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1. Introduction

Abstract

The production and productivity of bread wheat remain low among subsistence
farmers in the highland areas of the Guji zone, despite the region’s agricultural
potential. Current yields are insufficient to meet household food security require-
ments. This is mainly due to biotic and abiotic factors. Therefore, continuous in-
trusion of resistant and high-yielding bread wheat varieties into the production sys-
tem is compulsory to sustain production in the highland of the Guji zone. Pre-ex-
tension demonstration of Miju, a recently released bread wheat variety for highland
agroecologies, was conducted, creating demand among farmers for scaling up.
Hence, this study was conducted on the basis of a cluster farming approach with
the aim to popularize the Miju variety on a wider scale, evaluate the productivity
and economic profitability of the Miju variety, appraise the feedback of farmers
and stakeholders on the Miju variety, create awareness for farmers and stakehold-
ers on the Miju bread wheat production technologies, and raise the study area bread
wheat production and productivity. Ana Sora district was selected based on poten-
tial. A total of 44 gender inclusive farmers were clustered, having adjacent farm-
land of 20 ha. The seed was drilled by hand at a rate of 150 Kg with 0.2 m spacing
between rows and a rate of 100 Kg NPS and 50 Kg N ha'!. Training and a field day
were organized. The collected data was analyzed by simple descriptive statistics
and narrating the qualitative explanation of farmers using a qualitative content
analysis approach by summarizing the consensus made after FGD. Economic fea-
sibility was calculated by BCR. An average yield of 26.55 Qt ha! was obtained
with NB of 107,898.2 ETB ha! and 1.74 BCR. Therefore, farmers of the highland
areas should use the Miju variety in a cluster farming approach for better manage-
ment, enhance wheat production and productivity, income, and security of wheat
and food.

Keywords

Food security; cluster approach; highland agroecology; large-scale demonstration;
Miju variety

More than 2.5 billion people worldwide eat wheat, one of the most significant staple food crops [1]. It provides 35%
of food and 20% of calories, making it one of the major staple foods in many countries worldwide. With an estimated
225 million hectares (ha) under cultivation, wheat is the most widely grown crop worldwide and contributes 750
million tons to global production [2]. Wheat accounted for approximately 25% of global cereal production in 2018
[3]. From below sea level polders in the Netherlands to 4500 meters above sea level in Tibet, wheat is grown across
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a broad range of agroecologies, from the arctic to humid regions [4]. The crop’s versatility is complemented by its
ease of grain storage and processing for food and food products.

One of the most significant small cereal crops in Ethiopia is bread wheat (Triticum aestivum L), which is grown
extensively between latitudes 6° and 16° N and longitudes 35° and 42° E [5]. A few biophysical factors for the rain-
fed wheat production system are elevation between 1500 and 3200 meters above sea level, rainfall between 500 and
1200 mm, growing temperatures between 15 and 25 °C, pH between 5.5 and 7.5, well-drained soil types such as
Vertisols, Andisols, Luvisols, and Nitisols, and a slope of 3 to 5% [6]. Rain-fed wheat production is dominant during
the main rainy season (June to October) in highlands, while irrigated production occurs in lowlands along river
basins from November to April [7].

The attainable yield of bread wheat in Ethiopia is up to 5 tons ha™!, but the average is low [8]. Ethiopia’s wheat
yields are lower than potential and below the global average [9]. Though there is enormous potential to increase
Ethiopia’s wheat production both vertically and horizontally, it is still limited due to key challenges such as preva-
lence of biotic (disease, insect and weed) and abiotic (soil acidity, erosion, poor soil fertility, high rain fall, water-
logging, and pre-harvest sprouting), yield gaps due to low adoption of new technology [9-11]

Ethiopia has started a number of initiatives in recent decades to guarantee the security of wheat and food, but
they have not had the desired effect [12]. The Ethiopian government has developed programs like land area expan-
sion, irrigation advancement, and yield gap closure by increasing productivity through better adoption of technology
and agro-clustering of smallholder farmers in order to meet the country’s wheat demand and make it self-sufficient
[13]. Ethiopia launched a new national development policy reform known as Homegrown Economic Reform in
2019 which is structural, economic and sectorial reforms, to overcome national and global challenges, with wheat
production chosen as a development priority for food security, raw material for the agro-industry, import substitu-
tion that transits to export, and job creation along the value chain and eventually to become the beacon of African
prosperity [12]. For this to become effective, as stated by [13, 14], bridging the yield gap in traditional highland
wheat growing areas through developing and scaling climate-resilient, high yielding and associated crop manage-
ment practices and expanding wheat production in new frontiers of irrigated systems in both lowland and highland
areas are the two-pronged approaches to be followed.

As a result, Ethiopia has emerged as one of the largest wheat-producing countries in sub-Saharan Africa and
currently cultivates wheat on 2.6 million ha of land under both rain-fed and irrigation system, with a total production
of 8.2 million tons in 2022, at an average productivity of 3.0 tons ha™! under rain-fed and 4.0 tons ha™! under irrigated
conditions, respectively [12]. In reporting on the Feed Africa: Food Sovereignty and Resilience Summit (Dakar 2)
a conference which was held in Dakar, Senegal during January 2023, it was announced that the African Develop-
ment Bank’s flagship program, Technologies for African Agricultural Transformation (TAAT), distributed more
than 100,000 tons of certified seeds of heat-tolerant wheat varieties for Ethiopia. As a result, Ethiopia expanded the
cultivated wheat area under irrigated lowland from less than 5,000 ha during 2018 and 2019 to 1.4 million ha in
2022 and 2023. Wheat yields increased on average from 2 tons ha™! to 4 tons ha™! with production increasing by an
additional 1.6 million metric tons in 2023. The 2021/22 combined wheat production from irrigated (1.6 million) and
rain- fed (5.4 million) systems reached 7.0 million metric tons. This has made Ethiopia wheat self-sufficient and for
the first time in history, it became an exporter of wheat to neighboring countries [15, 16]. Even though discrepancies
of the exact figure quoted in majority of sources, all acknowledged the historic increase of wheat production in
Ethiopia by virtue of governmental initiative, suggesting a substantial national effort to increase domestic wheat
production and reduce dependence on imports. The nation will also keep exporting wheat if its farming system is
modernized and sustained surplus productivity which must be maintained with ongoing policy, research, and devel-
opment activity [17].

Bore Agricultural Research Center (BoARC), one of the research centers of Oromia Agricultural Research Insti-
tute (OARI) has conducted different research activities related to wheat at different mandate areas of the center.
However, bread wheat production and productivity remain low among subsistence farmers in the highland areas of
Guji zone, despite the region’s agricultural potential. Current yields are insufficient to meet household food security
requirements. A number of improved bread wheat varieties that were demonstrated and popularized at highland
parts of Guji zone failed to sustain and went out of production [18]. One of the factors that led to the crop’s lower
productivity was mainly diseases (leaf, stem and yellow rusts) and the slow spread/dissemination of improved and
better productive varieties coupled with low adoption of new technologies. The pre- extension demonstration of
Miju variety, which is according to Kedir et al. moderately resistant to major wheat rust diseases and adapts to the
elevation ranges from 2400 to 2800 meters above sea level with precipitation of more than 875 mm [19], was
conducted in highland areas. Based on the farmers’ preference criteria, the Miju variety was the outstanding and
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high yielding variety compared to recent standard check. As a result, farmers were demanded Miju variety for rapid
scaling up [18]. This raised the need to conduct large-scale demonstration of Miju variety. Because the previous
pre-extension demonstration of Miju variety was for validation purpose under farmers’ field conditions which in-
volved large number of farmers, 90 farmers: grouped in to 6 Farmers Research Groups (FRGs) consisting of 15
members each on the minimal plots of 14 experimental farmers, 100 m? for each (a total of 0.14 ha), and a total of
only 21 Kg seed was used at two districts [18]. Consequently, the quantity of seed used was insufficient to cover
larger areas or reach a wider number of farming households. Hence, preceded by this pre-extension demonstration,
the large-scale demonstration of Miju variety was conducted on 20 ha under rain- fed production system on the
basis of a cluster farming approach. This approach is becoming more popular throughout Ethiopia and has helped
increase productivity by facilitating the better adoption of mechanization/technological inputs (combine harvesters,
tractors, and planters) and inputs (such as chemicals, seeds, and fertilizers). This demonstration approach would be
important to provide a basis for wider impact: promote and popularize the Miju bread wheat variety, thereby in-
creasing wheat production and productivity to increase faster varietal replacement, enhance income and security of
wheat and food in the study area. To the best of our knowledge, this study is the first of large-scale demonstration
research regarding wheat crop in the study area and believed to provide preliminary evidence that may inform local
wheat production strategies and contribute to broader efforts.

1.1 Objectives

The objectives of the study were to:
e Popularize Miju variety in wider scale.
e Evaluate the productivity and economic profitability of Miju variety for cluster-based farming approach of
large-scale demonstration.
e Appraise feedback of farmers and stakeholders on the Miju variety.
o (Create awareness for farmers and stakeholders on the Miju bread wheat production technologies.
e Raise the study area bread wheat production and productivity.

2. Materials and Methods
2.1 Description of the Study Area
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Figure 1. Map of the study area (source: Arc GIS).
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The study was conducted in Ana Sora district, Ethiopia, during the 2024/25 cropping season under a rain-fed
production system. The district is located between 6°6°0"- 6°18°0" latitudes and 38°40°0"- 38°50°0" longitudes (Fig.
1). In lowland, midland, and highland regions of the district, there are agroecological zones with elevation ranges
from 1200 to 2800 meters above sea level, annual precipitation of 350-1830 mm, and temperature of 11.2-21 °C.
The district’s two main rainy seasons are spring and fall, locally called ‘Ganna’ and ‘Hagayya’ rains. Autumn/fall,
which is the least rainy season in the area with precipitation starting in September and lasting through November,
brings both heavy and minor rains throughout the majority of the region. 78% of the annual rainfall is in the spring,
which runs from late February to early May [20]. The summer rainy season, occurring from mid-June to mid-
September receives substantial portion of its annual rainfall during this period. Winter, which extends from Decem-
ber to February, is characterized by the lowest rainfall among all seasons. The district is suitable for the production
of several highland field and horticultural crops, including maize, wheat, barley, faba bean, field pea, potato, carrot,
cabbage, and enset predominantly under rain-fed conditions. The district is endowed with fertile farm- land and
water resources suitable for crop production and livestock husbandry. Wheat crop is dominantly planted from mid
to late August to escape from pre- harvest sprouting due to rain come about in autumn in the particular highland
study area, though this could vary depending on the varieties.

2.2 Location and Farmers’ Selection Procedure

2.2.1 Location Selection

The target district was purposively selected based on its bread wheat production potential and representativeness of
the study area. The study kebele (lower administrative unit in governance organizational structure of Ethiopia) was
selected in communication with the Agricultural and Land Office (ALO) of the district and extension department
based on its prospective to bread wheat production. Accordingly, Bube Qorsa kebele was selected to conduct this
large-scale demonstration activity.

2.2.2 Cluster Formation and Land Allocation

Host farmers were purposefully chosen based on their willingness to conduct the trial in clusters, share their expe-
rience with other farmers, and provide a total of 20 ha, with individual land contributions ranging from 0.25 to 0.5
ha of adjacent farmland. Individual farms were consolidated into a contiguous 20-ha cluster, with distances of ap-
proximately 0.5-5 m between adjacent plots. These farmlands were easily accessible for ongoing follow-up, super-
vision, monitoring, and evaluation tasks. This was done after pertinent and timely communication was made with
kebele extension/development agents (DA) and the district ALO. To this end, 44 farmers in all were chosen with
the intention to implement identical management practices as per the research recommendations to their clustered
farmlands (Table 1). In order to ensure gender parity (SDG 5) and achieve the gender cross-cutting edge of the
FSRP, 15 female farmers, about 34%, were involved and empowered to participate actively and to gain profit from
this research work.

Table 1. Location of the study and beneficiary farmers

District (Kebele) Male Female Total
Ana Sora (Bube Qorsa) 29 15 44
Total 29 15 44

2.3 Large-scale Demonstration Working Modality

The implementation modality for the large-scale demonstration was developed jointly by cluster member farmers,
the Ana Sora District ALO, and BoARC. The modality specifies the roles and responsibilities of each of the three
actors. Cluster member farmers were at the center of the working modality because the large-scale demonstration
was intended to satisfy their interests and to increase bread wheat production status in the study area.

Conventionally, we followed the approach where BoARC was responsible for seed, technical, and technology-
transfer related activities for this large-scale demonstration, whereas cluster member farmers were responsible for
the provision of land free of charge, securing fertilizers and agro-chemicals, and managing all the farming activities.
The specific roles and responsibilities of actors are presented in Table 2. A memorandum of understanding was
signed to realize the roles and responsibilities, and two focal persons were appointed, one from the district ALO
and the other from cluster member farmers, to facilitate the work and to ease way of message delivery.
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Table 2. Roles and responsibilities of actors in the implementation of large-scale demonstration at Ana Sora district, Ethiopia

Actors Roles and responsibilities

Provide land free of charge for large-scale demonstration

Secure fertilizers and agro-chemicals

Implement all the production practices as per the research recommendations
Follow all day-to-day activities

Share skills and experiences to neighbor farmers

Select site and farmers

Regularly follow large-scale demonstration management

Provide regular technical support to farmers

Properly record all data together with researchers

Facilitate field day and training

Facilitate monitoring and evaluation events

Agricultural input supply

Facilitate seed marketing

Coordination and facilitation

Provision of properly weighted seed

Provision of training

Provision of technical support for farmers, DA and experts of district ALO
Organize field day

Supervision and joint monitoring and evaluation with zone and district ALO
Properly record research data together with district ALO

Ensure the quality of the data collected

Data analysis and reporting

Cluster member farmers

ALO (district and Kebele
level)

BoARC

2.4 Agronomic Practices and Inputs

Seed was drilled at a depth of 3 to 5 cm with 0.2 m row spacing. The seeding rate was 150 Kg ha™!. All NPS fertilizer
(100 Kg ha'') and 50 Kg UREA: 1/2 was applied at planting by band placement. The remaining 1/2 was top-dressed
at the peak tillering stage. Weeding was conducted manually twice: first at 25 to 35 days after planting. The second
weeding was conducted depending on the level of weed emergence. The herbicide 2,4-D was applied at a rate of
0.5 L ha! at the 3 to 5 leaf emergence stage, and the fungicide Tilt was applied at a rate of 1.0 L ha™! at the 5 % rust
emergence stage (Table 3).

Table 3. Amount of Inputs used for large-scale demonstration activity

Seed in quintal (Qt), fertilizers (Qt), chemicals (L), and land size (ha)

Land Fertilizers Chemicals for fungicide and herbicide
Basic seed (Miju variety) delivered .
size NPS N Tilt 2,4-D
30 20 20 10 10 20

2.5 Extension Events and Communication Methods Used

As part of the intervention activities, training on agronomic practices and post- harvest handling was given to farm-
ers, DA, and experts. Field day was organized on the fields of beneficiary farmers in order to evaluate the perfor-
mance and final outputs of the variety and share the lessons and experience gained from large-scale demonstration
with different participants. Farmers, DAs, district ALO experts, researchers, and other relevant stakeholders at-
tended the field day. Mass extension method like regional media network: Oromia Broadcasting Network (OBN
TV) was used as communication means to transmit news about this large-scale demonstration and field day event
for other farmers and stakeholders for wider popularization.

2.6 Method of Data Collection

Data were collected through focus group discussions (FGDs), field observations, and structured data recording
sheets.
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2.7 Data to Be Collected

Both primary and secondary biological, social, and economic data were collected. Biological data (seed yield in Qt
ha''), economical data like market price of output (seed), costs of inputs: fertilizers (NPS and UREA), labor, seed,
agro-chemicals, and harvesting (used combine harvester), and social data like feedback of farmers and other stake-
holders were collected.

2.8 Data Analysis

The collected data was entered into SPSS version 20 and analyzed using simple descriptive statistics and narrating
the qualitative explanation of the farmers through FGD using a qualitative content analysis approach by summariz-
ing the consensus made after discussion. The costs incurred and the net benefit gained from the production of Miju
variety used for the large-scale demonstration were analyzed by computing total revenue (TR), growth margin (GM),
and net benefit (NB). The calculations were done by converting all the parameters to ha basis. The final selling price
used was the farm gate selling price during the harvest season of 2024/25. Finally, benefit cost ratio was used as it
provides an added level of clarity and creates a look at the demonstrated variety’s overall economic feasibility.

TR=Y=x*P (1)

GM =TR-TVC 2)

NB =GM - FC 3)
NB

BCR = el 4
P NB

BCR* = e 5)

Where, TR = total revenue, Y = yield obtained in Qt ha! and P = farm gate price in Ethiopian Birr (ETB), GM =
growth margin, TVC = total variable cost, NB = net benefit, FC= fixed cost, BCR = benefit cost ratio excluding
land opportunity cost and BCR*= benefit cost ratio including land opportunity cost.

3. Results and Discussion
3.1 Yield Performance

Grain yield was recorded from each participating farmer’s field and converted to a per-hectare basis and calculated
in ha base in order to estimate the productivity of Miju bread wheat variety. Accordingly, the average yield of the
Miju variety was 26.55 Qt ha'! and the total yield obtained was 531 Qt (Table 4). This yield level may contribute to
improving seed availability in the study area. However, productivity from large-scale demonstration activity (26.55
Qt ha!) showed a reduction of about 3.5 Qt ha™! from the preceding demonstration activity of small scale which
gave a yield of 30 Qt ha™! [18]. This slight difference might have arisen from different factors. Lack of modern farm
tools and equipments to facilitate agricultural operations; instead, oxen were used as draft power to plough and
sketch the rows. Member of cluster farmers with different commitments to manage the trial field, coupled with
different levels of understanding about technical knowledge and skill, participated in drilling the seed and fertilizers,
which might have resulted in the variation of placing seed and fertilizers at an appropriate rate and position in the
rows. Delay of input supplies like agro-chemicals for early application. Integration in the traditional land use prac-
tices of some naturally regenerated parkland tree species of large canopy, like Schefflera abyssinica, locally called
‘Gatamee’, one among the other multipurpose trees which are highly valued by smallholder farmers in the study
area because of their importance mainly for bee forage; for production of white honey, by which the highland parts
of Guji zone are well known. Soil fertility improvement is the other merit of these parkland trees which is why
smallholder farmers retained these tree species in the study area, as explained in the work of assessment conducted
on parkland trees at Ana Sora district [21]. In contrast, lodging was observed in the wheat crop during the present
large-scale demonstration which might have arisen from a shade effect, light competition, and over-fertility beneath
the tree, though further research is needed to identify the effect of tree density, canopy cover, and light interception.
Despite of all those factors, the Miju variety obtained from this large-scale demonstration was greater than the yields

DOI: 10.26855/ijfsa.2026.06.004 151 International Journal of Food Science and Agriculture



Korji Dembi, Amare Girma, Kebede Basha

of the other two improved varieties, Wane and Sinja, recently demonstrated under similar conditions, which yielded
26.29 and 23 Qt ha!, respectively [22].

Table 4. Yield obtained from large-scale demonstration (Qt ha™')

Descriptive Statistics

Std Br- 4 Devi
N Minimum Maximum Mean Sum ror - OOV
ation
Mean
Yield Obtained 44 20 32 26.55 531
041184 2.73185
Total ha 44 0.25 0.5 0.4545

The yield distribution across the participating farmers (Fig. 2) revealed the variability that the standard deviation
(2.732) suggested with minimum (20 Qt ha™') and maximum (32 Qt ha'!)

8 Mean = 26 55
Stdl. [iev. =2732

Frequency

18.00 20,00 22.00 24.00 26.00 28.00 30.00 3200

Distribution of Yields

Figure 2. Distribution of yields across farmers (Qt ha™).
3.2 Profitability of Miju for Cluster-Based Farming Approach of Large-Scale Demonstration

Production costs and returns from the large-scale demonstration were collected from all participating farmers and
converted to a per-hectare basis prior to profitability analysis. This profitability analysis was intentionally done to
convince farmers conversely to their worries and expectations of minimal yield and profit due to different yield
reduction factors for cluster-based large-scale demonstration of wheat in the study area, in comparison to small-
scale demonstrations that have been conducted. Total variable costs included costs of basic seed, fertilizers, agro-
chemicals, harvesting, labor, and transaction costs (costs of information and transportation). Fixed cost was the cost
of farmland, which was 20,000 ETB ha™! on average, during the production season of 2024/25. But it was an oppor-
tunity cost of owned land, not an actual cash expense. Because most smallholder farmers do not pay rent for their
land. This cost was merely included to have insight into the profitability of this crop enterprise as a business venture
for rented farmland as well. The cost of basic seed of Miju variety during plantation was 18,000 ETB ha™!. While
the farm gate price of Miju was 6,400 ETB Qt! at harvesting time. This implied that purchasing seed for planting
was nearly three times as expensive as the selling price of the harvested grain. This was economically unsustainable
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for farmers who could not produce their own seed. Seed cost affordability highly matters, indicating the need for
seed multiplication programs in the locality. As the economic profitability analysis revealed, Miju variety generated
a higher return of 107,898.2 ETB ha! with a BCR of 1.74 and 2.57, excluding and including land opportunity cost,
respectively. The BCR calculations in both cases were more than 1, indicating that the production of the Miju variety
was economically feasible in a cluster farming approach at the highland parts of the Guji zone (Table 5). This is in
the synchronization of Dembi K et al. on the pre-extension demonstration of Miju at the highland of Guji [18].

Table 5. Economic profitability analysis of the large-scale demonstration of the Miju variety

Economic feasibility

Parameters ETB ha'!
GM NB BCR BCR*

Basic seed 18,000
Labor 3,000

Fertilizers (NPS and UREA) 7,958.2
Chemicals (Herbicide and Fungicide) 2,600
Threshing 7,963.6
Transaction 2,500

TR 169,920

TVC 42,021.8

TFC 20,000

TPC 62,021.8 127,898.2 107,898.2 1.74 2.57

Note. BCR* Indicates BCR including land opportunity cost
3.3 Awareness Creation

3.3.1 Training

Adoption of a new technology is a dynamic process that moves from learning to embracing and results in a popula-
tion that can be categorized into adopters and non-adopters [23]. On the other hand, farmers’ changes in technology
use and adoption are influenced by technical training, meetings, oral presentations, trust in technicians, and their
belief level in technology [24]. The dissemination activities included continuous follow-up, seed provision, moni-
toring and evaluation, exchange visits, workshops, and training programs. Accordingly, theoretical and hands- on
practical training has provided for effective execution of the activity and to enhance their awareness toward Miju
bread wheat variety, concept of cluster farming approach, agronomic practices, wheat protection aspects and post-
harvest handling where a total of 55 farmers were trained of which about 23% were female farmers (Table 6). 11
farmers were not participants of this demonstration, they were purposively involved in the training to be capacitated
based on their active and continuous engagement in wheat production for the last consecutive three years (2021-
2023) and with the expectation that they could contribute to future seed multiplication activities.

Table 6. Participants in extension events

Participants in gender aggregate (M= male, F= female, T= total)
Extension method

Farmers DA SMS Stakeholders
M F T M F T M F T M F T !
Training 40 15 55 4 - 4 3 - 3 2 - 2 64
Field day 77 19 96 13 2 15 11 - 11 22 1 23 145

3.3.2 Field Day

Field day, which is an important event in the implementation of demonstration activity, is a method of motivating
people to be aware of the demonstrated activity and to adopt new practices and varieties by showing what has
already been achieved under farmers’ field conditions. To persuade the mass of farmers about the demonstrated
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technology and demonstration approach, a field day was organized in which a total of 145 participants were involved,
of whom 96 were farmers, and the remaining 49 participants were DA, SMS, and other stakeholders. About 15% of
the total participants involved in the field day event were female (Table 6). In total, 209 participants were reached
through training and field-day activities. Furthermore, this large-scale demonstration was aired by regional mass
media (OBN TV) to publicize the Miju bread wheat variety to a wider public to adopt the new variety over wider
areas of similar agroecologies. That publicity helped in experience sharing and wider awareness creation.

3.4 Feedback from Farmers and Stakeholders

To assess farmers’ feedback about reflective insight into the improved Miju variety and demonstration strategy, an
FGD comprising eight farmers was organized among the cluster member farmers based on their active participation
and relatively better know-how to detail the large-scale demonstration activity. As summarized from the discussion
made with a focused group of farmers in a cluster, the result from the large-scale demonstration was evidence for
tangible outcomes of the demonstration activity, imposing 531 Qt of new and high-yielding variety to the production
system that could, in turn, enhance the local seed capacity for wider adoption and thereby alleviate the problem of
food insecurity in the study area. Though a formal disease assessment was not conducted for this activity, based on
their observation, participating farmers reported that the Miju was productive and gave a higher yield, market de-
mand, and was moderately resistant to diseases, especially rusts, from the variety they had been using so that they
would continue producing the Miju variety. They reported that they would outscale it through farmer-to-farmer seed
dissemination mechanism and would circulate information about the new and high-yielding Miju variety through
the loop of their social networks.

Similarly, district experts and DA elucidated that the cluster approach encourages research extension linkages to
be strengthened. It endows the way to keep in touch with each other and to swap information from research to
extension and then to the farmers. The cluster-based large-scale demonstration approach followed in the implemen-
tation of this activity was a very effective way in order to publicize the new technology in a perceptible way. On
the other hand, they further discussed some of the challenges of the cluster farming approach, such as coordination
costs among smallholder farmers, conflicts over shared resources, difficulties enforcing uniform management, and
the risk of monoculture that could build up pest and disease.

Other stakeholders expressed positive feedback on the demonstrated Miju variety. They also liked the demon-
stration strategy, as it is important for the speedy adoption of new technology for mass farm communities. They
suggested that farmers who own fragmented but adjacent farmland had to adopt and continue producing wheat and
even other major food crops using the approach of cluster farming, with great care taken to realize crop rotation, as
the approach encourages monoculture cropping. This idea is supported as it has been abundantly stated in scientific
literature that crop rotation is known for its various advantages, including improving soil fertility by fixing atmos-
pheric nitrogen, diversification, and breaking the cycle of weeds, insect pests, and diseases [25, 26].

4. Conclusions and Recommendations
4.1 Conclusions

The large-scale demonstration of an improved bread wheat variety was conducted at Ana Sora district, the highland
parts of the Guji zone, during the 2024/25 cropping season under a rain-fed production system through a cluster
farming approach. Based on feedback obtained from farmers, development agents, experts, and other stakeholders,
the lack of seed multiplier organizations in the Guji zone could result in a lack of access to improved varieties.
Delayed supply of inputs such as fertilizers and agrochemicals, farmers’ lack of technical and management skills,
and the variation in farmers’ commitment to manage the field were some of the challenges encountered in the
implementation of this large-scale demonstration activity, resulting in the slight reduction of production and produc-
tivity.

Despite all those facts, Miju variety was accepted by farmers due to its production and productivity, and for its
market demand and moderately disease-resistant traits. Farmers reported that they intended to continue with pro-
ducing the Miju bread wheat variety, though improvement for sustainable intervention would be critical if wheat
production and productivity are to be achieved in the study area. As lessons learnt from this large-scale demonstra-
tion, the cluster farming approach of this large-scale demonstration contributed to the better adoption of improved
bread wheat technologies and enhanced the linkage among researchers, farmers, extension workers, and other stake-
holders. Lack of modern farm tools and equipment hinders the large-scale demonstration activities that need to be
mechanized for efficient and effective implementation, especially during the pick time of plantation and harvest.
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4.2 Recommendations

Based on the findings concluded, the following recommendations were made:

e Farmers of the study area and elsewhere in similar agroecologies should use the Miju variety along with its
full package and agronomic management practices in a cluster approach for better management, to increase
their wheat production, generate more income for their livelihood, and enhance food security. But this
should be done with care taken for crop rotation.

e Potentially proved and newly released varieties at BOARC should be multiplied in the Guji zone and dis-
seminated further in order to produce quality seed to address farmers’ needs and interests. Therefore, the
government should seriously impose seed multiplier organizations, particularly Oromia Seed Enterprise
(OSE), cooperatives, and unions. Furthermore, model farmers should be encouraged to take part in the
multiplication process of improved varieties in the study area.

e As integration works with different stakeholders, endow the way to keep in touch with each other and to
swap information from research to extension, and improve the synergy and minimize effort duplication as
well. Due emphasis should be given to integration works by concerned bodies.

e To sustain wheat production, there is a need for an advanced breeding program to develop location-specific
traits of wheat varieties. Therefore, breeders in the cereal research team are expected to work hard to de-
velop new disease-resistant and productive wheat varieties in the Guji zone.

e Modern farm tools and equipment that facilitate agricultural operations are lacking in the study area, while
the cluster-based large-scale demonstration activities need to be mechanized, for ease of operations, as per
the recommendation, as the scale is large. Therefore, government, NGO and service providers should en-
sure rentals of these automated machinery for the successful implementation of the contemporary increas-
ing cluster farming approach.

e Relevant public and private institutions may improve the timely supply of agricultural inputs like fertilizers
and agro-chemicals to enhance production and productivity.

e Continuous awareness creation activity should be given to end-users to enhance technical know-how and
management skills, and to inspire the commitment of farmers.

Funding
This work was supported by the Food System Resilience Program (FSRP).
Acknowledgements

The authors would like to gratefully acknowledge FSRP for its financial and BoARC for its logistic support to
conduct this research. The contribution of Ana Sora district ALO is highly recognized. Hosting member farmers are
extremely acknowledged for their active participation, harmony and cooperation in executing this research work.

Author contributions

K. D; Conceptualization, methodology, plantation, follow up and supervision, data collection and validation, formal
analysis, original draft preparation, writing review and editing. A. G; plantation, supervision and data collection. K.
B; supervision and data collection. All authors have read and agreed to the published version of the manuscript.

Declarations

Ethical approval: This study was conducted according to the experimental guidelines of the Declaration of OARI,
and all those protocols were approved by the OARI Institutional Review Board (IRB) of the Agricultural Economics,
Extension and Gender Research Department.

Consent to participate: Participant farmers informed that they have the right to privacy, anonymity, confidentiality,
voluntary participation, and withdrawal to ensure ethical standards. Before participating in this study, all persons
provided written informed consent, and all personal identifying information for participants was omitted from the
data presented in this manuscript.

Consent to publish: Not applicable.

Competing interests: The authors declare no conflict of interest.

Data availability statement: Data supporting these findings were included in this published article.

DOI: 10.26855/ijfsa.2026.06.004 155 International Journal of Food Science and Agriculture



Korji Dembi, Amare Girma, Kebede Basha

Clinical trial number: Not applicable.
Sample availability: The authors declare that no physical samples were used in the study.

References

(1]

[10]

(11]

Erenstein O, Jaleta M, Mottaleb KA, Sonder K, Donovan J, Braun HJ. Global trends in wheat production, consumption and trade.
In: Reynolds MP, Braun HJ, editors. Wheat improvement: food security in a changing climate. Cham: Springer International
Publishing; 2022. p. 47-66.

Singh SK, Kumar S, Kashyap PL, Sendhil R, Gupta OP. Wheat. In: Singh S, Kumar S, Sendhil R, editors. Trajectory of 75 years
of Indian agriculture after independence. Singapore: Springer Nature Singapore; 2023. p. 137-62.

Langridge P, Alaux M, Almeida NF, Ammar K, Baum M, Bekkaoui F, et al. Meeting the challenges facing wheat production:
the strategic research agenda of the global wheat initiative. Agronomy. 2022;12(11):2767. doi:10.3390/agronomy12112767.

Tang L. High-altitude dietary adaptations on the interior Tibetan Plateau in prehistory: Archaeobotanical, paleoproteomic, and
stable isotopic evidence [Doctoral dissertation]. Washington University in St. Louis; 2024.

BeyenE KT. Effects of blended NPSB fertilizer rates on growth, yield components and yield of bread wheat (Triticum aestivum
L.) Varieties in Debrelibanos district, North Shoa, Ethiopia [MSc Thesis]. Haramaya University; 2025.

Feyissa RL, Dechassa N, Legessie H, Schulz S, Gameda S. Productivity and grain quality of bread wheat (triticum aestivum L.)
Genotypes as influenced by lime, mineral fertilizers, and vermicompost on acid soils of Guto-Gida and Welmera distrcicts,
Oromia region, Ethiopia [Doctoral dissertation]. Haramaya University; 2024.

Habte A, Worku W, Mamo G, Ayalew D, Gayler S. Rainfall variability and its seasonal events with associated risks for rainfed
crop production in Southwest Ethiopia. Cogent Food Agric. 2023;9(1):2231693. doi:10.1080/23311932.2023.2231693.

Feyisa H, Mengistu G, Biri A, Chimdessa T. Grain yield and yield related traits of bread wheat as influenced by N and Seeding
Rates and Their Interaction Effects in 2020 under Irrigation at Western and North of Oromia, Ethiopia. Int J Agron.
2023;2023(1):8666699. doi:10.1155/2023/8666699.

Tadesse W, Zegeye H, Debele T, Kassa D, Shiferaw W, Solomon T, et al. Wheat production and breeding in Ethiopia: retrospect
and prospects. Crop Breed Genet Genomics. 2022;4(3). doi:10.20900/cbgg20220009.

Abebe D. Review on Major Biotic Threats to Crop Production and Food Security in Southern Ethiopia: Diseases, Pests and
Parasitic Weeds. Raya J Sci Dev. 2025;3(1). doi:10.4314/rjscd.v3il.1.

Berhan M, Bekele D. Review of major cereal crops production losses, quality deterioration of grains by weeds and its prevention
in Ethiopia. Asian J Adv Res. 2021;11(4):93-104.

[12] Effa K, Fana DM, Nigussie M, Geleti D, Abebe N, Dechassa N, et al. The irrigated wheat initiative of Ethiopia: a new paradigm
emulating Asia’s green revolution in Africa. Environ Dev Sustain. 2025;27(1):2161-86. doi:10.1007/s10668-024-05923-9.

[13] Negeri BG, Xiuguang B. Wheat yield gaps and its implications on food security in East Africa: a comprehensive analysis of
factors and consequences. Cogent Food Agric. 2025;11(1):2534434. doi:10.1080/23311932.2024.2534434.

[14] Senbeta AF, Worku W. Ethiopia’s wheat production pathways to self-sufficiency through land area expansion, irrigation advance,
and yield gap closure. Heliyon. 2023;9(10):e21243. doi:10.1016/j.heliyon.2023.e21243.

[15] Kanté A. Senegal’s Chairmanship of the African Union. In: Yearbook on the African Union. Brill Nijhoff; 2024. p. 56-76.
doi:10.1163/9789004711832_004.

[16] Okoruwa V, Zozo R, Kago K, Opaluwah A, Lewis S, Bishaw Z, et al. Agricultural transformation through wheat: An outcome
evaluation of TAAT wheat compact’s interventions in Ethiopia. TAAT MEL working document no. 006. Gates Open Res. 2024;8
(125):125. doi:10.12688/gatesopenres.15425.1.

[17] Shikur ZH. Wheat policy, wheat yield and production in Ethiopia. Cogent Econ Finance. 2022;10(1):2079586.
doi:10.1080/23322039.2022.2079586.

[18] Dembi K, Basha K, Girma A, Tekle B. Pre-extension demonstration of Miju: a newly released bread wheat variety at highland
districts of Guji Zone, Oromia Regional State Government, Ethiopia. Discov Agric. 2025;3(1):1-11.
doi:10.1007/s44279-024-00035-0.

[19] Kedir A, Alemu S, Kebede K. Release and registration of “Miju” Bread Wheat (Triticum aestivum L) Variety. J Plant Sci.
2022;1(6):209-13. doi:10.11648/.jps.20230106.11.

[20] Beriso G, Amare A, Eneyew A. Women empowerment in agricultural activities and its impact on farming household food security:
The case of Anna Sorra District, Guji Zone, Oromia regional state, Ethiopia. Cogent Food Agric. 2023;9(2):2263952.
doi:10.1080/23311932.2023.2263952.

[21] Demise S, Emire A. Assessment of Parkland Tree Species and Their Management Practice in Ana Sora District of Guji Zone,
Southern Ethiopia. Int J Plant Soil Sci. 2024;36(5):1033-45. doi:10.9734/ijpss/2024/v36i54669.

DOI: 10.26855/ijfsa.2026.06.004 156 International Journal of Food Science and Agriculture



Korji Dembi, Amare Girma, Kebede Basha

[22]

(23]

[24]

[25]

[26]

Kebede B, Bobo T, Korji D. Pre-extension demonstration of improved bread wheat technologies at highlands of Guji Zone,
Oromia, Ethiopia. Austin J Nutr Metab. 2023;10(2):1131.

Zivic F, Grujovic N, Miljojkovic J. Differences between adopters and non-adopters of innovation: case study of new technologies
adoption by small and medium enterprises in Serbia. In: Supporting University Ventures in Nanotechnology, Biomaterials and
Magnetic Sensing Applications: Policies, Practices, and Future. Cham: Springer International Publishing; 2017. p. 113-39.
doi:10.1007/978-3-319-61237-8_6.

Mgendi G, Mao S, Qiao F. Does agricultural training and demonstration matter in technology adoption? The empirical evidence
from small rice farmers in Tanzania. Technol Soc. 2022;70:102024. doi:10.1016/j.techsoc.2022.102024.

Al-Musawi ZK, Vona V, Kulmany IM. Utilizing different crop rotation systems for agricultural and environmental sustainability:
A review. Agronomy. 2025;15(8):1966. doi:10.3390/agronomy15081966.

Zou Y, Liu Z, Chen Y, Wang Y, Feng S. Crop rotation and diversification in China: Enhancing sustainable agriculture and
resilience. Agriculture. 2024;14(9):1465. doi:10.3390/agriculture14091465.

DOI:

10.26855/ijfsa.2026.06.004 157 International Journal of Food Science and Agriculture



