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				ABSTRACT: Improving the feed supply and digestibility of roughage through green feed supplementation was the aim of forage production in Ethiopia. In spite of the time-consumed efforts made, the success is still low. This review summarizes efforts, challenges, good practices and indicates where the focus of future efforts should be. The efforts made in improve forage production (IFP) includes selection of forage species and development strategies, preparation of extension manual, training of stakeholders, formulation of forage seed production system, and introduction of hydroponic fodder. As a result farmers increased milk production and reduce feed cost by 20% and 40 %, respectively, and fatten ruminants in 2 to 3 cycles per year as a result of improved forage use. However, there is no management model for communal grazing land. IFP constrained by long dry period, scarcity of land, irrigation and the subsistence system of livestock production and the free grazing practice. Consequently, the communal grazing lands are devastatingly overstocked and degraded, livestock become dependent on crop residues, IFP practice remains low and livestock feed deficit is common. Therefore, it is recommended that future efforts should focus on designing communal grazing land tenure model and development package. Green forge production (GFP) should concentrate on livestock excluded areas and tree legumes to produce green feed in the dry period. GFP best practices should be expanded to the areas similar to that the practices found effective. Reduce feed deficit by improving crop production to increase the crop residue and the grain yield. The subsistence system of production should be transformed into market-oriented by introducing a technology package that reduces young stock mortality, increases fertility, calf/ lamb crop and livestock offtake rate. Technical simplicity and cost-effectiveness, of the hydroponic fodder system, should be assessed before implemented in a wider setting.     
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	INTRODUCTION

	 

	Improved forage production started in Ethiopia in 1950s (Fikre, 2018). In spite of its long history and existence of some exemplary practices, the contribution of improved forage to the total feed resource is still low (0.32 %; CSA, 2018). The communal grazing lands are ownerless and devastatingly overstocked and degraded due to the absence of a clear model that indicates the right and obligation of users. Livestock become increasingly dependent on crop residues (Stark et al., 2018; Atsbha et al., 2020). Feed supply deficit is common in the mixed crop-livestock production system of Ethiopia.

	The objective of improved forage production in Ethiopia was to increase feed supply and improve the intake and digestibility of the poor quality hay and the crop residues through green feed supplementation. The net digestibility of dry forages can be increased when fed together with 25% of fresh green material (Horrocks and Vallentine, 1994).  The total digestibility of dry matter increased when 10 to 30% of the concentrated portion of the ration replaced by green feed in the form of hydroponic fodder (AL-Saadi et al., 2015). 

	Young, dark green forage tends to contain more minerals than old, dry, yellowing forage (Lukuyu et al., 2007). They also contain vitamins or raw material for vitamin synthesis in the rumen. Green fodders are good sources of -tocopherol (the most biologically active form of vitamin E), young grass being a better source than mature herbage. The leaves contain 20–30 times as much vitamin E as the stems (McDonald et al., 2007). Losses during haymaking can be as high as 90 percent, but losses during ensilage or artificial drying are low (McDonald et al., 2007). Silage and hay contain 20 to 80 percent less -tocopherol than does fresh forage (NRC, 2001). 

	Vitamin E involves in the maintenance of cellular membranes, immunity, and reproductive function. White muscle disease is a classic sign of a clinical deficiency of vitamin E (NRC, 2001). Vitamin E deficiency also found to have a relationship with mastitis, and immune function (NRC, 2001). Green herbage is also an exceptionally rich source of β-carotene, a precursor of vitamin A, and the dry matter of the young green crop may contain as much as 550 mg/kg (McDonald et al., 2007). Vitamin A is necessary for low light vision, normal growth and development (including fetal growth), spermatogenesis, and for maintenance of skeletal tissue and epithelial tissue (NRC, 2001). Abortions, increased prevalence of retained fetal membranes, and increased calf morbidity and mortality are indicators of vitamin A deficiency in gestating cows (NRC, 2001).

	Green feeds also provide vitamin K to animals (McDonald et al., 2007). Cattle require vitamin K for the synthesis of at least a dozen proteins; among these are four blood clotting factors; prothrombin (factor II), and factors VII, IX, and X (NRC, 2001). These vitamin K dependent protein factors are components of a complex system that functions to prevent hemorrhage by activation of thrombin and ultimately clot formation (NRC, 2001).  Green feed reduces Methane emission to the environment (Prusty et al. 2014; Mohini et al., 2007). The enteric methane emission was reduced by 5-12% on feeding green fodder based ration to river buffaloes (Prusty et al. 2014). Mohini et al. (2007), reported lower CH4 emission (218.15 vs. 233.50 and 252.82 g/d) in lactating cows fed only fresh green fodder and concentrate mixture as compared to dry roughage fed cows. The inhibition of hydrogen-producing bacteria that are accounted for the metabolization of pyruvate to acetyl CoA might also be responsible for the reduction of methane emission on feeding green fodder (Hossain et al., 2017). Nathani et al., (2015) also reported that increasing green fodder proportion in the diet might have also reduced the active genes for the production of methane by reducing the methanogenic archaea population in the rumen. Dairy animals producing up to 5-7 liters of milk per day can be maintained exclusively by feeding green fodders (Hossain et al., 2017). 

	To increase green feed supplementation practices, immense efforts have been made in selecting and introduction of different forage species in different agro-ecological zones of Ethiopia (Alemayehu, 2006). However, apart from some exemplary achievements observed, the practical use of improved forage crops for animals is still low in many areas (Mekoya, 2008). The objective of this review is to summarize the efforts, challenges, and available good practices in green feed or forage production and indicate where the future efforts should focus.

	 

	DISCUSSION

	 

	Efforts of green forage production in Ethiopia 

	Forage development for livestock has a long history in Ethiopia going back to the 1950s at Jimma and moving on through activities at Haramaya University (Fikre, 2018). The forage and pasture seed production began in 1970 in Ethiopia by Arsi Rural Development Unit (ARDU/ CADU) (Alemu, 2011; Mengistu and Assefa, 2012). Oats, vetch, Rhodes grass, Phalaris, Panicum, Buffelgrass, Elephant grass, Green leaf desmodium and Fodder beet were produced in  Kulumsa, Dera, Bekoji, Assela and other livestock farms (Fikre, 2018). 

	The contractual system of forage seed production was initiated by the Fourth Livestock Development Project (FLDP) in 1987/88 on the objective of producing better quality seed at lower prices and greater quantities in centrally controlled seed production systems using individual farmers and farmers cooperatives (Fikre, 2018). The program placed emphasis on the production of forage legume seed, with a capacity of 100-120 tons of forage seed per year during its period of operation (Grass and Turner, 1997, Alemayehu et al., 1994). The contractual forage seed development system functioned well during the project lifespan, but after the project phased out, seed production-related activities failed to operate as successfully as they did during FLDP (Fikre, 2018). The forage seed production intervention was continued by Smallholder Dairy Development Program (SDDP) from 1987-1991 in Heifer distribution together with forage/seed (Yimer and Kidane, 2015). 

	Various improved forage production strategies were developed and implemented. The strategies evolved from experiences of other countries and an understanding of the importance of matching forage systems to different agro-ecological zones of Ethiopia (Alemayehu et al., 2017). Almost all the strategies emphasize the cut and carry system of feeding, on the objective of providing succulent green forage thereby maintaining the health of soil conservation structures on which the forage planted. 

	The strategies have presented in the forage extension manual of FLDP. In addition to the strategies, the manual contains the basic guidelines for forage development and management at the farm level. The manual is written for Development Agents in the ministry of agriculture but is useful for all extension workers (FLDP, 1989). The commercial green feed has been produced by YB Plant Micropropagation PLC owned by Behaylu Abraha in the low-cost hydroponic fodder production system in 2014 in Ethiopia.  The number of dairy farm owners relying on Behaylu for hydroponically produced barley fodder has grown steadily, reaching 400 milking cows (LIVES, 2014). Hydroponics fodder is a succulent fodder without soil but in water or nutrient-rich solution in a greenhouse (hi-tech or low-cost devices) for a short duration, 7 to 10 days (Naik et al., 2015). 

	Since a couple of decades ago, hydroponic fodder production technology has been advocated as a solution for conventional green fodder production challenges and as a climate change adaptation strategy (Muthuramalingam et al., 2015) in many countries. On the contrary, other groups of authors argue that the profitable use of sprouting grain as a feed source for commercial cattle production appears unlikely (Sneath and McIntosh, 2003) or totally have no advantage (Fazaeli et al., 2012). The major reason for tending to discourage hydroponic fodder production by these groups includes reduction in dry matter (DM) weight and greater cost as a result of sprouting. Nevertheless, some other authors noted that it is the ultimate animal performance relative to the alternative costs that determine the profitability and usefulness of hydroponic fodder (Tranel, 2013), which indicates that the usefulness of hydroponic fodder depends on local condition. Although such dialogue exists among professionals, hydroponic fodder production technology was introduced to some parts of Ethiopia without any preliminary study. 

	 

	 

	Successes of forage production in Ethiopia 

	In the area, where market for forage or animal products available improved forage production practice is suitable. A study made by Mesfin et al. (2013a,b) in such area namely Girar Jarso, Tiyo, chiro district farmer allocate 400 m2  to one hectare per household for forage production. Farmers reported that the improved forage used in feeding dairy and fattening animals increased their income, reduced their feed cost due to the decrease in concentrate cost and ensured the year-round feed availability. Good animal management practice reduced the disease problem during animal breeding. According to the interviewed farmer, milk production may increase by about 20 % while feed cost reduced by about 40 % (Mesfin et al., 2013a). In the irrigated sites, farmers have been able to harvest elephant grass forage year-round, usually at monthly or bi-monthly intervals. Due to the year-round fodder availability, farmers are able to fatten cattle and/or small ruminants 2 to 3 cycles per year and milk yield of local cows increased from 1 to 3 liters/cow/day (Mesfin et al., 2013b). Moreover, elephant grass planted along the edges of irrigation canals have also improved the feed availability particularly during the dry period and help in stabilizing the irrigation canal thereby reducing water loss through evaporation (Mesfin et al., 2013b). Additional income obtained from the sale of planting materials of elephant grass was another benefit, even though such benefit is rarely obtained but its future potential market looks promising (Mesfin et al., 2013b).   

	 

	Challenges of forage production in Ethiopia 

	Even if exemplary improved forage production practices found in some pocket areas of Ethiopia, the contribution of improved forgeries to the total feed resources is still very small. According to CSA (2018) improved forage production covers only 0.32% of the total feed resources of livestock in rural peasant farmers of Ethiopia. The failures of green feed production in many places are due to scarcity of land and water for irrigation. In the highland of Ethiopia, where mixed crop-livestock production system exists, farmers give priority in allocating land more often to crops than forage production. There is no market-oriented livestock production in most of the mixed crop-livestock production systems. Cattle are primarily kept to supply draft power needed for crop production (FAO, 2018). Small ruminants are maintained as a means of savings and meat for household consumption (Gizaw et al., 2010). Inadequate feed supply is one of the major constraints hampering market-oriented livestock development in Ethiopia (Firew and Getnet, 2010).

	In Ethiopia, most farmers practice free grazing except in areas, such as Harerghe, where grazing lands are limited in size and where the farming system favors the growth of perennial cash crops (Gebregziabher and Gebrehiwot, 2011). Damage of improved forages planted by some farmers with the animals of the others due to the open grazing system practice is one of the reasons for the low adoption of forage development in many areas of Ethiopia. Efforts made to introduce zero (controlled) grazing in 2006. The strategy was to adopt what Hararghe farmers have been practicing for years. However, this has been faced by resistance by farmers which has resulted in a low adoption rate. Farmers relate zero-grazing with grazing land confiscation (Gebregziabher and Gebrehiwot, 2011). 

	The increasing expansion of land cultivation for crop production (Amsalu et al., 2007; Bogale et al., 2008) and construction of public institutions at the expense of grazing land has resulted in shrinkage of the area.  Grazing lands are devastatingly overstocked and that the herbage biomass productivity is declining both in quantity and quality (Hassen et al., 2010; Tschopp et al., 2010; Alemayehu, 2013).  In general, crop residues are increasingly becoming the main sources of livestock feed resources in the mixed crop-livestock production systems (Bogale et al., 2008; Duncan et al., 2016). 

	Overall, about 51, 19 and 38% annual feed deficit in DM, ME and DCP, respectively were reported in the central high land of Ethiopia (Mekete et al., 2018). Feed supply deficits in mixed crop-livestock production system have also reported by Kassa et al. (2003) and Wondatir et al. (2011), in Gummara-Rib watershed of the Lake Tana in Amhara region, and Harerge highland, respectively. In most parts of Ethiopia, the livestock management practice is a low-input, low-output traditional extensive system. During the FLDP life, the price of forage seed was not governed by the free market. The project purchase with higher price from seed producer farmers and supply to the forage producers free of charge or with a highly subsidized price. When the project phase-out efforts of promoting forage seed production and dissemination did not sustain as the agricultural offices did not have sufficient grant money to purchase and supply seed. Forage seed production also ceased because farmers chose to use their land to produce other types of seed and crops that had a more significant impact on their livelihoods (Tekalign, 2014). This faded the glimmered hop of green feed production in conventional feed production in Ethiopia. 

	 

	CONCLUSION AND RECOMMENDATION 

	 

	It is concluded that the absence of a clear model for use right and development obligation makes the communal grazing land ownerless and devastatingly overstocked and degraded. Even there are some exemplary practices, the long dry period, absence of irrigation and land scarcity coupled with low input low output subsistence system of livestock production put the improved forage production difficult in rural Ethiopia. Therefore it is recommended that future efforts should focus on selecting, testing and implementing a communal tenure model that is suitable to communal grazing lands in Ethiopia and improve the productivity of grazing lands by over-sowing, differed grazing and controlling stocking rate as per the caring capacity of the grazing lands. Improved green feed/forage production should concentrate on livestock excluded areas. Emphasis should be given to tree legumes to produce green feed in the dry period to be used by a cut and carry system.  

	Green feed production best practices should be expanded to the areas similar to that the practices found effective. Organize farmers' visit and open discussion among farmers. Reduce feed deficit by increasing livestock off-take during a time of scarcity and multidimensional crop improvement to increase the quantity and feeding value of crop residue without negatively affecting the grain yield. Finally, gradually transform the low-input low output livestock production to the market-oriented system by formulating and introducing a multidisciplinary livestock technology package that reduces young stock mortality, increases fertility that increases the calf/ lamb or kin crop to be sold and finished in urban and peri-urban areas where better agro-industrial byproducts available. The compatibility of hydroponic fodder to the local conditions including its technical simplicity, cost-effectiveness, and performance of locally available seeds in the hydroponic system should be assessed before expanding the technology throughout the country.     
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