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[bookmark: _Toc137457503] Abstract

Livestock productivity in agro-pastoral systems is often constrained by feed shortages. Improved forage development is a key strategy to mitigate this challenge. This study aimed to evaluate and demonstrate the performance of improved forage crops in agro-pastoralist areas under rainfed conditions. The study was conducted in the Degahmadow district, Jarar zone, Somali Regional State, Ethiopia. A participatory approach was employed, involving 25 community members, including women, under the PAPREG/PRG initiative. Land preparation, sowing, and forage management were carried out following agronomic recommendations, with active participation from the group members.
Participatory variety evaluation and field demonstrations were conducted to assess agro-pastoralists' perceptions of forage crop productivity and to facilitate adoption. Among the tested forage grasses, Sudan grass exhibited superior plant height and the highest fresh and dry matter yields. Panicum maximum matured earlier and had a high biomass yield, while Rhodes grass demonstrated better stress tolerance but lower dry matter yield. Agro-pastoralists ranked Sudan grass highest based on biomass yield, early maturity, ease of establishment, multiple harvest potential, and adaptability to environmental stresses, followed by Panicum maximum. The findings indicate that agro-pastoralists' selection criteria align closely with scientific assessments, highlighting the potential for integrating improved forage varieties into local livestock systems.
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Introduction 
	
Somali Region is one of Ethiopia’s largest regions with the biggest portion (more than 85%) of its population dependent on livestock for their livelihood (Tesfaye and Hailu, 1997; Ahmed 2003). Being an integral part of the agricultural production system, livestock husbandry practiced in the region can categorically be divided into migratory pastoralists and sedentary systems. In pastoral areas of the Somali regional state environmental degradation, water scarcity, increasing human and livestock population, and expansion of crop cultivation have contributed to a reduction in the quantity and quality of productive rangeland (IPS, 2002). Moreover, there is a marked seasonality in the quantity and quality of forage available. In the wet season, the community used to have enough fodder available to feed their livestock but, in the dry season, the challenge is hillier. The insufficient amount of forage is characterized by low protein and high fiber content causing a drop in weight and milk production. These factors combined with poor animal and human health, place enormous stress on the traditional pastoral and land management practices. As a result, the productivity and economic contribution of the huge livestock population do not definitely match their number. 

As a part of its effort to address feed shortage, Somali Region Pastoral and Agro-pastoral Research Institute introduced and tested the adaptability of numerous promising forage species so far and identified adaptive improved forage (grasses and legumes) for both the rain fed and irrigated agro-ecologies of the region. Even though, several varieties of forage varieties have been obtained but, not utilized by pastoral and agro-pastoral community of Somalia region. Therefore, demonstration and popularization of those keen varieties in areas where these forage varietiescommodities were not addressed and utilized. 
[bookmark: _Toc137457509]
Objective

· To promote improved forage varieties among the PAPRG in the selected areas.
· To demonstrate and popularize local communities in the production, management and utilization of improved forages.
· To identify high yielding improved forage varieties at Pastoral/Agro-pastoral farms
· To know the perception of pastorals on improve forage availability demonstration

Expected output

· Advanced The the understanding of PAPREG members on improved forage production. was advanced 
· Identified High high yielder and adaptable forage species. was identified 
· Achieved Feed feed resources management and utilization will be enhanced. and achieved
· [bookmark: _Toc137457510]Documented The the knowledge of pastorals on improved forage production. .was documented

Methodology	
[bookmark: _Toc137457511]
Description of study area

The study was conducted in the Degahmadow district of the Jarar Zone, Somali Regional State, Ethiopia. The district is located east of the Dagahbur district within the Jarar Zone and is bordered by the Erar Zone to the south and northeast, and by the Goljano district in the Fafan Zone to the west. The district's temperature ranges from a minimum of 20 °C to a maximum of 28 °C, with an annual rainfall of 200–600 mm. The topography varies between 200 and 1,600 meters above sea level. According to the 2007 Central Statistical Agency (CSA) census, the total population of the district was 58,487, comprising 34,199 men and 24,288 women. Of this population, 1,265 individuals (2.16%) were urban inhabitants, while 46,213 (79.01%) were pastoralists.

Establishment of PAPREG Members

The selection process was carried out by a team of researchers in collaboration with the District Livestock and Pastoral Development Office. Intervention kebeles were identified, and from these selected kebeles, a PAPREG group of 25 members, including women, was established.

Experimental design

The project was implemented in Dhagahmadow district, specifically in Ondhere kebele, to evaluate three forage varieties through participatory on-farm variety trials. Land preparation and sowing were carried out by PAPREG members. The spacing for each forage variety was 40 cm between rows, while the spacing between plants was 1 m for elephant grass; no spacing was required for the other forage crops. The seeding rate and propagation method for each experimental crop were as follows: 8 kg/ha for Rhodes grass, 50 kg/ha for Sudan grass, and 6 kg/ha for Panicum maximum. Standard agronomic practices, including weeding, pest management, and other routine activities, were followed throughout the experimental period.
Each forage species was tested on individual PAPREG farmer plots, with each farmer assigned a single plot containing five forage grass species. The varieties on each of the 25 farmers' fields were randomly assigned. The forage varieties were grown on a net plot size of 10 m × 10 m, incorporating all grass species. The trials were conducted at different sites within Ondhere kebele, Dhagahmadow district, with all varieties planted on the same day.

Data collection

The collected data included planting date, days to emergence, days to flowering, days to harvest, plant height, total fresh biomass yield, and dry matter percentage. Additionally, non-parametric data on pastoralists' preferences for the forage species were gathered during participatory evaluations and field days through focus group discussions. Why not do chemical composition??

[bookmark: _Toc137457512]Data Analysis

The data were analyzed using a one-way analysis of variance (ANOVA) following standard statistical procedures. When the ANOVA indicated significant differences, mean separation was conducted using the least significant difference (LSD) test. Agro-pastoralists' perception data on the performance of improved forage varieties were collected and analyzed using a pairwise matrix ranking method. This method was used to assess agro-pastoralists preferences, and a narrative research report was subsequently prepared.	Comment by Home: Why two-way?
You study one factor of type of forages aa shown in table 1

Expected Role of Each Actor

· Researchers provided training, forage seeds, technical information, and monitoring throughout the fieldwork. They were also responsible for data collection, analyzing results, and writing the research report.
· Extension workers were involved in selecting pastoralists, organizing PAPREG members, monitoring field activities, and connecting other agro-pastoralists with PAPREG members and researchers.
· Pastoralists and agro-pastoralists were responsible for land allocation and implementing all field activities.

[bookmark: _Toc137457513]Result and Discussion

Output of study

[bookmark: _Toc137457516]The project began with the purchase of agricultural inputs and the organization of pre-field activities, such as preparing field layouts and training manuals. Participatory on-farm research requires the active involvement of key stakeholders, particularly Development Agents (DAs) and farmers. In this demonstration, both farmers and DAs participated in various activities, from planning to the final evaluation of field performance.
In addition to providing land and performing traditional practices, farmers contributed to action plan preparation, field monitoring, data collection, and sharing their experiences with other farmers during field visits. They kept records of key information, including planting dates, germination dates, weeding, and harvesting dates. Similarly, DAs were involved in planning, field monitoring, data collection, and final evaluation, extending to post-harvest handling.
The actual project activities began with training for PAPREG members before the trials were conducted. Detailed reports on the process are presented below.

[bookmark: _Toc151478766]Training of PAPREG 

Capacity building is an essential mechanism for improving the performance of PAPREG members in the participatory research approach. Training was provided to PAPREG members over three consecutive days prior to the establishment of trial sites. A total of 25 PAPREG members, 5 non-members, 2 DAs, and 5 local authorities were trained on the participatory research approach, methods to enhance forage production and productivity, and improved agronomic practices. Additionally, discussions were held with PAPREG members, DAs, and kebele administrators to ensure the smooth implementation of the planned activities in the project.

[bookmark: _Toc151478767]Forage grasses growth characters

Overall, the analysis of variance in the study showed that species differences among the fodder grasses significantly affected growth characteristics, including days to 50% crop emergence, days to flowering, herbage yield, plant height, and days to first harvest, as shown in Table 1. From this demonstration and participatory variety trial, it was observed that there was no statistically significant difference in crop emergence between Sudan grass and Panicum maximum, with values of 3.44 and 3.37 days, respectively. However, the crop emergence of Chloris gayana (Rhodes grass) was statistically significantly delayed by 4 days compared to the other grasses. Rhodes grass also recorded the highest number of days to flowering at 53.9 days, while the lowest mean days to flowering (35.8 and 38.3 days) were observed for Panicum maximum and Sudan grass, respectively.
In forage research, variety development and feed production focus more on herbage yield than grain yield. As indicated in Table 1, fresh biomass yields of 13 to 23 tons/ha were obtained from a single harvest. The study found no statistically significant yield difference between Sudan grass and Panicum maximum, which yielded 23.4 and 23.8 tons green matter/ha and 7.56 and 7.43 tons DM/ha, respectively. However, the green and dry matter yield of Chloris gayana (Rhodes grass) was significantly lower than that of the other grasses.
Plant height, which influences herbage yield, was measured, and Sudan grass registered the maximum height compared to the other species. However, this difference was statistically insignificant when compared to Panicum maximum, although both were significantly taller than Rhodes grass. The variation in plant height among the fodder grass species can be attributed to physiological and morphological differences, which stem from genotypic differences. Data on the optimal harvesting date indicated that Sudan grass and Rhodes grass reached physiological maturity at 78 and 74 days, respectively, which were significantly later than Panicum maximum, which reached maturity 57 days after sowing.

Table 1 Means of growth characters and dry matter yield as affected by species differences among the fodder grasses 
	Treatments
	DTCE
	DTF
	DTFH
	PH (cm)
	TGMWPH
	TADMWPH
	DM (%)

	Sudan grass
	3.90a
	38.3a
	78.4a
	33.4a
	23.4a
	7.56a
	33.3

	Panicum
	3.20b
	35.8b
	57.1b
	20.4b
	23.8a
	7.43a
	34.7

	Rhodes grass
	4.00b
	53.9c
	74.7c
	19.1c
	13.3b
	4.34b
	34.5

	LSD (0.05)
	0.36
	6.27
	8.03
	23
	3.17
	1.10
	3.88


Values with the same letters are not statistically significant differences DTCE=days to crop emergence, DTF=days to flowering, DTFH=days to first harvest, PH=plant height, TGMWPH=total green matter weight tons per hectare, TDMWPH= total dry matter weight tons per hectare and DM=dry matter percentage.	Comment by Home: Ton per hectare ??

[bookmark: _Toc151478768]Agro-pastoral Perception on Forage Variety Evaluation Trial
As indicated in Table 2, agro-pastoralists' perception data regarding the performance of improved forage varieties was collected and analyzed using pairwise comparison. Agro-pastoralists identified 11 criteria for evaluating and ranking forage crops. Based on time to maturity, Panicum maximum was found to mature the earliest, followed by Sudan grass and Rhodes grass. Agro-pastoralists noted that shorter maturity periods allowed them to obtain biomass more quickly.
In terms of biomass productivity, Panicum maximum was selected as the best yielder compared to other forage crops, although the data summarized in Table 1 showed Sudan grass as the top performer. Despite this, participants chose Panicum maximum as superior to Sudan grass, possibly due to differences in their growth characteristics.
The palatability of the crop and its suitability as animal feed were additional criteria used by agro-pastoralists in ranking the forage crops. Panicum maximum was rated as more palatable than Sudan grass and Rhodes grass. Furthermore, Panicum maximum was considered superior in terms of ease of establishment, number of harvests per year, and storage space requirements, while Rhodes grass was noted for its greater resistance to stress compared to the other crops. Ultimately, agro-pastoralists ranked Sudan grass as the best overall, followed by Panicum maximum and Rhodes grass. Previous on-station-based research conducted by SoRPARI also indicated that Panicum maximum and Sudan grass ranked highest based on various performance criteria compared to Rhodes grass.

Table 2 Pairwise comparison of three forage varieties by agro-pastorals preference using set of criteria
	 
	Biomass yield
	palatability
	Cutting frequency
	Ease of establishment
	Early maturity
	Leaf smoothness
	Plant height
	Drought tolerance 
	Tillering ability
	Score 	Comment by Home: How calculate score and rank?
	Rank 

	Biomass yield
	 X
	BY
	CF
	EE
	EM
	BY
	BY
	BY
	BY
	8
	2

	Palatability
	
	 X
	P
	P
	EM
	P
	P
	PH
	P
	7
	3

	Cutting frequency
	
	
	 X
	EE
	EM
	CF
	CF
	EE
	CF
	5
	5

	Ease of establishment 
	
	
	
	 X
	EM
	BY
	EE
	DT
	EE
	4
	6

	Early maturity
	
	
	
	
	 X
	EM
	EM
	EM
	EM
	9
	1

	Leaf smoothness
	
	
	
	
	
	 X
	DT
	DT
	DT
	3
	7

	Plant height
	
	
	
	
	
	
	 X
	LS
	P
	2
	8

	Drought tolerance 
	
	
	
	
	
	
	
	 X
	DT
	6
	4

	Tillering ability
	
	
	
	
	
	
	
	
	 X
	1
	9



Conclusion

The participatory evaluation and demonstration of improved forage species in the Dhagahmadow district have provided valuable insights and positive outcomes for the pastoral and agro-pastoral communities. The project successfully introduced and evaluated various forage species under rain-fed conditions, intending to enhance livestock productivity by improving feed availability. Sudan grass emerged as the most preferred forage species due to its higher fresh and dry matter yield, as well as its better adaptability to stress conditions. Panicum maximum, though maturing earlier, was noted for its high biomass yield. Based on these findings, Sudan grass and Panicum maximum are recommended for further extension and promotion in Dhagahmadow district and similar areas.
The participatory approach, involving active engagement from PAPREG members, proved to be effective in ensuring knowledge transfer within the community. The project also demonstrated the alignment between agro-pastoralists preferences and scientific criteria for forage evaluation, emphasizing the value of integrating local insights into agricultural research. Given the success and achievements of this project, extending the program to other vulnerable households in different Kebeles of Dhagahmadow district and across other districts in the zone is essential to mitigate the impact of drought and improve resilience to future climate challenges.

Important lessons drawn 

· The beneficiaries of the PAPREG project have gained practical knowledge, understanding, and skills in improved forage seed production techniques and utilization.
· The project enhanced the research-extension-agro-pastoralists linkage at the grassroots level.
· There was an improvement in stakeholders' participation in both research and extension activities.
· The participatory approach proved to be the best for identifying adaptable, high-yielding, and disease-tolerant varieties, based on farmers’ traditional knowledge and selection criteria.
· This approach fostered a sense of ownership among the farmers, empowering them to actively engage in technology dissemination.
· The success of the project has inspired neighboring farmers, motivating them to adopt improved forage feeding practices to enhance livestock productivity.

Future focus

· Scalability: Expanding the successful practices and improved forage species to other vulnerable households in additional kebeles of Dhagahmadow Woreda and other woredas in the zone.
· Rangeland Rehabilitation Programs: Integrating rangeland rehabilitation initiatives to further enhance the livelihoods of pastoral and agro-pastoral communities.
· Increase Farmer Participation: Encouraging greater participation from non-PAPREG farmers to expand the impact and adoption of improved forage production techniques across the region.
· Addressing Drought Challenges: Implementing additional measures to address and mitigate the effects of drought, which remains a significant challenge in the region.
By focusing on these areas, the project can build upon its successes and further improve feed availability and livestock productivity in the Somali Region.

Opportunities 

The participatory evaluation and demonstration of improved forage species in Ondere Kebele, Dhagahmadow District, Somali Region, Ethiopia, presents several opportunities for enhancing agro-pastoral livelihoods:
· Improved livestock productivity is achieved through the adoption of high-yielding forage species, which enhances livestock nutrition and leads to better weight gain, higher milk production, and overall improved productivity.
· Increased livestock productivity boosts the economic stability of agro-pastoral communities by raising meat and milk yields, which increases income and strengthens food security.
· The project encourages sustainable land management practices that help mitigate the impact of drought and reduce environmental degradation, which is crucial for long-term agricultural sustainability.
· By involving agro-pastoralists in forage production, the project enhances their agricultural knowledge and skills, empowering them to make informed decisions on crop and livestock management.
· The cultivation of drought-resistant forage species helps agro-pastoralists adapt to the adverse effects of climate change, ensuring more stable livestock production despite shifting environmental conditions.

The project area’s land use system primarily revolves around pastoral and agro-pastoral activities. Pastoralists are largely nomadic, relying on natural vegetation for fodder and livestock production. Agro-pastoralists practice subsistence farming in addition to raising livestock. Overall, this project offers significant potential to improve livestock feed availability, boost economic outcomes, promote sustainable practices, and build resilience in agro-pastoral communities.

Emerging challenges 

· Drought remains a significant emerging challenge, severely impacting the availability of water and forage for livestock. Drought conditions often result in the depletion of natural vegetation, leading to lower livestock productivity, poor weight gain, and decreased milk production. This environmental stress also increases the vulnerability of pastoral and agro-pastoral communities, exacerbating food insecurity and making it more difficult for farmers to maintain sustainable livelihoods.
· Poor participation of non-PAPREG farmers in the project presents a significant challenge to achieving widespread adoption of improved forage species and practices. Limited involvement from a larger proportion of the farming community prevents the full potential of the project from being realized. Without engaging more farmers, especially those who are not part of PAPREG, the knowledge transfer process is constrained, and fewer farmers benefit from the positive impact of improved forage species, which could otherwise help mitigate the challenges posed by drought.
· Limited access to agricultural inputs and technical support may hinder the widespread adoption of improved forage species and practices. Farmers often face challenges in obtaining quality seeds, fertilizers, and technical guidance, which can affect their ability to implement the recommended agronomic practices effectively.
· Inadequate infrastructure for storage and transportation of forage crops can limit the long-term sustainability of improved forage production. Poor roads, storage facilities, and market access make it difficult for farmers to store and sell surplus forage, reducing the overall economic benefits of the improved forage species.
· Soil degradation in some areas is another emerging challenge. Overgrazing and unsustainable land management practices can lead to soil erosion and fertility loss, which in turn reduces the land's capacity to support healthy forage growth. This challenge emphasizes the need for integrated land management strategies alongside forage production practices.
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