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  Abstract
A study was carried out to improve agro-pastoralists' awareness and enhance the adoption of full-package sorghum production technologies. Participatory evaluation and demonstration of early-matured improved sorghum varieties under irrigation conditions were conducted with their full packages in Jarati district, Afder Zone, Somali Region, Ethiopia. A gender-inclusive pastoral and agro-pastoral research extension group (PAPREG) was formed in the study kebele before the start of the demonstration work. Capacity-building training was delivered to PAPREG members and extension agents on sorghum agronomic practices. A single plot design was used for the 10 m × 10 m size of the area for each variety on each selected agro-pastoral land. This experiment contained five improved sorghum varieties, namely Melkam, Hamat, Dekeba, and one local variety as a check. A PAPREG group with 30 members was formed to facilitate active participation and enhance awareness of improved sorghum production. Yield data and agro-pastoral perceptions were collected. Simple descriptive statistics were used to examine the quantitative data, such as the amount of grain yield produced, whereas pair-wise and direct matrix ranking were used for qualitative data, such as agro-pastoralists’ perceptions. Based on the analysis of agro-pastoralists' preferences and other physiological data, the improved sorghum variety Melkam can be promoted in the respective districts of the study area. This variety was preferred by agro-pastoralists because of its earliness, good palatability, drought tolerance, and disease-tolerant traits. Therefore, it could be recommended for further promotion and large-scale production of sorghum using the Melkam variety in the study area and similar agro-ecological zones.
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Introduction 
Sorghum [Sorghum bicolor (L.) Moench] is a viable food grain for many of the World’s most food insecure people who live in marginal areas with poor and erratic rains and often poor soils (AATF, 2011). It is the fifth most important cereal crop in the world (FOA, 2005; FOA, 2008). It is cultivated in wide geographic areas in the Americas, Africa, Asia and the Pacific. It is the third important cereal (after rice and wheat) in India. It is the second major crop (after maize) across all agro ecologies in Africa. Sorghum is a major cereal crop in arid and semi-arid areas of the world. It is a staple crop of semi-arid sub-Saharan Africa (Lacy et al., 2006). It is a major food and nutritional security crop to more than 100 million people in Eastern horn of Africa, owing to its resilience to drought and other production constrains (Gudu et al., 2013).	Comment by Lenovo: Add recent update of FAO	Comment by Lenovo: Add latest reference
Sorghum exhibits a wide geographic and climatic adaptation (KARI, 2000). It grows in a wide range of agro ecologies most importantly in the moisture stressed parts where other crops can least survive and food insecurity is rampant (Adugna Asfaw, 2007). Sorghum is one of the leading traditional food crops in Ethiopia comprising 15-20% of the total cereal production in the country (CSA, 2000; Wortmann et al., 2006). It is the fourth most important food crop after maize, wheat and tef and also the most important in the drier parts of the country (AATF, 2011). It is primarily a crop of resource poor small scale farmers and is grown predominantly in low rainfall, arid to semi-arid environments. The crop is typically produced under adverse conditions such as low input use and marginal lands. It is well adapted to a wide range of precipitation and temperature levels and is produced from sea level to above 2000 m.a.s.l (Smith and Frederiksen, 2000).  Due to its drought tolerance and adaptation attributes, this crop is grown in eastern Africa where agricultural and environmental conditions are unfavorable for the production of other crops (Dida et al., 2007).	Comment by Lenovo: Add latest reference	Comment by Lenovo: Add latest reference	Comment by Lenovo: Add latest reference
All lines of evidence point to the north-east quadrant of Africa, mainly Ethiopia, as the centre of domestication of sorghum. Therefore, the greatest genetic diversity for both cultivated and wild forms of sorghum is found in Ethiopia and the surrounding eastern African countries. It is the second most important staple cereal crop after maize, making a huge contribution to the domestic food supply chain and rural household incomes with a total acreage of 8,199,741 ha. For instance, in Ethiopia, it is the second staple cereal after tef (Eragrostis tef) and ranks third after maize, and tef in total national production (Fetene et al., 2011). In Ethiopian Somali regional state, agro-pastoralists undertaking rain fed agriculture cultivating sorghum and it is the dominate crop. Sorghum provides the main source of subsistence (CSA, 1999).  
Given the importance of sorghum for food security in the drought prone areas, the development of higher yielding, early maturing and drought escaping varieties have been a main focus of breeding programs in Ethiopia (Ahmed et al., 2000; Matlon, 1990; McGuire, 2005; Mekbib, 2006). However, due to different reasons like lack of awareness with production packages, low or absence of seeds such improved and early matured sorghum varieties are not well adopted and cultivated in many marginal lowland and drought prone areas of the country. Indeed, there is little or no production of sorghum in Jarati district of Somali regional state due to the above factors. The other most important problem is the presence of short and erratic rain fall period. So that these are the bottle neck problem in the study area.
Moreover, there is no any research accomplishments reported with regards to adaptation trial of improved and early matured sorghum varieties in the study area. As Mekibib (2009) one reason could be the low level of sorghum research and low input production systems in developing countries.  But the preliminary need assessment of agricultural practices (either pastoral or agro-pastoral) is the research effort with regard to the area. The result implies the need of further comprehensive research for the introduction and expansion of better crop varieties with their accompanying packages in the area.
Therefore, it is essential to enhance efforts for the evaluation of early matured improved sorghum varieties with their packages to the target area for sorghum production and productivity in order to develop profits for the local people in contribution to poverty reduction. Thus, the aim of this study is to select the best adaptable and best performing sorghum varieties with their in the target area. 
Sorghum [Sorghum bicolor (L.) Moench] grows in a wide range of agro ecologies most importantly in the moisture stressed parts where other crops can least survive and food insecurity is rampant. Given the importance of sorghum for food security in the drought prone areas, the development of higher yielding, early maturing and drought escaping varieties have been a main focus of breeding programs in Ethiopia. However, due to different reasons like lack of awareness with production packages, low or absence of seeds such improved and early matured sorghum varieties are not well adopted and cultivated in many marginal lowland and drought prone areas of the country. These are the bottle nick problem in Jarati district. Therefore, it is essential to enhance efforts for the evaluation of improved and early matured sorghum varieties with their packages to the target area for sorghum production and productivity in order to develop profits for the local people in contribution to poverty reduction. Thus, the aim of this study is to select the best adaptable and best performing sorghum variety with their in the target area. To do so, Private farms will be used by the help of local farmers and four sorghum varieties including Melkam ,  Hormat  ,  Dekaba and local check was tested using RCBD with three replications. All of the agronomic practices was done together with participant farmers. At the end of the trial, Jarati district will be one of the potential area for sorghum production and productivity. 
[bookmark: _Toc323842636][bookmark: _GoBack]Objectives
Specific objectives
· [bookmark: _Toc323842637]To evaluate and demonstrate the improved sorghum varieties for agro-pastoralists in major sorghum-growing areas, particularly in Jarati district, Somali Region. 
· To create awareness on improved sorghum production for the target communities through on-farm practice.
· To evaluate the agro-pastorals’ preference for improved sorghum varieties in the area. 
Expected outputs
· High yielder sorghum varieties were identified for further demonstration and scaling-up endeavors, 
· Awareness of pastoral and agro-pastoral research extension groups (PAPREG) members was created toward improved sorghum varieties, 

Material and Methods
Description of the study area
The project is planned to be conducted at Jerati district of Afder administration Zone, Somali Region of Ethiopia. The Jerati district is bordered on the southwest by the Ganale River which separates it from the Liben Zone, on the west by Goro Bekeksa, on the north by Elekere, on the east by Afder, and on the southeast by Dolobay. The district inhibits by total population of 94,295, of whom 53,341 are men and 40,954 women. While 5,152 or 5.46% are urban inhabitants, a further 53,715 or 56.97% are pastoralists (CSA, 2007).  The altitude of the district ranges from 750 to 1700 meters above sea level. The districts characterize by hot, dry climatic condition with erratic rain fall in amount and seasonal distribution.  
Establishment of PAPREGs 
PAPREGs members were selected within the selected community in collaboration with the DA, researchers, Kebele administrations and clan leaders during the community meeting. The selection criteria were active participation during the community meeting, interest in being involved in the adaptive research work, etc. The participatory sorghum variety trial was conducted in Jarati district with the active participation of male and female agro-pastorals
Research Design
The main material of the research project was gathered from the primary data derived from the surveys conducted by the stakeholders, district administration and local farmers. Additionally, results of previous research need assessments, records of various institutes, and statistical data was used as preliminary information. That data was collected from woreda bureau of Agriculture, woreda agro-pastoral development office, local administers, model farmers etc.  
Experimental design and data collection 
Trial site selection 
The selection of the potential district was carried out from which was a beneficiary of the Lowland Livelihood Resilient Project; in collaboration with district experts from Agriculture and Natural Resources Woreda Office, Somali Region Livestock and Agriculture Research Institute, the Lowland Livelihood Resilience Project, and Researchers from the Jarati Livestock and Agricultural Research Center. The Kebele used for PAPREGs establishment was selected by the Jarati district administration office based on their own selection criteria for suitability for sorghum production.
Treatments and materials used
Three improved sorghum varieties, along with local checks, were used for variety adaptation and evaluation trials (Table 1). The required hand tools and materials were rope, meter, weighting balance, wooden peg, sacks, sorghum seed, pesticides and fertilizer. The participatory variety selection trial was evaluated using an RCBD experimental design in two agro-pastoral fields (each agro-pastoral used as a replication). This experiment contains three improved sorghum varieties, namely Melkam, Dekeba Hormat, and one a local variety as a check. The total area used for the experiment was 10mx10m (100m2. The seed was drilled by hand at a seed rate of 10 kg/ha with 0.2m and 0.75m spacing between planting rows and plots, respectively, and after 21 days of sowing, the seedling was thinned. The middle rows were used for agronomic data collection, and the other two end rows served as a border. The source of the sorghum seed was the Somali Region Livestock and Agricultural Research Institute. Around 50kg of urea fertilizer was applied in splits, that is, half at the seedling stage and the remaining half as top dressing before heading to the knee stage of the crop. One hundred fifteen (115Kg/ha NPS) fertilizer was applied while at sowing time. A continuous inspection of disease and insect pests was made at an interval of 3 days. Weeding and all other agronomic practices were done for each treatment equally at the recommended time.
[bookmark: _Toc429936005][bookmark: _Toc429349513]Data collection 
Data were collected through supervision and follow-up of the activity with the joint action of the stakeholders and analyzed. A data record sheet was developed to collect the data. Thus, field observation, contacting the target agro-pastoralist, and focus group discussion during the field visit were the data collection methods. The total number of agro-pastoral participants in training and field day, the locations, total number of seeds distributed, and the total number of agro-pastoral benefited from the demonstration process were major types of data collected during the activity. 
Data analysis 
Finally, the collected data were analyzed using descriptive statistics, gap analysis and preferences were analyzed using narrations and tables. The collected data were subjected to analysis using both inferential and descriptive statistics. Preference ranking was used to analyze perceptions of agro-pastoral towards sorghum varieties. Ranking was used to identify the best varieties preferred by the agro-pastoralists. Selection criteria were identified first, then ranking was given for each criterion, and finally acceptability rank was determined.
Roles of pastoralists/agro-pastoralists, extension workers, and researchers 

Agro-Pastoralists (PAPREG members): Participate in problem identification and prioritization, site selection, land preparation, sowing, weeding, trial evaluation, data collection, harvesting, and share the knowledge with the other pastorals who over sees the activities, etc. 
Development agents: Participate in problem identification, trial management, trial evaluation and data collection, monitoring of agro-pastorals’ records, and facilitating short meetings among PAPREG members.
Researchers: Problem identification and prioritization, proposal writing, sowing as per design, training of agro-pastorals during the trial management period, trial evaluation and guidance, overall research work monitoring, data collection and analysis, research report writing.
Results and Discussion
The introduction and capacity-building activities for improved sorghum varieties were implemented in collaboration with the woreda administration and the woreda agricultural office, specifically targeting agro-pastoralists who owned small ruminants. The program was also designed to reach non-participating agro-pastoralists and pastoralists through community mobilization, with the aim of facilitating knowledge sharing and promoting the adoption of improved technologies among a wider population that had not been directly involved in the on-farm testing of these varieties.
Training for awareness creation 
Training was delivered to pastoralists, agro-pastoralists, experts, and development agents which are believed to be one of the prominent inputs to improve the adoption of high-yielding varieties and their agronomic practices. Totally, 40 PAPREG members and non PAPREG (28 males and 12 females), development agents and other experts attended the training.
Table 1: Training participant
	Participant
	Sex 
	Total number of participant

	
	M
	F
	

	PAPREG
	20
	10
	30

	Development Agents
	2
	
	2

	Researchers 
	3
	
	3

	Non-PAPREG farmers
	3
	2
	5

	Total 
	28
	12
	40


Field days 
Besides the field days, experience sharing was held at experimental sites. During field day, agro-pastoral has forwarded their suggestions about the likes and dislikes of each variety. At the end of the field day session, stakeholders have agreed to share responsibility for scaling up the selected sorghum varieties. Field day visits and different trainings are shown in the below.
Table 2: Field Day Participants 
	Participant
	Sex 
	Total number of participant

	
	M
	F
	

	PAPREG
	20
	10
	30

	Development Agents
	2
	
	2

	Researchers 
	3
	
	3

	Non-PAPREG farmers
	3
	5
	8

	Others 
	 3
	
	3



Performance of improved sorghum varieties 
The mean yield results revealed that the sorghum variety Melkam, followed by Dekeba, recorded significantly higher average yields compared to the other tested varieties. In contrast, the local variety grown in the demonstration site showed the lowest yield performance. This finding highlights the superiority of the improved varieties over the traditional types commonly cultivated by agro-pastoral households.
Furthermore, the results reaffirm the effectiveness of on-farm demonstration trials in showcasing the advantages of improved sorghum varieties. Similar outcomes have been reported previously by EIAR (2008), which documented that demonstration plots not only enhanced sorghum yields but also positively influenced other important yield-related attributes such as plant vigor, grain size, and biomass production. These demonstrations, therefore, serve as a practical tool for encouraging the adoption of improved varieties by providing agro-pastoralists with firsthand evidence of their benefits over existing farming practices.
Fig. 1: Grain yield differences among the varieties 
[image: ]
Agro-pastoralist perceptions towards the sorghum varieties 
The active involvement of agro-pastoral households in on-farm technology trials plays a crucial role in strengthening the flow of information regarding the performance of different technologies and in identifying challenges that may hinder their adoption. Specifically, the participation of agro-pastoral communities in the sorghum variety selection process is highly significant, as it enables the identification of traits most valued by farmers and pastoralists, thereby supporting the promotion and wider acceptance of improved sorghum varieties. In this study, a total of 30 agro-pastoral participants were engaged to evaluate sorghum varieties grown in farmers’ fields across multiple locations. The composition and characteristics of the participants who took part in the evaluation are summarized in Table 3. As part of the process, discussions were conducted with the agro-pastoral groups to facilitate the identification of the criteria they considered important when selecting sorghum varieties. Based on these participatory discussions, a set of selection criteria was established and presented along with the reasons behind each choice in Table 4.
The subsequent step involved ranking these criteria in order of importance so that priority could be given to the most critical factors influencing variety preference. Through this ranking exercise, the Malkam variety emerged as the most preferred sorghum type among agro-pastoral participants in Darasalaam Kebele. 
Top of Form
Bottom of Form
Table 3: Identified agro-pastoral selection criteria
	S/N
	Criteria 
	Justification

	1
	Earliness
	Cultivating early maturing varieties is one of the best strategies for double cropping which is identified by agro pastoral. 

	2
	Plant height 
	Apart from grain yield, sorghum is the source of feed for animals, fuel consumption and used raw materials for building house or fence. 

	3
	Seed size
	Used as a proxy measure for marketability and grain yield. 

	4
	Panicle length 
	Used as a measure of panicle weight, panicle yield and grain yield. 

	5
	Compactness 
	Birds unless protected timely, they can bring a significant damage to the yield of sorghum. Therefore, the variety with a compacted head can relatively tolerate from bird damage. 

	6
	Marketing 
	Besides home consumption in different food stuffs, agro pastoral have the experience to sell sorghum both as grain and seed. Hence, this criterion highly matters on the variety’s preference. 



Table 4: Agro-pastoral trait preference ranking
	S/N
	Criteria 
	Earliness
	Plant height
	Seed size
	Panicle length
	Compactness 
	Marketing
	Total 
	Rank

	1
	Earliness
	X
	Earliness 
	Earliness 
	Earliness 
	Earliness 
	Earliness 
	5
	1

	2
	Plant height
	
	X
	Seed size
	Productive
	Plant height
	Plant height
	3
	3

	3
	Seed size
	
	
	X
	Seed size
	Earliness 
	Productive
	2
	4

	4
	Panicle length
	
	
	
	X
	Plant height
	Plant height
	4
	2

	5
	Compactness 
	
	
	
	
	X
	Seed size
	1
	5

	6
	Marketing
	
	
	
	
	
	X
	1
	4



Agro-pastoral trait preferences

Trait preference was assessed separately for male and female households. In total, thirty agro-pastoral participants took part in the exercise. The participants identified early maturity, drought tolerance, high yield potential, marketability, stalk palatability (sweetness), and suitability for food preparation as the most important traits. Based on these criteria, the Malkam variety was selected as the most preferred sorghum variety, mainly due to its high yield potential, good consumption quality, early maturity, palatability, and tolerance to drought.
Combined Mean Cost and Returns of Sorghum Varieties

Table 6 presents the analysis of the costs and revenues associated with producing both improved sorghum varieties and the local check variety across the two study locations. The findings indicate that the highest production costs for both improved and local sorghum varieties were attributed to labor expenses, which covered various farm operations such as land preparation, planting, weeding, and harvesting. This was followed by expenditures on fertilizer inputs and the use of tractor ploughing for plowing and related field activities. Despite these costs, the overall results demonstrate that cultivating improved sorghum varieties is substantially more profitable compared to the local check. Although the distribution of individual cost components varied slightly among the varieties, the trend remained consistent improved varieties required relatively higher input use but generated much greater returns. The profitability is further emphasized when examining market prices. The average current market price for improved sorghum varieties was 45 ETB per kilogram, whereas the local check variety fetched only 36 ETB per kilogram. This price difference, coupled with the higher yields obtained from improved varieties, significantly enhanced the net returns and economic viability of improved sorghum production.
The cost and return analysis clearly shows that investment in improved sorghum varieties not only offsets the relatively higher production expenses but also provides farmers with a more reliable and profitable option compared to the continued use of local varieties. This aligns with the overall objective of promoting improved crop technologies to strengthen household food security and income among agro-pastoral communities.
TABLE  5. Summary of Cost and Revenue for Tef Varieties per Hectare
	No
	Description of Cost and Revenue of Items 
	 List of the varieties and their production cost per hectare

	
	
	Melkam 
	Harmad
	Dekeba 
	Local variety

	1
	Seed cost (ETB/ha) 
	450 
	450 
	450 
	360

	2
	Fertilizer’s cost (ETB/ha) 
	4800
	4800
	4800
	4800

	3
	Labor cost (ETB/ha) 
	6000 
	6000 
	6000 
	6000 

	4
	Tractor cost (ETB/ha) 
	3000 
	3000 
	3000 
	2000 

	5
	Total cost/TVC (ETB/ha) 
	14350 
	14350 
	14350 
	13060 

	6
	Gross revenue (ETB/ha) 
	156,761.5 
	 132,675.8 
	150,229.8 
	93,893.4 

	7
	Benefit-cost ratio (BCR) 
	10.9 
	9.25
	10.9 
	7.2

	8
	Break-even yield (Kg/ha) 
	318.9 
	318.9 
	318.9 
	290.2

	9
	Break-even price (ETB/Kg) 
	4.22 
	4.87
	4.31
	6.23



The cost and return analysis revealed that the Melkam variety provided greater economic benefits compared to both the other improved sorghum varieties and the local check. Results from the break-even analysis further supported this conclusion. Specifically, the calculation of break-even price (TVC ÷ Sale Price, expressed in Kg/ha) showed that, under the current production costs, farmers are able to cover all variable costs through sales revenue.
Similarly, the estimation of break-even yield (TVC ÷ Total Production, expressed in ETB/kg) was conducted to assess the minimum yield required for covering variable costs during sorghum production. These results highlight that for smallholder farmers to reduce the risk of financial losses, they must achieve at least the calculated break-even yield per hectare. Alternatively, they should ensure that the market price of sorghum varieties remains above the break-even price on average. In practical terms, this means that producing the Melkam variety provides farmers with a greater safety margin against production risks and market fluctuations, making it a more reliable and profitable choice compared to the alternatives.
Conclusion and Recommendation
The participatory evaluation and demonstration of improved sorghum varieties is an approach in which agro-pastoral communities are actively engaged in the process of testing and assessing newly introduced sorghum varieties. This method emphasizes the direct involvement of farmers and pastoralists in both the selection and performance evaluation of the varieties to ensure that the technologies align with their specific needs, preferences, and production conditions. By incorporating agro-pastoral participation at every stage, the program enhances awareness of the advantages of improved technologies compared to local varieties and encourages greater acceptance and adoption. As a result, the process not only strengthens the capacity of agro-pastorals to make informed decisions but also stimulates demand for improved sorghum varieties.
The findings from the demonstration trials confirmed that most of the improved varieties produced significantly higher yields than the local checks. Among them, the Melkam variety was consistently preferred by participating agro-pastorals due to its superior agronomic performance, including better yield potential, adaptability, and desirable traits. Based on these outcomes, the Melkam variety is strongly recommended for scaling up and wider dissemination across similar agro-pastoral areas, as it has demonstrated both productivity advantages and a high level of farmer acceptance.
Important Lessons Drawn
The participatory evaluation and demonstration of improved sorghum varieties provided several valuable lessons for both agro-pastorals and researchers:
Active Farmer Participation Matters: Agro-pastorals’ direct involvement in evaluating sorghum varieties under their own field conditions allowed them to observe critical traits such as yield performance, disease resistance, lodging tolerance, and adaptability. This hands-on approach enhanced their understanding of varietal differences and built confidence in adopting improved technologies.
Farmer Preferences Shape Adoption: The selection of varieties was strongly influenced by agro-pastorals’ practical needs and socio-economic considerations, including seed color, grain quality, market demand, suitability for household consumption, and yield potential. These preferences played a crucial role in determining which varieties were more acceptable and likely to be adopted.
Two-Way Learning Process: Researchers and extension agents gained important insights from the preferences expressed by agro-pastorals. Understanding these local priorities helps ensure that improved varieties promoted in the future are aligned with the community’s needs, thereby increasing adoption rates.
Collaborative Decision-Making is Key: Joint evaluations that brought together agro-pastorals, researchers, and extension experts fostered inclusive and participatory decision-making. By incorporating multiple perspectives, the process became more effective, context-specific, and sustainable.
Strengthening Awareness and Demand: The demonstration process increased agro-pastorals’ awareness of the benefits of improved sorghum varieties compared to local checks. This not only created demand for high-performing varieties such as Melkam but also enhanced farmers’ willingness to experiment with new technologies in the future.
Future Focus
Looking ahead, the future focus should be on promoting the adoption of successful sorghum varieties by scaling up their cultivation across all demonstration sites and other areas with similar agro-ecological conditions. In addition to expanding the reach of improved varieties, it is equally important to explore and systematically document the indigenous knowledge of agro-pastorals related to sorghum production. Such local practices and traditional wisdom provide valuable insights that can guide and enrich future sorghum research and development. Furthermore, continuous training and awareness-building sessions should be provided for all key stakeholders, including agro-pastorals, extension agents, and technical experts. These efforts will help strengthen their understanding of improved sorghum technologies and management practices, thereby facilitating more effective adoption, sustainable production, and long-term impact on livelihoods.
Emerging Challenges
Once suitable sorghum varieties are identified, one of the major challenges lies in ensuring the timely availability of quality seed. For successful adoption, seed production and distribution systems must function efficiently and reliably to meet farmers’ demand. Equally important is addressing issues related to seed storage, handling, and transportation, as weaknesses in these areas can compromise seed quality and reduce adoption rates. Strengthening these systems is therefore essential to guarantee that improved sorghum varieties reach agro-pastorals in good condition and at the right time for planting.
Opportunities 
Besides the availability of land, water, and technology, participatory evaluation and demonstration play a vital role in facilitating knowledge sharing among diverse stakeholders. Through this process, agro-pastorals, researchers, and extension agents are able to learn from one another’s experiences and gain practical insights into effective sorghum management practices. Demonstrating improved sorghum varieties in real field conditions allows agro-pastorals to directly observe their characteristics and advantages, such as higher yield potential, resilience to stress, and better grain quality. This hands-on exposure not only builds confidence in the new technologies but also encourages their adoption, thereby contributing to the promotion of sustainable agricultural practices in agro-pastoral communities.
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