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Cluster-based large-scale demonstration of improved sorghum 
technology through irrigation was done with the objective of 
demonstrating and popularizing improved sorghum technology in the 
Bena-Tsemay district of the South Omo zone. A total of 17 agro-
pastoralists participated in the demonstration, and one pastoral and 
agro-pastoral research and extension group containing 27 members 
was established. The demonstration took place on a 10-hectare plot of 
land in a cluster base. Participatory training was given to all 
participants on important agronomic practices and management 
measures. Researchers applied all the recommended agronomic and 
management practices with close supervision and follow-up. Both 
qualitative data like agro-pastoral perception and agronomic data, and 
quantitative data like grain yield were collected and analyzed. Cost-
benefit ratio was also calculated to see the economic feasibility of 
sorghum production. The result indicated that the mean grain yield of 
sorghum production was 2.65 tons per hectare and the net gain 
(profit) from sorghum production was 55975 Birr per hectare which is 
an initiative for producers to continue the production. And also, the 
benefit to cost ration of 1.6:1 indicates that sorghum production is an 
economically feasible activity in the area. Pastoral perception and 
feedback were also collected from participants. Most participants 
indicated the sorghum (Melkam) variety performed better than their 
local in terms of yield, early maturity, disease resistance, seed color, 
and seed size. Thus, further expansion and seed supply by district and 
zone stakeholder groups to that area is necessary to enhance sorghum 
productivity and thereby ensuring food security. 
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INTRODUCTION 
 

Food security has been severely constrained by climate change variability in various forms, 
which also substantially impacts agriculture productivity (Assefa et al., 2021). Diversifying 
climate change-resilient crops can help to overcome food insecurity by augmenting 
household consumption and creating new market opportunities for smallholders (Kushabo 
et al., 2019). Sorghum is a climate change-resilient crop and mostly grows in arid and semi-
arid areas that offer opportunities for vulnerability adaptation while other major food 
crops face challenges (Jarvis et al., 2012; Adicha et al., 2022; Mahdi et al., 2012). In the 
southern region of Ethiopia, mostly arid and semi-arid areas, namely, south omo, Konso, 
and others, mostly grow sorghum as the main food security crop (Habte et al.,2021) and 
about 112,193 hectares of land were covered by sorghum, with productions and 
productivity of 2852, 640.8 quintals, and 25.43 Q/h, respectively (CSA, 2017/2018). The 
lowland areas of the South Omo zone are dominated by the rearing of animals and 
parallelly sorghum is grown by farmers, agro-pastoral, and pastorals in the south omo zone 
as a climate change adaptation crop and one of the favorite food items (Amjad et al., 2009; 
Abebe et al., 2016; Kusse et al., 2021). However, the productivity of sorghum is declining 
over time as they follow traditional production and they do have less technology access 
(Adicha et al., 2022). In response to this productivity decline, Jinka Agricultural Research 
Centre undertook adaptation trials and recommended highly performed improved varieties 
with associated agronomic practices. The result of the experiment indicated that improved 
varieties had given yield as compared to the local variety and the yield obtained by the 
adaptation trial at the Jinka Agricultural Research Centre was (31.5Q/h, 50Q/h, and 29Q/h 
for Melkam, Teshale, and Dakaba, respectively). Thus, demonstrating these recommended 
varieties with agronomic practices enhances the production and productivity of sorghum in 
the area. Therefore, this activity was carried out to demonstrate the proven sorghum 
technology through cluster-based large-scale demonstration in the South Omo Zone 
research site. 
 
MATERIALS AND METHODS 
 
Description of the study area 
 
Bena-Tsemay District is one of the ten districts in the South Omo Zone of Southern Ethiopia, 
with a total land coverage of 254,905 hectares. The district is about 483 kilometers from 
the regional center, Hawassa, and 42 kilometers from the zonal administrative city, Jinka. It 
is bordered to the south by Konso, to the north by Ari, to the west by Hammer, and to the 
east by Malle. Agro-ecologically, the district is predominantly semi-arid. The agro-climate 
zone of the district consists of Kolla (78%), Dry Woyina Dega (19%), and Bereha (3%). The 
district is located at an altitude range of 526–1800 meters above sea level. As reported by 
Adicha et al. (2022), the district is covered with different varieties of vegetation, mainly 
indigenous trees, shrubs, and bushes. The major crops grown in the midland areas of Bena-
Tsemay district are cereals (maize and sorghum), pulses and oils (common bean, pigeon 
pea, and ground nut), roots and tubers (sweet potato, cassava, taro, Irish potato, and yam), 
fruits (banana, mango, avocado, papaya, and citrus), coffee and spices (coffee, turmeric), 
and vegetables (cabbage, hot pepper, onion, and tomato). 
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The site and Agro-pastorals selection 
 
A cluster-based large-scale demonstration of improved sorghum technology was carried 
out in the Bena-Tsemay district of the south Omo Zone. From the district, Duma kebele was 
chosen for its high population density, access to irrigation, access to roads, and access to 
suitable farmland in clusters within the kebele for production. Totally, 17 pastoral and agro-
pastoral producers participated in the cluster-based large-scale demonstration of improved 
sorghum technology conducted in the district. Also, a PAPREG containing 27 members was 
established. Based on the area of land that was covered and access to suitable farmland, all 
the pastoral and agro-pastoral farms had farmland nearby each other. Researchers from the 
Jinka Agricultural Research Center, agricultural experts from the Zonal and respective 
districts, and the administrator actively participated in selecting participants and the host 
kebele.  
 
Implementation design 
 
Improved sorghum technologies such as improved seed, seed rate, spacing, fertilizer rate, 
chemicals and irrigation watering or crop water requirement were applied and used for the 
demonstration of each agro-pastoralist. The technology was planted on agro-agro-
pastoralists’ in Belg 2013 cropping season with full recommended management packages. 
For the demonstration trial, the row planting method was used, with a spacing of 75 cm 
between rows and 15 cm between plants, and thinning was implemented. The 
recommended seed rate of 15 kg/ha was used for drilling. The recommended rates of 100 
kg/ha UREA (at planting and knee height) and 50 kg/ha NPSB were used to conduct the 
demonstration. Totally, 10 hectares of land were covered.  
 
Training and skill developments 
 
Different disciplines of researchers prepared training and provided for both experts and 
beneficiaries. To enhance the effectiveness of sorghum production field-based training 
while planting, weeding and chemical application times are very critical and at each time 
the training was provided by respective researchers. As per the training provided, 
beneficiaries tried to apply both theory and field training at the ground and it helped the 
beneficiaries to update their productions skills and change their perception of the 
productions associated challenges. 
 
Data collection and analysis 
 
Agronomic data and Agro-pastoralists’ perception, yield, price and input data were 
collected and analyzed by using descriptive statistics like maximum, minimum, mean, 
frequencies, and percentage. Using direct matrix ranking the agro-pastorals perception on 
improved variety was analyzed. And also benefit-cost ratio was used to calculate the 
feasibility of sorghum production technology under agro-pastoral management in the 
research site. 
 
RESULTS AND DISCUSSION 
 
Achievements or demonstrations through field day  
 
A field day was conducted to demonstrate improved sorghum technologies to agro-
pastoralists, development agents, and key stakeholders. As a result, a field day was held at 
Bena-Tsemay district on Duma Kebele to demonstrate cluster approaches at crop maturity. 
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Model pastoral and agro-pastoral participants, development agents, and administrative 
bodies from three kebeles with sorghum productions potential and nearby kebeles, key 
stakeholders from districts, and the South Omo Zone stakeholders were invited to visit crop 
field performance and share experiences on the field day. A total of 121 agro-pastoralists, 6 
development agents, 3 kebele administrators, and 6 key stakeholders from districts and 
zones attended the field day. During the field day, a discussion section was organized to 
raise awareness of pastoral and agro-pastoral issues through experience sharing and 
brochures, Debub radio, and television, mass media were also used to increase the 
technology's popularity. 
 
Yields and yield component of sorghum 
 
The study's findings showed that the new sorghum (Melkam variety), with its technological 
packages produced more yield per hectare than the local variety under the existing agro 
pastoralists' practices. Thus, in comparable production years in the research area, the mean 
grain yield of new sorghum was 26.5 quintals ha-1 while the mean yield of local variety was 
10 quintals ha-1. This suggests that the new sorghum had a greater yield advantage over 
the indigenous variety. The right application of suggested technology packages, including 
the use of the new variety, suitable fertilizer, chemicals, seed rates, and sound management 
practices, allowed for the achievement of this higher yield advantage (Abady et al. 2017; 
Kinfe and Tesfaye, 2018; Birhane et al. 2019) all reported a comparable yield result. The 
outcome is also in line with (EIAR, 2016), which stated that superior technology 
demonstrations over traditional farmer practices could increase sorghum yields and 
improve yield characteristics. The mean yield was 15.64 quintals, while the minimum and 
maximum yields for each agro pastoral were 11.44 and 19.84 quintals from a plot area of 
0.59 hectares, respectively (Table 1). 
 

Table 1. Yield data of the field experiment 
Beneficiary  Land (ha)  Mean yield 

Q/ha  
Total yield  

17 agro pastorals 10 26.5 265 
Per agro pastorals 0.59 15.64 15.64 
Per agro pastorals plot of 
0.59ha 

Min (Q)  Max (Q)   Mean (Q) 
11.44 19.84 15.64 

Source: own result, 2022 
 
Agro-pastoralists’ perception and feedback  
 
At the end of the activity, feedback was collected from participant agro-pastoralists to know 
their perception level of sorghum cultivation technology. Accordingly, they revealed their 
interest on the variety with regard to  performance of grain yield, early maturity, disease 
tolerance, and medium height enabling the variety to resist logging & good for bird keeping, 
seed color, and seed size. Seven men and ten female evaluators were lumped together 
during the evaluation. The selection criteria suggested by agro-pastoralists were early 
maturity, disease tolerance, high-yielding ability, stalk palatability, panicle length,  seed size, 
seed color, plant height, and disease /pest/ resistance were the main traits listed (Table 2). 
Direct matrix ranking was used to identify the prioritization order of the agro-pastorals 
selection criteria. Melkam variety was preferred by agro-pastoralists because of its high-
yielding ability, early maturity, stalk palatability, and seed color and disease resistance 
traits. This is in line with the findings of (Hailemariam et al., 2021), who found the same 
selection criteria as the most important farmers’ criteria for rice varieties. 
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Table 2. Preference of agro pastorals on improved sorghum (Melkam) Variety 

 Improved Local 

No Preference criteria Preferences of PAPREGs Rank Preferences of PAPREGs Rank 

  
Male Female Total   Male Female Total   

1 Grain yield   7(4) 10(4)  17 1 7(1)  10(1)  17 2 
2 Panicle length  7 (3) 10(3) 17 1 7(1) 10(1)  17 2 
3 Seed colour  7(4) 10(4) 17 1 7(1) 10(1)  17 2 
4 Seed size 7(4) 10(4) 17 1 7(2) 10(2)  17 2 
5 Plant height 7(3) 10(3) 17 1 7(2) 10(2)  17 2 
6 Early maturity  7(4) 10(4) 17 1 7(1) 10(1)  17 2 
7 Bird infestation 7(0) 10(0) 17 0 7(0) 10(0)  17 0 
8 stalk palatability 7(4) 10(4) 17 1 7(2) 10(2)  17 2 
9 Disease/pest/ 

resistance 
7(4) 10(4) 17 1  7(1) 10(1)  17 2 

Score for criteria 0 up to 4, 0=similar 1=poor, 2=good, 3=better, 4= Best 
 
Cost-benefit analysis 
 
Return components (Biomass and yield)  
 
In this research site, agro pastoralists exploited the sorghum production for both human 
and animal feed. However, converting the biomass of sorghum to money is a difficult task. 
As agro pastorals produces various quantities of biomass and uses it in different ways, it is 
difficult to evaluate. In this study, the return of sorghum production did not include the 
financial value of biomass. Moreover, researchers observed and monitored agro pastoral 
fields frequently during the demonstration season, which inspired them to actively monitor, 
weed, and irrigate their sorghum plot. According to the suggested agronomic practices for 
the particular location, planting and weeding were carried out at the appropriate times of 
the season. The melkam variety's average grain yield was 26.5 quintals per hectare, which 
was significantly higher than the local variety's grain yield of 10 quintals per hectare (Table 
3). This difference was mostly caused by the melkam variety's early maturation period and 
productivity advantage.  
 

Table 3. Cost benefit analysis of sorghum productions 
Costs per hectare  Measurement Amount  Unit cost (Birr) Total cost (Birr) 
Seed  Kg 15 50 750 
Fertilizer Kg 150 28.5 2100 
Chemical  Liter  5 1800 3600 
Tractor Operator & fuel 1 12000 12000 
Labour  Labor per hectare 120 100 12000 
Total variable cost    30450 
Fixed cost Land cost per ha  1 5000 5000 
Total cost    35450 
Benefits (Birr/ha)     
Grain yield Quintal (Average) 26.5 3450 91425 
Total return     91425 
Gross margin    60975 
Profit (Birr/ha)    55975 
Benefit to cost ratio    55975/35450=1.6:1 

Source: own calculation field experiment, 2022 
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Cost of inputs used  
 
The most important production inputs of sorghum are seed, fertilizer, chemicals, labour and 
tractor operation. The cost of all inputs used is recorded by the researcher using a data 
sheet provided for that purpose. Accordingly, the cost of seed per hectare was 750 birr 
which amounted to 15k per hectare as per recommended rate. The fertilizer used was NPSB 
and Urea which costed total of 2100 Birr per hectare. As per recommendation for sorghum 
productions, 50kg NPSB and 100kg urea per hectare were used with a total cost of 3600 
Birr per hectare. The land was prepared by tractor for plantation and the cost of fuel for 
tractor and labour cost of the operator totaled 12000 Birr per hectare. The labour cost 
items identified are plantation, thinning, irrigation, weed control, harvest and 
separating/threshing. Thus, the cost of labour from planting to harvesting and threshing 
was 12000 Birr per hectare. The overall cost which varies with productions was 30450 Birr 
per hectare. Whereas land cost as an opportunity cost if the rent for other purposes is 5000 
Birr per hectare in the current market value of land in the research site. To sum up, the total 
cost of sorghum production in the research site is 35450 Birr per hectare. 
 
Return  
 
Return is the difference of gross return which is price multiplied by yield gained and 
variable inputs costs. Thus, the return from sorghum production was 91425 Birr per 
hectare. The higher gross return encourages the agro-pastorals to participate in sorghum 
production and enhance their income through increased productivity. Any modifications to 
technologies or practices often depend on the financial benefit obtained. Agro-pastoralists 
who are prone to not understanding new technologies are aware of the potential financial 
risk involved in making investments in any kind of commercial setting. The gross margin of 
Melkam variety was 60975 Birr per hectare which indicates the economic feasibility of new 
technology-based sorghum productions.  
 
Net gain (profit) 
 
Net gain (profit) is just the variance between total costs (total variable and fixed costs) and 
the total net value of the produce at current market prices. The estimated current market 
cost of inputs (variable and fixed) equals 35450 Birr per hectare. The total return obtained 
from (sorghum) production was 91425 Birr per hectare. So, the net gain (profit) was 55975 
Birr per hectare which is initiative for producers to continue the production. 
 
The ratio of benefit to cost 
 
The result of benefit to cost ratio indicated that the sorghum production in the study is 
economically feasible. The average return obtained from the sale of seed was 91425 Birr 
per hectare which is sound income with respect to the cost of production which is 35450 
Birr per hectare in the area. Furthermore, the ratio indicated that the benefit from sorghum 
production exceeds the cost by one and a half than the cost of the production. This implies 
that the 1.6 (net return) to 1 (total cost) provokes emerging agro-pastoralists to twitch with 
sorghum productions. 
 
Lessons learned and suggestions forward   
 
It is true that sorghum cultivation in the area was being practiced by the pastoral and agro-
pastoral research and extension group, and the chosen area for sorghum production at the 
time was unusual. However, they are forced to collaborate and learn from one another in 
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the forms of the pastoral and agro-pastoral research and extension groups. This made it 
easier for the pastoral and agro-pastoral research and extension group members to carry 
out all the crop management tasks. The employment of more advanced technologies, such 
as improved seed, fertilizer and row planting needs group efforts to easily demonstrate and 
familiarize the technologies for agro-pastorals. As a result, a sense of competitiveness 
developed among group members due to the teamwork within the pastoral and agro 
pastoral research and extension group and the group members ‘influence on one another. 
Therefore, one of the primary strategies for technology adoption in the region is the 
creation of the pastoral and agro-pastoral research and extension group. Members of 
PAPREGs were now increasing production, and other adjacent agro pastorals were 
implementing the technology. Sorghum is grown in agro-pastoral areas for both human use 
and as a high-yielding source of animal feed. Therefore, productions should be scaled out 
extensively at all times as it is irrigation based and rainfed, and skill gap training in using 
the technology should also be provided for better production of sorghum and to enhance 
the economy of producer households. 
 
CONCLUSION 
 
The findings of this study demonstrated that the improved variety of sorghum (Melkam) 
had shown better grain yield as compared to agro pastorals’ practice and  it improves  agro-
pastoralists’ income as it was used for additional seed productions, home consumptions, 
and income generations by selling seed and biomass for animal feed. The net gain (profit) 
was 55975 Birr per hectare from sorghum production which is an initiative for producers 
to continue the production. And also, the benefit to cost of 1.6:1 indicated sorghum 
production is the economically feasible activity in the area. Thus, it can be concluded that 
the income from sorghum production enhances further production and expansion of 
sorghum for multiple purposes.  Additionally, each household who participated in the 
improved sorghum productions could have known how on the uses seed for further 
expansion and consumption for household purpose. The outcome also supported that 
enhanced sorghum varieties have increased yields over local varieties compared to agro-
pastoralist practices who didn’t use improved sorghum production technology. The large-
scale demonstration's host agro-pastoralists also played a crucial role as a source of 
knowledge and high-quality seeds for spreading the enhanced sorghum variety (Melkam) 
among other agro-pastoralists in the area. It is concluded that a large-scale demonstration 
is an effective instrument for boosting sorghum production and productivity by expanding 
agro-pastoralists' knowledge, attitude, and abilities. As a result, the offices of agriculture 
and rural development in each district should spread and expand the Melkam variety to 
numerous agro pastoralists with comparable agro-ecologies. In order to continually and 
consistently increase sorghum production and provide the seed of this variety for further 
production, it needs strong efforts by respective stake-holders on seed producer 
cooperative establishment or organizing  agro-pastoral improved seed producing groups. 
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