile slope Development ol daiy income on a steeper slope

co
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a
3
£
UJ
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1 2 i  r  ~ 3.2

U 2.8 \  N .  ..................................

2.4 2.4 \  /
2.0-1 2 .0 - X .

1.6 1.6*
..........Paty near* «<Jj sot n .

3ai* iic o re  so* ewsevaten eanserraaon N .

1.2
-i

--------3kUv Incan# atfXMl XM conj«fV3»un 12 Ottty name ■ffxxii ion N .

— i-------------- i-------  r------ 1------ 1-------1------
coMantton

L-1  -i —l — i— i— i------ 1-------1 i
0 5 10 15 -  20 25 30 35 *10 0 5 10 15 20 25 30 35 40

Years

Source: Hans H um , 1W4

Figure I Average daily income o f an Ethiopian farming family with or without fanya juu 
on gentle and steep slopes

Studies in Kenya (Harrison, 1996) showed that terraced land pay-ofT are rapid and 

handsome The studies have shown that maize and bean yields of farmers with 

conservation measures arc 60-100 and 80-130 percent higher than o f those with none 

respectively The reasons for higher return and sustainable use o f  soil and water 

conservation in Kenya as given by Wenner (1981), are that sod and water conservation
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began by asking farmers about their problems, needs, and existing methods in use, and 

working with farmers in a series o f regional projects to improve and perfect them The end 

result was a set o f measures that farmers could and would carryout themselves, with their 

own resources and limited expert help



3 M ATERIALS AND M ETHODS

3.1 General description of the study area

3.1.1 Location of the study area

A cross-sectional assessment on the opportunities and constraints for the adoption o f soil and 

water conservation was made across different agro-climatic zones o f Gojam highlands The 

CTOss-scctional area is pan of the Blue Nik Basin The area is situated in Gojam administrative 

zone in region 3 The Blue Nile River in the south cast and Choke Mountain in the north west 

(Figure 2) border it.

Source: Ethiopian Mapping Agcncv. Adilis Ababa. Ethiopia. 1978 

Figure 2 Location of the study area 17



The Anjeni Research unit is located in Gojam administrative zone Dembecha Woreda The unit 

is about 365 kms north-west o f Addis Ababa The research unit was built in the Minchit 

catchment in 1984, at the toot o f Choke Mountain on the road to Feres Bet at about 15 km o f 

the Dembecha town. It is located latitude 10° 15/ N and longitude 36° 45' E. The area is about 

100 hectares

The altitude o f the research catchment ranges from 2170 to 2430 m asl According to the soil 

conservation research project agro-climabc zonation system, its climate is categorized in the 

Dega belt The research unit is typical of areas with unimodal rainfall in the north-western 

highlands o f Ethiopia.

3.1.2 Climate of the study aroa

In the study area there is only one rainy season, ‘Krcmt", between May and September 

when more than 90 % o f the total rainfall occurs The temperature and precipitation o f the 

study area is taken from the thermal zone map and mean annual map o f Ethiopia 

respectively The average annual air temperature for Blue Nile gorges and Choke 

mountain is 25 and 7°C respectively The average annual rainfall varies from less than 

1000 mm in the Blue Nile gorge to over 1500 mm in the Choke mountain (Figure 3).
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Source. Laird use planning project. FAOUNDP - LTH/7&D03. 1982 

Figure 3 Mean annual rainfall pattern in the Gojam Highlands

The annual rainfall in Anjent research unit was about 1610 mm based on (he recordings o f 

1984 - 1992 at Anjeni research unit Average annual rainfall for the area based on long 

period record is 1500 mm (Figure 3), which are about 7 %  lower than the eight years 

record. In Anjeni research unit the lowest daily air and soil temperatures recorded are as 

low as 0 and -5°C and the highest as high as 33 and 40°C respectively March is the 

wannest month with mean monthly minimum air and soil surface temperatures o f  9.5 and 

8 1 C and maximum o f 26.1 and 32°C August is the coldest month and has a mean 

monthly minimum air and soil surface temperatures o f  10.4 and 10.7°C and maximum o f 

19 4 and 23 2°C respectively Mean annual minimum and maximum air temperature in the 

Anjeni area is 9 and 23 3°C respectively
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3.1.3 Geology and geomorphology of the study area

According to the geological map o f Ethiopia (Kcfcni, 1995), central Ethiopia belongs 

geologically to the trap senes o f  the Ternary volcanic eruptions The geology o f the study 

area consists o f the Prccambrian basement complex covered by Mesozoic sediments on 

top o f  which lies the trap basalt series

Most o f  the Dega and Wurch zones have rolling to hilly forms o f  land (8 to 35 % slope), 

while lower Dcga and upper Weyna Dcga have undulating to roiling land topography (2 to 

15 %  slope). The Weyna Dega zone (between Dembecha and Dejen) is almost flat to 

undulating (0 to 5% slope) The undulating land forms extend to the Gorge (0 to 60% 

slope) which has sharp and steep escarpment at the top o f the gorge.

According to the work o f Kefeni (l 995), the Anjeni research unit lies over Precambrian 

crystalline bedrock which consists o f granite and gene .is The bedrock is covered by 

deposit o f Mesozoic sedimentary rocks, which is underlain by tertiary basalt and tuffs of 

the trap series that include rhyolites, which arc responsible for the development o f the 

easily visible flatter terraces and steeper slopes

3.1.4 Soils of the study area

According to the work of Kefeni (1995) and Venema and Paris (1986), the main soils 

occurring between Choke mountain and Blue Nile gorge are andosols, cambisols, gleysols, 

fluvisols, lithosols, luvisols, mtosols phacozcms, regosols and verusols Andosols occupy 

the convex and the top-most slopes o f  the mountains in the upper Dcga zone Cambisols 

arc associated with young parent materials or with steep eroded slopes in Dega and Kolia 

climatic zones They arc found under moderately cultivated fields and natural vegetation 

covers. The fluvisols occupy the sloping valley sides and valley bottoms in the Dega and 

Weynadega climatic zones They were mainly found under grass covers and intensively

and moderately cultivated fields. Nitisds are found in the gentle and moderately steep
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slopes in the Dega climate zone, which is associated with the plateaux. They are found 

under intensively and moderately cultivated cereals, pulses and oil crops, Luvisols are 

associated with gently to moderately steep slopes, which have been subjected to soil 

erosion in the Dega and Kolia climatic zones They are found under moderately cultivated 

fields Vcrtisols occur in flat to gently undulating plains on the plateaux in the Dega and 

Wcynadcga zones and are intensively cultivated Regosols occur on the sides o f the high 

relief and on eroded slopes in the Weynadcga and Kolia climatic zones They are mainly 

covered with natural vegetation.

In Anjcni areas the soils on the plateau are well drained, reddish-brown heavy clay and 

classified as nitosols and luvisols. There arc pockets o f regosols within the plateau The 

foot slopes have poorly drained, dark gray, heavy clay soils The flood plain of the study 

area has reddish brown, clay loam to clay soils (fluvisols). Experimental plot I (EP I) is on 

a vcrtic luvisol, while experimental plot II (EP II) is on an cutric nit o so I

3.1.5 Land use/land cover and natural vegetation of the study area

At very high altitude (upper Wurch, above 3700 m asl), very little cultivation is found 

because o f low temperatures. The area is covered with shrubs and grasses and mainly used 

for grazing Therefore only little attention has been given in this study The Wurch (3200- 

3700 m asl) is moderately cultivated with barley and potato as the main charactensuc 

crops Steep slopes occur in this zone, which arc used for grazing

The Dega zone (2300-3200 m asl) is moderately to intensively cultivated Dominant crops 

arc barley, teff (Eragr&stix ahyssnuca). wheat and horse bean In the lower pans o f  the 

Dega zone teflf. wheat, horse bean, chickpea, lentil. Niger seed and vetch arc the main 

crops

The intensity of cultivation in the Blue Nile gorge (below 2300 m asl) decreases with

altitude from moderate in the Weyna Dega zone to sparse in the Kolia zone The steep to

VCfy steep escarpments in the gorge and most of the area below 1500 m asl (Kolia)
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is covered with degraded woodland shrub-grass land Dominant crops in the Weyna Dcga 

(1500-2300 m as!) arc left wheat, chickpea, lentil and sorghum, Below 1500 m as! (Kolia) 

the main crops are teff and sorghum

Some o f  the most common natural vegetation species found in the area are Hajifnui

abyssmica. Acacia sp p , Rubus arctulus. Schefflera abyssmica. Auyaria sulictfoUa. 

Ervthrina lomantosoh. E m hulia schirm xna. B e r in g  abyssinica, H im  abyssmica. 

CorJia qfricana. Croton macrostachvs. Dodoma viscosa and Euclea schtmper.

The dominant land use practiced in the Anjcni soil conservation research catchment were 

cultivation o f cereals, pulses and oil crops, and fallow, grassland and bushlands The 

dominant crops grown in this area include tclT, maize, barley and wheat. Some of the 

remnant natural vegetation in the catchment includes Hagermi abyssmica. Acacia spp.. 

Bamboo. Rubus arc talus, Au s tr ia  suhcifolia and Rosa abyssmica.

12



3.2 Data collection at the Anjeni Resoarch Unit

Sections between 3.2.1 and 3 2.5 describe the data flow, experimental setup and methods 

and procedures used by Soil Conservation Research Project (SCRP).

3.2.1 Research facilities and monitoring network of the Anjeni Research 
Unit

The Anjeni research station is equipped with meteorological instruments for monitoring 

temperature, evaporation, rainfall, wind and sun shine Soil loss and runoff measurement arc 

recorded from micro-plots (1 m x 3 m), test plots (2 m x 15 m), experimental plots (6 m x 30 

m), river discharge and land use/cover Crop production data has been collected at the end of 

each production year , --------------------- ----------------- ------------------

Source. SCRP Jala base. 1989 

Figure4 Dataflow
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The data flow in SCRP is shown in figure 4 above. The upper half of the diagram illustrates the 

process o f data collection in the field. From here the researcher can analyze and interpret the 

data in the form o f progress or research report

3.2.2 Description of the Experiment

The experimental plots (EPs) consist of two components, a field area (plot) in which the 

erosion process can take place, and a collection tank in which the eroded soil and the runoff 

can be quantitatively assessed. Experimental plot I (EP 1) has a slope o f 28% and 

experimental plot II (F.P II) has a slope o f 12% The soil conservation experiments arc 

conducted on 6m x 30m plots (the standard size of conservation experiment plots used in the 

soil conservation research programme) The plots arc set on a cultivated field The field is 

homogenous in terms o f slope (%), previous erosion, and sod type and topsoil depth.

ClM

Figure 5 Experimental Plot layout

In each o f these experimental plots the aim is to compare the efTcct o f different 

conservation measures on surface runoff and soil loss Four of the plots are treated with
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structural conservation measures and one is left as an untreated (control) plot. The types o f soil 

conservation treatment tested are “graded grass strip”, "graded fanya juu”, “graded bund” 

and the "traditional farming (control plot)" (Figure 5).

Corrugated iron sheets border the soil conservanon experimental plots A pair of tanks with 

capacities of 1m' each is installed to collect runoff and sediment from these plots The 

corrugated iron sheets are removable whenever the farmer wants to cultivate his farm land

3.2.3 Monitoring runoff and soil loss

Measuring and recording the water and sediment collected in the tanks after every storm 

monitor the lunoff and soil losses Each plot is connected to a cemented collection ditch and a 

two chambered runoff and sediment collection tank both situated at the down slope end o f the 

plot. Between the first and second tank o f each plot, there is a slot divisor with ten holes 

designed in such a way that only one-tenth of the over flow from the first tank enters the 

second one whenever a heavy storm with much runoff occurs. This method enables 

measurement o f runoff and soil loss for heaviest storms All tanks have corrugated iron covers 

so that rain drops do not enter into them directly

Every morning after each rainfall period (event), the depth o f  the water in the collection tanks 

is measured Runoffs in millimeters and as percentages of rain for each plot were determined 

using standard programme adopted by SCRP The soil accumulated in the sediment tanks is 

weighed when wet Wet samples collected after each rainfall event were sun dried in the 

station and taken to the soil laboratory for oven dry weights and later used to calculate the total 

dry soil loss

3.2.4 Monitoring crop yield

When the crop in the experimental plots was ready for harvest, it was cut and collected 

from each section of the entire plot in the same way the farmers in the catchment do 

collections That is a crop from each plot harvested and threshed by hand The grains
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were air dried for 20 days, weighed and recorded in the harvest sample for each plot. 

The areas occupied by the conservation structures were exclusive in the calculations of 

yield data

3.2.5 Land use/land cover monitoring

The special and temporal distribution of land use/land cover was assessed using the 

catchment base map with a scale o f 1:5,000. The whole land use/land cover information 

had been transferred into the base map through ground truthing The information from the 

base map was converted into numerical value using planimetric measurement

3.3 Secondary Data used for this study

Light years o f data ( runoff, soil loss, crop yield, rainfall, erosivity and land use) were used 

to evaluate the performances o f different soil and water conservation measures. On grass 

strips, only three years o f data was available. The monthly and annual runoff and soil loss 

on the control plot, graded fanya juu and graded bund for the period 1984 to 1992 and on 

grass strips for the period 1989 to 1992 were obtained from soil conservation research 

project records Rainfall and erosivity data were also obtained from the same record. Data 

was not available for 1991 due to civil war Rainfall and erosivity for Anjcni research unit 

were evaluated using the outline given in appendix 1

3.4 Estimating missing data

Where a value is missing or unusable, where there has been an obvious recording error, a 

method developed by Yates (1936) is available tor estimating such missing data

r R + tT - C

K = (r-IX/-l)

Where
Y * the required value 
r and | = number of replicates and treat menu
R and T = totals of observed values in replication and treatment containing the missing unit 
G “  grand total of the observed values 26



An estimated value o f a missing value does not supply additional information during 

interpretation; it only facilitates the analysts o f the remaining data.

3.5 Statistical analysis

All the data were subjected to a statistical analysis in order to identify the possible relationship 

between soil loss/runoff and soil conservation measures, and crop yield and soil conservation 

measures The analysis was carried out using Steel and Tonic (1980) method for unequal 

replications and time scries replication (Appendices 3 - 7) at 1 •/• level of significant A 

correlation coefficient was used to determine the strength o f relationship between runoff and 

soil loss (dependent variables) and rainfall amount and energy (independent variables), and soil 

loss and crop yield

The one-way ‘analysis of variance’ (ANOVA) was used to find out whether the observed 

variations on runoff, soil loss and crop yield were statistically significant or noi using Fisher (F) 

test calculated using the outline given in table 7. The experiment was one way because the 

treatment is the only criteria for classifying the data For example soil and water conservation 

measures were considered as the only criteria affecting soil loss and therefore other 

environmental factors that affect soil losses were not used during the analysis

Table 7 Outline o f the analysis of variance for one way experiment

Source of 

Variance

Degree of 

Freedom

sum of 

Squares

Mean

Square

Computed

F

Tabulated F

IV.

Treatments t-  1 £ Y.Vr-C.F tSS/t-1 IMS/E.MS

Error « r - l ) TSS -tSS ESS/t(r -1)

Total r t - 1 e y ^ - c f
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Where:

r = Number of replications per treatment
t = Number of treatments
Y, -  Treatment tool
C.F -  Correlation foclor -  GVn
G -  Grand total
tSS = Treatment aim of squares
IMS - Treatment mean squares
ESS = Error sum of squares
EMS -  Error mean squares
TSS " Total sum of squares
Y,: -  Sum of treatment squares
F "  Fisher test

Sample caicuUm/m usiny the outline /Table 7) is yrven in appendix 7.

For further analysis Duncan's Multiple Range Test (Duncan, 1955) was used to determine 

differences between treatments (Table 8) In this technique, the means which are underscored 

by the same line are not significantly different otherwise they are significantly different 

(Appendix 8); (Steel and Tonie, 1980). For the test tabulated values arc available in the above 

mentioned source and begin by computing least significant range. R*.

R* -  q-.S,; or* = 1 - (1 - a t f '1 OR or1 = 1% . p ■ 2.3....I

Table 8 Outline o f  computing differences for Duncan s New Multiple Range Test

Where-
K  (least significant range! =
<*' •  1 -(1 - a / ' 1 OR a1 ■ 1%
P “ 2.3 and 4 [ numba of treatments (t) • 11

~ Tabulated value corresponding to its degree of freedom and number of means for range being tested 
S ,- VEMS/r

3.6 Runoff, soil loss and crop yield index (% )

For easy comparison of runoff loss, soil loss or crop yidd values between traditional farming
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(control plot) and soil conservation techniques, the following equations have been used where 

necessary in this study

*,(% ) = £ * 1 0 0

s,(%) = ̂ *100
oc

r,Mexico
•e

Runoff (R,). soil loss (SO and yidd index (Yt) in percent, as used by the author refers to the 

ratio of runoff (Rr), soil loss (Sr) and crop yield (Y7) in treatments and runoff (&:), sod loss 

(Sc) and crop yield (Yc) respectively, in the traditional farming (control plot)

3.7 Questionnaire survey

3.7.1 Agro-climatic zonation

The study was conducted across different agro-climatic zones (ACZ) to assess whether certain 

soil and water conservation measures are more sustainable in some ACZ tlian others, perhaps 

because o f water shortage or surplus Figure 6 shows the cross section o f the study area.

According to Soil Conservation Research Programme, traditional agro-climatic zones arc 

classified as follows

500- 1500m asl Kolia

1500 -2300m asl Wcyna Dcgu

2300 - 3200m asl Dega

3200 - 3700m asl Wurch
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Figure 6 Cross-section o f agro-climatic zones

The cross-section o f the study area was delineated approximately 3700 m asl around Feres 

Bet and 1000 m asl in Blue Nile Gorge at the upper and lower parts o f the study area 

respectively These include the Blue Nile Gorge at the lower altitude, the Gojam plane in 

the middle altitude and hilly and rugged topography at the upper altitude

3.7.2 Sampling

From each agro-climatic zone, one representative peasant association (PA) was randomly 

chosen from the lists of the PA. which is available in the District agricultural offices. Forty 

households were chosen randomly from the list of PAs in these zones (ten farmers from each 

zone) in order to find out if particular soil and water conservation measures were especially 

attractive to fanners In addition to the agro-climatic differences, cultural variations within the 

zones were also considered in the sampling area as specific soil and water conservation 

measures may be suited to the needs of some groups more than the others Consideration was 

also given to differences within the farming community and the suitability o f soil conservation
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The decision on the number o f household interviewed was based the available resources 

(time and money). From each PA, 10 households were chosen systematically: three 

households, which were relatively poor, three households relatively rich, and four 

households, which were considered to be in the middle o f  these two classes These classes 

were based on the following criteria (modified from Ludi, 1907):

♦ Rich - Sell cereals and do so frequently, have two oxen and large herds o f  animals 

(cattle, horses, mules, sheep and bees).

♦ Average - Cereal is usually neither bought nor sold, household production is just at 

the level of self sufficiency Have two oxen, no herds, and do not have many different 

types o f animals

♦ Poor: - Buy cereals in order to have enough food, have a maximum of one ox and 

rarely have other animals, except few sheep

3.7.3 The questionnaire

An overview o f the history of soil and water conservation in each PA was obtained through 

questionnaire interview and formal and informal discussion with the community leaders, 

individual households and development agents (DAs). The main aim o f the household 

interview was to identify the altitudes of farmers to different soil and water conservation 

measures and their reasons for using or rejecting specific soil and water conservation measures. 

It was hoped that tins approach would hdp in studying the spread and constraints for the 

adoption o f technically effective soil and water conservation measures that had been obtained 

by the SCRP through experimentation and demonstration. The questionnaire that was used in 

the evaluation of past soil and water conservation techniques in Gojam highlands is given in 

appendix 11.

measures 10 the fanners in different socio-economic setups
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3.7.4 Analysis of questionnaire results

The questionnaire was arranged in a way that conversion was possible into numerical values. 

Therefore the number o f respondents answered yes or no; high or low; and those farmers 

having physical structures or traditional ditches or combination physical structures with 

traditional ditches, etc., were counted and convened into percentage values for easy 

interpretation
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4 R ES U LTS

4.1 Results of the Anjeni Research Unit

4.1.1 Land use/land cover and natural vegetation

Lands that were under cultivation showed increasing trends since 1984, i.e from 61% in 

1984 to 76% by 1992. Fallow land increases from 1 percent in 1984 to 15 percent by 

1990 and again it dropped to 5 percent by 1992 Grassland showed a declining picture In 

1984 cover was about 38 percent and it reduced to 26 percent by 1986 and again 32 %  in 

1987 and the lowest value (10 percent) was measured in 1989 (Table 9).

Table 9 Land use/cover as mapped in the Anjeni research unit

Ye* ___C-Aiv-tatC*)___ F*Uow r*i C«n(H ) .9 * « c a _ T"««l (H)
19M 61 1 3 I0O
19*3 61 2 37 • 100
19*6 62 6 26 6 I0O
19*7 64 3 32 1 100
19** 69 2 29 100
19*9 79 3 10 6 100
1990 69 l) 12 4 100
1992 76 3 1* 1 100

Note: Others (Village. Research Station, Clinic. School. River Gullies, etc.)

The conversion o f grassland in to cultivated land showed an increasing trend Therefore 

use o f soil and water conservation structures arc indispensable for sustainability of land 

productivity

4.1.2 Rainfall and erosivity of the Anjeni research unit

4.1.2.1 Monthly variation

Tabic 10 presents monthly rainfall parameters Anjeni area is commonly known as having 

relatively high rainfall and Jong growing period from May to October Higher precipitation 

causes higher erosivity (y = 0.4l57x - 5 9587, r = 0 99; y is mean monthly erosivity (J/mhJ 

*”<* x 's mean monthly rainfall [mm]). Therefore erosivity is higher from May to October
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The rainfall distribution during this period (May to October) vanes between 106 2 and

398.2 mm with a peak rainfall (398,2 mm) and crosivity (173.5 J/mnvm2) m July This 

penod is contnbutmg about 90% of the annual rainfall (Figure 7). About half of the annual 

rainfall is occurring in May. June and July and this is the penod when seed bed preparation 

is earned out and the entire catchment is bare The smoothened surface is exposed to 

heavy nuns without vegetation cover The difference in runoff and soil loss between 

months is due to variation in rainfall, crosivity. land usecover, and slope and crop types 

The highest erosive rainfall a  measured in July (Table 10), in most cases it corresponds 

with highest runoff and soil loss

Table 10 Mean monthly rainfall and crosivity (1984 • 1992)*
.MoaUi RimUll irnml rmWtiltfuel hnmvilv il.fc»»2! feibcnl M «.
I m n 1490 052 97 1 60
hetmeey 14.6 050 JO 0.50
Man* J7.5 2J: 60 1 00
'P"l 125 >20 13.6 2J0

10*4 6 60 JIJ 640
taM 240,1 uao W.5 1? 60
*iy >96-2 24.60 173-3 a  90
Anguil >53.7 2200 IJ7J n.90
September 242.6 15.00 767 i?.m
a id » 109* 6 10 45.1 760
Mmemh*. 210 1 70 26 043
Decern bee 177 1 10 0* 0.11

•excluding 1991

Figure 7 Mean monthly rainfall and erosivity of the Anjcni research unit

4.1.2.2 Yearly variation

I"he lowest annual ramfalls were 1372 mm in 1986 and highest 1855 mm m 1988 with the 

respective crosivity of 394 J/mnvin2 and 675 J/mm'm2 The extreme annual data
34



that occurred in 1988 (1855 mm) is varying from the mean annual rainfall by 216 mm The 

variation of the highest annual crosivity from the annual mean is around 265.5 J/mnvm2

(Table II). The regression equation ( y = 0.7245x - 578.72; r2 = 0 77; y is annual

crosivity (j/mh), x is annual rainfall (mm)) showed that erosivity is linearly increased with 1;

increases in rainfall 01
3
W

Table 11 Annual rainfall and erosivity J

I’rwapiuuc* ,mm) F ram n aw B l)

IW MX 4IS.S

IMS ISS6 352.1
I9MA IS73 3944
19*7 111! 7312
1911 1155 •73 3
I9N4 !MI SSI 1
1990 146* ■74.3
1992 1770 A9S9

O
■n

4.1.3 Monthly runoff and soil loss in Experimental Plots

The impact o f monthly rainfall distribution and its energy on runoff and sod loss showed 

similar trends in all years on both sites I*he highest runoff and soil loss occurring in June. 

July. August and September, except June in 1988. where high rainfall and high erosivity 

did not produce significant runoff and soil loss on all treatments on both sites. In 1989 and 

1990, however, the distribution of rainfall in June was low and consequently tlie runoff 

and sod loss were lower in all treatments In general higher runoff and soil losses were 

observed on traditional farming (control plot) in all rainy months (Figure 8)
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Except in September and October when graded lanya juu showed high values of runoff 

and soil loss the control plot recorded highest amount throughout the year Grass strips 

showed a better performance in runoff and soil loss reduction, while graded bund and 

graded fanya juu showed more or less a similar trend in reducing soil loss (Figures 9 and 

10). The highest runoff (134 5 mm) and soil loss (33.6 t/ha) occurred in July in the 

traditional farming (control plot) (Table 12).

4.1.4 Mean monthly runoff and soil loss in Experimental Plot I

Table 12 Mean monthly runoff (mm) and soil loss (t/ha)
Month Graded bued GcaMfatyajuM Grasnnp

Kuo.Ml Sod Loo fcjoalT Sod Loo Runcd Soil Loo Runoff Sod L o b

January s.4 0.4 11 0.0 14 0.0 00 0.0
Pcftruary 0.0 ao 0.0 0.0 ao 0.0 0.0 0.0
1M ao ao 0.0 0.0 0.0 0.0 0.0 0.0
April 0.8 0.0 0J 0.0 0.0 0.0 1.2 0.2
May to o 3.1 17 i t 1.8 2.1 0.0
Ana 11J 31-5 211 111 7.J 10.2 117 4.2
July ISO 1X6 <1.2 110 717 119 52.3 10.2
Aueul 136 23.4 *9.6 71 91.1 93 74.2 7 X
SoptcmlKT MU 1) 666 40 110.2 7.1 66.1 J-2
(Xaobar 43 9 14 17.7 24 41.1 26 17 00
\<ivrmh*» 0.0 0.0 05 00 2 1 0.1 19.3 0.4
Drvcmhc* 7.1 o.o 30 0.0 20 00 06 00

■  Tradfaonal Fa/mng ■  Graded Bund OGraoad Fanya A m  □ G ra a i Sue

Figure 9 Mean monthly runoff
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■ Tradltonal Farnrg ■ Graded Bund QGradad Fanya Juj QGraaa Strip

Figure 10 Mean monthly soil loss

4.1.5 Annual runoff and soil loss in Experimental plot I

A declining trend on runoff and soil loss was observed on soil conservation structures 

since the establishment o f the experiments compared to the traditional farming In 1984 

runoff was 99 and 98% on graded bund and graded fanya juu respectively. Soil loss was 

90 and 85% on graded bund and graded fanya juu respectively. In 1992, however, runoff 

and soil loss reduced around 50% on graded bund and graded fanya juu compared to the 

traditional farming

On average, graded fanya juu performed slightly better than graded bund Both graded 

fanya juu and graded bund reduced soil loss by 54 and 52.5% respectively when compared 

with the control plot A three years result on grass strip showed that runoff and soil loss 

reduced by 50 and 75% respectively compared to the traditional farming (Table 13).
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Table 13 Annual runoff (mm) and soil loss (t/ha)

Yaw rtwonenu Runoff Sudlnm
(mm) mdext'i) iVba) mam's)

19*4 TfMUxm*) damme 5107 100 1611 1G0
Graded bund S0«.0 99 145.5 90
Graded tame ;ua SOIJ 9* 137.4 85

:9« Tradnnttl Itrenmg $33.0 100 9*0 100
Graded bund 4700 X* 600 61
Graded fenva juu 420 0 7* 56.0 37

19*6 riaddiunal thmnt 4707 100 137.7 100
Gradodbund 33*6 72 68 49
Graded fanva juu 3197 6* 54.6 40

19*7 Trade moal inmu>< 619.6 100 138.6 100
Graded buml 317.0 *3 43.6 33
Graded fanva juu 461.1 74 39.2 2*

I9»X Tradtfumal 6a.mn* 4*1.0 100 111.4 100
Graded bund 343.0 72 41J 37
Graded tanya juu 2*2.2 39 33.0 32

1989 TradrOonal tramuig J38.2 100 39.2 100
Graded bund 210.9 39 192 32
Graded fanva .uu 268 3 73 23.4 43
Crar rtnp 219.9 61 13.8 23

two iradilauuaJ Okmmu 302 1 100 103 7 100
Graded truni 243 6 49 13.2 13
Graded lama juu 291.7 31 23.4 23
Oram *np 2*2.7 32 13.7 13

1992 Trad<tK«aJ tlanuni 5.33.9 100 167 1 100
Graded Iwial 260 *• 49 71 |» 43
Graded fanva juu 239.3* 49 *0 7* 48
Gran rtnp 343.3 64 <1.4 37

* Estimated data using Yates method (1980) (as shown in section 3.4)

Traditional Farming (control pint): The highest (619 9 mm) and lowest (358.5 mm) 

annual runoff were measured in 1987 and 1989 respectively The highest (167.1 t/ha) and 

the lowest (59 2 t/ha) annual soil loss was measured in 1992 and 1989 respectively (Table 

13; Figures 11 & 12).

Graded bund: The highest (517 mm) and the lowest (210.9 mm) runoff from the graded 

bund were measured in 1987 and 1989 respectively The annual soil loss showed a
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declining trend. The highest value (145.5 t/ha) and the lowest (15 2 t/ha) values were 

recorded in 1984 and 1990 (Table 13; Figures 11 & 12).

Figure 11 Annual runoff under different soil and water conservation measures

■  rradtwnal httm ng  ■  Gf aoed Bund
□  0 « d « d  F «n y» juu □  Gf m b  Strip

Figure 12 Annual soil loss under different soil and water conservation measures

Graded fanya  ju u :  the highest annual runoff (501.3 mm) was in 1984 and the lowest 

(259.5 mm) 1992. The annual soil loss on the graded fanya juu generally declined with 

time; i.c., the highest (137 4 t/ha) and lowest (23 4 t/ha) annual soil loss was measured 

1984 and 1990 respectively (Table 13; Figures 11 & 12).

Grass strip There was an increase in both annual runoff and annual soil loss since 1989 on 

grass strips The highest annual runoff (343 3 mm) was measured in 1992 and the lowest 

(219.9 mm) in 1989 A similar trend was also observed on the mean soil loss (Table 13; 

Figures 11 & 12).
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The highest mean monthly runoff (153 4 mm ) and mean monthly soil loss (33.3 t/ha) was 

measured on the traditional tanning (control plot) in August (Table 14; Figures 13 & 14). 

The lowest mean monthly runoff and mean monthly soil loss on the traditional fanning 

plots indicate that there was a danger o f  waterlogging in such gentle slopes. Therefore to 

drain safely this excess water out o f the cultivated field land users practice a combination 

o f traditional ditches with bunds or traditional ditches alone.

4.1.6 Mean monthly runoff and soil loss in Experimental Plot II

Table 14 Mean monthly runoff (mm) and soil loss (t/ha)

Month Traditsorui fuming Graded bund OadrdfiayepM Graartnp
Runoff Soil leal Runoff Soil lea Sioeff Soil 1 1M Rwoir Sod Lea

.'anaao 12 ft 0.9 2.1 00 12 0.0 0.0 0.0
Ktbnwy oo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Man* 00 0.0 0.0 00 00 0.0 00 0.0
April 05 0.0 4.7 0.0 o a 0.0 06 0.0
May 145 12.4 197 7.0 7.S 2.0 10.5 4.1
June 63 3 14.9 57.3 15 262 14.1 38.3 10.6
July 98.0 17.7 71J 6.7 5U 3.5 53.S J-J
August 153.4 33J 119* 174 156 14 123.2 10.0
September 91.8 8.4 603 1.6 32J 1.4 82.8 3.0
tVtotxr 31.6 0J 27.0 0.2 13 J 03 33.6 03
Suwntw 1.4 00 OO 0.0 00 OO 02 OO
IXmbe SI IS l.l 0.2 IJ 01 1.1 0.0

B  Traadtonal Farmnq ■  Graded Bund Q  Graded Fsnya Juu Q  Grass Strp

Figure 13 Mean monthly runoff
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c  Traoeonai rwmng ■ Graded Bund □ Graded Panya Au Q Grass Stnp

Figure 14 Mean monthly soil loss

4.1.7 Annual runoff and soil loss in Experimental plot II

A declining trend was observed on runoff and soil loss on soil conservation structures 

compared to the traditional farming. In 1992, however, graded bund showed the highest 

soil loss (167%) compared to traditional farming. On average graded bund and graded 

fanya juu reduced runoffby 34 and 4(1% respectively Soil loss reduced by 32 and 67% on 

graded bund and graded fanya juu respectively Higher average runoff (104%) was 

observed on grass strip compared to traditional farming. Soil loss on grass stnp reduced 

by 22% compared to traditional framing (Table 15).

Traditioniil Farming (control): The highest annual runoff (645.0 mm) was measured on 

the control plot in 1987 and the lowest (201.3 mm) in 1992 However, the highest annual 

soil loss (189 t/ha) was measured in 1985, whereas the lowest annual soil loss corresponds 

to the lowest rainfall (i.e., the lowest soil loss that was measured in 1992 was 11 3 t/ha) 

(Table 15, Figures 15 & 16).
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Table 15 Annual runoff (mm) and soil loss (t/ha)

Yc*r Traatoacnij Seal 1-uaa

(tarn) rndex(H) (W *> md»*(H)
19*4 Tradibcmai franamg ♦41.2 to o 53.2 100

Graded bund 401 91 SI 9*

Graded faty*>au J7 4 .4 <3 33 103

19*3 7r.drti.mel fram ii* 55* 100 1*9 100

Graded temd 470 84 144 76

Graded fanyajoa m 6 7 63 33

1986 i i 44 2 2 100 65 4 100

Graded bund 305 8 69 4 4 7 6*

Graded &etva juw 310.1 47 1 3 * 21

19*7 Traditional I ra m m u 645 100 161.3 100

Graded buni 4 7 7 9 74 9 0 .7 34

Graded fanya juu 2*3.5 44 2 9 .7 1*

I9S8 Tradrtweul franmng 391.3 100 1 6 5 100

Graded bund 230  3 59 7 .2 44

Graded fansa juu 173.1 44 3 .7 36

19*9 I'radiiiocBi S w u m ; 36J 100 23.9 100

Graded bund 168.9 46 7.1 27

Graded limy a  juu 139.7 44 5 * 22

Gram drip 0 2 3 11* 43.9 169

1990 Trammonal sanung 56* 100 1 7 5 J 100

G r a d e d  b u n d 263.2 47 17.6 10

Graded l a n v a  /uu 370,1 63 30.4 17

G r a m  i m p 392.1 104 6 1 3 3

1992 r ra d k O u n a l  framing 201J to o 1 1 J 100

G r a d e d  bund 110.7 3 3 I S .9 1 6 7

Graded (anya juu 166.2 S3 1.7 15

O r a m  d r i p 179.3 89 3 .4 30

CWaded bund: Like the control plot, the highest annual runoff (477 9 mm) and the lowest 

annual runoff (110.7 mm) was measured in 1985 and 1992 respectively Moreover, the 

highest (144 t/ha) and lowest (7 1 t/ha) annual soil loss was measured in 1985 and 1989 

respectively (Table 15, Figures 15 & 16). The graded bund reduced the annual runoff and 

soil loss by 11 and 59% respectively compared to the control plot
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Figure 15 Annual runoff under different soil and water conservation measures
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Figure 16 Annual soil loss under different soil and water conservation measures

Graded fanya ju u :  Unlike traditional tanning and graded bund, the highest (374.4 mm) 

and lowest annual runoff (159 7 mm) on graded fanya juu was measured in 19X4 ami in 

1989 respectively On the contrary, the highest (63 t/ha) and the lowest annual soil loss 

(1.7 t/ha) were measured in 1985 and 1992 respectively (Table 15, Figures 15 & 16) 

Fanya juu showed the highest reduction in both annual runoff and soil loss Runoff and soil 

loss was reduced by 42 and 71% respectively when compared to the control plot

Grass Strip: The highest (591 2 mm) and lowest annual runoff (179 5 mm) were 

measured in 1990 and 1992 respectively Both the highest and lowest annual soil loss 

corresponds to the mean highest and lowest annual runoff respectively, i.e , the highest 

soil loss was measured in 1990 and the lowest one in 1992 (Table 15; Figures 15 & 16)
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Table 16 gives the cumulative runoff and soil loss for the eight vear period except grass 

strips for which the data was available for only three years. Hie runoff and soil losses for 

the control plots arc higher than for the introduced physical structures at both sites (EP1 

and El’ II). The highest runoff and soil loss reduction was observed on the grass strip in 

EP 1 by 41 and 73 percent respectively Wlvereas in HP II higher runoff and soil loss 

reduction was observed on graded fanya juu, by 42 and 71 percent respectively Graded 

fanva juu and graded bund reduced runoff by 30 and 28 percent and soil loss by 54 and 52 

percent m FP I respectively In EP II, however, graded fanva juu and graded bund reduced 

runoff by 42 and 33 p a  cent and soil loss by 71 and 46 percent respectively compared to 

the control plot

4.1.8 Cumulative runoff and soil loss for Experimental Plots

Table 16 Cumulative runoff ami soil loss
B P  1 a* 7 4  g r u d i m t ) t P I I  ( 1 2  *  g n d i c u i )

K u n . I T  S o i I I o m

;ma) (V V »> i n J c x ( H )

K u o . l t  S w l  I . m

<—» (74) (41»> micx

<%>

1 m ti l e d  bun 4  

O i a i l n l  L in y  a juu 
i r a u  ic n fi*

41111 100 9T) 100 
2194 T2 166 4« 
2*04 70 4)2 4ft 
*26 JO 71 27

1612 100 703 100 
2410 *7 >*l 14 
2107 11 203 20 
1204 1) 101 IS

• I hroc y e a n  data ( 989,1990 and 1992) olid the percentage were calculated based on the corresponding
data from the traditional farming.

4.1.9 Runoff and soil loss summary for Experimental Plots

The variation in runoff and soil loss indicates that there were considerable monthly and 

annual variations in runoff anti sod loss between treatments. The average sod kiss in July 

in EP I was 42% on the traditional farming. 46% on graded bund. 47% on graded fanya 

juu and 57% on graded grass strip of the mean annual soil loss In EP II, however, the 

average sod loss in July was higher compared to the EP I. The average sod loss in July in 

EP II was 67% on the traditional farming, 80% on the graded bund, 83% on a graded 

fanya juu and 74% on the graded grass strip o f the mean annual sod loss
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EP I: The one way statistical analysis showed that there was significant ditYcrence 

between treatments at 1 %  level o f significance (Appendix 4). Duncan’s Multiple Range 

Test (Appendix 8) showed that all treatments are significantly different from control plot 

at 1 % level of significance. The higher means indicate the high runoff and soil losses in 

the traditional farming. A lower mean showed that there is a better performance in runoff 

and soil loss reduction on the physical structures as compared to the traditional farming.

F.P IT On gentle slope fields, there were also significant differences between treatments 

(Appendix 4). Further statistical analysis showed that at 1 % level o f significance, there 

was a significant difference on runoff reduction between treatments Duncan's Multiple 

Range Test (Appendix 8) also showed that at 1 %  level o f significance, there was no 

significant difference on soil loss reduction between treatments and traditional fanning, 

except graded fanya juu which was significantly different from the control plot.

The low amount of soil loss on graded fanya juu was due to its ability to drain excess 

water and leave the sediment behind, a function that is intended to fulfill as a soil 

conservation measure.

4.1.10 Correlation (r) of rainfall amount and eroslvity versus soil loss

Tables 17 and 18 shows the correlation between rainfall amount, crosivity and soil loss for 

experimental plot I and II. The correlation value is very low except on grass strip for 

rainfall versus soil loss. This indicates that the main causes o f soil erosion are not the 

amount o f  rainfall and its energy Runoff and soil losses, depend not only on rainfall 

amount and erosivity but also on land use/land cover, farming system and other cultural 

practices.
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Table 17 Relation between rainfall and soil loss

em
■"imc-..

TndHraoal Canning 
Crufcd bund 
<jnd«0 fanva jw 
Onm «np

y*-0022x* 1)9.31 0.11 
y-»-0.I233x-260 0,53 

y a -0.l0l*-* 233.13 0.47 
y -  0.409* - 727J7 0.99

EPU TrxHiKmj fern** 
Onded hum] 
Graded faiya juu
Onwitnp

y--0.022Jx- 124.79 0.0) 
y —0.0661* » 156.01 0.24 
y- - 0.0594* * 123.0* 0.45 
y--0.4077* r 727.37 0 90

y is soil 

Table 1

oss (t/luvVr); x is annual 

8 Relation between c

rainfall (mm) 

rosivity and soil loss

EM TiaaMionol Ciraung 
Graded bund 
Oradad lanya juu 
(Jraaa drip

y -0.022)* *• 139 oa 0.10 
y -• 0.1)23* • 130.9) Ool 
y--O.I21>3** 129 91 0 5.1 
y - 00025* • 24)67 0 01

FMI T. adJbw.il Iknrnng 
Uradad bund 
Ciudad fanva juu 
Ona tUtp

y -0 1694*- 14 957 0.17 
jn -0.0)39** *0.44* oi* 
y - • 0 0213* • 42,*49 o 20 

y -0051*. 1.05*4 0.31
y is soil las* (t/hn/yr); x is crasivity (J/mh)

4.1.11 Runoff and soil loss relationships

On the gentle slope fields (EP II), a high runotTis required for a high soil loss to occur, 

while on the steep slopes (F.P I), relatively low runoff causes high soil loss. On grass 

strips, high runoff resulted in high soil loss (r =» 0.95 for EP 1 and r = 0.99 for EP 11). 

Traditional farming and graded bund, however, showed relatively low correlation (r -  0.63 

and r = 0.59 for EP I and r -  0.88 and r -  0.85 for EP 11 respectively). The relationships 

between runoff and soil loss on graded fanva juu showed similar values (r =0 56 in EP I 

and r =* 0 57 in EP II). In general the correlations were high for both experimental plots 

(Table 19) The high correlation implies that the higher the runoff the higher the soil loss
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Tabic 19 Rclution between runoff and soil loss

4.1.12 Crop yield on Experimental Plots

On average, considering the years only when the EPs were planted with the same crop in 

each set, the result tends to show higher yields for graded fanya juu and graded grass strip 

on both slopes compared to that of the traditional farming Wheat and barley grown in EP 

I showed a general decline trend in all treatments Niger seed, which was planted in 1989, 

showed a better yield on grass strip and graded fanya juu Niger seed yield on graded bund 

was lower than the yield on traditional fanning Field peas showed similar values in all 

treatments except on graded bund in which it was reduced by 25% compared to the other 

treatments

In EP II graded fanya juu showed a better performance compared to the other treatments 

on horse bean yield Tetf yield in this EP showed an increasing trend However, teff yield 

on traditional farnung was higher than on the soil conservation structures. Grass strip 

showed a better performance on barley yield in EP1 and other soil conservation structures, 

including traditional farming, showed similar values on barley yield

In EP I, the highest yield was measured in 1987 on the graded fanya juu (400%) and on 

the graded bund (300%), compared to the traditional farming The lowest yields were 

measured in 1988 (65 31%) and 1985 (66 67%) on the graded fanya juu and on the 

graded bund respectively The mean annual yield was 109% on grass strips, 138.3% on
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graded fanya juu and 106.9% on graded bund compared to the traditional farming which 

was taken as having 100 percent (Table 20).

Table 20 Crop yield o f the experimental plot I

Y « r  C « f  lyp« C*hhvllun d (Vatin O n u ttnfi

uta « l c * n t w n f c x S Vita t t u index 3%

19*4 0.17 100 0 .10 9 1 9 } 0.44 96.55

19*5 fW ley 0.11 100 0.12 6 * 6 7 0.14 77.7*

1910 W W i 0.92 100 0 .74 • 0  4} 1.03 1 1 1 9 6

19*7 Bailey 0.01 100 0 0 5 300 0  04 400  00

19*1 WWol 0.49 100 0.33 67.35 0 .3 2 65  3 1

19*9 N ib c t SomI 0 .06 100 0 0 4 66.67 0 .0 7 116.67 0 0 * 133.13

1990 KWUirou 0 .04 100 0 0 3 75.00 0 .0 4 100 0 0 4 100

19*2 w w 0.16 too 0 0 0 0 0 .1 5 03.75

In EP II. the highest yield was measured in 1989 (183%) and the lowest in 1990 (42 3%) 

on the graded grass strips. On the graded fanya juu, the highest yield was measured in 

1984 (143.06%) and in 1990 (147 62%). The lowest yield on graded fanya juu was 

measured in 1987 (67.35%). In 1984 and 1985, no yield difference was observed between 

graded bund and traditional farming On the following years, however, lower yield was 

measured on the graded bund while the highest yield was measured in 1989 (102.9%) 

compared to the traditional farming. The mean annual yield was higher in the graded fanya 

juu (111.8%) and the grass strips (112.7%). The lowest yield (92.2%) was measured on 

the graded bund compared to the traditional farming which was taken as having 100 % 

(Table 21).



Tabic 21 Crop yield o f  the experimental plot II

Ym r c~pryp. Traditxnoi C o o n bund Gndnllim,,™ (ir**.rtnp

th e md**N U u indw H bin • in * CK» **!•« H
1984 Hone 8 072 100 0.72 100 103 143 06
19*5 T «ff 0.08 100 0.08 too 006 73
1986 Hone B. o n 100 0.27 8182 033 too
19*7 Tt t t 049 100 043 *7.76 033 67.3J
1988 Hone B. 0.26 too 0.24 9X31 034 130 77
19*9 FWIcy 0J5 100 0J6 102.9 0.43 119.4 064 1*3
1990 Hone a 026 100 021 *0.77 QJI 147.62 0.11 4X3
1992* • - - • • - 0.32 *

•  No data, except grass strip

Statistical analysis indicated that there was no significant difference on crop yield among 

treatments at I % level o f significance (Appendix 6).

4.1.13 Influence of soil erosion on crop yield

Table 22 shows the correlation between soil loss and crop yield on the two sues. The 

highest correlation on soil loss and crop yield (r •  0 92) was observed on grass strip while, 

the lower correlation (r ; 0.44) was observed on traditional farming in EP I. In EP II the 

correlation between soil loss and crop yield was very low compared to F.P I. The highest 

(r = 0.33) and low (r = 0 .17) correlations were observed on traditional fanning and grass 

strip respectively The influence o f soil loss on crop yield was not clear on EP I. However, 

there was a strong relationships between soil loss and crop yield in EP II. That is crop 

yield declined linearly with increases in soil loss

Table 22 Relation between soil loss and crop yield
Treaonrntt Rcerenion bjuatiun Corrvliliaa coelliatrn (r)

F.P t 1'ra.ldwmJ l.tmnt y-0 0046,. 0.2193 044
Oradodbund y -  0 0063* • 0.05*5 0*1
Graded tanya jisi y»-0 0069*. 0 0096 065
Gem drip y -0.0019x -0.0324 092

fcPU traditional tjrmmg y - .0.0009*- 0.4437 0.33
Graded bund y--0.0008x -03717 0.20
Graded &nvajuu y — 0.0019* -0.5051 032
Grm drip y - 0.0016* *0.413 0.17

y is crop yield (t/ha); x is soil loss (t/ha)



*’*
"*

“*
*' 

j F
tts

wM
Ito

 
m

um
pm

i

4.1.14 Crop rotation of the Anjeni area

Crops grown in EP I was wheat, barley, niger seed and field peas In EP II crops grown 

were horse bean, telF and barley. The types o f  crop and period of rotation were based on 

types o f soil and slope o f the area. The crop rotation cycles and the variety o f  crops shown 

in figure 17 were typical for Anjeni area
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Figure 17 Annual rainfall, erosivity, crop rotation and crop yield of the experimental plots
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4.2 Results on the status of soil and water conservation in the Gojam  
Highlands

4.2.1 Dominant soil and water conservation measures In the Gojam  
Highlands

The questionnaire revealed that traditional ditches and/or a combination o f bunds with 

traditional ditches arc dominant in the Wurch (above 3200 m asl) and the Dega (2300- 

3200 m asl) zones Soil and water conservation measures carried out in these zones 

showed that 40 % were traditional ditches and 60 •/• were a combination o f bunds with 

traditional ditches In the Wcyna Dega (1500-2300 m asl) zone the main soil and water 

conservation method was traditional ditches (99%) and only a small percentage (1%) 

consisted o f a combination of bunds with traditional ditches which was practised on the 

transition /.ones. Unlike the other agro-climatic zones, the Kolia (below 1500 m asl) zone 

was mainly having bunds (Table 23).

Table 23 Percent coverage o f soil and water conservation methods in different agro- 
climatic zones

Tr ia iu o n il « (n >

c la n a b c n x w

C o n w r e U  Ian!

O )

M atSudi tor aoil a n ! * « l . r  cuoaovalaon 

(raapomkm la itn m  a  p a re n t)

ilitchf*

Hunta CoanbuiM K* u f t w n k  

irwIitMaal J I U m

a v c * 100 40 60

100 40 .  60

i* '*yna  .'J tg o 100 • 1

K o ila 100 • 100

Twenty six soil and water conservation measures were identified during an inventory made 

by Soil Conservation Research Project (Kruger et aJ, 1995) in the highlands of Ethiopia 

The seven most widely spread and frequently used techniques in Gojam highlands are 

graded stone bund, level stone bund, graded soil bund, level bund, grass strip,

traditional ditches and agroforcstry (Table 24).
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Tabic 24 Types o f soil and water conservation measures (%) in different agro-climatic 
zones o f Gojam highlands

Traditional agro. 

climatic zone

Soil rod

{*>

Oradrdtfom

bund

Levd alone 

iund

(traded mil

bond

Uvdaeal

bund

O ra» ilnp Traditional

ditchci

.Agroformtrv

Wurch 24 • 15 • 1 100

20 - SO - • 100 •

Wryna Dega 1 - 0 1 9 * 9 -

Kolia 10 - 10 - - 10

In the Wurch zone. 85 and 24% o f the physical structures were found to be graded soil 

bund and graded stone bund respectively Traditional ditches cover almost all the 

cultivated lands in this zone (i e., 40 and 60% of the cultivated land is covered with 

traditional ditches and traditional ditches combined with bunds respectively) In the Dcga 

zone. 80 and 20% o f the physical structures consisted o f  graded soil bund and graded 

stone bund respectively At the time o f the survey, no physical structure had been used in 

the Weyna Dega zone, except at the upper reach and the lower escarpment o f  the zone 

(with 11%  physical structure). Almost all cultivated land in the Weyna Dega had 

traditional ditches. The Kolia zone had 80, 10 and 10% level stone bund, level soil bund 

and agroforestry respectively (Table 24 & Figure 18).
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Figure 18 Distribution o f common soil and water conservation measures in different 
agro-climatic zones of Gojam highlands

4.2.2 Farmers’ perception on the effect of soil and water conservation 
measures

The farmers were asked whether the output (crop yield) from the soil and water 

conservation was high, low or not known and about other benefits obtained from soil and 

water conservation measures and the problems associated with soil and water 

conservation practices. In Wurch zone, 30 %  o f the respondents said that the output was 

high, while 10 percent o f  the respondents indicated that the output was low Sixty percent 

o f the respondent answered the output of soil and water conservation measures were 

insignificant However, in the Dega zone, 50 % o f the respondents indicated high while 40 

%  o f than  answered that the output of the soil and water conservation measure was 

insignificant. The questionnaire revealed that the output o f traditional ditches was high in 

Weyna Dega zone (100%). In Kolia zone, the output o f  soil and water conservation



practice was high (90 %). and only 10 % o f the respondents indicated that the output was 

insignificant.

Table 25 Advantage and disadvantage o f soil and water conservation measures in 
different agro-climatic zones (respondent fanners in percent)

I'ftilHKntl Iffiu
ollnMUC A9M

UUtfUl
<H)

High Lot I».gm fi-arf

OOw b m S i CooUutti

Wurv* 10 10 M Cnn« on txi.uk (20H) -Nunn* ipiOTig brtwm hank 
Rofcxv faun »u*i 
Pxk nfiMtatton

!>*«« SO 10 40 Oruing on lh« buntk (10H)
Rnhiiv linn n» 
i’efl mfouiion 
-Waterlogging

A'ryna fVe» 100 - -Nn.nUr.c.entAkmghî nonm
Kotta 90 • 10 G ru n t, am  ihc tuinik (JON) •I jt* x  intenMVc Airing MamiaM

The main constraints associated with soil and water conservation structures in Wurch and 

Dcga zones were narrow spacing between bunds, reduction o f fann size, pest harbouring 

and waterlogging behind the bunds (Table 25). In the Weyna Dega zone traditional ditches 

alone were not sufficient to drain the excess water to the waterways during heavy storms 

Failure to dram excess water can cause down slope damage. In Kolia zones, however, the 

main constraint was shortage of labour during construction o f stone bunds. All farmers at 

each agro-climatic zone were equally affected by the constraints associated with soil and 

water conservation measures
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5 DISCUSSION

5.1 Land use change in Anjeni area

Cultivated land showed an increasing trend since 1984 Whereas other land uses such as 

grassland decreased from 38% in 1984 to 18% in 1992. In Anjeni area bush land and 

grassland including steep slopes were under cultivation, to feed the ever increasing 

population o f the area. Fallow penods were decreasing and lands under fallow decling 

with time due to population pressure The trend indicates that there was a higher demand 

o f cultivated land compared to other land uses in the catchment. The result further 

indicated the urgent needs o f environmentally sound, socially accepted and economically 

viable soil and water conservation measures in order to reduce soil loss from cultivated 

land and increase productivity per unit area

5.2 Effects of individual storms on soil loss

Soil losses from expenmental plots are a function of different factors. First, the quantity of 

rainfall which causes erosion (detachment and transporting sediment); secondly, ground 

covers, that intercept the energy and increase infiltration, and consequently reduce soil 

loss; and thirdly the topographic position o f the site. Therefore much o f the annual soil 

loss occurred as the result o f a single or few storms that coincide with bare land during 

and after the onset o f rain More than 50% o f the annual soil losses occurred during less 

than 10 storm events which account for less than 20% o f the annual storm events (28% of 

the mean annual rainfall was in July)

In spite o f  the lower percentage o f the annual rainfall and energy, the mean soil loss was 

higher in July, when the land was under seed bed preparation, especially teff field that is 

sown in August It is evident that lower or absence o f ground cover resulted in a higher 

soil loss in July. However, as the ground cover increased, even the higher rainfall events 

with higher energy did not produce significantly higher soil loss But teff planted in August

and it can only attain full land cover around the end o f erosive rainfall (in September).
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The vegetation cover result measured on test plots in 1988 for two crops showed that 

wheat on test plot I (28% slope) attained about 75% ground cover at the end of 

September. On test plot 11 (12% slope), beans attained about 70% ground cover at the 

beginning o f September On both cases, however, the effective ground cover to reduce 

soil loss was attained at the end o f erosive rainfall. Therefore, a large portion o f the arable 

land in Anjcni area remains bare during erosive rainfall The small seed, teff is normally 

planted at the end o f the big rain in order to avoid seed wash. In general the farming 

system o f the Anjeni area was not conservation based and therefore the need for soil 

conservation measures are urgent for such an area.

5.3 Runoff and soil loss relationships

The correlation between runoff and soil loss was high at both experimental plots (EP I and 

EP 11). The low correlation (r -  0.56) on the graded fanya juu (EP I) implies that greater 

runoff did not result in greater soil loss on that plot compared to the other plots This 

indicated that graded fanya juu trapped sediments behind the bund and allowed the excess 

water to drain through the ditches below the bund, a function that it is normally expected 

to perform as a soil conservation measure

Higher correlation was observed on the grass strip on both sites, compared to the other 

plots (r = 0.95 and r = 99 on EP I and EP II respectively) This implies that higher runoff 

result in higher soil loss on that plot. This indicates that grass strip was not effective in 

reducing soil loss at its early stage of development (3 years old) in higher rainfall areas

5.4 Mean monthly and annual runoff and soil loss variation

The highest mean monthly runoff and soil loss was observed in June. July, August and 

September on both sites. This was mainly due to the higher erosive rainfall distribution in 

these months The annual runoff and soil loss showed a similar trend on both sites, treated 

with different soil conservation measures ^T he lowest runoff and soil loss was



measured at both sites in 1988 and 1989 due to the lower crosivity (675.3 and 531.1 Jm- 

lh-1 in 1988 and 1989 respectively). In 1987 and 1990, however, the highest runoff and 

soil loss was observed due to the higher crosivity (731.2 and 874 3 J/mh in 1987 and 1990 

respectively). Therefore the result showed that there was a dear correlation between 

runoff7soil loss and crosivity No clear correlation was observed between runoff /soil loss 

and rainfall amount at both sites.

The other possible reason why soil loss and runoff so high in these period was the fact that 

during these months land was under seed bed preparation and bare Teff is the dominant 

cultivated crop in Anjem area. According to the practices o f the farmer, teff fields are 

ploughed repeatedly (3-5 times) and the surface may be clean, smooth and pulverized 

before it is sown. Ploughing was a continuous process, which was done after the soil had 

been moistened by showers and it was repeated several times before sowing The reason 

for repeated ploughing has been given for Anjem area (Bcrhanu, 1991).

"  The essence o f  ploughing was to pulverize the soil, to control weeds 

and to some extent minimize the danger o f  insects and  diseases on the 

newly growing crops."

The fine soil particles, the smoothness of the field and the lack of vegetation cover in an 

area o f such high rainfall increase the high risk o f  erosion

The document further pointed out that on gentle slopes and on future terraces, it would be 

indispensable to introduce biological measures in combination with physical measures to 

achieve quicker results Physical conservation measures must be seen as part o f an 

integrated conservation strategy

5.5 Technical efficiency of soil and water conservation measures

Graded fenya juu showed lower soil loss compared to graded bund although both have

spillways o f the same length and width The ditches o f  the graded bund are situated up
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slope or above the bund which directly drain the eroded materials from the cultivated land 

up slope to the spillways. In case of graded fanya juu. however, the ditches are situated 

below the bund in which the eroded materials from up slope are trapped by the fanya juu 

bund before it reaches to the collection ditches below the fanya juu bunds and then drain 

to the spillways This means that all runofF from the ditches o f  the graded bund enter the 

collection tank, resulting in higher annual soil loss and runoff than the graded fanya juu.

The grass strip and graded bund had similar annual soil loss results in both sites while 

graded fanya juu had annual soil loss results which are lower than those o f the grass strip 

and graded bund. This happened partly because of the micro-topographic situation. The 

ditches o f  graded fanya juu situated below the bund trapped a big portion o f  the sediment 

before it reached the collection tanks through the spillways. On grass strips, however, the 

eroded sediment drained directly or via spillways into the collection tanks This means that 

the sediment was readily draining into the collection tanks as opposed to that o f the 

graded fanya juu. which tended to remain behind bund and /or silted up in the ditch below 

the fanya juu bund. Sediment loaded water can only drain into the fanya juu ditches and 

then into the spillways if the level behind the bund is raised above the level o f  the fanya juu 

bund and the ditches below the bund silted up, a condition which can only happen due to 

improper maintenance

Soil conservation structures that allow faster development of terraces arc highly valued in 

any soil conservation effort Belay (1992), pointed out that bank height is increasing 

tremendously and the inter-structural slope considerably reduces from the very beginning 

o f the construction of fanya juu bunds. In addition, Thomas (1984), pointed out that 

throwing soil uphill to make terrace reduces the slope, which itself makes a major 

contribution to reducing soil loss on steep land, while throwing downhill, as in bunds to 

form a ridge, increasing the slope

5.6 Effect of soil and water conservation measures on soil loss

The average annual soil loss results from experimental plots (average o f  the means of
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graded bund, graded fanya juu and grass strip) shown in the result section (48 3 and 36 5 

t/ha/yr on EP I and EP II respectively) have no much difference with the average soil loss 

rate (42 t/ha/yr) for untreated cultivated land o f the Ethiopian Highlands estimated by 

Humi (1985). Therefore the effectiveness of the sod conservation measures to reduce soil 

loss is much lower than the average soil loss formation rates (5 to 11 t/ha/year) for 

cultivated land in the highlands of Ethiopia as estimated by Humi. However, such crude 

estimation may cause confusion and may be thus misleading. The average annual soil loss 

obtained from control plots were 109.2 and 88.16 t/ha/yr from the steeper and gentle 

slopes respectively, which were much higher than the average soil loss rate estimated by 

Humi.

Similar studies in different parts o f the country have shown variations and similarities on 

soil loss reduction under the same soil conservation measures. Southern Ethiopia 

(Gununo) with 14% gradient and 1345 mm mean annual rainfall on a Humic Nitosol, the 

average annual soil loss from conservation structures was 0.5 t/ha/yr far much lower than 

obtained from Anjeni In Central Highlands of Ethiopia (North Shcwa), with slope o f 24% 

and mean annual rainfall 1213 45 mm the soil loss was 40 t/ha/ycar similar to the Anjeni 

one. (source: SCRP data base).

The similarity between Central Highlands and Anjeni area is due to the practicing of 

erosion induced farming system such as pulverizing and smoothening o f cultivated land 

before planting that makes the soil vulnerable to erosion. In the Southern Ethiopia repeat 

ploughing is not common and the land remains covered until the planting time.

5.7 Effects of soil and water conservation measures on yield

Physical soil conservation structures showed complete success in terms o f  reducing soil

loss compared to the traditional farming It was observed that graded fanya juu and graded

bund reduced soil loss by 54 and 52.5% respectively compared to the traditional farming

on steep slopes On a gentle slope soil loss reduced by 67 and 32 %  on graded fanya juu

and graded bund respectively compared to the traditional fanning However, there
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were no increases in yield. This may be due to the fertility of the soil, which is uniformly 

distributed throughout the effective rooting depth such that soil loss may not adversely 

affect the soil fertility with depth Farmers interviewed indicated that the lower yields on 

physically conserved fields were as the result o f improper maintenance o f soil and water 

conservation measures due to shortage o f labour during peak periods causing 

waterlogging above the bund, which affects seeds germination Other farmers indicated 

that physical structures do harbor pests that afTcct the crop yield. Views from extension 

agent revealed that the primary aims o f physical soil conservation structures are to reduce 

soil loss and consequently increase soil productivity and in the final analysis, agricultural 

yields

Ludi (1997) has given similar reasons Of the 23 households interviewed. 19 stated that 

mice were a severe problem in conservation structures mainly in soil bunds and caused a 

reduction in crop yields Other factors mentioned as having an effect on crop yields 

included stagnant water (9 households), weeds (5 households), birds (2 households), and 

competition between grass on the bunds and crops in the fields (2 households).

Average grain yields were calculated (Belay, 1992) in southern Ethiopia for a period o f 

1985-1989 on grass strip (0.598 t/ha), graded fanya juu (0.595 t/ha) and graded bund 

(0.568 t/ha). Compared to the control plot (0.593 t/ha), grass strip and graded fanya juu 

showed neither declines nor increments, while on graded bunds reduction o f  4% was 

registered.

Another evidence has been given by Mulugeta (1988). If the yields calculated without 

reducing the area taken by the soil conservation structures are considered, it was observed 

that the control plot showed higher yields than the other experimental plots. This was 

most likely due to the fact that the control plot had more area under crops than the other 

experimental plots (the area taken by the conservation measures on the treated plots 

ranged from 14 to 20% o f their total areas).

The decline in yield on the treatments through time cannot be explained in terms



The decline m yield on the treatments through ume cannot be explained in terms of 

rainfall The rainfall amount and distribution between 1984 and 1992 was relatively better 

and uniform for Anjcm area (Figure 17).

To get good returns from soil and water conservation efforts, turmers’ knowledge should 

be considered A good example is in Kenya where soil and water conservation began by 

taking into consideration farmers problems, then needs, and existing conservation methods 

and involving them in local and regional projects with the aim of improving and perfecting 

them. The end result was a set of measures that farmers could and would carryout 

themselves, with their own resources and modicum of expert help In Ethiopia, however, 

soil and water conservation effort was mainly to reduce sod loss using labour intensive 

earth work without giving consideration for locally proved farming practices.

5.8 Soil and water conservation techniques practiced in Gojam highlands

This study revealed that although the Government and NGOs pumped huge sums of 

money and involved millions o f peasant man-days in the 1970s and 1980s for soil and 

water conservation activities (section 1, in this paper), the farmers reverted to their 

traditional systems as soon as the food for work and imposed campaign work were 

discontinued The cause of failure was due to application of single technology for different 

agro-climatic zones, lack of appreciation of indigenous knowledge and top- down 

approach

On the higher altitudes (above 1500 m asl), all farmers used traditional ditches on their 

cultivated land, irrespective of whether or not other forms of soil and water conservation 

measures existed. Older farmcis mentioned that they had been using traditional ditches for 

a long time and that many of them were inherited For this reason, there were a lot of local 

farmers' saytngs on traditional ditches.
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Arso Yalefesses Temwagto Yalewass (from West Gojam zone), 'One 
can not imagine ploughing without traditional ditches as litigation 
without bail is unthinkable * and Kezera Gebere Yahoyew Yibelthal 
(from North Shewa zone) 'a fram er who made traditional ditches is 
by fa r  better than one who sowed'.

These sayings indicate the historical importance of ditches within traditional farming 

practices (Million, 1996).

There are indeed farmers' technical methods of dealing with almost all the land 

degradation problems m the Ethiopian highlands (section 2 5) Many of them require 

relatively little capital and expertise Moreover, the selection o f soil and water 

conservation measures for a given agro-clunatic zone is based on the availability of 

construction materials, purpose of the structures, prevailing environmental conditions 

(rainfall, slope, soil type) and the farming systems In the high rainfall areas, graded 

structures and traditional ditches are common, because of the need to drain excess water 

safely from tlie cultivated land. On such high rainfall area soil and water conservation 

structures can serve the purpose only when combined with traditional ditches In the 

highlands of Gojam, where there is long rainfall period and intensive rainfall, the purposes 

of soil and water conservation measures are to drain excess water safely to the natural or 

artificial waterways. However, due to lack of proper maintenance and weak lay out. 

retention and accumulation o f water (water logging) behind the bund has been observed

5.9 Impact of soil and water conservation measures in Gojam highlands

The mam purpose of soil and water conservation measures arc to protect the soil and the 

seed (especially small seeds like telF) from being washed away by surface runoff in Wurch. 

Dega and Weyna Dega zones In the Kolia /one. the purposes o f soil and water 

conservation measures are to retain water and soil behind the bunds, to increase the 

moisture content of the soil and improve the fertility status of the soil
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The effectiveness o f the soil and water conservation measures to drain excess water or to 

retain water and conserve soil varies from one zone to the other Graded soil bund, 

traditional ditches and cutoff drains were more effective in draining excess water and in 

conserving the soil in Wurch and Dega zones Traditional ditches were used to drain 

excess water from cultivated lands in the Weyna Dega zone. Level bunds were more 

effective in conserving soil and water in the Kolia zone (Table 26).

Table 26 Major soil and water conservation measures and their function in different agro- 
climatic zones o f the Gojam highlands
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5.10 Problems and limitations for the adoption of soil and water 
conservation measures in the Gojam highlands

The questionnaire survey further revealed that in spite of the positive impact o f  soil and 

water conservation on yield and environment, there were some constraints during and 

after implementation o f  soil and water conservation measures The newly introduced

approach for soil and water conservation measures were constructed based on a
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generalized guideline o f using vertical interval o f 1 meter One meter vertical interval in a 

steep land reduces the horizontal distance between bunds. The narrower spacing between 

bunds affects the use o f yoked oxen during ploughing. Also the higher the number of 

bunds for a given ar ea, the less the size of the farm which can be used for planting crops.

Moreover, the main problem that was frequently mentioned by the land users was 

waterlogging due to the retention o f excess water behind the bunds in the high rainfall 

areas and harbouring o f  pests under soil and water conservation structures. During high 

storms, traditional ditches alone are not sufficient to drain excess water into the 

natural/artificial waterways Traditional ditches could lead to over topping during high 

storms leading to down slope damage and siltation. Some soil and water conservation 

measures (for example stone bund) required high labour input during construction, which 

is difficult to afford by subsistence farming However, at the lower altitude most o f  the 

cultivated fields were terraced.

No technical or social problem was associated with the laying out o f  the level bunds on 

lower altitude where the rainfall is generally low. Most o f the work that was done in the 

1970s and early 1980s could still be seen in the lower altitude areas Apart from the 

campaign work that was done earlier, farmers continue to construct new bunds and 

maintain the old ones with or with no assistance from the technical staff Technical as well 

as social problems arc prevalent when applying graded and/or level bunds on the middle 

and higher altitudes The farmers showed interest to continue with their own techniques 

and therefore they were reluctant to accept the newly introduced measures. The slow 

adoption o f  the improved techniques was due to the fact that in most cases the techniques 

(physical structures) were not fitting well with the existing fanning systems and socio

cultural conditions o f the highlands (unable to use yoked oxen, waterlogging, high cost of 

construction, etc ).

In the 1970s and early 1980s the approaches were top-down, which was not involving the 

farmers in the processes o f soil and water conservation implementation Thus no
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information was given on the purpose and outcome o f soil and water conservation 

techniques to the user.

Shortage o f trained manpower was identified as one o f the problem, which hinders the 

adoption o f soil and water conservation techniques. One development agent serves for 

600-800 fanners which is a high number to manage during peak seasons Moreover, due 

to unseen circumstances (death, transfer, etc o f the DAs) services may discontinue for 

some peasant associations for one or more years

The new constitution of the country says that land will remain in the hands o f the state and 

the public Absence of land ownership and proper land use policies arc the major reasons 

for lack o f investment in land improvement and construction of high labour input earth 

works This argument which is associated with the frequent redistribution o f land can 

highly influence the long-term investment and therefore makes the peasants reluctant to 

invest highly in their farms

5.11 Prospects of soil and water conservation in Gojam highlands

Sustainable soil and water conservation technology accommodates and entertains the 

prevailing environmental conditions and the well being o f  the user Therefore selection of 

appropriate soil and water conservation technology with the participation o f the targeted 

group enhances the sustainable use of the technology During the study period, the author 

observed community based soils and water conservation activities in the Gojam fiighlands. 

As far as the approaches arc concerned, there are signs o f  improvement for soil and water 

conservation implementation The main change along this line is the participation of 

farmers in the processes o f soil and water conservation implementation, appreciation of 

indigenous knowledge and flexibility of the technologies.

The recent enhancement of the fanners' participation in identifying their problem, 

prioritization, planning and implementation in the highlands signifies the realization of the
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weaknesses associated with the top-down approaches. Although the bottom-up approach 

is reported to be successful, it remains to be seen if it can be sustainable. The complaints 

o f fanners over narrow spacing between bunds due to fixed vertical interval (1 meter) can 

be modified according to the local farming system and socio-cultural practices To 

minimize the technical problems ( such as narrow spacing between bunds, reduction of 

farm size, etc.,), bunds are removed alternatively and combined with farmers own 

techniques (traditional ditches)



6 CO N CLUSIO N  AND RECOM M ENDATIONS

6.1 Conclusion

The* runoff and soil loss results that arc presented in this study arc an indicator o f the 

danger o f  soil losses in the Ethiopian highlands Moreover, most o f soil losses occur at the 

onset o f rainfall. The high soil loss occurring when the land is bare showed that adequate 

land cover is important to reduce soil loss below the tolerance level for the Anjeni area 

which is estimated to be between 10 and 15 t/ha/y (Werner, 1986).

Although the observed runoff and soil losses were very high under different soil and water 

conservation measures, still statistical differences existed between techniques. The results 

indicate that physical structures have low soil losses compared to the traditional fanning 

(control) The statistical analysis further suggested that apart from other socto-economical 

problems, grass strip, graded fanya juu and graded bunds arc equally effective in reducing 

runoff and soil losses on steeper slopes. However, on gentle slopes graded fanya juu was 

more effective in reducing runoff and soil loss for the highlands having topographic and 

climatic conditions similar to the Anjeni research unit.

An important observation that has been noticed during the questionnaire survey was that 

the selection o f soil and water conservation measures for a given locality is based on its 

function and availability of construction materials. Level stone bunds, for example, are 

frequently used at the lower altitude for soil and water conservation, while traditional 

ditches and graded bund arc used at the higher altitude where their function is to drain 

excess water safely out o f the field.

The constraint for the adoption o f sustainable soil and water conservation measure that 

has been noticed during the questionnaire survey was absence o f land ownership and land 

use planning Due to absence o f clear land tenure system (the existing system is such that

land remains in the hands o f the state and the public), fanners cultivate the land under
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temporary arrangements and expect land to be taken away from them during the next land 

redistribution. Under these conditions, peasants may perceive investment in a long-term 

land improvement (construction o f high labour input terrace and planting trees) as 

inappropriate because they are unlikely to reap the benefits o f  their work. Therefore 

farmers prefer least or no investment technologies such as traditional ditches which is, in 

most eases, less effective in reducing soil losses.

Lessons learned from past mistakes revealed that, there is no need to import all 

technologies. Instead intermarriage o f exotic with native technologies may be socially 

accepted, economically viable and ecologically sound

6.2 Recommendations

1. The results obtained from the experiments can help in improving the selection and 

design of soil conservation measures Therefore demonstration and dissemination of 

the effective soil conservation measurc(s) have a vital role for the sustainable use of 

soil and water conservation measures in the Gojam highlands

2. Involving farmers as a co-researcher at all levels o f research process (planning, 

implementation, etc.) can facilitate the dissemination o f effective soil and water 

conservation measures and sustainable use of it.

3 The most erosive and the highest soil loss periods are the months o f June, July and 

August. During this period the entire catchment is under seed bed preparation and 

bare During these months, physical soil conservation measures alone are not sufficient 

to reduce the energy o f erosive rainfall They have to be supplemented by protective 

cover at the onset o f  rain.

4. Physical soil conservation measures are suitable especially on steeper slopes to reduce 

soil loss However, the productivity o f the land due to soil conservation measures are
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insignificant compared to the untreated arcu A sustainable result may be achieved with 

a longer time frame of 10-25 years. To achieve quicker and attractive results, research 

aimed at increasing productivity such as intermarriage o f physical with agronomic or 

biological soil conservation measures will be indispensable.

5 Soil loss rates on the conservation structures were well above the tolerance level that 

can occur in this area (10-15 t/ha/yr) Therefore soil conservation research in this area 

should be continued until more effective soil and water conservation measure has been 

obtained

6 Lack o f long-term tenure dissuades farmers from investing where returns arc not 

assured. In many cases, if tenurial rights cannot be granted to the satisfaction of the 

farmer, soil and water conservation efforts are unlikely to succeed Moreover, absence 

o f  legislation on how to use natural resources in general and land in particular, leads to 

over-exploitation o f the resources Therefore formulation o f policies on land 

ownership right and land use can minimize impacts of erosion on the environment.

7. Application o f a single measure from the foot o f mountains to the top o f it is 

dangerous A pilot project study, to test technical feasibility is indispensable for 

sustainable use o f soil and water conservation techniques before large-scale 

implementation. Furthermore, a study on how to combine new approaches of soil 

conservation and indigenous knowledge is required in order to identify suitable soil 

and water conservation measures In planning, catchment approach is essential to 

ensure the soil and water conservation effort is effectively utilised. If farms on a long 

steep slope are divided into many small individual fields, close co-operation between 

farmers is required to ensure that conservation measures earned out on up slope fields 

does not damage fields below

8. Supporting the farmer by providing extension service, hand tools and wherever 

necessary, credit etc. can enhance soil and water conservation efforts To supply the 

necessary services for proper implementation and maintenance o f soil and water 

conservation measures. adequate guidelines and trained manpower is needed
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8 APPENDICES

Appendix 1 Evaluation of the rainfall data ax used by SCRP

Tim e N l V 8
. . .

E* la K
JL* b -

Explanation
Time . Time in minutes when rainfall is occurring (uniform intensity interval)
N Amount of rainfall in the interval (in centimetres)
1 : Intensity of rain in the interval, in cm per hour
Y Energy of one cm of rain in the interval: Y -  210 * 8‘Jlogl (in Joules m
E Energy of rain in interval: E = NY (Joules m'J)
l»  : Maximum 30-mmule intensity of storm (whole penod), in an  per hour cm h ’ 
E* Euergy of storm: E* = Sum of all E added together (J m :)
R : Erosivity of storm: R -  lO^EIio, if a > 1.25 cm. otherwise R -  0 (10’: Jm Jh '°
a : Total amount of rainfall in the storm Sum of all N (cm)
b : (» R) Erosivity of the storm

Appendix 2 Monthly rainfall, erosivity, runoff and soil loss on EPs
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1986
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1989
M Mar _.:5£L_ Mav Am Sul - *!i_ 5«P Oct Nov f>ecRamail O « 88 122 160 433 327 279 96 23 10Fnrnvir M 16 47 26 227 84 77 JO

Tradilwoa) farming 2 1 113 121 113 I 7Kufkllf Grad'd bund 2 2 71 63 63 1 2FPI Graded fama juu 2 2 r> 84 89 1 2
Onwflnp 2 73 <3 1Soil km Traddiunat fanning 36 14 9
Graded bund 13 3 3
Graded tSmyi juu 1 IS 6 3
Graa* unii 9 1 2
Traditional fWmmg 2 J 218 W 42 8

Stimuli Graded bamd 2 4 93 44 23
RTD Graded Unyaaru 2 J 92 31 21 1

6 . 32 133 81 107 34 1
Sodium Control 2 22 1 2

Graded borrl 1 6
Graded farm juu 1 5
Onus drip 10 24 3 2

1990
•an Tub Mar Apr Mav Am Jul Aug Sop Oct Not D(C

Randall
Erenimr

73 13 29 34 91 I t3  402 460 313 34 33 3
103 62 217 343 61 3

W l
Runoff Graded bund 

Graded fWiya n u

3 4 20 17 137 136 167 
2 3 3 49 91 96 
2 3 3 63 104 113 
1 3 J  4* *9 121

Sodlom
Graded hual 
Graded tam-a juu 
Gram im p

1 6 16 47 24
3 8 4
4 13 7  

2 1 7

t t  u
Runoff Graded bund 

Graded Tanya juu 
draw .tap

13 29 29 78 236 1*2 
2 10 9 36 136 72 
2 18 20 31 170 10* 
2 1 20 117 216 I'M

Soil km Control 
Graded bund 
Oradad Tanya juu 
Grass strip

17 13 36 86 23 
1 1 3 11 1
1 1 6 IS 2
2 8 5 39 7

Appendix 3 Procedures of calculating ANOVA for uucqual replications of the 
experim ental plot runoff and soil lass

Treatment
<*n »«"»*>

rl rY4 Yj (mean) SY2n YV i
Traditional farming 8 4010.7 301.34 204*641.47 2010714J
Oradad bund 1 2893 9 361.74 1092421 4| 1046*32 13
Graded tanva juu 8 2*04 330 5 10466*1.22 9*2802.00
Gram 3 *23 92 273 31 23322119 227370.27
Total 27 10334 12 14*8 89 442296*29 426771*72

<KT 1. Sodium ) ri BY-8 Yi w ai YV .
< &*. *c;

Traditional farming 8 976 8 122 1 128.119 16 119267 28
Graded hand 8 463 9 58.24 18834 19 27131*5
Graded Tanya juu 8 4313 56 54 33303 13 25371.91
Oram rtnp J 909 3030 «206 *9 2754 27
Total 27 1985 9 267 18 206865 J7 17472631
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rreMraM 
(XJUl. Kunofl) n Yl *V*« YV l

Iradtltuoii terming i 1613.0 451.3 1767073 1610*18
Graded bund t :« o 303.75 167846 04 1001 111)
Graded fay* jim t 2109.04 263.63 623137 77 556006.22
Oram rtnc 3 1304.1 401J7 5698589! 483285 6
Tool 37 9755.14 1420.23 1877916 31 167172132

<EP It. rod lorn) n Yi YV l'mean i
Trait muI farming i 705 3* 88.16 73791 4 62181.01
Graded bund t 381.2 47.65 34330.8 18545J8
Graded fenye juu ■ 205 1 25.64 9039.71 3338 25
<**u «np 3 1081 36.1 5659 77 3909 61
Total 37 1399.8* 197.33 121341.68 89*94 27

Where
Ygdenotes the measurement in the ith treatment and jth year, where i -  1,2,3,4 andJ “  1,2,1.....8,
r “  Number of replications (years) per treatment

A p p e n d ix  4 A N O V A  ta b le  fo r  r u n o f f  a n d  soil loss

(EP I, Runoff)_______ _______________________________ ________ ________
■Source oCVnierion I PF Stun Suture M—  Saw Squire P* IH
An*mg SCM berimed) 
Within SCM («m»)

3 15749136 $2497.45 78 4.76 
21 135249 57 6749 98

Total 26
(EP I, Soil Loss)
C M I I M / d V i r M h M  1M  •*----- ■*-----------  ** - »  -  L'O t i l

Among SCM (Imlmit) 
Within SCM (error)

3/1 o il  jumi jquaic r  in
3 2863969 9333.23 6 84 4.76 
23 32139 06 1397 35

Toul 26
(EP IL Runoff)
Source uT Venelien or SumSquere Mem Sum Squire P  IH
Among SCM < treatment) 
Wihtn SCM (error)

3 14667579 48891.93 7.18 4 76 
23 156694.06 6*1279

Total 26
(EP FT, soil loss)
Source 'if Venn ion DP Sum Square Mem Sum Squire P  IS
Among SCM (trewmeot) 
Within SCM «m*>

3 17314.12 5771.37 4.8 4.76 
23 31447.4! 1209 52

Toul 26
SCM: Soil Conservation Measures

Appendix 5 Procedures of calculating ANOVA for unequal replications o f the 
experim ental plot yield

TrMIlMM
(EP t, yield) 'l V f , Y,<— ) YV .

rradilronal Urnune 8 2.73 0J4 191 0 93
Graded hun.1 7 209 0 30 131 063
Graded ftmvejuu 7 145 0.15 190 0*6
Grant nrip 3 0 27 0.09 0.03 0.02
Toul 25 7 54 l<>8 5 13 243
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1 2Y« Y.<"— '* V f \  Y2̂
Trufcian.1 fwimn* 
Onulod bund 
(nxkU juu 
Cfum tlnp

7 l #  0 34 US ON 
7 2.31 OJJ 1.01 0.76 
7 2.0 0.40 IU  1.14 
4 1.32 0,33 0 JO 0 44

Total 23 *.73 1.42 4..SI 3 21
Explanations, see appendix 3

Appendix 6 ANOVA table for yield
i

E P I
Sourer irfVarinlhMi DF Sum Square Mrm. Sum f  1%
km<mt SCM <lrw*»r««>
WUkln SOt (error)

3 0.16 0.14 103 4.*7 
tl 2.71 0.1 J

Total 24 in

EP II z
--------------------------------------------------------------------- - - »

j M r r r  w  * a n a o n a

WMhû SCM/̂ tlr) '

I I P  sum  M'»*rr Mran.Sunt ^|u.u ► 1%
J 0.03 0.01 0.23 4.07 
21 1.0* 0.04 ^

Total 24 1.12

Appendix 7 Sample calculation for ANOVA, runoff on EP I from appendix 3

Correction factor (C F )

CF -
(10534)1

= 4110226.4
X r  27

Total mm of squares (TSS) =
TSS = Z.Y2 -  C F  = 442968.29 -  41102264 -  312741.9

Treatment sura of squares (tSS)

tSS = -  CF  = 4267718 72 -  4110226.4 = 157492.3

Error sum of squares (ESS)
ESS = 1SS -  tS  -  3127419 -1574923  = 155249 6

>
a

The mean sum of squares can be computed from treatment SS and error SS and degree of freedom: 
Mean sum of squares for treatments -  157492.36/3 -  52497.45 
Mean sum of squares for error -  155249.57/23 -  6749 9#
F value (Fisher test) is the ratio of treatment mean sum of squares and error mean sum of squares; F = 
52497 45/6749.96 = 7.8
The critical value at 1% level of significant for 3 and 23 degree of freedom (4.76) is a tabulated value. 
Explanation of symbols sec section 3.5.
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Appendix 8 Comparison of means for runoff and soil loss

EP l  Rurwff
'Probability. 1H)

C r m - n ,  C / F a a y a  J ~  U lta n J  T m O tb u n J b n w . ,

273JI 350.30 301.74 Ml J4

EP 1. Soil Ion 
(Probability, 1H)

ttJS________ J6.J4 S M J 3  m i

EP II. Runoff 
1 Probability. 1H)

CSFamym J m  G .'B a iW  G r a n  X rip r  r a t i o n a l  t .r m m f

2U.U 303 73 *0 1 37 431.30

E? 0 .  Sod I n
i PtobabtUlv. 1%>

G/Kaaya J im  G r a n  atrip U U m l  r ra a W o .n l U n a ia f

21fc»________ HLifl_________ H i i  s *  i«s

Appendix 9 Kffect of slope on runofT and soil loss under  sim ilar soil conservation 
techniques

Appendix 9.1 Control Plots

Appendix 9.2 Graded bund
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Appendix 10 Methods used by SCRP to calculate Erosivity 

1. Sample calculation of erosivity using the Wischmcir and Smith (1978) method.

Observation period:
From 2/5/86 (date) 09:30 (lime)

Date
.w ----

Starting Ending 
time 1 tune

Duration
(nun)

N I Y E*

4/6/86 14:31 14:32 01 0.01 0.60 190.26 1.90
4/6/86 14:37 13:12 15 1.03 4.12 264.73 272.67
4/6/86 13:12 13:17 05 0.22 2.64 247.52 54 46
4/6/86 13:17 13:20 03 0 02 0.40 174 58 3 4‘>
4/6/86 13:37 16:01 04 007 1.05 211.89 14.83
4/6/86 16:01 1609 08 0.02 0 i< 136 o? 2.73
4/6/86 16 09 16:12 03 'i()3 0.60 190.26 5.71
4/6/86 16:12 16:13 03 0 0.3 0.60 190.26 5.71
4/6/86 16:27 16:30 03 0.03 0.60 190.26 5.71
4/6/86 17:39 17:43 04 0.17 2.55 246 18 41 85
4/6/86 17:43 17:52 09 0.04 0.27 158.91 6 36
4/6/86 20:48 22:00 72 0.17 0.14 134 46 22.86

Explanations

E*

Iso
E

a
b

a  -  1.86 E = 438,3 l,0 = 2.34 b "  11.10

Amount of rainfall in the interval in cm 
Intensity of rain in the interval in cm/hr 
Energy of one cm of r.un in the interval 
210 + K'/logl in Jouks/m3 
Energy of rain in the interval 
NY in Jouks/m2
Maximum 30 minute intensity during the rainfall penod in an /lu  
Energy of storm (for the whole penod)
IE * ui Joulcs/m
Total amount of rainfall dunng the penod 
Erosivity (EIjo) in Joulcx/tnh

Source: SCRP data base
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2 Sample calculation of crosivtty using the KE > 25 method.(Hudson. 1981)

Rainfall Period
Date Intensity Amount Energy Total

No From To Classes (mm) J/m:mm (cd.4 x col.5)
1 1/5/86 4/5/86 0 - 2 5 39.25 - •

2 5 -5 0 4.7 27 5 129.3
50-7 5 1.0 27.9 27.9

> 75 0.0 0.0 0.0
157,2 J/m5

2 4/5/86 13/5/86 0 - 2 5 14.3 •
25-5 0 152 26.2 398.2
50-7 5 0.0 0.0 0.0
>7 5 0.0 0.0 0.0

398 2 J/m5

3 1.1/5/86 2/6/86 0 - 2 5 369 0.0 0.0
25-5 0 0.0 0.0 0.0
50-7 5 0.0 0.0 0.0

>75 0.0 0.0 0.0
0.0 J/m5

Source. SCRP data base



Appendix 11 Questionnaire 

A. Fanmcn Questionnaire

No..

Date:
Wcreda
Sub catchment: ____
Distance from the R S 
Nam e o f  R e s p . ; __

I General Information

1, Name of respondent ___________________ _________________________________
2. For how long have you cultivated your current field
3 Your holding snr (ha) _________ ______________________________ _______
4 . Number of animal holding Cattle Shccp/Goat

5. Mayor crops grown _______ ____________________________________________
6. Major cash c r o p ____________________________________________________
7. Other source of income__________________________________________ ___ ______

2 On fa rm  activities

1. is your farm treated with conservation measures? yes---------- no---------

2. Wliat kind of soil and water conservation incisures do you have in ynur forms, if not why?

3. Wliat ;ltc the purposes of sod and water conservation measures'’____________________________

4. How and when did you learn about sod and water consexvaliou

5. Wluci) of the measures that wise used have been effective in conserving die sod?________________

6. On w hut gradient of slope do you construct terraces? (in order of poorly)________ ______________

7. Which of the measures have had beneficial impacts on the livelihood of youx Imuaehold? (in order of pnur»y)_

8. What is the width between bunds? _______________________________  ________

9. Why do you choose this width?._______ _____________________________________ _ _ _____

10 Do you have a problem during forming due to soil and water conservation measures?__________

11. How uflen do you maintain the sod and water conservation measures1 _______________________

12. Organization of labor (fonuly or other) ________________________________________________

13. Do you have any change in yield due to soil and water conservation measures?

High ______________Low _____________not known .

14. What other benefit do you get from soil and water conservation measures?____________________

13. Have you fom t any constraints in practicing soil conservation measures on your form? _________

16. If so. what are the constraints vou have faced? _____________________

17. What are the posable solutions for the problem'7 ______________________________________
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B. OA/Tcchaiciaai’ Questionnaire

No.;
Date;
Weieda: _____
Sub catchment: _____
Distance from the RS__
Name of Resp.: _____

1 G eneral Information

1.1 Work experience tn general
1.2 Work experience in conservation w orks__
1.3 Period of service in the arca/sub catchment
1.4 Experience in dilTcienl climatological /ones___________________________ Z
1.5 Educational standard ______________________________  >
1.6 Special training ______________________________  ^

o
2 Planning on calchment/iub catchment level CO

2.1 Planning/i mplcmcniauon of soil conservation activities Mere sufficiently flexible in re Union to specific I 
site conditions

2.2 How is a decision made for treating the catchment or sub catchment______________  }>
2.3 Has there been land use planning nude for the cotchmcnl/sub catchment'’
Ye*___________ No__________
2.4 If the answer is yes, who participated in the planning and how wasit done?

3 On farm activities
3.1 Initial design
3.1.1 Docs the SC activities have been done on farmers' fields?
Yes____________N o ___________
1 1 2 How was the work initially designed?
3.1.3 Where the farmers dear about the specifications of the work?
Yes___________ N o ____________
If yes, how?________________________________________________________________________
3.14  Were the fanners wdl informed about the eventual use of Use results of soil conservation activities'7
Ye*___________ N o ____________
3.2 Appropriateness
3.2.1 How was decision made on the type of structures have been built on the farmers' f i e l d s ? _______

3.2.2  What was the control mechanism that the umetures were done correctly ’
3.2.3 The necessary waterways provided for the graded bunds Ye*___________ N o ___________
Comments: __  ___ __ ________ _____________________________________
3.2 4 There is cutoof drain arrangement for level bunds
Yes___________________No____________________
Comments:____________________________________________  -
3.2.5 The spacing of the bund.*, in relation to the slope of the area is
a) too wide_______________________________________________________  ■■ ■■
b) unnecessarily narrow_____ ________________________________________________ -
c) optimum____________ _______ ______ ______________ ______________________ — —------
3.2 6 Do you see that the farmers build structures different from what they were uild to do. Y e s _  no 
If  vcs. state the reasons
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3.2.7 Are Carmen capable to maintain the structures on their ownTYes________N o____________
3.2. * Do the farmers show the interest to maintain the structures without food paynient'.'Ycs___No
3 2.9 Do farmers use conservation based farming? Yes_____________ N o____________
3 2 .10. How mam' Carmen (%) m your area have soil and water conservation measures?
3.2.11. Give the reason why some farmers do not have soil and water conservation measures? __
3. 2.12 Do you know why they choose that kind of soil and water conservation measures? ____

3.2.13. What width of the terrace do the farmer used?______________________
3.2.14. Do you know why they choose these widths?_______________________
3.2.13. WluU land of ami and water conservation measures arc commonly used in your area? ( in order of 
priority)____________________________________________________
3.2 16. Please write advantages and disadvantages according to your opinion of level bund, graded bund,
level fanya juu. graded fanya juu and gnus strips__________________
3.2.17 Slate the percent coverage for different soil conservation measures (total -  100%)
- I.cvcl stone bund
- Graded stone bund
- Level soil bund
- Graded soil bund
- Grass strips
• Traditional ditches
- Agroforcstry (iocluduig scatter trees)
- Trash line
- Others

3.2. IX Do farmers use any kind of indigenous soil and water conservation measures? If yea. list them in 
the order of importance

3.3 Change in output
In your opinion, do you believe there is change in output as a result o f  soil conservation activities? 
Explain: high:_________________ low:___________________not known__________________
3.4 Arc your satisfied that the job was done in a good way? Yes_____  No____
If yes or no comment compare with the observauon________________
3.5 Do you believe that the community has the capacity maintain the SC structures7Yes N o___
3.6 Do you believe that food payment is still necessary for the construction and maintenance of SC
structures? __________________
3.7 What impact do you sec on FFW activities ’
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