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FOREWORD 

Any strategy for the protection, conservation and sustainable utilisation of natural 
resources including that aimed at the attainment of self-reliance in crop and livestock 
production must include, among others, research and development (R&D) plans for 
about 13 million hectares of dark clay soils which for convenience we collectively termed 
Vertisols. 

Vertisols constitute over 10% of the Ethiopian land mass where unimproved 
traditional agricultural production practices are still rampant. This called for the 
establishment in 1986 of a collaborative project: The Joint Project on Improved 
Management and UtiUsation of Dark Clay Soils which for short is known as the Joint 
Vertisol Project (JVP). 

There is a hierarchy of interlocked subsystems pertaining to the utilisation of 
Vertisols. This encompasses such diverse components that an integrative research 
which links all levels is required for a long-term sustainable use of such a vital resource. 
Research and development on Vertisols inherently address complex factors and 
interactions among such factors relevant for resource conservation, improvement and 
utilisation. The JVP, therefore, had to face a multidimensional challenge to be able to 
exploit the comparative advantages and the complementarities thereof of partner 
institutions for the attainment of critical mass to make agriculture and its development 
sustainable in the shortest time possible. 

Such a challenge could be overwhelming when comprehensiveness is sought such 
that the efforts of several national and international institutions had to be streamlined. 
This was necessary because the high number of individual and correlated complex 
R&D issues prevent any single institution from formulating and successfully executing 
a blanket programme. Despite the non-conducive policy framework and a top-down 
commandist political system that did not encourage resourcefulness or participatory 
development, the JVP has come a long way in the seven years after its initiation. 
Needless to say, not all of JVP's efforts were success stories. 

The JVP's modest accomplishments, seen in the Ught of the enormity and immensity 
of the tasks, have been due to sheer will- power and the recognition by those who saw 
ahead the diverse potentials of Vertisols in Ethiopia. This should act as a beacon and 
driving force towards greater collaboration in capabihty- building in research, training 
and extension. 

The historical perspective, organisational arrangements, strategy of choice, 
prioritisation, task-sharing, the achievement and related issues constitute the topics of 
the synthesis report for the seven-year period (1986-92). We hope that this synthesis 
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report will provide impetus and reference material to researchers and extension 
workers on Vertisols in Ethiopia and elsewhere. 

This monumental task was accompUshed through the untiring efforts of the JVP 
Technical Committee, concerned scientists from collaborating institutions, and the 
often unsang heroes - the Ethiopian farmers - who cooperated with the scientists in the 
verification of the technologies. Without the generous support of partner institutions 
as well as the decisive and indispensable financial assistance of the Swiss Development 
Cooperation (SDC), the JVP would not have accompUshed what it did. 

Mesfin Abebe (Dr.) 
Chairmïm, Advisory Committee of the JVP, and 
Minister, Natural Resources Development 
and Environmental Protection 
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DEVELOPMENT OF COORDINATED RESEARCH EFFORTS 

Tekaligii Mamo, MA Mohamed-Saleem and Abate Tedla 

INTRODUCTION 

Vertisols account for 12.7 million hectares in Ethiopia of which 7.6 million hectares are 
in the Ethiopian highlands. Vertisols are generally hard when dry and sticky when wet 
and therefore present serious limitations to their use. 

Poor internal drainage is a major problem associated ^ t h Vertisols in high rainfall 
as well as in irrigated areas. As a result of this, the roots of the crops are poorly aerated 
and nutrient uptake for growth and development impaired. Traditional fanning has 
developed a wide range of drainage practices (construction of hand-made broadbed 
and furrows such as in Enewari plateaux, planting on ridges, soil burning etc) and the 
use of low yielding crop varieties and late planting practices to avoid waterlogging 
periods. Waterlogging of Vertisols is more severe in the Ethiopian highlands where 
rainfall is higher and evaporative demands are lower. 

It has been recognised that, with the exception of the hand-made broadbeds and 
furrows, the technical efficiency of the traditionally applied surface drainage 
techniques is not sufficient to allow full use of the potentials of these soils (Mesfin 
Abebe, 1982; Getachew Asamenew et al, 1988; Jutzi et al, 1988). Cambered beds gave 
remarkable effects on crop growth and fertiliser efficiency (Mesfin Abebe, 1982). 
However, the economic viability of this technology in the smallholder subsistence sector 
proved to be questionable since no uptake by farmers was recorded. 

The experience of ICRISAT with the use of Vertisols in semi-arid India (Burford, 
1987; Kanwar and Virmani, 1987) indicates that the key to drastically improved 
productivity of Vertisols is the effective control of surface soil water which then enables 
rational use of the land for food and feed production. ILCA, therefore, developed and 
tested on-station and on-farm research in various highland Vertisol areas an 
animal-drawn implement for broadbed and furrow construction which was to combine 
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technical efficiency of surface drainage construction with economie viability (Jutzi et 
al, 1987c). Substantial increments in grain and biomass outputs due to enhanced 
surface drainage were recorded along ̂ t h convincing economic returns to the farm in 
the application of this technology. 

History of the Project 

The credit for the successful establishment of the improved Vertisol management 
project goes to Dr. Samuel Jutzi, a former staff of ILCA, who in 1984 prepared a project 
proposal entitled "Management of deep black clay soils (Vertisols) in sub-Saharan 
Africa". The project proposed the implementation of a research, training and outreach 
programme for improved Vertisol utilisation. The programme was envisaged to focus 
on Ethiopian Vertisols in the first phase, as a joint ICRISAT/ILCA initiative with the 
involvement of the Government of Ethiopia. The project proposal was submitted for 
comments to the Ethiopian Ministry of Agriculture, to the Institute of Agricultural 
Research (lAR) and to the International Crops Research Institute for the Semi-Arid 
Tropics (ICRISAT). Discussions on the project implementation for its outreach part 
were pursued with the Ministry of Agriculture (MOA) and the Central Planning and 
Programming Department of MO A during 1985. Two implementation documents, one 
for the research and one for the outreach parts of the Project, were prepared in 
November 1985 and submitted to MO A, lAR and Alemaya University of A^culture 
(AUA). 

Several informal discussions between ILCA, MOA, lAR and AUA professionals 
and heads of institutions were then held with the purpose of exchanging information 
and develop mutually useful intentions and interests. This led to the official formation 
of the Joint Vertisol Management Project (JVMP) composed of administratively 
independent cells that share the goals of the Project within their respective agencies to 
achieve these goals. 

4. 

Project objectives 

• The objective of the Joint Vertisol Project (JVP) has been to develop and verify 
improved on-farm animal-powered Vertisol management techniques in 
Ethiopian highland mixed farming systems. These were: 

• To develop or adapt improved animal-based Vertisol management techniques 
in order to improve the overall utilisation of these soils in Ethiopia. 

• To develop techniques for more effective use of the water resources of the 
Vertisol areas by appropriate animal-powered land-shaping and integrated 
watershed planning. 

• To develop improved low-cost cropping systems for these physically amended 
soils, with particular consideration given to the legimie component in order to 
provide reasonable soil-N levels for sustained crop production and sufficient 
N for the supplementation of crop residues in animal feeding. Systems to be 
investigated v ^ also include agro-forestry and sylvipastoral sets. 

6. 
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To design and test adapted technical means, e.g. animal-drawn implements for 
Vertisol cultivation and land-shaping. 

To implement necessary climatic data recording and handling systems to 
support improved land, water and crop management. 

To have effective means of inter-institutional coordination of Vertisol research 
activities. 

Project rationale 

1 Vertisols in high rainfall areas are agriculturally imderutilised because of 
marked waterlogging during the growing period. They appear to be the 
soils with the largest gap between actual and potential production in the 
Ethiopian highlands. 

Vertisols have very high waterholding capacity and high CEC due to their 
high clay content. They are, therefore, low-risk soils of high potential. 

Impact of improved tillage quality on crop yields is higher on heavy clay 
soils than on Ught soils. 

4. Animal power has comparative advantages over tractor power in tilling 
cracking clays in the wet phase. There seems to be opportunity for synergies 
between draught animal power (wet-soil tillage and planting) and tractor 
power (rough off-season ploughing). 

5. Ethiopian highland agriculture has been animal-powered for centuries; 
animal traction knowledge is, therefore, available. 

6. Acceptance of animal-powered land cultivation as an alternative to hand 
cultivation (human drudgery) is more likely to take place on heavy clays than 
on light soils. 

7. Ethiopia's Vertisol area is considerable (13 m ha of which 7.6 m ha are in 
the highlands). Ethiopia has the largest Vertisol area in high rainfall regimes 
in sub-Saharan Africa. 

Project strategies 

The joint project adopted the following strate^c positions for its programme 
development: 

• Strict adjustment of external cost of technologies to capital/cash availabilities 
in target-farming systems. Since these systems are subsistence-oriented, a low 
external cost approach is adopted. 

• Research, verification and extension of "element by element". No major effort 
to assemble comprehensive technological packages is undertaken. 
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• Bases of improved technologies are to be sought as much as possible in 
traditionally available elements. 

• Involvement of target farmers for feedback generation and direction of the 
technology adoption process from the start i.e. on-farm research. 

• Inter-institutional task-sharing, vital for the assembling critical mass in all areas 
of project activity, would be practiced. 

Projet target areas 

(a) High rainfall areas 
(b) Mixed crop-Hvestock farming 
(c) Systems with viable draught-cattle population. 

Project structure and organisation 

The Joint Vertisol Management Project document proposed an advisory board to ^ve 
guidance to the Project and a technical committee to supervise the day-to-day 
execution of the Project. 

The Advisory Committee (AC) 

The inaugural meeting of the Advisory Committee (AC) to the joint project was held 
on March 28, 1986 at ILCA headquarters. The composition of the Committee was 
endorsed as follows: 

- Vice-Minister, Animal and Fishery Resources Development Main 
Department, MinistryofAgricultiue, chairman 

- General manager. Institute of Agricultural Research, member 

- President, Alemaya University of Agricultxue, member 

- Research and Publications Officer (RPO), Addis Ababa University, member 

- Director General, ICRISAT, member 

- Director General, ILCA, member. 

The Committee's main task would be as follows: 

(a) to consider policy issues associated with the Project 

(b) to maintain a watching brief on its progress 

(c) to ensure adequate coordination of all agencies involved 

(d) to assign relative responsibilities for key actions 

(e) to supervise the work of the Technical Coordinating Committee 
responsible for project implementation 

(f) to develop and assess guidelines for resource acquisition and allocations. 
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Since its formation the AC met seven times and discussed a range of issues such as 
project emphasis, funding, membership etc. At its sixth meeting held on January 27, 
1991, the AC discussed the need to revise the membership hst, and the following 
membership was approved: 

• Vice-Minister, Ministry of Natural Resource Development and Environmental 
Protection, chairman 

• ILCA Director General, member 

• lAR General Manager, member 

• RPO, Addis Ababa University, member 

• President, Alemaya University of Agricultiue, member 

• Director General, ICRISAT, member 

• Representative, Swiss Development Cooperation, member 

• Chairman of the Technical Committee, Secretary. 

It was also emphasised that other institutions such as the ReUef and Rehabilitation 
Commission (RRC) and IBSRAM should periodically be informed about Project 
developments. 

The Technical Committee (TC) 

The AC, as its first task, appointed the Technical Committee (TC) to the Project with 
the following institutional composition: AUA, lAR, MOA, ICRISAT, ILCA. The 
Technical Committee had its first meeting on May 12,1986. It appointed Dr. Mesfin 
Abebe as chairman and Dr. Samuel Jutzi as secretary and agreed on its functions as 
follows: 

(a) to preview and review research protocols of the Project 

(b) to implement the Project activity jointly, thereby assuring 
inter-institutional flow of information and avoid duplication of efforts 

(c) to assign responsibihties for specific protocols to participating agencises 
(supported by Project funds where feasible) 

(d) to prepare complementary bases for Project activities and to generate 
proposals for their fimding and implementation 

(e) to propose mechanisms for strengthening relevant activities in national 
institutions. 

At the time of going to press, the TC had met about 30 times. The TC's division of 
responsibihties among the various institutions are listed in Table 1. 
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Table 1. Division of responsibilities between participating institutions. 

Institution Research area 

lAR - Soil fertility: N and related micro-nutrients including BNF 

- Crop physiology/cropping systems for all crops with special 
emphasis on those crops on which lAR is running improvement 
programmes 

- Standardisation of animal-drawn implement testing 

AUA - Soil fertility: P and related micro-nutrients including mycorrhiza 
- Crop physiology/cropping systems for all cop with special 

emphasis on those crops on which AUA is running improvement 
programmes (crop types different from lAR) 

LUPRD - Vertisol characterisation 

ICRISAT - Resource assessment and utilisation (agro climatology) 

- Land and water management (watershed-based land-use planning) 

ILCA - Traction animal (physiology, feeding uses) 

- Implements for soil, water and crop management and water 
harvesting 

- Crop-livestock interactions, crop residue utilisation 

- On-farm technology evaluation. 

AUA Alemaya University of Agriculture 
lAR Institute of Agricultural Research 
ICRISAT International Crops Research Institute for the Semi-Arid Tropics 
ILCA International Livestock Centre for Africa 
LUPRD Land Use Planning and Regulatory Department, Ministry of 

Agriculture. 

In April 1987, the terms of reference of the TC were revised by the TC itself at its 
4th meeting in order to address more responsibilities. This was approved by the AC in 
September 1987. 

Terms of reference for the Technical Committee (revised) 

The revised terms of reference of the Technical Committee were as follows: 

1. To implement the Project as a joint activity thereby assuring 
inter-institutional flow of information to avoid duplication of effort 
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2. To propose mechanisms for strengthening relevant activities in national 
institutions by suggesting activities where these are inadequate or not well 
covered; further, to make efforts to acquire funds for the same where 
necessary 

3. To advóse on the nature, location and extent of outreach activities in the 
context of the Project 

4. To organise information exchange and briefing sessions of staff of 
participating agencies to increase general awareness and commitment 

5. To keep a comprehensive inventory of research protocols and 
development-oriented activities of participating agencies 

6. To meet for follow-up and assessment at least three times per year (before 
season, mid-season, post-harvest) 

7. To report annually to the Advisory Committee on Project progress and 
any other fimctions assigned by the Advisory Committee 

8. To perform any other functions assigned by the Advisory Committee. 

In 1987, the TC produced the synopsis of institutional involvement (both current 
and intended) in the Ethiopian project, with the understanding that no single institution 
can claim to have the disciplinary specialists, infrastructure and resources that are 
required to address the necessary study on Vertisols. 

The rationale for an inter-institutional approach to research on and development 
of Vertisols was based on the fact that: 

• 

• 

Some elements of improved Vertisol technology can be rapidly brought into 
the extension phase. This is the primary responsibility of the Agricultural 
Extension Services in the Ministry of Agriculture (MOA) 

Multi-disciplinary inputs in technology research and development are required 
in any resource management change. Institutions with complementary 
mandates, therefore, preferably collaborate in these efforts 

The coordination of efforts between institutions allows: 

a) assembling of critical mass, and 
b) judicious use of scarce available funds (especially for research) 

The innovative potential of lARCs (International Agricultural Research 
Centres) can best be deployed if their activities are formally inserted in a 
national system of research and extension 

• To avoid duplication of efforts 

To benefit from exchange of information, experiences and expertise input 

• 

• 
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• To achieve quick technological break-throughs. 

As a follow-up of the recommendation made by the External Review Panel of the 
Joint Project, and the decision reached by the TC, it was necessary to limit the TC 
membership to active participants from the collaborating institutions. A new TC 
composition was suggested and later endorsed by the AC at its sixth meeting on 
27/01791. The new TC membership now had the following membership: 

• AUA Vertisol Project leader 

• lAR Vertisol Project leader 

• ILCA Vertisol Project leader 

• ICRISAT Representative 

• MOA Vertisol Project leader. 

Among the other recommendations made by the TC, AC, the Review Panel and the 
donors were that the TC operation should be raised to a level of opening a coordination 
office and a secretariat so that a more efficient coordination role may take place. 
Although a one-year budget (1992) was approved for the coordination office by SDC, 
it was not possible to employ a coordinator due to uncertainties of funding beyond 1992. 

The Project phases and funding 

The Joint Vertisol Project has passed through three project phases. The first phase 
was between 1986-1988 while the second phase was between 1989-1991. The last phase 
is 1992 which is considered as an intermediate phase, inorder to continue and complete 
the on-going activities. During the first phase, local institutions participated in the 
Project although wthout direct funding. However, ILCA responded to some of the 
necessities (such as vehicle, research supplies, labour expenses etc) expressed by the 
NARSs (mainly lAR, AUA and MOA). 

Beginning in 1989, lAR and AUA received funding assistance from SDC (based on 
the funding application prepared by the Technical Committee and endorsed both by 
lAR and AUA management). Tables 2 and 3 indicate the level of funding received by 
ILCA, lAR and AUA during the project phases. 

Assistance by ICRISAT and IBSRAM 

ICRISAT has been assisting the Joint Vertisol Project by providing expert advice in 
agro-climatology, soil physics, soil fertility and land/water management. ICRISAT 
sdentists also attended regular TC meetings and together with this could interact with 
JVP scientists. Prior to receipt of funding by lAR and AUA, ICRISAT financed the 
training of some technicians at Hyderabad, India. In addition, visits by senior scientists 
and short-term training opportimities were arranged jointly by ICRISAT and the JVP. 
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Development of coonJinated research efforts 

Beginning in September 1990, ICRISAT seconded Mr K L Srivastava land/water 
engineer, to the JVP on a longer term basis (two years). He has been working closely 
with ILCA, AUA and lAR scientists. 

IBSRAM assisted the JVP through its network: Management of Vertisols under 
Semi-Arid Conditions (MOVUSAC) and sponsoring participants (upto 1991) from 
lAR and AUA for attendance in regional Vertisol management conferences. The 
former coordinator of MOVUSAC, Prof. P M Ahn, visited JVP project sites and 
interacted with JVP scientists. 
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Table 2. ILCA's Vertisol management project source of funding 
from 1986 to 1992 (US Dollars). 

Period 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

Donors 

OXFAM 
CARITAS 
Norway 
Switzerland 

OXFAM 
CARITAS 
Norway 
Finland 
Switzerland 

OXFAM 
CARITAS 
Norway 
Finland 
Switzerland 

Norway 
Finland 
Switzerland 

Norway 
Finland 
Switzerland 

Switzerland 
Norway 

Switzerland 
OXFAM 

Amount 

76 000 
62 766 

150 000 
600420. 

113 280 
95 080 

300 000 
148 000 
671 141. 

117194 
198 542 
299 991 
135 000 
653 595. 

200 000 
140 000 
407102 

150000 
41101 

498043. 

329 442 
100 000 

237 000 
60770 

Total 

889186 

1327501 

1404 322 

747102 

689144 

429 442 

297770 
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Table 3. SDC grant for lAR and AUA (US$). 

lAR AUA 

1989 101875 70 733 

1990 124 635 86 536 

1991 115 271 80 034 

1992 115 000* 63 000 

* Of this amount, $61 000 was allotted 
for the coordination office. 

AUA = Alemaya University of Agriculture. 
IAR = Institute of Agricultural Research. 
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DISTRIBUTION AND IMPORTANCE OF ETHIOPIAN VERTISOLS 
AND LOCATION OF STUDY SITES 

KL Srivastava, Mesfin Abebe, Abiye Astatke, Mitiku Haile and Hailu Regassa 

INTRODUCTION 

Vertisols are characterised by their extensive cracking from the surface to depths of 50 
cm or more with seasonal drying and also gilgai microrelief or subsoils showing 
sUcken-sides or sphenoid structures as evidence of seasonal expansion and contraction 
(Probert et al, 1987). These soils generally have a weak horizon differentiation. 

These soils are distributed around the 45°N latitudes, mainly in the tropical and 
subtropical areas of the world. Driessen and Dudal (1989) report an estimated 311 
miUion ha of Vertisols or 2.4 per cent of the global land area. Vertisols occupy about 
105 milUon ha in Africa (Blokhuis, 1982) and about 12.6 million ha in Ethiopia. 

Ethiopia can broadly be divided into highlands (areas above 1500 m altitude) and 
lowlands (area below 1500 m altitude). The highlands cover 40% of the land mass but 
account for about 95% of all cultivated land, accommodating 88% of the total himian 
population and 70% of the total Uvestock population. Also 90% of the economic 
activity is concentrated in these areas (Constable, 1984). 

This chapter describes the distribution, use and importance of Vertisols in the 
country and indicates the location of study sites of the Joint Vertisol Project (JVP). 
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LAND AND SOIL FEATURES 

Parent materials and landscape features 

In the central highlands of Ethiopia, the main soil parent material is olivine basalt of 
tertiary age. Materials of more recent age like tuffs, cinders and finer ash, mainly of 
basic nature are also common parent materials (Ahmad, 1983; Mitiku Haile, 1987). 

The largest extents of Vertisols are found on the volcanic plateaux. Colluvial slopes 
and sidelopes of volcanoes are found in the central highlands, on the colluvial slopes 
and alluvial plains along the Sudan border and on the vast ümestone plateaux of central 
Hararge. They are also found in sites such as granitic colluvium in basins with seasonal 
drainage deficiencies in southern Sidamo. Sandstone colluvium are found in valleys in 
Tigray and the flood plains of the Wabe Shebele and Fafen rivers in the Ogaden (FAO, 
1985). 

The general slope range of the landscape on which Vertisols occur is 0-8% (Berhanu 
Debele, 1985). They arc more frequent in 0-2% slope range and are usually found in 
the landscapes of restricted drainage such as seasonally inundated depressional basins, 
deltas, alluvial/coUuvial plains, pyroclastic plains, undulated plateaux, valleys and 
undulating sideslopes (Berhanu Debele, 1985). Vertisols are usually associated with 
Nitosols, Cambisols, Lithosols, Andosols and Luvisols (Mitiku Haile, 1987). The 
association of Vertisols with other soils and their catenary positions are described by 
Fisseha Itanna (1992). Classification of some typical pedons is given in Table 1. 

Soil characterisation 

Soil characterisation helps in interpreting experimental results and serve as a guide to 
scientific soil management. Soil colour, depth-to-root-restricting layer, texture etc can 
be used to characterise soils. 

Colour 

Soil colour has been an important criterion for recognising and differentiating Vertisols 
by farmers and also by scientists (Kamara and Haque, 1988a; Mitiku Haile, 1991). 
Vertisol with a moist chroma of 1.5 or less within the upper 30 cm is grouped as pellic 
Vertisol; it is called a chromic Vertisol when the moist chroma is greater than 1.5. Fig. 
1 shows major areas of peUic and chromic Vertisols in Ethiopia. The main study sites 
of JVP have also been characterised on the basis of soil colour (Table 2). Marked 
changes in colour as a function of topographic position, drainage and free iron content 
are also commonly observed (Table 3). 

Texture 

Vertisol profiles at several sites have been characterised by Kamara and Haque 
(1988a) and Mitiku Haile (1987). Table 2 includes information on clay content at 
nine sites. 
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, 

(2
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th
e 

dr
y 

pe
ri
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w
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ar
ce

 n
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iv
e 

pa
st

ur
e,

 a
nd

 (
3)

 t
he

 s
ho

rt
 

ra
in

y 
se

as
on

, 
th

e 
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el
g'

 
th

at
 

no
rm

al
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 o
cc

ur
s b

et
w
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F
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ar

y 
an

d 
A

pr
il

. 
A

s 
th

e 
st

ar
t a

nd
 e
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f t
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 m
e/

ie
r s
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n 
va

ri
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 f
ro

m
 y

ea
r 
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 y

ea
r,

 
th

e 
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gi
nn

in
g 

of
 t

he
 s
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se
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en

t 
fe

ed
in

g 
pe

ri
od

s 
al

so
 s

hi
ft

s.
 

N
at

ur
al

 
gr

az
in

g 
is

 t
he

 m
ai

n 
so

ur
ce

 o
f 

liv
es

to
ck

 f
ee

d 
bu

t 
its

 
av

ai
la

bi
lit

y 
ca

n 
va

ry
 

pa
rt

ic
ul

ar
ly

 d
ur

in
g 

th
e 

dr
y 

se
as

on
. A

s 
pa

st
ur

e 
ar

ea
s 

ar
e 

ex
tr

em
el

y 
sm

al
l, 

ha
y-

m
ak

in
g 
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 n

ot
 a

 
co

m
m

on
 

pr
ac

ti
ce

. 
H

ay
 m

ak
in

g 
be

gi
ns

 a
s 

ea
rl

y 
as

 S
ep

te
m

be
r 

in
 s

om
e 

ca
se

s 
an

d 
co

nt
in

ue
s 

up
 to

 t
he

 b
eg

in
ni

ng
 o

f N
ov

em
be

r.
 S

om
e 

fa
rm

er
s 

us
e 

co
m

m
un

al
 g

ra
zi

ng
 

la
nd

 t
hr

ou
gh

ou
t 

th
e 

ye
ar

 e
xc

ep
t 

w
he

n 
it 
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 f

lo
od

ed
 b

ut
 n

ot
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ll 
fa

rm
er

s 
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ve
 a
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s 
to

 
co

m
m

un
al

 p
as

tu
re

 l
an
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 in

 e
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 P

ea
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nt
 

A
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oc
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ti
on

. 

In
 t

he
 E

th
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pi
an

 h
ig

hl
an

ds
, n

at
ur

al
 p
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tu

re
 c

an
 p

ro
du

ce
 6
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 D
M
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a 

bu
t 

w
he

n 
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nt
in

uo
us

ly
 g

ra
ze

d 
it 

yi
el
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5 
to
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 D

M
/h

a 
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ut
zi

 e
t 

al
, 
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. A

s 
fr

eq
ue

nt
 

gr
as

s 
of

ft
ak

e 
le

ad
s 
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 a

 r
ed

uc
ti

on
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n 
D

M
 y

ie
ld

 u
pt
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50

%
, y

ie
ld

 f
ro

m
 h

ea
vi

ly
 g

ra
ze

d 
pa

st
ur

e 
m

ay
 n

ot
 e

xc
ee

d 
1.

51
 D

M
/h

a 
(J

ut
zi

 e
t 

al
, 1
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7a
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O
n 

av
er

ag
e,

 t
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 a
va

ila
bl

e 
fe

ed
 p

er
 f

ar
m

 i
n 

th
e 

V
er

ti
so

l 
ar

ea
s 

on
ly

 m
ee

ts
 t

he
 b

od
y 

m
ai

nt
en

an
ce

 r
eq

ui
re

m
en

ts
 o

f 
th

e 
an

im
al

s.
 V

er
y 

lit
tle

 
is

 
le

ft
 

ov
er

 
fo

r 
gr

ow
th

 a
nd

 
pr

od
uc

ti
on

. 
T

he
 e

st
im

at
ed

 
av

ai
la

bl
e 

fe
ed

 p
er

 f
ar

m
 p

er
 y

ea
r 

at
 I

ne
w

ar
i, 

G
in

ch
i 

an
d 

D
og

ol
lo

 i
s 
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%

, 
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%
 a

nd
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7%
 le
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 th

an
 t

he
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nn
ua

l 
re

qu
ir

em
en

ts
, 

re
sp

ec
ti

ve
ly

. 

F
ee

di
ng

 o
f 

liv
es

to
ck

 

T
ef

f 
an

d 
w

he
at

 s
tr

aw
s 

ar
e 

im
po

rt
an

t 
so

ur
ce

s 
of

 li
ve

st
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k 
fe

ed
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n 
th

e 
hi

gh
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nd
 V

er
ti
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l 

ar
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s.
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ar
le

y 
an

d 
oa

t s
tr

aw
s 

ar
e 

al
so

 i
m

po
rt

an
t 

in
 a

re
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he
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 th
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 p

ro
du
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d.

 O
nl

y 
ce

re
al

 s
tr

aw
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 c

om
m
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al
 v

al
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. A
s 

pu
ls

e 
st

ra
w

 is
 st

oc
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 a
nd

 r
ou

gh
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t i
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m

m
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1 
Su

rv
ey

 o
f 

fa
rm

in
g 

sy
st

em
s 
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 V

er
ti

so
l 

ar
ea

s 

us
ed

 f
or

 h
ou

se
ho

ld
 f

ue
l 

an
d 

fl
oo

r 
cl

ea
ni

ng
. 

W
he

n 
pu

ls
e 

st
ra

w
 i

s 
fe

d 
to

 a
ni

m
al

s,
 it
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m
ix

ed
 w

ith
 

ce
re

al
 

st
ra

w
. 

S
tr

aw
 

su
pp

le
m

en
ta

ti
on

 
is

 c
om

m
on

ly
 r

es
tr

ic
te

d 
to

 
w

or
k-

ox
en

 
an

d 
la

ct
at

in
g 

co
w

s.
 H

ow
ev

er
, 

fa
rm

er
s 

w
ho

 a
re

 w
el

l-
su

pp
li

ed
 w

ith
 

fe
ed

 
al

so
 s

up
pl

em
en

t 
ca

lv
es

 a
nd

 w
or

ki
ng

 e
qu

in
e.

 B
ut

 g
ra

ss
 h

ay
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 c
om

m
on

ly
 fe

d 
to

 w
or

ki
ng

 
ox

en
 a

nd
 m

ilk
in

g 
co

w
s 

du
ri

ng
 th

e 
dr

y 
se

as
on

. F
ee

d 
su

pp
le

m
en

ta
ti

on
 i

s c
om

m
on

ly
 d

on
e 

w
he

n 
th

e 
an

im
al

s 
ar

e 
at

 t
he

 h
om

es
te

ad
. 

O
xe

n 
en

ga
ge

d 
in

 w
or

k 
ha

ve
 p

ri
or

it
y 

fo
r 

m
os

t 
fe

ed
 s

up
pl

em
en

ta
ti

on
. T

he
 a

m
ou

nt
 o

f 
st

ra
w

 f
ed

 
de

pe
nd

s 
on

 t
he

 w
or

k 
ex

pe
ct

ed
 f

ro
m

 
th

e 
ox

. D
ur

in
g 

th
e 

pe
ak

 p
er

io
d,

 o
n 

av
er

ag
e 

5 
to

 1
0 

kg
 o

f s
tr

aw
 is

 fe
d 

to
 a

n 
ox

 e
ac

h 
da

y.
 

W
ei

gh
t o

f 
st

ra
w

 is
 lo

ca
lly

 e
xp

re
ss

ed
 i

n 
ku

rb
et

, w
hi

ch
 is

 ro
ug

hl
y 

th
e 

si
ze

 o
f 

a 
hi

de
 f

or
 

pa
ck

in
g 

st
ra

w
 

w
he

n 
tr

an
sp

or
ti

ng
 

on
 d

on
ke

y.
 A

 
sm

al
l 

ku
rb

et
 

w
ei

gh
s 

ab
ou

t 
30

 k
g,

 
w

hi
le

 m
ed

iu
m

 a
nd

 l
ar

ge
 s

iz
es

 w
ei

gh
 4

0-
50

 k
g.

 I
n 

a 
no

rm
al

 y
ea

r,
 t

he
 p

ri
ce

 
of

 o
ne

 k
g 

of
 c

er
ea

l s
tr

aw
, o

n 
av

er
ag

e,
 a

m
ou

nt
s 

to
 E

B
 0

.1
0 

in
 V

er
ti

so
l 

ar
ea

s 
lik

e 
D

eb
re

 Z
ei

t 
an

d 
In

ew
ar

i. 
G

ra
ss

 h
ay

 w
hi

ch
 i

s 
us

ed
 f

or
 m

ak
in

g 
ha

y 
is

 c
ut

 b
et

w
ee

n 
S

ep
te

m
be

r 
an

d 
O

ct
ob

er
. 

H
ay

 
be

co
m

es
 a

va
ila

bl
e 

in
 t

he
 m

ar
ke

t 
fr

om
 

D
ec

em
be

r 
up

to
 

A
ug

us
t. 

A
s 

st
ra

w
 is

 a
va

ila
bl

e 
af

te
r 

th
e 

cr
op

 h
ar

ve
st

, i
.e

. 
fr

om
 D

ec
em

be
r 

to
 A

pr
il

, t
he

 p
ri

ce
 o

f 
ha

y 
al

so
 d

ro
ps

 d
ur

in
g 

th
is

 p
er

io
d.

 T
he

 p
ri

ce
 g

oe
s 

up
 a

ga
in

 b
et

w
ee

n 
Ju

ne
 a

nd
 A

ug
us

t 
w

he
n 

st
ra

w
 is

 h
ig
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y 

in
 d

em
an

d 
be
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e 
du

ri
ng

 t
hi

s 
ti

m
e 
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l s

to
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d 
fe
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 o
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fa
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an
d 
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ra
l 
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eq
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te
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hi
s 
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 a
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o 

a 
pe

ak
 w

or
ki

ng
 p

er
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d 
fo

r 
ox

en
. 

L
ik

e 
fo

r 
ot

he
r 

cl
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se
s 

of
 U

ve
st

oc
k,

 t
he

 m
ai

n 
so

ur
ce

 o
f 

fe
ed

 
fo

r 
sh

ee
p 
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 n

at
iv

e 
pa

st
ur

e 
an

d 
st

ub
bl

e 
gr

az
in

g.
 I

n 
ge

ne
ra

l 
ha

y,
 s

tr
aw

 o
r 

ot
he

r 
fe

ed
s 

ar
e 

su
pp

le
m

en
te

d 
on

ly
 

du
ri

ng
 

se
ve

re
 

fe
ed

 
st

re
ss

. 
A

lt
ho

ug
h 

sh
ee

p 
fa

tte
ni

ng
 i

s 
fa

ir
ly

 
co

m
m

on
 

th
ro

ug
ho

ut
 t

he
 h

ig
hl

an
d 

V
er

ti
so

l a
re

as
, s

up
pl

em
en

ta
ti

on
 i

s 
no

t c
om

m
on

 e
xc

ep
t 

in
 t

he
 

In
ew

ar
i 

ar
ea

. 
A

 n
um

be
r 

of
 

fa
rm

er
s 

ar
e 

en
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ge
d 

in
 s

he
ep

-f
at

te
ni

ng
 a

ct
iv

ity
. 

A
t 

th
e 

tim
e 

of
 th

e 
su

rv
ey

, 3
2%

 a
nd
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7%

 o
f 

th
e 

fa
rm

er
s 

at
 I

ne
w

ar
i 

an
d 

D
og

oU
o,

 r
es

pe
ct

iv
el

y,
 

ar
e 

re
po

rt
ed

 
to

 h
av

e 
fa

tt
en

ed
 s

he
ep

. 

T
he

 m
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 r

ea
so
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 c

it
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ot

 f
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te
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ng
 s

he
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 s
ho

rt
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e 
of
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pi
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l 
an

d 
fe

ed
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T
ra

di
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on
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 s

he
ep

 f
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te
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ng
 

ta
ke

s 
4-
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m

on
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s,
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nd
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lly
 

ta
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fo

r 
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n 
at

 E
th

io
pi

an
 C

hr
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 a
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 E
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te
r 

(J
an

ua
ry

 a
nd

 A
pr

il
).

 

C
O

N
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R
A
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T

S 
T

O
 

P
R

O
D

U
C

T
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N
 

F
ar

m
er

s'
 v

ie
w

 o
f 

co
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tr
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nt
s 
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 t

he
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 f
ar

m
 p

ro
du

ct
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n 
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n 
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ve
 a

 g
oo

d 
in

si
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t 
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to
 t
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un

it
ie

s 
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r 
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lo
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l 
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en

ti
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. 
C

on
st

ra
in
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 a
gr

ic
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tu
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l p
ro
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ct
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n 

in
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e 

E
th

io
pi

an
 h

ig
hl

an
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m
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ed
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n 

th
e 
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w
in

g 
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bs
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ti
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hi
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m

m
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 c
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w
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an
ts
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at
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n 
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 o
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er
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ti
on

s 
an

d 
an
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 o

f 
th

e 
fa

rm
in

g 
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st
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C
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p 
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on

 c
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st
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in
ts

 

C
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st
ra

in
ts

 
to

 
cr

op
 p

ro
du

ct
io

n 
in

 t
he

 V
er

ti
so

l 
st

ud
y 

si
te

s 
in
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ud

e 
w

at
er

lo
gg

in
g,

 
sh

or
ta

ge
so

fl
an

d,
 l

an
d 

de
gr

ad
at

io
n,

 im
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ov
ed
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np

ut
s,

 w
or

ki
ng

 c
ap

it
al

, a
ni

m
al

 d
ra

ug
ht

 
po

w
er

 a
nd

 
la

bo
ur

 a
s 

w
el

l a
s 

w
ee

ds
, p

es
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nd

 d
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ea
se

s.
 

ila
nd

 V
er

ti
so

l 
od

uc
ed
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nl

y 
is

 c
om

m
on

ly
 

1 

an
ds

 d
ep

en
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ep

en
de
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 a

nd
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a 
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n 
ye
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n 
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in
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e 

'b
el

g'
 

th
at

 
m
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ea
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sh
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lit
y 
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n 

va
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ay
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ak

in
g 
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 s
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e 
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se

s 
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na
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ra
zi

ng
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ve
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s 
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w
he

n 
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A
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ue
nt

 
ea

vi
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ra
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d 
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 t
he

 b
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y 
r 

gr
ow

th
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nd
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in
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an

d 
je
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G
et
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m

en
ew
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t a

l. 

W
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er
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g 

Se
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g 
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en
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 c
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t i
n 

th
e 

E
th
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an
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d 

V
er
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A
s 

a 
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su
lt 

yi
el

ds
 o

f g
ra

in
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nd
 c

ro
p 
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du
e 

ar
e 
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w

 (T
ab

le
s 

7 
an

d 
8)

. T
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 s
ev
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 o
f 
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 c
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st
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in
t 
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 l
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n 
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pe
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in

g 
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e 
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y 
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l 
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ri
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e 

gr
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g 

pe
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e 
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ev
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at
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 p
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e 
to

 o
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e 
w
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 F
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m
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f 
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 d
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y 
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w
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n 
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at
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gg

in
g 
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d 
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tiv
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d 

V
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 s
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m
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l 
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er
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g 
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ss
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r f
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m
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r 
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, t
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y 
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 l
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 f
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 T
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at
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e 
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w
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 c
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g 
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n 
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t 
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d 
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 o
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e 
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d 
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d 
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at
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 d
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 c
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 p
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 b
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r d
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th
e f

in
an

ci
al

 in
ad

eq
ua

cy
 to

 p
ur

ch
as

e 
th

em
. A

t t
he

 ti
m

e 
of

 th
e 

su
rv

ey
 fe

rti
lis

er
 w

as
 so

ld
 

to
 fa

rm
er

s 
in

 so
m

e 
Pe

as
an

t A
ss

oc
ia

tio
ns

 (
PA

s)
 m

os
tly

 o
n 

a 
lo

an
 b

as
is

 b
y 

th
e 

M
in

is
try

 
of

 A
gr

ic
ul

tu
re

 
th

ro
ug

h 
Se

rv
ic

e 
C

oo
pe

ra
tiv

es
 (

SC
s)

. 
SC

s 
re

qu
ir

ed
 t

ha
t 

al
l 

ot
he

r 
fa

rm
er

s 
w

ho
 t

oo
k 

fe
rti

lis
er

 l
oa

ns
 s

ho
ul

d 
re

pa
y 

th
e 

co
st

 im
m

ed
ia

te
ly

 a
fte

r 
th

ei
r 

cr
op

 
ha

rv
es

t i
n 

or
de

r 
to

 b
e 

el
ig

ib
le

 fo
r 

th
e 

ne
xt

 lo
an

. A
 fa

rm
er

 w
ou

ld
 n

ot
 b

e 
el

ig
ib

le
 f

or
 a

 
lo

an
 im

til
 a

ll 
fa

rm
er

s 
in

 a
 g

iv
en

 P
A

 
re

pa
id

 
th

ei
r 

de
bt

s.
 T

hi
s 

w
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 re
po

rt
ed

 t
o 

be
 a

 
cr

iti
ca

l c
on

st
ra

in
t 

to
 th

os
e 

fa
rm

er
s 

w
ho

 re
gu

la
rly

 s
et

tle
d 

th
ei

r 
de

bt
s 

pr
om

pt
ly

. 

A
lth

ou
gh

 fa
rm

er
s 

in
 g

en
er

al
 a

re
 a

w
ar

e 
of

 th
e 

po
si

tiv
e 

ef
fe

ct
s 

of
 ch

em
ic

al
 fe

rti
lis

er
s 

on
 c

ro
ps

, t
he

 r
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e 
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ed
 p

er
 f
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m
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ui
te

 lo
w

 (T
ab

le
 6

) b
ec

au
se
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f 

th
e 
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on
s 
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te

d 
ab

ov
e.

 

T
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 s
ee

di
ng

 r
at

e 
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h 
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e 
of
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 i
m
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rit

ie
s 

an
d 

lo
w
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er

m
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at
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ra

te
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f 
lo
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ar
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 s
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lth

ou
gh
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e 
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so

m
e 

lA
R
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el

ea
se

d 
va

ri
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ie
s 
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he
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try
, t

he
y 

ar
e 

no
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et
 re

ad
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va
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e 
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 a
ll 

fa
rm

er
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H
en
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, 
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e 
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s 
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se
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f 
fe

rti
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er
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m
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ed
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ee

d 
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e 
m
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e 
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itu
tio
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l i
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D
ra

ug
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 a
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m
al

 sh
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ta
ge

 

T
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 u
ne

ve
n 
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st
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 w
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 b
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a 
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l 
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m
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e 

fa
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g 
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st
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s 
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V
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s 

m
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t c
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 p
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l c
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1 
Su
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 o
f 
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in
g 

sy
st
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 V

er
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re
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^e
rt
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as
, 

he
 s

ev
er
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 o

f 
it

y 
of

 r
ai

nf
al

l 
la

t 
af

fe
ct
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5.

 F
an

ne
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n 

: 
on

 fo
od

 a
nd

 
D

cr
ea

se
 f
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m

 

ha
 p

er
 f
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.re
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k.
 

T
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pr

ob
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m
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gh
t 

an
im

al
s,

 f
ar

m
er

s 
w

it
ho

ut
 th
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e 

an
im

al
s 

ar
e 
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 d
is

ad
va

nt
ag

e 
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 t

he
 m

os
t 

pr
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bl

e 
cr

op
 m
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n 
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m
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 T
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 tr
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io
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l 
dr
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gh
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an

im
al

 e
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ng
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re
 n

o 
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f 
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ca
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e 

an
im

al
s 

be
co

m
e 
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e 
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 c
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tiv
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n 
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 l
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d 
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 t
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w
ne

r 
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im
al

s 
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 c
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pl
et
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T
hi

s 
w
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 a

 p
ro

bl
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 o
f 
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e 

fa
rm

er
s 
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 D

og
ol
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 G
in

ch
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%

 a
t I

ne
w
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i 
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ey
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ad
 n
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e 

or
 o
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y 
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e 
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W
ee
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T
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 r
ea
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n 
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r 
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ra
l 
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l 
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o 
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f 
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ra
l 
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y 
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n 
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e 
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m
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w

ee
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n 
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e 

E
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an
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ig
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d 

V
er

ti
so

l 
ar

ea
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e:
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se
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(P
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s 
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ra
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xi
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or
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' 

(S
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iu

ru
s 

m
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'w
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te

be
t' 

(P
la

nt
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o 
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nv
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ta

),
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w
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, 
(M

ed
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o 
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m
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c.

 U
se

 o
f 
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l s
ee

d 
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 p
ro
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w

ee
ds

. 
T
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ee
di
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m

al
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s 
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r 
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V
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 d
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m
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O
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ur
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 t
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 c
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. 

G
en

er
al

ly
 u

se
 o

f 
se

le
ct

iv
e 

he
rb

ic
id

e 
is

 l
im

it
ed

. 

co
nt

in
uo

us
ly

 
os

io
n 

is
 h

ig
h.
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 o
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 b
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 d
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w
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 c
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s 
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ra
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f 
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e 

d 
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m
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e 

fa
rm

in
g 
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et
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y 
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l 
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w
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 m
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) 
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 c

ro
ps
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n 
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e 
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w
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d 

m
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e 
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s 
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s 
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D
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t 
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d 

G
in
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se
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s 

su
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s 
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au
se

 c
on

si
de

ra
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e 
da

m
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e 
to

 w
he
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ev
en
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n 
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gh
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V
er

ti
so

l 
ar

ea
s.
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a 
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an
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s 
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eq
ue
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ly
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d 
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 t
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 s
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n 

cr
op

 d
is

ea
se

s 
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e 
ch

oc
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at
e 

sp
ot
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t 
an

d 
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ut
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L
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E
S
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O

C
K

 
P

R
O
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U

C
T
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N

 
C

O
N
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R

A
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T
S 

A
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m
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 n
ut
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L
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es
to

ck
 f

ee
d 

su
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 e
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at
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nd

 s
ea

so
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l. 
T

he
re

 i
s 
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re
 s
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rt
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e 
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ri

ng
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e 
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y 
se

as
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nd
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t 
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e 

be
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 m
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n 
ra
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s.

 T
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m

os
t 

cr
it

ic
al

 p
er

io
d 
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et
w

ee
n 

A
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il
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nd
 t
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be
gi
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in

g 
of
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ul

y,
 w

he
n 

al
l 

fe
ed

 r
es

ou
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 v

ir
tu
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ly

 d
ep

le
te

d.
 

C
on

se
rv

at
io

n 
of

 
st

ra
w

 
an

d,
 i

n 
a 

fe
w

 i
ns

ta
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es
, o

f 
ha

y 
is

 
in

ad
eq

ua
te

. 
W

ha
te

ve
r 

is
 

co
ns

er
ve

d 
is

 p
re

fe
re

nt
ia

ll
y 

fe
d 

to
 d

ra
ug

ht
 a

ni
m

al
s.

 
A

dd
it

io
na

l 
fe

ed
s 

ar
e 

re
qu

ir
ed

 
du

ri
ng

 p
lo

ug
hi

ng
 a

nd
 

pl
an

ti
ng
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T

he
 

hi
gh

 e
ne

rg
y 

de
m

an
d 

of
 w

or
ki

ng
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ni
m

al
s 
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 n

ot
 

m
et

 a
nd

 h
en

ce
 t

he
ir

 c
on

di
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on
 d

et
er

io
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s 

ra
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y 
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ri

ng
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s 
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ri
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. 
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di

vi
du

al
ly

 o
w

ne
d 

pa
st

ur
e 

la
nd

s 
ar

e 
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al
l a

nd
 r

ar
e 

in
 s
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e 

ar
ea

s.
 D

ue
 t

o 
la

nd
 

sh
or

ta
ge

 g
ra

zi
ng

 l
an

ds
 a

re
 b

ei
ng

 e
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ro
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he
d 

fo
r 

cr
op

 p
ro

du
ct

io
n.

 T
he

 s
to

ck
in

g 
ra

te
 

on
 a

va
ila

bl
e 

co
m

m
un

al
 la

nd
s 

is
 h

ig
h.

 T
he

re
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 n
o 

re
st

ri
ct

io
n 
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 th

e 
nu

m
be

r 
of

 U
ve

st
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k 
te
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 c
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m
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al
 g
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ng
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C
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se
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en
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y,

 e
ve
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l 
fa
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er

 t
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to
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ax
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e 
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e 

fe
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nt
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e 
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ve
st

oc
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 c
au
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ng
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ve
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 d
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F
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m
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m
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e 
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e 
nu

m
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of
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m
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s 
in

 t
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ir
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d 
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e 
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en
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G
et
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he

w
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m

en
ew

 e
t a

l. 
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(2

) 
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 r

eg
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d 
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 v
er

y 
im
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t 
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d 

se
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y,

 a
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en
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ig
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r f
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m
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er
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ce
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m

m
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 p

ro
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T
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m
m
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se

d 
fe
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 (
i.e

. p
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, s
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w
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 h
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e 

E
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pi

an
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 d
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M
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w
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T
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 c
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w
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e 
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H

en
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e 
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n 
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t m
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 m
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ir
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, p
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 c
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m
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8)
. 

M
ar
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A
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 p
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 p
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e 

V
er

tis
ol

 
ar

ea
s 

aw
ay

 fr
om

 A
dd

is
 A

ba
ba

, s
in

ce
 

th
ey

 a
re

 n
ot

 s
er

ve
d 

w
ith

 m
ilk

 c
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 p
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 b
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 d
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l m
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t 
(1

0-
40

%
) 

th
an

 t
he

 m
ar

es
ha

, 
th

er
eb

y 
ca

us
in

g 
th

e 
ox

en
 t

o 
be

co
m

e 
m

or
e 

ea
si

ly
 f

at
ig

ue
d 

(A
R

D
U

, 
19

80
).

 O
ve

ra
ll

, a
do

pt
io

n 
of

 t
he

se
 t

hr
ee

 i
m

pl
em

en
ts

 h
as

 n
ot

 b
ee

n 
su

cc
es

sf
ul

. 

T
R

A
D
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N
A

L
 P

R
A

C
T
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E

S 
F

O
L

L
O

W
E

D
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O
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G

R
O

W
IN

G
 

C
R

O
P

S 
O

N
 

V
E

R
T
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O

L
S 

D
ur

in
g 

th
e 

m
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n 
gr
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g 
pe
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od

, w
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gg
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g 
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 o
f 

th
e 

m
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 c
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st
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 f
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 c

ro
p 
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od
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n 
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E
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an
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ig
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an

d 
V
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ti
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l 
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s.
 

T
he

 s
ev

er
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 o
f 

th
e 

co
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tr
ai

nt
 

va
ri

es
 f

ro
m

 a
re

a 
to

 a
re

a 
de

pe
nd

in
g 

on
 t

he
 c

la
y 

co
nt

en
t 

of
 t

he
 s

oi
l, 

ra
in
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ll 

(d
ur

in
g 

th
at

 
pe

ri
od

) 
an

d 
th

e 
so

il 
te

m
pe

ra
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re
 w

hi
ch

 a
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o 
de

pe
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s 
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he

 m
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st
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e 
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en

t 
of

 t
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il.
 F

ar
m

er
s 
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he
 V

er
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so
l 
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ea

s 
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al
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e 
th

e 
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ve
rs

e 
ef

fe
ct

s 
of

 w
at

er
lo

gg
in

g 
on

 c
ro

p 
pr

od
uc

ti
vi

ty
 a

nd
 h

av
e 

de
ve

lo
pe

d 
tr

ad
it

io
na

l 
m

et
ho

ds
 f
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 o

ve
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om
in

g 
it

. 

O
ne

 o
f 

th
e 

tr
ad

it
io

na
l 

m
et

ho
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 p
ra

ct
ic

ed
 

fo
r 

ov
er

co
m

in
g 

th
e 

w
at

er
lo

gg
in

g 
pr

ob
le

m
 is

 p
la

nt
in

g 
cr

op
s 

la
te

 in
 th

e 
se
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on

 a
ft

er
 t

he
 e

xc
es

s w
at

er
 h

as
 n

at
ur

al
ly

 d
ra

in
ed

 
aw

ay
 t

o 
gr

ow
 o

n 
th

e 
re

si
du

al
 m

oi
st

ur
e.

 
T

he
 v

ar
ie

ti
es

 o
f 

th
es

e 
cr

op
s 

li
ke

 w
he

at
, 

ch
ic

kp
ea

, 
ro

ug
h 

pe
a 

et
c 

ha
ve

 a
 s

ho
rt

 g
ro

w
in

g 
pe

ri
od

 o
f 

no
t 

m
or

e 
th

an
 t

hr
ee

 m
on

th
s.

 
E

ra
ff

-o
st

is
 t

ef
 w

hi
ch

 m
ild

ly
 t

ol
er

at
es

 w
at

er
lo

gg
in

g 
is

 p
la

nt
ed

 d
ur

in
g 

th
e 

m
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e 
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g 
th

e 
tr

ad
it

io
na

l 
pl

ou
gh

 

ra
in

y 
se

as
on

. 
T

ra
di

ti
on

al
 p

ra
ct

ic
e 

do
es

 n
ot

 f
ul

ly
 e

xp
lo

it 
th

e 
gr

ow
in

g 
pe

ri
od

. 
H

en
ce

 
cr

op
 y

ie
ld

s 
ar

e 
lo

w
 a

ve
ra

gi
ng

 0
.8

 t/
ha

 (
B

er
ha

nu
 D

eb
el

e,
 1

98
5)

. 

In
 th

e 
hi

gh
-a

lt
it

ud
e 

ar
ea

s 
of

 E
th

io
pi

a,
 ie

. a
bo

ve
 2

40
0 

m
 a

sl
, a

 u
ni

qu
e 

pr
ac

ti
ce

 c
al

le
d 

'g
ui

e'
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 a

do
pt

ed
 f

or
 g

ro
w

in
g 

ba
rl

ey
 o

n 
V

er
ti

so
ls

 a
ft

er
 l

ea
vi

ng
 th

e 
ar

ea
 f

al
lo

w
 f

ro
m

 5
-8

 
ye

ar
s 

(T
es

fa
ye

 T
es

se
m

a 
an

d 
D

ag
na

tc
he

w
 Y

ir
go

u,
 1

97
3)

. 
T

he
 f

ar
m

er
s 

pl
ou

gh
 t

he
 l

an
d 

th
re

e 
to

 f
ou

r 
ti

m
es

 d
ur

in
g 

th
e 

dr
y 

se
as

on
, h

ea
p 

th
e 

so
il 

at
 ir

re
gu

la
r 

sp
ac

in
g 

an
d 

b
u

m
 i

t 
w

ith
 d

ry
 m

an
iu

-e
, g

ra
ss

 a
nd

 w
ee

ds
. 

T
he

 s
oi

l i
s 

th
en

 s
pr

ea
d 

ba
ck

 o
n 

th
e 

H
el

ds
 (

B
er

ha
nu

 
D

eb
el

e,
 1

98
5)

. A
ft

er
 t

he
 o

ns
et

 o
f t

he
 fo

llo
w

in
g 

ra
in

s 
in

 m
id

-J
un

e,
 th

e 
fi

el
ds

 a
re

 p
lo

ug
he

d 
ag

ai
n 

an
d 

ba
rl

ey
 i

s 
gr

ow
n.

 T
he

 p
la

nt
in

g 
of

 b
ar

le
y 

co
nt

in
ue

s 
fo

r 
tw

o 
to

 t
hr

ee
 s

ea
so

ns
 

an
d 

th
e 

la
nd

 i
s 

th
en

 l
ef

t 
fo

r 
fa

llo
w

. 
T

he
 b

ur
ni

ng
 o

f 
th

e 
so

il 
'g

ui
e'

 c
ha

ng
es

 t
he

 t
op

 s
oi

l 
st

ru
ct

ur
e 

pr
od

uc
in

g 
m

or
e 

co
ar

se
 t

ex
tu

re
 w

hi
ch

 f
ac

iU
ta

te
 b

et
te

r 
w

at
er

 m
ov

em
en

t 
an

d 
dr

ai
na

ge
. 

D
if

fe
re

nt
 c

ul
tiv

at
io

n 
te

ch
ni

qu
es

 a
re

 a
ls

o 
pr

ac
ti

ce
d 

us
in

g 
th

e 
m

ar
es
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 t

o 
m

in
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is
e 

th
e 

w
at

er
lo

gg
in

g 
pr

ob
le

m
 o

n 
V

er
ti

so
ls

. 
F

la
t s

ee
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ed
 p

re
pa

ra
ti

on
 i

s 
co

m
m

on
 o

n 
ge

nt
le

 
sl

op
es

 e
xc

ep
t 

fo
r 

th
e 

fa
ct

 t
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t 
ou
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id

e 
di

tc
he

s 
ar

e 
so

m
et

im
es

 d
ug

 t
o 
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nt

ro
l 

fl
oo

di
ng

. 
T

hi
s m

et
ho

d 
is

 c
om

m
on

 in
 d

ri
er

 r
eg

io
ns

 a
nd

 c
ro

ps
 s

uc
h 

as
 h

or
se

 b
ea

n,
 fi

el
d 

pe
as

, b
ar

le
y,

 
li

ns
ee

d 
an

d 
so

rg
hi

m
i 

ar
e 

pl
an

te
d 

(A
ba

te
 T

ed
la

 a
nd

 M
oh

am
ed

-S
al

ee
m

, 
19

92
).
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e 

pa
rt
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 c
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al
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ig
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an
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f 
E
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a 

(S
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w
a 
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d 

G
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am
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 d
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e 
fu

rr
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s 
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e 
m
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e 

w
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n 

th
e 
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 s
ee
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ed
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ft

er
 p
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nt

in
g.

 T
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se
 f

ur
ro

w
s 

ar
e 

m
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e 
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ro
ss

 t
he

 c
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to
ur

 a
t 

di
st

an
ce

s 
ra

ng
in

g 
fr

om
 t

hr
ee

 t
o 

se
ve

n 
m

et
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s.
 

T
he

se
 

dr
ai

na
ge

 f
ur

ro
w

s 
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n 
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e 
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 1
5 
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 d
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th

s 
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 2
0 
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. 

T
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a 
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n 
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e 
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ai
na

ge
 f

ur
ro

w
s 

fr
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 c
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p 
ar

ea
s 
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n 

be
 1
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%
 (

W
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tp
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l, 
19

75
).

 I
n 

ar
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s 
w

th
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l, 
it 
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 c
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m

on
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ra
ct

ic
e 
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 th

e 
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it
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na

l s
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te
m
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 m
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e 
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dg
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nd
 f
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w
s 
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in

g 
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m
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es
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. 

T
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s 

an
d 

fu
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s 
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e 

m
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r 

br
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n 
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e 
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it
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na
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y 
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 s
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ed
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T
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 r

id
ge

s 
an

d 
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e 
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n 
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tr
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te
d 
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e 

m
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t 

an
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er

va
l 

ra
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g 
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0 
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0 
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. 
T
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 h
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gh
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 r
id
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s 

fr
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 t
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 o
f t
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 f

ur
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w
s 
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 fr

om
 1

0 
to

 1
5 
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. 

T
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 m
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 p

ro
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em
 w
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 th
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 t

ra
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ti
on
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st

em
 h
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 b

ee
n 

th
at

 n
o 

ou
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id
e 

dr
ai

na
ge

 is
 c

on
st

ru
ct

ed
 t

o 
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ke
 th

e 
fi

el
d 

w
at

er
. 

O
n 

ve
ry

 
lo

w
 s

lo
pe
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 t

hi
s 

pr
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ti
ce

 d
oe

s 
no

t 
dr

ai
n 

ou
t 

th
e 

w
at

er
 f

ro
m

 t
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 f
ie

ld
. 

T
he

 w
at

er
 t
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s 
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s 
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s 

in
 th

e 
fu

rr
ow

s 
(F

ig
. 2

).
 O

n 
m

od
er
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e 

an
d 

hi
gh
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 s

lo
pe

s,
 th

e 
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ow
 o

f 
w

at
er
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 t

he
 f

ie
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s 
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ce
le

ra
te

s 
er

os
io

n.
 

A
t 

In
ew

ar
i w

hi
ch
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s 

fo
un

d 
in

 th
e 

ce
nt

ra
l 

hi
gh

la
nd

s 
of

 E
th

io
pi

a,
 s

ur
fa
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 d

ra
in

ag
e 
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V
er

ti
so

ls
 is

 fa
ci

U
ta

te
d 

w
ith

 th
e 

us
e 

of
 m

an
ua

lly
 f

or
m

ed
 b

ro
ad

be
ds

 a
nd

 f
ur

ro
w

s 
(F

ig
. 3

).
 

T
he

 s
ee

db
ed

 i
s p

re
pa

re
d 

by
 m

ak
in

g 
3 

- 4
 p

as
se

s 
w

ith
 th

e 
m

ar
es

ha
. 

In
 t

he
 m

id
dl

e 
of

 t
he

 
ra

in
y 

se
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on
, t

he
 s

ee
ds

 a
re

 b
ro

ad
ca

st
 a

nd
 f

ur
ro

w
s 

m
ad

e 
w

ith
 th

e 
m

ar
es

ha
 a

t a
n 

in
te
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al
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.8

 t
o 

1 
m

. 
U

si
ng

 f
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ily
 l
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r,
 t
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l 
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 t
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n 
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pe
d 
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 f
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m
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 f
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ro
w

s 
an

d 
du

m
pe

d 
on

 th
e 

be
ds

. 
B

y 
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in
g 

th
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 m
et
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d,
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nl

y 
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 t
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 b

ro
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d 

an
d 
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t t

he
y 
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 c
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e 
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ed
s.
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 th

e 
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io
na

l s
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te
m

, g
ra
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 d

ra
in

ag
e 

ch
an

ne
ls

 a
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 a
ls

o 
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ns
tr

uc
te

d 
to

 c
ar

ry
 th

e 
w

at
er

 c
om

in
g 

fr
om

 t
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ro

p 
fi

el
ds

. T
hi

s p
ra

ct
ic

e 
of

 c
on

st
ru

ct
in

g 
br

oa
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ed
s 

an
d 

fu
rr

ow
s 

m
an

ua
lly

 in
vo

lv
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ar

d 
w

or
k 

fo
r 

th
e 

fa
rm

 f
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. 
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T
H

E
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B
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N
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T
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A
C

H
M

E
N

T
S 

G
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er
ed
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n 
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e 

de
si
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f 
th

e 
br
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db

ed
 m
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 a
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 a
tt
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en
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 a
re

 
so

il
s,

 t
he

 
re

so
ur

ce
s 

av
ai

la
bl

e 
to

 
th

e 
fa

rm
er

, 
tr

ad
it

io
na

l 
fa

rm
in

g 
sy

st
em

s 
an

d 
m

an
uf

ac
tu

ri
ng

 a
nd

 r
ep

ai
r 

fa
ci

lit
ie

s 
lo
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lly

. 

S
oi

ls
 

V
er

ti
so

ls
 a

re
 c

om
pa

ra
ti

ve
ly

 f
er

til
e 

so
ils

 fo
un

d 
m

ai
nl

y 
on

 la
nd

 w
ith

 a
 s

lo
pe

 n
ot

 e
xc

ee
di

ng
 

8%
. 

T
he

se
 s

oi
ls

 h
av

e 
cl

ay
 c

on
te

nt
s 

be
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ee
n 

35
 a

nd
 8

0%
, w

hi
ch

 la
rg

el
y 

de
te

rm
in

e 
th

ei
r 

ph
ys

ic
al

 p
ro

pe
rt

ie
s.

 
D

ue
 t

o 
th

e 
hi

gh
 c

la
y 

co
nt

en
t, 

th
e 

w
at

er
-h

ol
di

ng
 c

ap
ac

it
y 

is
 h

ig
h,

 
th

e 
in

fi
lt

ra
ti

on
 r

at
e 

lo
w

, a
nd

 th
e 

in
te
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al

 d
ra

in
ag

e 
sl

ow
. T

hi
s 

of
te

n 
le

ad
s 

to
 w

at
er

lo
gg

in
g 

du
ri

ng
 t

he
 m

ai
n 

ra
in

y 
se
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on

. 
A

t 
lo

w
 s
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l-

m
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st
ur

e 
le

ve
ls

, 
V

er
ti

so
ls

 s
hr

in
k 

fo
rm

in
g 

cr
ac

ks
 u

p 
to

 1
0 

cm
 w

id
e 

an
d 

be
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m
e 

ha
rd

 w
hi

le
 w

et
; t
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y 
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so

 s
w

el
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e 
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d 
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. 
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 p
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at
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 p
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en
ti

al
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 b
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tr
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it
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ra
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 c
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 t
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th
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 d
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 d
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 m
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re
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ee

de
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 d
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un

d 
a 

m
et

re
 f

ro
m

 t
he

 lo
w

er
 e

dg
es

 
of

 t
he

 p
ol

es
. 

A
 s

te
el

 w
in

g 
of

 m
ou

ld
bo

ar
d 

sh
ap

e 
is

 th
en

 a
tt

ac
he

d 
on

 e
ac

h 
of

 t
he

 i
nn

er
 

fl
at

 w
in

gs
 o

f 
th

e 
m

ar
es

ha
 t

o 
pu

sh
 t

he
 s

oi
l 

m
si

de
 a

nd
 f

or
m

 t
he

 b
ro

ad
be

d 
an

d 
fu

rr
ow

 
(B

E
F

).
 

T
he

 c
ha

in
 a

tt
ac

he
d 

at
 t

he
 e

dg
e 

of
 t

he
 m

et
al

 w
in

gs
 n

ot
 o

nl
y 

sh
ap

es
 t

he
 b

ed
s 

ev
en

ly
 b

ut
 i

t 
al

so
 c

ov
er

s 
th

e 
se

ed
s 

as
 t

he
 p

re
vi

ou
s 

B
B

M
. 

T
he

 p
ow

er
 r

eq
ui

re
m

en
t 

fo
r 

th
is

 n
ew

 B
B

M
 i

s 
lo

w
er

 (
0.

62
 k

w
) 

th
an

 t
he

 p
re

vi
ou

s 
on

e 
an

d 
ca

n 
be

 a
tt

ri
bu

te
d 

to
 t

he
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A
bi

ye
 A

st
at

ke
 a

nd
 F

er
ew

 K
el

em
u 

m
et

al
 w

in
gs

 w
hi

ch
 h

av
e 

lo
w

er
 f

ri
ct

io
na

l 
fo

rc
e 

th
ro

ug
h 

th
e 

so
il 

th
an

 w
oo

d.
 

T
he

 a
re

a 
co

ns
tr

uc
te

d 
in

to
 B

B
F 

in
 s

ix
 w

or
ki

ng
 h

ou
rs

 b
y 

a 
pa

ir
 o

f 
ox

en
 r

an
ge

s 
fr

om
 0

.4
 h

a 
to

 1
.2

 
ha

 f
or

 t
hi

s 
an

d 
th

e 
pr

ev
io

us
 B

B
M

. 
T

he
 r

at
e 

of
 w

or
k 

de
pe

nd
s 

on
 t

he
 n

um
be

r 
of

 p
as

se
s 

ap
pU

ed
 t

o 
m

ak
e 

ea
ch

 B
B

F
, 

th
e 

ti
lt

h 
st

at
us

 o
f 

th
e 

to
p 

so
il 

an
d 

th
e 

co
nd

it
io

n 
of

 t
he

 
w

or
ki

ng
 o

xe
n.

 O
n-

fa
rm

 v
er

if
ic

at
io

n 
w

ith
 t

he
 l

at
es

t v
er

si
on

 o
f 

th
e 

B
B

M
 h

as
 c

on
ti

nu
ed

 
im

til
 1

99
0 

an
d 

th
e 

fa
rm

er
s 

se
em

 t
o 

be
 s

ta
tis

fi
ed

 w
ith

 it
. 

H
ow

ev
er

, t
he

 f
ar

m
er

s 
ob

se
rv

ed
 

gr
ea

te
r 

w
ee

d 
in

fe
st

at
io

n 
on

 t
he

 B
B

F 
pl

ot
s 

th
an

 o
n 

th
e 

tr
ad

it
io

na
l 

fl
at

 s
ee

db
ed

. 

F
ig

ur
e 

5.
 T

he
 la

st
 v

er
si

on
 o

f t
he

 b
ro

ad
be

d 
m

ak
er

: t
w

o 
m

ar
es

ha
s c

on
ne

ct
ed

 in
 a

 tr
ia

ng
ul

ar
 s

ha
pe

. 

B
B

M
 A

T
T

A
C

H
M

E
N

T
S 

A
N

D
 T

H
E

IR
 S

IG
N

IF
IC

A
N

C
E

 

T
he

 w
or

k 
de

sc
ri

be
d 

in
 t

hi
s 

se
ct

io
n,

 w
ou

ld
 b

e 
th

e 
at

ta
ch

m
en

ts
 f

or
 t

he
 B

B
M

 d
es

ig
ne

d 
fo

r 
re

du
ce

d 
ti

ll
ag

e,
 w

ee
di

ng
 a

nd
 s

ee
di

ng
 t

o 
al

lo
w

 p
er

m
an

en
t 

br
oa

db
ed

 s
ys

te
m

 t
o 

be
 

de
ve

lo
pe

d.
 

T
he

 p
ot

en
ti

al
 b

en
ef

it 
of

 p
os

t-
ha

rv
es

t 
cu

lti
va

tio
n 

w
ith

 t
he

 a
im

 o
f 

re
du

ci
ng

 
til

la
ge

 r
eq

ui
re

m
en

ts
 i

s 
ob

vi
ou

s;
 t

he
 s

ee
db

ed
 p

re
pa

ra
ti

on
 t

im
e 

on
 b

ro
ad

be
d 

ca
n 

be
 

re
du

ce
d 

dr
as

ti
ca

ll
y.

 
B

et
te

r 
co

nt
ro

l 
of

 w
ee

ds
 a

nd
 s

tu
bb

le
 i

nc
or

po
ra

ti
on

 c
ou

ld
 b

e 
po

ss
ib

le
 a

nd
 i

t 
ca

n 
al

so
 p

ar
ti

al
ly

 f
ill

 th
e 

cr
ac

ks
 t

hu
s 

re
du

ci
ng

 m
oi

st
ur

e 
lo

ss
 w

hi
ch

 c
an

 
he

lp
 f

or
 t

he
 f

ol
lo

w
in

g 
cr

op
. 

T
he

 t
ra

di
ti

on
al

 m
et

ho
d 

of
 p

la
nt

in
g 

m
os

t 
cr

op
s 

is
 b

ro
ad

ca
st

in
g 

an
d 

co
ve

ri
ng

 b
y 

us
in

g 
th

e 
m

ar
es

ha
. 

T
hi

s 
m

et
ho

d 
of

 c
ov

er
in

g 
ha

s 
be

en
 s

ho
w

n 
to

 m
bc

 1
5.

3%
 o

f 
br

oa
dc

as
t 

w
he

at
 s

ee
d 

to
 a

 d
ep

th
 o

f 
10

 to
 2

0 
cm

s 
ye

t 
le

av
in

g 
25

.3
%

 w
ith

in
 t

he
 t

op
 2

.5
 c

m
 (

T
in

ke
r,

 
19

89
).

 D
ue

 t
o 

th
is

 v
ar

ia
ti

on
 o

f 
co

ve
ra

ge
 d

ep
th

 e
m

er
ge

nc
e 

of
 c

ro
ps

 is
 lo

w
er

 a
nd

 m
ig

ht
 

be
 t

he
 m

ai
n 

re
as

on
 w

hy
 f

ar
m

er
s 

us
e 

hi
gh

 s
ee

d 
ra

te
s.

 
T

he
 I

ns
ti

tu
te

 o
f 

A
gr

ic
ul

tm
al
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M
od

if
yi

ng
 

th
e 

tr
ad

it
io

na
l 

pl
ou

gl
i 

R
es

ea
rc

h 
re

co
m

m
en

ds
 m

os
t 

so
rg

hu
m

 v
ar

ie
ti

es
 t

o 
be

 p
la

nt
ed

 a
t 

a 
ra

te
 o

f 
7-

10
 k

g/
ha

 
w

hi
le

 f
ar

m
er

s 
us

e 
up

 t
o 

30
 k

g/
ha

. 

T
he

 b
ro

ad
ca

st
in

g 
m

et
ho

d 
of

 p
la

nt
in

g 
al

so
 m

ak
es

 i
t 

im
po

ss
ib

le
 f

or
 m

ec
ha

ni
ca

l 
w

ee
de

rs
 t

o 
be

 u
se

d.
 H

an
d 

w
ee

di
ng

 is
 p

ro
ba

bl
y 

th
e 

m
os

t 
ti

m
e-

co
ns

um
in

g 
op

er
at

io
n 

in
 

th
e 

tr
ad

it
io

na
l 

sy
st

em
. 

T
he

 la
bo

ur
 r

eq
ui

re
m

en
t 

fo
r 

w
ee

di
ng

 te
ff

 w
as

 3
00

 m
an

-h
ou

rs
/h

a 
w

hi
le

 f
or

 w
he

at
 it

 w
as

 h
al

f 
of

 w
ha

t w
as

 r
eq

ui
re

d 
fo

r 
te

ff
 (

A
bi

ye
 A

st
at

ke
 a

nd
 M

at
th

ew
s,

 
19

80
).

 T
he

 p
la

nt
er

 a
tt

ac
hm

en
t 

de
ve

lo
pe

d 
is

 s
im

ila
r 

to
 t

he
 t

ra
di

ti
on

al
 p

la
nt

er
s 

us
ed

 i
n 

In
di

a 
an

d 
ot

he
r 

co
im

tr
ie

s 
in

 t
he

 r
eg

io
n.

 
T

he
 a

tt
ac

hm
en

t 
is

 a
 s

im
pl

e 
ha

nd
-m

et
er

ed
 

se
ed

er
 t

ha
t 

m
ou

nt
s 

on
 t

he
 B

B
M

 (
F

ig
ur

e 
6)

. 

T
he

 c
on

st
ru

ct
io

n 
m

at
er

ia
ls

 c
on

si
st

 o
f 

sh
ee

t 
m

et
al

 (
1.

3 
m

m
 t

hi
ck

) 
w

hi
ch

 a
re

 u
se

d 
fo

r 
co

ns
tr

uc
ti

ng
 th

e 
fu

nn
el

 a
nd

 s
te

el
 p

ip
es

. T
he

y 
ar

e 
al

so
 u

se
d 

fo
r 

co
nn

ec
ti

ng
 th

e 
fu

nn
el

 
to

 t
he

 tr
an

sp
ar

en
t 

po
ly

th
en

e 
ho

se
 w

hi
ch

 c
ar

ri
es

 th
e 

se
ed

s 
to

 th
e 

st
ee

l p
ip

e 
th

us
 l

ea
di

ng
 

th
e 

se
ed

s 
in

to
 t

he
 f

ur
ro

w
s 

op
en

ed
 b

y 
th

e 
m

et
al

 t
in

es
. 

F
ig

ur
e 

6.
 H

an
d-

m
et

er
ed

 p
la

nt
er

 m
ou

nt
ed

 o
n 

th
e 

br
oa

db
ed

 m
ak

er
. 

T
he

 p
la

nt
er

 w
as

 t
es

te
d 

w
ith

 w
he

at
 a

nd
 m

ai
ze

 o
n 

ha
lf

 a
 h

ec
ta

re
 e

ac
h.

 I
t 

to
ok

 6
.5

 
hr

s/
ha

 t
o 

pl
an

t 
w

he
at

 a
nd

 5
.3

 h
rs

/h
a 

fo
r 

m
ai

ze
. 

T
he

 s
ee

d 
ra

te
s 

fo
r 

w
he

at
 a

nd
 m

ai
ze

 
us

in
g 

th
e 

pl
an

te
r 

w
er

e 
74

 k
g/

ha
 a

nd
 3

1 
kg

/h
a,

 r
es

pe
ct

iv
el

y,
 

w
hi

le
 i

n 
th

e 
tr

ad
it

io
na

l 
sy

st
em

 t
he

 s
ee

d 
ra

te
s 

be
in

g 
us

ed
 f

or
 w

he
at

 r
an

ge
 f

ro
m

 8
5 

kg
/h

a 
to

 1
10

 k
g/

ha
 v

ar
yi

ng
 

fr
om

 a
re

a 
to

 a
re

a 
(G

et
ac

he
w

 A
sa

m
en

ew
, 

19
91

).
 T

he
 s

ee
d 

ra
te

 f
or

 m
ai

ze
 i

n 
ar

ou
nd

 4
5 

kg
/h

a.
 

T
he

 t
in

e 
at

ta
ch

m
en

t 
us

ed
 f

or
 p

la
nt

in
g 

ca
n 

al
so

 b
e 

us
ed

 f
or

 w
ee

di
ng

 w
it

ho
ut

 
ca

us
in

g 
m

aj
or

 s
oi

l d
is

tu
rb

an
ce

. 
In

te
rr

ow
 c

ul
tiv

at
io

n 
of

 w
he

at
 w

as
 d

if
fi

cu
lt 

by
 th

e 
ti

ne
s 
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A
bi

ye
 A

st
at

ke
 a

nd
 F

er
ew

 K
el

em
u 

be
ca

us
e 

th
e 

ro
w

 s
pa

ci
ng

s 
w

er
e 

cl
os

e 
to

 e
ac

h 
ot

he
r 

(1
0-

cm
 s

pa
ce

).
 F

or
 m

ai
ze

, w
hi

ch
 h

ad
 

ro
w

 s
pa

ci
ng

 o
f 

50
 c

m
, t

he
re

 w
as

 n
o 

di
ff

ic
ul

ty
 i

n 
us

in
g 

ti
ne

s 
fo

r 
w

ee
di

ng
. 

A
 b

la
de

 h
ar

ro
w

 c
on

si
st

in
g 

of
 a

 m
et

al
 b

la
de

 4
 m

m
 th

ic
k 

fi
xe

d 
on

 b
ot

h 
si

de
s 

of
 t

he
 

m
ar

es
ha

 t
in

es
 (

Fi
g.

 7
) 

w
as

 t
ri

ed
 f

or
 

po
st

-h
ar

ve
st

 
cu

lti
va

tio
n.

 
T

hi
s 

bl
ad

e 
ha

rr
ow

 
un

if
or

m
ly

 c
ut

s 
th

e 
so

il 
on

 th
e 

B
B

F 
at

 a
bo

ut
 5

-8
 c

m
 b

el
ow

 th
e 

su
rf

ac
e 

th
us

 s
U

ci
ng

 w
ee

ds
 

at
 t

he
 r

oo
ti

ng
 l

ev
el

 w
he

n 
th

e 
so

il 
co

nd
it

io
n 

is
 m

oi
st

. 
A

t 
th

is
 p

er
io

d,
 t

he
 i

m
pl

em
en

t 
dr

as
ti

ca
ll

y 
re

du
ce

d 
po

w
er

 
an

d 
ti

m
e 

re
qu

ir
ed

 
fo

r 
V

er
ti

so
l 

cu
lt

iv
at

io
n,

 
en

ab
li

ng
 

lo
ng

-t
er

m
 u

se
 o

f 
th

e 
B

B
F 

w
ith

ou
t 

ha
vi

ng
 t

o 
do

 i
t 

ag
ai

n 
ev

er
y 

ye
ar

. 
H

ow
ev

er
, 

m
os

t 
tr

ad
it

io
na

l 
cr

op
s 

ha
ve

 a
 l

on
g 

gr
ow

in
g 

pe
ri

od
 s

tr
et

ch
in

g 
in

to
 D

ec
em

be
r 

w
he

n 
th

e 
V

er
ti

so
ls

 h
av

e 
be

co
m

e 
ve

ry
 d

ry
 a

nd
 h

ar
d 

an
d 

us
e 

of
 t

he
 b

la
de

 h
ar

ro
w

 i
s 

di
ff

ic
ul

t 
an

d 
no

t 
ef

fe
ct

iv
e.

 T
es

ts
 o

n 
th

e 
po

ss
ib

ili
ty

 o
f 

us
in

g 
ti

ne
 a

tt
ac

hm
en

ts
 w

er
e 

ca
rr

ie
d 

ou
t 

w
he

n 
so

il 
m

oi
st

ur
e 

co
nd

it
io

ns
 w

er
e 

dr
y 

(F
ig

. 8
).

 T
he

 p
ur

po
se

 o
f 

th
e 

te
st

 w
as

 t
o 

re
du

ce
 t

he
 

nu
m

be
r 

of
 t

ill
ag

e 
op

er
at

io
ns

 i
n 

or
de

r 
to

 e
na

bl
e 

th
e 

us
e 

of
 a

 b
ro

ad
be

d 
ov

er
 s

ev
er

al
 

se
as

on
s.

 A
 ti

ne
-b

ar
 a

tt
ac

hm
en

t 
to

 th
e 

B
B

M
 e

na
bl

ed
 b

re
ak

in
g 

up
 th

e 
su

rf
ac

e 
cr

us
ts

 a
nd

 
re

m
ou

ld
 t

he
 b

ro
ad

be
ds

. 

F
ie

ld
 p

re
pa

ra
ti

on
s 

by
 u

si
ng

 th
is

 m
et

ho
d 

to
 u

pr
oo

t 
st

ub
bl

es
 d

ow
n 

to
 a

bo
ut

 1
0 

m
m

 
de

pt
h 

fo
r 

ha
lf

 a
 h

ec
ta

re
 o

f b
ro

ad
be

d 
an

d 
fu

rr
ow

 p
lo

t w
it

ho
ut

 d
em

ol
is

hi
ng

 th
e 

be
ds

 to
ok

 
on

ly
 2

5 
hr

s/
ha

 c
om

pa
re

d 
to

 8
0 

hr
s/

ha
 f

or
 t

he
 p

re
vi

ou
s 

m
et

ho
d 

of
 p

lo
ug

hi
ng

 a
nd

 m
ak

in
g 

th
e 

B
B

F
's

. 

F
ig

ur
e 

7.
 B

la
de

 h
ar

ro
w

 a
tt

ac
he

d 
to

 th
e 

br
oa

db
ed

 m
ak

er
. 
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M
od

if
yi

ng
 t

he
 t

ra
di

lio
na

l 
pl

ou
gh

 

F
ig

ur
e 

8.
 T

in
e 

ha
rr

ow
 f

lx
ed

 o
n 

th
e 

cr
os

s-
be

am
 o

f 
th

e 
br

oa
db

ed
 m

ak
er

. 

T
H
E
 E
VA
LU
AT
IO
N
 O
F
 T
H
E
 B
R
O
A
D
B
E
D
 M
A
K
E
R
 

B
ac

kg
ro

un
d 

A
gr

ic
ul

tu
ra

l 
pr

od
uc

ti
on

 
co

ul
d 

be
 i

nc
re

as
ed

 
ei

th
er

 b
y 

di
re

ct
 p

hy
si

ca
l 

in
pu

ts
 l

ik
e 

fe
rt

ili
se

r 
an

d 
im

pr
ov

ed
 s

ee
ds

 o
r b

y 
in

cr
ea

si
ng

 th
e 

ar
ea

 o
f l

an
d 

w
hi

ch
 c

ou
ld

 b
e 

cu
lt

iv
at

ed
 

at
 a

ny
 o

ne
 t

im
e.

 T
he

 l
at

te
r 

re
qu

ir
es

 i
m

pr
ov

ed
 a

gr
ic

ul
tu

ra
l 

im
pl

em
en

ts
 w

hi
ch

 e
nh

an
ce

 
la

bo
ur

 p
ro

du
ct

iv
it

y 
by

 r
ed

uc
in

g 
dr

ud
ge

ry
. 

Im
pr

ov
em

en
t 

on
 a

gr
ic

ul
tu

ra
l 

eq
ui

pm
en

t 
sh

ou
ld

 b
e 

un
de

rt
ak

en
 b

y 
ta

ki
ng

 t
he

 t
ar

ge
t 

gr
ou

p 
in

to
 a

cc
ou

nt
. 

T
he

 m
aj

or
ity

 o
f 

th
e 

E
th

io
pi

an
 f

ar
m

in
g 

se
ct

or
 b

ei
ng

 t
he

 s
m

al
l 

fa
rm

er
 w

ith
 s

m
al

l 
fr

ag
m

en
ts

 o
f 

la
nd

, 
th

e 
si

tu
at

io
n 

lim
its

 u
s t

o 
gi

ve
 p

ri
or

it
y 

to
 h

an
d-

to
ol

 te
ch

no
lo

gy
 a

nd
 a

ni
m

al
-d

ra
w

n 
eq

ui
pm

en
t. 

In
 t

he
 c

as
e 

of
 h

an
d 

to
ol

s,
 t

he
 p

ow
er

 t
ha

t 
co

ul
d 

be
 g

en
er

at
ed

 b
y 

hu
m

an
 l

ab
ou

r 
is

 l
ow

 
an

d 
is

 li
m

it
ed

 to
 li

gh
t w

or
k.

 T
he

 c
as

e 
of

 la
nd

 p
re
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Table 17. The mean yield (kg/ha) of sequential cropping experiment on 
Vertisols in the medium-altitude highland of Ethiopia. 

Year 

1988 

1989 

Location 

Debre Zeit 

Debre Zeit 
Ginchi 

First crop 

Oats in pure 
Oats/vetch(mixture) 

LSD (0.05%) 

Oatsm pure 
Oats/vetch(mixure) 

LSD (0.05%) 

DM kg/ha 

4820 
4716 

NS 

4305 
4445 

NS 

Second crop 

Chickpea 
Rough pea 

Chickpea 
Rough pea 

Grain 
yield 

966 
1588 
324 

516 
1057 
179 

As large quantities of forage in excess of the household Uvestock requirement 
become available, there is need to develop storage capability at the farm level. 
However, in an intense small-scale dairy or fattening-oriented Uvestock enterprise 
herbage from early sown oats/vetch can be cut and carried periodically. 

Mixed cropping 

Mixed cropping is defined as growing more than one species on the same piece of 
land at the same time or with a short interval (Beets, 1982). The different spe­
cies are either mixed in an organised manner with a fixed pattern of spacings (row 
intercropping) or are planted in an unorganised manner, where species are im-
evenly distributed. 

A combination of wheat/clovers mixture was established by broadcasting 
them together at the beginning of the rains in 1988 and 1989 cropping seasons. The 
sites were selected in the medium (1500-2400 m asl) and high ( > 2400 m asl) altitudes 
of central Ethiopian highlands on Vertisols. The medium-altitude sites were Debre 
Zeit, Gmchi and Akaki and the high-altitude sites included Inewari, Bichena and 
Were Ilu. 

For the medium altitudes Trifolium steudneri, and T. rueppellianum were used in 
a 1:1 mixture. For the high altitudes, a mixture of T. decorum, T. tembense, T. 
quartinianum and T. steudneri were in equal proportions. The wheat varieties were 
Enkoy (Triticum aestivum ) , Boohai and Gerardo {T. durum ) for medium altitudes 
and for the high altitudes bread wheat varieties ET-13, Dashen and HAR 407 were 
used. Clovers and wheat where sown at the rate of 10 kg/ha and 150 kg/ha, 
respectively. Diammonium phosphate (DAP) was applied at the rate of 100 kg/ha at 
planting. Seeds were manually broadcast in late June of each year after land was 
prepared as broadbeds and furrows using the broadbed maker. Wheat was sown 
first and covered with soil, followed by broadcasting clovers mixture on the same 
day. The plots were selectively handweeded, leaving the clovers under the wheat. 
Harvesting was done starting at the end of October and continued till November. 
Wheat was first cut to 0.4 m to separate the grains and then to ground level and 
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separated into clovers stubble and wheat straw. Wheat straw from below and 
above the 0.4 m height together determined wheat straw yield. 

Tables 18 and 19 show the results of mixed cropping experiments in 1988 for the 
medium- and high-altitude sites. In the medium altitudes wheat varieties differed 
significantly in both grain and straw yield, but the association of clover mixture caused 
no reduction in wheat grain and straw. 

The 1989 results from the same experiment in the medium- altitude sites are also 
shown in Table 20. 

In general, wheat varieties grown alone produced less straw compared with 
those grown in association with annual clovers. It proved that mixture of clovers can 
grow together with improved wheat varieties on drained Vertisols, without adversely 
affecting wheat grain yield. This seems, therefore, a good way of enhancing the quality 
of crop residue in smallholder situations. 

Row intercropping 

Sorghimi and maize are important crops in the mid-altitudes. They are planted in rows. 
As a way of improving the fodder quality for legume types, namely cowpea (Vigna 
unguiculata), clover (Trifolium steudneri) and Lablab (Lablab purpureas), they were 
sown under between the crop rows during 1990 and 1991 season. 

Grain and fodder yields and fodder quahty of the crop/forage mxture were 
compared for a similar land unit with sole crop stands. Harvest for grain from sole 
maize, sorghum and wheat and of the mixture was carried out on the same day. 

The fodder from the sole crop was the total of the dry matter from two 
weedings and the crop residue. The fodder from the mixture was composed of crop 
residue, weeds from the two weeding operations and herbage cut from the different 
forages sown in the mixture three times (August/October/January), twice 
(September/December)/or once. Table 21a and 21b presents a situation where forage 
was cut twice. 

Results suggest that different legumes can be manipulated to take advantage of 
their growmg habits and hvestock feed requirements without substantially reducing 
the anticipated food grain yields. In situations where food crops are grown with 
foragesof indeterminate habits or perennial tree alleys (such as Sesbania), growth of 
these forages can continue after harvest of the food crop using the residual moisture 
stored in the Vertisols. 
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Table 18. The overall mean wheat grain, straw and total crop residue yield 
(kg/ha) for mixed intercropping experiments at Akaki and Ginchi 
(medium altitude), 1988. 

Cropping 

1 Variety Enkoy 

|Gerardo 

poohai 

1 LSD (0.05) 

1 No clovers 

|with clovers^ 

1 LSD (0.05) 
F-test 

probabilities 

[Variety 

1 Clovers 

Wheat yield 

Grain 

1350 

1057 

970 

167 

1176 

1066 

136 

P<0.05 

ns 

Straw 

2988 

2490 

2518 

414 

2799 

2532 

338 

P<0.01 

ns 

Total crop 

residue yield 

3853 

3485 

3690 

486 

2799 

4553 

396 

ns 

P<0.01 

1. Referred to an equal mixtiue of Trifolium steudneri and TrifoUum 
rueppellianum. 

Source: Abate Tedla et al (1992). 
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Table 19. The overall mean wheat grain, straw and total crop residue yield 
(kg/ha) for mixed cropping experiments at Bichena, Inewari and 
Were Ilu (high altitude), 1988. 

Cropping 

Variety ET 

Dashen 

HAR 407 

LSD (0.05) 

No clovers 

With clovers^ 

LSD (0.05) 

F-test probabilities 

Variety 

Clovers 

Wheat yield 

Grain 

742 

592 

489 

408 

696 

522 

279 

ns 

ns 

Straw 

2029 

1464 

1319 

313 

1892 

1316 

915 

P<0.01 

P<0.01 

Total crop 

residue yield 

3279 

2790 

2822 

422 

1892 

2753 

601 

P<0.01 

P<0.01 

1. Clover is referred to an equal mixture of Trifolium decorum, 
Trifolium quartinianum, Trifolim steudneri and Trifolium 
tembense. 

Source: Abate Tedla et al (1992). 

129 



Abate Tedla et aL 

Table 20. The overall mean wheat grain, straw and total crop residue yield 
(kg/ha) for mixed cropping experiments at Debre 2^it, Ginchi 
and Akaki (medium altitude), 1989. 

Cropping 

Variety 
Enkoy 
Gerardo 
Boohai 

LSD (0.05) 
No clovers 
With clovers 

LSD (0.05) 
F-test probabilities 
Variety 
Clovers 

Wheat 

Grain 

1007 
919 
818 
108 
916 
913 
88 

P<0.01 
ns 

yield 

Straw 

2839 
2539 
2580 

181 
2744 
2562 

147 

P <0.05 
P <0.05 

Total crop 
residue yield 

5335 
5783 
5312 
543 

2744 
8208 
444 

ns 
P<0.01 

1. Clover is referred to an equal mixture of Trifolium steudneri 
and Trifolium meppelUanum. 

Source: Abate Tedla et al (1992). 

Table 21a. Grain yield (kg/ha) of sorghum and maize as affected by forages 
intersown cut twice during the year. 

Cereal 

Legume 
Fertiliser 
level (kg/ha) 

0 
100 

0 
100 

Sole 
cereal 

2021 
2406 

4073 
4417 

Vetch 

2330 
3080 

1870 
3170 

Clover 

1420 
1750 

2580 
3580 

Cowpea Lablab 

2920 
3170 

2500 
3508 

1830 
2580 

3420 
3920 

Sorghum 

Maize 
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Table 21b. Straw yield (t/ha) of sorghum and maize as affected by 
intersown forages cut twice during the year. 

Cereal 

Sorghum 

Maize 

Fertiliser 
level (kg/ha) 

0 
100 

0 
100 

Sole 
cereal 

8.70 
0.29 

8.00 
9.19 

Vetch 

8.50 
8.85 

3.69 
4.67 

Legume 

Clover 

6.94 
16.65 

7.75 
18.34 

Cowpea Lablab 

8.59 9.15 
D.59 12.17 

7.36 4.94 
14.53 1339 

Evaluation of forage crops on Vertisols 

Avena Sativa Vigna unguiculata, Lablabpu/pureus, Vicia dasycarpa, Trifolium steudneri 
and Sesbania sesban have shown good potential for the medium-altitude highlands of 
Ethiopia (Lulseged Gebrehiwot and Alemu Taddesse, 1985; Jutzi et al, 1987d). These 
forage crops can provide a high-quahty feed either as cut and carry during the rainy 
season or as hay for the dry season feed when seasonal shortage becomes a serious 
problem to meet livestock requirements. Moreover, these forage crops are 
high-yielding (Abate Tedla, 1984) compared with native pastures which are low yielding 
up to 3-4 t/ha of dry matter annually (Jutzi et al, 1987d). Native pastures are poor in 
quality resulting in low hvestock performance in the dry season. One approach to 
improve the situation is the use of forage legumes to enhance animal performance 
(Shaw, 1961 and 1978; Tothill, 1974). However, the yield and quality of these forage 
legumes are influenced by many factors in a given climatic and soil conditions. 

Research emphasis at Debre Zeit was, therefore, to assess the yield and nutritive 
value of potential forage crops when planted early under traditional and improved 
drainage systems on Vertisol and under different times of harvest over the growing 
season. 

The dry-matter yield m the 1989 crop season of three forage crops with different 
times of harvest over the growing season on Vertisol is shown in Table 22. 

There was no significant dry-matter yield difference between flat and BBF 
seedbed methods at a 6-week period of harvest. However, when harvested at 12 and 
18 weeks time, there were significant dry-matter yield differences (P < 0.05) between 
the two seedbed methods. Among the forage crops, there were statistically significant 
dry-matter yield differences at 6-week (P<0.05), 12-week (P<0.05) and 18-week 
(P < 0.01) times of harvest. 

Lablab purpureus was the most productive species. It was followed by Viffia 
unguiculata. Seedbed method by forage crop interaction on dry-matter yield was 
significant at harvest week 6 (P < 0.05) and 12 (P < 0.05) whereas harvest at 18 weeks 
was insignificant. Table 23 shows the quahty of the forages at different times of 
harvest. 
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Table 22. The mean dry-matter yields (kg/ha) of three forage crops planted 
on Vertisol and harvested at different times of the growing season 
at Debre Zeit, 1989. 

Time of harvest 
Seedbeds Forage crop (week after plant emergence) 

6 12 18 

Sesbania sesban 
Lablab purpureas 
Vigna unguiculata 

Sesbania sesban 
Lablab purpureus 
Vigna unguiculata 

LSD (5%) 

F-test probabihty 
Seedbed method 

250 
650 
830 

540 
470 

1040 
150 

ns 

1980 
4450 
4780 

2490 
3360 
4000 
1230 

P<0.05 

2500 
6410 
6010 

3650 
7140 
5930 
1320 

P<0.05 

Forage crops P< 0.001 F < 0.05 P<0.01 
Interaction (SM X FC) P<0.05 P<0.05 ns 

Review of Vertisol work at lAR Sites (Gincbi and Sheno) 

Nmnerous experiments have been carried out at Ginchi and Sheno. It is evident that 
crop yields can be increased if excessive surface soil water is drained off and if 
appropriate cropping and soil fertility practices are used. 

This paper reports on crop improvement, crop/forage agronomy trials in two 
highland Vertisol sites of lAR. The major objective was to replace the traditional 
practices of crop production with improved drainage, fertiliser and crop management 
techniques. 

Ginchi 

The sub-centre was established for research on drainage and fertiliser management 
and on the selection of high yielding crops and cultivars for early sowing on vertisols. 
Improved drainage had a significant effect on grain yields of crops, especially of wheat, 
whose yields increased by more than 100% compared to the yields from imdrained 
plots. Fertiliser efficiency was also highest with wheat with improved drainage (Hiruy 
Belayneh, 1986). The major direction in cereal breeding is to select high yielding 
varieties for the area. For bread wheat, advanced observation nursery, pre-national 
variety trials and national variety trials are carried out. On the basis of yield, disease 
resistance and agronomic characters from nurseries promising lines are advanced to 
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Table 23. The meanl values of the chemical composition of forage crops 
harvested at different times on Vertisol at Debre Zeit, 1989. 

Harvest Ash CP NDF ADF Lignin ADF-Ash 
time Forage crop % % % % % % 
(week) 

Sesbania sesban 
Lablab purpureus 

Vigna unguiculata 

Sesbania sesban 
Lablab purpureus 
Vigna unguiculata 

Sesbania sesban 
Lablab purpureus 
Vigna unguiculata 

11.2 
14.7 

22.1 

8.9 
13.3 
10.4 

7.8 
9.0 
9.9 

20.3 
18.2 

19.2 

12.6 
20.7 
11.8 

11.0 
12.3 
14.7 

37.9 
36.4 

40.5 

45.6 
42.5 
48.1 

48.5 
48.0 
45.9 

28.0 
29.6 

29.1 

34.6 
35.8 
40.3 

37.2 
39.4 
37.0 

4.8 
4.7 

5.1 

6.1 
7.0 
6.7 

5.9 
6.9 
6.7 

0.4 
2.2 

4.4 

0.4 
1.9 
0.7 

0.3 
0.7 

1. The mean value was taken from flat and BBF seedbed methods. 

pre-national and national variety trials. These programmes are continuously 
undertaken until varietiesthat are tolerant to waterlogging are developed. For the 
Ethiopian subsistence wheat farmer, cultivars are the easiest technology to adapt. 
However, it seems that cultivars alone can do little to increase the yields on farmers' 
fields. Therefore, the complementary contribution for improved agronomic and tillage 
practice is highly essential, particularly if the genetic potential for high yield in improved 
exotic varieties is to be exploited. 

Sheno 

Sheno agricultural research sub-center is found in the central highland Vertisol areas 
of Ethiopia. Thus Sheno farmers have been practising double-cropping by using belg 
and meher seasons rainfall. Moreover, farmers plant lentils, chickpea, rough pea and 
different local cultivars of wheat by using the residual moisture of the black soil. Poor 
soil fertihty and drainage problems have been identified to be the prominent yield 
factors for meher season production of major crops such as barley and faba bean. 

The major objective for agronomy research was to replace the inefficient 
traditional practice of "gw/e" crop culture with improved drainage, fertiliser and crop 
management techniques for continuous crop production. In the early years, research 
on soil and fertiliser management was directed towards comparing the crop yields 
obtained from plots prepared by tractor-drawn ploughs (such as disc, mouldboard, 
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and chisel) with those from narrow and wide cambered beds (prepared with 
mechanised operation), using different rates of application of N and P fertilisers. 

The research activities are grouped into three broad categories, namely: 

(a) Integrated cultural practice study, 
(b) fertiliser studies, and 
(c) cropping systems studies. 

HIGHLIGHTS OF COMPLETED WORK 

Monthly chpping of natural pasture was done for three years to identify the optimum 
harvesting time of pasture for hay. Harvesting in October consistently gave higher 
dry-matter forage yield as shown in Table 24. However, samples of the pasture have 
not been analysed for quality due to lack of facilities. 

Table 24. Dry-matter yield of natural pasture harvested 
at different months of 1989/90, Sheno. 

Month 

October 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 
September 

Mean 
se 
cv(%) 
LSD (0.05) 

t/ha 

2.19 
1.47 
1.67 
1.11 
1.69 
1.89 
1.73 
2.09 
1.72 
2.05 
1.20 
1.44 

1.71 
10.18 
21 
0.51 

In another trial involving fodder oats, a total of 15 oat varieties were evaluated 
for four years and among them Jassari from the late sets and 805A95,80 Ab 2764 and 
805A94 from the early-set varieties were selected based on grain and anthesis cut 
dry-matter production (Tables 25 and 26). These varieties significantly outyielded both 
the local and standard checks. 

durin 
and ] 
seque 
the e? 
rains, 
alba,'. 
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Table 25. Grain and forage yields of late-set oat varieties at Sheno 
(1986-1989). 

Varieties 

Jassari 
80 Ab 2291 
80 Ab 2252 
60 MN 16016 
CI-8237 
CI-8237 
Sheno local + 

Grain yield 
(q/ha) 

31.3 
26.7 
25.4 
22.8 
22.8 
24.3 
20.3 

DM forage yield 
(t/ha) 

6.6 
5.7 
5.7 
5.0 
6.7 
6.2 
5.7 

-1- Average of two years, hence not included in the analysis. 

Table 26. Grain and forage production of early-set oat varieties 
at Sheno (1987-89). 

Varieties 

80 Ab 2764 
80 SA 94 
80SA95 
Kyto-w78394 Landa 
80 Ab 2806 
80 Ab 2267 
80 8A 130 
Lampton 
Sheno Local + 

Grain yield 
(q/ha) 

30.3* 
30.2* 
27.9 
27.9 
26.9 
25.3 
24.5 
21.4 
21.3 

Forage yield 
(DM.I/ha) 

7.6 
7.1 
9.2* 
7.6 
7.5 
7.6 
8.0 
6.6 
4.9 

* Significantly (P < 0.05) different from the check. 
-I- Mean of two years, so not included in the analysis. 

In an attempt to investigate forage production potential of annual forage legumes 
during the short rains, 15 varieties of herbage legumes were tested for two years (1989 
and 1990). The additional purpose of the test was to screen suitable species for 
sequential cropping with cereals and at the same time to find out which could alleviate 
the existing feed shortage. Based on the performance of the species during the short 
rains, the following annual legumes have been selected for further evaluation: Medicago 
alba. Barrel medics, M. polymorpha and V. sativa (Table 27). 
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Table 27. Yields of forage legumes sown during the short 
rains (1990) at Sheno. 

Species/varieties DM (t/ba) 

1. Trifolium ruppelUanum 4.66 + 
2. T. tembense 1.39 + 
3. T. subterraneum 0.24 
4. T. quartinianum 2.90 + 
5. M edicago polymorph 0.17 + 
6. M. scutellata 0.21 + 
7. Barrel medics 1.77 + 
8. M. altismus 3.70 
9. M. alba 5.25 -r 
10. Vicia dasycarpa 0.73 + 
11. V.sativa 
12. V. \illosa 2.33 + 

+ 2 cuts. 

Yields of items no. 3,5,6,10 and 11 are either low or nil due to 
heavy grazing of the plants by rabbit. 

In the cool and seasonally waterlogged region of the highland a study was 
conducted from 1988 to 1990 to assess the carrying capacity of unimproved natmal 
pasture. Results obtained in 1989/90 are presented in Table 28. 

In the heavier stocking rates, considerable weight losses were observed (Table 28) 
during the 9-month grazing period of which most months were dry. This was so 
probably because the treatments were too far from the optimum for year round grazing. 
However, during the last three months of the pasture growing season, results indicated 
that the highest rate (15 sheep/ha) gave the largest gain per ha though no significant 
differences were detected among the stocking rates (Table 28). 

Table 28. Carrying capacity of unimproved natural pasture. 

Sheep/ba 

6 
9 

12 
15 

Gain/sbeep 

2.93 a* 
0.72 b 
-2.27 c 
-4.15 d 

Gain/ba 

17.55 a 
6.45 a 

-27.24 b 
-62.22 c 

Means followed by different letters inthesame column are 
different significantly (P < 0.05). 
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From the results obtained so far, the optimum stocking rate appeared to lie between 
six and nine sheep/ha for year-round grazing of unimproved native pasture. 

It might be suggested that in future studies, it would be essential to develop an 
economical and acceptable package which could arrest the weight losses during the 
dry season. 

Implications 

The Ethiopian farmer adopts an escape strategy to utilise Vertisols by planting late in 
the season. Even where manually made BBF is common to cdleviate waterlogging 
problems, only a single crop is harvested. In the majority of cases in the highlands 
where rainfall is high and evaporative demands are low Vertisols are sparingly utiUsed 
or left idle. In years of exceedingly high rainfall, waterlogging problem is acute and 
crop damages are commonplace. 

Improvement of drainage can potentially open up vast land areas for cropping and 
the alternatives that have been described offer ample flexibility to meet the demands 
of the resource-poor farmer. As livestock are intimately associated with smallholder-
farming systems, the cropping provides an opportunity to increase feed output from 
a unit area of land. 

ly was 
latural 

3le28) 
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licated 
Ificant 

Inputs such as fertilisers can be strategically used to improve productivity 
of grain and fodder yields. Significant yield improvements could be obtained 
during a given year due to multiple cropping or improved management compared 
to yields from traditional cropping practices. This is importamt to a food-deficient 
country hke Ethiopia. 

The potential of improved Vertisol management on food and feed production 
is substantially high. The popularisation of this intervention could support the 
rising population in the Ethiopian highlands. 
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TECHNOLOGY VALIDATION AND TRANSFER 

Getachew Asamenew, Hailu Beyene, Adugna Haile and Workeneh Negatu 

INTRODUCTION 

Vertisols are agriculturally important in Ethiopia. However, waterlogging is a 
predominant problem to increased production on these soils. Hence, actual Vertisol 
productivity is far below potential. Various studies have indicated surface drainage to 
be a key factor to the release of the agricultural potential of Vertisols (Jutzi et al, 1987; 
Getachew Asamenew et al, 1988b). Though this fact has also been acknowledged by 
farmers in the Ethiopian highlands, an efficient traditional technique that can utilise 
animal traction to harness Vertisols is not commonly known. 

As farming m Ethiopia is heavily dependent on animal traction, technologies that 
are based on this power source were envisaged to be appropriate for better 
management of Vertisols. Hence, the Joint Vertisol Project (JVP) began research on 
improved Vertisol technology that included (1) the use of an animal-drawn broadbed 
maker (BBM) to facilitate surface drainage and (2) the use of appropriate seeds, 
fertihser and early planting. 

As cash income is generally low and credit institutions are not within easy reach of 
farmers on most highland smallholdings investments are meager. Hence in the 
development of the BBM, least costliness and simplicity were important considerations. 

TECHNOLOGY VERIFICATION AND TRANSFER FRAMEWORK 

The objectives of the technology verification and transfer were to: 

• verify the economic viability and acceptabihty of the BBM/Vertisol technology 
package 

• popularise the technology so as to encoiu-age large-scale adoption. 
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The target areas and farmers 

Five principal Vertisol areas with diverse farming systems in the Ethiopian highlands 
were purposefully selected to verify the BBMA'ertisol technology package and study 
the transfer of the technology. Altitude, abundance of Vertisols and traditional 
land-shaping methods to control waterlogging were important criteria in the selection 
of the target area. 

Debre Zeit, Ginchi, Inewari, DogoUo and Dejen were the study sites which 
represented various traditional Vertisol farming systems. Description of the fanning 
systems of these sites has been given in an earlier Chapter in this report. 

The technology validation included individually operating farmers and producer 
cooperatives (PCs). In 1986, on-farm monitoring began with 56 individual farmers (IFs) 
and three producers' cooperatives at Debre Zeit, Dogollo and Inewari. The addition 
of Dejen in 1987 increased the technology testing sites to four making a total of 67 IFs 
and 20 PCs. In 1988 an on-farm verification at Ginchi was conducted jointly by ILCA 
and lAR. In 1990, a policy declaration by the government gave farmers the right to 
dismember producers' cooperatives. As a result, most producers' cooperatives were 
dissolved. Hence, in the fifth year the number of participating individual farmers in the 
on-farm verification increased to 158 while PC's were reduced to 10 (Table 1). As of 
1991 the focus of the technology verification and transfer was on individual farmers. 

Table 1. Nimiber of farmers in the on-farm technology verification 
and transfer studies, 1986 -1992. 

Year 

1986 
1987 
1988 
1989 
1990 

1991 
1992 

Individual 
farmers 

56 
61 
67 
53 

158 

240 
340 

Producer 
cooperatives 

2 
7 
20 
25 
10 

None 
None 

Total PC 
members 

200 
1500 
6000 
7200 
2500 

None 
None 

Source: Getachew Asamenew and Mohamed-Saleem (1992). 

In 1989 Oxfam-America, a non-governmental organisation, started to transfer the 
technology to farmers at Dogollo based on its on-farm research results. The Dogollo 
site was closed down in the same year because of security reasons. At the time, farmers' 
participation was excellent. After more than five years of operating a well-focused 
research and outreach programme in Vertisol areas of the Ethiopian highlands, 
emphasis was shifted in 1991 towards technology popularisation and transfer at Debre 
Zeit, Inewari and Ginchi. 
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Technology verification approach 

Research on a farming systems perspective was adopted. It was linked to a two-way 
information flow between on-station and on-farm research. Technology designed 
on-station was first verified on-farm while farmers' unsettled queries, obtained through 
feedback, were redirected to the station to improve the technology for better 
adaptation. Investigation on appropriate cropping systems, soil fertility and erosion, 
animal-drawn implements for soU, water and crop management and animal draught 
power output on-station back-stopped on-farm technology vaUdation. Component 
research was conducted at ILCA, lAR, AUA and MOA stations. Work on draught 
power was carried out mainly at the ILCA station in Debre Zeit. Work on crops was 
carried out mainly at lAR and AUA stations. Trials to develop new cropping systems 
were imdertaken on MOA's Agricultural Development Department (ADD) sites 
which were also part of JVP's on-farm technology verification sites. There was close 
collaboration among ILCA, AUA, lAR and MOA on all aspects of Vertisols research. 
The inter-institutional links were aimed at achieving: (1) mutual information exchange 
and (2) avoiding duplication and (3) obtaining a critical mass of information in several 
areas thus generating maximum returns from scarce available resources. 

Vertisol technology was first popularised in a community followed by on-farm 
verification. It was finally transferred to the farming community. Adoption was 
monitored and fiuther socio-economic constraints were identified. 

Monitoring and evaluation of an innovation and its adoption by farmers is the central 
focus of an on-farm technology verification and transfer. Trials carried out by fanners 
included cultivation, construction of BBF, planting, weeding, harvesting and threshing. 
For on-farm technology verification, monitoring was designed on the basis of dialogue 
with farmers. The farmers were frequently and regularly visited and invited to suggest 
improvements to the new innovation. Feedback from farmers were important in 
refining the technology on-farm, where possible, and on experimental stations where 
not possible otherwise. A teacher-pupil relationship was avoided and an equal 
partnership was established as the on-farm verification research progressed. 

All inputs used and outputs obtained from the verification plots were monitored 
frequently and carefully by highly experienced resident field staff in the respective 
research sites. A structured diary was used to record data in the first instance from 
farmers. The computed data were then transferred to a properly structured format. 

To compare the technology in a whole-farm context, the entire cropping pattern 
was determined and all inputs for the various crops grown on-farm and yields are also 
accounted for. 

Bio-technical feasibility, economic viability and social acceptability are critically 
important criteria in an evaluation of a technology on-farm. Hence the parameters used 
in assessing the performance of the Vertisol technology were yield response, economic 
benefits, risk, and acceptability. 
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Performance of the BBM 

Compared to the traditional land-shaping methods, there was a consistent increase in 
crop yields and economic returns by using the BBM on Vertisols across the highland 
sites (Figure 1). Effects of the BBM on Vertisol productivity appear to vary slightly 
between locations and years. The differences resulted mainly from variation in the 
traditional Vertisols management practices. This was particularly true of the 
land-shaping and agroclimatic conditions. Regardless of the land-shaping methods, 
differences in productivity on Vertisols were, in general, significant across sites and 
years. Yields of crops in the lower and medium altitude highland Vertisols (Debre Zeit 
and Ginchi) were higher than in higher altitude highlands at Dogollo, Inewari and 
Dejen. This was mainly because of differences in rainfall intensity and 
evapotranspiration which increased the waterlogging intensity in Vertisols. With the 
use of improved wheat cultivar diu-ing the second and third year, the effects of BBM 
on physical yields, net gain, return to human and oxen labours from crops on Vertisols 
at Dogollo significantly increased. In the second year, net gain and labour returns from 
use of the BBM for wheat production was 75% and 43%, respectively, higher than from 
that produced on ridges and furrows. In the third year, because of BBM use the 
difference increased to 131% in net gains and to 114% in return to labour. . 

At Inewari the BBM efficiently replaced the drudgery of manual broadbed and 
furrow construction thus increasing human welfare. Use of the BBM increased the 
economic value of draught animals as they were not utilised for seed covering tasks as 
in other Vertisol areas. Use of the BBM reduced the 55 hr/ha average labour 
requirement for the manual BBF construction by about 67%. As the manual BBF 
construction is labour-intensive, farmers indicated labour to be a constraint for this 
farm activity, thus acknowledging the benefits from use of the BBM. As manually made 
BBF's can facilitate drainage of excess surface water, crop yields are not significantly 
different from yields on the broadbed furrows formed with the broadbed maker. BBFs 
are manually made when Vertisols are moist and pliable. But in years when the rainfall 
is late, farmers hurry to complete their activity on time and the quality of broadbed 
furrows constructed suffers resulting in reduced yields. During such periods, use of 
the BBM helped in increasing crop yields and economic benefits. 

Use of the BBM also resulted in increased Vertisol productivity in the 
medium-altitude highlands of Debre Zeit and Ginchi where crops are traditionally 
grown on flat plots but no significant variation was observed between years on effects 
of the BBM on productivity. At Debre Zeit, over a period of five years there was a 32% 
average net return from wheat production as a result of using the BBM. In the 
high-altitude highlands of Dejen the effects of BBM on productivity were also 
positive. 

There were variations in total labour input in plots prepared with the BBM across 
sites and years. Average total labour for wheat production ranged between 466 hr/ha 
and 681 hr/ha at Debre Zeit and Dogollo, respectively. With the exception of Ginchi, 
it appeared that total labour use increased with a rise in altitude since higher weed 
infestation and higher clay content in Vertisols require more weeding and plowing 
time. However, total labour demand was found to be relatively lower at Ginchi where 
some farmers use herbicide and hence little weeding was required on wheat fields sown 
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on Vertisols. The net effect of BBM-use was that it generally increased labour 
productivity across sites and years. For example, at DogoUo in 1986 and 1988 returns 
to labour from use of the BBM for wheat production increased by 50% and 114%, 
respectively, compared to the traditional land-shaping method. 

The animal traction time required to make one hectare of BBF was on average 50% 
less than that required for the traditional method of seed covering. The traction time 
varied between the study locations but very slightly between years because of mainly 
traction inputs to land preparation. On well-ploughed Vertisols, BBF formation is 
easier to make and quicker. Although two farmers are needed to handle the BBM, 
making a broadbed furrow with the broadbed maker took less animal traction time (15.4 
hr/ha) than by the traditional method which took 25 hr/ha. 

Performance of the Vertisol Technology Package 

The previous section has assessed the effect of BBM on Vertisol productivity. But 
comparison of the two methods is necessary since farmers usually compare the results 
of the technology with their entire traditional practice. The Vertisol package involves 
use of the BBM, use of appropriate seed cultivar, application of a given amount of 
fertiliser and early planting (dry-season sowing). By contrast, traditional practice 
requires planting of crops late in the season (wet-season sowing), use of usually local 
seed cultivar (except at Inewari) and apphcation of some fertilisers. Planting on 
Vertisols is done using traditional land-shaping methods that vary from location to 
location as explained earlier. Fertiliser is preferably applied to cereal crops such as 
wheat and teff although pulses are also grown. While it is necessary to assess the 
opportunity cost of Vertisols under crops grown using the improved technology 
package, it is clear to see the benefits of using the improved technology compared with 
traditional cropping practices of Vertisols. 

Greater yields of grain and crop residue from using the technology package has 
made the economic benefits very attractive. Compared to crop yields obtained through 
traditional methods, yields of wheat (for example) grown with the improved technology 
were on average more than double (Table 2). Hence the net gain and marginal rate of 
return (MRR) from wheat were more than double. At Dogollo, with the improved 
technology wheat yielded even more than four times than wheat grown on Vertisols 
traditionally. Crop residue harvest was even greater than this. 

Field days, feedback and technology popularisation 

A field day is an important activity of on-farm research because it creates an occasion 
for farmers to get together and express their opinion about the technology being tested. 
The Joint Vertisol Project held such field days annually just before harvest. 
Key/progressive farmers move within the research sites to exchange experiences with 
farmers from different locations and backgrounds. Invited policy-makers are briefed 
on the achievements as well as constraints encountered. Participating farmers are given 
the opportunity to show their verification plots and share their experiences. The 
research team usually explains about the objectives of the on-farm trials. As much as 
possible, a teacher-pupil relationship is avoided and all the field-day participants are 
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Technology validation and transfer 

Table 2. A comparison of economic returns from crops grown with 
Vertisol technology package and traditional methods in 
selected Ethiopian highlands. 

Inewari (1988 and 1989): 
Improved management: 

Wheat 
Traditional management: 

Wheat 
Teff 
Chickpea 
Rough pea 

Ginchi (1988 and 1989): 
Improved management: 

Wheat 
Traditional management: 

Wheat 
Teff 
Rough pea 
Chickpea 

Gross 
margin 
(EB/ha) 

789 

537 
565 
432 
230 

1214 

536 
986 
493 
532 

Net 
gain 
(EB/ha) 

468 

288 
241 
239 
16 

976 

337 
725 
333 
355 

MRR (%) 
traditional 
management 

134 
162 
92 

171 

313 
127 
196 
218 

EB = Ethiopian birr. US$1 = EB 2.07 during the study period. 
MRR = Marginal rate of return. 

encouraged to contribute additional knowledge to the innovation. The field days have 
served as useful fora to collect very constructive feedback and to popularise the 
technology. 

Factors that influenced technology adoption 

In general participating farmers of the on-farm verification research were impressed 
in the results obtained from the new technology. Feedback during the initial on-farm 
verification years, however, indicated that there were some constraints to its wider 
adoption by the farming community. At the beginning farmers were concerned about 
the weight of the prototype BBM which they thought was heavy for draught oxen. It 
was heavy for farmers as well who had to transport it to the fields. As a result, a Ughter 
modified BBM based on the local plough was constructed during the second year. Since 
two light local ploughs were brought together to form the modified BBM, some farmers 
felt that the weight would hurt their oxen. They went ahead and tried the new BBM 
and in time the complaint stopped. 
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Farmers' most-cited constraint concerned the short supply of technology inputs: 
BBM parts, fertiliser and appropriate seed. Although MOA had a fertiliser credit 
scheme for farmers, they felt that the supply was not adequate and that it was usually 
issued too late to be of any use for early planting. This was because credit-worthy 
farmers were being penalised by being refused receipt of fertiliser on credit if other 
farmers within their Peasant Association failed to settle their debts. 

Since BBM benefits are enhanced when in combination with other technological 
components, the attitude of farmers towards each component had a great bearing on 
the adoption of the BBM. For example, as early planting (dry planting) of cereals was 
a new agronomic practice, farmers initially felt that it could be a loss of investment in 
seed and fertiliser if the main rain delayed. Eventually, however, after most farmers 
adopted the technology, and used fertiliser and improved seed, the emphasis shifted 
to technology transfer of the modified BBM. 

If a short dry spell occiured during the main rains, there was pest attack on early 
planted crops, particularly at lower altitudes. This was another concern expressed. The 
problem needed chemical control measures. 

A major drawback to the spread of improved Vertisol technology was the shortage 
of extension staff to give advise. Consequently the improved use of animal traction was 
not given the emphasis it deserved. 

To popularise the technology during 1991 and 1992 three modules were used at 
Ginchi, Debre Zeit and Inewari: 

1. Farmer-to-farmer contact: Enthusiastic farmers who participated in the 
previous on-farm verification research were encouraged to teach and assist 
other new farmers to use the technology. 

2. Encouraging interested individuals among the farming community to 
promote the technology. 

3. Technology inputs were made available to farmers. Observation was made 
on whether those who had previously used the technology would continue 
using it. 

4. In addition, development agents (DAs) of the MOA were involved and 
encouraged to train farmers and popularise the technology for wider 
dissemination. 
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9 
THE JOINT PROJECT ON VERTISOLS MANAGEMENT: 

RETROSPECT AND PROSPECTS 

Mesfin Abebe and S Jutzi 

INTRODUCTION 

To make agriculture and its growth sustainable to fuel economic growth in an essentially 
agriculture-based society like Ethiopia, is a formidable and multidimensional 
challenge. Faced with this urgent need to increase agricultural output there is the risk 
that this will be done at the expense of the productivity and sustainability of the resource 
base and environment where there is a hierarchy of interlocked subsystems of 
Vertisol-related resource utilisation. This encompasses diverse components: (1) as the 
intimate relationship between plants and the soil, or between crops and domestic 
animals, including energy and nutrient flows among them; (2) relationships between 
land facets within ecological zones; (3) economic interactions at the farm, and no less 
important (4) the policy environment within a given political framework. Sustainability 
at any one level may depend on events occurring at other levels. 

Hence, the Joint Vertisol Project which, by its nature and intention has dealt with 
natural resource research and development; has inherently addressed the complexity 
of factors and interactions among them. This has led to the two-dimension strategy of 
choice or prioritisation: 1) issues related to research of the high-rainfall, low 
temperature and thus highly waterlogged Vertisols of the Ethiopian highlands, thereby 
providing a common denominator to collaborators for subsequent stages of research 
and development activities; and 2) high disciplinary priority to soil management related 
research; waterlogging and soil fertility being the most important constraints for 
Vertisols use high rainfall areas. Interinstitutional effort was therefore designed 
involving those in charge of training, research, development and extension. This would 
ensure more or less simultaneous design of both Vertisol-related management 
technologies and effective validation and transfer mechanisms commensurate with the 
constraints and opportunities of target farming systems. Seven years after its initiation, 
the Joint Vertisol Project had acquired a wealth of experiences which provide 
important lessons for future direction of its own programme and for similar activities 
elsewhere. 
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THE SCENARIO 

It can safely be generalised that the cereal-based segment of Ethiopian subsistence 
agriculture where cereals occupy about 80% of the total cultivated area each year is 
concentrated in the highlands above 1500 m asl. The highlands constitute about 44% 
of the country but the concentration of both population and cereal production is found 
here. Not surprisingly, severe ecological destruction resulted in consequence of the 
high misuse of resources. It has even been argued that any deviation from the normal 
farming condition, could easily disable about 60% of the rural population from meeting 
its basic food requirements. Yet, it is here that more than 13 miUion hectares of the 
dark clay, the Vertisols, are found. These soils with their characteristic shrink-swell 
properties pose soil-management-related production constraints of waterlogging and 
fertihty. It then follows that potentials have not been fully exploited to maximise 
productivity leading to a generally stagnant cereal production hence low productivity 
of land and labour in Ethiopia. 

No less important is the fact that contrary to popular belief, fertile land not put 
under productive use within the means available to the rural fanning community is not 
that much. Equally, the available base-line information on the soils of Ethiopia as well 
as the concomitant fertiliser use must dispel the myth and illusion that Ethiopia is a very 
fertile country. The highlands might have offered a habitable enviromnent but not the 
required land productivity. In contrast, surrounding the highlands are large semi-arid 
valleys with considerable Vertisols and soils with vertic properties which enjoy the 
luxury of major rivers that are virtually untapped and/or underutilised. These offer 
ample potentials for highly productive and sustainable agricultural development. 

Pertaining to the need for increased agricultural productivity, a major production 
breakthrough in cereal self-sufficiency is possible through increased production per 
unit area followed by increased land under cultivation. Among other things, 
intensification of production through double cropping, supplementary irrigation from 
divertable streams could lead to considerable achievement. This would have enormous 
cumulative effects through the effective utilisation of such resources as land, water, 
fertiliser, fodder etc which, by necessity, must be augmented by improved varieties, 
agronomic and/or cultural practices etc with provision to avoid postharvest losses. 

On the other end of the spectrum is the stark prospect of the country becoming ever 
more import-dependent and the inability of increasing food availability to the level of 
2000 calories per day. This stark prospect could be a reality if the current rate of 
population increase is not balanced by major breakthroughs which permit 
intensification and diversification through the use of appropriate R & D technologies. 
This could be the overriding concern of the peoples and Government of Ethiopia. 
Thus, unless massive investments are made that call for further research and 
development the productivity of the underutilised Vertisols will not be raised. 

148 



Joint Project on Vertisok Management 

THE JOINT VERTISOL PROJECT 

The main features of Vertisok are highly characteristic.Emanating from the mineralogy 
of montmorillonite, Vertisols have shrink-swell properties depending on the soil 
moisture status. Hence, they form hard clods when dry but become sticky and form 
into puddles when moist. Workability is a major physical problem associated with the 
agricultural use of Vertisols in high-rainfall as well as in irrigated areas. Low crop yields 
on these soils are directly or indirectly related to their poor internal drainage, with 
effects on root penetration, root deformity, aeration, nutrient uptake etc. These are 
important for both crop and livestock management because they provide opportunities 
to increase production if properly managed. 

About 7.6 million ha of Vertisols are in the highlands above the 1500 m contour in 
areas of traditional mixed smallholder farming. They are extensively cropped in 
cereal-based production systems. It is estimated that some two million ha of Vertisols 
representing as much as one-third of the total national cropland are under arable crop 
cultivation. In the management of dark clays, both crop and animal production systems 
should, however, take account of other vertic soils with which they are associated and 
behave similarly to Vertisols in their management. The total hectarage of vertic soils 
in Ethiopia is thus increased to 12.2% or 14.4 million ha (Berhanu Debele, 1985). 

Despite the fact that the fertility of Ethiopian Vertisols is comparatively above 
average, with deficiencies of nitrogen and, to a lesser extent, of phosphorus (Berhanu 
Debele, 1985; Mesfm Abebe, 1979, 1980, 1981, 1982; Kamara and Haque, 1987), 
Vertisols are generally regarded as marginal soils for crop and Uvestock production, 
mainly due to their physical properties. However, the high waterholding capacity of 
Vertisols makes them comparatively low-risk soils, in the sense that once recharged 
they will bridge even prolonged dry spells in the growing season and sustain crop growth 
and yield. In this context, it has long been realised that waterlogging is severe in the 
highland Vertisols where high-rainfall and low evaporative demands prevail (Tesfaye 
Tessema and Dagnachew Yirgou, 1967; Mesfm Abebe, 1981, 1982; Jutzi and Mesfm 
Abebe, 1987). 

Traditional farming, nevertheless, has developed a wide range of practices. One of 
these concerns Vertisols where the use animal-draught power and low-yielding crop 
germplasm adapted to poor internal soil drainage or germplasm, perform reasonably 
well on residual moisture after the main rains. The most widely practiced system since 
antiquity is using the local plough to construct narrow ridges and furrows at sowing. 
The crops grow on the ridges and the excess water drains out from the root zone to flow 
out of the field through the furrows, or to pond in the furrow. 

Another system, which is the historic precursor of the new broadbed-and-furrow 
(BBF) technology (Jutzi and Mesfin Abebe, 1987), consists of drawing shallow drainage 
furrows with the local plough at varying distances across the contour and thus forming 
a raised seedbed. In very limited areas, more sophisticated surface drainage structures 
are utilised. These are broad beds and furrows of about 120 cm wide, and made entirely 
by hand. The operation entails the participation of the whole family, including women 
and children. 
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Soil burning is practiced extensively at high elevations exceeding 2400 m asl, where 
considerable organic matter (sod) accumulates subsequent to extended fallow period, 
ranging from 10 to 20 years (Tesfaye Tessema and Dagnachew Yirgou, 1%7; Mesfin 
Abebe, 1981; 1982). Soil burning not only enhances in situ drainage through the 
transformation of micropores into macropores as a consequence of the cementing and 
aggregation of clay into sand- and gravel-sized particles, but it also contributes to the 
mineralisation of nutrient elements from organic matter, thereby promoting improved 
plant nutrition. Soil burning, however, is not only a tedious practice involving women 
and children, but introduces inefTicient land use when considering the extended fallow 
period before land can be brought into repeated production. 

Researchers, however have long recognised (Tesfaye Tessema and Dagnachew 
Yirgou, 1967; Mesfin Abebe, 1981;1982; Jutzi et al, 1987a; Getachew Asamenew et al, 
1989) that with the exception of the hand-made broadbeds and furrows, the traditionally 
applied surface drainage techniques are inadequate to allow the full realisation of the 
potential of Vertisols. These considerations were the basis for the establishment of the 
Joint Vertisol Project on Improved Management and Utilisation of Dark Clay Soils in 
Ethiopia. 

While research at each level of resomce utilisation is necessary, integrative research 
that links all levels is required for long-term sustainable agricultural resource use. 
Thus, at the outset research requirements on Vertisol utilisation were recognised to be 
potentially comprehensive and overwhelming, and a strategy of intelligent choice was 
considered to be of paramount importance for its successful progress. Conceptually, 
the integration of development institutions in the Joint Vertisol Project was to safeguard 
effective research development linkages for technology transfer and feedback 
generation from the field to research. Nevertheless, there were many instances in 
important Vertisol areas where local institutional complexity of a multi-institutional 
research and development project has had both positive and negative aspects. On the 
one hand, it may provide unique permanent fora for information exchange and decision 
generation across often tight institutional borders; on the other hand, it may contribute 
to rather heavy decision processes and little transparent overall project representation. 
Hence, there was a deliberate attempt to reduce the inherent complexity of resource 
management research while maintaining a systems approach to problem solving. 

The strategy recognised the inter-relationship between economic ecological, social 
and political parameters in the amalysis of land-use issues and in the design of options. 
Collaboration was thus to be encouraged among the following institutions: 

International research institutions such as -

• ILCA (International Livestock Centre for Africa) 
• ICRISAT (International Crops Research Institute for the Semi-Arid Tropics) 
• IBSRAM (International Board for Soil Research and Management), an 

international research network sponsoring institution; 

the national agricultural research systems in Ethiopia, namely: 

• lAR (Institute of Agricultural Research) 
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• AUA (Alemaya University of Agriculture) 

• AAU (Addis Ababa University); 

and the formal agricultural development institutions, namely: 

• the Ministry of Agriculture, and 
• the Relief and Rehabilitation Commission. 

In addition to the above, attempts were made to involve non-governmental 
development organisations in technology field testing and pilot extension activities. 

The Joint Vertisol Project also recognised, where possible, indigenous knowledge 
as the starting point. To this end, the JVP worked in association with people who had 
traditional knowledge or with those who regulate the use of resources. Experience so 
gathered constituted a "store-house" of knowledge. Therefore attempts has been made 
to replenish the store house or at least keep under control the loss of information and 
lack of coordination. 

The Joint Vertisol Project would, thus, represent an exemplary model of 
inter-institutional and inter-discipUnary collaboration towards the support and 
sustenance of agricultural and natural resource development. Here, the classical trinity 
functions of instruction, research and extension were integrated to play a vital role in 
the conservation, development, utilisation and monitoring functions of our fragile 
enviromnent. 

The identification of a problem and the search for the solution thereof is a great 
task, an almost impossible task at times. In this context, the Joint Vertisol Project has 
made impressive progress and a quahtative leap. JVP's bold initiative in its short life of 
seven years resulted in creation of critical mass going hand in hand in the inter-play of 
comparative advantages and compUmentarities. Some of the advances constitute giant 
steps while others are a modest contribution but nevertheless encouraging considering 
the difficulties and obstacle, which constituted pitfalls in the search for direction. 
Notwithstanding, these same difficulties and obstacles indeed were valuable sources of 
strength and inspirations in the formulation of the new Joint Vertisol Programme. In 
retrospect, this becomes more true and can be best appreciated because the Joint 
Vertisol Project was initiated at a time when the military government intensified its 
attempts to coUectivise agricultural production; where the risk-taking attitudes even 
among progressive farmers was dampened in a scenario of a Dergne policy that was 
inversely related to participatory developments; and in a setting where a reliable, 
sufficiently stable agricultural environment which respects established cultural 
structures as a precondition for vigorous, and sustainable technology adoption did not 
prevail. 
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ACHIEVEMENTS AND LESSONS LEARNT 

Achievements 

A number of national institutions have been involved in the identification and mitigation 
of Vertisol-related problems, but in a rather loose collaborative setup. But, emanating 
from the rational that the general availability and economic viability of animal power 
for Vertisol cultivation in the Ethiopian highlands should allow the addition of 
animal-powered surface drainage construction with concomitant increased 
productivity of both grain and straw, towards food self-sufficiency in Ethiopia, the Joint 
Vertisol Project was initiated as a research, training, and outreach project aimed at 
improved management of Vertisols in the Ethiopian highlands. From the outset, 
national and international institutions joined in the operation, along with their 
respective interests, mandates, and comparative advantages relevant to the undertaking 
(Juta and Mesfin Abebe, 1987; Juta et al, 1988a). 

The constitution of the advisory and technical committees, and the general 
agreement on institutional coordination, constituted the basis for a considerable degree 
of research and development integration. While the extent to which this can be 
implemented is a function of time, project success, and the commitment of each 
participating institution, it was planned toaddressthe development of the Joint Vertisol 
Project in three stages: 

a) consolidation of Vertisol-related activity planning and 
implementation in participating institutions with necessary support 
organization across institutional borders; 

b) organisation of comprehensive programmes for research and development 
with the aim of implementing the projects' internal procedures for the 
formulation of priorities, strategies, and the execution and reporting routines 
for collaborative projects across institutional borders; and 

c) acquisition of funds and major strategic inputs, including those necessary for 
the training of qualified manpower for national institutions in order to remove 
operational constraints (Jutzi et al, 1988). 

Consolidation and activity planning 

The initial phase focussed on the coordination of research acti^ties and establishing 
the basic research groupings and information-exchange mechanisms required for 
inter-institutional agreements on this coordination. Within the framework of the 
project, considerable research protocols were established which included soil-water 
management, tillage, cropping systems and nutrient management. When designing 
options there was no attempt to assemble a comprehensive technological package, but 
rather stand-alone technological elements which could be introduced and combined as 
per the opportunities of a target-farming community. This project strategy to ease the 
process of management-technology adoption was the result of an early involvement of 
framers in technology development. 
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Programme development and implementation 

The animal-powered conventional tine-plough broadbed maker (BBM) as developed 
by ILCA which is an implement within the technical and economic reach of small 
farmers thus offer an option for reducing drastically the drudgery of seedbed 
preparation as in the soil-burning practice or in hand-made broadbeds and furrows. 
Through the use of the BBM for implementing effective surface drainage, participating 
institutions designed and executed a number of trials on the effects of improved 
drainage on crop germplasm and cropping systems, and on soil fertility management 
in improved cropping systems. 

In this process, ILCA provided to all national partner institutions extensive training 
opportunities in the manufacture of the animal-drawn surface drainage implement, and 
in handler and oxen-training. Through its core funds, a number of short-term training 
opportunities were offered to Ethiopians at both ILCA and ICRISAT. Logistical 
support was provided to the Ethiopian NARS during the initial phase of the Project. 

In the second year of the Joint Project (1987), ILCA m collaboration with the NARS, 
organised an international conference on the management of Vertisols in sub-Saharan 
Africa, in Addis Ababa, Ethiopia. The proceedings of the conference have since been 
published (Jutzi et al, 1988). 

ICRISAT not only provided specific training in economics, agro-ecology, and soil 
and water management to Ethiopian scientists, but was also consistently represented 
at the regular meetings of the Technical Committee. In addition, ICRISAT seconded 
a senior ICRISAT scientist to the Ethiopian Vertisol Project particularly for research 
work on watershed management. 

The concerted efforts made in the Joint Vertisol Project were further enhanced by 
the creation of Vertisol research teams at lAR and AUA with a mandate to carry out 
research on tasks agreed upon within the Joint Vertisol Project. Therefore, a growing 
appreciation emerged to define more sharply the responsibility domain of partner 
institutions within the overall programme. With the regular exchange of experiences, 
the buildup of mutual trust, the confidence in the Joint Vertisol Project and hence 
greater commitment by participating institutions, more understanding on research 
task-sharing within the Joint Vertisol Project was achieved in 1988. This implies the 
delegation of "intellectual leadership" for comprehensive coverage of the research 
areas assigned to each institution. Even with the institutionalisation of the 
"intellectual-leadership" approach, it is recognised that substantial flexibility is 
indicated to safeguard institutional autonomy. 

Acquisition of funds 

Research on natural resource management in the comprehensive sense requires, as 
stated above, the concerted action of several institutions for the research agenda to be 
adequately treated. 

The Joint Vertisol Project successfully integrated international and national 
research institutions around a broad agenda of interest such as agricultural research 
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and manpower development where the AUA and the lAR jointly represent the major 
elements of the Ethiopian NARS while the MOA represents the extension arm. 

Funding was sought in order to strengthen and enlarge the national network of 
research, training and extension activities of the NARS, the MOA and others with a 
supplementary budget from the Ethiopian Government. The objective was the 
establishment of an inter-institutional understanding of the problems and their possible 
solutions set on priority basis. While research tasks were shared among participating 
agencies along institutional mandates and individual scientists' priorities, commitment 
of the institutions during the project life was naturally variable. 

Experience has shown that formal support of the shared research agenda by the 
chief executive of an institution is required for that institution's contribution to be 
commensurate with e3q}ectations. 

Effort was made to acquire hard currency funding for all active partners; and 
detailed research portfoUos were elaborated for activity-based budget submissions to 
the donors. 

In view of the rather precarious recurrent funding situation of the national research 
system, incremental, particularly hard cwrency capital and supply funding is required 
at this level for safeguarding working conditions at least technically comparable with 
international project partners. The Joint Verüsol Project has, in cooperation ^ t h the 
main project donor, the Swiss Development Cooperation Agency (SDC) and through 
mediation by ILCA, elaborated a mode of fund acquisition and handling which is one 
viable example of complex resource management research activities likely to become 
more frequent in the futiu'e, particularly in the context of the ecoregional research 
approach within the CGIAR (Consultative Group on International Agricultural 
Research). 

Features of this funding operation are (1) an agreed research agenda based on 
comparative institutional advantages, (2) activity-based budgets, (3) equal material cost 
standards for all partners and (4) presence of an honest broker or mediator institution 
for fund handling. lathe experience of the Joint Vertisol Project the latter role may 
preferably be with an international agricultural research centre which by mandate and 
strategy is required to look for effective research aUiances with national agricultural 
research systems. Such research alliances are indeed likely to be very effective tools 
for the generation of technolo^es. Their balanced and equitable funding, however, 
requires adequate attention for them to be sustainable. 

LESSONS LEARNT AND THE PROSPECTS 

Convincing evidence for the strong impact of Vertisol surface drainage on crop 
production has motivated a number of international and national agencies to direct 
increased attention to the agricultural utilisation of these soils. A formal agreement on 
the coordination of these efforts has been adopted and quite detailed procedures for 
the implementation of inter-institutional research and development initiatives have 
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emerged from this agreement. It has now been confirmed that improved Vertisol 
management technologies are the result of multi-disciplinary efforts. These efforts 
have dealt with agroecological and socio-economic resource assessment of Vertisol 
areas. Improved soil and water management, new cropping systems for drained 
Vertisols, improved land management techniques, and on-farm technology verification 
were also included. 

The initial phase has focused on the coordinating research activities and 
establishing the basic information exchange mechanisms required for inter institutional 
agreements on this coordination. The research emphasis has been on the use of an 
animal-drawn implement, the broadbed-and-furrow maker, that enhances surface 
drainage, thus reducing waterlogging. 

During the intermediate term, thed emphasis was on crop germplasm, cropping 
systems, and soil fertility research on Vertisols with improved drainage. The aim was 
to offer improved agricultural Vertisol utilisation technologies to generate maximum 
returns from scarce available resources. To achieve these aims, there was a need to 
further integrate the research and development of participating institutions so as to 
generate and transfer technology more rapidly primarily in smallholder mixed 
crop-livestock farming systems for very substantial returns in terms of grain and crop 
residue production. Given the large acreage of Vertisols in high-rainfall, high-potential 
highland areas of Ethiopia, and given the large gap between actual and potential 
production from these soils, these returns may have a significant bearing on the national 
thrust towards food self-sufficiency. 

Despite the conceptual clarity and the symphonic working relations of partner 
institutions in the JVP, funding for development, and especially for research activities, 
tended to be chronically deficient. The coordination of effort is therefore crucial for 
the judicious use of scarce available resources in order to manmise the returns from 
the respective investments. 

It is generally understood that each participating agency will, in principle, 
independently fund its own Vertisol-related activities. The CGIAR centres involved 
also pledged to provide strategic inputs into national research and development 
institutions and to be instriunental in catalysing incremental funding for national 
partner institutes to implement agreed activities. Such executive commitments to the 
Joint Project were made by AUA, lAR, IBSRAM, ICRISAT and ILCA. In the 
experience of the Project, the formal inclusion of institutions without such high-level 
commitment was probably somewhat inconsiderate in that it tended to create an 
erroneous impression of programme strength and did lead to a dangerous gap between 
expectations and performance. 

Institutional complexity of a multi-institutional research and development project 
has both positive and negative aspects. On the one hand, it may provide unique 
permanent fora for information exchange and decision generation across often rather 
tight institutional borders; on the other hand, it may contribute to rather heavy decision 
processes and little transparent overall project representation. This latter aspect is a 
particular problem in programme funding. There is therefore, much justification for 
careful preparation, discussion and application of exigent criteria by which formal 
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membership in the multi-institutional project may be awarded or withdrawn. Formal 
executive commitment to the joint programme is also prerequisite since internal and 
external fimd allocation to the activities agreed are within the programme. 

We now note that agricultural research centres such as those within the CGIAR 
system have an important innovative potential given the considerable human and 
material resources allocated to them. However, these centers can only fully exploit this 
potential for the benefit of their mandate areas if they are all properly linked with 
national research and extension systems where such a diversity of activities requires a 
large degree of intra- and inter-institutional coordination. The work of individual 
institutes therefore, can be substantially upgraded if directly of indirectly assisted by 
collaborators of partner institutes working along similar lines. The assembling of a 
critical mass of information is thus more likely to be achieved from more areas of work 
and in less time. This becomes more obvious during the implementation stage thus 
further imderlining the fact that many institutions have conducted research on soils 
which are essentially similar, but which require somewhat different management 
according to rainfall, amount, and distribution differences. 

Conceptually, the integration of development institutions in the Joint Vertisol 
Project was to safeguard effective research-development linkages for technology 
transfer and feedback generation from the field to research. Therefore, improved 
surface drainage technologies, once validated on-farm, should be brought into the 
extension phase as soon as possible. This will involve the extension services of the 
Ministry of Agriculture, as well as institutes mandated with research. In the experience 
of the JVP there were many instances in important Vertisol areas where local and 
regional Ministry of Agricultiu-e officials agreed to embark on Vertisol management 
technology extension at the pilot or even on a larger scale. There was, however, no 
decision at the executive Ministry level for such activity to be within its central mandate. 
The institutional integration of research and development was therefore not as 
successful as anticipated. 

JVP must conclude from this experience that it should abstain from formally 
integrating the research and development sectors and rather address research and 
extension agendas in separate, though interlinked institutional set-ups. The aims of the 
collaborative research were to study Vertisols management in a range of wet to 
semi-arid environments, and, by exchanging experience between similar areas, to evolve 
locally adapted management techniques and cropping systems. 

Agreed priorities for Vertisol management research include soil water management 
and tillage problems. The aim has been to develop techniques for using as much as 
possible of the water received while also providing surface drainage to avoid 
waterlogging. Man-made microrelief patterns to improve surface drainage include 
cambered beds, ridges, narrow beds and furrows, and broadbeds and furrows. In very 
dry areas, water harvesting techniques involve planting crops in the furrows rather than 
on the beds and ridges. These aspects have also been tried. Some M.Sc. and Ph.D thesis 
have also been imdertaken (Ali Yimer, 1992; Selamyihun Kidanu, 1992; Tamrat 
Tsegaye, 1992). 
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Joint Project OD Vertisols Management 

All told, research must be linked with development. Hence there is a need for pilot 
extension projects to be an integral part of the Joint Vertisol Project with the Ministry 
of Agriculture to prepare the implementation of a general Vertisol management line 
and its increased responsibility in setting a logical framework for activity planning and 
programme direction in the Joint Vertisol Project. 

In some quarters it has become fashionable to refer to "women's role" and 
"participatory development". Such euphemism does not apply to the Ethiopian woman 
because the role of women in improving the Ethiopian subsistence agriculture is high. 
This is important in Vertisols where it is estimated that, depending on localities, women 
contribute from 50 and 90 per cent of the labour input. Corrective measures that 
remove the household chores and the back-breaking drudgery of making hand-made 
BBF would unleash a formidable working force. Thus, appropriate projects need to 
be designed to gain the meaningful participation of women in future development 
programmes. 

With the advent of appropriate research and development and the ushering of 
decentralisation, the prospect of making traditional agriculture responsive to the 
changed situation, and hence increased productivity, looms large. This is because of 
the prospects of favourable government policy and its implementation being 
streamlined. Hence, the motivation and popular participation of the rural communities 
needs to go hand in hand with agricultural extension programme. Thus, the cooperative 
initiation and implementation of the activities will seek a high degree of coordination 
between NARS, international communities and finally the government. Unlike the 
top-down approach of the past, the current democratic situation allows provision for a 
genuine participation with the community. Hence, there is a need to guarantee the 
formulation and adoption of "participatory extension service" for promoting sustained 
agricultural development. As a consequence, cognisance must be taken of social 
dynamics in the conceptualisation, designing, and implementation of projects that 
would involve popular participation on Vertisols towards their sustainable utilisation. 
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Annex 1 

TRAINING, WORKSHOPS/CONFERENCES AND PUBLICATIONS 

Abate Tedla, KL Srivastava and Tekalifft Mamo 

The Joint Vertisol Project (JVP) has been involved in organising a range of training, 
public awareness and scientific exchange activities smce its inception. These are 
summarised below: 

TRAINING 

Individual training of scientific personnel 

The Project has offered training opportunities to visiting scientists, post-doctoral 
fellows, graduate and imdergraduate associates, particularly in the areas of soil 
management and feed legume research. These individuals were drawn from national 
research and development institutions seeking to strengthen their work on Vertisols. 
They have beneHtted from direct participation in on-going research and evaluation 
programmes under close supervision by their advisors. 

Group training of scientific personnel 

About 10 personnel from the Institute of Agricultural Research (lAR), the Alemaya 
University of Agriculture (AUA), the Ministry of Agriculture (MOA), the Addis 
Ababa University (AAU) and the International Livestock Centre for Africa (ILCA) 
underwent training in production agronomy, cropping systems, soil fertility and land 
and water management at ICRISAT Centre, Hyderabad, India. After their retiun to 
Ethiopia, these staff have contributed to Vertisol research and technology verification. 

Field days and training to farmers and development agents 

JVP has annually organised farmer-training sessions and field days. Farmers, extension 
workers, researchers and pohcy makers actively participated in these sessions and field 
days (Fig. 1). 

The aim of the Project with regard to training of farmers and development agents 
was geared primarily to "training the trainers". Therefore, the participation of some 
previously trained farmers participating in the training sessions as trainers was 
encouraged. The training sessions for farmers and development agents were of two 
types: 

• General information about the Project and its achievements. In this session, 
key farmers and development agents were invited to various research sites 
where they interacted with research staffand amongst themselves. This proved 
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a highly useful exercise as farmers were exposed to innovative practices in 
different Vertisol areas and there was cross-fertilisation of ideas. 

• Training in preparation and use of the broadbed maker (BBM). These sessions 
were conducted at different on-farm verification sites. The previously trained 
farmers acted as resource persons. Some basic tools were provided to selected 
farmers. This has enabled them to use their newly acquired skills beyond the 
training sessions. 

Practical training for university students 

JVP provided training opportunities to some 10 Alemaya University of Agriculture 
students each year during their summer vacations. These were students who had 
completed their third year majoring in agricultural engineering, plant and animal 
sciences and in agricultural economics. 

They carried out trials on specific projects: cropping systems, better feed utilisation 
trials, implement designing, soil management (e.g. erosion) trials and on-farm 
economic evaluations etc which they carried out on all JVP sites. 

Training in JVP enabled the students to translate theory into practice and gain a 
hands-on experience in Vertisols management. Many of them used the opportunity to 
prepare their fourth year research paper. They popularised Ethiopian Vertisols in 
AUA and today serve as link people. 

PUBLIC AWARENESS 

The JVP has achieved a remarkable degree of public recognition both in and outside 
Ethiopia. 

There have been in-depth coverage of Project field days by all Ethiopian media. 
The Projects's activities have also been covered among others by the BBC World 
Service (Farming World), Radio France International, New Scientist and Neue 
ZuercherZeiting. The Vertisol conference held in 1987 contributed decisively to public 
awareness. The Ethiopian Ministry of Education included a report on the Project in 
its bulletins for adult literacy training in six languages. The Project featured in the 
CGIAR Annual Report 1986/87 under the heading "Impact: From farmers' fields to 
national policies". 

SCIENTIFIC EXCHANGE 

Workshops/Conferences 

A Vertisol conference was organised at ILCA, Addis Ababa, from 31 August to 4 
September 1987 in collaboration with national and international organisations. The 
purpose of this conference was to acquaint African researchers and development 

I 
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personnel with work being undertaken in different countries and to determine the 
Vertisol research agenda for the African Continent. 

Project staff participated in and contributed to the following Vertisol management 
workshops and conferences: 

1986. Workshop on Management of Vertisols under Semi-arid Conditions. 
Organised by IBSRAM in Nairobi, Kenya. 

1987. Conference on Management of Vertisols in sub-Saharan Africa. 
Organised by ILCA in Addis Ababa, Ethiopia. 

1988. Workshop on Vertisol Management in Africa. Organised by 
IBSRAM in Hairare, Zimbabwe. 

1989. Workshop on Vertisol Management. Organised by Texas 
A & M University, College Station, Texas, USA. 

1990. Networkshop on Vertisol Management in Africa. Organised by 
IBSRAM in Nairobi, Kenya. 

1992. Annual Networkshop on Management of Vertisols in Africa. 
Organised by IBSRAM in Accra, Ghana. 

JVP learned several things from these conferences: 

that there were several studies underway in the rest of the world as well on 
Vertisols where water was scarce 

that research in the developing world was focussing on characterisation and 
coming out ynth specifications 

that a multidisciplinary approach would be better for creating an impact on the 
target audience - the farmer 

that Ethiopian Vertisols had great potential: with simple modification of 
implements, impact in terms of higher yields of food and feeds was possible. 
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Figure 1. Visit to farmers' fleld on a fleld day. Put 

The 
whi 
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Publications/Reports 

The Joint Vertisols Project has produced a range of publications and internal reports 
which are listed below: 

1) Abate Tedla. 1989. Improved technology for draining Vertisols in the 
Ethiopian highlands. ILCA's contribution. In: MOVUSAC/IBSRAM 
Workshop on Vertisol Management in Africa, Harare, Zimbabwe, January 
16-21. IBSRAM Proceedings 9. pp. 173-179. 

2) Abate Tedla and Abiye Astatke. 1989. Vertisol management project 
highlights. Paper presented at the Agronomy and Soil Training Workshop, 
Holleta, Ethiopia. 

3) Abate Tedla and Abiye Astatke. 1992. Some methods for introducing forage 
legumes into the smallholder mixed farms in the Ethiopian highlands. Paper 
presented at the Symposium on Environmental Degradation, Mekele, 
Ethiopia. 

4) Abate Tedla and Getachew Asamenew. 1992. Food and f eed production 
strategies for Vertisols in the Ethiopian highlands. Paper presented at the 
IBSRAM Aimual Workshop on Management of Vertisols in Africa, 11-14 
June 1992, Accra, Ghana. 

5) Abate Tedla and Mohamed-Saleem M A. 1992. Cropping systems for 
Vertisols of the Ethiopian highlands. In: Reports and papers on the 
management of Vertisols (IBSRAM/AFRICALAND). Network Document 1. 
IBSRAM (International Board for Soil Research and Management), Nairobi, 
Kenya, pp. 55-66. 

6) Abate Tedla, Airaksinen H and Mohamed-Saleem M A. 1992. Effect of 
seedbed methods and time of harvest on the yield and nutritive value of some 
forage crops at Debre Zeit, Ethiopia. Agricultural Science in Finland (in 
press). 

7) Abate Tedla, Getinet Gebeyehu and Tesfaye Tesemma. 1989. Drainage 
improvement on Vertisols of the highlands of Ethiopia. Sebil 2(l&2):33-34. 
Bulletin of the Crop Science Committee of Ethiopia. 

8) Abate Tedla, Jutzi S and Getinet Gebeyehu. 1988. Performance of 
Improved wheat varieties on some highland Vertisols under enhanced surface 
drainage. Sebil 1(1):28. Bulletin of the Crop Science Committee of Ethiopia. 

9) Abate Tedla, Mohamed-Saleem M A and Tesfaye Tesemma. 1991. Grain 
and straw comparison of wheat varieties using early season planting on drained 
Vertisols in the Ethiopian highlands. (ILCA internal report) 
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10) Abate Tedla, Tekalign Mamo and Getinet Gebeyehu. 1992. Integration of 
forage legumes into cereal cropping systems in Vertisol of the Ethiopian 
highlands. Tropical Agriculture 69:68-72. 

11) Abate Tedla, Jutzi S C, Kahurananga J and Tothill J C. 1988. Results of 
undersowing clover mixture in bread wheat on improved Vertisols in the 
Ethiopian highlands, 1987.6 pp. (ILCA internal report) 

12) Abiye Astatke and Abate Tedla. 1992. Small-scale water reservoirs for 
erosion control and for sustainable agricultural production. Paper presented at 
the Symposium on Environmental Degradation, Mekele, Ethiopia. 

13) Abiye Astatke and Mohamed-Saleem M A. 1992. Low-cost animal-drawn 
implements for better utilization of Vertisols in the Ethiopian highlands. In: 
Reports and papers on the management of Vertisols (IBSRAM/AFRICA-
LAND). Network Document 1. IBSRAM (International Board for Soil 
Research Management), Nairobi, Kenya, pp. 67-74. 

14) Abiye Astatke, Airaksinen H and Mohamed-Saleem M A. 1990. 
Supplementary irrigation for sequential cropping in the Ethiopian highland 
Vertisols using broadbed and furrow land management system. Afficultural 
Water Management (in press). 

15) Abiye Astatke, Jutzi S C and Abate Tedla. 1988. Sequential cropping on 
Vertisols of the Ethiopian highlands using broadbed and furrow system. 4 pp. 
(ILCA internal report). 

16) Abiye Astatke, Jutzi S C and Grimder M. 1988. Vertisol surface drainage 
and effects on soil nutrient conservation, excess water disposal and wheat growth 
at Debre Zeit. Paper presented at the National Crop Improvement 
Conference (NCIC), Addis Ababa, Ethiopia, 28-30 March 1988. lAR 
(Institute of Agricultural Research), Addis Ababa, Ethiopia. 

17) Abiye Astatke, Jutzi S C and Grunder M. 1988. Effects of surface 
drainage on soil erosion and wheat growth on a gently sloping Vertisol at 
Debre Zeit, Ethiopia (Abstract). In: Jutzi S C, Haque I, Mclntire J and 
Stares J E S (eds). Management of Vertisols in sub-Saharan Africa. 
Proceedings of a conference held at ILCA, Addis Ababa, Ethiopia, 31 Aug-4 
Sep 1987. ILCA (International Livestock Centre for Africa), Addis Ababa, 
Ethiopia, pp. 288-289. 

18) Abiye Astatke, Jutzi S C, Grunder M, Bums E and Mohamed-Saleem M 
A. 1989. Effects of surface drainage on erosion in the Vertisol areas of the 
Ethiopian highlands. (ILCA internal report). 

19) Akyeampong E and Tekalign Mamo. 1988. Response oiSesbania sesban 
to nitrogen and phosphorus fertilization on two Ethiopian Vertisols 
(Abstract). In: Jutzi S C, Haque I, Mclntire J and Stares J E S (eds). 
Management of Vertisols in sub-Saharan Africa. Proceedings of a conference 
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held at ILCA, Addis Ababa, Ethiopia, 31 August-4 September 1987. ILCA 
(International Livestock Centre for Africa), Addis Ababa, Ethiopia, pp. 
256-257. 

20) Ali Yimer Ali. 1992. Nitrogen transformation in some Ethiopian highland 
Vertisols. PhD thesis. University College of Wales, Aberystwth, UK. 174 pp. 

21) Asfaw Yimegnuhal, Negussie Akalework and Jutzi S C. 1987. 
Conventional sheep production and fattening in an intensively cropped Vertisol 
area of the central Ethiopian highlands (Debre Zeit). 9 pp. 

22) Asgelil Dibabe. 1990. Ethiopian Vertisol management research. lAR 
Newsletter 5:4. lAR (Institute of Agricultural Research), Addis Ababa, 
Ethiopia. 

23) Asnakew Woldeab. 1988. Physical properties of Ethiopian Vertisols. In: 
Jutzi S C, Haque I, Mclntire J and Stares J E S (eds), Management of 
Vertisols in sub-Saharan Africa. Proceedings of a conference held at ILCA, 
Addis Ababa, Ethiopia, 31 August-4 September 1987. ILCA (International 
Livestock Centre for Africa), Addis Ababa, Ethiopia, pp. 111-123. 

24) Asnakew Woldeab, Tekalign Mamo, Mengesha Bekele and Tefera Ajema. 
1991. Soil fertility management studies on wheat in Ethiopia. In: Hailu 
Gebre-Mariam, Tanner D G and Mengistu Hulluka (eds). Wheat research in 
Ethiopia: A historical perspective. lAR/CIMMYT (Institute of Agricultural 
Research/International Maize and Wheat Improvement Center), Addis 
Ababa, Ethiopia, pp. 137-172. 

25 )AUA (Alemaya University of Agriculture). 1991.AUA Vertisol Project 
progress summary. Internal report submitted to fothe external review of the 
Joint Vertisols Project. Addis Ababa, Ethiopia. 

26) Belay Simane. 1990. Agroclimatic analysis to assess crop production 
potentials in Ethiopia. ICRISAT/AUA (International Crops Research 
Institute for Semi-Arid Tropics/Alemaya University of Agriculture) 
Agronomy Section, Department of Plant Science, Alemaya, Ethiopia. 51 pp. 

27) Bull T A. 1988. Agroecological assessment of Ethiopian Vertisols. In: 
Jutzi S C, Haque I, Mclntire J and Stares J E S (eds), Management of 
Vertisols in sub-Saharan Africa. Proceedings of a conference held at ILCA, 
Addis Ababa, Ethiopia, 31 August-4 September 1987. ILCA (International 
Livestock Centre for Africa), Addis Ababa, Ethiopia, pp. 89-105. 

28) Daniel Dauro. 1991. Competition and regeneration of selected Trifolium 
species under natural pasture and intercropped situation in the central 
highlands of Ethiopia. PhD thesis (in preparation), Montpellier, France. 

29) Deckers J. 1988. Soil fertility assessment of Ethiopian Vertisols on the 
basis of extension trial series of the Ministry of Agriculture (Abstract). In: 
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Livestock Centre for Africa), Addis Ababa, Ethiopia, pp. 223-231. 

31) Desta Beyene and Hailu Regassa. 1989. Research work on the 
management of Vertisols in Ethiopia Experience of lAR. In: Vertisol 
management in Africa. Proceedings 9. IBSRAM (International Board for Soil 
Research and Management), Bankgok, Thailand. 

32) Escobedo J. 1988. Soil conservation works on Vertisols of central Ethiopia 
(Abstract). In: Jutzi S C, Haque I, Mcintire J and Stares J E S (eds.) 
Management of Vertisols in sub-Saharan Africa. Proceedings of a conference, 
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(International Livestock Centre for Africa), Addis Ababa, Ethiopia, p. 290. 

33) Fisseha Itanna. 1992. Macro-and micronutrient distributions in Ethiopian 
Vertisol landscapes. PhD thesis. University of Hohenheim, Germany. 202 pp. 

34) Getachew Asamenew. 1988. .,4n overview of a whole-farm approach in 
economic evaluation of small ruminant production technolo^es. Small 
Ruminant Production Technique Course, May 1988 at ILCA, Addis Ababa, 
Ethiopia. 

35) Getachew Asamenew. 1990. Methodological issues in on-farm research to 
improve smallholder feed production. Paper presented at the ILCA Forage 
Evaluation and Production Course, August 20 to September 14,1990. ILCA 
(International Livestock Centre for Africa), Addis Ababa, Ethiopia. 

36) Getachew Asamenew. 1990. Status of and constraints to animal traction 
technology in the Ethiopian highlands. Paper presented at a Seminar on the 
Role of Draught Animal Technology in Rural Development, 2-12 April 1990, 
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Annex 3 

FUTURE PROSPECTS: 
Resource management for the 

improvement and sustainability of crop and 
livestock productivity on highland 

Vertisols in Ethiopia 

BACKGROUND 

In smallholder farming systems of sub-Saharan Africa livestock provide milk, meat, 
manure, wool, hide and skin for on-farm use and marketing and draught power for 
cropping. Integrated crop-livestock systems can substantially meet the increasing food 
and other demands of people if some of the major production constraints are 
removed. 

The Ethiopian highlands, where millions of people scratch out a living from 
lighter soils on steep slopes, is fast degrading imder the combined effects of 
continuous cropping and overgrazing. Meanwhile, the potentially productive Vertisols 
located on mild slopes continue to be underutilised because of socio-technical 
problems associated with their management. As a result, the majority of the rural 
people in Ethiopia are becoming dependent on food aid. Sustainable technologies 
that could further reinforce crop-livestock interactions in the farming systems are 
urgently needed. 

Of the estimated 12.6 million ha of Vertisols in Ethiopia, 7.6 miUion ha are in the 
highland zone and five million ha in the lowland zone. Only about 28% of the highland 
Vertisols are cultivated giving generally low-yielding food crops during the latter part 
of the growing season. Waterlogging, drought and poor workability are the major 
problems of Vertisols. 

During the past six years, a consortium of five active collaborating institutions, 
namely the International Livestock Centre for Africa (ILCA), the International Crops 
Research Institute for the Semi-Arid Tropics (ICRISAT), the Institute for 
Agricultural Research (lAR), the Alemaya University of Agriculture (AUA) and the 
Ministry of Agriculture (MOA) were formed as the Joint Vertisol Project (JVP) to 
coordinate research, training and outreach activities. The JVP-developed package of 
technologies for raising the productivity of Vertisols included broadbed maker 
(BBM), better cropping options and the concept of dry planting. 

The traditional animal-drawn implement, the maresha is inadequate for 
land-shaping, but it can be modified (using attachments) to give it a land-shaping 
character. This new implement (the BBM) makes broadbeds and furrows (BBF) 
allowing drainage of excess water during the growing season. The drainage furrows, 
in some instances, serve as irrigation furrows also; this makes the BBF technology 
more versatile. The JVP has recommended crop varieties that are suitable for 
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extended cropping periods on drained Vertisols. On-farm research results confirm 
that crop yields can be increased by 60% through drainage improvement by the BBF 
method. By combining several elements of technology, crop yields can be raised 
twofold or even more. These results have attracted the attention of development and 
extension agencies. According to one estimate these technologies could potentially 
benefit four miUion farm-famihes living in highland Vertisol areas of Ethiopia alone. 

In order to make the drainage improvement practices widely applicable and 
environmentally safe, further research is needed for translating the plot-based research 
into watershed management technologies. In the absence of coordinated watershed 
planning, water drained from individual field plots can cause widespread land 
degradation. Watershed research will involve systematic study for soil conservation 
and water control techniques that may suit the farmer endowments. This should also 
include techniques to make broadbeds and furrows and other structures long-lasting. 
Selected soil-binding crops (including tree species and other perennials) should form 
part of the production system for ensuring soil and water conservation and sustained 
production on the Vertisols. Also, efficient modes of technology transfer will have to 
be formulated. 

In addition to research and development activities on already cultivated 
Vertisols, future work should also develop criteria and technologies for optimising 
land use in other areas - e.g., shift from less productive pastoral systems towards 
crop-livestock systems including elements of higher productivity as well as 
sustainabiUty in potentially suitable areas. 

The first two phases of the project have been funded mainly by the Swiss 
Development Cooperation (SDC). The second phase of the JVP ended in December 
1992. This proposal seeks funds to continue the Project and is therefore jointly 
submitted for donor support. The proposal covers activities envisaged for the third 
phase of the JVP to be executed by ILCA, ICRISAT, lAR and AUA. 

GOALS AND OBJECTIVES 

Goals 

1. To investigate and recommend appropriate soil, water and crop 
management practices for increased and sustainable food production on 
Vertisols in Ethiopia 

2. To simultaneously enhance research capacity in Ethiopia in land and water 
management 

3. To devise and implement the rapid transfer mechanism of the 
technological packages developed during the past years. 
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Ojectives 

1. To identify, develop and adapt a range of cropping options for Ethiopian 
Vertisols 

2. To conduct research, training and outreach activities on porous barriers 
(e.g. Vetiver hedges), and other grasses for stabilisation of soil and water 
conservation structures taking into accoimt the unique physical properties of 
Vertisols 

3. To develop and adapt better resource management practices in a 
watershed context incorporating agro-forestry practices in the agricultural 
production system 

4. To promote optimisation of labour with simple technological inputs, 
human as well as animal power 

5. To promote the already available technological packages to the fanners 

6. To verify new cropping technologies on farmers' fields 

7. To develop training and extension information manuals for Vertisol 
management 

8. To contribute to the development of trained manpower needs of the 
country in the various disciplines of Vertisol management. 

PROJECT DURATION AND EXPECTED OUTPUTS 

The Project duration is five years during which time the following activities will be 
undertaken and outputs are expected: 

1. Better resource conservation and management of Vertisols 

2. Increased human food, animal feed and fuel production as a result of 
better floral mix and management of Vertisols 

3. Optimal use of human and animal power 

4. Introduction of new methods and tools that will increase productivity 
of farm laboiu* (including women) and reduce drudgery on farm work 

5. Experience and technologies developed in the Project may have 
spillover effect in Vertisols in other countries of Africa. 
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IMPLEMENTATION 

Operational arrangement 

The partner institutions will be lAR, AUA, ILCA and ICRISAT and they will bear 
the primary responsibility for the conduct of the Project. The Project will also seek 
the active collaboration of the Ethiopian Ministry of Agriculture and International 
Board for Soil Research and Management (IBSRAM). Task-sharing among the 
partner institutions would depend on the institutional mandate and is given in Table 
1. 

Table 1. Framework for institutional cooperation and task-sharing among the 
partner institutions. 

Institutions 
Task ILCA ICRISAT lAR AUA MOA 

1. Field and watershed scale 
surveys and assessment of 
constraints: 

- Agroclimatic and hydrologie 
- Agronomic (food + forage) 
- Trees and shrubs 
- Socio-economic 
- Crop-livestock integration 

2. On-station research: 
- Land and water management 
- Soil fertility 
- Crops and varieties 
- Design and evaluation of 

cropping and alternative 
land-use systems 

- Farm implements 
3. On-farm research 
4. Preparation of reports and manuals 
5. Training of Ethiopian scientists 

and technicians 
6. Technology diffusion to user 

organisations and farmers 

* Less input; ** Medium input; *** More input. 

Acronyms: 
ILCA International Livestock Centre for Africa 
ICRISAT International Crops Research Institute for the Semi-Arid Tropics 
lAR Institute of Agricultural Research 
AUA Alemaya University of Agriculture 
MOA Ministry of Agriculture 

* 
*** 
*** 
*** 
*** 

*** 
* 
* 

*** 
*** 
*** 
*** 

*** 
* 
• « 
** 
** 
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Strategic considerations 

Based on the experience of several projects in Africa and in recognition of 
environmental diversity and socio-economic factors affecting the use of Vertisols in 
Ethiopia, the Project will include the following strategies: 

Coordination: In order to organise and coordinate the efforts of collaborating 
institutions an Advisory Committee (AC) composed of the heads of the collaborating 
institutions and a Technical Committee (TC) composed of leaders of the respective 
Vertisol project teams of the active institutions have been formed. To ensure more 
collaboration and follow-up, a coordination office is being opened soon. 

Multidisciplinary approach: The Project will have input from technical as well as social 
scientists. It will adopt a systems-approach perspective in investigations and 
formulating recommendations based on on-station and on-farm studies. 

Low-cost inputs: In providing technical solution, the Project will emphasise the use of 
locally available and low-cost inputs. 

Flexibility of technology options and land-spatial scale: It is en\asaged that extension 
workers and farmers will take into account local factors (landscape position, source of 
excess water, rainfall pattern etc) while choosing a particular option for water control 
and crop management. Some options will be appropriate for individual field plots while 
others will require planning on small watershed basis. 

Main areas of investigations 

1. Field and watershed scale surveys; analysis of hydrologie, socio-economic 
and agronomic constraints 

2. Evaulation of runoff diversion channels and network of surface drains for 
efficient and safe disposal of drained water on watershed (community) basis; 
methods for managing field depression; linking of practices for 
individualplots with conmiunity drains 

3. Adjustment of specification of broadbed and furrows in relation to 
topography, climate and soil factors; management of surface cracks for 
reducing evaporation in post-rainy season. Further improvement of the 
BBM in terms ofdraught and efficiency 

4. Development of attachments for the broadbed maker to perform 
minimum tillage, row planting and weeding practices 

5. Investigating options for minimising soil erosion in a watershed context: 
planting of trees and shrubs on marginal and high slopy grounds, reclaiming 
gullies, covering of channels with vegetation etc. Evaluation of options for 
double cropping on Vertisols (e.g. different crop combinations; planting on 
raised beds during the rainy season and in furrows during the post-rainy 
season) 
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6. Crop response to nitrogen application on Vertisols in relation to 
toposequence and water regime. 

Target areas 

The project will develop recommendations primarily for smallholder fanning systems 
of rainfed Vertisol areas in the highlands and semi-arid tropical zones of Ethiopia. 

Project coordination 

The Project technical activities will be coordinated by the existing Technical Committee 
(TC) of the Joint Vertisol Project in accordance with the terms of reference given to it 
by the Advisory Committee (AC) of the JVP. The overall management will be followed 
up by the coordination office. 

Project evaluation and reporting 

Annual reports will be submitted to donor agencies and heads of partner institutions 
through the coordination office. Biennial review shall be encouraged to evaluate the 
progress of the Project. 
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