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Introduction: Agroecology is increasingly promoted as a pathway to sustainable
food production, aiming to maximize natural resource use while minimizing
external inputs with harmful environmental effects. Agroecological practices can
enhance farm productivity while ensuring environmental sustainability. However,
these practices often require higher initial investments compared to business-as-
usual (BAU) practices, and their profitability and relative risks are not well studied.
This research evaluates the profitability and risk of adopting agroecological
practices among wheat farmers in Ethiopia.

Methods: We conducted a deterministic cost-benefit analysis (CBA) incorporating
sensitivity and scenario analysis to evaluate the profitability and relative risks
associated with three agroecological practices: certified wheat seed, optimal
site-specific inorganic fertilizer application rates, and drainage of waterlogged
soils. The analysis considered yield uncertainty, market price fluctuations, and
implementation variability to provide robust insights for decision-making.

Results: The deterministic CBA revealed that among the three practices, the use
of certified seeds was the most profitable, with a net present value (NPV) of USS
2,531 ha™t. This was followed by optimal site-specific inorganic fertilizer
application, with an NPV of US$ 2,371 ha™. Drainage of waterlogged soils
yielded the lowest profitability, with an NPV of US$ 2,099 ha™.

Discussion: The results indicate that certified seeds and optimal fertilizer rates
offer higher financial returns, making them attractive investments for wheat
farmers. However, profitability alone does not guarantee adoption. Other
factors, including social and behavioral aspects, influence farmer decisions.
Future research should integrate these dimensions to develop comprehensive
strategies for promoting agroecological practices.

Conclusion: Adopting agroecological practices has clear economic benefits for
Ethiopian wheat farmers, with certified seeds emerging as the most profitable
option. These findings provide evidence for stakeholders to design targeted
interventions that maximize returns while addressing barriers to adoption.
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1 Introduction

Global food systems are at a critical juncture, grappling with
unprecedented challenges in providing healthy, accessible diets to
all people while safeguarding environmental health (Herrero et al.,
2021). These challenges are compounded by hunger, malnutrition,
climate change, resource depletion, biodiversity loss, and economic
instability, all of which directly threaten farmers livelihoods, and
rural development (Fan et al., 2021; Ewert et al., 2023; Mockshell
and Kamanda, 2018). Recent crises like the COVID-19 pandemic
and the Russia-Ukraine conflict, have further exposed the
vulnerabilities within agri-food systems, disrupting supply chains,
escalating food prices, and undermining global food security (Ewert
et al., 2023; Mockshell and Nielsen Ritter, 2024). Addressing these
interlinked issues requires not only innovation in agricultural
production but a paradigm shift toward more sustainable,
resilient food systems (Pifieiro et al., 2020; Fan et al.,, 2021).

While much of the literature has underscored the need for such
transformations, there remains a notable gap in understanding the
financial viability and risk dynamics of transitioning to sustainable
practices, particularly for smallholder farmers in sub-Saharan
Africa. This study uniquely addresses this gap by focusing on the
cost-benefit and risk analysis of specific agroecological practices
within the wheat value chain in Ethiopia—a region that is
underexplored in this context. Agroecology, recognized as a
promising framework for achieving sustainable food systems,
incorporates ecological principles to optimize interactions
between farming components (Jones et al., 2022). This is because
it aim to maximize the use of natural resources and minimize the
reliance on external inputs, promoting long-term productivity and
environmental sustainability (Wezel et al., 2020). Examples of
agroecological practices include using certified local seed (which
can be open-pollinated-varieties that promote biodiversity),
applying fertilizers at optimal rates, improving drainage in water-
logged soils, rotating crops, and embracing crop and farm diversity,
planting cover crops, no-till systems, integrated pest management,
and agroforestry practices (Pineiro et al., 2020). However, there is
limited empirical evidence on the profitability and relative risks of
such practices, especially under smallholder farming conditions,
where resource constraints and market access challenges further
complicate decision-making.

In this paper, we take a novel approach by conducting a
detailed cost-benefit analysis (CBA) coupled with sensitivity
analysis to evaluate three specific agroecological practices
prioritized by Ethiopian wheat value chain stakeholders:
certified seeds, optimal site-specific fertilizer application, and
waterlogged soil drainage. Contrary to business as usual (BAU)
scenarios where farmers often engage in their day-to-day farming
practices e.g., without using certified seeds, optimal site-specific
inorganic fertilizer application rate, and draining waterlogged
soils, the use of such agroecological practices could improve soil
drainage, soil nutrient availability, agricultural productivity, and
profits (Ali et al., 2015; Ayalew et al., 2022; Pais et al., 2023). These
agroecological practices can, therefore, play a critical role in
protecting the ecosystem by ensuring more efficient use of
natural resources and strengthening the capacity to adapt to
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climate change, resilience and environmental sustainability
(Negra et al.,, 20205 Jones et al., 2022). However, the uptake of
agroecological practices among smallholders in sub-Saharan
Africa is still very limited, constrained by factors such as high
initial investment costs, limited access to technology and
information, labor demands, market access and potential trade-
offs between maximizing productivity in the short term and
achieving long-term sustainability and environmental protection
(Akinyi et al., 2022; Mockshell and Kamanda, 2018). Additionally,
some practices often associated with agroecology, such as the use
of certified seeds and optimal fertilizer application, can be
complex and require specific knowledge, which can further limit
adoption by smallholder farmers.

Despite efforts to promote the adoption of agroecological and
other sustainable agricultural practices, existing literature and
climate adaptation programs have rarely examined the
profitability and relative risk surrounding the practices (Akinyi
etal, 2022; Mogaka et al., 2022). To help address this research gap,
we evaluate the profitability (costs and benefits) and the relative risk
through sensitivity analysis associated with three agroecological
practices (certified seed, optimal site-specific inorganic fertilizer
application rate, and drainage of waterlogged soils) among
smallholder wheat farmers in Ethiopia. Sensitivity analysis, in
particular, is a key innovative aspect of this study. It allows us to
systematically assess how variation in critical parameters-such as
input costs, crop yields, and climatic conditions—affect the
profitability and risk of adopting these agroecological practices.
This approach not only enhances robustness of our finding but also
provides nuanced insights into how these practices might perform
under different scenarios, which is crucial for smallholder farmers
facing a range of uncertainties.

Unlike many existing studies that focus broadly on
sustainability or productivity, our work delves into financial and
risks-related dimensions of adopting these practices, providing
crucial insights for smallholder farmers, policymakers and
investors. By incorporating sensitivity analysis, we address a
significant gap in the literature, offering a more dynamic
understanding of how these practices might impact farm-level
economics and risks profiles in varying conditions.

We conduct this study in Ethiopia because Ethiopia, like most
other countries in sub-Saharan Africa, is affected by hunger and
malnutrition, loss of biodiversity, conflicts, and climate change-
related problems (FAO et al., 2022). Efforts to increase crop
production in Ethiopia have recognized the importance of
agroecology and implementing programs (e.g., the national soil
and water conservation program, the sustainable land management
program) and practices (e.g., conservation tillage, drought-tolerant
varieties, and site-specific wheat varieties) that aim at ensuring
sustainable production (Schmidt and Tadesse, 2019; Tanto and
Laekemariam, 2019; Desta et al., 2021; Belete et al., 2022). Ethiopia,
also, present a particularly compelling case for this analysis due to
its critical role in wheat production within Africa, coupled with its
ongoing struggle against food insecurity, climate-related stressors
and soil degradation (FAO et al., 2022; Nigus et al., 2022). As the
second-largest producer of wheat in the continent, Ethiopia’s ability
to sustain and enhance wheat production has significant
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implication for both national and regional food security. Despite
this, wheat farmers in Ethiopia face systemic challenges, including
limited access to improved seed varieties and degrading soils, which
agroecological practices could help to mitigate (Antench and Asrat,
20205 Desta et al., 2021). By focusing on wheat, this study not only
addresses a critical agricultural sector but also contributes to a
broader understanding of how agro-ecological principles can be
scaled in context that are vital to food security.

The remainder of this paper is structured as follows: Section 2,
details the study area, data collection methodology, and CBA
framework. Section 3 presents the results of our analysis, followed
by a discussion of key findings, policy implications, and conclusions
in Section 4.

2 Materials and methods

2.1 Study sites

The study area comprises three districts in Ethiopia: Goba,
Lemo, and Munesa. Goba district is in Bale zone, Oromia Regional
State of Ethiopia. It lies between 5°57°30”N to 7°12°00”N latitude
and 39°35°00”E to 40°15’00”E longitude (Assefa et al., 2024). Its
altitude ranges from 2400 to 4377 meters above sea level (masl). It
has a total area of 1,674 km?, and is located 445 km away from
Addis Ababa, the capital city of Ethiopia (Legesse et al., 2019). Its
monthly temperature ranges from 4°C to 25°C, and annual rainfall
varies from 900 mm in the lowlands to 1,400 mm in highlands
(Assefa et al., 2024). Agriculture is the most dominant economic
activity in the district, with cereals (including wheat), horse beans,
field beans and lentils being the most important crops grown
(Legesse et al., 2019).

Lemo district is one of the districts in the Hadiya zone of
southern Ethiopia. It lies between 7° 24" 0N and 7° 44’ 30"'N
latitude and 37° 44’ 0"'E and 38° 3’ 0"E longitude (Sedebo et al.,
2021). Its altitude ranges from 1500 to 2500 masl (Tadesse et al.,
2014). It has a total area of 34,986 ha (Sedebo et al., 2021), and is
located about 230 km southwest of Addis Ababa (Addise et al.,
2022). Its mean annual temperature ranges from 15 to 22°C and
rainfall ranges from 700 to 1,260 mm (Sedebo et al., 2021). Cereals
are the most cultivated crops in the area, accounting for about 60%
of all crop production. Wheat is the most dominant cash crop
produced in the district (Sedebo et al., 2021).

Munesa district is located in the East Arsi zone of Oromia
region, Ethiopia. The district lies between latitudes 7°12" to 45° N
and longitude 52° to 39°03’E in central Ethiopia (Adunea and
Fekadu, 2019). Munesa is located 232 km southwest of Addis
Ababa. Its altitude ranges from 2080 to 3700 masl and is
characterized by mid sub-tropical temperature ranging from 5 to
20°C. The total land area covered by the district is 1031 km?* with a
total population of 211,762 (Adunea and Fekadu, 2019). Crop-
livestock integration is the dominant farming system within the
district. Major cereal crops cultivated include wheat, barley, and
maize (Adunea and Fekadu, 2019).
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2.2 Prioritization of agroecological
innovations/practices

The CCAFS-CSA Prioritization framework (FAO, 2010;
Corner-Dolloff, 2014) was adopted and customized to identify
and prioritize agroecology practices in this study. This framework
guides stakeholders through the process to filter a long list of
applicable agroecology practices into prioritized ones (Khatri-
Chhetri et al., 2017; Thornton et al., 2017). According to Corner-
Dolloff (2014), the approach involves three major phases:

i. Compilation and assessment: Collecting a long list of
agroecology practices and assess/characterize them based
on FAQO’s 10 elements of agroecology indicators.

ii. Prioritization: Identifying and shortlisting top agroecology
practices based on scores.

iii. Cost-benefit analysis: Conducting cost-benefit analysis of
the selected agroecology practices.

The identification and prioritization for wheat value chain were
conducted during a workshop by involving 20 participants. These
participants included district-level agricultural experts and
cooperative representatives from Munesa and Goba districts of
Oromia region, and Lemo district of central south region of
Ethiopia, agricultural researchers from Ethiopian Institute
of Agricultural Research, federal experts from Ministry of
Agriculture, agroecology practitioners from NGOs and Civic
society, and researchers from Haramaya University and Alliance
of Bioversity International CIAT. Participants were divided into
three groups representing the three districts considered in this
analysis. The workshop employed the customized CCAFS CSA
prioritization framework (Lizarazo et al, 2021; Mwongera et al.,
2018) using the following steps:

1. Identification: Participants identified 13 agroecology
practices implemented in wheat production system in
Ethiopia based on their knowledge and literature. The
practices identified were certified wheat seeds, site specific
optimal fertilizer, drainage-BBF with wheat, crop rotation
with leguminous and oil crops, agroclimate advisory,
integrated pest management, crop residues, organic
amendment-compost, agroforestry, green manuring
during off season, fallow, optimal irrigation and
farmyard manure.

2. Evaluation: The FAO’s 10 agroecology elements (diversity,
co-creation and sharing of knowledge, synergies, efficiency,
recycling, resilience, human and social values, culture and
food traditions, responsible governance, circular and
solidarity economy) were used as indicators to evaluate
the practices.

3. Scoring: Participants scored the 13 agroecology practices
against the 10 agroecology elements using Likert scale from
-3 to 3: high positive effect, 2: medium positive effect,1: low
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positive effect, 0: no effect, —1: low negative effect, —2: medium
negative effect, —3: high negative effect). Scoring was done
through discussion and consensus.

4. Aggregation: The Likert score for each agroecology practice
against the 10 elements were summed up and averaged.

5. Ranking: Practices were ranked based on the average scores.
Results from each group were presented in a plenary for further
discussion, review, cross-fertilization, and experience sharing
among the group.

6. Discussion: The top three agroecology practices were described
in detail.

2.3 Agroecological intervention

The purpose of this study is to estimate the net benefit of three
prioritized agroecological innovations and to estimate the net
impact of these innovations on the income. There is thus a need
to first understand the revenues and expenditures of the activities
adopted by the households in relation to these innovations. Next,
one needs to compare the values with revenues and expenditures
under the studied innovations. This comparison will allow one to
evaluate whether the incremental benefit of innovations is worth the
cost. This is carried out by building both a “with” and “without”
scenario with respect to revenues and expenditures profiles. An
incremental cash flows statement is then constructed for the entire
evaluation period of thirty years.

2.3.1 "Without” intervention/"Business as
Usual” scenario
2.3.1.1 Certified seed

In the absence of certified seeds, wheat farmers rely on
traditional or uncertified seeds that often have lower germination
rates and genetic purity. This results in inconsistent yields, higher
susceptibility to pests and diseases, and reduced resilience to
environmental stresses (Baglan et al., 2020). The overall
productivity is lower, leading to less marketable produce and
reduced income for farmers. Soil health may also deteriorate over
time as lower-quality seeds do not support robust plant growth
(Rios et al., 2009).

2.3.1.2 Drainage systems

Without proper drainage systems, waterlogging can become
a significant issue, especially during heavy rainfall. This can lead to
root rot, reduced plant growth, and lower wheat yields (lizumi et al.,
2024). Poor drainage also exacerbates soil erosion and nutrient
leaching, leading to long-term soil degradation (Motarjemi et al.,
2023). The economic impact includes lower yields and
quality, resulting in reduced market prices and income for
farmers (Rios et al., 2009).

2.3.1.3 Without optimal fertilizer rates

Using non-optimal fertilizer rates—either too much or too little
—can lead to several problems. Over-fertilization can cause nutrient
runoff, pollution, and soil acidification, while under-fertilization
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results in poor plant growth and lower yields (Caplan et al., 2017).
Inefficient fertilizer use leads to wasted resources and additional
costs without corresponding increases in productivity (Smil, 2004).
This negatively impacts both the environment and farmer incomes
due to reduced yield and quality.

2.3.2 "With" intervention scenario
2.3.2.1 Certified seed

Using certified seeds ensures high germination rates, genetic
purity, and improved resistance to pests and diseases. This results in
more consistent and higher yields, better-quality produce, and
increased farmer income (Dhiman et al., 2010). Certified seeds
also contribute to better soil health as they are often bred to be more
efficient in nutrient uptake, reducing the need for excessive fertilizer
application. The initial investment in certified seeds is offset by the
increased productivity and market value of the crops.

2.3.2.2 Drainage systems

Implementing effective drainage systems helps prevent
waterlogging, promoting healthier root systems and optimal plant
growth (lizumi et al., 2024). This leads to increased wheat yields and
better-quality produce. Proper drainage also minimizes soil erosion
and nutrient leaching, contributing to long-term soil fertility and
sustainability (Harris et al, 2016). The initial costs of installing
drainage systems are justified by the increased productivity and
resilience of the agricultural land, ultimately enhancing farmer
incomes and market competitiveness.

2.3.2.3 Optimal fertilizer rates

Applying optimal site-specific inorganic fertilizer rates ensures
that plants receive the necessary nutrients for optimal growth,
resulting in higher yields and better-quality wheat (Mesfin et al.,
2021). This practice improves nutrient use efficiency, reducing the
risk of environmental pollution from runoff and maintaining soil
health (Wang et al, 2023). Farmers benefit economically from
higher productivity and lower costs associated with overuse or
underuse of fertilizers. The environmental impact is also positive, as
optimized fertilizer use contributes to sustainable farming practices.

2.4 Data collection

The study used primary data collected in 2023 from key
informants in three districts: Goba, Lemo, and Munesa. The key
informants included stakeholders from the ministry of agriculture,
universities, research institutes, farmer group representatives, and
farmers. Key informants were purposively selected based on their
experience with both “Business as Usual” (BAU) or “Without
Intervention Scenario” and “With Intervention (i.e., agroecological
practices, specifically “optimal site-specific inorganic fertilizer rate”,
“certified seeds” and drainage in the wheat value chain) Scenario.
Data collection was done using structured household questionnaires,
which included qualitative variables (e.g., variables identifying and
describing the agroecological practices adopted and the BAU case,
variables describing reasons why agroecological practices are
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preferred) and quantitative variables (e.g., on yield, prices of inputs
and output, labor, and services costs). The questionnaire used to
collect the data is provided in the Appendix. Literature review was
conducted to fill any potential data gaps, such as historical variations
in yield, input prices, and discount rates. Sixteen key informant
interviews were conducted. Eight of the interviews compared
application of fertilizers at optimal rates with BAU practices. Six
interviews compared the use of certified wheat seed with BAU
practices, while two other interviews compared draining of water-
logged soils with BAU practices.

2.5 Data

Two types of surveys were conducted for this study. The first
survey aimed at collecting data about the innovations from the Key
Informants. The data included details of the most common
agroecological practices applied by wheat farmers in the study
area. About 13 agroecological practices were identified by the key
informants as the most widely practiced. A second survey focused
on cost-benefit analysis (CBA) of the three innovations that were
innovations. This survey captured cost data across three categories:
implementation (machinery, equipment, labor, infrastructure),
maintenance (lifespan), and activity (ongoing operational
expenses). Refer to Ng'ang’a et al. (2021) for a detailed
breakdown of these cost categories, and to Appendix A for the
specific questions that were asked.

A Dbefore-and-after costing approach was used for data
collection. Experts compared the innovation’s installation,
maintenance costs, and resulting yields to a baseline business-as-
usual (BAU) scenario and the innovation (also referred to as
agroecological practices). The experts provided detailed
information on factors impacted by the innovation: installation,
maintenance, operation costs; input demand (seeds, fertilizers);
yield changes; and cost of capital. This involved itemizing all
activities associated with the implementation (establishment),
maintenance, and operations (post-harvesting activities) of the
BAU and the innovations variable inputs, transportation costs,
yield per hectare, and market prices for both BAU and the
innovation. All data was then converted into monetary values.

Costs were categorized into production costs (labor for various
tasks, equipment, services, variable inputs, transportation) and
benefits (gains from the innovation, e.g., increased yield, reduced
maintenance etc.).

The study utilized both primary and secondary data sources.
Primary data came from the expert survey. Secondary data,
primarily from peer-reviewed literature and country reports, filled
any gaps in the primary data, such as historical variations in yield,
input prices, and discount rates.

2.6 Analysis

Following value chain selection and innovation prioritization
(Section 2.2), an economic analysis assessed implementation costs. A
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Microsoft Excel-based CBA template was employed to capture all
relevant costs, including initial investments, ongoing implementation,
maintenance, and operation for both the BAU scenario and the
proposed innovations. Notably, most innovations incurred upfront
costs, followed by operation and maintenance expenses. Benefits,
however, were primarily realized after the first year of
implementation. Future benefits were discounted at a rate reflecting
respective country government interest rates, as provided by
expert surveys.

For most innovations, the primary benefits stemmed from
reduced production costs and improved yields due to enhanced
input use precision. Unlike ex-post CBA, which relies on historical
data, ex-ante CBA inherently involves uncertainties (Farrow and
von Winterfeldt, 2020). However, in many cases, the anticipated
relative yield improvement (coupled with reductions in installation,
maintenance, and operational costs) often provides sufficient
grounds for estimating benefits associated with specific
innovation implementation. Future maintenance and operational
costs were considered based on the assumption of performance
similar to existing, comparable innovations.

Cost-benefit analysis (CBA) aggregates the present value of all
benefits and costs, both private and public, to assess the economic
viability of investments. Private benefits and costs accrue directly to
those involved in producing and consuming the innovation’s
associated products. In this study, a farmer-centric ex-ante CBA
model was employed to evaluate the profitability of innovations
from the perspective of the implementer. This approach focuses on
private benefits (e.g., reduced production costs, increased yields)
and private costs (e.g., implementation, maintenance) borne by the
farmer. Public benefits and costs, also known as externalities (e.g.,
environmental impacts), are not considered here. Recognizing the
time-varying nature of costs and benefits, the analysis incorporates
discounting using country-specific prevailing discount rates to
account for the time value of money.

2.7 Analytical model and
profitability indicators

The benefit associated with innovation is computed as the difference
between the net benefits associated with implementing the innovation
and the net benefits of conventional or normal farming without any
form of improvement also referred to as BAU (Equation 1).

Innovation Net Benefits;,

_ [XiLiInnovation Net Benefit;, — BAU Net Benefits;;)]
n

Where ¢ stands for the time (in years) that the farmers invest in
the innovation j and 7 is the total number of experts interviewed per
specific innovation and its associated BAU. The unit of analysis is
standardized to per hectare basis.

This study employs three key profitability indicators: net
present value (NPV), internal rate of return (IRR), and payback
period (PP). NPV represents the discounted sum of the incremental
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net benefits generated by the innovations compared to the BAU
scenario over the innovation lifecycle within a specific value chain
for each country. A positive NPV and an IRR exceeding the
discount rate are generally considered favorable investment
indicators. Equation 2 details the NPV calculation.

1

NPV osaion [ELW (S [P x AV

rAU_ALm

BAU } )]
2
Where T stands for the number of years considered for the NPV

calculation, r stands for the discount rate used to calculate the
present values of future cash flows, ¢ stands for the time (in years)
that the farmers invest in the innovation and n is the total number
of key experts interviewed about innovation at a given time, and P
stands for price. AY and AC stands annual change in yield for
output and annual change in costs respectively due to the
innovation compared to the BAU, respectively.

The discount rate employed reflects the time value of money for
farmers, considering the market rate of return on their investments
(Howarth, 2009). The IRR, calculated using Equation 3, represents
the discount rate at which the NPV of the innovation equals zero
(Hartman and Schafrick, 2004). In simpler terms, it is the maximum
acceptable borrowing rate for an investment that allows full
recovery of costs (installation, maintenance, operation) and
achievement of a break-even point (Noori et al., 2018).
Innovations with an IRR exceeding the discount rate are generally
considered financially viable investments.

. [B.—C
NPV =37 [ﬁ] =0IRR >0 3)

Where Bt stands for the accrued benefits at time £, Ct stands for
the investment and recurrent costs incurred for innovation at time f,
t stands for the period or lifetime of the innovation, and r is the
interest rate or discount rate. The payback period (PP) represents
the time horizon required for an investment to recover its initial
capital outlay. In simpler terms, it reflects the duration needed to
recoup the funds invested in installing and maintaining the
innovation (Equation 4). PP serves as a simplified metric for
assessing the liquidity of an investment, indicating how quickly
the investor can regain their initial investment.

Cost
Cash  Inflows

Investment
Payback  Period (PP) =

(4)

Net annual

2.8 Values used in computing the
profitability indicators

To model the physical response curves for activities affected by
the innovation, it was assumed that the yields for the products
affected by the innovations followed a response function
characterized by a lag period, then start increasing and continues
to reach maximum and following which a linear plateau is
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experienced. The assumption that yields follow a response function
characterized by an initial lag period, subsequent increase, and
eventual plateau is justified based on several well-documented
agricultural phenomena. Firstly, innovations in agricultural
practices often require an adaptation period where farmers and
systems adjust to new methods, resulting in an initial lag. As the
innovation is fully adopted and optimized, yields typically experience
a significant increase due to improved efficiencies, better resource
utilization, and enhanced crop management practices. Finally, the
plateau phase reflects the natural limitations of the innovation, where
maximum potential yields are reached, and further increases become
minimal, aligning with the diminishing returns principle in
agricultural production. This model mirrors empirical evidence
observed in numerous agricultural studies, ensuring a realistic and
credible representation of yield dynamics over time (see Ng'ang'a
et al., 2021 for more details).

2.9 Sensitivity analysis

Uncertainty surrounding key cost and benefit parameters can
significantly influence the decision related to economic viability of
innovations. To assess the robustness of our findings, this study
employed a sensitivity analysis The initial step involved break-even
analysis, which identifies the critical change required in cost or
benefit parameters for the Net Present Value (NPV) to reach zero or
the initial investment amount for each innovation.

Next, a tornado analysis (Senselt, 2017) was conducted to
visualize the impact of parameter uncertainty on NPV. This
analysis began by establishing a baseline scenario with best
estimates for all parameters. Subsequently, lower and upper bounds
were defined for each uncertain parameter to capture a realistic range
of uncertainty. Finally, the NPV was calculated under scenarios
where each parameter took on its lowest and highest values,
allowing for a visual assessment of the most influential parameters.

Following the tornado analysis, a Monte Carlo simulation using
@Risk software (Palisade Corporation, 2013) was performed for a
more comprehensive uncertainty analysis. Triangular probability
distributions were assigned to each uncertain parameter. Triangular
distributions were chosen for their computational efficiency and
because they can effectively capture potential tail uncertainties, even
though they might exaggerate them to some extent (Thrift and von
Winterfeldt, 2021). The base case value served as the most likely
value, while lower and upper bounds were selected to encompass a
realistic range of uncertainty. By randomly sampling from these
parameter distributions, thousands of possible NPV outcomes were
simulated (n=10000 simulations), generating a distribution of
potential net benefits for each innovation.

The results are summarized using the 5th percentile, median,
and 95th percentile of the simulated NPV distribution. This
approach provides a comprehensive picture of the potential range
of net benefits for each innovation, considering the inherent
uncertainties in the underlying parameters.
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3 Results

This study investigated the impact of three agricultural
innovations on crop yield in Lemo, Munesa, and Goba districts.
The innovations evaluated were optimal site-specific inorganic
fertilizer rate, certified seed, and drainage improvements. Data
was collected for a period of 30 years, with yield responses
measured from year 1 to year 2 after implementation.

3.1 Yield changes

Table 1 summarizes the average yield per hectare for the BAU,
the innovation lifecycle, the time when innovation started to have a
physical impact on wheat and when it reached maximum, the
innovation lifecycle, the average change in yield per hectare
following the implementation of the innovation were estimated
from the data collected from the experts. All three innovations
resulted in significant yield increases compared to BAU practices.
The average yield increase for the optimal fertilizer rate was 677 kg/ha
(or 22%), the highest among the three innovations. Certified seeds
demonstrated a consistent yield improvement of 603 kg/ha (or 18%),
while drainage improvements provided an average yield increase of
617 kg/ha (or 20%).

The data also revealed variability in yield response across
districts and practices. The optimal fertilizer rate exhibited the
highest variability in both BAU and innovation scenarios,
suggesting potential benefits from further tailoring fertilizer
application based on local conditions. Certified seeds and
drainage improvements showed relatively lower variability,
indicating a more consistent response across districts. However,
all three innovations result in a positive increase in yield per hectare,
demonstrating their effectiveness in improving agricultural
productivity. These yield increases (of 18-22%) translate to
significant economic benefits for farmers. Increased crop
production can lead to higher income, improved food security,
and potentially lower food prices for consumers.

3.2 Implementation and maintenance costs

The economic feasibility of each innovation extends beyond
yield increases and requires consideration of implementation and

TABLE 1 Average yield impact of agricultural innovations in Ethiopia.

Evaluation
period
(Years)

Innovation
Name

Districts
covered

Response

start
(Year)

Lemo, Optimal site-

Munesa, Goba | specific inorganic 30 1

fertilizer rate*
Munesa, Goba = Certified seed* 30 1

Munesa Drainage** 30 1

Response reach
maximum
(Years)

10.3389/fagro.2024.1502786

ongoing maintenance costs. The results in Table 2 reveal a range
of costs associated with each innovation. The implementation
costs for the optimal fertilizer rate is approximately US$298.60
per hectare across Lemo, Munesa, and Goba, with an estimated
standard deviation of US$74.09. Year-one maintenance costs
an average of US$235.00 per hectare. In Munesa and Goba,
certified seed implementation averages US$235.30 per hectare,
with a standard deviation of US$58.83. However, year-one
maintenance costs for certified seeds are higher at US$331.00
per hectare. Drainage improvements, implemented only in
Munesa, have a higher average implementation cost of US
$302.40 per hectare with a standard deviation of US$75.60.
Year-one maintenance costs for drainage are US$243.90 per
hectare. The high maintenance costs can be attributed to several
factors. Firstly, the region’s specific geographic and hydrological
conditions may require more extensive and frequent maintenance
efforts to ensure effective drainage. Studies have shown that areas
with higher rainfall variability and poor soil drainage capacity
necessitate significant and ongoing investments in drainage
infrastructure to prevent waterlogging and maintain soil health
(Awulachew, 2006).

3.3 Financial returns

The results reveal that all three agroecological innovations yield
positive NPVs, indicating strong long-term profitability for farmers
(Table 3). Among them, certified seed option emerges as the most
lucrative, with the highest NPV of US$2,531, followed closely by the
optimal fertilizer rate at US$2,371, and drainage at US$2,099. In
addition, given the prevailing market discount rate of 10%, both the
certified seed and optimal fertilizer rate demonstrate remarkably
high IRRs each exceeding 100%. The drainage option also performs
well, with an IRR of 106%. Notably the payback period for all three
innovations is just one year, underscoring their capacity to quickly
recover the initial investment.

These results, characterized by high NPVs and IRRs far above
the market discount rate, suggest that each of these innovations
presents a financially attractive opportunity. Investing in any of the
three would likely lead to substantial financial gains. However, the
certified seed option stands out as the most financially appealing,
given its superior NPV and IRR, making it the best investment
choice in terms of potential returns.

Average Average yield Average

yield BAU (Innovation) increase

(kg/ha) (kg/ha) (Kg/ha)
2 3045 + 979 3722 + 1204 677
2 3344 + 909 3947 + 1060 603
2 3033 + 776 3650 + 900 617

**, %, stand for n = 2 and n = 6 respectively; evaluation period is synonymous with innovation lifecycle.
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TABLE 2 The cost of implementation and maintenance and operation of each innovation.

Districts covered Innovation Name

Implementation (USS$/ha)

Maintenance and operation

Lemo, Munesa, Goba Optimal site-specific inorganic

fertilizer rate*
Munesa, Goba Certified seed*

Munesa Drainage**

(USS/ha/Year)
298.6 + 74.09 235 +21.36
2353 +7.56 331 = 22.50
302.4 + 74.09 2439 + 14.02

**, %, stand for n = 2 and n = 6 respectively.

Supplementary Tables A1-A3 provide detailed cash flow
statements in real values for the total investments in “Optimal
site-specific inorganic fertilizer rate,” “Certified seed,” and drainage
innovations, respectively. These tables further illustrate the financial
differences between the “with” and “without” scenarios for
each innovation.

3.4 Sensitivity results

3.4.1 "Optimal site-specific inorganic fertilizer
rate” innovation

The sensitivity analysis for the “optimal site-specific inorganic
fertilizer rate” innovation (Figure 1) offer a novel probabilistic
insight into its financial viability highlighting the renage and
likelihood of potential outcomes. Using 10,000 Monte Carlo
simulations, the analysis predict with 90% certainty that the NPV
will range between $1,117 and $4,341, providing wheat farmers with
a nuanced understanding of the financial risks and rewards. The
mean NPV of $2,597 reinforces the positive expected value,
signaling a promising return on investment.

What sets this analysis apart is its ability to account for
uncertainty, a key factor often overlooked in traditional
evaluations of agricultural innovations. By integrating
probabilistic methods, the study moves beyond static evaluations,
offering farmers and stakeholders a clearer, data-driven picture of
potential financial outcomes. Notably, the analysis reveals a very
low probability of negative returns, further strengthening the case
for adopting this innovation under varying market and
environmental conditions.

The profitability of the “optimal site-specific inorganic fertilizer
rate” innovation is influenced by several key factors. Sensitivity
analysis (Figures 2, 3) indicates that annual changes in wheat yield
have the greatest impact on NPV, accounting for 66% of the

TABLE 3 The change in NPV associated with the innovations at the
prevailing discount rates.

Innovation Name Payback
period

Optimal site-specific

. . o 2,371 106% 1

inorganic fertilizer rate*

Certified seed* 2,531 117% 1

Drainage** 2,099 106% 1

**, %, stand for n = 2 and n = 6 respectively, Market discount rate.
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variation. Additionally, the market price per kilogram of wheat
and the discount rate play significant roles, contributing 12% and
10% to NPV variation, respectively, while total operation costs
account for 8%. These results highlight the need to consider not
only direct input costs, such as labor, but also external factors like
market fluctuations and long-term financial planning.
Understanding how these variables interact is essential for
evaluating the potential benefits for wheat farmers in Ethiopia.

3.4.2 "Certified seeds” innovation

The sensitivity analysis results (Figure 4) provides a
probabilistic view of the potential net present values (NPVs) for
the “certified seeds” innovation. The analysis indicates a 90%
probability that the NPV will range between $557 and $3,412,
based on 10,000 simulations. With a mean NPV of $1,870, the
innovation shows a strong positive expected value. Overall, these
results are highly encouraging for wheat farmers, as they suggest a
very low risk of negative return from this investment.

The profitability of the “Certified seeds” innovation is
influenced by several key factors. The analysis (Figures 5, 6)
shows that annual changes in wheat yield have the most
significant impact, accounting for 59% of the variation in NPV.
Additionally, the market price per kilogram of wheat and labor
costs play important role, contributing 17% and 11% to NPV
variation, respectively. The prevailing discount rate, which
account for the time value of money, influences NPV by 6%.
These findings highlights the need to consider not only direct
input costs, such as labor, but also external factors like market
fluctuations when evaluating the potential benefits of this
innovation’s potential benefits for wheat farmers in Ethiopia.

4 Discussion

This study investigated the economic viability of three
agroecological innovations (optimal fertilizer rate, certified seed,
drainage) for farmers in Lemo, Munesa, and Goba districts. The
findings hold significant implications for promoting inclusive
growth in the rural communities of Ethiopia.

All three innovations: optimal fertilizer rate, certified seed, and
drainage, demonstrated substantial yield increases compared to
traditional practices. Increased production can contribute to
improved food security at the household level and potentially
contribute to lower food prices for consumers. This aligns with
the concept of inclusive growth, which emphasizes not just
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FIGURE 1

The cumulative probability distribution of Net Present Value (US$/ha) for “Optimal site-specific inorganic fertilizer rate” innovation in Ethiopia.

economic prosperity but also equitable distribution of benefits. The
finding that certified seeds can increase wheat yields in Ethiopia by
18% is significant compared to the results observed in other
countries. Such as Pakistan (15% yield increase), India (10% yield
increase), the United States (5% yield increase), and Australia (8%
yield increase) (citations), Ethiopia’s potential for yield
improvement through certified seeds appears considerably higher.
This suggests that Ethiopian wheat varieties may be particularly
responsive to the genetic improvements found in certified local
seeds. Several factors could explain this higher potential. Ethiopia’s
traditional wheat varieties might be particularly susceptible to
diseases or pests that certified seeds offer resistance to (citations).
Additionally, the climate and soil conditions in Ethiopia might be
more conducive to the improved performance of certified varieties.

A 22% yield increase due to optimal fertilizer rate intervention
translates to a significant boost in wheat production. This can have
positive economic implications for Ethiopian farmers, leading to
increased incomes and improved livelihoods. Furthermore, it can
contribute to national food security by increasing domestic wheat

Annual increment Wheat(Kg/ha/Yr)
Farm price Wheat (US$/Kg)
Discount rate

Total Operation cost (F123)

production and potentially reducing dependence on imports
(Anteneh and Asrat, 2020).

The projected rise in agricultural output due to these innovations
has the potential to create a ripple effect through the Ethiopian rural
economy. Increased yields can translate to a demand for more labor
across various parts of the agricultural value chain. This could include
tasks like planting, weeding, harvesting, and post-harvest processing
Wider adoption of these innovations could contribute to addressing
this need by generating additional employment opportunities,
potentially improving livelihoods and reducing rural-urban
migration (Jayne and Sanchez, 2021).

Furthermore, ensuring equitable access to these innovations can
be instrumental in empowering women farmers who play a crucial
role in Ethiopian agriculture. Research suggests that women often
face challenges in accessing resources and training opportunities
(Williams et al., 2022). By facilitating women’s participation in
trainings on these innovations and ensuring their access to credit
and resources, policymakers can create a more inclusive
environment. This can lead to increased agricultural productivity

$1,271.73 $4,035.37

$2,009.30 $3,151.85

$2,050.99 $3,185.56

Farm price of Wheat Straws (US$/Kg) s2,454.57 [ s2.699.00 B mput High
Annual increment Wheat Straws(Kg/ha/Yr) $2,476.64-$2,718.50 . Input Low
Labor (E119) s2,478.03 [ 2.675.16
Total Operation cost (E123) $2,498.04.$2,653.07
Inputs $2,509.22.$2,645.97
Labor (D119) $2.500.8 $2 6
o o o o o o o o
o o o o o o o o
< it} . . < 0 = L3
— — o~ o () ™ < <
+r o +r o +r “r +r +r
Net Present Value (in US$)

FIGURE 2

Inputs ranked by effect on the mean Net Present Value for "Optimal site-specific inorganic fertilizer rate”
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managed by women, contributing to household income and overall
well-being within communities. Increased agricultural productivity
has been shown to have positive correlation with and rural poverty
reduction (World Bank, 2009).

The study employed economic measures (NPV, IRR, payback
period) to assess the long-term profitability of each innovation.
Notably, all three options emerged as financially attractive, with
certified seed demonstrating the highest NPV and IRR. The IRR for
both certified seed and optimal fertilizer rate exceeded 100%,
significantly higher than the prevailing discount rate of 10%. This
suggests that these innovations offer a very high potential return on
investment, exceeding the opportunity cost of capital. In simpler
terms, the return on investment for these practices is projected to be
much higher than the interest rate farmers might pay to borrow
money to implement them.

While this study highlights the high potential return on
investment (IRR) for certified seeds in Ethiopia, it contrasts with
findings elsewhere (where)? that show negative returns for wheat
production (citations). This discrepancy could be due to several
factors. The positive IRR in our study suggests that certified seeds

can significantly increase yields and profitability (Elias et al., 2017).
Conversely, the negative ROI could be attributed to the use of low-
quality improved seeds and wheat leaf rust, factors that can be
mitigated through access to high-quality certified seeds and proper
disease management practices.

This study underscores the economic viability of all three
innovations (optimal fertilizer rate, certified seed, drainage) not just
through their high potential returns, but also their short payback
periods. A short payback period signifies that farmers can recover their
initial investment within a single harvest season. This aspect, combined
with the high returns on investment (NPV and IRR) discussed earlier,
presents a powerful incentive for wider adoption, particularly among
resource-constrained smallholder farmers.

A short payback period translates to reduced financial risk for
farmers adopting these innovations (Akinyi et al., 2022). Knowing
they can recoup their investment quickly can incentivize them to
experiment with these practices and potentially see the benefits
firsthand. This can lead to a snowball effect, where initial success
stories encourage other farmers to adopt the innovations,
accelerating the diffusion of these technologies. Furthermore, the
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The cumulative probability distribution of Net Present Value (USS$/ha) for “Certified seeds” innovation in Ethiopia.
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Percentage contribution to variation in Net Present Value for “Certified seeds” innovation in Ethiopia.

positive cash flow generated within a year can improve household
food security and empower farmers to invest in other farm
improvements, creating a cycle of continuous progress.

The optimal choice for individual farmers will still depend on
factors like risk tolerance, crop type, and market conditions. This
highlights the need for targeted extension services. Extension efforts
should emphasize the rapid return on investment associated with these
innovations and tailor recommendations based on individual
circumstances. Financial inclusion initiatives like micro-loans or input
credit programs specifically designed with the payback periods in mind
can make these innovations more accessible to smallholder farmers.

By focusing on the combined strengths of short payback
periods, high potential returns, and targeted support mechanisms,
policymakers can create a compelling case for wider adoption and
attracting private sector investments and impact investors. This can
unlock the transformative potential of these agricultural
innovations for boosting productivity, improving livelihoods, and
fostering inclusive growth in rural communities.
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While the economic benefits are promising, long-term
sustainability and synergies of combining several practices requires
further investigation. The potential impact of these practices on soil
health and environmental factors needs to be assessed. Research by
Abhijeet et al. (2023) emphasizes the importance of integrating
sustainability considerations into agricultural development strategies.
The successful adoption and diffusion of these innovations relies
heavily on effective knowledge dissemination and capacity building
for farmers. Collaboration with extension services, farmer associations
and multi-stakeholder platforms is crucial to ensure farmers
understand the benefits, implementation requirements, and potential
risks associated with each innovation.

Despite the high potential returns on investment evidenced by the
IRR, a crucial question arises: why are these innovations not being
adopted at scale by farmers? Research suggests several reasons for this
paradox. Limited access to information and knowledge about the
innovations, coupled with risk aversion among farmers, can be
significant barriers. Additionally, even with high potential returns,
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upfront costs (i.e, US$ 329, US$325 and US$322 per hectare for
“Optimal fertilizer”, “certified seeds” and drainage innovations
respectively; Supplementary Tables A1-A3) and lack of access to
credit, particularly for smallholder farmers, can hinder adoption.

Another key factor hindering wider adoption is the unavailability
of quality seeds at the right place and time (Abebaw et al, 2023).
Insufficient certified seed production and distribution networks can
leave farmers without access to these improved varieties when they
need them most for planting (Beshir, 2013). This is compounded by a
poor promotion system. Limited awareness about the benefits of
certified seeds and inadequate information on their proper use can
leave farmers hesitant to adopt them.

This situation highlights the need for a two-pronged approach.
Firstly, investing in the seed production and distribution system is
crucial to ensure a reliable supply of certified seeds throughout the
planting season and across all regions. Secondly, strengthening seed
promotion efforts through extension services and farmer training
programs can raise awareness about the advantages of certified
seeds and equip farmers with the knowledge required to utilize
them effectively. By addressing these challenges, policymakers can
bridge the gap between the potential and reality of certified seed
adoption, unlocking their power to contribute to agricultural
productivity and food security in Ethiopia.

To bridge this gap and ensure the scaling up of these practices,
several policies and institutional responses are necessary.
Governments, policymakers and private sector stakeholders can
play a critical role by:

» Strengthening extension services: Investing in extension
services to bridge the knowledge gap and provide farmers
with training and information on these innovations.

* Facilitating access to credit: Developing financial inclusion
initiatives such as micro-credit programs or loan guarantees
to help farmers overcome upfront costs.

* Risk mitigation strategies to de-risk food systems: Exploring
crop insurance schemes or other risk mitigation strategies
to incentivize adoption, particularly for risk-averse farmers.

*  Market access and infrastructure development: Improving
market access for farmers to ensure they can reap the
benefits of increased production through better prices.

The sensitivity findings underscore the critical role of yield
fluctuations and market conditions in determining the financial
success of these agronomic practices. A study by Feuerbacher et al.
(2018) recognized a discernible correlation between socio-economic
status and the accessibility of markets, underscoring the importance of
affordability in agricultural practices and ease of sale.

5 Conclusion

This study underscores the significant economic viability of
three agroecological innovations—optimal fertilizer rate, certified

Frontiers in Agronomy

12

10.3389/fagro.2024.1502786

seed, and drainage improvements—within the Lemo, Munesa, and
Goba districts of Ethiopia. The substantial yield increases observed
from these innovations can significantly enhance household food
security and contribute to lower food prices, aligning with the
principles of sustainable growth.

The 22% yield increase from optimal fertilizer rates and the high
return on investment (exceeding 100% IRR) for certified seeds and
fertilizers highlight their economic benefits. The short payback periods
associated with these innovations reduce financial risks and provide
strong incentives for adoption among smallholder farmers. These
innovations not only boost productivity and income but also create
employment opportunities, thereby fostering rural economic growth.

Equitable access to these innovations is essential, particularly for
women farmers who face significant barriers in accessing resources and
training. Empowering women through targeted training and access to
credit can enhance agricultural productivity and contribute to
community well-being. The adoption of these innovation among the
youth and women can be boosted through strengthened extension
services, improved seed production and distribution, financial
inclusion initiatives. By implementing these measures, policymakers
and stakeholders can unlock the transformative potential of
agroecological innovations, driving productivity, improving
livelihoods, and fostering inclusive growth in Ethiopia’s rural. In the
future, further research on the long-term sustainability and
environmental impact of these practices is necessary to ensure their
sustainable adoption and scaling up.
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