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ABSTRACT

This paper aims to review the status, experiences, and challenges of forage conservation
practice in Ethiopia. Livestock production is one of the significant components of Ethiopian
agriculture, however, they face multifaceted problems in the production system, among
which the major one is the quantitative and qualitative inadequacy of feed supply. In most
areas of the lowland and the highland areas of Ethiopia, there is considerable fluctuation in
forage quantity and quality in the different seasons. To address the current feed deficits
largely driven by the dry season, appropriate forage conservation and preservation practices
are critically needed to preserve quantities, reduce nutrient and energy loss, and minimize
spoilage. Forage conservation helps to bridge the quantity gap between livestock feed
requirements and the production of forage. It is especially important for dairy production
because it ensures a supply of balanced nutrients for dairy animals throughout their lactation.
Forage conservation methods vary with the farming systems and socioeconomic status of
the farmers. Fodder conservation in the form of hay is a common practice however, silage is
uncommon in Ethiopia. There are different constraints for low levels of forage conservation
adoption in Ethiopia. The common reasons include limited awareness of the value of proper
forage conservation, limited knowledge and skills to conserve the forages properly,
particularly as silage, and a Shortage of forage land.

KEY WORDS
Challenges, Experiences, Forage conservation, Status

Livestock production is one of the major components of Ethiopian agriculture. Despite
the huge contribution of livestock to the livelihood of farmers, they are faced with multifaceted
problems in the production system, among which the major one is the quantitative and
qualitative inadequacy of feed supply. Indeed, insufficient and poor quality feed, particularly
during the dry periods was reported to be one of the most important constraints to the
Ethiopian livestock feeding systems (Anderson, 1987). In most areas of the lowland as well
as the highland areas of Ethiopia, there is considerable fluctuation in forage quantity and
quality in the different seasons (Teferra & Abaye, 1995). In the highlands of Ethiopia, the
annual DM production could satisfy only two-thirds of the total DM requirements of the
livestock due to this, during the dry season animals lose their condition which is an indicator
of feed shortage and suggests that livestock production and productivity are constrained by
feed scarcity (Funte et al., 2010).

To address the current feed deficits largely driven by dry season shortages as well as
the predicted increases in such shortages due to climate change, appropriate forage
conservation and preservation practices are critically needed to preserve quantities, reduce
nutrient and energy loss, and minimize spoilage. Forage conservation helps to bridge the
quantity gap between livestock feed requirements and the production of forage (Alemayehu,
2002). If good-quality forage is conserved, the nutritional gap between high-quality (wet
season) and low-quality (dry season) forage may also be bridged. According to (Ogato,
2006), the natural pasture available in the highlands of Ethiopia does not exceed 6 million
hectares, the majority of which is concentrated in the central part (mainly parts of North and
West Shewa zones of the Oromia Regional State) where fodder conservation in the form of
hay is a common practice. Fodder conservation as hay or silage is not a common practice in
many parts of Ethiopia except the central highlands around Addis Ababa (Tolera, 2009). In
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Ethiopia silage is uncommon in Oromia, Southern Nations and Nationalities and Peoples
Regional State (Tolera, 2007), and the Tigray regions (Tesfay et al., 2016), though its
potential success has been demonstrated in several projects. Forage conservation is
especially important for dairy production because it ensures a supply of balanced nutrients
for dairy animals throughout their lactation (Mengistu, 2017). In Ethiopia, feed shortage is
mainly caused by a lack of knowledge of feed conservation practices (Altaye et al., 2014).
Limited adoption of silage making is caused by factors including the novelty of forage
conservation practices (Lukuyu et al., 2011), associated costs, poor fit into the prevailing
farming systems, and lack of simple and appropriate technologies for ensiling (Tufail et al.,
2020) among other factors. The objective of this paper is to review the status, experience
and constraints of forage conservation practice in Ethiopia.

The commonly preserved forages in Africa can be grouped into three categories,
namely herbaceous vegetation from natural pastures, crop residues, and planted forages
(Ajayi, 2011). To some degree, forage from browse plants, agro-industrial by-products
(Kebede et al., 2020) and root crops and tubers (Mohammed et al., 2013, Njarui et al., 2011)
are also preserved. Forage preservation is an important component for profitable and
proficient ruminant livestock development around the world. Forage preservation permits a
good supply of quality feed when forage production decreases during a scarcity period.
Moreover, forage conservation gives farmers the option of storing fodder when production is
quicker than can be sufficiently used as pasture. Resultantly, forage conservation offers good
quality forage for ruminant animals round the year. The importance of these forage types and
their conservation methods vary with the farming systems and socioeconomic status of the
farmers. In many smallholder livestock systems, where crop residues are of high importance
for animal nutrition, there are varied methods of conservation such as baled, stacked, or
standing hay. By contrast, pastoralists usually set aside exclosures or forage reserves where
grazing is excluded for certain periods to reserve standing forage for later use (Mwilawa et
al., 2008). The process of selecting a conservation technique should take into account the
suitability of the forage for a given technique, storage capability, weather conditions, and the
intended use of the conserved forage. Silage and haymaking are means of conserving
forage for times of the year when forage growth is less than requirements and also an
excellent method of preserving forage when it is produced in excess. Although ensiling has
advantages over hay making even in good drying situations as the preferred mode of
conservation of green forages, haymaking is still a more common process (McDonald et al.,
2010). In Ethiopia, forage preservation in the form of silage is less adopted, however,
haymaking is traditional in most parts of Ethiopia.

Hay is forage harvested during the growing period and preserved by drying (Gizachew,
2012). Haymaking aims to reduce the moisture content of green crops to 15-20% to inhibit
the action of plant and microbial enzymes (Banerjee, 1998). Preservation of forages as
loosely, stacked, or standing hay is widely practiced among smallholder farmers in Ethiopia.
There is a long-established practice of commercial hay production from natural pastures or
meadow grass in parts of the North and West Shewa zones of Oromia National Regional
State (Tolera, 2009). A more efficient system of harvesting grass using a scythe ‘locally
known as falch’ has been a common practice in these areas although in other parts of the
country, the sickle is the only tool available for cutting grass. With increasing climate
variability, even pastoralists are now practicing storing grass in the form of hay (FAO, 2013).
Moreover, available pasture lands are highly fragmented and limited to areas where
conditions are adverse for cropping due to topographic, edaphic, and climatic limitations in
the highlands. Mainly, the slope of hills and the seasonally waterlogged areas are left for
grazing and/or seasonal haymaking. Smallholder market-oriented dairy farmers in the central
highlands of Ethiopia mainly rely on the hay produced from the aforementioned pasture lands
(Feyissa et al., 2013). In Ethiopia, hay contributes up to 8% of the overall feed resources in
the country (Aranguiz & Creemers, 2019b) and is mostly prepared from natural pastures
(Feyissa et al., 2013). The contribution could be higher in some places depending on the
availability of pasturelands. Hay provides close to 80% of feed sources in the Dandi district of
Oromia (Duguma et al.,, 2012). The urban and peri-urban dairy feedlots and small-scale
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fattening operations also depend on the hay produced in these areas as a source of
roughage feed. Hay produced from natural grasses, improved forage legumes and browse
legumes is the most appropriate conserved forage for small-scale fattening or dairy
production in Ethiopia (Alemayehu Mengistu et al., 2017). According to Berhanu et al. (2009),
Commercial hay production is practiced in some of the study areas including Sululta and
Sendafa in the surroundings of Addis Ababa, and Tseda village in the surroundings of
Gondar town. Berhanu et al. (2009), about 1 million bales (1 bale 13-16 kg) of hay is annually
produced in the Sululta area alone and the majority of the hay is supplied to urban and peri-
urban dairy producers on sales. In many places in the northern and central highlands of
Ethiopia, lowland pasturelands are protected from grazing during the growing season and
harvested for haymaking. Standing hay is common among pastoral communities as it is an
easier conservation method, and it fits the mobile nature of pastoralists. Degraded
rangelands in many areas have also been spared from grazing and are used as standing hay
for cut and carry systems (Tesfay, 2008). Standing hay conservation in exclosures is
common in Ethiopia and this entails excluding pasturelands from grazing for some time. An
increasingly popular practice for feed conservation by the Borana is the establishment of a
special enclosure called Kalo where standing hay is surrounded by thorny bush fencing
(Alemayehu et al.,2018) ). Kalo is mostly used in the dry seasons for feeding immature stock
and lactating cows. It is very important as it helps reduce grazing pressure and seasonal
feed shortages. It also allows optimal plant growth and helps keep the range healthy as it
allows both seed setting and plant re-growth, consequently, it contributes much to
maintaining livestock production and productivity. The quality and biomass of standing hay in
exclosures depend on various factors including the age of exclosures (time since the
enclosure was constructed), species composition of the forage, and soil physical and
chemical characteristics (Mekuria et al., 2011). According to the findings of (Hassen, et al.,
2010) in the central highland of Ethiopia, Bosona Warana district the most common practices
used in the conservation of feed resources are haymaking, traditionally conserved crop
residues and grazing in the form of standing hay.

In the eastern and central zones of the Tigray region, hay as a reserve livestock feed
for the dry seasons are made from pasture lands, enclosure range lands, borderlines, arable
lands and rehabilitated areas ( Tesfay et al.2016). Preserving part of grazing land to be used
as standing hay is an important strategy where feed supply fluctuates unpredictably in the
eastern and central zones of the Tigray region. According to the findings of (Tesfay et al.,
2008) hay making and the use of standing hay was practiced in the central and eastern
zones of Tigray.

Fodder species for haymaking in Ethiopia varies from place to place in Ethiopia.
Natural pasture hay was the dominant feed conserved followed by crop residues, while few
farmers also make hay using oats/vetch mixture in Sululta, G/Jarso and Ejere according to
(Feyissa et al., 2018). The overall average total area of pasture land used for hay production
per household and the average quantity of hay estimated to be produced per household was
also assessed by (Feyissa et al., 2018).

The quality of hay in Sub-Saharan Africa is usually very low due to the use of native
poor-quality forage, late harvesting (Kitaba & Tamir, 2007), and improper storage (Feyissa et
al., 2013). Storage conditions are important determinants of the quality of hay. Storage
losses are related to several factors: moisture content at baling and the time of storage,
Storage conditions (outdoor versus indoor), environmental conditions (relative humidity, air
temperature, and air movement), and Forage species. Hay storage losses vary greatly
depending upon several factors, but storage technique is of utmost importance. For instance,
most farmers in northern Ethiopia store hay in open fields, which causes a loss of up to 70%
of CP due to leaching (Yayneshet et al., 2009a). The form of storage and method of storage
of hay vary from place to place in Ethiopia. Studies by Fekede (2013), in districts of Ethiopia
around Sululta, Girar Jarso, and Ejere 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.
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Baling is only practiced by retailers and only in specific regions of the country (Aranguiz
& Creemers, 2019a). For instance, to improve the quality of hay in Ethiopia, suggested
encouraging farmers to harvest hay earlier, that is, before complete maturity. Proper drying
and storing off the ground or on a platform, made of wood or stone to avoid spoilage, shade
for protection from sunlight, and legume—grass mixture instead of just natural pasture.

In Ethiopia, 95% of livestock feed is from crop residues (FAO, 2018) like teff, barley,
and wheat. In the mixed crop-livestock system, these crop residues provide about 50% of the
total feed source for ruminant livestock which sometimes reaches 80% during severe dry
seasons of the year (Tolera, A., 2007). The total crop residue annual production has
increased over the years and is estimated to be 62.6 million tons at the national level (CSA,
2019). Its availability as feed for livestock is also largely affected by the seasonality of crop
production which was abundantly available at the beginning of the dry season following the
harvest of crops but severe shortage occurs during the late dry season (February to May) in
the highlands of Ethiopia (ESAP, 2009; Mesay et al., 2013). Crop residues are mainly fed to
livestock during the dry season when the quantity and quality of available fodder from the
natural pasture decline drastically (Tsegaye & Lemma, 2009). The ways of storages, length
and forms of feeding of crop residues vary from place to place in Ethiopia. Tesfaye (2006)
reported almost all the farmers collect and then store all their teff, wheat and barley straws in
the open air (without shelter) to use later in the year. Yadessa, 2015 reported that 17.8% of
respondents were providing crop residues two months after collection in the Meta Robi
district. In contrast, Zewdie (2010) reported about 88% of the respondents provide crop
residue soon after collection in the highland production system. Tesfaye and Charatanayuth
(2007) also reported that more than 96% and 90% of respondents collect and store crop
residue in Gurage and East Shewa Zones, respectively. Preservation of straw is mostly done
for handling, management, and avoiding wastage rather than preserving quality, and
relatively little research and investment has been directed toward these areas (Baltenweck et
al., 2020). Biratu et al., 2021, reported the entire respondents across the districts of Ejere,
Welmera and Degem practice the collection and storage of crop residue.

Silage making is a way to preserve forage to have enough nutritious feed during
scarcity periods like the dry season. Silage making is a process of fermentation of green
material under anaerobic (not exposed to the air) conditions preventing fresh material from
rotting and allowing it to keep its nutrient value. Silage-making is an old agricultural practice
that started more than 3,000 years ago (Wilkinson et al., 2003). Silage making is less
weather-dependent and is better suited to a large-scale, mechanized production system.
Almost any crop fodder can be preserved as silage, but the commonest are grasses,
legumes, and whole cereals, especially maize, wheat, sorghum, oats, millet, and
rice(McDonald et al., 2010). Silage preparation is not common under most conditions of
Ethiopia, it is mostly made under experimental conditions at research centers, Universities or
on large commercial farms and it is rarely produced by small-scale farmers in rural areas due
to lack of awareness, inputs, and technical knowledge. The use of silage in Ethiopia as
ruminant feed is restricted to institutional farms and certain peri-urban dairy farms, which
have a large number of dairy stock and substantial hectares of land for feed production
(Urgesa et al., 2015). As Tolera, (2009) reported, fodder conservation in the form of hay and
silage is not common practice in many parts of Ethiopia except the central highland around
Addis Ababa. Medium and big private and government-run livestock farms also make silage
from a variety of forage sources during the wet season. Locally produced silage can serve as
a useful source of roughage in commercial livestock operations. However, the nutritive value
of the hay and silage could be very variable depending upon the botanical composition or
species of the forage crop, stage of maturity at the time of harvesting as well as harvesting,
drying/ensilage and storage conditions.

Fodder trees are the leaves, pods of trees and shrubs and twigs growing on shrubs,
woody vines and trees available for animal consumption (Alemayehu, 2006). Fodder trees
and shrubs are widely available and play a significant role in arid areas where moisture is
limited (Eshete, 2002). The importance of browses is universal throughout the tropics, where
they serve as leading feed resources, especially in the drier regions and during the dry
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season when natural pastures and green vegetation dry up and deteriorate both in quality
and productivity (Devendra, 1990). Babayemi & Bamikole (2006) opined that fodder and
shrubs are important components of ruminant diet and they have been found to play
important roles in the nutrition of grazing animals in areas where few or no alternatives are
available. Different scholars (Speedy & Pugliese, 1992, Chakeredza et al., 2007, Mekoya et
al., 2008, Haile & Tolemariam, 2008) studied and reviewed the importance of these fodder
trees and shrubs in different areas at different times. In dry land areas, where the available
grazing is not sufficient and ill-distributed rainfall, to meet the maintenance requirement of
animals for part of the year the contribution from trees and shrubs is significant. The fodder
trees/shrubs that contain high levels of crude protein, mineral matter, and digestibility are
acceptable by the livestock, because of their deep root system; they continue to produce well
into the dry season (Speedy & Pugliese, 1992). IVDMD values range between 400 and 800 g
kg-1 (Balehegn et al., 2015), making them good sources of protein for the maintenance of
livestock throughout the dry season. During the prolonged dry and crop fallow season,
farmers traditionally feed indigenous fodder tree species leaves to meet the nutritional
requirements of grazing/browsing livestock. Fodder trees and shrubs are important animal
feeds in Ethiopia, especially in arid, semi-arid and mountain zones, where a large number of
the country’'s livestock are found (Mengistu, 2004). They provide protein, vitamins and
mineral elements, which are lacking in grassland pastures during the dry and/or cold season
and serve as standing feed reserves to be built up so that herds can survive critical periods
of rainfall shortage. In Ethiopia, there are 179 browse species from 51 genera, which is not
exhaustive, of which 51 species from 31 genera are recorded as promising browse species.
Currently, 185 accessions from 41 species and 18 genera are systematically collected and
conserved by ILRI (IBCR/E, 2001). The potential available resources of fodder trees and
shrubs in different areas reported by several authors (Mekoya et al., 2008, Shenkute et al.,
2012, Geleti et al., 2013, Mulugeta & Kindu, 2013 and Geta et al., 2014). The common
browse species identified in Ethiopia are: Acacia ask, Acacia lahai, Acacia oerfeta, Acacia
Senegal, Acacia tortilis, Albizia amera, Balanites aegyptiaca, Boswellia papyrifera, Ficus
glumosa, Ziziphus spina-christi, Acalypha fruticosa, Xanthum spinosa, Ziziphis Mauritania
(Teferi, 2006 and Tolera, 2007). Browse conservation method is common under extensive
and communal/subsistence farming systems where the lack of suitable or available land for
forage production, as well as financial constraints, are key limitations to forage production
and conservation. In drylands of eastern Africa including in Ethiopia, Sudan, and Kenya,
pastoralists collect pods of various Vachellia (previously known as Acacia) species and long-
thorn kiawe [Prosopis juliflora (Sw.) DC.] and store them for use during periods of food
scarcity (Hintsa et al., 2015, Mahgoub et al., 2005, Sawal et al., 2004). In the highlands of
northern Ethiopia, farmers harvest the green leaves of Chinese banyan plants and store
them for use in the dry season (Balehegn et al., 2015).

Common reasons for the low level of adoption of forage conservation among
smallholder producers in Ethiopia include limited awareness of the value of proper forage
conservation, limited knowledge and skills to conserve the forages properly, particularly as
silage (e.g., Njarui et al., 2011, Tesfay et al., 2016). Silage making is a very knowledge-
intensive practice and limited knowledge and skills for making silage is one of the frequently
mentioned reasons for low or no adoption of silage among many smallholder farmers.
Limited access to inputs such as machinery for precision chopping and baling, appropriate
silos, land for forage production, and lack of conducive climatic conditions also the reason
according to the finds of (Muinga et al., 2015). Further reasons for poor adoption of forage
conservation technologies are limited labor availability, financial constraints, and poor access
to markets for the conserved forages (Kabirizi et al., 2004). Other problems include the
general lack of conservable forage that is a result of the lack of breeding programs that focus
on optimal forages for livestock (rather they focus on dual-purpose forages), and the lack of
participation of farmers when improved forage research is conducted, coupled with lack of
proper extension support. Generally, low adoption of forage conservation practices is caused
by a variety of interrelated causes. The main limiting factors are limited knowledge and skills,
followed by a lack of proper machinery and tools for forage conservation, and a lack of
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resources for constructing silos. The main challenge with haymaking is the low quality and
shelf life of hay due to a limited understanding of best practices for haymaking (Feyissa et
al., 2013). The quality of hay is poor due to limited knowledge and skills in optimizing hay
production, storage, and quality. The way hay is prepared, stored, and utilized causes loss in
the form of spoilage, waste, and leaching of nutrients. The quality of hay is also usually
below optimum with natural pasture hay having average CP values of 6.6% and neutral
detergent fiber of 73.8% (Suttie, 2000). As a result, technical knowledge, and skills to identify
the right stage of harvest and optimal storage conditions are recommended (Suttie, 2000). A
limited supply of conservable forage is also a reason for the low adoption of hay and silage-
making in Ethiopia.

CONCLUSION

To avoid the loss of nutrients from green fodder at a time of abundant availability
fodder conservation can be useful. There are different methods of forage conservation in
Ethiopia. Haymaking is practiced all over Ethiopia, but the quality is often low, as is the case
for crop residues. Silage making by smallholder farmers in Ethiopia is very low, due to
resource, knowledge, labor, and skill limitations as well as gender constraints, systemic
issues, and lack of sufficient land or conservable forage. To address feed shortages during
the dry season major investments to increase awareness about the need, benefits, and best
strategies of growing and conserving forages are needed across the country. Forage-
breeding programs that currently focus on dual-purpose legumes and cereals for food and
feed consumption should also focus on developing high-yield and quality forages for which
the whole plant will be fed to optimize livestock productivity by progressive farmers.
Emerging appropriate and affordable technologies are beginning to address this problem,
including locally developed equipment such as choppers, balers, and compressors for
making densified feed blocks, various silo options, silage additives, etc. It is important to note
that the adoption of feed technologies requires a different approach from the classic
agricultural transfer approaches. Most adoption of feed technologies is driven by financial
incentives; therefore, feed conservation practices are probably going to be more successful
in areas where there is an enabling environment, particularly a good market for feeds,
animals, and livestock products.

REFERENCES

1. Ajayi, F.T., 2011. Effects of feeding ensiled mixtures of elephant grass (Pennisetum
purpureum) with three grain legume plants on digestibility and nitrogen balance of West
African Dwarf goats. Livestock Science, 142(1-3), pp.80-84.

2. Alemayehu Mengistu, 2006. Forage resource profile of Ethiopia. FAO forage resource
profile. FAO, Rome, ltaly. http://www.fao.org/ag/agp/AGPC/doc/counprof/

3. Alemayehu Mengistu, A.M., Gezahagn Kebede, G.K. and Fekede Feyissa, F.F., 2018.
Status of Ethiopian rangelands: with special reference to southern rangelands.

4. Alemayehu Mengistu, A.M., Gezahagn Kebede, G.K., Fekede Feyissa, F.F. and Getnet
Assefa, G.A., 2017. Overview of improved forage and forage seed production in Ethiopia:
lessons from fourth livestock development project.

5. Alemayehu, M. Rangeland: Biodiversity Concepts, Approaches and the way forward.
Addis Ababa University, Faculty of Science, Addis Ababa, Ethiopia. 2002: 80.

6. Altaye, S.Z., Kassa, B., Agza, B., Alemu, F. and Muleta, G., 2014. Smallholder cattle
production systems in Metekel zone, northwest Ethiopia. Research Journal of Agriculture
and Environmental Management, 3(2), pp.151-157.

7. Anderson FM, 1987. Farmer circumstances in Ethiopia and the improvement of animal
feed resources. In: Kategile A, Said, A. N. and Dzowela, H. D. (editors). Animal Feed
Resources for Small-scale Livestock Products. Proceedings of the 2nd Pastures Network
for Eastern and Southern Africa Workshop, 11-15 November 1985, Nairobi, Kenya, pp:
209-219.

86

%Q



10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21

22.
23.

24.

25.

26.

RJOAS: Russian Journal of Agricultural and Socio-Economic Sciences
ISSN 2226-1184 (Online) | Issue 10(166), October 2025

Aranguiz, A.A. and Creemers, J., (2019a). Quick scan of Ethiopia’s forage sub-sector.
Wageningen, Gelderland, HB, Netherlands.

Aranguiz, A.A. and Creemers, J.J.H.M., (2019b). White paper pathways to intensify
sustainable forage production in Ethiopia. Food and Agriculture Organization of Te United
Nations, Rome, Italy.

Babayemi, J. and Bamikole, M., 2006. Supplementary value of Tephrosia bracteolata,
Tephrosia candida, Leucaena leucocephala and Gliricidia sepium hay for West African
dwarf goats kept on range. Journal of Central European Agriculture, 7(2), pp.323-328.
Balehegn, M., Eik, L.O. and Tesfay, Y., 2015. Silvopastoral system based on Ficus
thonningii: an adaptation to climate change in northern Ethiopia. African Journal of Range
& Forage Science, 32(3), pp.183-191.

Baltenweck, |., Cherney, D., Duncan, A., Eldermire, E., Lwoga, E.T., Labarta, R., Rao,
E.J.O., Staal, S. and Teufel, N., 2020. A scoping review of feed interventions and
livelihoods of small-scale livestock keepers. Nature plants, 6(10), pp.1242-1249.
Banerjee, G.C., 1998. A Textbook of Animal Husbandry. Eight edition.

Berhanu G, Adane H, Kahsay B (2009). Feed marketing in Ethiopia: Results of rapid
market appraisal. Improving Productivity and Market Success (IPMS) of Ethiopian
farmers project Working Paper 15. ILRI, Nairobi, Kenya. 64 pp.

Biratu, K., Urge, M., Kitaw, G., Feyissa, F. and Adesogan, A., 2021. Conservation,
processing and utilization practices of cereal straw as basal feed for dairy cattle in the
Central Highlands of Ethiopia. East African Journal of Veterinary and Animal Sciences,
5(1), pp.1-14.

Chakeredza, S., Hove, L., Akinnifesi, F.K., Franzel, S., Ajayi, O.C. and Sileshi, G., 2007,
November. Managing fodder trees as a solution to human-livestock food conflicts and
their contribution to income generation for smallholder farmers in southern Africa. In
Natural Resources Forum (Vol. 31, No. 4, pp. 286-296). Oxford: Blackwell Publishing Ltd.
CSA (Central Statistical Agency) (2019). Agricultural Sample Survey Report on area and
production of major crops. Statistical Bulletin, Addis Ababa, Ethiopia.

Devendra, C., 1990. Use of shrubs and tree fodders by ruminants. In Shrubs and tree
fodders for farm animals: proceedings of a workshop in Denpasar, Indonesia, 24-29 July
1989. IDRC, Ottawa, ON, CA.

Duguma, B., Tegegne, A. and Hegde, B., 2012. Smallholder livestock production system
in Dandi district, Oromia Regional State, central Ethiopia. Read and write, 20, pp.25-6.
ESAP (Ethiopian Society of Animal Production) (2009). Climate change, livestock and
people: Challenges, opportunities, and the way forward. In: Zelalem Yilma and Aynalem
Haile (Eds), Proceedings of the 17th Annual conference of the Ethiopian Society of
Animal Production (ESAP), held in Addis Ababa, Ethiopia, 2009, Addis Ababa, p: 300.

. Eshete, G., 2002. An assessment of feed resources, their management and impact on

livestock productivity in the Ginchi watershed area (Doctoral dissertation, MSc. Thesis.
Alemaya University of Agriculture, Alemaya).

FAO. Ethiopia, F.A.O., 2018. Report on feed inventory and feed balance. FAO.

Feyissa, F., Kebede, G. and Ababa, A., 2018. Feed availability, conservation practices
and utilization in selected milk-shed areas in the central highlands of Ethiopia. Ethiopian
Institute of Agricultural Research, 18, pp.1-19.

Feyissa, F., Prasad, S., Assefa, G., Kitaw, G. and Bediye, S., 2013. The status of
production, conservation and utilization of natural pasture hay for feeding dairy cattle in
the greater Addis milkshed, central highlands of Ethiopia. Journal of Agricultural
Research and Development, 3(6), pp.82-93.

Food and Agriculture Organization (FAO). (2013). Uganda pastoralists make hay to beat
feed shortages during drought. FAO. https://www.fao.org/emergencies/fao-in-
action/stories/stories-detail/en/c/194869/

Funte, S., Negesse T., Legesse G., 2010. Feed Resources and their Management
Systems In Ethiopian Highlands: The Case Of Umbulo Wacho Watershed In Southern
Ethiopia. Tropical And Subtropical Agro-ecosystems, 12(1):

87

%Q



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

RJOAS: Russian Journal of Agricultural and Socio-Economic Sciences
ISSN 2226-1184 (Online) | Issue 10(166), October 2025

Geleti, D., Hailemariam, M., Mengistu, A. and Tolera, A., 2013. Herbage yield and quality
y of selected accessions of Centrosema species grown under sub-humid climatic
conditions of Western Oromia, Ethiopia. Global Veterinaria, 11(6), pp.735-741.

Geta, T., Nigatu, L. and Animut, G., 2014. Evaluation of potential yield and chemical
composition of selected indigenous multi-purpose fodder trees in three districts of
Wolayta Zone, Southern Ethiopia. World Applied Sciences Journal, 31(3), pp.399-405.
Gizachew, A., 2012. Comparative feedlot performance of Washera and Horro sheep fed
different roughage to concentrate ratio (MSc. Thesis, Haramaya University).

Haile, A. and Tolemariam, T., 2008. The feed values of indigenous multipurpose trees for
sheep in Ethiopia: The case of Vernonia amygdalina, Buddleja polystachya and Maesa
lanceolata. Livestock Research for Rural Development, 20(3), pp.1-7.

Hassen, A., Ebro, A., Kurtu, M. and Treydte, A.C., 2010. Livestock feed resources
utilization and management as influenced by altitude in the Central Highlands of Ethiopia.
Livestock research for rural development, 22(229).

Institute of Biodiversity Conservation and Research (IBCR/E). 2001. Stock Taking for
Biodiversity Conservation Natural Strategy and Action Plan Project, Working Paper,
Addis Ababa, Ethiopia.

Kebede, G., Mengistu, A. and Animut, G., 2020. Performances of Arsi-Bale lambs fed
diets based on sugarcane tops silage and hay as a partial substitute for natural pasture
hay. Ethiopian Journal of Agricultural Sciences, 30(3), pp.177-190.

Kitaba, A. and Tamir, B., 2007. Effect of harvesting stage and nutrient levels on nutritive
values of natural pasture in central highlands of Ethiopia. Agricultura Tropica et
Subtropica, 40(1), pp.7-12.

Lukuyu, B., Franzel, S., Ongadi, P.M. and Duncan, A.J., 2011. Livestock feed resources:
Current production and management practices in central and northern rift valley
provinces of Kenya. Livestock Research for Rural Development, 23(5), p.112.

McDonald, P., Edwards, R.A. and Greenhalg, J. F. D. 1987. Animal Nutrition Fourth
Edition (ELBS) pp. 404 — 405.

37.McDonald, P., Edwards, R.A., Greenhalgh, J.F.D. Morgan, C.A., Sinclair, L.A. and
Wilkinson, R.G.2010.Animal Nutrition,7thedition.Pearson Prentice Hall, London, England.
Mekoya, A., Oosting, S.J., Fernandez-Rivera, S. and Van der Zijpp, A.J., 2008.
Multipurpose fodder trees in the Ethiopian highlands: Farmers’ preference and
relationship of indigenous knowledge of feed value with laboratory indicators. Agricultural
Systems, 96(1-3), pp.184-194.

Mekuria, W., Veldkamp, E., Tilahun, M. and Olschewski, R., 2011. Economic valuation of
land restoration: The case of exclosures established on communal grazing lands in
Tigray, Ethiopia. Land Degradation & Development, 22(3), pp.334-344.

Mengistu, A., 2004. Pasture and forage resource profiles of Ethiopia.

Mesay Yami, M.Y., Bedada Begna, B.B. and Teklemedihin Teklewold, T.T., 2013.
Enhancing the productivity of livestock production in highland of Ethiopia: implication for
improved on-farm feeding strategies and utilization. International Journal of Livestock
Production, 4 (8):113-127.

Mohammed, B., Gabel, M. and Karlsson, L.M., 2013. Nutritive values of the drought
tolerant food and fodder crop enset. African Journal of Agricultural Research, 8(20),
pp.2326-2333.

Mulugeta Sisay and Kindu Mekonen, 2013. Tree and Shrub Species Integration in the
Crop Livestock Farming System. African Crop Science Journal, Vol. 21(3), pp. 647 — 656.
Mwilawa, A.J., Komwihangilo, D.M. and Kusekwa, M.L., 2008. Conservation of forage
resources for increasing livestock production in traditional forage reserves in Tanzania.
African Journal of Ecology, 46, pp.85-89.

Njarui, D. M. G., Gatheru, M., Wambua, J. M., Nguluu, S. N., Mwangi, D. M., & Keya, G.
A. (2011). Feeding management for dairy cattle in smallholder farming systems of semi-
arid tropical Kenya. Livestock Research for Rural Development, 23(5), 111

Ogato, A., 2006. Indigenous common grazing land management in Chencha Wereda,
South Ethiopia (MSc. Thesis, Addis Ababa University).

88

%Q



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

RJOAS: Russian Journal of Agricultural and Socio-Economic Sciences
ISSN 2226-1184 (Online) | Issue 10(166), October 2025

Rotz, C.A., 1995. Field curing of forages. Post-harvest physiology and preservation of
forages, 22, pp.39-66.

Shenkute, B., Hassen, A., Assafa, T., Amen, N. and Ebro, A., 2012. Identification and
nutritive value of potential fodder trees and shrubs in the mid Rift Valley of Ethiopia.
Speedy, A. and Pugliese, P.L., 1992. Legume trees and other fodder trees as protein
sources for livestock. Proceedings (No. 102).

Suttie, J.M., 2000. Hay and straw conservation: for small-scale farming and pastoral
conditions (No. 29). Food & Agriculture Organization.

Teferi Aregawi, 2006. ldentification and Nutritional Characterization of Major Browse
species in Abergelle Woreda of Tigray. MSc Thesis Presented to the School of Graduate
Studies of Haramaya University.75p.

Teferra Gebre., Meskel and Abaye Tedla. 1995. Development opportunities in animal
agriculture. pp. 91 — 110. Proceedings of the second annual conference of the Ethiopian
Society of Animal Production (ESAP). Addis Ababa, Ethiopia, 26 — 27 May 1993, ESAP
(Ethiopian Society of Animal Production).

Tesfay, Y. (2008). Production, nutritional value, and use of forages available in
exclosures constructed in Tigray Region of Northern Ethiopia. Norwegian University of
Life Sciences.

Tesfay, Y., Gebrelibanos, A., Woldemariam, D. and Tilahun, H., 2016. Feed resources
availability, utilization and marketing in central and eastern Tigray, northern Ethiopia.
International Livestock Research Institute

Tesfaye Alemu, 2006. Studies on the Utilization of Crop Residues And The Potential of
Urea Treated Maize Stover For Cattle Performances In East Shoa Zone, Ethiopia. PhD.
Thesis presented to Kasetsart University.

Tesfaye, A. and Chairatanayuth, P., 2007. Management and feeding systems of crop
residues: the experience of East Shoa Zone, Ethiopia. Livestock Research for Rural
Development, 19(3), pp.6-12.

Tolera, A., 2007. Feed resources for producing export quality meat and livestock in
Ethiopia examples from selected Woredas in Oromia and SNNP Regional States.

Tolera, A., 2009. Livestock feed supply situation in Ethiopia. In Proceedings of the 16th
annual conference of the Ethiopian Society of Animal Production (pp. 8-10).

Tripathi, H.P., Singh A.P., Upadhyay, V.S., Kessels H.P.P., Harika, A.S., Sahab, S. and
Ibrahim, M.N.M.2000. Forage Conservation, Storage and Feeding.In: Kiran Singh and
J.B. Schiere (eds.), Handbook for StrawFeeding Systems.ICAR, New Delhi, India.
Tsegaye, D. and Lemma, T., 2009. Livestock production systems in Darolabu, Habro and
Boke districts of western Harerghe. In Proceedings of the 16th annual conference of the
Ethiopian Society of Animal Production (ESAP), Ethiopia, 8—10 October 2008.

Tufail, M. S., Mbuku, S., Mutimura, M., Guo, X., & Piltz, J. (2020). Utilization of conserved
forage to improve livestock production on smallholder farms in Asia and Africa. In K. M.
Broad foot (Ed.), Proceedings of the 22nd International Grassland Congress, Sydney.
Urgesa, Y., Animut, G. and Yusuf, M., 2015. Supplementation of different level of corn
silage with linseed meal on performance of black head Ogaden sheep fed grass hay.
Science, Technology and Arts Research Journal, 4(3), pp.101-110.

Wilkinson, J.M., Bolsen, K.K., Lin, C.J., Buxton, D.R., Muck, R.E. and Harrison, J.H.,
2003. Silage science and technology. Agronomy Monograph, 42, pp.1-30.

Yadessa, E., 2015. Assessment of feed resources and determination of mineral status of
livestock feed in Meta Robi District, West Shewa Zone, Oromia Regional State, Ethiopia.
Yayneshet, T., Eik, L. O., & Moe, S. R. (2009a). Seasonal variations in the chemical
composition and dry matter degradability of exclosure forages in the semi-arid region of
northern Ethiopia. Animal Feed Science and Technology, 148 (1), 12-33.

Zewdie, W., 2010. Livestock production systems concerning feed availability in the
Highlands and Central Rift Valley of Ethiopia. An M.Sc. thesis submitted to the School of
Animal and Range Sciences, School of Graduate Studies Haramaya University.160p.

89

%Q



