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Participatory Evaluation and Demonstration of Early-Maturing Sorghum Varieties under Irrigated Conditions in Darussalam Kebele, Jarati District, Somali Regional State, Ethiopia

  Abstract
A study was conducted to improve agro-pastoralists' awareness and promote the adoption of full-package sorghum production technologies. Participatory evaluation and demonstration of early-maturing improved sorghum varieties under irrigation conditions were carried out with their full production packages in Jarati District, Afder Zone, Somali Region, Ethiopia. Before the demonstration, a gender-inclusive Pastoral and Agro-Pastoral Research Extension Group (PAPREG) was established in the study kebele. Capacity-building training was provided to PAPREG members and extension agents on sorghum agronomic practices.
The demonstration used a single-plot design, with each variety planted on a 10 m × 10 m plot within selected agro-pastoral lands. The experiment tested four sorghum varieties, including three improved ones, Melkam, Hamat, and Dekeba, along with a local variety used as a control. To ensure active participation and knowledge sharing, a PAPREG group comprising 30 members was formed.
Yield data and agro-pastoralists’ perceptions were collected. Quantitative data, such as grain yield, were analyzed using simple descriptive statistics, while qualitative data, such as farmers’ preferences, were assessed through pairwise and direct matrix ranking.
The findings indicated that the improved sorghum variety Melkam performed best and was most preferred by agro-pastoralists due to its earliness, palatability, drought tolerance, and disease resistance. Therefore, Melkam is recommended for wider promotion and large-scale production in the study area and other similar agro-ecological zones.
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1. Introduction
Sorghum (Sorghum bicolor (L.) Moench) is one of the world’s most important cereals, ranking fifth globally and serving as a staple food for millions of people, particularly in arid and semi-arid regions. Its resilience to drought, tolerance to poor soils, and ability to withstand erratic rainfall make it a crucial crop for food and nutritional security in resource-poor farming systems (FAO, 2008; AATF, 2011). Sorghum is widely cultivated across the Americas, Africa, and Asia, and in Africa, it is second only to maize in importance. In sub-Saharan Africa, and particularly in the Eastern Horn of Africa, sorghum provides a major source of food and income for more than 100 million people (Gudu et al., 2013).
Ethiopia is considered the center of origin and domestication of sorghum, and the country holds the greatest genetic diversity of both cultivated and wild forms (Fetene et al., 2011). Nationally, sorghum ranks as the fourth most important cereal after maize, wheat, and tef, contributing 15–20% of the total cereal production (CSA, 2000; Wortmann et al., 2006). It is primarily produced by smallholder farmers in low-input, rain-fed systems, especially in moisture-stressed areas where other crops fail to thrive. In the Somali Regional State, sorghum is the dominant rain-fed crop and provides the main source of subsistence for agro-pastoral households (CSA, 1999).
Given its importance, sorghum breeding programs in Ethiopia have focused on developing higher-yielding, early-maturing, and drought-tolerant varieties to address food insecurity in drought-prone areas (Ahmed et al., 2000; Mekbib, 2006). Despite these efforts, the adoption of improved sorghum varieties in many marginal lowland areas remains low. The main constraints include lack of awareness of improved production technologies, poor access to seeds, limited research-extension linkages, and highly variable rainfall patterns. In the Jarati District of the Somali Region, sorghum production is minimal, and no adaptation trials of improved and early-maturing varieties have been reported to date.
This gap underscores the need for participatory evaluation and demonstration of improved sorghum varieties under local conditions. Introducing and validating varieties that are early-maturing, drought-tolerant, and high-yielding, along with their full production packages, can improve productivity and household food security. Therefore, this study was conducted to evaluate and demonstrate selected improved sorghum varieties in Jarati District under irrigation. The aim was to identify the most adaptable and best-performing variety for wider promotion in similar agro-ecological zones, thereby contributing to enhanced production, income generation, and poverty reduction among agro-pastoral communities.

2. Materials and Methods

2.1. Description of the study area

The project was planned to be conducted in Jerati District of the Afder Administrative Zone, Somali Region of Ethiopia. Jerati District was 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 was inhabited by a total population of 94,295, of whom 53,341 were men and 40,954 were women. Of the total population, 5,152 (5.46%) were urban residents, while 53,715 (56.97%) were pastoralists (CSA, 2007). The altitude of the district ranged from 750 to 1,700 meters above sea level. The district was characterized by a hot, dry climate with erratic rainfall in both amount and seasonal distribution.
2.2. Establishment of PAPREGs 
PAPREG members were selected from the community in collaboration with development agents (DAs), researchers, kebele administrations, and clan leaders during a community meeting. Selection criteria included active participation in the meeting, interest in participating in adaptive research, and willingness to engage in the project. The participatory sorghum variety trial was subsequently conducted in Jarati District with the active involvement of both male and female agro-pastoralists.
2.3. Research Design
The primary data for this research project were collected through surveys conducted with stakeholders, district administration officials, and local farmers. In addition, information from previous research needs assessments, records from various institutions, and relevant statistical data were used as preliminary sources. These data were obtained from the Woreda Bureau of Agriculture, the Woreda Agro-Pastoral Development Office, local administrators, and model farmers, among others.
2.4.  Experimental design and data collection 

2.4.1. Trial site selection 
The selection of the potential district was carried out from among those benefiting from the Lowland Livelihood Resilience Project, in collaboration with district experts from the Agriculture and Natural Resources Woreda Office, the 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 PAPREG establishment was selected by the Jarati District Administration Office based on its suitability for sorghum production according to the district’s selection criteria.

2.4.2. Treatments and materials used

[bookmark: _Toc429936005][bookmark: _Toc429349513]Three improved sorghum varieties, along with a local check, were used for variety adaptation and evaluation trials (Table 1). The required tools and materials included rope, meter, weighing balance, wooden pegs, sacks, sorghum seeds, pesticides, and fertilizers. The participatory variety selection trial was conducted using a Randomized Complete Block Design (RCBD) in two agro-pastoral fields, with each field serving as a replication. The experiment included three improved sorghum varieties, Melkam, Dekeba, and Hormat, along with one local variety as a control. Each plot measured 10 × 10 m (100 m²). Seeds were drilled by hand at a rate of 10 kg/ha, with 0.2 m spacing between plants and 0.75 m between rows. Seedlings were thinned 21 days after sowing. The middle rows of each plot were used for agronomic data collection, while the two outer rows served as borders. The sorghum seeds were obtained from the Somali Region Livestock and Agricultural Research Institute. Urea fertilizer (50 kg/ha) was applied in two splits: half at the seedling stage and the remaining half as top dressing at the knee-height stage. NPS fertilizer (115 kg/ha) was applied at sowing. Regular inspections for diseases and insect pests were conducted every three days. Weeding and all other agronomic practices were applied uniformly to each treatment at the recommended times.
2.5. Data collection 
Data were collected through supervision and follow-up of activities, in collaboration with stakeholders, and subsequently analyzed. A data record sheet was developed to facilitate systematic data collection. The methods used included field observations, direct contact with target agro-pastoralists, and focus group discussions during field visits. Major data collected during the activity included the total number of agro-pastoralists who participated in training and field days, the locations of activities, the total quantity of seeds distributed, and the total number of beneficiaries from the demonstration process.

2.6. Data analysis 

The collected data were analyzed using descriptive statistics and gap analysis, while preferences were assessed through narrative summaries and tables. Both inferential and descriptive statistical methods were applied. Agro-pastoralists’ perceptions of the sorghum varieties were analyzed using preference ranking. The ranking process involved first identifying selection criteria, assigning ranks to each variety based on these criteria, and then determining the overall acceptability rank. This approach allowed for the identification of the best-performing and most preferred sorghum varieties among the agro-pastoralists.

3. Results and Discussion

3.1. Training for awareness creation 

A total of 40 individuals participated in the sorghum training program, including PAPREG members, development agents, researchers, and non-PAPREG (Pastoral and Agro-Pastoral Research Extension Group) farmers (Table 1). Of the total participants, 28 (70%) were male and 12 (30%) were female, indicating a predominance of male involvement in the training activities.
PAPREG members accounted for the largest proportion of participants, with 30 individuals (20 males and 10 females), reflecting their key role in the participatory research and extension activities. Development agents and researchers represented smaller groups, with 2 and 3 male participants, respectively, while non-PAPREG farmers included 5 participants (3 males and 2 females).
The gender distribution and participation across different stakeholder groups demonstrate the inclusive approach of the program, ensuring active involvement of both male and female agro-pastoralists as well as technical staff. This diversity facilitated effective knowledge sharing and strengthened the capacity of the community to adopt improved sorghum varieties and associated production technologies. These findings are consistent with (Mesfin et al, 2022), who emphasized that participatory and inclusive approaches in sorghum farming systems enhance knowledge dissemination and support the adoption of improved practices in Western Ethiopia.

 Table 1. Distribution of participants in sorghum training activities
	Participant Category
	Male
	Female
	Total

	PAPREG Members
	20
	10
	30

	Development Agents
	2
	0
	2

	Researchers
	3
	0
	3

	Non-PAPREG Farmers
	3
	2
	5

	Total
	28
	12
	40

	PAPREG = Pastoral and Agro-Pastoral Research Extension Group



3.2.  Field Day Participants

A total of 46 participants attended the sorghum field day, comprising 31 males (67.4%) and 15 females (32.6%) (Table 2). PAPREG members formed the largest group, with 30 participants (20 males and 10 females), highlighting their central role in the participatory research activities. Non-PAPREG farmers accounted for 8 participants, with a higher proportion of females (5) compared to males (3), reflecting active engagement of women in community learning events. Development agents and researchers contributed 2 and 3 male participants, respectively, while 3 additional participants fell under the “Others” category.
The participation patterns indicate a gender-inclusive approach, ensuring that both male and female agro-pastoralists and other stakeholders were involved in knowledge-sharing and capacity-building activities. The field day provided an opportunity for the demonstration of improved sorghum varieties and promoted the broader adoption of production technologies among the community. These findings align with (Alemu et al, 2023), who reported that pre-extension demonstrations effectively facilitate the adoption of improved sorghum technologies by showcasing their benefits directly to farmers and other stakeholders.

Table 2. Distribution of participants in sorghum field day activities
	Participant Category
	Male
	Female
	Total

	PAPREG Members
	20
	10
	30

	Development Agents
	2
	0
	2

	Researchers
	3
	0
	3

	Non-PAPREG Farmers
	3
	5
	8

	Others
	3
	0
	3

	Total
	31
	15
	46

	PAPREG = Pastoral and Agro-Pastoral Research Extension Group




3.3.  Grain Yield Performance of Varieties

The grain yield results of the tested varieties showed clear differences in productivity. The highest yield was recorded by Melkam, with an average of 39.33 kg/ha, indicating its superior performance compared to the other varieties. Dekab followed with an average yield of 33.67 kg/ha, while Harmod produced 30.67 kg/ha. The Local Variety exhibited the lowest yield, averaging only 29.33 kg/ha.
When expressed in percentage terms relative to the highest-yielding variety (Melkam = 100%), Dekab achieved 85.6%, Harmod 77.9%, and the Local Variety only 74.6% of Melkam’s yield. This demonstrates that Melkam outperformed the other varieties by a margin of 5.67 kg/ha (16.8%) over Dekab, 8.67 kg/ha (28.3%) over Harmod, and 10.00 kg/ha (34.1%) over the Local Variety. Based on the yield outcomes, Melkam emerges as the most suitable candidate for improving grain production, while the Local Variety appears least favorable. similarly reported that demonstration plots improved sorghum yield and key traits such as plant vigor, grain size, and biomass, thereby providing agro-pastoralists with practical evidence to encourage adoption of improved varieties (Solomon et al, 2021).


Fig. 1: Grain Yield Performance of Varieties

3.4.  Agro-pastoralist perceptions towards the sorghum varieties 

Agro-pastoralists in the study area highlighted multiple selection criteria that influence their preference for sorghum varieties, reflecting the crop’s multifunctional role in sustaining livelihoods. Earliness was regarded as an essential trait, as early maturing varieties enable double cropping and mitigate the risks associated with food shortages. Plant height was also prioritized, not only for its contribution to grain yield but also for its role in providing supplementary benefits such as animal feed, fuelwood, and raw materials for house and fence construction. Seed size emerged as another important factor, serving as a proxy for both marketability and grain yield, thereby linking production potential with income generation. 
Similarly, panicle length was emphasized due to its association with panicle weight and overall grain yield. Compactness of the panicle was perceived as advantageous because compact heads are relatively resistant to bird damage, a major constraint to sorghum production in the area. In addition, marketing potential significantly influenced varietal preference, since sorghum is widely consumed in diverse food forms at the household level while also serving as a source of cash income when sold as grain or seed. Collectively, these perceptions demonstrate that agro-pastoralists value sorghum varieties not only for their yield performance but also for their broader socio-economic contributions and adaptive traits under local production conditions.

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 agropastoral. 

	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 manner, can bring significant damage to the yield of sorghum. Therefore, the variety with a compacted head can relatively tolerate bird damage. 

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



3.5. Agro-Pastoralists’ Trait Preferences

Agro-pastoralists ranked sorghum traits based on their preferences for improved varieties. Earliness received the highest total score (5) and was ranked first, indicating that early-maturing varieties were the most preferred trait among the community. Panicle length was ranked second with a total score of 4, reflecting the importance of grain-bearing capacity. Plant height ranked third (score = 3), followed by seed size and marketing attributes, which were ranked fourth and fifth, respectively. Compactness was the least preferred trait (rank 5, score = 1).
These results demonstrate that traits contributing to early maturity and grain yield are the most important for agro-pastoralists in the study area, likely due to the short and erratic rainfall patterns and the need for timely harvest. Understanding these preferences is critical for selecting and promoting improved sorghum varieties that align with local priorities and adoption potential.

Table 4. Agro-pastoralists’ trait preference ranking for sorghum varieties
	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



3.6.   Cost-Benefit Analysis

The economic evaluation revealed clear differences among the tested sorghum varieties. Melkam and Dekeba generated the highest gross revenues (156,761.5 and 150,229.8 ETB/ha, respectively) and achieved the highest benefit-cost ratio (BCR = 10.9), indicating strong profitability and economic viability. Harmad produced a lower revenue (132,675.8 ETB/ha) with a BCR of 9.25, while the local variety showed the least profitability (gross revenue = 93,893.4 ETB/ha, BCR = 7.2).
Break-even analysis further confirmed the superior performance of improved varieties. The break-even yield was almost similar across improved varieties (319 kg/ha), compared to 290.2 kg/ha for the local variety. However, the local variety required a higher break-even price (6.23 ETB/kg) to cover costs, reflecting its lower profitability and competitiveness under current production conditions. So, the Melkam and Dekeba demonstrated the highest economic returns, suggesting that they are the most suitable and profitable options for adoption in the study area. These results are in line with (Miruts et al, 2024), who reported that improved sorghum varieties provide higher on-farm returns and are economically viable for scaling in dry lowland areas of Ethiopia.

Table 5. Cost and revenue summary of sorghum 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



4. Conclusion and Recommendation

4.1. Conclusion

The participatory evaluation and demonstration of improved sorghum varieties actively engaged agro-pastoral communities in testing and assessing newly introduced varieties. This approach ensured that farmers and pastoralists directly participated in both the selection and performance evaluation processes, aligning the technologies with their specific needs, preferences, and production conditions. Incorporating agro-pastoral participation at all stages enhanced awareness of the benefits of improved varieties compared to local checks and encouraged greater acceptance and adoption.
The demonstration trials showed that most improved varieties produced significantly higher yields than the local varieties. Among the tested varieties, Melkam was consistently preferred by agro-pastoralists due to its superior agronomic performance, including high yield potential, adaptability to local conditions, and other desirable traits. The findings indicate that participatory approaches not only strengthen the capacity of agro-pastoralists to make informed decisions but also stimulate demand for improved sorghum technologies.

4.2.  Recommendation

Based on the results of the participatory trials, the following recommendations are made;
· Scaling up the Melkam variety: Melkam demonstrated both high productivity and strong farmer preference and should be promoted for wider adoption in similar agro-pastoral areas.
· Community-based seed distribution: Establish local seed systems to ensure timely access to improved sorghum seeds for agro-pastoralists.
· Capacity building: Continue training and awareness programs for farmers and pastoralists on improved sorghum production technologies and agronomic practices.
· Participatory approach replication: Employ participatory evaluation methods in future crop improvement programs to ensure alignment with local needs and increase adoption rates.
· Policy and support: Encourage local authorities and development agencies to support the dissemination of improved varieties and provide technical and financial support to enhance sorghum productivity in drought-prone areas.
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