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Executive Summary

Grasslands, which refer to ecosystems whose dominant vegetation is 
made up of herbaceous species, are the most conspicuous forms o f land 
use in Ethiopia. They stretch from the cool temperate highlands to the hot 
humid and dry lowland environments. The livestock-subsector, which 
contributes over 45% o f the country’s agricultural GDP and source of  
income for 37-85% of the population, heavily relies on these resources. 
The entire livestock diet in the pastoral production system, and about 
50% of the feed budget in the agro-pastoral/pastoral and mixed-farming 
production systems come from grasslands. The benefits o f grasslands go 
beyond the provision of feed to the domestic livestock population. 
Grasslands are the custodians o f the country’s rich plant and animal 
genetic resources and offer diverse environmental services including soil 
carbon stock, conservation o f soil and water resources, and the scenic 
beauty o f landscapes. Cognizant of this fact, extensive biophysical and 
anthropological studies and development work have been conducted over 
the last 60 years with the intention of understanding and fostering the 
sound management o f grasslands. Unfortunately, the wealth of 
information emanating from these vast efforts is shelved in the libraries 
of research, higher learning and development institutions across the 
country. With this background, a review workshop under the title 
“Pasture and Rangeland Research and Development in Ethiopia”, the 
subject o f these proceedings, was conducted with the following 
objectives:

•  Compile past grasslands research (R) and development (D) 
initiatives o f various stakeholders in a single publication

• Identify key technical and policy gaps of sustainable grasslands 
management

• Contribute to minimization of unnecessary duplication o f efforts

Senior grasslands / rangeland and animal nutrition experts and policy 
makers attended the review workshop. A total o f eight review papers on 
various aspects o f grasslands including rangeland condition and trend, 
biodiversity conservation, rangeland restoration, native pasture 
management, cultivated forage production and management, forage 
nutrition and policy were presented. The reviewers of these papers and 
workshop participants who substantially contributed to the improvement 
o f the proceedings were themselves very much involved in the grassland
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research and development during the last many years. The review work 
was commissioned by Pasture and Rangeland Forum Ethiopia (PaRFE) 
as such an undertaking is among the many activities the Forum is 
established for. Such consolidated publication would serve as a quick 
reference and guide to stakeholders including research and higher 
learning institutions, graduate students, development partners and the 
private sector that aspire to conduct research and promote good practices 
that contribute to the protection and sound management of the grassland 
resources across all agro-ecologies of the country.

The first three papers of this proceeding focus on research and 
development work on rangeland dynamics and the most prominent 
threats and alternative restoration measures taken to reverse the 
undesirable changes. Rangeland condition and trend assessment, state of 
the biodiversity wealth and the rangeland development work of various 
parties that stretch from the Imperial times to the present constitute the 
principal subjects o f these of papers. The consequences of different 
grazing resource management regimes and land use changes on 
vegetation structure and species composition and state of the rangelands 
are also presented. Furthermore, these papers capture the successes and 
failures of mega projects and highlight the follow-up rangelands R and D 
course pursued. The following three papers are dedicated to R and D on 
native and cultivated pastures in the mid and high altitudes of the 
country. The potential and limitations of the native pasture, indigenous 
forage genetic resources and promising cultivated forage crops suitable to 
varying agro-ecologies are presented in these papers. The papers also 
summarize the piloted grazing lands management and utilization 
practices and interventions to be implemented to restore their original 
state of productivity and overcome the threats to habitat loss are 
suggested. Feeding value assessment studies conducted by various 
workers are reviewed in the paper on pasture and range forage nutrition. 
The paper highlights the areas where nutritional work had been strong 
and areas that require research and development attention in the future. 
The last paper of this proceeding is on policy related to pasture and 
range. The paper attempts to explore the land policy and administration 
as well as the traditional grazing resources management systems and their 
ecological rationality. It also touches upon the internal and external 
pressure on land use and its implication on the management of Ethiopian 
rangelands. Existing legislations favoring the sound management of 
grassland resources are summarized and gaps outlined.
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Introduction

Rangelands include natural grasslands, savannas, shrub lands, many 
deserts, tundras, alpine communities, marshes and meadows. Rangelands 
are one of the most important land systems used by mankind and account 
for 30-50% of the earth’s land surface. In Africa, rangelands are the 
major sources of feed for ruminants and constitute about 65% of the total 
land area (Herlocker, 1999). This form of land use accounts for the 
largest share of the east African countries - Kenya 88%, Tanzania 83%, 
Ethiopia 61-67%, (Alemayehu, 2002), Uganda 56%, and almost the 
entire area of Somalia, Eritrea and Djibouti (Herlocker, 1999; 
Alemayehu, 2004). In Ethiopia, the rangelands serve a variety of 
purposes including as sources of herbivore diets, custodian of the 
biodiversity, mineral, water and energy wealth, socio-cultural heritages as 
well as centers of tourist attraction (Getachew, 2001; Alemayehu, 2004).

The Ethiopian rangelands are highly diversified and have three 
complexes. These include the browsing complex, grazing complex and 
the flood land pastoral complex. The browsing complex covers 50% of 
the total rangeland area of the country and is located in Somali and the 
Afar Regions where the dominant animals are goats and camels. The 
grazing complex is much common in parts of Afar, Oromia, Somali and 
South Nations Nationalities and People (SNNP) Regions and these areas 
largely raise cattle and sheep. In the flood land pastoral complex, located 
in the Baro River flooded areas of western Gambela Region 
predominantly keep cattle herds (PADS, 2004).

Rangeland development work in Ethiopia started in the early sixties. A 
pilot project in southern Ethiopia (Yabello), which started in 1965, was 
the forerunner of the rangeland development work in the country. Since 
then different projects and studies that directly or indirectly helped assess 
the condition and trends of the rangelands have been undertaken.
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Although different rangeland development projects and studies were 
undertaken in Ethiopia, they have not been properly reviewed and 
documented from the viewpoint of their contributions towards a better 
understanding of the condition and trend of the Ethiopian rangelands. In 
addition, it is intended to review past efforts in such a way that they assist 
future rangeland development and identify gaps for further research. 
Accordingly, the purpose of this review is to document rangeland 
condition and trend in Ethiopia undertaken since 1960’s and tries to 
identify gaps in research and/or development.

Rangelands of Ethiopia

Location, area coverage and human population

In Ethiopia, the rangelands are located around the periphery of the 
country, almost surrounding the central highland mass. Most o f these 
areas are found below 1,500 meter above sea level (m.a.s.l.). The 
rangelands are located in the east, northeast, southeast, and southern parts 
of the country where there is virtually no comparative advantage in 
sustainable crop-based livelihood transformation. Although, there are no 
accurate and reliable data indicating the area coverage, human population 
and other resources of the Ethiopian rangelands, it is estimated that the 
rangelands support pastoral and agro-pastoral communities of over 12 
million people belonging to 29 ethnic groups in 7 regions, and 122 
districts on a grazing area of about 545,100 km“ that accounts for about 
89% of the total land mass of the pastoral areas (PADS, 2004; Beruk, 
2008). The major pastoral groups in Ethiopia, in terms of human 
population, livestock numbers and area occupied are the Afar in the 
northeast, the Borana Oromo in the south, and the Somali in the east and 
southeast of the country. In addition, there are smaller groups such as the 
Hamer, Arbore, Surma, Dassenetch, etc. who live in the extreme south of 
the country, and the Kereyu (Oromo) pastoralists in central Oromia 
(PCDP, 2007).



Rangeland physical characteristics

Thorough knowledge of rangeland physical characteristics is essential for 
an understanding of range management problems. These physical 
characteristics include soil, climate and topography determine the type of 
vegetation and its productivity in the rangelands. Climate is a critical 
component to rangeland management. Precipitation is the most important 
element among the climatic factors vital for determining the type and 
productivity of vegetation in an area (Holecheck et al., 2005). On the 
bases of the climatic variable and the magnitude of animal use, two 
opposing schools of thought namely the equilibrium and non-equilibrium 
theories have emerged and been put into practical use. Advocates of the 
equilibrium theory, argue that the densities of consumers (livestock) 
should be maintained at a level matching the carrying capacity of the 
rangelands. Those on the side of the non-equilibrium theory argue that 
the rangeland condition and trends are primarily dictated by rainfall 
variability (Behnke et al., 1993) and consider the traditional grazing 
resources management system to be the right way to go. These concepts 
have strongly influenced the development paths of rangelands over the 
years.

Rainfall in the Ethiopian rangelands is erratic, variable and unreliable. 
There is a high coefficient of variability (>30%) in quantity, onset and 
distribution. The most important uni-modal rainfall is to the extreme 
north and northeast of the country (Afar) where the precipitation ranges 
between 200 and 600 mm. The other uni-modal system, referred to as the 
‘Sudan type’ has an annual rainfall of 800 to 1,200 mm and occurs in the 
western lowlands along the Sudan border (Gambella and Benishangul). 
The bimodal rainfall occurs in the Ogaden, Borena and extreme south
west (SNNP), where the annual rainfall ranges between 250 and 750 mm 
(PADS, 2004; Kidane, 2006).

Importance of the rangelands ecosystem

The natural resources in the rangelands provide multiple uses that include 
food, feed, firewood, charcoal, timber for construction, traditional 
medicine, shade, spices, gums, resins, dyes, etc. (Beruk, 2008). The 
rangelands are also important for livestock and wildlife production, as 
sources of water, recreational products, minerals and aesthetic values. For 
instance, the rangelands support, 73, 25, 20-27 and 100% of the goat,
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sheep, cattle and camel populations o f Ethiopia respectively. Recently, it 
is estimated that about 15 billion Ethiopian Birr/year can be obtained 
from direct values (milk, meat, hides and skins, sales, exports) and 
indirect values (traction/manure, tourism, incense/gums) of the 
rangelands. In terms o f natural resource management, the Borana, Afar, 
Somali, Southern Omo and Neur in Gambella have strong and organized 
indigenous institutions adaptable to the environment. The use and 
management of rangelands and seasonal movement is primarily 
determined by the presence and availability o f perennial or seasonal 
water sources and determine mobility including dry and wet season 
grazing patterns (Beruk, 2008).

Condition and trends

Trollope et al. (1990) defined rangeland condition as the state of 
rangeland health expressed in terms o f its ecological status, resistance to 
soil erosion and potential for producing forage for sustained optimum 
livestock production. It is used as a guide to ensure sustainable land use, 
determine carrying capacity and adjust stocking rates, and identify 
potential responses to range improvement programs. In any assessment of  
a rangeland ecosystem composed o f different vegetation components, 
rangeland monitoring must incorporate three tiers, i.e., the herbaceous, 
soil and tree-shrub layer assessments (Danckwerts, 1982; Friedel, 1987, 
1991).

Range trend on the other hand refers to the changes in the status of 
resources at a site detected by monitoring and is usually expressed as 
improving, declining, or stable. It is carried out by periodic re
measurements of rangeland (and climatic) attributes at the same location 
at different points in time.

Before examining the condition and trends of Ethiopian rangelands in 
different time periods, it is important to examine the paths followed in 
rangeland development at the global level notably by financing 
organizations like the World Bank as it has direct or indirect influence on 
the development paths o f the rangelands in developing countries. 
Secondly, efforts in developing the rangelands in Ethiopia had a long 
history and a series o f livestock development projects were undertaken 
with financial support from the United States Agency for International 
Development (USAID), the African Development Bank (ADB) and the
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World Bank. The major projects relevant to the topic of this paper are: 
the Borena Range Improvement Pilot Project, the third Livestock 
Development Project (TLDP), the South Eastern Rangelands Project 
(SERP), Pastoral area development study (PADS), and PCDP (Coppock, 
1994; Beruk and Tafesse, 2000; Beruk, 2008). Lenders have commonly 
provided over two-thirds of the operating funds for any given project, 
with the remainder contributed by the Ethiopian Government. In most 
instances projects have been intended to improve economic linkages 
between highland and lowland systems.

Overview of pastoral and rangeland development

Haan (1993) reviewed the involvement of international financing 
organizations notably the World Bank in pastoral development. These 
involvement periods can be divided into four phases:

• The ranching phase (mid-sixties to early eighties): Western ranching 
technology to arid tropical areas; included heavy capital investments 
(e.g. fencing, water development, introduction of exotic breeds) on 
parastatal ranches.

® The Range/Livestock Project Phase (mid-seventies to late eighties): 
development o f communal areas through the funding of water, roads, 
markets and other infrastructure; had a strong involvement in grazing 
and land rights adjudication.

• The Pastoral Association Phase: to some extent, overlaps with the 
previous phase. With continuing emphasis on the development of 
pastoral organizations, this phase distinguishes itself from the 
previous category in giving more attention to the overall policy 
framework, and the need for mobility and flexibility in allocation of 
grazing rights. A less rigid establishment of specific land tenure rights 
and grazing control, and more attention given to the organization of 
herder-managed services such as animal health are characteristics of 
this phase.

• The Integrated Natural Resource Management Phase: is evolving 
from pastoral association projects, to give more comprehensive 
attention to natural resource management and involves all 
stakeholders in the project. Support to private institutions for the 
provision of services and management of resources and attention to 
the incentive and institutional framework is developed.
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Rangeland research and development between1960 and 
1990s

The Borana Rangeland Pilot Project/Pilot Rangeland Development 
Project (PRDP): Some stock ponds were constructed by Ethiopian j
government in the 1950’s. Based on the experience acquired, the Borana ;
Rangeland Pilot Project was launched in 1965 by the Ethiopian 
government and US AID with the objectives o f relieving pressure on wet- 1
season grazing and improve efficiency o f range use overall. The area |
covered by the project was about 1600 to 2400 km2 within 50 km radius |
o f the Yabelo town. The interventions focused on pond construction and 
controlled grazing. The preliminary results o f the PRDP were *
encouraging and led the MoA to formulate a more comprehensive |
strategy on pastoral development-the Third Livestock development f
Project (TLDP). Some o f the gaps were: little local support for the !
project, no rangeland condition and trend studies. This project attracted j
settlement around the new water points, resulting in severe overgrazing.
On the top o f this, a subsequent drought in northern Kenya led to the 
migration of Kenyan Borana pastoralists into the project area and the 
consequent collapse of the rotational grazing program (Desta and 
Coppock, 2002).

Third Livestock Development Project (TLDP): The results obtained in the 
Pilot Rangeland Development and the Livestock Market Development 
Projects led to the selection o f the Southern Rangeland Development 
Unit (SORDU); North Eastern Rangeland Development Unit (NERDU) 
and the Jijiga Rangeland Development Unit (JIRDU) as the basis o f the 
proposal for the TLDP in 1974. This project was funded by the World 
Bank, IFAD and the African Development Fund and was the first large- 
scale development project. Additional fund was obtained in the latter 
phase o f the project from the Fourth Livestock Development Project 
(FLDP) which became operational in 1988. The objectives o f the project 
were developing infrastructure and natural resources to support livestock 
production and marketing in the above mentioned three areas. This 
project covered 27% of the lowlands (203,000 km2, one million 
pastoralists and 3 million tropical livestock units (TLUs) in 1974. 
Furthermore, the project focused on surveys of population demography, 
vegetation, water resources, pastoral socio-economics and animal 
husbandry studies. The research studies were largely conducted by the



International Livestock Center for Africa (ILCA) (Kidane, 1993; 
Coppock, 1994). The project undertook the following major activities:

• Improved forage screening trials: drought-resistant genera of 
Atriplex, spineless cactus (Opuntia), and Acacia species as well as 
Leuceana species screening trials

• Areas studied: the Jijiga rangelands, the Sidamo rangelands, Middle 
Awash, and the Kessem-Kebena rangelands

• Study types: Inventory of land resources and measurement of 
changes

• Objectives: describe the status of grazing resources-identify spatial 
and environmental distribution of species and characterize condition 
and trends, and plant cover

• Details o f  accomplished activities:

-  Mapping of the units by photo-interpretation and satellite 
imagery

-  Description of ecology and the vegetation types and the flora
-  Jijiga rangelands 147, Kessem-Kebena 67, Sidamo 

rangelands 134 species were studied
-  Analyzing rangeland flora using Correspondence Analysis
-  Measurement of grassland production and changes
-  Survey of domestic animals and human population dwellings 

using the systematic reconnaissance flight technique

• Results obtained
-  In the Jijiga rangelands, 654 taxa representing 330 Genera 

classified in 80 families were identified. Of these 248 were 
reported by their vernacular names

-  In the Kessem-Kebena rangeland of the middle Awash Valley, 
152 taxa representing 105 Genera of 21 families. Of which, 63 
are reported by their Afar vernacular names.

-  In the southern rangelands, 620 taxa, classified under 307 
Genera in 71 families were identified

-  Studies measured grass layer, woody layer and tree population 
and identified bush encroachment as serious challenges

-  Through the systematic reconnaissance flight, details of 
livestock, wildlife, human habitations, vegetation cover, land 
use and water resources were collected and described.
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These studies were largely ecological and did not involve communities. 
The lack of manpower trained in rangeland management was the other 
critical problem.

Post-1990 rangeland research and development

South eastern rangeland project (SERF): This project was planned to be 
undertaken in Eastern Hararghe and the Ogaden autonomous region. 
According to ADF (l 989), the project was intended to be a hybrid of 
previous rangeland development projects with the outreach approaches of 
the pilot project. One of the major contributions of this project was the 
development of a rangeland monitoring and evaluation manual (Kuchar, 
1995).

Pastoral area development study (PADS): Review works indicated that 
past rangeland development activities were not participatory, top-down, 
lacked monitoring and evaluation components and had little regard to the 
cultural and economic differences between the regions. Furthermore, 
problems like frequent conflicts, forced sedenteralization and the huge 
costs have hampered rangeland development efforts (PADS, 2004). This 
nationwide study covered seven Regional States (Table l) and included 
methodology that incorporated key informant discussions, grazing 
capacities estimates, visual observations and use of GIS. The major 
findings in relation to rangeland condition and trend were:

• Measured grazing capacities-the total grazing capacity amounts to 
4.6 million TLU and corresponds to 47% of the potential 
Described pastoralists households wealth strata: affluent-own > 
30 TLU -4%; moderates- own 10 to30 TLUs and the poor own < 
lOTLUs
Increasing number of pastoralists are taking up crop production

In line with rangeland condition and trend, the limitations of the study 
were the contribution of browse as livestock feed was not quantified and 
there was no detailed vegetation survey and data showing trend and field 
level biomass data.

Pastoral community/ development project (PCDP): It is a 15 years project 
divided into three phases and the first phase started in 2003. It is funded 
by the World Bank, IFAD with some contribution from the Ethiopian
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government. The objectives of the project among others included 
establishing effective models of public service delivery, investment and 
disaster management that address pastoral communities’ priority needs, 
improve their livelihoods, alleviate poverty and reduce their vulnerability. 
It was people-centered, followed holistic approach and considered 
aspects of gender (PCDP, 2007). The project tried to improve the existing 
pastoral early warning system. Nevertheless, the contribution of the 
project towards rangeland condition and trend study is not clear.

Table 1. Data sheet of Ethiopia pastoral regions

Region
Surface

of
region

Pastoral
areas

only
Pastoral
districts

Pastoral
districts

population

Pastoral
districts

livestock
population

Livestock
density

Km2 Number People TLU TLU/Km2

Afar 90,400 90,400 29 1,301,000 621,300 7

BSG 48,290 8,410 3 40,640 10,100 1

Diredawa 1,200 1,200 1 108,570 39,200 32

Gambela 25,000 17,330 5 133,000 288,900 17

Oromia 325,00 152,040 34 4,007,950 4,996,300 33

SNNP 112,340 30,370 6 219,670 693,900 23

Somali 325,070 325,070 44 4,002,170 2,533,300 8

Total 956,030 624,880 122 9,813,600 9,183,500 16

1 TLU -  tropical livestock unit which is about 250 kg live weight animat

Rangeland condition and trend assessment studies by different scholars: 
These studies are presented by region or parts of the region for the sake 
simplicity (Table 2).

Bor ana rangelands: The condition and trend of the Borana rangelands 
was studied by Oba (1998), Ayana (1999, 2007), Solomon (2003), 
Gemedo (2006), Getachew (2007) and Abule (2009) (Table 2). The 
methodologies used in the studies were:

-  Group and individual interview/discussions;
-  Ecological studies
-  Satellite image analysis using GIS and remote sensing
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Table 2. List of studies in the Borana rangelands

Researcher/s Titles of the studies Areas/districts
studied

Oba (1998)
Assessment of indigenous range management 
knowledge of the Borana pastoralists of Southern 
Ethiopia

Uben, Dire, Arero 
and Yabelio

Ayana (1999)
Range condition and traditional grazing 
management in Borana, Ethiopia. Yabello and Arero

Solomon
(2003)

Rangeland evaluation and perceptions of the 
pastoralists in the Borana zone of southern Ethiopia

Yabelio, Arero and 
Dire

Gemedo
(2004)

Vegetation Ecology, Rangeland Condition and 
Forage Resources Evaluation in the Borana 
Lowlands, Southern Oromia, Ethiopia

Arero, Yabello and 
Dirre

Getachew
(2007)

Impact of Land Use/Land Cover Dynamics on the 
Ecology of Borana Rangelands, Ethiopia Yabello and Arero

Ayana (2007) The dynamics of Savannas Ecosystems and 
management in Borana, Southern Ethiopia

Yabello, Dire and 
Arero

Abule (2009)
Rangeland suitability evaluation for livestock 
production in Laga-Wata/Laga-Sura, Dawa and Rift 
Valley sub-basins of the Borana Zone of Oromia, 
Southern Ethiopia

Borana and part of 
Guji

The major findings o f the studies, among others, include:

•  The indigenous knowledge o f range management is comprehensive 
as it classifies resources at landscape and patch levels, and considers 
management suitability;

•  Under the present low status o f soil nutrients and rainfall, cultivation 
is neither sustainable nor environmentally friendly;

•  The claim that ranching could be a superior model range 
management over the communal system was not confirmed;

• Herbaceous species frequency, desirability, biomass, woody species 
and soil nutrient contents were determined;

•  Eight plant communities were identified and described: (1) Acacia 
drepanolobium-Pennisetum mezianum, (2) Bidens hildebrandtii- 
Chrysopogon aucherU (3) Chrysopogon aucheri-Commiphora 
africana, (4) Cenchrus ciliaris- Chrysopogon aucheri, (5) Acacia
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bussei-Pennisetum meziamtm , (6) Commiphora erythraea-
Sansevieria ehrenbergii, (7) Acacia melliphera-Setaria verticillata, 
and (8) Heteropogon contortiis-Hildebrandtia obcordata)

• The evidence that regeneration of invasive woody species is non
linear in relation to age chrono-sequence suggests that bush 
encroachment is probably controlled more by stochastic rainfall 
events than by livestock grazing.

© There are variations in opinion regarding the rangeland condition 
among studies but most of them indicated that the rangeland 
condition is declining

• Strengthening traditional resource management system and its 
integration in planning and implementation of development projects 
is believed to improve rangeland condition

• Trends showed increase in woody cover and decrease in grass cover
• The suitability of the rangelands in Laga-Wata/Laga-Sure, Dawa and 

Rift Valley sub-basins of the Borana Zone of Oromia, Southern 
Ethiopia for cattle, sheep, goat and camels quantified using Bio
physical and socio-economic indicators

Lowlands o f  Bale: Studies in rangeland condition in the lowlands of Bale 
were undertaken in Rayitu (Teshome, 2006) and Sewena (Takele, 2008). 
The methodologies used in these studies are similar to those described 
above. The major findings include:

• Use of enclosure, herd splitting, migration during dry and drought 
periods and seasonal assessments of the condition of the range land 
are observed by pastoralists

• Studies described herbaceous species frequency, desirability, 
biomass, and woody species

• Rangeland condition of the districts were good on enclosures (kalos), 
fair in communal and poor in the riverside grazing areas

Kereyu area: Rangelands in the Awash Valley are subjected to 
competing claims - development to generate revenue for the state, 
conservation of wildlife and use by pastoralists since 1960. Resource use 
conflicts, which aggravated by drought and competition among different 
parties (Afar and Kereyu pastoralists, the pastoralists and the park, and 
pastoralists and state plantations) has resulted in range deterioration. The
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rangeland condition and trend studies in Afar and Kereyu followed 
methodologies similar to that in Borena rangelands (Schloeder and 
Jacobs, 1993; Abule, 2003; and Getachew et al., 2004). The major 
findings of these studies are summarized below.

• The range has degraded decreasing the conservation value o f the 
area for eco-tourism. The options for improvement included 
livelihood diversifications, and rangeland improvements

• Herbaceous species frequency, desirability, biomass, woody species 
types of vegetation and soil nutrient contents were determined

Afar Region: Rangeland condition and trend assessment studies were 
undertaken by Kidane (2006), Yosef (2007); Zelalem (2007), Lemlem 
(2009), and Mohammed (2009) (Table 3). Methodologies used were 
similar to those described for the Borana rangelands. Major findings 
include:

• Differences in plant biomass production and basal cover, botanical 
composition, forage quality and soil status over the degradation 
gradient clearly implicates the negative impact of unrestricted 
grazing on the rangeland around the watering points in Allideghe

• There is an increase in total dry matter (DM) biomass of 
herbaceous, grass and non-grass biomass with increase in altitude.

• Grass composition decreased and forb composition increased with 
increasing Prosopis density. Both grasses and forbs tended to 
disappear at high prosopis density.

• Study determined herbaceous species frequency, desirability, 
biomass, woody species and soil nutrient contents.

• The GIS analysis showed an increase in the size of cultivated land, 
bare land and settlements.

Somali Region: Rangeland condition and trend assessment studies were 
undertaken by Amaha (2006); Belaynesh (2007), Lishan (2007); Shashe 
(2007), Selam (2008); Fikrete (2008); Helen (2009) and Muhudin (2009) 
(Table 4). The methodologies used are more or less similar to those 
described for the Borana rangelands. In addition, a degradation gradient 
technique was also used. Some o f the major findings o f these studies are:

• Studies determined herbaceous species frequency, desirability, 
biomass, woody species, invasive species frequency and biomass, 
and soil nutrient contents
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• In some areas like Aydora open savanna and Hurso close savanna 
A. nubica and A. mellifera were identified as aggressive 
encroaching species

• Study results revealed that drought, aridity and rangeland 
degradation have increased over time due to environmental 
degradation and mismanagement of rangeland resources

• Decline in palatable species composition and encroachment of 
invasive weed of Parthineum hysterophorus reduces the carrying 
capacity of the grazing land. This particular invader, adversely 
affected quality of milk and meat, and human and animal health.

• Grassland and bush land cover showed a reduction of 15% and 
11%, respectively in the Gode district between 1973 and 2005. 
Contrary to this, woodland, cultivated field, land for settlement and 
degraded land showed a positive change with an increase of 12%, 
5%, 5% and 4%, respectively.

Table 3. List of studies in the Afar rangelands

Researcher/s Titles of the studies

Kidane Gebre 
Meskel (2006)

Rangeland potential, quality and restoration strategies in North 
Eastern Ethiopia

Zelalem
Getachew (2007)

Partial variation in range dynamics in relation to Prosopis ju liflora  
invasion along river Awash, Gewane district, North East, Ethiopia

Yosef Faye 
(2008)

Range-livestock management practices and condition assessment 
in Gewane District of Zone 3, Afar, Ethiopia

Lemlem Kebede 
(2009)

Rangeland degradation study using Indigenous and scientific 
Kkowledge basis in Abaala district of Northern Afar, Ethiopia, 
Haramaya University

Mohammed 
Abdulatif (2009)

Pastoral perceptions about range-livestock management 
practices, range condition assessment and chemical composition 
of major feed resources in Chifra District of Afar Regional State, 
Ethiopia, Haramaya University
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Table 4. List of studies in the Somali rangelands

Researcher/s Titles of the studies Areas/districts
studied

Amaha
Kassahun
(2006)

Characterization of rangeland resources and 
dynamics of the pastoral production systems in 
the Somali rangelands of eastern Ethiopia

Ayisha and 
Yrer

Belaynesh
Debalke
(2007)

Floristic composition and diversity of the 
vegetation, soil seed bank flora and condition of 
the rangelands of the Jijiga Zone, Somali 
Regional State

Jijiga, 
Kebribeyeh 
and Harshim

Lishan
Tsehay
(2007)

Woody and herbaceous species composition 
and the condition of rangelands in Shinile zone 
of Somali Regional State

Dembel and 
Shinile

Shashe
(2007)

The impact of Parthenium on the rangeland 
ecosystem dynamics of the Jijiga rangeland, 
Ethiopia

Jijiga,
Kebribeyah 
and Harshin 
districts

Selam (2008)
Rangeland Degradation and Livelihood 
Vulnerability among pastoralists in Erer District 
of Shinile Zone, Eastern Ethiopia

Erer

Fikrete (2008)
Indigenous Range Resource Utilization and 
Condition Assessment in Shinille Zone of Afdem 
District, Eastern Ethiopia

Afdem

Helen (2009) Utilization practices, biomass production and 
nutritional characterization of major feed 
resources in Gursum district, Somalia Region, 
Eastern Ethiopia, Haramaya University

Gursum

Muhudin
(2009)

The impact of land/ use land cover dynamics on 
the ecology of Gode rangeland, Somali Regional 
State, Ethiopia, Haramaya University

Gode

Southern Nations Nationalities and Peoples Region (SNNPR): 
Rangeland condition and trend studies in SNNPR are mainly undertaken 
by Admasu (2006), Muluneh (2008), Gebre (2009) and Abule (2012) 
(Table 5). The methodologies used are similar to those indicated above 
though the study by Gebre (2009) included the use of Normalized
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Difference Vegetation Index (NDVI). The major findings, among others, 
included:

• Pastoralism based on livestock herding was the predominant 
occupation of the different pastoral groups in the study districts. 
However, the Hamer and Tsemay pastoralists were more pastoral 
than the Benna, which also undertake crop production.

® All pastoral groups derive their main income from the sale of 
animals, which was followed by the sale of honey as in the case of 
Hamer and Tsemay pastoralists.

® There are traditionally recognized controlling and decision making 
bodies over grazing, watering and mineral soils in the communally 
owned clan grazing territories in Mursi-Bodi districts

• Study determined herbaceous species frequency, desirability, woody 
species and soil nutrient content (Malle district)

• Range condition o f the benchmarks is good compared to the 
communal and riverside grazing which was fair and poor, 
respectively, and the greenness indices of grassland, bush land and 
forest land has decreased progressively

Table 5. List of studies in the SNNPR pastoral areas

Researcher/s Titles of the studies

Admassu
(2006)

Pastoralists perceptions on range-livestock management practices 
and rangeland assessment in Hamer and Benna-Tsemay districts of 
South Omo Zone, Ethiopia

Muluneh
(2008)

Range-livestock Management practice and condition assessment of 
the rangelands in Mursi-Bodi (Salamago) district, South Omo, 
SNNPR, Ethiopia,

Gebre
(2011)

The impact of land use/land cover dynamics on the ecology of South 
Omo Rangelands: The case of Malle district,

Abule (2012)
Development of rangeland management options in Nyangatom 
district/territory (Horn of Africa Regional Environmental 
centre/network)
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The information generated in the above studies can be summarized as 
follows:

The information generated are vital to understand the rangeland 
ecosystems of the country and range-livestock management practices 
The rangelands are in state of degradation across all the pastoral 
regions

• Most studies are one-time assessments and lack continued follow-up 
to generate trend across time.
All studies employed externally developed techniques but no effort 
was made to come up with own techniques of rangeland condition 
and trend assessment

• Less emphasis on rangeland rehabilitation and improvement
• Studies revealed the importance of income diversification to improve 

the livelihood of the pastoralists

Challenges and opportunities of rangelands 

Major challenges

Climatic fluctuations and drought: Periodic drought is a characteristic of 
Ethiopian rangeland environments., There are localized parts of the 
rangelands, which suffer from dry-spells forcing herders to pursue 
strategic mobility to counter balance the effects of pasture and forage 
shortages even during normal rainfall years. Drought events due to global 
climate changes have become more frequent and often accompanied by 
occasional periods of excessive rainfall that cause Hood devastating local 
and regional economies (Ndikumana, et al., 2000; Desta and Coopock, 
2002; Beruk and Tafesse, 2000; Beruk, 2008; Zinash et al., 2000).

Rangeland degradation and shrinkage o f  rangeland territory: Expansion 
of non-pastoral land uses and encroachment of invasive plant species are 
the main problems facing the rangelands (Coppock, 1994; Abule, 2003; 
Beruk, 2003, 2008; PADS, 2004). This will place remarkable pressure on 
rangelands and cause rangeland degradation. According to Beruk (2008), 
over the last 60-year period pastoralists have lost about 2.6 million ha of 
their prime grazing lands and the loss is still continuing. The losses 
include 613,730 ha in Afar, 417,000 ha in Somali and 1.3 million ha in 
the Borana zone, 121,000 ha in South Omo and 100,000 ha in the
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Gambella region. The change in the land use has displaced 2.6 million 
TLU, which is equivalent to about 1.8 million breeding cattle.

Bush encroachment is the process of open grassland savannas being 
transformed into thick bushes (Barnes, 1979) and is one of the major 
problems threatening the rangelands (Coppock, 1994; Alemayehu, 1998; 
Ayana, 2001). According to Coppock (1994), roughly 15 species of 
woody plants are thought to be encroachers in the Borana plateau. 
According to Oba, (1998) and Ayana (1999), 40% of the Borana 
rangelands were estimated to be bush encroached. Major encroachers 
include Comiphora afiricana, A. revispica, A. nilotica, A. 
drepanolobium, A. bussei and A. horida. Of these, A. drepanolobium is 
the most important one. Gemedo (2004) estimates that about 52% of the 
Borena rangeland is encroached with different kinds of woody invaders. 
A study by Abule (2009) revealed the bush cover in Borena Rangelands 
exceeds 63%. There are no accurate data on the area covered by invasive 
woody species for Afar and Somali Regions. However, Prosopis, A. 
seval, A. melifera and A. Senegal are of major concern (Beruk and 
Tafesse, 2000; Beruk, 2003; Abule, 2003; Amaha, 2006; Zelalem, 2007). 
In many of the pastoral areas, the pressure from alien invaders is further 
accentuated with the rapid spread of the annual alien invader Parthenium.

Weakening o f  traditional resource management practices:- The loss of 
traditional indigenous knowledge and decline in the participation of the 
elders in rangeland management are the major cause of rangeland 
degradation. Despite the growing recognition of the importance of 
traditional systems of grazing resource administration globally, the level 
of emphasis given to the system by policy makers, leaders, researchers 
and development workers is still low.

Opportunities

The positive attitude of the government towards the development of 
pastoral and agro-pastoral areas offers a huge opportunity to develop the 
rangelands. Many public institutions including the standing committee 
representing the pastoralists in the federal parliament, pastoral 
commissions, federal and regional research institutions and the Ethiopian 
institute of biodiversity conservation are all working for the development 
of these areas. Colleges and Universities are incoiporating rangeland 
management and pastoralism in their curricula. Haramaya, Mekele,
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Hawassa, Jijiga and Semera are some of the Universities making good 
progress in this direction.
The establishment of the Ethiopian Pastoralists Forum and the 
pastoralists’ day is could also play vital role to bring the pastoralists 
agenda upfront.

The rangelands are vast carbon sinks. There is a great potential for carbon 
sequestration and possible benefit from carbon credits. Great prospect 
exists for interventions that increase the sound managements of the 
rangelands that help build the carbon sink in the arid and semi-arid 
environments. Resources from donors and NGOs can greatly contribute 
towards the attainment of this common goal if properly linked to the 
national system..

Recommendations
The following are recommendations that help to change the condition and 
trends of the Ethiopian rangelands:
• Rangeland research and development is undergoing fundamental 

changes over the years. The conventional top-down approach is 
giving way to more participatory and holistic approaches. 
Development work in pastoral areas is also becoming more gender 
sensitive. These positive developments have to be strengthened and 
institutionalized further.

• Mobility is a time tested and ecologically suitable system of resource 
management in the arid and semi-arid environments. Some countries 
(e.g. Spain and Senegal) have already made serious political decision 
to re-instate this system of resource management. Ethiopia could 
benefit a great deal from the positive experiences of such countries.

• Methodologies and techniques used in rangeland condition/trend 
assessment and monitoring are largely sophisticated and have limited 
application at local level. Adapting the conventional methods and 
techniques to the local situations is important for the long-term 
rangeland condition/trend monitoring.

• The research and pastoral extension systems still lack experts well- 
equipped with the right knowledge and skills to oversee the 
participatory and holistic management of the rangelands. Research
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and development institutions need to be in a position to influence 
universities and colleges that produce the trained workforce through 
proactive engagement in the development of relevant curricula.

• Public education about natural resource management and 
environmental issues is vital to influence policy and mobilize 
stakeholders to contribute to sound and sustainable management of 
the rangelands. Strengthening benefit sharing and co-management of 
conservation areas could also help minimize resource use conflicts 
and protect the biodiversity of the rangelands.
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Introduction

Rangelands are globally important ecosystems of great significance to 
human welfare and economies (Sankaran et al., 2005). They account for 
about 41% of the global land surface cover (Washington-Alien et al., 
2008). East African rangelands represent a unique geographical region, 
comprising a great diversity of ecosystems, cultures and human- 
environment interactions (Sankaran et al., 2005). Unique ecological 
aspects of East African rangelands include: spatially extensive grazing 
systems, changing landscapes, unique human-wildlife-livestock 
interactions and environmental consequences (Sinclair and Fryxell, 
1995).

Rangeland degradation is one of the challenges among countries of Sub- 
Saharan Africa that results in chronic poverty and livelihood crisis. The 
majority of pastoral and agro-pastoral communities in the Horn o f Africa 
(HOA) are at risks of food insecurity. Previous studies (Mwaikusa, 1993) 
have shown that rangeland ecosystems in the HOA are very susceptible 
to the impact o f climate change, and that pastoralists are the most 
vulnerable group. Land degradation and poverty associated with natural 
and human-induced devastation persist in East African rangelands 
(Ayana and Oba, 2008). For example, the United Nations Environmental 
Program (UNEP) (1998) has identified among others, land degradation as 
a primary factor contributing to high-impact problems that could result in 
human-environmental disasters. The problems caused by natural and 
man-made factors and the depletion of natural resources have adversely 
affected the conventional livestock-based livelihood options. The 
restoration of degraded rangelands has been proposed as a possible 
approach to strengthening resilience to climate change (Houghton et al., 
1999). This will further contribute to strengthening resilience and 
reducing vulnerability among pastoral and agro-pastoral communities,
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while addressing the global demand for ecosystem service and carbon 
markets.

The arid and semi-arid lands of Ethiopia account for over 60% of the 
total land cover, and are home to 12% of the human population who 
make a living from an extensive form of livestock production (Coppock,
1994).Rangelands are the main sources of forage for grazing animals in 
arid and semi-arid environments. Here, more than anything else, forage 
availability from the rangelands dictates livestock production, survival, 
and milk and meat supply, and hence the socio-economic welfare of the 
human population. Rangelands in good state of health do also play a 
central role in the protection of the environment including the sustenance 
of stable supply of water across the landscape; improve carbon 
sequestration and biodiversity conservation (Davies et al., 2012).

During the last five decades, rangelands in most pastoral areas of 
Ethiopia have undergone unprecedented changes that manifested in terms 
of marked deterioration of conditions. Across all the pastoral areas, 
appreciable proportion of the once healthy and productive rangelands 
have either been reduced to bare ground or completely taken over by 
invasive plant species of no or low feeding value. This situation has 
undermined the adaptive strategies and resilience of the pastoral 
communities heavily relying on livestock production (Bruke and Tafesse, 
2000; Coppock, 1994; EPaRDA, 2019; Gemedo, 2006; Lemma, 2008). 
Many initiatives have been taken to identify the root causes of the 
rangeland deterioration and implement actions that help restore the 
productive state of degraded rangelands. This review article tries to 
highlight options for rangeland improvement interventions that had been 
carried out in grasslands covering the arid, semi-arid and sub-humid 
environments and achievements made to date.

Stakeholders engaged in rangeland restoration

There are numerous stakeholders who have been engaged in the 
restoration and sound management of degraded grazing lands across the 
country. These stakeholders have committed significant resources to 
support pastoral and agro-pastoral communities to effectively address the 
challenges of rangeland degradation. These stakeholders include, but are 
not limited to, Ministry of Agriculture (MoA), Regional Pastoral 
Development Bureaus, Pastoral Area Development Commissions,
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Federal and Regional Research Institutes, Institute of Biodiversity, 
Higher Learning Institutions, graduate students, UN-Agencies and 
NGOs, pastoral and agro-pastoral communities, and customary 
institutions.

Fund allocations to projects exclusively dedicated to rangeland 
development, although not commensurate with the magnitude of the 
problems, is showing sign of improvement. Presently, many multi and bi
lateral donors that have historically restricted their interventions to short
term relief assistance are favorably supporting grazing lands restoration 
interventions in the arid, semi-arid, and sub-humid areas of Ethiopia.

Rangeland restoration approaches

The rangeland development projects, which aimed at containing the 
deterioration of the resource base in the pastoral areas of Ethiopia dates 
back to the early 1960s. These early rangeland management and 
restoration activities largely pursued the western ranching models. To a 
large extent, these projects adhered to top-down approaches where the 
grassroots communities have no or limited involvement in the planning 
and implementation of the project activities (Coppock, 1994; EPaRDA, 
2010). Such inappropriate interventions have weakened the time-tested 
traditional grazing resources management systems. The participatory 
approaches that place due emphasis to the involvement of grassroots 
communities in the identification of rangeland management gaps and 
choices of interventions addressing the problems, started to come in the 
late 1990s. In most of the cases, rangeland restoration activities that 
presently implemented in pastoral areas are carried out in consultation 
and collaboration with the grassroots communities, local governments 
and development partners. As of recently, guidelines facilitating the 
participatory rangeland management have been developed (Filtan and 
Cullis, 2010) and are being put into use in some pastoral areas of the 
country (Welcome-Radice et al, 2012). This, however, does not mean to 
imply that the on-going rangeland rehabilitation activities are harmonized 
with respect to the participatory approaches followed and the restoration 
techniques employed. Wide variability does exist in the type and extent 
of community involvement, in the choices of restoration techniques, and 
the key rangeland restoration processes followed. Furthermore, rangeland 
restoration initiatives by many of the development partners concentrate in 
limited pastoral areas and for the most part are poorly aligned with
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related on-going government flagship programs e.g. productive safety-net 
program (PSNP) and Watershed Management Programs.

Techniques used in rangeland restoration

Rangeland enclosures: It is possible to re-invigorate over-grazed 
rangelands by imposing an adequate rest period provided that there is 
sufficient soi 1-seed bank. This is the cheapest rangeland restoration 
technique. However, rangeland enclosure as the only rangeland 
management tool, my not warrant a stable vegetation structure dominated 
by herbaceous cover. The woody invaders will start to proliferate and 
suppress the under-storey herbaceous component where enclosures are 
kept out of the reach of grazing animals for extended period of time 
(Ayana, 2007).

Setting aside grazing land for one or couple of growing seasons as a 
drought reserve for core breeding stock notably calves, milking cows and 
sick animals is a common practice among many pastoral communities of 
Ethiopia (Coppock, 1994; Boku, 2011; Lemma, 201 1).Range enclosures 
are fenced with thorny bushes or delineated by natural features to deter 
untimely and unauthorized use. In the past, enclosures were owned by 
community groups. Lately, privately owned enclosures are proliferating 
with various objectives and motives thereby endangering the very fabric 
of the common property resource tenure (Boku, 2000; 201 1).

Post rangeland enclosure studies conducted in Borana and elsewhere in 
the pastoral areas of the country have verified that periodic resting of 
grazing lands give herbaceous forage species the chance to re-establish 
from the soil seed-bank and restore basal cover and biomass yield 
(Lemma, 2008; Mungai and Tabitha Muchaba, 2013). Among grasses, 
the valuable species that appeared to make a remarkable recovery 
following couple of seasons resting are Chrysopogon aucheri, Cenchrus 
ciliaris, Themeda triandra, Chloris roxbnrghana, and Heteropogon 
contortus. Fodder trees and shrubs such as Balanite species and Acacia 
tortilis were also noted to revive when the pressure from browsing 
animals is released (Lemma, personal observation).

The timing of enclosed rangeland use is determined by village 
community in the case of smaller grazing reserves or customary 
institutions/grazing reserve administering committees for bigger
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enclosures. In all cases, rangeland enclosures are closed during the rainy 
season and put into use during the dry season. Access to the grass reserve 
is granted to those members of the community investing in the 
management and protection of the enclosed grazing land. In the event of 
drought, however, most pastoral communities would allow the enclosed 
rangelands to migrating animals’ of their fellow clan members.

Management of invasive plant species

The rapid spread and proliferation of invasive plant species is posing a 
formidable challenge to the rangelands across the country (Bruke and 
Tafesse, 2000; Coppock, 1994; Gemedo et al. 2006; Lemma, 2008). The 
invasive plants that constitute serious threat to the rangelands fall under 
two broad categories - the herbaceous and the woody invaders. The 
former are localized in and around disturbed rangelands. The most 
intimidating herbaceous or semi-woody rangeland invaders are 
Parthenium hysterohorus, Argemone orchroleuca and Cryptostegia 
grandiflora (rubber vine). The woody invaders are either native or exotic 
in origin. These species are thorny and have no or limited fodder values. 
Over 16 indigenous woody species are considered encroachers in the 
southern rangelands (Coppock, 1994).Most o f these species pose similar 
threats to other pastoral areas of the country eventhough the relative 
distribution varies. The most notable indigenous woody encroachers 
include Acacia drepanolobium, A.mellifera, A. seyal, A. Senegal, A. 
nubica, A. bussie, A. reficiense and A. horrida. Among the exotic woody 
invaders, P.juliflora is the major one. Vast areas of rangelands and 
croplands are abandoned to this aggressive alien invader. The unique 
adaptive features such as tolerance to seasonal moisture stress, extreme 
temperatures and prolific seed production have contributed to its rapid 
expansion. The other exotic woody invaders include Calitropis procera , 
Opuntia ficus indica, and Lantana camara. These species have already 
proved a threat to the rangeland and grassland ecosystems, and did not 
receive research and development attention so far.

The most negative impacts of the woody invaders are that they make 
thick tickets, which suppress the growth of under-storey herbaceous grass 
growth and obstruct people and livestock mobility (Bruke and Tafesse, 
2000; Coppock, 1994; Lemma, 2008). The undesirable woody species 
also threaten the biodiversity and stability o f the rangeland ecosystems 
(Gemedo, 2006).
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The invasive species control and management initiative in Ethiopia have 
largely focused on the woody invaders. In the last couple of decades, 
development partners and pastoralists have employed numerous 
techniques and approaches to alter the vegetation structure in favor of the 
herbaceous cover and check the spread of invasive plant species. The 
most important of these measures are presented below.

Mechanical control: Mechanical clearing is the most widely practiced 
bush control method in the rangelands of Ethiopia. This method of 
control takes a variety of forms, from the uprooting of the entire 
unwanted trees/shrubs by heavy machinery to cutting of unwanted trees 
at knee height combined with girdling or debarking using hand tools. It is 
a labor intensive method whose effectiveness varies with the species and 
age of the invasive plant under to be controlled. Mechanical control was 
found less useful for the problematic woody invaders when employed 
alone. In the absence of regular follow-up and use of other bush 
management techniques, the woody encroachers would come back in 
more dense stands from sprouts growing on surviving stumps. For the 
exotic woody encroacher P. juliflora , mechanical clearance that involved 
stumping and the manual and machinery uprooting was found effective in 
reclaiming the Prosopis naturalized land for crop production (Abiyot and 
Getachew, 2006). Sole stumping of mature trees at any height from the 
ground, however, hardly deters Prosopis although stumping 10-cm below 
ground appears effective (Hailu et al., 2004).

The costly mechanical bush control technique has profound limitation 
with respect to the approach pursued. For the large part, this bush control 
measure across the pastoral areas are externally driven and characterized 
by inadequate involvement of the grassroots communities. In effect, the 
technique lacks continuity and blamed for creating dependency syndrome 
among the pastoral communities. The impact o f the mechanical removal 
of woody encroachers on herbaceous cover, at least in the short term, was 
positive (Table 1). With the removal of the invasive trees, herbaceous 
species biomass and diversity, and basal cover showed a marked 
improvement (Ayana and Gufu, 2008; Ayana et a l 2012; Coppock, 
1994; Lemma, 2008).
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Table 1. Responses of herbaceous species to bush clearing in Borana

Species

Abundance of individual specie (M2)

2003 2004 2005

Aristida adoensis 8 3 2
Bothriochloa radicans 22
Cenchrus ciliaris 6 17 14
Chrysopogon aucheri 21 13 9
Chloris roxburghiana 6 8
Eleusine ja g a e ri 4
Cynodon dactylon 4
Cyprus species 4
Enteropogon somalensis 6
Eragrostis papposa 19 7
Harpachne schimperi 1 4
Heteropogon contortus 8
Leptothrium senegalensis 2
Lintonia nutans 18
Panicum maximum 10
Panicum coloratum 5
Sporobolus pyramidalis 24 11 23
Themeda triandra 14 7 14
Herbaceous legumes 4 4
Other herbaceous species 5 9

Source: Ayana (unp. Data)

Use o f  prescribed burning: The use of fire as rangeland management 
tool is not new among Ethiopian pastoralists. The Borana pastoralists in 
southern Ethiopia, for instance, used fire for decades to encourage grass 
re-growth, suppress woody species, and control ticks up until it was 
suspended in the 1970s. Though cost-effective, its usefulness on the 
control of woody plants build-up varies with the age of the tree/shrub and 
fuel load. Where the fuel load is sufficient enough, fire is most effective 
in controlling younger trees or bushes of indigenous as well as exotic 
species but was less effective for older/mature trees (Coppock, 1994; 
Abiyot and Getachew, 2006). In some situations fire could also trigger
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the proliferation of woody species. Observation in southern Ethiopia 
showed that fire encourages the germination of some invasive plant seeds 
such as A. brevispica (Coppock, 1994).

Observations that followed the application of prescribed fire on 
herbaceous grass cover, species composition and biomass yield are 
generally positive. In most cases, the herbaceous cover and biomass yield 
in the burnt plots have made a substantial improvement. Desirable grass 
species, which either was absent or low in proportion during the pre
prescribed fire, have also made remarkable recovery (Ayana et al., 2012; 
Lemma, 2008).

In order to develop a long-term guide, thorough understanding of the 
fire's effect on the vegetation dynamics and soil microorganisms is 
crucial. There is a wealth of information in this regard elsewhere in 
Africa and beyond. However, in depth studies on how different species 
react to the different fire regimes, the timing of burning and frequency of 
burning,, are lacking in Ethiopia.

Chemical control: Experience in southern Ethiopia and elsewhere shows 
that chemicals are most effective in controlling bushes (Coppock, 1994). 
The chemical herbicide, Arboricide, was used to control the indigenous 
invaders - A. horrida and A. seyal in Borana. Its application was found 
effective with 100% kill. This is a systemic herbicide that is absorbed by 
the plant and kills the whole plant. The use of chemicals, however, is of 
limited application for various reasons, most notably because of their 
negative impact on the environment and high cost.

Use o f  combined bush management techniques: Experiences in
southern Ethiopia show that the combined use of complimentary 
techniques is much more effective in controlling problematic woody 
species than the use of one single technique (Tables 2 and 3). For the 
indigenous woody invaders, for instance, tangible changes in tree density, 
herbaceous species cover, biomass and diversity were registered where 
combination of interventions were applied consistently over years 
(Ayana, 2007; Ayana and Gufu, 2008; Ayana et al., 2012; Lemma, 
2008). The complimentary techniques used together were the exclusion 
of grazing animals for a season or two, tree cutting and controlled-fire. 
Tree cutting is combined with debarking of the barks down to the base of 
the stumps depending on the species.
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Table 2. Percent mortality of invasive woody species by different treatments

Invasive woody species Treatment1

Control C+F C+F+G F+G G c
Acacia bussie 0 0 0 0 0 0
A. drepanolobium 1 51 57 56 1 44
A. etbaica 0 100 80 0 0 71
A. mellifera 0 100 0 0 0 50
A. seyal 0 35 45 32 12 69
Commiphora africana 0 75 86 67 3 80
C. fluviflora 0 100 100 67 0 58
C. schimeri 0 29 72 71 0 84
Cordia gharaf 0 0 50 0 0 0
Commiphora terebinthina 0 0 100 0 0 0
C. habessinica 19 37 86 84 14 86

Sources: Ayana Angassa (2007); C - tree cutting, F- controlled fire, and G - Grazing

Table 3. Effects of restoration on the regeneration potential of invasive woody 
plants

Woody species
Tree count

Un-restored
ranqeland

Restored
rangeland

A. brevis pica 26 3
A. drepanolobium 50 6
A. etbaica 81 20
A. seyal 43 10
A. bussie 53 23
A. mellifera 3 1
Commiphora campestis 34 11
C. fluviflora 22 8
C. crenulata 7 1
C. africana 1692 563
Cordia gharaf 50 1

Sources: Ayana Angassa (2007)
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For the notorious exotic invader, P jul[flora, the removal of mature trees 
need to be combined with the killing of young seedlings through 
fire/uprooting (Abiyot and Getachew, 2006). An additional action, the 
continued use of reclaimed land for the production of forage or food 
crops in agro-pastoral settings, and the collection, processing and use of 
mature pods from existing stands of Prosopis in a consistent manner 
could help check its re-establishment and further spread to new' areas 
(Dubale, 2007).Efforts that deny the consumption of unprocessed and 
intact Prosopis seeds pays great dividends as seeds ingested by grazing 
animals have higher germination. Studies of Hailu et al (2004) show that 
about 760 and 2,800 Prosopis seeds were recovered from a kilogram of 
droppings of a single goat and cattle, respectively. If allowed to feed on 
unprocessed seeds, camels, which consume much more Prosopis pods 
and travel longer distances than cattle, could aid this notorious plant 
successively colonize new frontiers.

Strengthening the line o f  defense:- The entry of the invasive species into 
new areas can be prevented by being vigilant and watchful of the 
situations favoring their introduction and establishment. By enhancing 
awareness and commitments of the communities and other stakeholders, 
it is possible to save unaffected areas and contain the spread of 
undesirable species.

The effectiveness of the preventive action on the management of invasive 
species is dependent on the full commitment of stakeholders at national, 
regional, zonal and woreda levels. The initiative being taken by the 
Pasture and Rangeland Forum Ethiopia (PaRFE) to raise the awareness of 
stakeholders on the protection and sound management of the rangelands 
could play a vital role in building national consensus on the subject and 
forging collective actions. Stronger integration among stakeholders is 
also important for the timely sharing of information on potential invasion 
threats and coordination of preventive measures. In its totality, 
comprehensive control and prevention strategies will involve the 
prevention, detection and immediate action, control and rehabilitation of 
reclaimed rangelands.
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Re-vegetation of degraded rangelands

In most pastoral areas, prolonged heavy grazing pressure combined with 
the recurrent drought has reduced significant areas of the rangelands to 
bare ground. Rangelands in such situations are prone to wind and soil 
erosion and have reduced water infiltration. In extremely degraded 
grazing lands where the soil seed bank has completely depleted or in a 
situation where the relative proportion of desirable species has fallen 
below critical levels (<10-15%), pasturelands can ideally be brought back 
to their original productive state through re-seeding. The practice, 
however, is fairly expensive.

The re-vegetation initiatives carried out to date have targeted native 
grazing lands either devoid of vegetation cover or having had low legume 
proportion. For grazing lands devoid of vegetation cover and lacking soil 
seed bank of desirable o f species, forbs/shrubs (e.g. Atriplex and Opuntia 
species) and native grass species (Cenchrus ciliaris) were reseeded/re
planted with or without manipulation of soil conditions. These works, 
which took place in the rangeland proper, have produced an encouraging 
outcome when the re-seeding and replanting exercises were combined 
with the mechanical disturbance of soil surface and application of 
manure. In the mid altitude areas of the country, where the amount and 
distribution of rainfall are favorable, the botanical composition and dry 
matter (DM) yield of native pastures were markedly improved when the 
re-seeded tropical legumes are planted on cultivated strips (Lemma, 
1990). The legume component’s annual DM yield on cultivated strips 
ranged from 1.3 to 19.2 t/ha (Table 4). Similar positive change in 
vegetation composition was registered when tropical legumes were 
reseeded following controlled burning and the disturbing of burnt surface 
by grazing animals (Lemma et al., 1993) (Table 5). The controlled 
burning has also helped reduce competition from less-desired plant 
species. After two growing seasons, the successfully established legume 
species {Stylosanthes guianensis) constituted 42% of the herbaceous 
cover.

Not all past re-seeding efforts carried out in the native grasslands of the 
country are successful. Poor germination and establishment of reseeded 
grasses remains the major challenge for many development partners 
engaged in rangeland restoration. The causes of poor germination could 
be complex but largely associated with the adaptability of the species,
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viability of the seeds, suitability of the site (e.g. soil depth and water 
storage capacity), and climatic variables (Pratt and Gwynne, 1977). The 
adaptability of the reseeded species to the soil, climate and topography is 
extremely important. Consultation with pastoral elders and local 
communities could help compile short lists of the most appropriate native 
plant species. Success in re-seeding does also depend on the suitability 
of the planting time. The successful re-seeding initiatives were those 
taking place before or at the beginning of the main rainy seasons.

Table 4. Establishing improved forages in native pastures via cultivated strips

Species/cultivar

ILCA
accession

No

DM
yield
(t/ha)

Height at 
flowering 

(cm)
Growth habit

Stylosanthes Scabra cv Seca 140 19.2 85 Erect
S. Scabra 6356 9.4 90 Sub-prostrate
S. hamata cv.Verano 75 2.4 65 Sub-prostrate
S. hamata 165 5.2 55 Sub-prostrate
S.quianensis cv Cook 4 3.5 185 Sub-prostrate
S.quianensis 163 9.2 175 Prostrate
S.quianensis 6995 2.3 55 Prostrate
S.quianensis 7284 15.3 195 Prostrate
S.quianensis cv Graham 73 2.9 50 Erect
S. sea bra cv Fitzroy 441 3.9 50 Prostrate
Macroptilium atropurpureum  
cv Siratro 69 1.3 60

Table 5. First year DM yield (t/ha) of over-sown legume on burnt native pasture

Legume species
DM yield (t/ha)

Legume Grass Total

Macroptilium atropurpureum  cv Siratro 0.52 3.60 4.12
Stylosanthes guianensis cv cook 0.41 3.86 4.27
S. guianensis cv Schofield 0.38 2.88 3.26
S. guianensis cv Endeavour 0.17 3.12 3.29
S. humilis 0.18 2.99 3.17
Desmodium unicenatum  cv Silverleaf 0.28 3.58 3.86
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The post-reseeding management of the rangelands is equally important 
for the success of the rangeland re-vegetation program. Grazing animals 
have to be excluded from the reseeded pasturelands to protect young 
seedling from being pulled out by grazing animals. Even in apparently 
good seasons, reseeded grazing land should be deferred at least for two 
consecutive growing seasons.

Conclusions

• Empower and equip the customary institutions and natural resource 
management committees: Re-instating the indigenous system of 
resource management and strengthening the existing knowledge and 
skills of the pastoral, and agro-pastoral communities is vital to enable 
them take full ownership of the rangeland management and 
improvement activities.

• Enhance the awareness and involvement o f  stakeholders including 
the general public on the protection and sound management o f  
rangelands'. All segments of the society, one way or the other do 
benefit from the products and services derived from the rangelands. 
Grasslands devoted forums, most notably the Pasture and Rangeland 
Forum Ethiopia (PaRFE), can be used to raise the awareness of all 
concerned stakeholders on challenges facing the rangelands as well 
as mobilize the general public on rangeland restoration activities. 
Mass media, public institutions’ websites, annually observed 
rangelands days, etc. should effectively be utilized to break the 
widely observed indifference.

• Harmonize approaches and techniques o f  rangeland restoration: 
Stakeholders need to establish common understanding and strictly 
follow unified and similar rangeland restoration and utilization 
modalities at least for similar geographic and socio-economic 
settings. Harmonization of rangeland restoration approaches and 
techniques are vital to ensure the complementarity and cost 
effectiveness of interventions. As it stands now, rangeland 
restoration approaches and techniques vary greatly even within 
similar socio-economic and bio-physical settings, and poorly linked 
with related on-going government flagship programs (e.g. PSNP and 
watershed programs).
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• Maintain the continuity and alignment o f  complimentary rangeland 
restoration programs: To bring lasting change in the rangeland 
improvement programs, the implementation and monitoring of 
restoration activities must be followed in uninterrupted timescale and 
consistency of approaches and techniques. Local extension and 
administrative offices could play important role in aligning the 
initiatives of development partners in a given set of broader grazing 
landscape in a manner that is both consistent in terms of approaches 
and techniques pursued.

• Speed-up the recovery o f  degraded rangelands through integration 
o f  complimentary rangeland restoration techniques'. No single 
techniques are found effective in restoring health and productivity of 
rangelands. Desirable positive changed demands the application of 
multiple locality specific restoration techniques on long-term basis.

• Re-examine external rangeland restoration supports and end those 
actions perpetuating dependency syndrome. Restoration initiatives 
have positive and lasting effect when they are led and owned by the 
grassroots communities. Indiscriminate and heavy external supports 
as they weaken local initiative should be limited only to missing 
gaps.

• Promote the wider use o f  all-inclusive participatory rangeland 
restoration approaches. All inclusive participatory rangeland 
restoration initiatives, though limited in scope, are registering visible 
positive changes. Expanding such positive development to a 
meaningful scale would require establishing mechanisms where 
experiences and skills are shared among grassroots communities and 
other stakeholders.
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Introduction

Rangelands are primarily arid and semi-arid lands where other land uses, 
such as agriculture are not economically feasible. They may also include 
areas that may have been used for cultivation or forestry in the past or in 
the future. Review of different studies show that rangelands cover 69% of 
the world’s agricultural land and around 40% of all global land surfaces 
(Niamir-Fuller et al., 2012).

The floral diversity of Africa’s rangelands is relatively high as 
demonstrated by the average areal richness of savanna (which is about 
1750 species per 10,000 km2) that is not far below the species richness in 
rain forest areas that attain 2020 species per 10,000 km2 (Menaut, 1983). 
Rangelands of eastern and southern Africa shelter the greatest diversity 
of large mammals found anywhere, although Madagascar and Ethiopia 
are notable for their high degree of endemism (Blench and Sommer, 
1999). Arid and semi-arid rangeland ecosystems are characterized by 
seasonal climatic extremes and unpredictable rainfall patterns but they 
contain a great variety of biodiversity much of which is highly adapted to 
dry land ecology.

Rangelands are most productive when they are most biologically diverse. 
There is positive relationship between species diversity and productivity. 
The greater diversity significantly enhances an ecosystem's productivity. 
Furthermore, there is a significant relationship between patterns of 
species richness and degree of ecosystem stability (Blench and Sommer, 
1999). For example, in the context of drought, post drought recovery of 
the ecosystem is much more rapid than in less diverse areas where greater 
levels of biodiversity have been conserved. The crucial role of 
biodiversity in ecosystem stability can be measured by various ecosystem
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properties such as floristic composition, demographic behavior and 
vegetation cover (Blench and Sommer, 1999).

Rangeland ecosystems of Ethiopia

The term rangelands are much broader than grasslands and include 
grasslands, desert shrub lands, savanna woodlands and open grassland in 
forests. Rangelands in Ethiopia occur in the following types of 
vegetation:

Afroalpine and Sub-afroalpine Vegetation 
Dry Evergreen Montane Forest

• Moist Evergreen Montane Forest
• Wetlands 

Evergreen Scrub
Combretum —Terminalia (Broad-leaved deciduous) Woodland 
Acacia-Commiphora (small leaved deciduous) Woodland 
Lowland Wet Forest 
Lowland Semi-desert and Desert Areas

Species diversity in the rangelands of Ethiopia

Rangeland ecosystems are rich in biological resources harboring vascular 
plants, birds, mammals, insects, invertebrates, in particular arthropods, 
fungi, and protists.
Rangeland plant diversity

The floristic composition of most rangelands have been documented in 
many rangeland ecosystems of Ethiopia. As can be noted from the 
research reports below, Ethiopian rangelands are rich in plant 
biodiversity.

Floristic composition o f  the Borana rangelands: Borana rangelands 
include Liben, Arero, Dire, Moyale, Teltele and Yabello districts. 
Studies show that the Borana rangelands are rich in plant biodiversity. 
Gemedo et al. (2005) reported a total of 327 plant species distributed 
among 197 genera and 69 families based on the samples from the Dida 
Flara area in Yabello, Web in Arero and Melbana in Dire districts. Adisu 
(2009) also reported a total of 72 species representing 32 families from
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just three sample sites, Mormora and Sebante in Moyale and 
Debelebedana in Dire districts. Melesse (2003) identified 114 species 
belonging to 96 genera and 42 families from only two kebeles (Seminto 
and Meissa) in Liben district.

Floristic composition o f  Shinile Zone rangelands'. The plant 
biodiversity of each of the three main vegetation types (Open grass lands, 
bush-grasslands and closed savanna) in Shinile Zone of the Somali 
Regional State was reported by Amaha (2006). He identified a total of 49 
herbaceous species (38 grass and 11 non-grass species) from the open 
grassland ecosystem. Similarly, a total of 33 plant species were identified 
in the open savanna (bush-grassland) with 20 grass and 13 non-grasses 
species. In the closed savanna (bushland), 60 woody species were 
recorded. Cynodon dactylon, C. nlemfuensis, Eragrostis cilianensis, 
Cenchrus ciliaris, Andropogon greenwayii, Brachiaria leersiodes, 
Setaria pumila and Sorghum arundinaceum were reported to be dominant 
grasses in the Odolla area of Shinile Zone (Zewdu and Oustelet, 2007). 
They also reported that Acacia tortilis, A. nilotica, A. mellifera and A. 
seyal were the most dominant shrubs with scattered Caddaba 
rotundifolia, C. furmisa, Seddera bagshawei, Tamarix nilotica, Dobera 
glabra and abundant Parthenium hysterophorus, Cissus rotundifolia and 
C. quadrangular is.

Floristic composition o f  the Metema rangelands: Haile et al. (2012) 
reported a total of 87 vascular plant species of 74 genera and 36 families 
from the Metema district in North Gondar. Previous study in the district 
showed that there were 33 herbaceous species. Among the species, 14 
were grasses, 6 herbaceous legumes and 13 sedges and other species 
(Tesfaye et al., 2010).

Floristic composition o f  rangelands in the Bale lowlands: Teshome et 
al. (2012) reported a total of 101 species (44 grasses, 2 legumes, 2 
sedges, 8 other herbaceous plant species and 45 woody species) from 
Rayitu district in Bale zone of Oromia Regional State. 171 vascular plant 
species belonging to 53 families were documented from Dello Menna 
woodland of Bale zone (Motuma et al., 2010).

Animal diversity in rangelands

Rangelands are also habitat for diverse birds, mammals, insects and 
invertebrates, in particular arthropods, fungi, and protists. According to
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the review by Almaz (2009), Ethiopia is rich in animal diversity with 277 
species of terrestrial mammals, 862 species of birds, 201 species of 
reptiles, 63 species of amphibians and 150 species of fish. The country is 
also known as one of the global centers of endemism having the 
following endemic species: 30 species of mammals, 16 species of birds, 
10 species of reptiles, 30 species of amphibians, 4 species of fish and 
more than 1,000 species of plants. To mention just few examples, 
Ethiopian wolves, Gelada baboon, Walia, many birds and vascular plants 
such as Acacia and Aloe species are found in rangeland ecosystems.

Pastoralists keep mix of species including cattle, goats, sheep, donkeys 
and camels (Homann, 2005, Tesfaye et al., 2010)in many rangeland 
ecosystems of Ethiopia. Animal genetic diversity allows pastoral 
communities and farmers to select stocks or breeds that suit the changing 
environment, disease threat, human nutrition requirements, market 
conditions and societal needs (Scherf et a/., 2008). For example, the 
Borana cattle breed was developed by the Borana pastoralists in Ethiopia. 
The breed is raised primarily for meat production, and shows high 
resistance to heat, ticks and eye diseases (Scherf et al., 2008).

Economic importance of rangeland biodiversity

Rangeland ecosystems are ecologically and economically important for 
livestock production, erosion control, carbon storage, source of 
medicines, tourism, recreation, source of high quality water, clean air, 
wildlife habitat and biodiversity conservation.

Many of the species in rangeland ecosystems have multi-purpose uses. 
This is justified by their use as forage, medicaments, food, construction 
and cultural ritual activities. For example, Gemedo et al. (2005) reported 
that two hundred forty-eight plant species were used by Borana 
pastoralists, out of which 42% have multiple uses. Diress et al. (2007) 
reported that Dobera glabra is a highly valued plant species with diverse 
importance. It is a food and feed source for the drought period, an early 
warning tree used as a tool to forecast that drought is to occur in the 
season to come alerting the community to get prepared to overcome the 
problem expected to come. According to Scherf et al. (2008), the 
contribution of rangelands to livestock production is a case of their 
immense economic importance. Rangelands provide fodder for about 360 
million cattle and for over 600 million sheep and goats. Some 9% of the
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world’s beef and 30% of mutton and goat meat is attributed to the 
rangeland based livestock production systems. Game animals that 
constitute the most important tourist attraction generate considerable 
economic revenue to the country.

Rangeland ecosystems are also rich in wild edibles that are used by 
communities to contribute to their food security. Communities use the 
wide range of wild plants and animals to supplement their diet, making it 
more diverse and nutritious, and thereby contributing to good health 
(Davies et al. 2012).

Adefires et al (2014) identified five major income sources in Liben and 
Afdher rangelands of the Somali Regional state. These were livestock, 
crops, forests (woodland products), off-farm employment (wage and 
petty trade) and transfer (remittance and aid). According to this study, 
income from livestock and dry forests were the first and second most 
important components of the total household income and it was 
concluded that dry forest income holds crucial position in the livelihood 
of pastoral and agro pastoral communities.

Gums and gum resins contribute to local livelihoods, in terms of both 
cash income gained by selling products to buyers, and subsistence value. 
About 35 species of Acacia, Boswell ia and Commiphora have been 
identified as potential producers of commercial gums and gum resins in 
Ethiopia (Mulugeta and Habtemariam, 2011). For example, Ethiopia 
exported 4612 tons of gums and resins, to the value of 74 million Birr 
(about US$7.7 million) in the 2007/08 fiscal year. Zenebe et al. /2013) 
also pointed out that about 6,174 tons of gum Arabica and about 33,865 
tons of other gums and resins were exported, and more than USD 72 
million were generated between 1997 and 2010 at national level. 
According to IGAD (2013), estimates of the total value of livestock 
sector exports were found to be slightly more than 4 billion ETB in 2009. 
It has to be noted that domestic consumption outweighs exports by a 
factor of nearly five to one demonstrating the high economic contribution 
of livestock. Furthermore, people living outside rangelands depend on 
livestock produced within rangeland ecosystems for protein.
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Threats to rangeland biodiversity

Currently, there are many scenarios threatening rangeland biodiversity of 
the world in general and that of Ethiopia in particular. Biodiversity of the 
world’s rangelands is declining at an alarming rate either through mis
management or inappropriate habitat utilisation. Range management, 
over-grazing, frequent drought, expansion of crop cultivation and 
encroachment of invasive species (both by indigenous and exotic) are 
major threats of the rangeland biodiversity (Gemedo, 2004; Solomon et 
al, 2007; Zewdu and Oustelet, 2007; Almaz , 2009; Dires , 2010) in all 
rangeland ecosystems of Ethiopia.

According to Diress (2010), rangelands in northern Afar have changed 
considerably between 1972 and 2007 and the general trend observed 
implies a loss of grassland and woodland cover and an increase in 
cultivated area and bush land cover. Almaz (2009) also reported that 
Prosopis juliflora  greatly reduced species richness and basal cover of 
native herbaceous vegetation in the Allideghi grassland of the Afar 
region.
Another threat to rangelands biodiversity is the conversion of rangeland 
to cropland. The expansion of the crop culture is making it harder for 
different plant and animal species that need open space to survive and 
reproduce. Crop cultivation is increasingly practiced by pastoral 
households who can no longer depend on their animals alone. However, 
crop production is unreliable due to the unreliability of rainfall in most of 
the lowland areas like Afar, Somali and Borana areas.

Invasive species are also among the major threats of rangeland 
biodiversity. Bush encroachment has negatively affected the yield of 
grasses, which in turn suppress the productivity of livestock particularly 
grazers such as sheep and cattle (Gemedo et al. 2006b; Dessalegn et al., 
2013).

Restriction of traditional herd mobility is another factor contributing to 
rangeland degradation and biodiversity loss. Review of different studies 
(Scherf et al., 2008) show that continues mobility favors biodiversity 
conservation and sustainable land management. On the contrary, in areas 
where mobility is limited, there is serious over-grazing and land 
degradation, which in turn threatens biodiversity conservation. The 
traditional herding strategy, therefore, mimics nature and promotes
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ecosystem functions that not only underpin pastoralists’ livelihood but 
also provide global environmental benefits like carbon sequestration and 
species conservation (Davies et. a l., 2012). Such traditional pastoral 
practices are highly tuned with dry-land ecology and are more 
economically productive than other forms of land use in dry rangelands 
(Gemedo, 2004, Homann, 2005; Davies et al., 2012).

Sustaining ecosystem services and livelihoods in 
rangelands

Rangeland biodiversity plays strong role in livelihoods, underpinning 
rural economies and providing safety nets during periods of climatic and 
other stress. Essential ecosystem benefits provided by rangelands include 
maintaining the composition of the atmosphere; mitigating climate and 
moderating weather; creating, fertilizing and stabilizing soils; disposing 
of wastes; cycling nutrients; storing and purifying water; and providing 
natural control of diseases and pests. Erosion control and carbon storage, 
tourism, recreation, source of high quality water, clean air, wildlife 
habitat and biodiversity conservation are some of the ecosystem services 
of the rangelands.

The maintenance of rangeland biodiversity is a key and important step for 
the realization of poverty reduction and food security objectives. 
Furthermore, diversity reduces risks and enhances the flexibility of 
people’s responses, making it more likely that individuals’ and 
community needs are met. Food security is particularly compromised by 
the loss of provision of ecosystem services and the loss of species that 
can be harvested for food (Davies et al., 2012). On the other hand, 
conservation of biodiversity positively contributes to climate resilient 
livelihoods, sustainable development and climate change mitigation.

Rangeland biodiversity research gaps

According to this review work, more research has to be undertaken in the 
following areas:

• High land (humid) rangeland biodiversity
• Multidisciplinary research that integrate natural and social sciences
• Impact of crop cultivation on rangeland biodiversity
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Introduction

Grazing is the predominant form of ruminant feeding system in most 
parts of the extensive and smallholder crop-1 ivestock farming areas in 
Ethiopia (Getnet, 1999; Alemayehu, 2004). Livestock in the central 
highlands graze on communal, fallow and permanent pasturelands during 
the cropping season and on croplands after harvest (Zinash et al., 1995; 
Lemma, 2002). The availability of feed resources in the country interacts 
with the quantity and pattern of rainfall distribution that fluctuate with 
seasons of the year. It has been estimated that 57 percent of livestock 
feed requirement in Ethiopia is provided by natural pastures (CSA, 
2013). The total agricultural land is about 17 million hectares occupied 
by 14.4 million households accounting for an average of 1.18 hectare per 
household (CSA, 2011). Out of the total agricultural land the grazing land 
accounts for 9 percent, fallow land 4 percent, and wood lands for about 1 
percent. Mohammed and Abate (1995), observed three feeding periods in 
the central highlands of Ethiopia, the main rainy season (June- 
September) when the feed is adequate, the dry season (October-January) 
when straw and other crop residues become available and the period 
starting from February to May when feed supplies decline although new 
re-growth may occur depending on the timing and quantity of 
precipitation received from the short rainy season. The crop-livestock 
production system in the highland is characterized by an outward growth 
of cereal crop fields (Gryseels, 1988), which progressively reduced the 
area of land allocated to grazing (Alemayehu, 2002) thereby 
marginalizing the grazing lands into areas that have no farming potential
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such as hill tops, swampy areas, roadsides and other marginal lands 
(Alemayehu, 2004). According to Fekede (2013), pasture lands have 
been significantly dwindled, highly fragmented, limited to areas where 
conditions are adverse for cropping due to topographic, edaphic and 
climatic limitations in the highlands and continuously shrinking due to 
human and livestock population pressure.

The herbage yield and nutritional quality of natural pasture is generally 
low (Adane and Berhan, 2005) due to poor management and utilization. 
Seasonal fluctuation in the availability and quality of natural pasture is a 
common phenomenon (Zinash et al., 1995; Alemayehu, 1998; Solomon, 
2004). Productivity of natural pasture lands ranges from very low (less 
than 0.5 t DM/ha) up to more than 8 t DM/ha. Most natural pasture lands 
produce about 2 t DM /ha/year. Rainfall amount and distribution, 
temperature, grazing management, grazing practice, soil type and 
drainage conditions are some of the major reasons for these DM yield 
variations. Natural pastures would be adequate for live weight 
maintenance and weight gain during wet seasons, but would not support 
maintenance for the rest of the year (Zinash et al., 1995). The energy 
(ME), crude protein (CP) and dry matter (DM) contents of these natural 
pastures in most cases have been reported to be below the maintenance 
requirement o f the animal in Bale highlands (Solomon, 2004). IAR 
(1980) also reported similar findings in other parts of the highlands. 
Generally, there is a severe shortage of grazing resource together with 
marked decline in the quality of the natural pasture in the highlands of the 
country (Adane, 2003).

This problem inevitably calls for improving the productivity of the 
grazing lands through appropriate management interventions. Application 
of improved grazing systems, fertilizer use, reseeding, proper harvesting, 
conservation and utilization practices are very pertinent (Alemayehu, 
2004). Through demonstration and scaling up of best practices, better 
land use policy and improved management, grazing lands could 
contribute to improved productivity of livestock. This paper summarizes 
research outputs on natural pasture management and improvement 
practices in Ethiopia and suggests possible interventions for future 
application.
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Natural pasture productivity and grazing 
management

Most pasturelands in the Ethiopian highlands have suffered 
encroachment of crop production as a consequence of the growing human 
population. The demands for high food lead to expansion of arable lands 
that resulted in shrinkage of land available for grazing and browsing 
(Alemayehu, 1997). Consequently, livestock are forced to concentrate on 
very limited pastureland that deteriorates and becomes unproductive in 
the long run. As indicated by Lulseged (1985) overgrazed grasslands, 
particularly in the highlands are dominated by Pennisetum shemperi, 
which is a coarse unpalatable grass. Such weed species are generally not 
palatable to grazing animals.

Close attention to grazing management is critical if the producer wishes 
to maximize farm productivity. Grazing management involves 
controlling where livestock graze, when they graze and how much they 
graze. Overgrazing is not really a function of how many animals are on a 
pasture, but how long they remain there. In grazing management, time is 
the most important factor to consider in establishing a grazing system for 
sustained forage production. Generally, properly managed burning, 
manuring /fertilization, chemicals, hand weeding and plowing reduce 
weed population and stimulate desirable species.

Grazing of pasture by animals has an impact on the photosynthetic area 
of the plant, species composition and the soil type. Moderate grazing of 
grasses results in quick replacement of removed shoots, which promote 
compensatory photosynthesis, and increases production of green biomass. 
Biomass production over time varies and therefore causes seasonal 
variation in forage availability. Likewise, grazing pressure varies across 
time because of differences in forage production among spatially 
separated plant communities (Zerihun, 1986). Under heavy grazing 
pressure, plants may not compensate sufficiently for the biomass 
removed by grazing animals (Zerihun, 1986). Hence, net primary 
production, which is the difference between non-grazed and grazed 
biomass production, is a useful tool to establish the defoliation level of 
plant vegetation (Mills and Lee, 1990). Different grazing management 
treatments cause diverse changes in plant growth and these changes

57



affect the quantity of the aboveground biomass produced on pasturelands 
(Manske, 2004). The timing and severity of grazing determine whether 
detrimental or beneficial effects might occur. Repeated heavy grazing 
removes a great amount of the photosynthetic leaf area and causes long
term reductions in the total biomass and organic reserves. Both early 
grazing and late grazing reduce herbage biomass of pasturelands. In 
contrast, grazing that is synchronized with grass growth stages is 
beneficial to plant growth mechanisms and ecosystem processes and 
stimulates greater herbage production (Manske, 2004). If grazing takes 
place early in the growing season, plants have plenty of time to recover, 
and there are ample supplies of nutrients and water in the soil. However, 
if grazing occurs during the flowering and seeding stages, reproductive 
capabilities are lost and there is little time and energy left for the plant to 
re-grow and set seed before dormancy. Many authors have agreed that 
reduction in grazing pressure generally leads to increased forage 
productivity through greater vigor of individual plants and increases in 
species richness. Therefore, the use of grazing systems suited to the kinds 
of plants present, season of use and ecological conditions can help 
enhance plant biomass by reducing overgrazing and ensure the 
sustainable pasture productivity.

The overgrazing affects the botanical composition of the natural pasture 
which is the major factor affecting the potential of the pasture to sustain 
livestock productivity. The changes in botanical composition primarily 
brought about by animal activities that usually affect the nutritive value 
of natural pastures and in turn influence the productivity of animals. The 
botanical composition of natural pasture is dynamic and varies depending 
on topography, climate and soil type. According to Alemayehu (1998), 
the proportion of legumes decreases with decreasing altitude in natural 
pastures in the highlands. Even in the absence of man and animals, it may 
alter through time due to climatic changes. Girma and Peden (2003) also 
reported that plant species composition and productivity of the pasture 
are highly influenced by animal species, intensity of grazing and edaphic 
factors. Other studies also indicated that grazing animals influence 
species composition; change the biomass distribution and biodiversity of 
the grazing lands depending on the grazing pressure exerted (Zerihun and 
Saleem, 2000).

Generally, appropriate grazing management must be practiced in order to 
maintain a favorable balance in the botanical composition of the available
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natural pasture species. However, application of good grazing practices 
requires suitable grazing systems and land tenure at farmers and 
community level. In places like communal and free grazing is practiced, 
such practices are very challenge. Such challenges should be resolved by 
policy supports, awareness creation and related interventions.

Fertilizer application on natural pasture productivity
Productivity of natural pasture can usually be increased two to three 
times or more with a well-planned fertilization and management. Once 
the application of fertilizers is decided upon, there is a need to know 
chemistry of soil, botanical composition of the pasture species and the 
economic return. Grasses usually require large quantities of nitrogen and 
respond vigorously. Both quantity and quality of natural pasturelands can 
be improved by application of fertilizer. Applications of different 
management practices such as weed management, organic and inorganic 
fertilizers application by farmers to improve productivity of natural 
pasture in the highlands are indicated in Figure 1. Recent survey studies 
by Fekede (2013) indicated that the majority of farmers believe that the 
use of inputs such as fertilizer/manure could help to improve pasture 
productivity; however, they refrain from using them due to high cost of 
fertilizers and the difficulty to transport manure to pasture fields due to 
its bulkiness.

Application of fertilizer on natural pasture generally showed very good 
yield responses at Holetta (Table 1). The result indicated that Pasture dry 
matter yield increased with increasing level of N and P2O 5 fertilizers. 
Yield was 11.33 t/ha with application of 120 and 160 kg/ha N/P2O 5 
application respectively. There is usually an initial linear response when 
nitrogen is applied. But, there is a phase of diminishing response and a 
point beyond which nitrogen has little or no effect on yield as the level of 
N applied increased. The amount of dry matter produced for each 
kilogram of nitrogen applied depends largely on the species under 
consideration, frequency of defoliation and growth condition (Miles and 
Manson, 2000). Fertilizer responses are usually very low on waterlogged 
pastures and time of fertilizer application remarkably affects yield 
response in the cooler highlands. Application of manure is one of the 
management options to improve natural pasture productivity. However, 
animal manure in most cases, particularly in highland areas is used as
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fuel in the form of dung cakes. However, animal manure could also be 
used as fertilizer to improve pasture productivity.
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Figure 1. Applications of different management practices to improve productivity 
of natural pasture according to the respondents.
(Source: Extracted from Fekede Feyissa, 2013)

Studies indicated that application of manure at the rate of 10-15 t/ha 
could increase yields more than double for a sustained period of time in 
the highlands. One of the most important issues in the use of animal 
manure is its residual effect. Once applied, it will be utilized for about 3- 
4 years. So uniform manure distribution is a key factor in maintaining 
soil fertility in a grazing system, and is affected by stocking rate, size of 
pasture, species composition, soil types, soil fertility, drainage conditions, 
as well as other factors.

Table 1. Three years-average dry matter yield (t/ha) of natural pasture as affected 
by application of different levels of N and P20 5 fertilizer at Holetta

P 205
level
kg/ha

N level kg/ha
M ean0 40 80 120

0 24 6 - - - 2.46
80 3.68 5.76 7.92 9.43 6.70
160 4.73 5.57 8.37 11.33 7.50

Mean 3.62 5.67 8.15 10.38 5.55
Source: Getnet Assefa, Unpublished data
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Fertilizers not only increase yield but also influence species composition 
of natural pastures. According to Daniel (1987), application of 
phosphorus alone increases percentage of legumes while heavy nitrogen 
application encourages grasses by suppressing legumes. The effect of 
fertilization on botanical composition is very marked where legumes 
make up a considerable part of the vegetation. In such areas, the amount 
of legumes and their phosphorus content increases sharply with 
phosphorus fertilization (Gilbert et a l., 1992). The importance of 
phosphorus for the survival and nitrogen fixation by legumes in a natural 
pasture has also been widely recognized. Phosphorus plays a role in 
nodule development and in the activity of the associated rhizobia 
(Crowder and Chheda, 1982).The soils in the tropics are generally 
deficient in phosphorus. Hence,, the application of phosphate fertilizer on 
well-managed legume enriched natural pastures often provides an 
effective factor in increasing productivity. Grasses can obtain their 
nitrogen in a number of ways, but the most important sources are from 
fertilizers and associated legumes. Legumes vary in their ability to 
produce nitrogen, and for the most responsive grasses no legumes can 
adequately supply the needs of grass. Hence, strategically applying 
nitrogen to boost the grass component or phosphorus to boost the legume 
component can achieve a balance between grass and legumes 
(Bartholomew, 2000). Application of nitrogen fertilizers to grass-legume 
pastures has dramatic effects on the legume component by altering 
botanical composition. When legumes are growing with grasses, the 
grasses are stronger competitors for available nitrogen, and take up most 
of that applied. This will lead to an increased rate of growth, leaf 
expansion and tillering in the grasses, often leading to suppression of the 
legume owing to shading (Miles and Manson, 2000). In grass-legume 
pastures, when legumes supply insufficient nitrogen, additional nitrogen 
generally needs to be provided by strategic application of nitrogen 
fertilizer. This however, creates management difficulties since additional 
nitrogen reduces fixation by the legumes while it improves the relative 
competitive ability of the associated grass. Hence, phosphorus fertilizer 
must be applied to deficient soils for establishment and long-term 
maintenance of legumes in the pasture (Miles and Manson, 2000).

Application of nitrogen to pasture usually results in marked increase in 
the level of crude protein content. However, the great variability in crude

61



Due to increased demand of feed resources the cost of hay is becoming 
very expensive particularly in seasons of feed shortage. Hence applying 
chemical fertilizers could be feasible especially on well managed pasture 
lands to feed highly productive animals. The most limiting nutrient in the 
natural pasture is nitrogen. The easiest way to achieve high production 
from grass is to apply fertilizers with high nitrogen content. Economic 
considerations of pasture fertilization include, type and quality of animal, 
price of animal products, cost of fertilizers, credit and return on 
investment (Crowder and Chheda, 1982). Differences in climatic 
conditions, growing season, soil conditions and management practices all 
play important roles in deciding whether to apply fertilizers or not in 
determining the effectiveness of a given amount of fertilizer (Olsen and 
Santos, 1975).

Effect of harvesting stage on natural pasture productivity

To fill the feed shortage gap throughout the year, farmers should exercise 
feed conservation practices. The common and cheaper method of feed 
conservation is haymaking. While hay making the optimum harvesting 
time of the pasture for both herbage yield and quality should be 
determined for a particular area. Herbage quality usually depreciates if 
the pasture is not harvested on time (Table 2). Research results indicated 
that the resting period for pastureland is from late June to late September 
and the best month to harvest the pasture is early October in most 
highland areas of Ethiopia. Efficient harvesting implements like the 
scythe should be used by farmers to facilitate and shorten harvesting 
times and reduce labor requirements during hay making (Table 3). 
Studies showed that the working efficiency of the Scythe: Sickle is 1:7 
man-days so demonstrations and popularization of such implements is 
very important to mitigate the labor problem of the farmers during the 
critical pasture harvesting period and overlapping agricultural activities. 
Stage and frequency of cutting significantly influence the yield and 
quality of herbage produced. A significant linear increase in the dry 
matter yield (DM) has been reported in the natural pasture with 
increasing stages of growth of grasses (Zinash et al., 1995). The 
frequency and severity at which pasture plants are defoliated also have 
pronounced effects on the quality of available forage. Harvesting early to 
get better nutritive value will reduce the DM yield, so the harvest time 
should balance quality and yield (Tessema, 2003). The more severely and 
frequently a plant is defoliated or grazed, the more slowly it will recover
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and the lower will be the overall dry matter yield (Bartholomew, 2000). 
Frequency of cutting, species composition, stage of maturity of plants, 
climatic conditions, soil fertility status and season of harvesting affect 
forage yield and nutritional quality of pastures. Changes of quality during 
the growing period of grasses are particularly high under tropical climatic 
conditions due to the physiological, biochemical and anatomical 
adaptation of the tropical grasses to utilize the high temperature and high 
solar radiation regime prevailing in the tropics (Nelson and Moser, 1994).

Buxton (1996) and Kidane (1993) reported that forage maturity stage at 
harvest is identified as the most important factor affecting the 
composition and nutritive value of pastures especially tropical grasses 
and legumes. Therefore, careful attention to the stage of maturity of the 
various forage species is required to capture an optimum level of 
nutrients. Crude protein content varies widely among forage plants, but in 
all species, it declines with increasing age of plants. The aging of forage 
is frequently associated with a decrease in leafiness and an increase in 
stem to leaf ratio (Van Soest, 1982). In the central highlands of Ethiopia, 
a significant decrease in crude protein (CP) content in the DM of natural 
pasture from 9.6% to 5.8%, and a reduction of in-vitro dry matter 
digestibility (IVDMD) from 65.9% to 61.2% was reported (Kidane, 
1993). For instance, a recent study at Holetta has shown that CP content 
and IVDMD were reduced by 30.2% and 17.8%, respectively with the 
delay in harvesting from mid-October to late November (Fekede, 2013). 
Hence, delaying harvesting time beyond late October is not 
recommendable and preventing access of livestock beginning from mid- 
June may be adopted as an option to provide the pasture with adequate 
growing period resulting in the production of large quantity and better 
quality hay.

Harvesting stage of pasture forages is an important factor significantly 
affecting digestibility. The digestibility of all grasses decreases as they 
mature with increasing age, the proportion of potentially digestible 
components comprising soluble carbohydrates, cellulose, hemi-cellulose 
and other indigestible fractions such as lignin, cuticle and silica increase, 
which result in lower digestibility leading to lower rates of disappearance 
from the gastro intestinal tract (Van Soest, 1982). Several research results 
indicated that the mean CP, IVDMD and ME contents declined while the 
fiber fractions such as NDF, ADF and ADL showed an increasing trend
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with the delay in harvesting time. Crude protein, IVDMD and ME 
contents were reduced by delayed harvesting from mid-October to late 
November, by 30.2%, 17.8%, 17.7% respectively. On the other hand, the 
mean NDF, ADF and ADL contents were increased by 13.8, 21.6 and 
36.0%, respectively (Fekede, 2013).

Table 2. Effect of harvesting time (months) on moisture level, dry matter (DM) 
yield and crude protein (CP) content of native pasture at Holetta

Clipping month
Mean for two years

DM% DM t/ha CP g/kg DM
August 20.8 2.8 99
September 21.4 4.5 94
October 27.3 6.2 62
November 45.7 5.1 50
December 59.3 5.2 41
January 64.5 3.2 31
February 77.2 4.8 28
March 70.2 4.2 30
April 63.0 3.1 37
May 51.2 4.0 53
June 55.0 4.8 50
July 60.2 5.2 63

Source: Getnet Assefa, unpublished data
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Table 3. Average labor requirement and cost for cutting natural pasture using 
scythe at Holetta

Year Samplinq area (ha) Work days/ha
1 0.5 10
2 0.6 15
3 0.9 21
4 0.6 15
5 1.5 17
6 1.5 23

Mean 0.9 17

Working Efficiency -  Scythe: Sickle is 1 to 7 
Source Getnet Assefa, 1992

Pasture species composition can be affected by the harvest date of first 
cut and frequency of harvesting, which consequently reduces the nutritive 
value. Hence, the main problem of legume management in mixed 
pastures is that of ensuring their persistence and maintaining their 
proportion with respect to stage of maturity. Frequent grazing can reduce 
the vigor of forage plants. Furthermore, grazing reduces the ability of 
pastures to continue producing herbage while frequent cutting can lead to 
change in botanical composition. The proportion of forage legumes in the 
pasture is affected by stage of maturity (Kidane, 1993) and this can also 
affect the digestibility of the pasture. Digestibility increases as the 
proportion of forage legumes increases because the legumes often have 
higher digestibility than grasses. Moreover, tropical and subtropical 
species have a lower leaf to stem ratio than temperate species. The 
proportion of either legume or grass depends on the stage of harvest. 
Legume components mature early and thus late harvesting leads to low 
legume to grass composition (Lemma, 2002; Solomon, 2004). The 
decrease in the content of crude protein in mature native pastures is also 
attributed to the decline of the proportion of legumes in the pasture. 
Harvesting at advanced stage of maturity caused a decrease in proportion 
of legumes in native pasture from 11 to 4 percent in dry matter. Hence, to 
maintain the required percentage of crude protein, having high proportion 
of legumes in the pasture is of paramount importance along with 
harvesting at optimum stage of maturity (Kidane, 1993).
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Effect of over-sowing on natural pasture productivity

Botanical composition refers to the proportion of grass, legume and other 
forage species biomass in a given area. Natural pasture in the highland 
areas has relatively high proportion of grass and legume species, but the 
proportion of legumes declines with decreasing altitude (Alemayehu, 
1985). Most legumes are often grown in mixtures with pasture grasses. 
Some of the N that is fixed by legumes becomes available in the soil and 
increases the production and quality of herbage. However, when a pure 
grass pasture is grown without a legume component, it eventually suffers 
a reduction in yield through N depletion. On the other hand, a pure stand 
of legume pasture fixes N in excess of its requirement that attracts 
invading non-legume weeds and grasses. Legumes contain more crude 
protein, calcium and phosphorus, and often lower crude fiber values. 
They can improve the feeding value of grasses. Hence, the quality of a 
pasture can be improved by the inclusion of forage legumes, which are 
not so bulky and maintain their high quality throughout the year.

Legume establishment by over-sowing in natural pastures has not been 
successful in the highlands except Vicia dasycarpa and V villosa which 
was fairly established and dominated the pasture within three years when 
allowed to set seed. The best time for over-sowing vetch is in the short 
rains (mid-April to May). In the mid-altitude areas, Desmodium 
uncinatum . Stylosanthes giiianesis and Macroptilium atropureum fairly 
established and gave substantial herbage yield when over-sown in burned 
native pasture (Alemu, 1990). Vicia dasycarpa and V. villosa with and 
without manure coatings at different seeding rates (0, 25, 50, and 75 
kg/ha) were over-sown and improve productivity of natural pasture in the 
highland areas around Holetta (Table 4). Manure coating was used as a 
mechanism to increase seed soil contact and enhance the germination on 
undisturbed natural pasture. The study generally showed the possibility 
of improving natural pasture productivity through over-sowing vetch 
provided that the plots are closely monitored and properly managed. If 
properly managed and allowed the vetches to shatter their seeds in the 
plots, Vicia species have the ability to spread and dominate the plots in 
the subsequent years. But this may not be possible without enclosing the 
plots under on-farm conditions due to the prevailing free grazing that 
could damage the vetches before they set seeds. Increasing vetch seeding 
rate is most often an advantage for better establishment during over
sowing.
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Table 4. Herbage DM yield (t/ha) of natural pasture over-sown with two vetch 
species with or without manure coating at Holetta

Parameters Vetch seeding rate (kg/ha)

Vetch species
0 25 50 75 Mean

Mean DM yield t/ha
Vicia dasycarpa  coated 7.36 5.66 6.43 5.52 6.24
Vicia dasycarpa  uncoated 6.57 5.61 5.14 5.2 5.63
Vicia villosa  coated 7.86 7.72 6.66 10.48 8.18
Vicia villosa  un coated 6.97 6.2 6.18 6.83 6.55

Mean DM yield t/ha
Coated vetch 7.61 6.69 6.55 8 7.21
Un coated vetch 6.77 5.91 5.66 6.02 6.09

% Increment in DM yield 12.41 13.29 15.64 33 18.46

Source: HARC, progress report, 2008/2009

Legumes are important in grazed forage systems because they have the 
potential to extend the grazing season, increase the quantity of grazed 
forage and reduce the amount of N fertilizer needed. However, there are 
several challenges for using legumes in pastures. Legumes can have poor 
persistence (particularly under continuous grazing) and low tolerance to 
poorly drained soils and low soil fertility. The mixture of plants growing 
in a field or ecosystem determines forage quality depending on growing 
or harvesting conditions. As ecological indicators, species composition 
provides the essential description of the character of the vegetation or 
forage at a site. As management indicators, most objectives in grazing 
land management are directly concerned with the assessment or 
manipulation of species composition. For instance, carrying capacity is 
influenced by the relative abundance of desirable forage species at a site. 
Species composition is used to determine condition and trend of a site, 
which are valuable tools to judge the impact of previous management and 
guide for the future decisions. Similarly, species composition can indicate 
the kind of community that might develop under a given management 
practice thereby identify alternative management practices that will help 
increase the percentage of a particular species. The plant species 
composition on pastureland is used to judge the pastureland condition
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since dietary quality is dependent upon species composition. According 
to Holechek et al. (2001), determination of species composition is 
important for understanding the fodder value of individual species and 
their reaction to biotic and edaphic factors.

Natural pasture conservation

There is a need for developing a feed conservation strategy during the 
period of abundant feed supply (rainy season) so as to redistribute the 
feed supply over the year to meet the requirements of livestock across 
seasons. Forage conservation basically aims to produce, at low cost, a 
stable product suitable for ruminant animal feeding with minimum loss of 
nutritive value. Form of storage and method of storage of hay vary from 
place to place in Ethiopia. Hay can be stored in loose and bale forms. 
Studies by Fekede (2013) around Sululta, Girar Jarso and Ejere districts 
indicated that the majority of households conserve hay in loose form and 
under open air for the whole duration of feeding and such a practice 
could inevitably lead to the loss in hay quality as a result of exposure to 
adverse weather conditions (Figures 2 and 3).
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Figure 2. Form  o f s to rage o f hay acco rd ing  to the responden ts
(Source: Extracted from Fekede Feyissa, 2013)
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Figure 3. Methods of storage of hay according to the respondents
Source: Extracted from Fekede Feyissa, 2013

Hay storage losses vary greatly depending upon several factors, but 
storage technique is most important. Quality losses of hay rise sharply as 
moisture levels increase above 20%. Losses from bales stored outside 
under adverse conditions can be much larger. During storage, hay can be 
subject to dry matter losses as well as losses of forage quality. Dry matter 
losses during storage result from plant respiration (the continuation of 
normal plant metabolic processes), microbial activity, and weather 
deterioration. Even at low moisture levels (20% or less) there is some 
loss due to respiration and low numbers of microorganisms. This is 
constant across hay types and essentially unavoidable. At higher moisture 
levels (above 20%) where mold growth is likely to be visibly detectable, 
dry matter losses are greater, and significant levels of heating (which can 
also lower forage quality) occur due to microbial activity. Although 
numerous bacteria are present in hay, fungi account for most of the 
microbial growth. Heating of hay is related to moisture content. Some of 
the dry matter loss which occurs during outside storage is caused by 
leaching.
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Storage conditions can also have a dramatic effect on hay chemical 
composition and feeding value. Even if there were no dry matter losses or 
additional feeding losses with weathered hay, changes in forage quality 
would be o f great concern. Total crude protein declines with weathering. 
A recent study at Holetta indicated that the CP content in natural pasture 
hay was reduced by 23.3 and 36.7% between the pre-storage period and 
eight months after storage when stored under shade and in open air, 
respectively (Fekede, 2013). Soluble carbohydrates, which are highly 
digestible, decline during weathering as shown by increases in ADF and 
decreases in IVDMD; thus carbohydrate levels differ greatly between 
weathered and un-weathered portions of hay bales. Studies indicated that 
declines in hay quality from weathering are usually greater for legumes 
than for grasses. A reduction in voluntary intake accompanies excessive 
increases in NDF. The longer hay is exposed to unfavorable weather 
conditions, the greater the losses will be. Losses of more than 14% of the 
total crude protein and more than 25% of the total digestible nutrients can 
occur in the most highly weathered portions of baled hay. An important 
associated factor is that the palatability of weathered hay is decreased, 
which lowers intake and increases refusal.

Climatic conditions obviously play an important role in determining the 
extent of spoilage loss of hay stored outside. Rainfall can cause a greater 
storage loss when the harvested hay is stored outside. Other climatic 
factors such as high humidity, which slows drying of wet hay, likewise 
enhance storage losses. Temperature also has an effect, because microbial 
activity within the bale is favored when warm, humid, overcast 
conditions prevail. Hay which is stored in a sunny area which receives 
the benefit of unobstructed breezes dries more quickly and tends to have 
lower spoilage losses than hay stored in shady and/or less ventilated 
areas. Dry matter storage loss of dry hay (usually around 5%) during 
inside storage is very low when compared to the 30% or more dry matter 
loss of hay stored outside in the high rainfall areas. Outside storage 
affects the appearance of hay even when actual losses are minimal. 
Appearance is not closely linked to only nutrient content or feeding 
value, but it is often also important in marketing.

On many farms, hay feeding losses are as high as storage losses, 
particularly if hay is fed outside. Some hay losses during feeding can be 
expected with any feeding system, but the amount of loss varies with the 
system used. Feeding losses include trampling, leaf shatter, chemical and
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physical deterioration, fecal contamination, and refusal. Baled hay is 
advantageous over loose hay in terms of reducing field losses and 
facilitating the overall hay management practices such as collection, 
transportation, storage and feeding (Fekede, 2013). In research trials, 
feeding losses have ranged from less than 2% when great care was 
exercised, to more than 60% where no attempts were made to reduce 
loss. Feeding losses of 3 to 6% are quite acceptable for most feeding 
programs, although such low levels of loss are usually associated with 
systems which require high labor inputs and daily feeding.

Natural pasture utilization and marketing

Hay is extensively prepared from native pasture for dry season feeding. 
Hay is produced from continuously grazed pockets of pasture lands by 
protecting the lands from livestock for a certain period of time during the 
main rainy season. In the highland agro ecological regions, it is common 
practice to make hay from fallow land or waterlogged areas and preserve 
it for dry season livestock feeding. The number of farmers making hay is 
increasing from year to year. According to Getnet et al., (2002 ) hay 
making by farmers is limited by inadequate grazing land availability to 
rest the lands for hay making and lack of hay making tradition. In 
addition, shortage of labor for harvesting, lack of protection of grazing 
lands during resting and transporting constraints are some of the reasons 
explained for lack of hay making tradition. Most farmers’ use year round 
grazing and some farmers make hay while others use standing hay for dry 
season feeding. Farmers always consider hay as a better quality feed 
compared to the most commonly available crop residues and they 
normally feed hay to very important group of animals like oxen and 
milking cows. Farmers demand the improvement of the communal 
grazing land through better management and utilization techniques. 
Draining the grazing land, resting and better species composition are 
some of the ideas farmers rose to be improved but, the communal way of 
grazing and low productivity of their animals doesn’t have any incentive 
for the improvement.

In some areas, hay is produced on waterlogged bottomlands which are 
usually not productive and less accessible to livestock during the wet 
season. Time of protection of the pasture land from livestock, harvesting 
time and duration of field drying period of hay vary from place to place. 
Field drying is an important component of hay making operations aiming
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at reducing the moisture content in the pasture to safe levels for storage. 
Observations at Holetta indicate that 4 to 5 days field drying is adequate 
to bring the moisture content in the pasture to a safe level for storage 
under bright sunlight conditions. Dairy farmers in most areas produce hay 
on their own pasture land and/or by contracting standing hay. The dairy 
farmers seem to produce more hay by contracting standing hay and this 
indicates the better access and well established culture of renting pasture 
land in the areas. Recent studies showed that higher cattle herd size with 
increased proportion of crossbred cows might have necessitated more hay 
production by contracting pasture land on top of own holding and prices 
for contracting standing hay are negotiated based on land area and 
visually assessed stand performance of the pasture in some parts of the 
highlands (Fekede, 2013). The farmers were also complaining about the 
extremely high cost of hay production from contracted land which they 
estimated to range from 1000-1200 Birr/ha for harvesting alone.

Natural pasture is marketed in different forms such as in-situ, in human 
and donkey loads, heaps and small square bales and prices are highly 
variable over the seasons and most expensive during the late dry and 
early rain seasons. Sometimes dairy producers lease in plot for hay 
production and manage the plots by themselves to produce good quality 
hay. Commercial hay production is also practiced in some areas where 
the sale of hay generates good income to the farmers. Berhanu et al., 
(2009) reported that about one million bales of hay are produced in the 
Sululta area the majority of which is supplied to dairy farms in and 
around Addis Ababa. The price of a bale of hay (14-16 kg) ranges from 
about 20 ETB during the harvesting season to more than 60 ETB in the 
dry and rainy seasons implying the potential for commercialization 
(Fekede, 2013). Most urban dairy producers secure roughage feed supply 
mainly by purchasing readily available hay in the form of heaps, bales, 
donkey loads from the surrounding areas. Fekede (2013) reported that the 
sources of baler were private owners and the average baling costs 
reported were 3.85 Birr/bale in Sululta and 4.17 Birr/bale in G/Jarso, with 
an overall average of 3.96 Birr/bale (ranging from 3.00-5.00 Birr). 
According to this author, a farmer has to pay at least 1500 Bin* in order to 
bale hay produced on 1 ha of land and such a high cost of baling was the 
major reason for not producing baled hay by the majority of responding 
households. Some fanners also sell the forage on their pasture land to 
peri-urban dairy farmers in advance during the rainy season when 
farmers are short o f cash.
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Conclusions and recommendations

Most of the farmers are aware of the contribution of natural pasture to the 
supply of feed for their livestock. They are also aware that the pasture 
alone is not sufficient to support the maintenance requirement of their 
animals and the need for supplementation especially during the dry 
season. Generally the natural pasture is low in productivity as most of the 
grazing lands are located either on waterlogged and highly degraded 
areas. It is clearly seen that the distribution of the productivity on grazing 
lands is highly variable, indicating the uneven distribution of feed 
availability over the months of the year the extent of which varies with 
agro-ecology. Hence there is a need to design strategies to use the extra 
feed produced during the wet season during the period of shortage by 
conserving by using methods such as hay making to complement the 
deficit during time o f shortage. Shortage of forage quantity and quality at 
critical periods of an animal’s productive cycle means loss of production. 
Livestock production can, therefore, not reach an economically optimum 
level on improperly managed pasturelands. Management systems must 
take pasture land dynamics into account and incorporate seasonal and 
spatial patterns of forage supply and often high seasonal and inter-year 
variability. The current management and utilization of natural pasture and 
grazing lands are very poor. There is critical shortage of feed and high 
demand for animal products, which calls for improved productivity and 
efficient utilization of pasture lands. Forage resource improvement with 
emphasis on management practices that promote yield and nutritive value 
are, therefore, one of the important measures that have to be taken to 
reverse the scenario of poor animal productivity.

Community knowledge and participation from the beginning to the end 
thorough evaluation and monitoring during natural pasture resource 
management is vital. The presence of traditional community rules 
provides an opportunity in the management of the grazing and other land 
resources. There are many proven best practices and technologies 
available locally and globally, application of these technologies and 
intensifying the use of natural pasture is very crucial. Generally, 
disseminations of the generated improved technologies related to natural 
pasture improvement and utilization is very limited in the country due to 
poor socio-economic conditions of fanners, non-market oriented 
livestock production system, low community efforts on managing grazing
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lands, lack of strong supporting policies and others. Policy interventions 
in land tenure, livestock investment, pasture management and other 
relevant issues are also inevitably necessary to improve pasture 
productivity. Current government policies encourage peoples’ 
participation and community participation from project conception 
through planning and implementation to monitoring and evaluation 
undertaken on the decisions of the resource users. This provides the best 
opportunity for correct management of grazing land resources. Based on 
these, a number of recommended management rules are developed to 
assist grazing land problems and management. These rules are based on 
community by-laws. As natural pasture is mostly communally utilized, 
there are community development efforts such as community pasture 
resting seasons, community activities in gully and erosion control, 
community development efforts on drainage and community 
development on enclosures in some parts of the country. The results of 
these efforts are very encouraging. Uses of community laws and by lawrs 
are becoming imperative to improve the productivity of communal 
grazing lands.
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Introduction

Grasslands cover about 25% of the land surface of Ethiopia and 
immensely contribute to the livelihoods of millions of pastoral and agro
pastoral communities. Under normal circumstances, grasslands are the 
sole source of livestock feed in the pastoral areas. It is also the major 
grazing feed source in the agro-pastoral areas. Grasslands are also the 
source of other goods and services such as wildlife habitat, recreation, 
carbon and water storage, and watershed protection.

Grasslands are important as a repository of plant genetic resources useful 
to mankind. Cultivated forage species, now grown around the world were 
developed from genetic resources collected from grasslands. The origin 
of the top 45 tropical grass species widely grown elsewhere in the tropics 
and subtropics was the savannah of tropical Africa (Bogdan, 1972). The 
Eastern African region in particular, with its extensive savannah 
grassland-herbivore ecosystem, contains the richest diversity of tropical 
forage grass species that evolved under heavy grazing (Clayton, 1983). 
Ethiopia shares the vast Sudano-Zambezian Savannah region in its 
western and southern frontiers with the Sudan and Kenya respectively, 
along the north-south stretch of lowlands including Humera, 
Benishangul-Gumuz, Gambella and the Omo basin. The highland 
grasslands, also depicted as ‘Afromontane and Afro-alpine Grassland’ 
(White, 1983), are home to the various temperate (tropical highland) 
forage legume species especially those in the herbaceous genera 
Trifolium, Medicago, Lotus, and Biserulla that occur in great diversity 
and high endemism (Williams, 1983). These grassland ecosystems are 
home to the various tropical and subtropical forage taxa, which have not 
been utilized to any significance in forage breeding and variety
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vegetation zone is home to the important tropical forage grass and 
legume species (Table 3).

Table 2. D iversity o f Trifolium  in Ethiopia

D istribution Species
Gojjam: Dega Damot (Agewmidir);

Dejen-Gozamin plateau/
Mount Choke and Arat Mekerakir:

T. quartinianum; T. simense; T. decorum;
T. billiniatum, T. burchellianum, T. rueppellianum, 
T. usambarense, T. pichisermole, T. semipilosum; 
T mattirolianum; T. polystachyon

N. Gondar: Debark, Gaynt and Estie T. campestri, T. arvense; T mattirolianum, 
T. decorum

Wollo: Kutaber T. polystachium

Arsi-Bale Highlands:
Mount Chilaio (3500 m), 
Dinsho Massif (4000 m),

T. burchellianum var Johnstonii and var 
oblongum; T. semipilosum var bruneli,
T. usambarense, T. simense

Sidama Highlands:
Amaro Mountain massif 

(Mount Dello, 4000 m)

T. burchellianum var oblongum, T. usambarense

Kibre Mengist plateau T. somalense; T. semipilosum

Eastern Wollega Highlands:
Arjo: Horo Gudru; Shamboo

T. billiniatum, T. usambarense, T. burchellianum, 
T. rueppellianum

The Eastern Rangelands and the Rift Valley

The eastern rangelands of Afar and Somali are part of the ‘Somali-Masai 
Floristic Region’ of eastern Africa (White, 1983). This region is an 
expanse of lowland that encompasses the eastern and southern lowland 
territory of Ethiopia, and the neighboring lowland territories of most of 
Kenya; and central and southern Tanzania. The Great East African Rift 
Valley is a common physiographic feature amid this floristic region. The 
vast area of the Rift System consists of soils of volcanic origin, the 
Andept groups (Andosols) that exert influence on the composition and 
physiognomy of the vegetation. The climate is chiefly arid and semiarid;
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rainfall is generally below 5 0 0  mm annually; and in some areas it can be 
as low as 2 0 0  mm. The average temperature is as high as 25 to 3 0 °C . 
There are two rainy seasons separated by drought periods, 
correspondingly related to the south-west Monsoon in summer and north
east Monsoon in winter (White, 19 83 ).

Table 3. Native forage species (herbaceous and woody) of the humid savannah 
(Sudanian Floristic Region)

Category of species_____________________________________________________
Perennial Grasses______________________________________________________
Andropogon gayanus var. gayanus, Brachiaria brizantha, Brachiaria juba ta , 
Brachiaria humidicola, Panicum maximum, Cynodon aethiopicus, Pennisetum  
unisetum, Pennisetum  sphaceletum, Hyperthelia dissolute, Setaria sphaceleta, 
Chloris gayana,Cenchrus ciliaris, Echinochloa pyram idalis, Hyparrhenia rufa

Annual grasses__________________________________________________________
Sorghum  arundinaceium, Sorghum purpureosericeum , Pennisetum  polystachion, 
Pennisetum  pedicella tum

Pereenial Herbaceous legumes____________________________________________
Macrotylom a axillare, Stylosanthes fruitcosa, Clitoria ternatea, Neonotonia wightii, 
Vigna membranacea, Teramnus labialis, Zornia setosa, Psophocarpus grandiflora

Annual Herbaceous legumes__________________________________________________
Zornia glochydiata

Browse legume trees_________________________________________________________
Acacia albida, Acacia nilotica, Acacia polycantha, Albizia malacophylla, 
Aeschyom ene ruspoliana, Sesbania sesban, Sesbania dummeri, Sesbania macrantha, 
Lannea stu lm anii (non legume)

The region is predominantly covered by Acacia-Commiphora deciduous 
bush land and thicket climax. These are replaced by evergreen bush land 
and thicket on the lower slopes of the adjoining mountains. Typical trees 
include: Accacia, Commiphora, Capparis, Grewia; and commonly 
Sansivera and Opuntia spp. among the succulent herbs. Potential forage 
plant species native to the Somali-Masai region are listed in Table 4.
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Table 4. Forage species (herbaceous and woody) native to the Somali-Masai 
floristic region

Category and species_________________________________________________________
Perennial Grasses
Cenchrus ciliaris, Panicum coloratum, Chloris gayana, Chloris roxburghiana, 
Chrysopogon plumulosus, Dactyloctenium  robicchii, Ehrharta erecta (shade tolerant), 
Andropogon kelleri, Eragrostis superb, Leptochloa uniflora, Leptochloa paucifolia, 
Leptothrium  senegalense, Heteropogon contortus, Echnochloa stagnina, Schimidtia  
pappophoroides, Sporobolus spicatus

Annual Grasses

Brachiaria eruciform is, Brachiaria leersioides 

Herbaceous perennial legumes
Stylosanthes fruitcosa, Clitoria ternatea, Neonotonia wightii, M acrotylom a axillare, 
Teramnus labialis, Zornia setose , Zornia glochydiata, Rhynchosia minima

Browse legume trees
Cordeuxia edulis, D ichrostachys cenerea, Acacia albida, Acacia nilotica, Acacia  
polycantha, Acacia sieberiana, Aeschyom ene elaphroxylon, Sesbania sesban, 
Sesbania quadrata, Erythrina burana, Parkinsonia aculeate

Major threats to the survival of plant genetic 
resources

Human and livestock population have increased at a dramatic rate over 
the past few decades in Ethiopia and the developing countries at large. 
The human population increase implies that more land has to be 
cultivated to meet the additional food requirements because the deficit 
cannot be balanced through increasing productivity owing to the 
insignificant use of agricultural technology and associated inputs. The 
prehistoric oxen plough is still used in Ethiopia whereby fifty million 
cattle are kept in a free-ranging grazing system, aggravating ecological 
degradation. New areas of forest and grazing lands, including steep 
slopes and waterlogged bottomlands, are being put under cropping, thus 
threatening the remnant forage and wild plant genetic resources.
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Habitats of temperate forage and wild relatives of crops in the highlands 
are further endangered due to abandonment of traditional land 
management practices and cropping systems. For instance, the traditional 
fallowing practice to replenish the fertility of continually cropped lands 
has given way to continual crop production, in conformity with the 
growing use of chemical fertilizers. In the central Ethiopian highlands, 
land fallowing system was common, which favored abundant growth of 
the annual forage legumes in the genera: Trifolium, Medicago, Lotus, 
Argyrolobium  and Scorpurous as the components of the natural pastures 
that stayed as a communal grazing land for three to five years to restore 
soil fertility. Farmers recognized the native clover and medic species as 
‘useful weeds’ and allowed to grow with the crop especially towards the 
latter half of the growing season so as to exploit their benefit as soil 
fertility restorers (through Rhizobial nitrogen fixation) and provision of 
high quality animal feed. During the fallow phase of such a cropping 
system, livestock grazing served as a major pathway for recycling of 
nutrients through deposition of manure. This system was favorable for 
the survival of temperate forage plant genetic resources, which grew 
vigorously and left an adequate amount of seed in the soil seed bank to 
perpetuate them-selves over the cropping cycles. Nowadays, 
unfortunately, the irreversible shift of the cropping system in favor of 
continual crop production has led to threats of genetic erosion and at 
worst mass extinction of valuable forage genetic resources.

Another threat to forage diversity occurs when land that could be a 
repository for rare and endemic plant species is allocated to public 
services like recreation, community forest, irrigated commercial farms, 
industry, settlement, mining or stone quarry. In cases where the public or 
local government is unaware of the value of biodiversity, the outcome 
can be massive genetic erosion and loss of biodiversity. Changes in 
climate, including drought and extremes of temperature, have become a 
major threat to livelihoods and environment. This results in reductions in 
crop yield or even crop failure, loss of biodiversity and increased spread 
of diseases and parasites of plants and animals especially in developing 
nations which have poor adaptive capacity. In addition, improper use of 
biophysical resources aggravates environmental degradation, inflicting 
irreversible damage to watershed, arable land, and biodiversity leading to 
chronic food insecurity and at worst, widespread famine. There is a need 
to assess, adopt and implement technologies that help optimize 
agricultural productivity, mitigate and adapt to climate change.
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Conclusions and recommendations

With the growing population of humans and livestock and severity of 
climate change, forage and wild plant genetic resources are under threats 
of extinction. This calls a comprehensive action of natural resources and 
biodiversity conservation proper utilization by the different actors in the 
ecosystem. Among others, some of the major and immediate actions to be 
taken are:

• Identify and delineate gene centers and use GIS mapping techniques 
to facilitate monitoring of ecological status and identifying the 
threatened forage genetic resources

• Undertake ex situ conservation measures, including, collection, 
evaluation, variety development and establishment of botanic 
gardens

• Undertake in-situ conservation of the most important habitats with 
high floristic diversity and where necessary, reintroduce lost species 
back to their habitat through the practice of enclosures (stock 
exclusion), park systems, ecotourism and supporting effective 
traditional range, pasture, forest and natural resource management 
systems.

• Create public awareness to halt further undue degradation of 
vegetation, while providing potential alternatives and promote 
conservation and safe use of these resources.
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for expansion and/or retaining the available grazing areas is limited. For 
instance, in the highland crop-livestock mixed farming system where 
about 80% of both the human and livestock population of the country are 
concentrated, the area of available grazing lands has been estimated to be 
only about 5.7 million hectares (Abera, 2006). Furthermore, the 
available grazing lands are highly fragmented and limited to areas where 
conditions are adverse for cropping due to topographic, edaphic and 
climatic limitations. These marginal environments also impose further 
limitations on the yield and quality of the pasture. In general, crude 
estimate of the available feed in different parts of the country depicts a 
deficit of about 35% of the maintenance requirement, which surges up to 
70% in bad years such as when prolonged drought occurs.

Hence, improvement in livestock production and productivity requires 
the concomitant intensification in feed production using improved / 
cultivated forage crops in addition to natural pasture and crop residues. 
Improved forage crops have diversified functions and play an important 
role in sustaining the livelihoods of farmers, mainly as a result of their 
positive effects on livestock production and contribution to economic and 
environmental sustainability. Besides producing high amount of better 
quality forage, they have a number of other benefits in the farming 
system including improvement of soil fertility through biological N- 
fixation or when used as mulch (legumes), erosion control when 
established as conservation structures, fuel wood supply, bee forage and 
control of weeds, pests and diseases when integrated in crop rotation as 
break crops. Generally, use of improved forage crops is an important step 
in supporting and improving livestock productivity while maintaining 
environmental sustainability. This review paper provides an overview of 
improved/cultivated forage research and development endeavours in 
Ethiopia, major achievements, important limitations and 
recommendations on the way forward.

Overview of improved forage research in Ethiopia
Forage research in Ethiopia is as old as the establishment of agricultural 
colleges like the Jima college of Agriculture (Now Jimma University), 
Alemaya College of Agriculture (the present Haramaya University) and 
Ambo College (the current Ambo University). However, forage research 
as a national program was formally started with the establishment of the 
Institute of Agricultural Research (IAR) in the mid-1960s (Alemayehu
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and Getnet, 2012). Other governmental and non-governmental 
organizations especially the Arsi rural Development Unit 
(ARDU)/Chilalo agricultural Development Unit (CADU) and ILCA (the 
present ILRI) have also played remarkable roles in supporting national 
forage research and development efforts. Especially, CADU/ARDU 
established in 1967 at Asela, is a pioneer livestock research and 
development in the Arsi highlands. The project introduced different 
temperate and tropical forage species and made significant contributions 
to the national forage and pasture research by IAR in addition to its 
development efforts in promoting improved forage crops along with 
crossbred heifers in the Arsi highlands. The focus of forage research 
efforts over the last four to five decades has been on germplasm 
introduction/collection, evaluation and selection of promising species for 
the different agro-ecologies, forage agronomic studies, micro-seed 
multiplication, on-farm demonstrations and promotions to users. 
Moreover, various forage development schemes have been launched as a 
component of different livestock/dairy development projects in the 
country. Highlights of the different activities and major achievements in 
forage research and development are described below.

Germplasm introduction/collection and evaluation
A wide range of tropical and temperate pasture and fodder species have 
been introduced from different parts of the world including South 
America, North America, Australia and some parts of Africa with the 
support of the Food and Agriculture Organization (FAO) of the United 
Nations (Lulseged and Alemu, 1985). The aim was to broaden the forage 
genetic base for evaluation and selection of suitable species/cultivars for 
the highly diverse agro-ecological conditions of the country. Some efforts 
have also been made by the previous IAR/EIAR to collect promising 
indigenous species from around research stations and substations. 
Moreover, ILCA/ ILRI had played a significant role in introducing 
various fodder species in addition to its active involvement in collection 
and evaluation of indigenous species, mainly legumes in the past. The 
various annual and perennial fodder species introduced and/or collected 
from different sources were tested in areas ranging in altitude from 600 -  
3000 m asl. Both EIAR/IAR and Regional Research Institutes, as the 
major entities of the National Agricultural Research System (NARS), 
have been actively engaged in forage species evaluation and selection.
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The forage species were evaluated for different desirable characteristics 
including adaptation to the prevailing climatic and soil conditions, ease of 
establishment, herbage productivity, seed yield potential, resistance to 
pests and diseases, forage quality, multi-purpose uses and suitability for 
integration into the farming system. To this effect, various adaptable and 
high yielding fodder species belonging to grasses, herbaceous legumes 
and browse trees have been identified and recommended for different 
agro-ecological zones of the country. More than 10 promising forage 
species have been recommended for each of the highland, mid-altitude 
and lowland agro-ecologies. The major ones are listed in Table 1.

In terms of choices of alternative forage species/germplasm, suggested 
species or varieties are too few with respect to herbaceous legumes and 
fodder trees in the highlands while in the arid and semi-arid low lands, 
the recommendations are very much limited to few species mainly due to 
environmental determinants, lack of irrigation facilities and inadequate 
attention given to this ecosystem in the national research agenda. There 
are different environmental determinants which impose limitations to 
adaptations and overall performance of forage crops in the highland agro- 
ecological zone. These include low soil temperature and low radiation 
intensity leading to slow establishment and growth of mainly perennial 
grasses, seasonal frost (October-January) affecting most of the tropical 
forage species, drainage problems (water logging) especially on vertisols, 
sever competition from weeds and relatively low soil fertility. In the 
highland agro-ecology planting of pasture seeds (mainly perennials) is 
recommended using the light rains during March to May in order to take 
advantage of the favourable environmental conditions for better 
establishment. In situations where the light rains are short and 
inadequate, planting is done early during the onset of the main rain in 
June. In the arid and semi-arid lowlands, erratic rainfall, periodic drought 
and short plant growing periods are the major environmental 
determinants limiting adaptation of forage species. On the other hand, the 
mid altitude areas are comparatively favourable for most tropical forage 
crops.
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Table 1. Some important forage species recommended for the different agro- 
ecological zones of Ethiopia

Forage
crop
category

Annuals Perennials

Highland (>2000 mas!)

Grasses Oats (Avena saliva) -  different 
cultivars

Phalaris aquatica, Phaiaris tuberosa, Phalaris 
arundinacea, Festuca arundinacea, Setaria sphacelata, 
Dactylis gfomerata (Orchardgrassj 
Lolium perenne (perennial ryegrass]
(Chloris gayana, Panicum coloratum, Pennisetum 
Purpureum)*

Herbaceous
legumes

Vetches (Vicia dasycarpa, Vicia 
villosa, Vicia atropurpurea) 
Clovers (T.quartinianum, 
T.tembense, T. rueppellianum; 
T.decorum)

Lotus corniculatus, Medicago sativa, T.pratense (red 
cloverj, T. repens (White cloverj

Tree
legumes - Tagasaste/treelucerne (Chamaecytisus palmensis)

Root crop Fodder beet (Beta vulgaris) -

Mid altitude (1500-2000 masl)

Grasses
Oats (Avena sativa) -  different 
cultivars
Sorghum sudanense

Chloris gayana, Panicum coloratum, Panicum 
maximum, Pennisetum purpureum, Andropogon 
gayanus, Cenchrus ciliaris, Meiinus minutiflora

Herbaceous
legumes

Vetches (Vicia dasycarpa,Vicia 
villosa, Vicia atropurpurea)

Lablab purpureus

Stylosanthes guianensis, Desmodium unicinatum 
(Silver leaf), Desmodium intonum (Green leaf), 
Medicago sativa, Macroptilium atropurpureum, 
Centrosema pubescens, Neonotonia wightii

Tree
legumes Pigeonpea [Cajanus cajan) Leaucanea spp, Sesbania sesban, Gliricidia sepium, 

Cailiandra spp

Lowland (<1500 masl), Usually with supplementary irrigation

Grasses Sorghum sudanense
Cenchrus ciliaris, Chloris gayana, Panicum coloratum, 
Panicum maximum, Panicum antidotale 
Pennisetum purpureum

Herbaceous
legumes Lablab purpureus Stylosanthes guianensis, Neonotonia wightii[ Clitoria 

ternatea, Medicacjo sativa
Tree
legumes - Leaucanea spp, Sesbania sesban, Atriplex canescens
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Officially Registered/ Released Forage Varieties/ 
Accessions

The ultimate objective of improved forage introduction, collection and 
evaluation is to release superior species/varieties/cultivars for wider 
utilization mainly as source of feed and for natural resource conservation 
in the farming system within an appropriate agro-ecology. However, 
forage research activities have been going on without a formal variety 
release mechanism for quite a long period of time. Despite this, various 
promising forage species/varieties have been promoted via different 
livestock development projects like the Fourth Livestock Development 
Project (FLDP) and being developed and utilized under varying scales in 
different parts of the country. Despite the absence of a formal variety 
release mechanism in the past, about 9 forage species/varieties which 
were informally promoted and fairly accepted by the different users (ex
state farms, private farms and smallholder farmers) were registered in the 
crop variety register of the MoA. Official variety release procedures and 
guidelines for forage crops have been established and implemented since 
2009 in the country. Between 2009 and 2014, about 15 forage varieties 
have been released by NARS (EIAR, Regional Research Institutes) 
following the guidelines. So far, a total of 24 forage species/varieties 
have been officially registered in the crop variety register book of MoA 
and their list is indicated in Table 2.

It has been perceived that the number of officially registered varieties is 
still few relative to the number of forage species recommended for 
different agro-ecological zones of the country. For instance, some forage 
species like Stylosanthes spp, Desmodium spp , Leaucanea spp and 
Bracharia spp which have been found to be promising in the mid and 
lowland areas have not been officially registered. Moreover, there are 
various alternative cultivars belonging to some of the widely used species 
such as oats and Napier grass which need to be subjected to the variety 
release procedures for official registration purposes. The indigenous 
Desho grass (Pennisetum pedicellatum) which is well adapted to southern 
Ethiopia and is currently being introduced to other parts of the country is 
also a potential candidate for future evaluation and variety release 
activities.
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Table 2. Lists and herbage productivity of officially registered forage species 
and varieties

SN Species Variety / 
Accession

Common
name

Altitude
(masl)

DMY
(t/ha)

Year of 
register. Breeder

G rasses
1 Avena sativa CI-8237 Oats 1500-3000 10-13 1976 HARO
2 Avena sativa CI-8251 Oats 2000-3000 8-12 2013 HARO
3 Avena sativa Bonsa Oats 2300-3000 9.7-10.8 2011 SARC
4 Avena sativa Bona-bas Oats 2300-3000 9.8-10.3 2011 SARC
5 Pennisetum purpureum ILCA-16984 Elephant grass Upto 2004 10-15 1984 HARO
6 Phalaris aquatica Sirossa Phalaris 2400-3000 6-8 1982 HARO
7 Chloris qayana Massaba Rhodes grass 1000-2400 7-12 1984 HARC
8 Panicum coloratum Coloratum Coloured 

Guinea grass
1000-2400 6-10 1984 HARC

9 Andropoqon qayanus Dirki Ayifera Andropogon 2009 PARC
10 Panicum maximum Local panicum Guinea grass Upto 2000 9-14 2014 PARC
11 Pennisetum  

polystachion -Loca l 
collection

Nechsare Mission grass 900-1500 7-12 2014 PARC

12 Pennisetum  
sphacelatum -Loca l 
collection

DZF-258 Pennisetum Upto 2000 13.2 2014 DZARC

Lequm es
13 Vicia dasycarpa Lana Vetch 1500-3000 5-7 1976 HARC
14 Vicia sativa ICARDA-61509 Vetch 2200-2004 5-6 2012 HARC
15 Vicia sativa Gebisa Vetch 2300-3000 4.3-5.1 2011 SARC
16 Vicia villosa Lalisa Vetch 2300-3000 6.6-8.4 2011 SARC
17 Vicia narbonensis Abdeta Narbon vetch 2300-3000 3.1-3.4 2011 SARC
18 Trifolium quartinianum - Clover 1500-3000 3-6 1976 HARC
19 Lablab purpureus - Lablab Upto 2004 3-5 1984 HARC
20 Viqna unquiculata Sewinet Cowpea 2009 PARC
21 Medicaqo sativa DZF-552 Alfalfa 2014 DZARC

B row se  Trees
22 Chamaecytisus

palmensis
- Tagasaste,

Treelucerne
2000-3000 6-10 1992 HARC

23 Sesbania macrantha DZF-092 Sesbania 400-2000 8-10 2012 DZARC
24 Cajanus cajan Dursa Pigeon pea 2009 MARC

Research results have indicated that the improved fodder species 
generally have higher herbage yield potential than natural pasture. Yield 
potential of improved grasses usually vary from 8.0 to 15.0 ton DM per 
ha per annum with a mean of about 13.0 ton/ha. Yield of herbaceous 
legumes also varies from 6.0 to 10.0 ton DM/ha with a mean of 8.0 ton 
DM/ha. Productivity of tree legumes also ranges from 9.0 to 13.0 ton 
DM/ha with a mean of about 10.5 ton DM/ha. These yield potentials have 
been recorded under rain-fed conditions in which mainly a single cut is
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possible in a year. If forage evaluation had possibly been supported by 
supplementary irrigation, multiple cuts could have been possible and the 
potential herbage yields could have been by far higher than the figures 
indicated above especially in the case of perennial forage species.

In general, the overall average productivity of the improved fodder crops 
per unit area has been found to exceed the productivities of seasonally 
rested and continuously grazed natural pastures by about 3 fold and 10 
fold, respectively. Average productivities of improved fodder crops 
relative to natural pasture in Ethiopia is found to be about 13, 8, 10.5, 4 
and 1 tons/ha dry matter yield for grasses, herbaceous legumes, browse 
trees, seasonally rested pasture and continuously grazed pasture, 
respectively.

Beside their productivity, most of the improved forage crops are also 
nutritionally superior to that of natural pasture and crop residues. They 
also have a long growing season and help to extend the green feed period 
and could provide useful nutrients mainly in the rural areas where 
availability and accessibility of agro-industrial byproducts are limited. 
Moreover, improved fodder crops especially the legumes can 
complement crop production through maintaining soil fertility, fixation 
and accumulation of nitrogen and also help to prevent soil erosion and 
replenish degraded land when grown as a component of integrated 
natural resource management.

Forage agronomic studies
Ethiopia is characterized by a highly diverse agro-ecological setting 
ranging from the arid lowlands to moist cool highlands. The different 
agro-ecologies vary not only in moisture (length of growing days) and 
temperature regimes, but also in soil types and characteristics. The wide 
diversity of agro-ecological conditions and soil characteristics existing in 
the country offers various potential ecological niches for forage 
introduction and evaluation programs. Nevertheless, the management and 
agronomic requirements of the various forage crops grown in the 
different agro-climatic conditions and soil types could vary necessitating 
the development of appropriate agronomic practices which support better 
overall productivity and quality of cultivated forages. Agronomic 
manipulations will help to exploit the desirable characteristics of the 
forage crops like high herbage production, better nutritional quality,
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fast/ease o f establishment, high competitive ability, persistence, 
compatibility with other companion forage crops, suitability for forage- 
food crop integration, tolerance to moisture stress and high seed 
production. In line with this, various agronomic studies encompassing 
establishment methods (seed dormancy, treatments), sowing/planting 
dates, seeding rates/plant spacing, fertilization (types, rates, timing of 
application), harvesting management (cutting stages, frequency), grass- 
legume intercropping (seed proportions, compatibility), and forage-food 
crops integration have been conducted on selected annual and perennial 
forage species in different agro-ecologies. Summary of the location/agro
ecology, target forage species, main research objectives and major 
findings of some of the forage agronomic studies conducted by NARS is 
presented in Table 3.
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Table 3. Some efforts and major achievements I findings of forage agronomy I management research tested at different 
locations/ agro-ecologies in Ethiopia

No Location Target forage 
species Main research objective (s) Major findings & recommendations Source

1 Holetta/
highland

Napier grass To evaluate agronomic 
performances (DMY, plant 
height & frost tolerance), cutting 
height (0.5m, 1m, 1.5m) and 
nutritive values of 10 Napier 
grass accessions of 
Pennisetum hybrids.

® Based on yield performance and nutritional characteristics, the optimum 
cutting height of Napier grass in the central highlands of Ethiopia is 1m.

• Accession No 14984 was found to be the best accession in overall 
performance followed by accession Nos 16835 and 16834.

• Further studies were recommended on intake and animal responses in order 
to develop Napier grass based dairy cattle feeding for smallholder farmers.

Seyoum 
et al., 
1998

Napier grass + 
vetch

To assess the effect of under
sowing or intercropping vetch 
with Napier grass on the overall 
herbage productivity both 
during the establishment year of 
Napier grass and in the 
subsequent years.

• The vetches (V.dasycarp & V.villosa) were successfully established when 
undersown to Napier grass & found to dominate the grass during the 
establishment year, but dominated by Napier grass in the subsequent years.

• Under-sowing vetch with Napier grass increased total forage production by 
more than tenfold as compared to sole Napier grass during the 
establishment year in the cool highlands, like Holetta. This was realized 
without affecting subsequent performance of the grass in the following years.

® Intercropping vetch with Napier grass during the establishment year of the 
grass could be more productive than sole cropping in the cooler areas as 
perennial grass establishment is stunted in the first year.

® Further research on how vetches are reseeded and intercropped in 
established napier grass fields in cooler areas are pertinent.

Fekede
et al., 
2004

2 Adet/ 
highland

Napier grass To study the effect of cutting 
frequencies (30,60,90,120 
and 150 days) on forage yield 
under rain fed condition

• Harvesting napier grass at 150 days interval resulted in higher forage 
production as compared to the other treatments.

Halima,
2005
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No Location Target forage 
species Main research objective (s) Major findings & recommendations Source

Napier grass To assess the effect of plant 
height at cutting as well as 
different sources and levels of 
fertilizer on DMY, chemical 
composition and IVDMD of 
Napier grass.

•  Highest herbage DM was obtained when 92 kg ha-1 N was used and at 1m 
cutting height.

•  Cutting Napier grass at 1 m height resulted in the production of better quality 
forage based on chemical composition, IVDMD values and total digestible 
matter.

Tessema
etal.,

3 Sirinka 1 
Mid
altitude

Napier grass To determine the optimum 
harvesting stage (height) for 
higher total DMY, leaf 
proportion and CP yield

•  Harvesting at 1.5m height resulted in higher DMY, leaf proportion and CP 
yield, and recommended to be the appropriate harvesting stage of Napier 
grass under Srinka condition.

Samuel & 
Mesfin,

4 Holetta/
Highland

Annual legumes 
(Vetches, clovers, 
oats/vetch) in 
rotation with 
barley & wheat

To study the effect of different 
forage legumes on the yield of 
subsequent cereal crops & 
assess the effect of P fertilizer 
on the establishment & bio
mass yield of the legumes.

•  In the first year, oats/vetch mixture gave the highest DMY (16.5t/ha on red 
soil & 10.61/ha on black soil), while the clover spps showed better response 
to P fertilizer than both vetch & oats/vetch mixture.

•  In the second year, all the plots were planted with barley on red soil & with 
wheat on black soil, & their respective grain yields were better in response to 
the preceding forage legumes, mainly clovers.

•  The study showed that forage legume-cereal rotational cropping has great 
potential in improving cereal yields in the highlands where fallowing or 
continuous cereal mono-cropping is practiced. It can also help to produce 
better quality livestock feed.

Getnet
etal, 1993

5 Holetta/
highland

Chloris gayana,
Panicum
coloratum

To investigate the best method 
and date of clearing re-growth 
for higher seed production of 
acceptable quality from Rhodes 
and Colored Guinea grasses 
under rain fed condition at 
Holetta.

•  Clearing by controlled burning resulted in better re-growth and seed yield 
than clearing by cutting.

•  Clearing of re-growths during early June resulted in higher yield of good 
quality seed than earlier clearing especially when short rains are normal in 
amount and distribution (about 250mm).

•  Peak seed yields were obtained during the second year of establishment 
and declined then after as the age of the grasses get older.

Getnet 
e( al, 2005
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No Location Target forage 
species Main research objective (s) Major findings & recommendations Source

6 Holetta/
highland

Phalaris aquatic, 
Chloris gayana, 
Panicum 
coloratum

-To assess the effect of 
different manure and N- 
fertilizer levels (Nitrogen - 23, 
46 and 92 kg/ha and manure - 
5,10,15 t/ha) on the 
establishment, forage yield 
and seed yield performances 
of the three perennial grasses

•  Both herbage and seed yields of the three grasses were better in response 
to high levels of manure and N fertilizer (15t ha-1 manure and 92kg N ha-1) 
initially applied to the fields.

® Rhodes and Panicum were also more responsive to annual N fertilizer 
application than Phalaris mainly towards the later stage of growth.

* The mean seed yields recorded for Phalaris, Rhodes and Panicum in the 
study were 118.9 kg, 133.3 kg and 94 kg/ha, respectively.

® Further study was suggested to evaluate the productivity of the grasses 
under higher levels of initially applied manure or continuous N application in 
combination with other management practices such as cutting and the 
corresponding time of fertilizer application.

Getnet 
et al, 2003

Phalaris aquatic, 
Chloris gayana, 
Panicum 
coloratum

To evaluate the establishment 
& herbage yield performances 
of the three perennial grasses 
established as pure stands 
and intercropped with barley 
and managed as improved 
grass fallow for three years, 
and to assess their residual 
effect on the subsequent 
barley crop.

® Intercropping with the perennial grasses did not significantly affect barley 
grain yield as compared to pure stand of barley.

• Grasses established in pure stands gave about five times more average 
herbage yield compared to those intercropped with barley during the 
establishment year, but the variation sharply reduced then after.

® The total herbage yield during the fallowing period was higher for grasses 
established by intercropping as they stayed longer as a pasture for the same 
length of fallowing period compared to the pure stands.

• Rhodes grass produced significantly higher forage yield followed by panicum 
and Phalaris under both as pure stand and when intercropped with barley.

® Barley grain yield was significantly increased following Panicum and Phalaris 
compared to the control (barley -  barley mono-cropping), while the highest 
forage yielder Rhodes grass had significantly depressed the performance of 
the subsequent barley crop.

® The study showed that establishing perennial grasses by intercropping was 
an advantageous strategy to improve natural fallow land, and the residual 
effects of the grasses were improved as the fallowing period was extended

Getnet
et al, 2003
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No Location Target forage 
species Main research objective (s) Major findings & recommendations Source

from 1 to 3 years.
•  Panicum m s  found to more suitable for use as an improved grass fallow in 

terms of both higher herbage production and its better residual effect on the 
subsequent cereal crop (barley).

7 Holetta/
highland

Phalaris aquatic, 
Chloris gayana, 
Panicum 
coloratum

To assess the productivity and 
quality of the grass seeds as 
affected by different harvesting 
stages (1 ,2 ,3 ,4 ,5  &6 weeks 
after full heading).

•  The three species produced seed in the second year of establishment with 
average seed yields of 149,85 and 75 kg/ha for Rhodes, Panicum and 
Phalaris, respectively.

•  Rhodes & Panicum gave highest seed yields when harvested three & four 
weeks after full heading with average germination rates of 91 & 32%, 
respectively. Phalaris on the other hand gave high amount of seed towards 
the later harvesting stages (5 & 6 weeks after full heading).

•  Seed viability in all the three species was significantly improved with delayed 
time of harvest after full flowering.

•  Three to four weeks after full or seven to eight weeks after first heading for 
Rhodes and Panicum; and delayed harvesting after full maturity for Phalaris 
were recommended to produce high amount of seeds with better viability 
from the three grass species.

•  It was suggested to undertake close follow-up to reduce seed loss due to 
shattering especially in Rhodes & Panicum.

Getnet
and
Tadesse,
1996

8 Holetta/
Highland

Tagasaste
(Chamaecytisus 
palmensis)

To evaluate the potential of 
different scarification methods 
and determine optimum length 
of treating time to break 
dormancy of Tagasaste seeds.

•  Treatment of Tagasaste seeds using boiling water for 7-11 minutes was 
found to be the best method & resulted in 75% germination followed by dry 
heat (oven) treatment up to 85°C for 1-3 hours and scarification with sand 
paper also resulted in up to 40% germination.

•  Complete loss in viability of Tagasaste seed was encountered when dry heat 
treatment was applied at 105°C even for shorter (about 1 hour) and with hot 
plate treatment for half a minute.

Getnet,
1998
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No Location Target forage 
species Main research objective (s) Major findings & recommendations Source

Tagasaste
(Chamaecytisus 
palmensis)

To assess the effect of 
harvesting frequency/interval on 
total herbage yield, DM 
proportions (leaf, edible branch, 
stem) and nutritive values of the 
different fractions in Tagasaste. 
(cutting frequency: 2,3,4 & 6 
months interval)

• Cutting interval significantly affected annual biomass DMY of Tagasaste. 
The recorded annual DMY was 4.7, 6.2, 7.9 & 10.3 t/ha corresponding to 
harvesting intervals of two, three, four and six months, respectively.

® The proportion of leaf in the biomass decreased with prolonged harvesting 
interval (67% in two months harvesting interval to 45% in six months 
harvesting interval). The stem fraction increased from 0.4 to 26% with 
prolonged harvesting interval from 2 months to 6 months; while the edible 
branch varied narrowly from 27-34% within the harvesting intervals.

• The leaf fraction had average CP content of 20% and IVOMD of 67% without 
much variation among the harvesting intervals.

• Harvesting at intervals of 4 to 6 months mainly during the wet season 
resulted in the production of herbage with high amount of better quality 
edible matter from Tagasaste.

Getnet
and
Tadesse,
1996

9 Holetta/
Highland

Oats [Avena 
sativa)

To assess the variation in 
maturity among 20 oats 
varieties and its practical 
implications for integration into 
highland mixed farming 
systems.

• There was marked variation among the varieties with respect to the 
durations required to attain the different growth stages.

• Taking the soft dough stage as a reference physiological maturity stage for 
forage harvest, there was on average a difference of 31 days between the 
early (117 days: Coker SR res 80 SA 130) and late maturing varieties (148 
days: Grayalgeris).

• Most of the difference in maturity among the varieties was attributed to 
differences in the durations of the vegetative growth period (planting to 
heading) than the grain filling period.

® Early maturing varieties could be preferably grown as precursor crops to 
chickpea/lathyrus, to make efficient use of the small amount of moisture 
during belg cropping and in cases where cut-and-carry feeding is targeted to 
curb feed shortage during the main rainy season. On the other hand, late 
maturing varieties could be the better choice in cases where hay making and 
conservation for dry season is targeted.

Fekede,
2009
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No Location Target forage 
species Main research objective (s) Major findings & recommendations Source

Oats [Avena 
sativa)

To determine the proportion of 
different morphoiogicai fractions 
at different growth stages in 20 
selected varieties.

•  The proportion of leaf blade decreased from 52.2 to 15.6%, while the 
proportion of stem increased from 19.4 to 57.6% as growth advanced from 
boot stage to grain maturity stage. The average proportion of leaf sheath 
decreased from 28.4 to 18% as growth advanced from boot stage to the soft 
dough stage, but it tended to regain at grain maturity stage (26.8%). The 
panicle proportion was found to be relatively stable increasing only by 4% 
units with advance in growth from heading to the soft dough stage.

•  The different oats varieties also exhibited highly considerable differences in 
the proportion of morphological fractions suggesting the possibility orage 
production in oats through proper exploitation of the varietal differences.

Fekede 
et al., 
2008

10 Holetta/
Highland

Oats (Avena 
sativa)

To assess chemical 
composition and IVOMD of 
whole forage and different 
morphological fractions of 20 
selected oats varieties 
harvested at the soft dough 
stage.

•  There were considerable variations in chemical composition and IVOMD 
among the oat varieties and the different morphological fractions.

•  Among the varieties, CP content varied from 48 to 76 g kg-1 DM, NDF from 
586 to 683 g kg-1 DM, ADF from 370 to 482 g kg-1 DM and lignin from 54 
to 83 g kg-1 DM. The IVOMD of the whole forage ranged from 43 to 62%.

•  Among the morphological fractions, leaf blades had the highest CP content 
and IVOMD, whereas the fibre fractions (NDF, ADF and lignin) were highest 
in the stems.

•  The result implied that there are opportunities for improving forage 
production and quality from oats through appropriate exploitation of varietal 
differences. However, manipulation of management practices (such as 
choice of harvesting stage, use of mixed cropping with compatible legumes 
and fertilizer application) may still be needed for further improvement.

Fekede
etal.,
2008
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No Location Target forage 
species Main research objective (s) Major findings & recommendations Source

11 Sinana/
Highland

Clover -  
T.quartinianum

To assess the effect of 
wheat/clover seeding pattern on 
grain, straw & total biomass 
production of wheat in 
wheat/clover intercropping 
system. The treatments used 
were 1:1,2:1,3:1 wheat/clover 
alternate rows; 1:1,2:1,3:1 
wheat/clover seed mixtures 
(row basis) mixed in a row and 
sole stands of wheat and 
clover.

• All the intercropping treatments did not significantly reduce wheat grain yield 
compared to wheat monoculture. But, yield and composition of crop residues 
were affected by seeding patterns used in intercropping.

• The 1:1, 2:1, 3:1 wheat/clover alternate row patterns and the 1:1 
wheat/clover seed mixture (row basis) resulted in significantly higher total 
crop residue yield compared to the sole wheat cropping.

• The alternate row seeding patterns compared with the mixed in row 
treatments, resulted in higher proportion of clover (10% vs 4%) in the total 
crop residue, and resulted in the production of higher total crop residues 
compared to the sole wheat.

TA'ohannes 
& Daniel, 
1998

12 Sinana/
highland

Vetch
(V. dasycarpa), 
Clover
(T.quartinianum), 
Alfalfa [cv. Hunter 
river)

To investigate the effects of 
undersowing the three forage 
legumes, time of undersowing 
(simultaneously & at first 
weeding of barley) and 
fertilization (0/0 and 41/46 
N/P205 kg/ha) on barley grain, 
straw and DMY of the 
undersown forage legumes.

• Undersowing clover & alfalfa did not significantly reduce barley grain & straw 
yields compared to the control. However, simultaneous barley-vetch 
intercropping resulted in about 22% reduction in barley grain yield.

• DMY of the forage legumes when undersown simultaneously & at first 
weeding of barley highest for vetch (17.7 & 1.0 q/ha) followed by clover (3.8 
& 0.4 q/ha) and alfalfa (2.0 & 0.1 q/ha).

® Both barley grain and straw yields were significantly increased by fertilizer 
application.

• The study showed that small seeded forage legumes (clover and alfalfa) can 
be simultaneously undersown with barley without reducing barley grain yield, 
the large seeded and fast growing vetch tended to reduce barley grain yield 
when simultaneously undersown with barley. Hence, time of undersowing 
should be given special attention for better results in forage legumes-food 
crops (baley) intercropping.

TA'ohannes 
& Worku, 
2000
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No Location Target forage 
species Main research objective (s) Major findings & recommendations Source

13 Bako/mid
altitude

Chloris gayana,
Panicum
coloratum,
Desmodium
unicenatum

To evaluate the forage 
productivity and compatibility of 
Rhodes-Desmodium and 
Panicum-Desmodium mixtures 
grown using different seed 
proportions of the component 
species.

•  Higher forage yield was obtained when 25% legume: 75% grass seed 
proportion was used for both Rhodes-Desmodium and Panicum-Desmodium 
mixtures.

•  75% Rhodes + 25% Desmodium mixture gave 65.3 and 15.01 % higher DM 
yield as compared to the sole Desmodium and sole Rhodes, respectively.

•  Similarly, 75% Panicum + 25% Desmodium mixture gave 58.7 and 20.3% 
higher DM yield as compared to the sole Desmodium and sole Panicum, 
respectively.

•  In both cases, mixed cropping was found to be biologically advantageous 
over the sole stands. However, the grass components were observed to be 
highly aggressive and had superior contribution to total forage DM. Hence, 
further research has been suggested on development of management 
techniques that improve the compatibility of Desmodium with both the grass 
species so as to have desirable botanical composition (30-50%) of the 
legume component in the mixture.

Diriba et 
al., 2005

14 Bako/mid
altitude

Panicum
coloratum,
Stylosanthes
guianensis

To determine yield and quality 
of the component species in 
Panicum coloratum (PC) and 
Stylosanthes
guianensis (SG) mixed pasture 
as influenced by seed 
proportion (75%PC + 25%SG, 
50% PC + 50% SG, and 
25%PC + 75%SG along with 
the sole stands of each 
species).

•  Panicum - Stylosanthes mixed culture was observed to offer yield 
advantages relative to sole cropping of the two components both in terms of 
yield stability and improved quality of the total stand.

•  Better complementarities between the two species and higher biological 
yield advantages as revealed by the relative yield totals were observed when 
the two species were mixed at 50PC:50 SG and 25 PC: 75SG proportions.

Diriba et 
al., 2005
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No Location Target forage 
species Main research objective (s) Major findings & recommendations Source

15 Bako/mid
altitude

Vetch To determine the effects of 
different supporting structures 
(A-frame, fence and no support 
as control) on seed yield and 
production cost of Vicia 
atropurpurea

• Seed yields of I/.atropurpurea were increased by more than 318% and 
570% over the control (unsupported) plots when it was supported by a 
structure constructed in the form of A-frame and fence, respectively.

• Fence supporting required lower total variable cost than A-frame and gave 
the highest net benefit of 2802 Birr/ha.

• Both in terms of seed yield and net return advantages, provision of 
supporting structure constructed in the form of fence was recommended for 
V.atropurpurea seed production in the sub humid environment.

Lemma,
1998

16 Bako/mid
altitude

Chloris gayana,
Stylosanthes
Guianensis,
Desmodium
intortum,
Macrotyloma
axillare

To assess the feasibility of 
undersowing planted forage 
crops in maize and its effect on 
forage, maize grain and residue 
yields.
(pure stands of indicated forage 
species and mixtures of the 
three legumes with chloris 
gayana were drilled b/n the 
rows of maize 6 weeks after 
planting of maize)

• Highest grain yield (7.6 t ha-1) was obtained from the maize plots in which 
Stylosanthes was undersown, while highest maize stover yield (11.17 t DM 
ha-1) was obtained from the maize plots in which Macrotyloma axillare was 
undersown.

• Among the forage legumes, Macrotyloma was the highest forage DM yielder 
(2.91 ha-1), while natural pasture fallow plots gave the highest (4.681 ha-1) 
grass DM followed by Rhodes harvested from the plots in which 
Rhodes/Stylo mixture was undersown.

• In the subsequent two cropping seasons, highest overall total forage yield 
was obtained from Rhodes/Stylosanthes mixture plots (16.48 t ha-1) and 
followed by those plots which were under pure Rhodes.

• The study generally revealed the possibility of exploiting short-term forage 
legume-cereal rotations where the farmer can gain the benefits of forage 
legumes to grain production.

Driba & 
Lemma, 
2002
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No Location Target forage 
species Main research objective (s) Major findings & recommendations Source

17 Werer/
Lowland

Chloris gayana,
Panicum
coloratum,
Panicum
maximum,
Cenchrus ciliaris

To evaluate the effects of four 
harvesting intervals (2,4,6 & 8 
weeks) and two fertilizer levels 
(0 & 500 kgN/ha per annum) on 
DMY and nutritional quality of 
the four grasses under 
irrigation.

•  An increase in DMY was observed with harvesting interval (8 weeks 
harvesting interval resulted in higher DMY).

• Clipping at 2 weeks interval resulted in higher CP content & IVOMD, while 
NDF content was higher in the 8 weeks harvesting interval.

• The study demonstrated that clipping at 4 to 6 weeks resulted in the 
production of relatively higher DM with better quality in irrigated pasture at 
Melka Werer.

•  Fertilizer application did not have significant effect on both herbage yield and 
nutritional quality of the forage grasses in this study.

Aschalew 
et al., 
1996

18 Adel/
highland

Chloris gayana,
Panicum
coloratum,
Phalaris aquatica,
Desmodium
unicinatum,
Medicago sativa

To evaluate the herbage yield 
performances of different 
grass/legume mixtures and to 
determine the best 
combinations of grass and 
legume under Adet condition.

• Rhodes & Panicum associated well with Desmodium & alfalfa, and 
contributed to high DMY and reasonable grass/legume proportion in the 
mixed sward.

• Average DM yields of the grass-legume mixtures ranged from 4.51t/ha (pure 
phalaris) to 12.09t/ha (Rhodes/Desmodium mixture) with an overall mean of 
9.05t/ha throughout the trial period.

• Rhodes/alfalfa and Panicum/alfalfa mixtures performed better than the other 
combinations in terms of grass/legume proportion, yield stability and 
closeness in maturity period of the components.

• Rhodes/Desmodium mixtures gave higher DMY than the other mixtures & 
pure stands throughout the trial period.

Tessema,
1996
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Forage development efforts and challenges
The ultimate goal of cultivated forage research efforts is to avail suitable 
technologies that help to curtail the feed deficit problem so as to improve 
livestock productivity and its contribution to the overall wellbeing of the 
country. However, availing technology alone does not suffice unless the 
technology is multiplied in sufficient amounts, transferred/made available 
to the grass root users, widely applied and translated in to livelihoods by 
positively influencing livestock production. Over the past five decades, 
various livestock development projects (most of them externally funded) 
have been launched in Ethiopia aiming at curbing the development 
constraints related to the sub sector including feeds and nutrition. Some 
of the important projects accomplished with significant contributions to 
livestock development efforts of the country have been summarized by 
Azage et al., 2010. These Includes

• Arsi Rural Development Unit (ARDU) - formerly known as the 
Chilalo Agricultural Development Unit (CADU)

• First Livestock Development Project (FI LDP) -  also known as the 
Addis Ababa Dairy Development Project

• Fourth Livestock Development Project (F4LDP) of MoA
• National Livestock Development Project (NLDP)
• USAID supported projects such as the Ethiopian Dairy Development 

Project implemented by Land O'Lakes; the Sanitary and 
Phytosanitary Livestock Meat Marketing Project led by Texas A&M 
University, and the Ethiopian Sheep and Goat Productivity 
Improvement Project implemented by Prairie View A&M University 
in Texas and the American Institute for Goat Research of Langston 
University, Oklahoma.

• Similar projects geared to dairy development like the Dairy 
Rehabilitation and Development Project (DRDP) followed by the 
FINNIDA supported Selale Peasant Dairy Development Pilot Project 
(SPDDPP) and the Smallholder Dairy Development Project (SDDP) 
were also implemented in different selected areas.

• There are also various projects currently going on by various 
government and non-government organizations in the different 
regions

All these livestock development projects launched in the country during 
the different periods had been involved in improved forage development
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activities at varying extents. Among the various projects, the Fourth 
Livestock development Project (FLDP), has made substantial 
contribution to forage development via introduction, multiplication 
(through a contract seed scheme) and promotion of promising forage 
species to smallholder farming systems. The project had initiated and 
adopted different low cost production strategies to introduce various 
forage crops into the farming system most of which were readily 
accepted and implemented by fanners during the project’s life time. The 
major forage development strategies implemented by the project 
(Alemayehu, 2002a) included: (a) Backyard forage production by 
providing an array multipurpose tree (20 million seedlings) and forage 
legumes and grasses, (b) Under-sowing, particularly with annual legumes 
in maize and sorghum fields (17,500 ha), (c) Sowing stock exclusion 
degraded grazing areas as a conservation measure (9000 ha), (d) Over
sowing with grasses or legume seed by broadcasting on communal 
pasture and on road sides (11,000 ha), (e) Establishing forage and alley 
strips (18,600 km), (f) Sowing of pasture with mixed grass and forage 
legumes (1176 ha), and (g) Growing of forages under perennial 
plantation trees (82 ha). Moreover, the project has supplied seeds and 
seedlings to various institutions engaged in forage development. The 
forage species introduced by the project have also been used as useful 
germplasm sources by the national forage research program of the 
country. Table 4 shows the lists of forage species tested and found to be 
suitable for the various forage development strategies in different agro- 
ecological zones of the country.

The project also tried to introduce a contractual forage seed production 
scheme in order to ensure adequate seed supply for the forage 
development programs. This scheme not only helped smallholder farmers 
to get familiarized with improved forage species, but also enabled them 
to generate substantial income. In this scheme, the project initially 
imported 94 tons of different forage seeds but eventually managed to 
produce about 160 tons of seeds and 10 million seedlings locally through 
participation of farmers.
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Table 4. Suitable forage species for the various forage development 
strategies adopted in different agro-ecologies (FLDP, 1988-1994)

Strategy Lowland 
(1,500-2,000m)

Mid Altitude 
(2,000-2,400m)

Highland
(>2,400m)

Backyard forage 
development

Leucaena, Sesbania, Pigeon 
pea, Rhodes, Setaria, 
Panicum, Elephant grass, 
Desmodium, Alfalfa

Tree Lucerne, Sesbania 
Pigeon pea. Phalaris, 
Elephant grass, Alfalfa, 
Vetch

Tree Lucerne, 
Phalaris, Vetch, 
Alfalfa, Oats, 
Fodder-bet

Undersowing 
forage legumes 
in crops

Lablab, Cowpea, Siratro, 
Desmodium (green leaf), 
Stylo (Verano), Vetch

Vetch, Siratro, 
Desmodium (green leaf)

Vetch

Forage strips Leucaena, Sesbania, Pigeon 
pea. Panicum, Setaria, 
Siratro, Axillaries, 
Desmodium (Silver leaf & 
green leaf), Stylo (Verano)

Tree Lucerne, Sesbania, 
Pigeon pea, Desmodium 
(green leaf), Axillaries, 
White clover, Vetch, 
Phalaris. Setaria

Tree Lucerne, 
Trifolium spp.

Forages on 
livestock 
exclusion areas

Plicatulum, Buffel,
Leucaena, Sesbania, Siratro, 
Stylo, Axillaries

Tree Lucerne, Sesbania, 
Axillaries, Siratro

Tree Lucerne, 
Phalaris

Oversowing 
legumes in 
natural pasture

Stylo (Verano, seca), Siratro, 
Desmodium

Vetch Vetch

Conventional
forage
development

Stylo (Verano), Siratro, 
Desmodium (Greenleaf and 
Silverleaf), Rhodes, 
Panicum, Setaria

Phalaris, Setaria, 
Desmodium (Greenleaf 
and Silverleaf), Vetch, 
Oats

Alfalfa, Vetch, 
Phalaris, 
Cocksfoot, Oats

Source: Alemayehu Mengistu, 2002a and 2002b

Factors limiting cultivated forage production and 
utilization

The availability of improved forage technologies mainly in terms of well 
adapted and high yielding species/varieties, and the associated agronomic 
management practices developed by the different NARS entities is

110



apparently undeniable. Overview of the various research centers catering 
for the different agro-ecological zones of the country suggests availability 
of a number of productive forage species of great significance in curbing 
the problems associated with livestock feed supply upon successful 
promotion and utilization in the farming system. Moreover, various 
attempts have been made by different livestock development projects like 
the FLDP, government institutions and other development organizations 
to introduce and promote forage crops into the farming system. Despite 
these efforts, feed shortage has continued to be a persistent problem 
hampering livestock production and productivity in almost all production 
systems and agro-ecologies of the country. Improved forage crops have 
tremendous potential to alleviate the problem of feed shortage if properly 
developed and used in the farming system. However, adoption of 
improved forage production and utilization by the farming community 
has been very low with the consequent insignificant contribution to the 
annual livestock feed budget in the country. A recent study on forage 
adoption by farmers has indicated that only 0.1 5% of livestock keepers in 
rural areas produce improved forages on farm (Tesfaye et a l 2010). 
Crude estimations on the contribution of different feed resources supply 
to livestock by EARO (2000) indicated that the share of cultivated forage 
crops is only 1.5% w'hile the lion’s share is from the natural pasture 
(61%) and crop residues (37.5%). The use of improved forage crops is 
limited to areas where market-oriented livestock production such as the 
case of crossbred dairy production by smallholder farmers and 
commercial dairy farmers who have access to land is practiced. 
Government institutions like research centres and dairy enterprises also 
produce and use some forage crops such as oats/vetch and Rhodes grass 
mainly as conserved feed in the form of hay.

Generally, the use of improved forage crops has been very low and their 
potential contribution to alleviate the critical feed shortage problem in the 
country is untapped. Different reasons can be cited for the low adoption 
of cultivated forage crops of which the major ones include:

■ Lack of market-oriented specialized livestock production to catalyze 
forage development -  livestock production in Ethiopia is in the hands of 
smallholder farmers mainly based on low producing indigenous breeds. 
Farmers' main livestock production objective is also to produce draught 
oxen for their farming occupation, while the livestock products (milk and 
beef) are often considered as byproducts to draught. The other factor is 
associated with the socioeconomic situations of farmers, who operate under
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high transaction costs and have difficulties in connecting to markets; as 
their animal production is predominantly linked to domestic needs with 
only limited market orientation and lack of specialization in livestock 
production. In such a system where main purpose of livestock keeping is to 
support crop production, it is unlikely that livestock can be a competitive 
enterprise to catalyze forage development. Moreover, all the prime land is 
devoted to food crops and farmers' have low affinity to devote land, labour 
and capital for fodder development, and livestock are supposed to depend 
on the crop byproducts and degraded grazing lands as major source of feed.

■ Crop skewed extension system -  livestock production in general and 
forage development in particular has not been adequately addressed in the 
national agricultural extension system. Promotion of improved forage 
technologies has been made sporadically via different externally funded 
livestock development projects, which have normally have a fixed and 
often limited duration and scope, and may not be suffice for the 
smallholder farmers to buy in the interventions and take it up in a 
sustainable manner. Moreover, most of the projects had no proper phase 
out strategies, which ensure sustainability through incorporation of the 
development initiatives into the government development programs. As a 
result, most of the project initiatives in promoting forage technologies have 
been subjected to total collapse after phasing out of the projects. Although 
the extension system is structurally accommodating livestock production, 
the actual service is skewed to crop production in terms of input supply and 
technical support, while the livestock aspect has been remained 
subordinate. This is further exacerbated by a blanket extension approach 
followed throughout irrespective of potential suitability of different areas 
for different enterprises (e.g. we do not have different extension approaches 
for Selale area which is highly suitable for dairy production vs other areas 
which have comparative advantage for grain production). The lack of 
adequate extension and demonstration services has resulted in limited 
awareness by farmers on the role of improved forage crops.

■ Lack of reliable supply of forage seed/planting material -  the status of 
forage seed research and development in Ethiopia has been reviewed in the 
First National Workshop on Forage Seeds, held in May 201 1 and
proceedings of the workshop has been published by EIAR. Inadequate 
forage seed research, lack of reliable forage seed production, processing 
and distribution schemes were among the major constraints identified and 
duly discussed in the workshop. Moreover, the lack of information on the 
national demand for forage seeds and the poorly developed seed marketing 
systems also impose further limitations to forage seed production and 
forage development. Different recommendations on the way forward to 
improve the overall forage seed system in the country have been 
summarized in the workshop proceedings for further detail information.
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■ Free livestock grazing systems -  most forage species are perennials which 
once established can persist and provide continuous feed supply for more 
than five years with good management. However, the prevailing free 
livestock grazing systems limit the development and utilization of these 
forages by smallholder farmers. Prolonged dry season and the lack of 
irrigation setups also impose further limitations to the development and 
proper management of perennial forage crops.

Conclusions and the way forward

Feed scarcity in terms of both quantity and quality has remained to be the 
main limiting factor hampering productivity of the Ethiopian livestock 
sector. Provision of adequate feed supply is essential to ensure 
economically viable and environmental friendly livestock production. 
This requires complementing the traditionally available low' quality feed 
resources with other alternative feed resources. One potential option is 
the sound application of improved forage technologies generated over a 
long period of time in the country. Different promising forage species 
with their corresponding agronomic management practices have been 
identified for the different agro-ecological zones of the country. 
However, the potential of these forage species as livestock feed resources 
has been yet untapped, and their contribution to the annual livestock feed 
budget remains insignificant. Some of the major reasons for low adoption 
of improved forage crops include lack of adequate demonstrations on 
comparative advantages of improved forage crops, lack of specialization 
in livestock production and the underdeveloped market-oriented livestock 
enterprises, lack of reliable forage seed sources, the overall low' attention 
given to forage development by the extension service, and the consequent 
low public awareness. Historically, forage development efforts in 
Ethiopia have been associated with different short-term projects of 
external sources and lacked strategic and sustainable development 
approaches. Therefore, the following issues should be emphasized as a 
way forward to ensure proper promotion, development and utilization of 
improved forage crops as potential remedies to fill the feed shortage gap 
livestock producers are facing in different farming system of the country:

■ Available policies and strategies related to livestock production in general 
and forage development in particular should be supported by adequate 
institutional commitments in terms of overall focus, input supply and 
service delivery systems. This will help to take livestock development a
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step forward via focused and targeted extension services to develop market 
oriented intensive livestock enterprises which in turn trigger adoption of 
improved forage production.

■ Further extensive demonstrations of the comparative advantages of the 
already recommended forage species with their production, management 
and utilization strategies including animal response studies involving 
strategically selected farmers. The farmers engaged in market-oriented 
livestock production such as improved dairying using crossbreds and/or 
cattle fattening could serve as potential target groups and entry points for 
improved forage demonstration and promotion activities. In order to 
materialize this, there is a need to device and follow context specific 
extension approaches than the existing blanket extension approach (e.g. 
more livestock focused extension approach in areas with comparative 
advantage for livestock production than cropping).

■ The extensively launched natural resources management (NRM) programs 
with increasing closure of large area of land from livestock in the country 
can serve as another potential niche for conservation based forage 
development. Growing forages on the stock exclusion areas not only helps 
to provide a better ground cover to protect the soil, but also provide better 
quality livestock feed for cut and carry feeding systems.

■ The suggested forage promotion and development strategies should be 
supported by reliable supply of forage seeds and planting materials. This 
requires promotion and support of forage seed production by private 
commercial seed producers, farmers and government organizations to 
increase supply of the required quality seed. There is a need also to 
establish special units responsible for forage seed production, processing, 
quality control, packaging, storage and distribution at different levels 
nationally. This should be accompanied with strategic planning taking into 
account estimated national demand for forage seeds, target agro-ecology 
and production system, and reliability of the seed marketing system.

■ Strong coordination and institutional linkages should be established among 
the different actors (research, extension, seed enterprises and concerned 
private sectors).
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Introduction

Poor nutrition is one of the most important factors that affect livestock 
production in the rangelands (Coppock and Reed, 1992). Similarly, 
Teshome et al. (2010) reported shortage of feed, water and drought as the 
most important challenges of pastoralists. Moreover, according to 
Adugna et al. (2012), most rangelands are degraded and thus do not 
fulfill the nutritional requirements o f  livestock. This is caused mainly by 
prolonged and extensive rangeland use, recurrent droughts, inefficient 
use of locally available feed resources, restricted livestock mobility, 
encroachment by invasive species, change in land use, weakening of 
customary institutions and lack of investment in rangeland improvement. 
In addition, Gemedo et al. (2005) reported an increase in woody cover 
from < 40% in the 1990’s to 52% during the study period. Gufu et al. 
(2000) indicated that bush encroachment and a decline in forage 
production resulted in death of cattle in the pastoral areas of southern 
Ethiopia. These problems affect the vegetation composition that leads to 
poor quality forage and nutritive value. The objectives of this review are 
to analyze the nutrient profile and nutritive values of forages in the 
rangelands of Ethiopia.

Major feed categories in pastoral areas of Ethiopia

Livestock in pastoral areas of Ethiopia obtain nutrients from different 
sources such as grazing and browsing, crop residues, agro-industrial by
products, and to some extent from cultivated pasture and forage crops. 
Teshome et al. (2010; Table 1) observed that natural pasture, woody 
plants and crop residues are the major feed resources in the southeastern 
rangelands of Ethiopia.
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Table 1. Ranking of feed resources in pastoral areas during wet and dry seasons

Feed type
Season

Wet Dry
*|sr 2nd 3rd 4th "]st 2nd 3rd 4th

Natural pastures 89 11 3 - 56 27 16 6
Browse 11 73 28 9 31 32 15 28
Crop residues - 9 44 91 6 30 30 18
Standing hay - 7 25 - 8 11 39 49

‘number of respondents ranking (1st, 2nd, etc.)

Except some crop residue in some areas, more than 95% of the feed 
resource in the pastoral area comes from natural pasture (Little et al., 
2010). Similarly, Adugna (2012) indicated that natural pasture and crop 
residues are the main sources o f feed in most parts of Ethiopia. There is 
little information about the introduction and utilization of improved 
forages in Ethiopian rangelands. Cossins and Upton, (1988b) 
documented the history o f introduction o f cowpea, pigeon pea and 
stylosanthes in the Borana rangelands for use as supplements to calves. 
There is little experimental evidence about the utilization of introduced 
legumes in the Ethiopian rangelands.

The availability o f nutrients from these diversified sources varies 
depending on the production system. For example, Alemayehu (1985) 
indicated that the total area for grazing and browsing was 62, 280 million 
hectares, o f which 12% is in the farming areas and the rest (88%) in the 
pastoral areas. The contribution from grazing and browsing in the 
highlands are diminishing owing to population pressure. Crop residues 
are becoming the dominant feed sources in the highlands. Grazing and 
browsing are still the dominant feed resources in the pastoral and agro- 
pastoral areas (Teshome al., 2010). Likewise, Abule et al. (2005) reported 
that natural pasture, woody plants, crop residues, weeds and sugar cane 
tops are the available feed resources in the middle Awash Valley. 
Gemedo et al. (2005) documented 188 forage species in the Borana 
rangelands of which 41% were trees and shrubs, 25% grasses, 12% 
climbers (both woody and herbaceous) and 3% sedge which are the main 
sources o f feed for grazers and browsers .
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Feed shortage and coping mechanism
Livestock in the rangelands of Ethiopia depend mainly on grazing and 
browsing as indicated earlier. However, the availability and quality of 
these feed resources vary between seasons (Abebe et al., 2012; Figure 1) 
and from year to year due to variability in rainfall with a growing season 
of 65-95 days in the Borana rangelands (Cossins and Upton, 1988a).

100 -

Months

Figure 1. Seasonal feed availability pattern in southern rangelands of Ethiopia.
Source: Adopted from Aster et al., 2012

Table 2. Reasons for the decline in grasses and increase in woody plants in the 
southern rangelands of Ethiopia

Parameter Reasons
Number of respondents 

ranking Index
"I St 2 n d 3 rd

Decline in 
grass

Increased livestock 44 10 1 0.39
Drought 34 14 2 0.34
Increased woody plants 11 0 4 0.09
Settlement and cultivation 8 5 3 0.09
Termites 7 3 1 0.07
Do not know 2 0 0 0.02

Increase in
woody
species

Ban on range burning 55 17 1 0.51
Dispersion 20 6 1 0.19
Failure in tradition 11 1 1 0.09
Drought 11 0 0 0.08
Less browsed 7 1 1 0.06
Do not know 8 0 0 0.06

Source: A ste r et al., 2012
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The grass species are decreasing from year to year while there is an 
increase in woody species (Aster et al., 2012) due to various reasons (See 
Table 2). Increase in livestock numbers, ban on burning and lack o f rain 
are ranked as the most important ones. Similarly, Solomon et al. (2007a) 
reported recurrent drought, increased human and livestock population, 
increased use of land cultivation, ban on the use of fire and development 
of water ponds from the least to the .highest attributes for rangeland 
deterioration in the Borana rangelands. Amha et al. (2008) also showed 
that increase in encroachment by undesirable woody plants, expansion of 
weeds, reduction in herbaceous/woody layers and recurrent drought as 
the factors influencing rangeland degradation.

As indicated in Figure 1, the months of January and February are the 
most critical periods when feed shortage occurs whereas April and May 
are months when there is adequate feed in the Borana rangelands. This 
change in grass and forage species has an effect on feed quality and 
forage yield and consequently animal performance (Amha et al., 2008, 
Table 3).

Table 3. The effects of rangeland degradation on animal performance

Perception indicators on 
rangeland degradation

Respondents (%)

Decreased Increased No
change Unknown

Animal growth up to maturity 100 0 0 0
Body conformation of all animals 60 12 20 8
Milk yield by dairy animals 100 0 0 0
Deterioration of body condition 80 0 0 20
Sensitivity to all kinds of diseases 0 100 0 0

Source: Adapted from Amha et al., 2008

There are many constraints that affect the pastoral production systems 
(Amha et ah, 2008; Table 4). The contribution of the pastoral system to 
the livelihoods o f the pastoralists and to the national economy is going to 
be affected unless appropriate measures are taken to mitigate the negative 
impacts of livestock constraints in the rangelands.
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Table 4. Im pacts o f m ajor constraints of pastoral production systems as 
perceived by pastoralists in the Somali region

Major
Constraint

Description of the 
problem

Negative impacts

Drought Became more recurrent -  High livestock mortality,
-  Lower prices for livestock,
-  Higher prices for grains and flours More 

dependency on food aid
-  Increased poverty and destitution
-  Migration and social destabilization
-  Traditional coping mechanisms 

weakened

W ater
shortages

Becoming more scarce -  Increasing livestock mortality
-  Increased livestock emaciation
-  Increased migration and conflict
-  Diminishing hops on livelihoods
-  Total reduction in milk production
-  Very poor quality of hides and skins

Feed
shortages

Decline in quantity and 
quality

-  Increasing livestock mortality
-  Reducing animal productivity
-  Increasing migration for feed
-  Increasing conflict between clans
-  Limiting livestock diversity

Population
growth

Degradation of 
rangelands

-  Over-stoking and over-grazing
-  Increased desertification
-  Deforestation for income generation 

Encroachment of woody plants
-  Reduction of palatable grass species
-  Shrinkage of grazing lands

Increased poverty -  Deforestation for income generation
-  Shrinkage of browsing vegetation
-  Loss of biodiversity and important plants
-  Increased conflict from animal theft

Source: Adapted from Amha et al., 2008
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Aster et al. (2012) indicated the coping mechanisms of livestock keepers 
as migration, collection of grasses and pods and cutting branches of trees 
to feed their animals. Use of the first option is decreasing due to bush 
encroachment, expansion of settlement and crop cultivation. Likewise, 
Abule et al. (2005) and Coppock (1994) also reported different coping 
mechanisms to mitigate feed shortage (Figure 2). Use of alternative feed 
resources like browse trees, enclosures and crop residues were reported 
as coping mechanisms in south-east rangelands of Ethiopia (Teshome et 
al., 2010). Borana pastoralists divide their herds into warra and fo rm  
where the form  herds migrate to a distant place for grazing (Cossins and

- 8 □ Oromo 
CD AfarI  no j

Sale of Buy feed Migration Use reserve Lopping 
animals feed browse

trees

Types of first measure to sokre feed shortage

Figure 2. First measure taken by different pastoral groups to solve feed 
shortages (Abule et al., 2005).

Nutritional profiles of range forages 

Chemical composition

A) Browse species
Nutritional quality of browse species is affected by season, location and 
species. Table 5 shows seasonal variation in the chemical composition, in

Upton, 1988a).

80 
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vitro dry matter digestibility (g/kg dry matter) and metabolizable energy 
(MJ/kg dry matter) of various browse species.

The CP values reported by different workers clearly show the relatively 
high concentration in browse species than in grasses. This is one of the 
most important attributes of browse species as dry season supplements to 
poor quality roughages. However, there are variations in the CP values 
reported for browse species between seasons within season, between 
species and sites. Different workers have reported higher values in the 
wet season for most species (Aster et al., 2012; Yayneshet et al., 2009; 
Woodward and Coppck, 1995). Wide variation between species was 
reported by these authors. Aster et al. (2012) reported highest and lowest 
CP values for Acacia seyal (210 g/kg DM) and Rhus natalensis (109.8 
g/kg DM), respectively, in the hot dry season. Yayneshet et al. (2009) 
reported CP values of 134 and 181.7 (g/kg DM) in Acacia etbaica and 
Dichrostachys cinerea fruits in northern Ethiopia. Woodward and 
Coppock (1995) reported highest and lowest CP values for Acacia 
brevispica and Lannea floccose (368.8 vs 137.5 g/kg DM, respectively) 
during the long rainy season.

Further, variations have been noted for same species collected from 
different parts of the country Site differences are reported with species 
like Acacia ethbaica and Dichrostachys cinerea reported by Woodw;ard 
and Coppock (1995) and Yayneshet et al. (2009) in southern and 
northern Ethiopia, respectively. The difference could arise from 
differences in sampling time, the material (proportion of leaves and 
twigs) and handling.

Crude protein is the most critical nutrient deficient in most roughage 
feeds used as basal diet in tropical countries (Leng, 1997). Browse 
species can supply better CP to herbivores when used as supplements to 
poor quality roughages or when used as sole feed as is the case in the 
rangelands. Unlike grasses, most browse species have the ability to 
maintain their leaves and remain green during dry periods (Adugna et al., 
1997). The minimum variation in CP between seasons in browse species 
is an important attribute in the nutrition of range animals. Camels and 
goats know'n as browsers usually perform better during drought compared 
to cattle that are predominantly grazers (Solomon and Coppock, 2002). 
Such differences could be attributed to the differential nutrient content of 
the ingested feeds. Similar to CP content, variations have been observed
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in terms of fiber content and in vitro digestibility of browse species. The 
CP values reported from Ethiopian rangelands are within the range of 
values reported for indigenous Kenyan browses by Abdulrazak et al. 
(2000) and Ondiek et al. (2010).

Table 5. Seasonal variation in chemical composition, in vitro dry matter
digestibility (g/kg DM I dry matter) and metabolizable energy (MJ/kg DMr)

Chemical
Component/Species

Long rainy 
season

Dry season Short rainy 
season

CP
A cacia  etbaica 132.7 106.7 145.2
Cadaba farinose 152.8 136.4 158.2
C apparis tom entosa 164.8 128.0 165.4
D ichrostachys cinerea 159.7 112.3 174.1
M aerua anqo lens is 238.6 227.6 290.6
NDF
Acacia  etbaica 294.1 372.5 293.9
Cadaba farinose 192.2 236.8 251.8
Capparis tom entosa 422.3 461.9 326.8
D ichrostachys cinerea 436.8 457.2 360.8
M aerua anqolensis 168.3 240.3 166.0
ADL
A cacia  etbaica 114.5 156.8 155.5
Cadaba farinose 60.3 77.8 60.3
Capparis tom entosa 112.0 145.3 119.6
Dichrostachys cinerea 161.2 227.5 119.3
M aerua anqolensis 36.7 43.7 27.6
IVDMD
A cacia  etbaica 670.0 600.0 810.0
Cadaba farinose 830.0 740.0 740.0
Capparis tom entosa 740.0 640.0 610.0
D ichrostachys cinerea 620.0 540.0 620.0
M aerua anqolensis 900.0 840.0 860.0
ME
A cacia  etbaica 9.11 8.08 11.19
Cadaba farinose 11.45 10.19 10.17
C apparis tom entosa 10.16 8.62 8.26
Dichrostachys cinerea 8.48 7.27 8.39
M aerua anqolensis 12.39 11.65 11.98

Source: Yayneshet, et al., 2009
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Mineral composition
Browses are generally better in supplying minerals to range animals than 
grasses. The performance of animals is impaired when minerals are not 
adequately supplied in livestock feeds (Underwood and Suttle, 1999). 
Inadequate attention is given to mineral nutrition of livestock in the 
tropics including Ethiopia (Kabaija and Little, 1989). Supplementation 
with major and trace minerals under grazing conditions is not common 
in Ethiopia. Mineral deficiency is, thus, wide spread mainly during the 
dry season (see Figure 3). The study by Melkamu (2013) on forages 
from the mid Rift Valley of Ethiopia indicates that 83% of the forages 
sampled are deficient in Na (Table 6). There are traditional supplements 
used by smallholder farmers such as Bole in the southern region. Bole is 
generally good in Na and Cu contents (Adugna, 2007).

Table 6. Mineral composition (%) of grass species from the Mid Rift Valley relative 
to mineral requirements of ruminants.

Mineral Normal requirements 
g/kg DM)* Below Above Within

range

Ca 3.4-7.0 7 31 62
P 1.2-2.1 - 93 7
K 6.0-7.0 - 100 -

Na

OiC
O

o

83 - 17
Mg 1.0-2.0 - 100 -

Mn 0 .0 2 -0 .0 4 - 100 -

Cu 0.007-0.011 - 100 -

'R ecom m ended requ irem ents (NRC, 1996)., Source: Melkam u, 2013

Tables 7 and 8 show total ash and individual macro and micro mineral 
concentrations of different browse species in the Jijiga area different 
seasons. Higher ash and mineral concentrations were reported during the 
wet season for majority of species studied. Moreover, there are 
differences among browse species in the concentration of individual 
minerals. It was also reported that Na and P values fall below 
recommended levels for grazing/browsing ruminants. It is a generally 
well known fact that P deficiency is wide spread in tropical regions.
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Table 7. Ash and macro mineral composition (DM basis) of browse species
consumed by camels in Jijiga district as related to seasons

Species

Minerals
Ca Mg Na P

wet dry wet dry wet dry wet dry
Acacia brevespica 1.11 0.3 0.42 0.22 0.24 0.05 0.08 0.04
Dichrostachys
cinerea 1.91 1.24 0.25 0.2 0.05 0.12 0.13 0.01

Opontia ficus-indica 2.55 1.09 0.42 0.38 0.12 0.03 0.12 0.04
Acacia etbaica 1.55 0.71 0.15 0.19 0.05 0.12 0.15 0.02
Acacia Senegal 2.3 1.7 0.42 0.41 0.05 0.05 0.14 0.03
Lantana camara 2.56 1.91 0.72 0.49 0.18 0.12 0.02 0.05
Acacia nilotica 3.36 1.12 0.85 0.14 0.18 0.18 0.01 0.13
Acacia tortilis 2.73 1.17 0.57 0.2 0.24 0.18 0.17 0.02
Belpharis persica 1.95 3.4 0.4 0.27 0.05 0.12 0.08 0.03
Grewia villosa 1.67 0.34 0.22 0.21 0.12 0.12 0.1 0.02
Ziziphus mouritiana 1.1 1.1 0.25 0.23 0.18 0.05 0.11 0.05
Euphorbia tirucalli 1.88 1.23 0.18 0.42 0.05 0.05 0.14 0.03
Helotropium
cinerascens

2 0.81 0.58 0.26 0.12 0.05 0.06 0.03

Commicarpus
africana 3.57 0.91 0.54 0.19 0.18 0.24 0.19 0.08

Rhus natalenis 1.62 1.02 0.39 0.41 0.05 0.05 0.09 0.04
Acacia seyal 0.5 2.74 0.33 0.43 0.05 0.03 0.16 0.03
Acacia bussei 0.7 0.62 0.41 0.37 0.05 0.03 0.15 0.02
Balanites glabra 0.92 0.78 0.88 0.16 0.18 0.05 0.16 0.03
Grewia ferruginea 2.96 1.84 0.64 0.58 0.12 0.05 0.19 0.05

Cadaba heterotricha 1.17 1.21 0.98 0.7 0.12 0.05 0.08 0.05

Source: Desalegn and Mohammed, 2012

Mean values for micro mineral elements in most of the browse species 
were found to meet needs of grazing ruminants. In northern Ethiopia, 
Yayeneshet et al. (2008) reported adequate levels of mineral elements in 
fruits of two indigenous browse species for goats but Na level was 
reported to be inadequate. This is in agreement with the work of 
Desalegn and Mohammed (2012).
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Table 8. Seasonal variations in micro mineral concentration of browse species
(PPM) consumed by camels in the Jijiga district

Species
Minerals

Fe M n Zn Cu
wet dry wet dry wet dry wet dry

A cacia  brevespica 240.0 85.5 47.6 24.1 47.6 30.4 13.6 8.5
D ichrostachys
cinerea 320.0 137.0 76.2 65.5 38.1 50.6 9.1 5.6

O pontia ficus- 
ind ica 547.0 85.5 171.0 152.0 62.0 47.6 20.5 18.2

A cacia  etbaica 200.0 120.0 76.2 20.7 54.4 14.3 15.4 9.9
A cacia Senegal 413.0 68.4 47.6 141.0 54.4 24.8 18.8 7.3
Lantana cam ara 227.0 120.0 105.0 44.8 61.9 102.0 25.5 23.9
A cacia nilotica 267.0 51.3 9.5 325.0 66.7 130.0 10.9 17.1
A cacia  tortilis 293.0 137.0 233.0 215.0 85.7 45.6 15.6 7.3
Belpharis persica 600.0 68.4 85.7 31.0 62.9 46.8 8.9 8.8
Grewia villosa 573.0 51.3 66.7 27.6 124.0 50.6 14.6 17.1
Z iz iphus
m ouritiana 267.0 68.4 228.0 17.2 85.7 72.1 18.8 7.3

Euphorbia tiruca lli 240.0 103.0 133.0 27.6 90.5 48.1 21.8 22.0
H elotropium
cinerascens 693.0 68.4 371.0 44.8 58.6 62.0 18.8 3.6

Com m icarpus
africana 427.0 137.0 171.0 72.4 58.6 59.5 25.6 10.9

Rhus nata lenis 307.0 120.0 248.0 48.3 54.8 62.0 23.9 10.9
Acacia  seya l 387.0 68.4 324.0 17.2 81.0 46.8 18.8 3.6
Acacia  bussei 93.3 55.6 209.0 17.2 66.7 46.8 27.6 10.9
B alanites g labra 347.0 120.0 200.0 107.0 57.1 60.8 23.9 13.6
Grewia ferruginea 120.0 103.0 333.0 213.0 90.5 64.6 25.5 22.0
Cadaba
heterotricha 240.0 188.0 114.0 44.8 171.0 68.4 30.8 14.6

Source: Desalegn and Mohammed, 2012

Na was found to be adequate in browses in northern Kenya (Kuria et al., 
2004) as salty plants are dominant in the area. Yayneshet et al. (2008) 
also reported that Zn was inadequate for goats. This was in agreement
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with report from western part of Ethiopia (Diriba, 2001). Mineral 
concentrations in vegetation can vary due to climatic conditions, soils 
(Tables 8 and 9), maturity of plants and management conditions. 
Knowledge of these variations is important to provide animals with 
necessary supplements. There are salts (e.g. bole) and soils in different 
parts of the country used by pastoralist and smallholder farmers to 
supplement their livestock (Adugna, 2007).

Variation in chemical composition of forage could be related to the 
difference in properties of soil. Habtamu et al., (2013) reported that the 
CP contents of grass species were negatively correlated with the 
proportion of sandy soils and Na in the soils (Table 9). The proportion 
of clay in the soil and Na was positively correlated with the ADF and 
lignin contents. ADL composition was positively correlated with the 
proportion of sandy soils and negatively associated with proportions of 
silt and clay soils. The NDF content was negatively correlated with clay 
content in the soil but positively associated with the proportion of sandy 
and silt soils.

Table 9. Correlation between chemical constituents of herbaceous plants and soil 
properties in Borana, southern Ethiopia

CP NDF ADF Lignin Ash
pH 0.293 0.293 -0.195 0.05 0.098
Sand -0.714* 0.238 -0.333 0.195 -0.619*
Silt 0.429 0.048 0.048 -0.098 0.0333
Clay 0.333 -0.238 0.524’ -0.293 0.048
Na+ -0.586' -0.098 0.098 0.550* -0.098
K+ 0.333 -0.238 0.333 0.195 0.429
Ca+ 0.429 0.238 -0.143 -0.098 0.143
M9+ 0.238 0.238 0.048 0 0.143
CEC 0.333 0.143 -0.048 0 0.0238
TN 0.206 0.309 -0.206 -0.158 -0.103
OM 0.143 0.143 -0.238 -0.293 -0.143
P -0.143 -0.0333 -0.143 -0.098 -0.048

* Correlation significant (p<0.()5), CP = Crude protein. NDF = neutral detergent fiber. ADF 
= acid detergent fiber. ADL = acid detergent lignin; pH: pH in water: N a ': Sodium; K ': 
Potassium; Ca : Calcium; Mg : Magnesium; CEC: Cation exchange capacity; TN: Total 
nitrogen: OC: Organic carbon; OM: Organic matter: P: Phosphorus.
Source: Habtamu et al., 2013
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Anti-nutritional substances in browse species

Most browse species are known to contain compounds which are 
potentially anti-nutritional or toxic to animals consuming them. These 
include polyphenols, saponins, alkaloids and others among which 
polyphenols are most important (Kaitho et a l., 1998).

Table 10. Condensed tannins (CT) and Total Polyphenols of browse species in 
Borana rangelands

'

Species CT (Asso/kg) Total Polyphenols 
(g/kg DM)

Hot dry
season

Long rainy 
season

Hot dry
season

Long rainy 
season

Acacia brevispica 0.30 0.60 346.0 200.0
Acacia drepanolobium 1.01 1.00 293.0 296.0

i Acacia etbaica 0.15 0.30 394.0 303.0
Acacia nilotica 0.18 0.03 353.0 569.0
Acacia seyal 0.06 0.34 170.0 402.0
Acacia tortilis 1.02 1.00 429.0 379.0
Acacia tonilis (fiower) 0.64 - 367.0 -

Albizzia amara 0.08 - 133.0 -

Boscia angustifoiia 0.01 - 96.0 -

Cadaba farinose 0.04 - 133.0 -

Capparis tomentosa 0.05 - 205.0 -

Commiphora Africana 1.78 1.60 275.0 358.0
Dahlberqia microphylla 0.08 0.08 491.0 383.0
Dichrostachys cinerea 1.01 0.30 409.0 371.0
Euclea shimperii 0.78 - 408.0 -

Grewia tembensis 0.42 0.07 169.0 168.0
Lannea floccose 0.95 0.61 304.0 351.0
Ormocarpum mimosoids 0.10 0.07 323.0 129.0
Rhus natalensis 2.78 2.50 361.0 242.0
Solanum incanum 0.02 211.0
Vernonia cinerascens 0.05 339.0

Source: Woodward and Coppock (1995)

Tannins are known to have both beneficial and negative impact on feed 
intake and digestibility. They reduce feed intake and palatability due to
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the astringency effect (the feeling which is created as a result o f dryness 
in the oral cavity) produced during chewing as plant cells rupture and 
release condensed tannins (CT) and complexes are formed with salivary 
protein (Goel et al., 2005). Feed intake could also be reduced as a result 
of impaired digestion and irritation o f the digestive tract epithelium 
(Silanikove et al., 1997) due to CT. Therefore, the presence o f tannins 
and other phenolic compounds in most o f the browse species may hamper 
their utilization

Tables 10 and 11 show concentrations o f phenolic compounds in some 
browse species. The condensed tannin concentration varied between 
species (1.2 to 196.7 g/kg DM; Balanites aegyptiaca and R. natalensis, 
in the hot dry season) and season (79.2 to 2.0 g/kg DM) for Grewia 
tembensis between dry and wet seasons (Abebe et al., 2012). Similar 
trend was reported by Woodward and Coppock (1995) for CT. Highest 
values were recorded for Rhus natalensis (2.5 and 2.78) while lowest 
values were for Solanum incanum (0.02) and Boscia angustifolia (0.01) 
during long rains and hot dry season, respectively. Rittner (1987) also 
reported variation in soluble phenolics and insoluble proanthocyanids 
concentration between species studied.

Table 11 Condensed tannins (g/kg DM) in some browse species, Borana 
rangelands

Species

Condense tannins 
(g/kg DM)*

Phenolic compounds** 
%OM

Hot Dry 
Season

Main rainy 
Season

Soluble
phenolics

Insoluble
phenolics

Acacia brevispica 82.9 105.3 17.5 47.7
Acacia nilotica 110.8 114.9 33.8 21.3
Acacia tortilis 182.5 332.1 21.6
Acacia seyal 121.1 210.5 29.5 39.8
Balanites aegyptiaca 1.2 1.8 11.4 3.9
Grewia bicolor 136.2 110.5
Grewia tembensis 79.2 2.0
Rhus natalensis 196.7 253.8 30.3 107.0
Vernonia cinerscens - 3.3 _ _

*A stereta l., 2012; "Rittner, 1987
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B) Herbaceous species

Habtamu et al. (2013) evaluated 16 herbaceous species and observed 
significant variation in CP content between rainy and dry seasons where 
low CP content was reported for all herbaceous species (Table 12). 
Similarly reports from northern (Yayeneshet et al., 2009) and western 
(Teklu et al., 2010) parts of the country agree with that of Habtamu et al. 
(2013). The CP content of all herbaceous species was below the 
minimum value (7% CP) recommended for maintenance (Van Soest, 
1994) for most part of the year, particularly during the dry season. This 
indicates that the productivity of animals is affected unless 
supplementation is provided during the dry season. The CP content of 
most species during the rainy season was above maintenance of the host 
animal. Seasonal variation in CP, ME and IVDMD of grasses harvested 
from an enclosed area in northern Ethiopia was reported by Yayeneshet 
et al. (2009) and Figure 3.

The CP values reported by Aster et al. (2012) for three major grass 
species in the Borana area during the rainy season agrees with the values 
reported by Habtamu et al. (2013) while wider difference exist for the 
values reported for Cenchrus ciliaris and Chrysopogon aucheri during 
the hot dry season. It is clear from these reports that some of the grass 
species marginally meet the minimum CP requirement of grazing 
herbivores even during the wet season when grasses are believed to be 
young and growing.

The situation is more critical in the dry seasons (hot dry and cool dry 
seasons) whereby none of the species reported contain CP levels that 
meet the minimum requirements of ruminant animals. Grasses and other 
herbaceous species are the major feed resources available particularly for 
cattle in the rangelands. Such low levels of CP are not expected to 
enhance production of milk and meat unless some sort of 
supplementation is available. The grass species have high fiber content 
and low in vitro digestibility values contrary to the browse species 
discussed earlier. Such low digestibility may limit intake by animals.

Cactus (Opuntia ficus-indica) is becoming a useful livestock feed in 
some arid regions of the country beside other uses. Cactus can also serves 
as a good source of water for livestock in dry areas because of its high
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Table 13. Chemical composition (g/kg) and in vitro dry matter digestibility of 
different grass species in two farming systems of Assosa Zone

Species DM Ash CP NDF ADF IVDMD
Chloris pycnothrix 940 120 80 750 400 450
Digitaria abyssinica 960 140 70 760 420 490
Eleusine floccifolia 930 130 90 770 360 520
Hyparrhenia rudis 960 130 50 750 430 460
Hyparrhenia rufa 950 130 50 720 400 420
Hyparrhenia collina 1 960 130 60 740 430 400
Hyparrhenia collina 2 970 120 40 760 480 330
Hyparrhenia hina 950 140 70 760 460 480
Pennisetum  catabasis 950 140 60 730 400 520
Sporobolus pyram idalis - 120 60 750 440 340

Source: Teklu et al., 2010

Table 14. Mean IVDMD, Chemical composition, TDN (% DM), and DE (MJ/kg DM) of 
fruits, and cladodes of Opuntia ficus-indica

Plant parts IVDMD
%

DE
(MJ/kg DM)

TDN
%DM

CP
%DM

CF
%DM

NFE
%DM

Fruit 82.92 15.57 77.78 13.10 10.39 65.78
Young cladodes 77.88 13.98 73.48 13.42 7.96 66.78
Middle aged cladodes 71.14 13.14 67.63 10.76 8.03 72.15
Old cladodes 69.64 12.99 66.32 9.15 10.72 70.85
P P0.01 P0.001 P0.001 P<0.01 NS NS

Source: Firew, 2001

Feeding value

There is recurrent drought in the rangelands of Ethiopia. Shortage of 
grazing affects livestock production where animals lose weight and 
condition, calving rates fall and mortality rates increase. In order to 
mitigate the effect of drought, supplementary feeding that is rarely 
practiced in most parts of the rangelands of Ethiopia is necessary 
(Cossins and Upton, 1988; Coppock and Reed, 1992). The land use
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system also affects composition of forage species and hence palatability 
as shown in Figure 4. Solomon et al. (2007c) reported a better grass 
species composition in the government ranch than in the traditional 
grazing reserves and communal grazing areas. The differences could be 
attributed to relatively lower grazing pressure in the government ranch 
than the other two land use systems. The land use system also affects the 
type of grass species available (Solomon et al., 2007b) which could have 
an effect on the nutritive value of grasses.
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Figure 4. Palatability rating of grasses for different land use systems Source: 
Solomon et al., 2007c.

Supplementation is required to reduce the effect of feed shortage in the 
rangelands. Supplementation during early lactation in cows might reduce 
the depression of calving rates in the following year because nutritional 
stress is the main determinant of calving rates (Cossins and Upton, 
1987b). The same authors also report that the main difference in weight 
gain of the Borana breed occurs over the first 210 days to weaning. 
Improved calf nutrition and management is necessary in order to raise 
weaning weight and overall performance (Figure 5).
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simulated pastoral management with or without Acacia, cowpea or 
alfalfa supplements during a 94-day growth trial (Coppock and Reed, 
1992).

Aster (2010) fed acacia leaves collected from the Borana rangelands to 
goats and observed variation in dry matter (DM) and organic matter 
(OM) intake between Acacia brevispica and Acacia seyal whereas the 
digestibility of DM and OM were not affected by acacia species. The 
same author found that the CP digestibility (70% Vs 56%) and body 
weight gain (47.9 Vs 25.2 g) in Acacia brevispica was greater than that of 
Acacia seyal.

Conclusion

Knowledge of the potential of forage resources in the different regions of 
the country is very critical to design a better feeding strategy/ 
management. Most of the research in the pastoral areas focuses on range 
condition assessment and very little on other aspects despite huge 
contribution of the rangelands to the pastoral community and the national 
economy. There is high seasonal fluctuation in feed supply and quality 
where the qualities of forages vary among species and season. Despite 
high CP and mineral contents, browse forages have high contents of 
condensed tannins and other polyphenols.
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There is limited data on feeding value of rangeland forages in Ethiopia. 
Some feeding experiments with browse as supplements have shown 
promising results in terms of feed intake and growth. There is 
considerable scope for increasing animal productivity from rangelands 
through proper management of feed resources and feeding practices. The 
options include:

Manipulation of stocking rate
Controlled burning -  avoid bush encroachment
Fodder conservation during period of plant growth for use during
the dry season

• Strategic supplementation of giving priority to most needy classes 
of animals

• Strategic movement

Some feeding experiments with browse as supplement have shown 
promising results in terms of feed intake and growth. Well designed and 
comprehensive studies are needed to benefit the community and the 
country at large.
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Introduction

The total grazing and browsing area in Ethiopia is about 62 million 
hectares (about 60% of total land mass) of which 88% receive less than 
600 mm rainfall per year and is found below 1500 m a.s.l. With the total 
population of about 10 million (PFE 2009), Pastoralists and agro
pastoral ists are the main rangeland users in these areas. The pastoral 
system is the most appropriate management system of rangelands in 
Africa (Behnke, et a l 1993; Scoones, 1994). It is argued that the 
mobility and flexibility of pastoral systems enables them to make the best 
use of the rangelands (Nori (2007). However, the common property 
regime which allows pastoralists to sustainably manage vast areas of land 
is being threatened by inappropriate land tenure system since the past half 
century. As a result, dry-season grazing reserves have been lost, livestock 
movements have been restricted, land tenure has been rendered insecure 
and rangeland degradation has increased. Breakdown of traditional 
governance and pastoral institutions which enforce compliance with 
norms and vaiues that dictate the sustainable use of the rangelands 
weakened. Increasing demand for land in pastoral areas and the lack of a 
participatory land use plan coupled with the emerging and diverse land 
uses (biofuel, crop farming) and the expanding bush encroachment into 
the rangelands also worsens the situation.

Improving pastoralists’ access to the natural resources base and building 
their capacities to promoting sustainable management of rangeland 
resources requires locally adapted tenure arrangements that cover the 
common property resources. Insecure or inappropriate land-tenure 
systems are arguably the single greatest contemporary threat to livestock 
production, small-scale agricultural production and sustainable resource 
use in eastern Africa (Catleyet et al., 2012). There is evidence of the
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positive impact in both economic and environmental terms o f private 
agricultural tenure in high-potential areas suitable for agricultural 
intensification (Tiffen et a l, 1994). However, the opposite holds true for 
low-rainfall, semi-arid rangeland areas suited to extensive livestock 
production. In these areas, fragmentation o f range and forest lands into 
small, individually owned plots can cause environmental degradation and 
reduce livestock output (Galvin et a l 2008). Properties created in this 
way may also be too small to support their owners, while land 
consolidation to create larger private holdings would result in the 
dispossession of vulnerable households. Nonetheless, there is increasing 
evidence that livestock owners in East Africa are adopting individual 
tenure and enclosing rangelands because individual titles offer them 
improved security of ownership (Woodhouse 2003; Mwangi 2007).

The spread of private tenure in rangeland areas reflects the uncertain and 
weak nature of collective pastoral property rights. In eastern Africa there 
is consistent agriculture based land-tenure legislation and farming is 
routinely given priority over seasonal pastoral use in the settlement of 
disputed land-tenure claims (Behnke, 2008). While pastoral land rights 
have been recognized in the constitutions o f a number of East African 
states, the abrogation o f these rights by the state is common and few legal 
mechanisms exist that pastoral communities can use to challenge 
arbitrary state appropriation o f collectively held resources. Significant 
areas of pastoral land have been lost in this way. Communally owned 
rangelands have been lost to various emerging land uses (Scudder 1996; 
Turton 2002; Flintan 2011). Others, like huge areas of the Afar region, 
have been lost to the invasion o f unwanted bush species. Over 700,000 
hectares o f prime grazing land and cultivable land following the Awash 
River is currently either invaded or at risk of invasion from Prosopis. 
(USFS, 2006).

These trends seem to continue or accelerate following the 2008 spike in 
agricultural commodity prices that provoked a global wave o f large-scale 
agricultural land acquisitions by international investors. While not 
confined to pastoral areas, in eastern Africa the sale or long-term lease of 
large land concessions to outside interests is likely to heavily influence 
pastoral communities. A study by Bossi et a l  (2012), on the potential 
effects o f increased water use through converting land to intensive 
agricultural cropping in Ethiopia through foreign direct investment 
indicates that much of the land converted is currently rangeland. The
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World Bank describes unforested, unprotected and low-density areas as 
suitable for expanding agricultural production— a description that 
includes many pastoral rangelands. An inverse correlation exists between 
the rule of law and legal transparency and the granting of land 
concessions to foreign investors. Controlling for other factors, the 
countries where rural land users have the weakest tenure rights are those 
that have attracted the most investor interest and projects (World Bank, 
2010).

The implementation of comprehensive land use policy and recognition 
and respect for customary laws, institutions and their full participation in 
policy-making decisions encourage sustainable rangeland management. 
In this regard, there are positive moves by federal and regional 
governments in Ethiopia. The constitution of Ethiopia recognizes the use 
rights of pastoralists to lands they occupy and protect them against forced 
eviction. In practice, pastoral lands are not distinguished from 
agricultural lands. The need for a separate and appropriate land policy 
and legislation for pastoral areas has been recognized. The experience of 
the Afar Regional State demonstrates that some of the core issues to 
protect the rights of pastoralists are not addressed. Additional laws are 
required to confer administrative and regulatory functions and powers 
upon customary institutions to manage and control the use of natural 
resources and to resolve disputes arising there from. Therefore, the 
specific thrust of the review is to examine the institutional and policy 
gaps hindering the sound implementation of land policy and 
administration and highlight important practical issues related to 
implementation of the policies and proclamation which can, if 
implemented, improve the land tenure security of pastoralists. An in 
depth review and analysis of the national land policies and institutions 
was undertaken in addition to examining a case study of the Afar 
regional state land policy, proclamation and guideline to base the findings 
of the review.

Over view of land tenure in pastoral areas of 
Ethiopia
The nature of tenure in pastoral areas has long been a subject o f  debate 
where underlying ownership is dynamic and often disputed. Land tenure 
reform refers to changes in the way in which societies confer bundles of 
property rights and obligations to land holders - that is, it focuses on the
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terms and conditions on which land is held, used, and transferred. Clear 
land reform legislation includes provisions that clarify contradictions 
between potentially overlapping institutions. These laws should establish 
the purposes of the land reform; set forth the legal grounds for rights to 
land; create unambiguous, stable, property rights in land); and set a 
framework for the distribution of these rights to new holders. (Global 
Dry-lands Initiative, 2003).

Customary systems are, in effect, land tenure functions in many dry land 
areas rather than legislative laws. For example, most people hold their 
land under indigenous customary systems irrespective of the formal legal 
position. These are characterized by systems of multiple resource use, 
which are complex but particularly common in pastoral areas. Specific 
areas of resource abundance, including dry-season grazing areas and 
pastures reserved for times of drought, wooded areas and seasonal rivers 
are often key to livelihoods in the pastoralist and hence have special land 
tenure regimes. Hence, communal tenure is a common feature of 
customary land tenure systems in the pastoral areas, with overall 
authority for land use vested in the traditional leaders. Pastoral land 
tenure systems utilize concepts radically different from those generally 
employed by ‘modem’ systems. Resource rights are generally identified 
by group membership - such as clan or tribe -  rather than by geographical 
boundary. Many pastoral groups have ‘home areas' but also have dry 
season territories as well as "buffer zones’ which border competing 
groups. Terms of access to these ‘buffer zones’ may be kept deliberately 
flexible, to allow creative use of such areas to mitigate potential conflicts. 
Boundaries, therefore, do not function ways understood by modern legal 
systems. The ‘territories’ utilized by pastoral communities tend to change 
in size and shape over seasons and years, depending on climate variation 
and negotiations between competing communities. In other cases, the 
regulations for use of communal areas break down due to a combination 
of factors. Frequently, powerful actors manage to gain influence in 
weakened management institutions, and modify access regulations to suit 
their interests. Women and youth, in particular, tend to have little say on 
such issues.
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Box 1. An Example of traditional Natural Resource Management (NRM) from Afar

Deso: grazing reserves for the emergency feeding of livestock 
The Afar are governed by a customary institution known as A far Ada. It manages 
and provides leadership to social problems, conflict and natural resources. The Afar 
are organized into clans, called mela, each with a hereditary clan leader, a feima 
aba and a group of elders responsible for carrying out punishments. Each level has 
its own leader. These leaders manage the clan ’s internal affairs and organize 
assemblies to settle disputes according to customary laws. The Afar have a deep 
knowledge of the rangeland, its soil, water and seed bank reserves. They exercise 
careful tim ing of grazing to safeguard plants during seed production. Previously they 
were able to establish grazing reserves for the emergency feeding of their livestock 
(Deso). The reserves were governed by a customary institution through a special 
elder. Access to grazing reserves was allowed based on an agreed set of rules 
shared by all users. Other pastoral groups (outsiders) could use any grazing 
reserves based on negotiated access that requires long discussion between the 
owners and outsiders.

Box 2: An example of traditional Natural Resource Management (NRM) from  
Borana

Eddo: A team of people who monitor the state of the rangeland before allowing 
herds to use it
The Afar pastoralists have been able to preserve their natural resources for 
centuries due to their ability to regulate resource use level over a wider patchy 
landscape by employing different strategies o f mobility. A major ecological 
advantage of mobility is that there is little chance for pastoral stock to inflict long
term damage on the natural resources. A team of people who monitor the state of 
the rangeland before allowing herds to use it guides any movement of people and 
herd. This team is locally termed as Eddo that literally translates to range scouts in 
modern range management. The movement may or may not involve the entire 
household members. The fam ily members may remain sedentary throughout a given 
year or succession of years with a tendency for the residences to last for many 
years. An Eddo team assess whether the area has recently received rainfall and its 
extent of coverage and amount, the availability and quality o f fodder and water for 
different livestock species. The visual assessment made by Eddo members is iater 
augmented by the Afar information network system (Dagu).
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Box 3: An Example of traditional Natural Resource Management (NRM) from the 
Somali region

Rangeland management in Pastoral areas of the Somali region. The elders are 
the traditional authorities with the responsibility to control the management, and 
allocation of the right of access to land and natural resources to their clans. Another 
important task of elders is to resolve disputes that occur over access to rangeland 
resources. With regard to rangeland management, there are many rules formulated 
such as: setting aside pasture buffer zones, ensuring that pasture self-seeds before it 
is grazed (Mahadi, 2011).

Overview of Regional and National instruments on 
Pastoral land Tenure

1. The African framework to strengthen land rights

The African framework to strengthen land rights have stated that the 
major continual challenge which the evolving land policies faced, 
especially in sub-Saharan Africa, is the need to blend tradition and 
modernity in land rights regimes. In this respect the frame work 
recommended that land policies should seek on building on indigenous 
tenure arrangements thus acknowledging the legitimacy of indigenous 
land rights, land policy processes. It strongly argued that the role of local 
and community-based land administration/management institutions and 
structures, alongside those of the State. Land policy processes should also 
seek to provide for the necessary interface between state and indigenous 
systems, particularly with regard to the certification of land rights, the 
empowerment of decentralized institutions in land rights administration, 
and the management of land as a resource at the local level.

The frame work also asserted that the legacy of the conventional 
approaches which tended to degrade indigenous land rights systems that 
ignored community land administration structures need to be replaced by 
new and innovative policies including the provision of statutory 
frameworks for the documentation and codification of informal land 
rights regimes. (Framework and Guidelines on Land Policy in Africa 
2009)
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2. Pastoral Land policy and Administration in Ethiopia

In Ethiopia, land was controlled by the kings and the ruling elites for 
many generations. Under this arrangement, pastoral areas came under 
state control and were considered as "no man’s land”. The 1955 revised 
constitution of Ethiopia, however, stated that all property not held and 
possessed in the name of any person including all grazing lands are state 
domain. Scholarly research on the imperial land tenure systems in the 
pastoral areas is limited. This is due to particularly little knowledge on 
the pre-imperial, customary land tenure systems in those areas. Literature 
resources on land tenure are, therefore, confined to northern and central 
Ethiopia, where sedentary farming practices predominate. Proclamation 
No. 31/1975 brought radical land reform which abolished the age old 
system. The reform nationalized all rural land and redistributed it to 
tillers. The right to own land is vested in the state. User access to land 
was through state-mandated peasant associations. The most commonly 
cited consequences of such policies generally showed tenure insecurity 
with all its consequences namely land degradation, inefficient allocation 
of land by way of restrictions on land transfer and to some extent lack of 
appropriate land use and administration.

After the downfall of the Derg in May 1991, the new Transitional 
Government disbanded collectivization and villagization programs. 
Collective farms were redistributed. The economic policy adopted in 1992 
declared that land would remain under state ownership. Then, 
Proclamation No. 1/1995, proclaimed that all rural land will remain 
under public ownership. Again the Federal Democratic Republic of 
Ethiopia Constitution Article 40: 3 confirmed that all urban and rural land 
is the property of the state and the people. It is clearly mentioned as 
"Land is a common property o f  the Nations, Nationalities and peoples o f  
Ethiopia and shall not be subject to sale or other means o f  exchange" 
(Sub Article 3.) The constitution Article 40:5 has also recognized the 
right to grazing land access to pastoralists. Therefore, Ethiopian 
pastoralists have a right to free land for grazing and cultivation as well as 
a right not to be displaced. Article 52 also states that Regional 
Governments have the duty to administer land and other natural resources 
according to federal laws. Such law was enacted in July 1997 on "Rural 
Land Administration Proclamation, No. 89/1997". This law entrusted 
Regional Governments with the power of land administration (defined as
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"the assignment of holding rights and the execution of distribution of 
holdings"; Article 2, Sub Article 6).

3. The 2005 rural land administration and use proclamation 
and the regional land laws and proclamation

This Proclamation provides a new system of administration for rural land 
management and use and for sustainable rural land use planning. This 
Proclamation applies to any rural land in Ethiopia outside of a 
municipality holding or a town. The Proclamation, among other things, 
provides rules relative to acquisition and use of rural land by peasant 
farmers or pastoralists’ transfer of rural land use rights, distribution of 
rural land, resolution of disputes, restrictions on the use of rural land; and 
defines responsibilities of the Federal Ministry of Agriculture and Rural 
Development and Regions. The land administration laws mentioned in 
the 2005 rural land administration and use proclamation seems to 
primarily aim at the settled agricultural areas of the highlands of Ethiopia 
where land is held individually or by households. Based on the provision 
of the proclamation number 456/2005, the regional governments have 
been given the right to develop their own land laws. Article 17.1 in this 
proclamation stated that each regional council shall enact rural land 
administration and Land use laws that consist of detailed provisions 
necessary to implement this Proclamation. Accordingly, four regional 
states (Amhara, Oromia, SNNP and Tigray) came up with their own 
laws. Later on, Benishangul- Gumuz and Gambella regional states also 
enacted their land proclamations in 20 10 .

Both the regional and the Federal Laws conform with the constitution 
that land belongs to the people and the State. The regional governments 
of Oromia and SNNP have not yet formulated comprehensive policies on 
common property regimes to pastoral areas. A good example mentioned 
by many is the extensive land use plan study in pastoral area of Borana 
zone conducted by Oromia region whose implementation is yet to be 
seen. For instance, expansion of large-scale commercial farms, bush 
encroachment, expansion of cultivated agriculture in inappropriate dry 
land areas etc. seem to be contradictory with the land use plan. Many 
argue that the pastoralist livelihoods are in danger due to the current 
inappropriate land use practices in pastoral areas.
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Oromia and SNNP regional states have considerable pastoral rangelands 
for which the regional land laws are inapplicable. For instance, pastoral 
and agro-pastoral areas cover about 37% of the total area in the Oromia 
Region with human population estimated at 4 million. The proclamation 
does not include the role o f customary institutions despite the fact that the 
customary institutions in pastoral areas like Borana are well documented 
and studied as effective approaches of land administration. Moreover, the 
proclamation addresses tenure insecurity only for landholders in the 
settled agricultural areas. There is no clearly stated statement about the 
demarcation between pastoral land and farming land in all articles and 
clauses in the Oromia Rural Land Use and Administration Proclamation 
No. 130 /2007 pertaining to land rights o f  farmers and pastoralists are 
similar. The case in the southern region is similar.

a) O rom ia R egio n al State Proclam ation No.103/1999: Although 
the proclamation seems to recognize the communal customary right to 
access of land for grazing, it does not mention about certification of 
communal land but registration and cadastral survey. It does not insure 
security of communal land use rights. However, the proclamation clearly 
stipulates that the customary right of access to land for grazing, ritual 
ceremonies and public uses shall be maintained both for peasants and 
pastoralists (Article 5 Sub Article 3) and any resident of the region, aged 
eighteen years and above, whose livelihood depends on agriculture or 
rearing and wants to live on same has the right to get rural land free of 
payment (Article 5 Sub Article l). This proclamation does not mention 
any thing about certification of communal land but only addresses 
registration and cadastral survey. This does not insure communal land use 
right security. The Oromia Regional State Council is authorized to issue 
Directives (Article 29) for proper implementation of this proclamation 
and the Oromia Bureau of Agricultural and Rural Development has 
mandate to implement this proclamation. The directives and guidelines 
that will be prepared are expected to vividly show how communal use 
right can be secured (Oromia Regional State Proclamation No. 103/1999).

b) The Southern  N ations, N ationalities and P eo p les R egional 
State Rural Land A dm inistration and Utilization Proclam ation. 
N o.110/2007 E .C .: - This proclamation stipulates that pastoralists can 
get land for communal grazing and for individual use for cultivation. But 
it does not state how and who has the mandate to provide land for the 
mentioned purposes. As part of land administration, rural land
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measurement, registration and certification of communal land are given 
attention in this proclamation. So far, certification has not been done for 
pastoralist utilizing communal grazing land similar to highland areas. The 
authority to issue rules and regulations is given to the regional 
administration council and the Bureau of agriculture and rural 
development. As in the case of Oromia, directives and guidelines that 
will be prepared are expected to vividly show how communal use rights 
can be secured (Mebratu, 2010; SNNPRS Proclamation No.l 10/2007)

c) So m ali R egio n al State:- The Somali regional state has not yet 
issued its pastoral land policy and legislation, but has started the process.

d) A far R eg io n al State: - The Afar regional state has issued its land 
policy and legislation. The Regional State initiated a process to formulate 
a policy and administrative land tenure framework in 2006 (PFE 2010). 
The regional State Council approved a land policy in June 2008, after 
which the Afar National Regional State, Rural Land Administration and 
Use Proclamation No.49/2009 was enacted in 2009 (RLAUP 49 2009). 
Regarding ensuring land use rights and access to grazing lands, the Afar 
Land administration proclamation No 49/2009 Article 5 stated that: 
"The right of pastoralists to use their land has no time limit. Grazing 
lands that have been used and accessed by the pastoralists shall be 
identified and delimited. The communal pastoral lands used communally 
by pastoralists shall not be transferred to private holdings and shall not be 
given / leased to investors. However, this shall not affect the power of the 
government to transfer communal holdings to private holdings as deemed 
necessary in consultation with pastoralists”. With respect to the surveying 
and registering of pastoral communal lands and issuing communal 
holding certificates, Article 6 affirmed that the communal lands that are 
held communally by pastoralists shall be surveyed, registered and 
certificate o f holdings shall be issued in the name of the community using 
such communal lands. The communal land holding certificate shall be 
deposited with the representative of the holder community/clan.

Like the national constitution, the Afar land proclamation guarantees the 
rights of pastoralists not to be displaced. It goes further in seeking the 
protection of rangelands from being further parceled into privately held 
areas, in part by dividing rangelands into units corresponding to clan 
territories and issuing holding certificates to clan representatives. Much 
will be determined by the process for deciding boundaries between clan-
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held rangelands and whether high-value riverine resources are included in 
these. Still, in spite of the spirit of proclamation to introduce legal and 
regulatory protected access to key resources for pastoralists, it falls short 
of doing so by reaffirming the powers of the state to expropriate such 
resources for agriculture and other development (Afar regional state Land 
use and administration policy, 2008). The proclamation falls short of 
allocating powers and duties to the customary institutions in resource 
management and dispute resolution.

Concerning the conservation and protection of natural resources, the Afar 
regional state Land use and administration policy 2008 Article 6:3 
affirms that the regional government shall provide the necessary 
assistance to strengthen the customary natural resource protection and 
conservation system. The detail of how it will be implemented has not 
been provided. It also declared that the customary laws and practices of 
the region will be studied and accorded recognition and will be enforced 
as long as they do not contradict with the region’s constitution and 
policy. However, while the legislation gives responsibility of managing 
pastoral land resources to customary institutions, it at the same time 
awards this responsibility to the woreda and kebele administrations. A 
higher land administration organ shall have powers and duties of 
registering land holding, by type and use shall be established at regional, 
woreda and kebele levels (Article 4:20). At the same time Article 22 
states that: the kebele land administration committee shall administer 
land in collaboration with sectoral offices and participation of the 
community. A close look at the proclamation shows that the role of the 
customary institution has been recognized on paper. The formal 
institutions such as kebele and woreda land administration committees 
have been given parallel roles and responsibilities. It is, therefore, not 
clear what role belongs to which authority.

The Afar regional state Land use and administration policy 2008 
acknowledged that its objective is to create conducive environment for 
the implementation of national and regional development policies and 
strategies including rural development policies and strategies, the federal 
rural land administration and use proclamation, regional and 
Environmental policies, investment policy, Food security strategy 
agricultural development policy, and natural resource development 
policy. All these policies in general emphasize ensuring land access to 
investors, private use, protection of government land, (parks, mining etc.)
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and prepare land for voluntary settlement. In general, the current policies 
loosely recognize the needed support to pastoral systems. The importance 
of supportive policy -  on mobility, on land tenure and on conflict has 
long been recognized. However, still pastoral rangelands continue to be 
encroached upon by commercial large-scale agricultural schemes, parks 
and protected areas and increasingly by natural resource exploitation.

Ethiopian development policy frame work in relation 
to the pastoral tenure
The Ethiopian Growth and Transformation Plan (GTP) recognizes the 
current and future contribution of livestock to the national economy by 
setting ambitious targets of increasing export earnings from live animals 
and meat exports, from US$ 125 million in 2009/10 to US$ 1 billion in 
2014/5. Trends in livestock and meat exports are largely attributable to 
extensive, mobile pastoralist production systems. The increased export of 
animals and meat is anticipated to provide one of the entry points for 
improving the lives of pastoralists and enhancing their resilience. The 
Afar, Somali, Oromia and SNNPR Regional Development Plans of 
(2010-2014) are modeled on the GTP and are focused, among other 
things, on improving food security and enhancing resilience. The plans 
are based on two inter-related strategies: enhancing pastoral livelihoods 
and building their resilience through natural resources management 
including development of water, infrastructure and basic services, and 
irrigation development with emphasis on voluntary settlement of 
pastoralists along major river basins, forage and crop production, creating 
market linkages and value chains.

The Climate-Resilient Green Economy (CRGE) initiative aims to 
increase the productivity and resource efficiency of the livestock sector 
by increasing animal value chain efficiency to improve productivity, and 
reduce emissions from domestic animals. It also envisages managing 
rangelands so that the ecosystem services of rangelands in terms of 
carbon storage could be realized and productivity of the land improved.

The Regional Programming Framework (RPF) for the drought resilience 
and sustainability is an initiative in the IGAD Region. It is 
operationalized by the Drought Disaster Resilience and Sustainability 
Initiative (IDDRSI). Ethiopia’s Country Programming Paper (CPP) for 
‘Ending Drought in the Horn of Africa Initiative’ has been prepared
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under the leadership of the Ministry of Agriculture to serve as a 
framework for long-term investment intervention in pastoral and agro
pastoral communities in a more coordinated manner. Its objective is to 
improve livelihoods and enhance resilience to drought. The CPP is based 
on Government of Ethiopia (GOE) strategies and plans including GTP, 
CAADP and DRM policies and frameworks. Importantly, the CPP 
recognizes issues of mobility including cross-border livestock movement 
and trade; and collegiate approaches to sub-regional trade, trans
boundary disease control, natural resource management, conflict, and 
governance issues. The CPP, which considers Pastoralism as the 
dominant livelihood focused on components such as water resource, 
rangeland development and securing access to natural resources.

Land policy formulation and implementations gaps

Experience from different African countries showed that the rate of 
implementation of land policies has been slow and in some cases 
disappointing (FGLPA 2009). Therefore, examination of the hindrance to 
land policy implementation is necessary, if smooth implementation has to 
be made. The following issues have been identified in the land policy 
formulation and implementation of proclamations and guidelines of Rural 
Land Use and Administration policy in pastoral areas of Ethiopia.

a) Stakehoider Participation at ail leve ls

There is a positive move towards recognizing the need of community 
participation across the policy documents. However, the impact of 
decisions made by government on the practice on the ground appears to 
be weak. In most African countries, states claim exclusive ownership of 
land. However, customary land laws were the reality in the field: access 
to land, tenure security mechanisms, and land dispute resolution all 
remained tied to local customs and traditions. As a consequence, there is 
a disconnect between land laws and local practices (Hubert, 2005). This 
is an indication that full inclusiveness has not been achieved. The 
participation of stakeholders mainly the pastoral community tends to be 
through consultation rather than as partners who should be taken to the 
level of leading the process of policy formulation and later 
implementation. Implementation modalities do not form part of drafts for 
stakeholder consultations. They are usually addressed in in-house 
operational guidelines prepared after the policy development process.
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Thus no opportunity is accorded to the public or specific stakeholders to 
evaluate the capacity or technical proficiency of those modalities in the 
light of challenges arising from the actual ground situations. Regular 
dialogue is vital for an action to succeed and be credible, and legitimate 
in the eyes of community members.

Experience from other African countries (Marie-Claire et al 2003) has 
shown that the implementations of land policies were faster in the 
condition of active stakeholders’ engagement and decentralized. The 
participation of women, as the primary users remains critical in this 
regard (DIFID 1999). On other hand, placing decision-making powers at 
the local level is arguably the most efficient way to securing policy 
implementation achieving the objective tenure security. Even though 
some form of nationwide monitoring and review may be required. In this 
regard, land policy implementation processes should aim to ensure that 
public sector land institutions work in collaboration with local structures 
that are time-tested and have served the people well in the absence of 
intervention by the state.

Decentralized land management that recognizes customary land rights 
can provide simple procedures, the service delivery is less costly and 
affordable.

Recognizing and adequately provide for a deep engagement with Civil 
Society Organizations (CSOs) is the other area that need attention 
(Ellsworth, 2002). These organizations can provide necessary checks and 
balances on government decision-making during the development and 
implementation of land policies. Effective opportunities for feedback and 
iterative processes with CSOs and other special interest groups should 
therefore be built into the consultative process.

b) Institutional capacity gaps

Institutional capacity to implement and continuously improve and amend 
the land administration and use laws and preparing the land use plans is 
weak. Regional and lower-level governments do not have the capacity to 
adequately implement their land administration reform programs. The 
major weakness to the implementation of the evolving land 
administration reform programs is the lack of capacity of the regional 
administrations to carry out these programs. In this regards, the agencies
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of land administrations in many regions are understaffed and frequent 
restructuring and rapid turnover are challenging their capacity. With 
regard to the professional capacity of the regional land administration 
agencies in the fields of land use planning, registration, cadastral 
surveying, and land valuation needs improvements. Through time, the 
customary institutions are weakening and left with little power while the 
formal institutions are getting more power but have no presence at the 
grass roots level where the actual implementation has to be undertaken. 
There is thus a need to bridge these institutional gaps. The 
implementation modalities and institutional arrangement should reflect 
the reality of the local condition. These may require significant capacity 
building and shift in thinking. Financial and technological resources are 
also critical to manage contemporary land reform programs. Donor 
assistance in correcting this deficiency has not always been sustainable. 
This problem is exacerbated when land administration is taken to the 
kebele level. While the decentralization is encouraging move there is a 
worry of over stretching the ability of the administration to deliver the 
desired level of services to the public.

c) Shortage of sufficient data

In many African countries land data are hampered by lack of adequate 
resources and modern technology. Land policies prepared in this manner 
have led to recommendations that do not adequately reflect the realities 
obtaining in the land sector. The policy makers in pastoral areas 
acknowledge lack of adequate baseline data on the conditions of land as 
an integrated political, economic and social system. Large gaps in 
information on pastoral incomes, trade, and land use in pastoral areas that 
constrain policy formation has been reported while evidence based policy 
requires such quality data (Little et al 2010). Monitoring and assessing 
the effects of land policy requires the active collaboration of different 
institutions, with each playing a specific role. In addition national 
statistics departments, as well as Universities, and CSOs could be 
involved in the collection and processing of land policy information.

d) Internal weakness of customary institutions

Conflict of interest is reported in places where local leaders are working 
closely with government; it is difficult to know who they are 
representing. Some clan elders are not working for the benefit of
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pastoralists as a whole — this threatens the decentralization process. One 
problem that is becoming clearer is that customary institutions and their 
leaders are seeing increasing opportunities for benefiting themselves and 
their own kin, even taking up posts in local government while legally the 
community is not a public administration unit. Further, there are where 
community elites lease land to investors and to ‘capture’ the money from 
such investments that should be directed to the community as a whole. 
There is much debate about possible forms of community representation 
for official and legal functions exercised by the community

Conclusions
Ethiopia has proven that it is capable of developing models within the 
highlands with its a relatively efficient land certification process. There 
are also good attempts in the lowlands through efforts such as woreda 
environmental management plans (WEMPs) or participatory forest 
management, which is now being replicated throughout the country. 
Translating lessons learnt from these would be an important first step for 
developing an effective land tenure system for pastoral areas. The power 
relations within and between local actors must also be addressed. 
Legitimacy and accountability are not necessarily linked -  traditional 
institutions are often most legitimate in the eyes of local communities, 
but rarely have formal systems to ensure accountability and 
representation, for example, with respect to women. Special attention 
needs to be paid to conflict prevention and resolution including 
identifying areas of potential conflicts or hotspots; the sharing of costs 
between users and the distribution of revenues and benefits; and 
monitoring and evaluation which should be based upon the original 
visions, scenarios and aims/objectives and provide opportunities for 
shared learning with (and not around) local populations and other 
stakeholders at different levels of the landscape, on an ongoing basis.

Capacities of all actors to be effective partners in the land reform process 
needs to take place. Experience from Tanzania shows that it is critical 
that policy makers and local government officials better understand the 
dynamics of pastoral environments, the complex but essential role that 
social and political networks play in the management of natural resources 
and the central place of pastoralism as a viable system and major 
contributor to national economies, particularly in a context of increasing 
climatic uncertainty (UCRT, 2010).
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Weakened institutions need to be strengthened or the capacities of new 
institutions built up allowing them to negotiate access for members in 
times of need, develop reciprocal arrangements and management 
resources. They need to be able to find common ground for divergent 
interests and perspectives, and develop an agreed vision and goals. In 
addition the mediation/resolution of conflicts, enforcement of regulations 
and agreements, and appropriation of sanctions will be important for 
continuing security and sustainable land/resource management. 
Pastoralists and other land users need a thorough understanding of the 
key legal provisions within decentralization, pastoral and other sectoral 
laws. More importantly, they have to understand the issues at stake, 
develop the capacities to hold local government to account over the 
manner in which local affairs are managed, and articulate a vision for 
pastoralism in a manner that can be understood and accepted by policy 
makers (Hesse and Thebaud 2006; Nori, 2007)

Land managers may also need to develop new skills such as dealing with 
‘invasive species' and restoring degraded rangelands or woodlands. 
Capacity building can be integrated with participatory experiments on 
technical innovations so that farmers and herders in the community do 
not only address their natural resource management problems more 
effectively, but are also able to develop the social networks, institutional 
structures and social problem solving skills that enable them to address 
the broader sociopolitical aspects found in natural resource management. 
A key is developing systems of land tenure which respect local and 
customary traditions. Harnessing community traditions of self
organization has emerged as a key to successful land tenure reform. 
Policies can also explore creative approaches to the use of customary 
land systems including, in some instances, their codification. It is 
important that the communities coming under such codified systems are 
highly involved in the process and are ‘self-identifying’, as issues of 
communal identity are often complex and contested.

Recommendations

Recognition of Customary land rights:- Effective rangeland 
management entails balancing benefit entitlements and responsibilities of 
property rights. After failing to effectively manage natural resource 
systems centrally, many governments are now undertaking

161



decentralization and devolution programs to transfer responsibility for 
resource management to local governments and user groups. 
Unfortunately, many such programs emphasize the transfer of 
responsibilities without transferring the corresponding rights. As a result, 
user groups may lack the incentive, and even the authority, to manage the 
resources. Traditional systems offer more security of tenure than is often 
recognized by supporters of individual tenure systems. The customary 
rangeland management systems negotiate access rights depending on 
factors like weather and the social relations between the groups. This 
flexibility provides a measure of security in times of drought or other 
disasters, by creating reciprocal expectations of resource sharing between 
groups. There is now consensus that the legal recognition of existing 
customary land is a major step towards securing land tenure for pastoral 
areas. Legal recognition of traditional land use practices could be a 
means of avoiding the overexploitation of resources associated with lack 
of ownership and accrual of benefits.

Maintaining mobility:- Pastoralist mobility is the basis for efficient use 
and protection of rangelands, and, that mobility is key to appropriate 
adaptation to climatic and other trends. Mobility enables opportunistic 
use of resources and helps minimize the effects of droughts securing 
access to rangelands for pastoralists through supportive land tenure and 
further development of regional cooperation to enable regional 
movements and livestock trade. Livestock mobility is one way 
pastoralists manage uncertainty and risk and access a range of markets. 
The ecological Benefits of mobility include: it reduces the effect o 
sedentary grazing in the wet season which ultimately leading to pasture 
degradation. Avoid under grazing of remote pastures which can lead to 
invasion of unpalatable plants, lower vegetation cover, and lower 
diversity o f  plants, and can sometimes be a more serious problem than 
overgrazing. Therefore, mobile pastoralism can be bio-friendly.

Protection of pastoral resources:- It is well documented in Literatures 
that Losses of pastoral lands is due to expansion of irrigated agriculture 
on the prime grazing lands, wildlife and conservation, and agricultural 
encroachment both by former pastoralists themselves and by neighboring 
farmers. Without legal guarantees, pastoralists have no security of tenure 
if individuals or outside interests wish to use their land. (Beruk Yemane 
000, Eyasu and Feyera, 2010: 7, Boku, 2000, Little, 2010 ) Hence, 
pastoralists need to be protected by functional institutions.
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Recognize the contribution of pastoralism to development:-
Pastoralism makes considerable economic contributions. However, these 
contributions are not always fully understood or acknowledged in 
national development. (The livestock sector accounts for 16% of the 
national and 45% of the agricultural GDP, and 13% of the Ethiopia's 
export earnings (CSA 2010). Ethiopian agriculture is heavily dependent 
on livestock, so any improvement in the sub-sector will bring about 
significant improvements in economic growth. The economic and sectoral 
policies and strategies o f the current government recognize the livestock 
sub-sector as a potential for poverty reduction and economic development., 
Government policies and strategies value livestock as a leading means for 
ensuring food security and economic growth in pastoral areas of the 
country. The pastoral areas are estimated to comprise 42% of the national 
total livestock population. Pastoralism relies on livestock diversity to 
exploit and make use of the diverse rangeland resources. Although not 
highly commercialized, pastoral and low land areas contribute to 
domestic and international trade and are not only a subsistence 
livelihood. Pastoralists have a higher level o f off-take from their herds 
than sedentary farmers in the highland o f  Ethiopia and consequently 
provide the majority o f animals for both the domestic and export markets. 
Export trade in live animals mostly sourced from pastoral areas has risen.

This indicates that pastoralism could play even better than what is 
currently contributing both to national economy and environmental 
benefit if supported by relevant policy protecting the system specifically 
in addressing the land issues.
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