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Executive summary 
Wheat rusts are the main biotic factors affecting wheat yield in Ethiopia. In 2010, a yellow rust 
outbreak affected more than 38% (600,000 ha) of Ethiopia’s total 1.6 million ha wheat-growing 
area and reduced wheat production by 15–20%.  

Since 2015, the University of Cambridge, the U.K. Met Office, the Ethiopian Institute of 
Agriculture Research (EIAR), the Ethiopian Agricultural Transformation Agency (ATA), and the 
International Maize and Wheat Improvement Center (CIMMYT) have piloted, developed, and 
deployed a wheat rust early warning and advisory system (EWAS) in Ethiopia. The system 
provides an automated 7-day advance forecast about the possible outbreak of rust.  

The wheat rust EWAS has been operational for over four years in Ethiopia since its piloting. It has 
provided early warnings of rust and advisories to hundreds of thousands of wheat farmers through 
the Ministry of Agriculture, the ATA, Regional Bureaus of Agriculture, and extension services. 

Although it is challenging to separate the impacts of the EWAS completely from the impacts 
arising from broader ongoing efforts around wheat rust control in Ethiopia, this study provides 
strong indications that there has been a positive benefit from the wheat rust EWAS. 

Using primary data collected from more than 1,000 wheat farmers from 17 districts in the Oromia 
and Amhara regions of Ethiopia, the study assesses the impacts of the wheat rust EWAS. These 
regions represent contrasting areas in terms of wheat production and access to inputs and services. 
In particular, we examine farmers’ behavioral changes in terms of their actions after receiving an 
early warning message, look at the perceptions and opinions of farmers and extension agents about 
the service, and finally, estimate the economic benefits of the EWAS. The study also assesses the 
impacts of the early warning and advisory system on changes in mindset, practices, processes, and 
decision-making at federal and regional institutions using focus group discussions.  

Contrasting wheat-production areas in Oromia and Amhara were examined in the study. The 
reported wheat yield was higher for the Oromia region (2.6 t/ha) than for the Amhara region (1.4 
t/ha), and wheat farmers in Oromia were more market-oriented than those in Amhara. On average, 
the per ha wheat production cost was US$ 304 in the Oromia region and US$ 291 in the Amhara 
region, with seed being the major cost of wheat production in Ethiopia.  

This study shows that while yellow rust is a major problem in the Amhara region, both yellow rust 
and stem rust are major problems in the Oromia region. In Amhara 57% of the wheat farmers 
reported some degree of yield loss because of rust, whereas in Oromia nearly 100% of farmers 
reported yield loss due to rust.  

The vast majority of farmers who received early warning messages from the EWAS regarded the 
service positively, with 73% of the farmers surveyed in Amhara and 100% of the farmers surveyed 
in Oromia considering it beneficial.  
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More than 95% of sampled respondents from the Amhara region and nearly 100% from the Oromia 
region said that they would like to receive early warning messages about yellow rust. More than 
96% of sampled respondents from Oromia expressed their interest in getting early warning 
messages about stem rust, but only 38% of those from Amhara expressed their interest in the stem 
rust early warning service. 

In Amhara, more than 72% of the sampled farmers reported that their awareness of wheat rust had 
increased, and 66% said that they were better able to control wheat rust. In Oromia, more than 
98% of the sampled farmers reported that their awareness of wheat rust had increased and 100% 
said that they had more ability to control it. 

The study showed that farmers had increasing access to the early warning messages, with 65% of 
sampled farmers in Amhara saying that they had received messages in 2020 (up from 31% in 2015) 
and 80% of those in Oromia (up from 52% in 2015). The econometric findings of this study 
demonstrate that education of the household head and social networks are the main factors that 
affect farmers’ access to the early warning messages. About 50% of households in both regions 
said that they had received messages through agricultural extension agents. 

Farmers who received early warning messages were more likely to use fungicides and spend more 
on fungicides than farmers who did not receive messages. In Oromia, there was evidence that 
farmers who did not receive early warning messages directly were also increasingly using 
fungicides. This may reflect farmers’ increased awareness of wheat rusts.  

The study shows that more than 35% of sampled households in the Amhara region reported a 
perceived yield loss of 50% or more due to yellow rust. In contrast, only 10% of the farmers in the 
Oromia region reported a perceived yield loss of more than 50% due to stem and/or yellow wheat 
rust. This may indicate that better control has been deployed to control wheat rust in Oromia than 
in Amhara. 

In our survey of extension agents, more than 65% of those in the Amhara region and all those in 
the Oromia region received rust EWAS messages from the Bureau of Agriculture in the 2019 
meher (May–September) and belg (February–April) seasons. Nearly 80% of extension agents in 
Amhara region and all those in Oromia region reported seeing a real outbreak of rust after receiving 
a EWAS message. 

More than 72% of sampled agricultural extension agents in the Amhara region and more than 60% 
in the Oromia region believed that in the absence of the EWAS, wheat yield loss due to rust would 
be 50% or more. 

Based on farmers’ anticipated yield losses in the absence of the early warning messages, the study 
estimated the economic benefits of the EWAS. In the Amhara region, the per ha average estimated 
yield gain from the early warning messages could be as high as 505 kg/ha with a monetary value 
of US$ 290/ha. In Oromia, the equivalent estimated yield gain from the early warning messages 
could be as high as 860 kg/ha, with a monetary value of US$ 364/ha. However, it must be noted 
that the actual reported yield data did not match these farmer perceptions. Surprisingly, reported 
yield data in 2019 indicated lower yields for farmers that had received the early warning messages. 
The reasons behind these differences are unknown and need further investigation.    
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At the institutional level, the findings revealed clear changes over the past few years in the practice 
and capacity of rust disease surveillance and monitoring, mostly at the federal level and in the 
Oromia region. It was found that the rust early warning advisory system contributed to improving 
the planning and operation of federal institutions regarding wheat rust management. In addition, 
high-level policy changes around fungicide use have been implemented. These include a policy 
introduced by the Ministry of Agriculture to keep a fungicide reserve covering at least 10% of the 
wheat area, and a dedicated desk created by the National Bank of Ethiopia for the import of 
fungicide for wheat rust. 

The regular rust planning meetings have strengthened institutional collaboration and internal team 
integration among federal institutions and their partners and attracted the attention of high-level 
decision-makers. Moreover, the awareness created through these planning meetings has helped to 
strengthen wheat rust trap nurseries in the country for rust monitoring. Although some of the recent 
changes are to some extent dictated by several factors, the availability of regular rust early warning 
advisories is considered the major driver of the changes observed in the institutions.   

There are regional disparities in awareness, access, and use of the rust early warning and advisory 
system, and there is a need to close the gaps through concerted efforts by the concerned institutions. 

There is a strong need to scale up the rust early warning advisory system through improved rigor, 
increased spatial resolution, and the building of national capacity at federal and regional levels.  

Combining the rust advisory system with the climate agro-advisories would help solve a 
communication gap and could enhance integrated services to smallholder farmers. 
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1. Introduction 
Wheat plays a crucial role in ensuring global food and nutrition security (Dixon, 2007; Dixon et 
al., 2009; Shiferaw et al., 2013). Due to projected demographic changes, the demand for the major 
cereals including wheat will increase in the world (Godfray et al., 2010; Ray et al., 2013; Tilman 
et al., 2011). Compared to other cereals such as rice and maize, the income elasticity of wheat is 
generally high (Mottaleb et al., 2018). This means that in addition to demographic change, the 
demand for wheat will increase further due to an increase in per capita income, particularly in the 
global south (Mason et al., 2015). 

While it is imperative to produce more to meet the growing global demand for wheat, the 
emergence and re-emergence of transboundary pests and diseases in different regions of the world 
has generated a severe threat to sustainable wheat production (Beddow et al., 2015a; Brown and 
Hovmøller, 2002). One study has warned that the potential loss in crop production due to biotic 
stresses such as pests, diseases, and viruses could be as high as 50% for wheat, 31% for maize, 
and 37% for rice (Oerke, 2006). The recent emergence of wheat blast in Bangladesh (Islam et al., 
2016) and Zambia (Tembo et al., 2020), the re-emergence and spread of wheat stem rust in Africa, 
the Middle East, and Europe (Singh et al., 2006), and the global upsurge in yellow rust (Ali et al., 
2017; Beddow et al., 2015b), have severely impacted wheat production and food security. Among 
all the abiotic and biotic stresses of wheat, fungal rusts such as leaf, stem, and yellow rusts are an 
important cause of loss in wheat production  (Brennan, 2011; Dubin and Brennan, 2009; FAO, 
2008; Figueroa et al., 2018; Joshi et al., 1985; Saari and Prescott, 1985; Singh et al., 2008; Soko 
et al., 2018). Global losses from wheat rusts are estimated to equate to 15 million tons per year 
(US$ 2.9 billion) (Huerta-Espino et al., 2020). Thus, minimizing rust-induced wheat production 
loss would be instrumental to global food security.  

One of the important ways to mitigate and minimize rust-induced wheat production loss is to 
provide warning to farmers about potential outbreaks of rust well in advance of an actual outbreak 
(e.g., Roberts et al., 2006). Early warning systems can help farmers better prepare to fight rust by 
taking protective measures, such as the purchase and application of fungicides or switching to 
growing resistant varieties. Recent studies have demonstrated the increasing adoption of rust-
resistant wheat varieties in Ethiopia (Hodson et al., 2020). A rust early warning system can thus 
lead to pre-emptive early actions that can substantially mitigate and reduce wheat production loss 
due to rust. 

With a total wheat area of 1.7 million ha (triennium average ending 2019), Ethiopia is the third 
largest wheat-cultivating country in Africa and the largest producer in sub-Saharan Africa 
(FAOSTAT, 2021a). More than 4 million smallholder farmers rely on wheat cultivation for their 
livelihoods in Ethiopia (Taffesse et al., 2012). Historically, the wheat yield of Ethiopia oscillated 
at around 1.1–1.8 t/ha for decades. Since 2011, however, Ethiopia’s wheat yield has exceeded 2.0 
tons/ha and currently stands at 2.8 t/ha (FAOSTAT, 2021a).  

Despite recent large increases in wheat yield, Ethiopia’s domestic wheat production is not 
currently sufficient to meet the surging wheat demand. In Ethiopia, wheat is the third most-
consumed staple food with a daily per capita calorie intake of 333 Kcal, or 14% of the daily total 
average dietary calorie intake (FAO, 2021). In the triennium average ending (TE) 2018, the yearly 
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per capita wheat consumption in Ethiopia was 37 kg, the total wheat production was 4.5 million 
tonnes (FAO, 2021), and the country imported 1.5 million tonnes of wheat worth US$  486.5 
million (FAOSTAT, 2021b). It is projected that by 2050, the population of Ethiopia will be 187–
224 million (United Nations, 2019) compared to 109 million in 2018 (World Bank, 2020). The 
yearly per capita wheat consumption in Ethiopia has been increasing since 2000. For example, in 
2000 yearly per capita wheat consumption was 30.3 kg, which had increased to 36.5 kg by 2018 
(FAOSTAT, 2021c). Even if the current per capita wheat consumption per year remained constant 
until 2050, Ethiopia would have to supply 7–8 million tons of wheat in 2050 compared to 4 million 
tons in TE2018, only considering the projected population of the country. The government of 
Ethiopia has set a target to be self-sufficient in wheat production by 2023 (CIMMYT, 2019). Thus, 
for Ethiopia, a wheat yield-enhancing investment could be instrumental in achieving self-
sufficiency in wheat production and ensuring the food security of the burgeoning population. 

Wheat rusts are the main biotic stress impacting wheat yield in Ethiopia (Gebreslasie et al., 2020; 
Jaleta et al., 2019; Meyer et al., 2021; Olivera et al., 2015). The Ethiopian highlands have long 
been known as hotspots for stem and yellow wheat rusts caused by the fungus Puccinia spp. The 
fungus can spread easily under favorable climatic conditions; thus, the rust threat is increasing 
with the change in the global climate. In 2010, a yellow rust outbreak affected more than 38% 
(600,000 ha) of Ethiopia’s total 1.6 million ha of wheat-growing area (Gebreslasie et al., 2020) 
and reduced wheat production by at least 15% (Olivera et al., 2015).  

As wheat rust is the most important biotic yield-reducing factor in Ethiopia, in 2015 the University 
of Cambridge, the U.K. Met Office, the Ethiopian Institute of Agriculture Research (EIAR), the 
Ethiopian Agricultural Transformation Agency (ATA), and the International Maize and Wheat 
Improvement Center (CIMMYT) developed and deployed an early warning and advisory system 
(EWAS) in Ethiopia (Allen-Sader et al., 2019; CIMMYT, 2019). The system provides an 
automated 7-day advance forecast about a possible outbreak of rust. The EWAS was piloted in 
2015-2016 and has been operational for over four years in Ethiopia. It has been providing rust 
early warnings and advisories to hundreds of thousands of wheat farmers through the Ministry of 
Agriculture, the Agricultural Transformation Agency (ATA), Regional Bureaus of Agriculture, 
and extension services. 

This study examines farmers’ behavioral changes in terms of the action taken after receiving an 
early warning message, examines farmers’ perceptions of and opinions about the early warning 
service, and finally, quantifies the estimated economic benefits of the rust early warning system in 
Ethiopia. In the process, the study relied on primary data collected from more than 1,000 wheat 
farmers from 17 districts of the Oromia and Amhara regions of Ethiopia. To triangulate the 
findings, the study also relied on information collected from more than 50 agricultural extension 
workers and from high-level officials from the Ministry of Agriculture and Regional Bureaus of 
Agriculture through focused group discussions (FGDs). The study is organized as follows: the next 
section presents the survey, sampling, and methodology; Section 3 presents the descriptive 
findings, Section 4 the econometric findings, Section 5 the extension agent assessment, and 
Section 6 the focus group assessment; Section 7 presents the conclusion and policy implications. 
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2. Methodology 

 2.1. Household survey sampling and data collection 

In Ethiopia there are two cropping seasons: meher (May–September) and belg (February–April)  
The meher cropping season is the main season that produces more than three-quarters of the 
nation’s total cereal output (USDA-FAS, 2008). Although some wheat is produced in the belg 
season, most is produced in the meher season, and wheat rust is a major problem during this season. 
Because of the severity of the problem, the rust early warning and advisory service (EWAS) was 
started as a pilot in 2015 and transitioned into a more operational system in 2017. To assess the 
impacts of the EWAS, we collected information directly from the intended clients, i.e., wheat 
farmers, using a structured questionnaire. The questionnaire was developed and pretested during 
September and October 2020. The survey questionnaire can be found in Annexure A. In addition, 
we conducted an opinion survey of agricultural extension agents using a simple questionnaire 
(Annexure B) and conducted targeted focused group discussions (FGDs) using structured 
questions (Annexure C), mainly to examine the opinions of the agriculture extension officers and 
officers at the Federal and Regional Bureaus of Agriculture on the usefulness of the EWAS. 
Finally, during November and December 2020, we deployed our trained enumerators to collect 
information from nine districts in the Amhara region: Basoliben, Motta, Wonberima, Burie, Lay 
Gaint, Misrak Estie, Mekiet, Wadila, and Debay Telatgin; and eight districts from the Oromia 
region: Arsi Robe, Hitosa, Gedeb Assosa, Dodola, Sinana, Agarfa, Ginir and Golocha. The 
selected districts are all important wheat-producing districts in Ethiopia. Historically, the Amhara 
region is more prone to yellow rust outbreaks, while the Oromia region is prone to outbreaks of 
both stem rust and yellow rust. Oromia represents a high-potential wheat-production area, with 
probably stronger connections than Amhara to research, extension, and inputs. Amhara is also an 
important wheat production area, but probably has weaker connections to services and inputs. The 
survey we deployed thus provides us with an opportunity to examine the relative importance of 
wheat yellow rust and stem rust in Ethiopia and to compare contrasting wheat production systems. 
Based on the sampling frame, the initial target was to interview 76 farmers from each district, 
resulting in a total of 1,275 farmers from 17 districts. However, at the end of our survey, we had 
collected information from about 1,017 farmers. The location of the sampled farm households by 
district is presented in Figure 1.   
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Figure 1: Location of the sampled households. 

Source: Authors, based on a CIMMYT household survey, 2020. 

We collected information on the demographic composition of the sampled households, occupation 
of the household members, housing conditions, social networks, access to infrastructure, wheat 
crop management information from the 2019 and 2020 meher seasons, the major biotic and abiotic 
stresses of wheat including yellow rust and stem rust, the actions of the wheat farmers based on 
whether or not they received early warning messages and whether or not they applied fungicides. 
We also asked farmers to evaluate the early warning messaging service. We collected plot-level 
information on wheat crops: at the time of data collection, the 2020 meher season wheat was still 
in the field, so only the yield and production information from the 2019 meher season wheat is 
available in our data.  

To estimate the approximate economic benefits of the early warning messaging service, we asked 
the sampled farmers directly what they perceived to be the yield benefit from receiving the 
messages. The sampled farmers replied to our question in the form of a percentage gain such as 
<25%, 33%, 50%, or >50%. In calculating the economic benefits of the EWAS, however, we 
treated the reported yield benefit of >50% as the same as the reported yield benefit of 50% for ease 
of calculation. Our approach to calculating the economic benefits of the EWAS is subjective but 



 
 

5 

aims to give an initial impression of the potential benefits of the EWAS. Using this information, 
we calculated the economic gain of the early warning messaging service as follows: 

!"# = %"# 	×	()*+,-.#             (1) 

!/0# = !"#	/	2ℎ456	789:4	9;	<=$/?@           (2) 

Where EVi in Eq. (1) is the equivalent yield gain calculated as the reported yield gain %"# 
multiplied by the actual yield (kg/ha) in 2019. Finally, the equivalent monetary gain !/0# from 
the early warning messaging is calculated as %"# divided by the price of wheat in US$/kg. In this 
study, the exchange rate between the US$ and the Ethiopia birr is set at US $1= 37.461 birr 
(Exchange Rate U.K. 2021). 

In this report, data are mostly presented in a simple descriptive tabular format. We have also 
employed inferential statistics, such as the Ordinary Least Square (OLS), probit, multinomial and 
multivariate probit, two-part model estimation procedure, and Poisson regression analysis to 
elucidate the opinions of the farmers on the severity of rust, on whether or not the early warning 
service was beneficial, and finally, on whether or not they would like to purchase the early warning 
services. In the econometric estimation process, we have mainly used education, experience, 
family composition, and district of the households as the independent variables. 
 

2.2. Focus group discussions 

To triangulate findings from the household survey, data was collected from development agents at 
the kebele (sub-district) level using a separate questionnaire. To assess changes at the institution 
level, focus group discussions (FGDs) were conducted with federal and regional institutions. The 
FGDs were made with purposively selected federal and regional institution representatives and 
experts who had a direct responsibility for guiding high-level decision-making and/or providing 
expert advice and/or services for crop production and protection. The institutions involved in the 
focus group discussions were the Ministry of Agriculture, Ethiopian Institute of Agricultural 
Research, Oromia Region Agriculture Bureau, Amhara Region Agriculture Bureau, and CGIAR 
centers. In terms of responsibility, individuals involved in the group discussions were directors, 
bureau/division heads, researchers, and experts. The list of the participants is given in Table 1. 
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Table 1: List of institutions and representatives involved in the focused group discussion.  

No.  Institution Participant  

1 Ministry of Agriculture Director, Crop Development  

2 Ministry of Agriculture Director, Crop Protection and Regulatory  (CPR)  

3 Ministry of Agriculture Former Director, CRP, and crop protection advisor and expert  

4 Oromia Agric and NR Bureau  Crop protection team leader 

5 Amhara Agric and NR Bureau Crop protection team leader 

6 Amhara Agric and NR Bureau Crop Protection expert  

7 EIAR Crop Protection Researcher  

8 CIMMYT  Researcher  

9 Kulumsa Agric Res Center  Breeder 

10 Debre Zeit Agric Res Center  Breeder  

Source: Authors, based on CIMMYT household survey, November-December 2020. 

The group discussions compared the situation before 2014 and after 2015 and were based on 
structured guiding questions on the detection and monitoring of rust epidemics, planning for 
fungicide purchase and wheat rust management, communication of rust incidences from federal to 
regional institutions and development agents and farmers, and major rust management practices.  
The discussants forwarded their views freely on the questions presented, and after listing all the 
ideas forwarded, those points agreed by all the participants were recorded as the final views of the 
group. Since the wheat rust early warning advisory service started in 2015, the guiding questions 
were designed to compare crop protection/rust management practices, processes, capacity, and 
policies over two periods: 2010–14 (before) and 2015–2020 (after) the rust early warning advisory 
service began.  
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3. Results and discussion 

3.1. Descriptive findings 

The number of sampled respondents by region and district and the demographic composition of 
the sampled households are presented in Table 2. 

Table 2: Background information of the sampled wheat farmers in Ethiopia. 

District No. of 
sampled 

HH 

% Male 
headed HH 

Years of 
schooling 

Household composition 

 Head Spouse Total >14 
years old 

male 

>14 years 
old female 

In 
agriculture 

(No.) 

% In non-
farm 

activities 

Basoliben 76 (7.5) 97.4 0.83 0.68 5.42 1.94 1.78 2.8 14.5 
Motta 76  (7.5) 93.4 2.05 1.82 5.33 2.0 1.78 2.86 25.0 
Wonberima 52 (5.1) 100 4.25 2.06 6.52 2.48 2.0 3.46 17.3 
Burie 52 (5.1) 98.1 2.27 0.73 6.35 2.31 1.98 3.27 15.4 
Lay gaint 74 (7.4) 98.7 3.79 3.41 6.31 2.32 1.85 2.35 24.0 
Misrak estie 75 (7.4) 97.3 1.23 0.56 6.48 2.19 1.97 2.4 26.7 
Mekiet 51 (5.0) 98.0 2.0 1.75 5.78 1.86 1.57 2.14 21.6 
Wadila 10 (0.98) 100 2.3 1.4 5.7 1.7 2.2 1.9 20.0 
Debay 
Telatgin 

51 (5.0) 98.0 2.1 0.82 5.4 1.96 1.82 2.47 13.7 

Amhara 
region 
average/total 

518 (51) 97.9 2.3 1.47 5.9 2.1 1.9 2.6 19.8 

Arsi robe 50 (4.9) 98.0 4.84 2.14 7.66 2.36 2.1 3.26 6.0 
Hitosa 50 (4.9) 78.0 5.84 3.86 5.9 2.38 1.82 2.96 20.0 
Gedeb 
Assosa 

75 (7.4) 92.0 4.47 2.23 8.1 2.28 2.0 3.0 13.3 

Dodola 75 (7.4) 89.3 4.49 2.6 7.23 2.17 1.76 2.89 12.0 
Sinana 50 (4.9) 94.0 2.44 1.06 7.12 2.04 1.8 2.52 0 
Agarfa 75 (7.4) 97.3 4.32 2.57 6.96 2.28 1.93 2.89 12.0 
Ginir 75  (7.4) 97.3 3.0 1.73 7.28 2.28 1.72 2.83 0 
Gololcha 50 (4.9) 100 2.68 1.5 7.18 2.44 1.92 2.94 0 
Oromia 
regional 
average/Total 

500 (49) 93.5 3.9 2.2 7.1 2.3 1.9 2.9 8.6 

Group total 
/average 

1,017 95.5 3.12 1.86 6.56 2.19 1.86 2.8 14.3 

Source: Authors, based on CIMMYT household survey, November-December 2020. 
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A total of 517 (51%) households were interviewed from the Amhara region and 500 (49%) from 
the Oromia region. The largest number of households interviewed was from the Basoliben district 
(n=76) of Amhara, and the Gedeb Assosa, Dodola, Agarfa, and Ginir districts (n=75) of Oromia 
(Table 2). On average, a sampled household was most likely to be headed by a male with an 
average of 3.1 years of schooling and was composed of more than six members, of which at least 
nearly three family members were engaged in agriculture (Table 2). The average number of years 
of schooling of the heads and spouses in the Oromia region was higher than in the Amhara region 
(Table 2). In our econometric estimation procedure, we included years of schooling of both head 
and spouse in estimating their opinions on rust and the early warning system, to examine the 
impacts of these on the decision-making process. 

Information on social capital and access to basic infrastructure is presented in Table 3. It shows 
that in the Amhara region, more than 53% of the sampled households were members of a savings 
and credit association, 52% were members of a farmers’ input supplier group and at least 5% of 
the sampled households were members of a community-based NGO. In contrast, less than 8% of 
the sampled households from the Oromia region were members of a farmers’ input supplier group, 
and less than 5% of them were members of a saving and credit association. Table 3 shows that 
more than 65% of the sampled respondents in the Amhara region and 72% in the Oromia region 
accessed the major infrastructural facilities in one hour or less. These included the walking 
distance, one-way, from home to the village market, main market, seed dealers, fertilizer dealers, 
herbicides and pesticides dealers, agricultural extension office, health center, and the source of 
drinking water (Table 3). We used these variables as independent variables in our econometric 
estimation process to examine their influence on the decision-making process.  

 

Table 3: Information on social capital and social network of the sampled wheat farmers in Ethiopia. 

District Social capital and network: % Household member of 
the following organizations: 

Infrastructure: % Households with 
access to the following facilities: 

Savings and 
credit 

association 

Farm input 
supplier 
group 

Crop and seed-
producing group 

Any 
NGO 

Access to 
electricity 

Access to 
piped water 

Access 
to major 
facilities 
in less 
than 1 
hour* 

Basoliben 63.2 60.5 6.6 0.0 5.3 28.9 56.6 
Motta 51.3 64.5 18.4 1.3 35.5 26.3 80.3 
Wonberima 55.8 67.3 25.0 1.9 5.8 44.2 78.8 
Burie 61.5 59.6 13.5 3.8 5.8 36.5 57.7 
Lay gaint 48.0 29.3 14.7 2.7 69.3 53.3 68.0 
Misrak estie 41.3 46.7 20.0 1.3 6.7 18.7 53.3 
Mekiet 49.0 45.1 5.9 2.0 31.4 54.9 66.7 
Wadila 30.0 40.0 0.1 30.0 0 10.0 80.0 
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Debay telatgin 80.4 54.9 27.5 2.0 27.5 35.3 47.1 
Amhara region 
average/Total 53.4 52.0 14.6 5.0 20.8 34.2 65.4 

Arsi robe 0.0 12.0 0 2.0 10.0 8.0 82.0 
Hitosa 26.0 10.0 2.0 6.0 88.0 84.0 96.0 
Gedeb Assosa 0 2.7 0 0 6.7 18.7 70.7 
Dodola 5.3 0 0 0 29.3 17.3 85.3 
Sinana 0 2.0 0 0 92.0 84.0 50.0 
Agarfa 4.0 14.7 0 0 68.0 61.3 86.7 
Ginir 0 12.0 0 0 81.3 38.7 41.3 
Gololcha 2.0 10.0 0 0 64.0 36.0 64.0 
Oromia region 
average/Total 4.7 7.9 0.3 1.0 54.9 43.5 72.0 

Group average 30.0 30.6 8.3 1.6 38.3 38.6 68.5 

Source: Authors, based on CIMMYT household survey, November–December 2020. 

*Major facilities include the one-way walking distance from residence to the village market, nearest main market, seed dealer, 
fertilizer dealer, herbicides and pesticides dealer, agricultural extension office, health center, source of drinking water. 

 

On average, nearly 59% of the sampled households in the survey districts produced wheat for 
home consumption, and the yearly total expenditure on food per person was nearly US$ 98 (Table 
4). The yearly average total cereal consumption per capita was 196.5 kg and the yearly total 
expenditure per capita was US$ 117, of which nearly 60% was spent on food (Table 4). 
Considering this fact, we included district dummies in our econometric estimation procedure to 
capture the influence of the district-specific unobserved factors in the decision-making processes 
of the sampled households.  
 

Table 4: Food expenditure, wheat production, and consumption information. 

 % HH wheat 
produced for 

self- 
consumption 

Total food 
exp. 

(c/US$/y) 

Total cereal 
consumed 

(c/kg/y) 

Price of 
wheat 
flour 

(US$/kg) 

% wheat 
self-

sufficient 

All exp. 
(y/c/US$) 

%  
Expenditure on 

food 

Basoliben 44.7 91.8 201.8 0.79 90.8 134.6 66.8 
Motta 59.2 108.1 239.8 0.82 88.2 149.5 65.6 
Wonberima 7.7 112.6 212.1 0.79 96.2 143.8 63.9 
Burie 26.9 93.5 153.8 0.82 94.2 123.4 64.7 
Lay gaint 97.3 142.6 173.3 0.80 33.3 119.9 70.4 
Misrak estie 97.3 115.2 177.0 0.79 50.7 97.1 66.9 
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Mekiet 100.0 101.7 177.0 0.87 33.3 111.2 69.4 
Wadila 100.0 86.2 134.0 0.83 40.0 83.8 71.0 
Debay telatgin 68.6 77.7 222.7 0.85 68.6 138.5 68.1 

Amhara region 
average/Total 

66.9 103.3 187.9 0.8 66.1 122.4 67.4 

Arsi robe 66.0 65.5 181.7 0.95 92.0 73.2 39.9 
Hitosa 40.0 88.1 223.1 0.79 94.0 116.2 45.2 
Gedeb Assosa 34.7 69.2 195.1 0.79 90.7 79.9 50.5 
Dodola 45.3 71.7 195.2 0.8 92.0 83.9 51.5 
Sinana 80.0 139.0 220.0 0.8 100.0 140.8 58.8 
Agarfa 30.7 73.2 209.4 0.8 93.3 99.8 51.3 
Ginir 61.3 125.5 198.6 0.8 96.0 157.6 59.3 

Gololcha 74.0 86.3 166.1 0.8 100.0 121.0 59.2 

Oromia region 
average/Total 

54.0 89.8 198.7 0.8 94.8 109.1 52.0 

Group average 58.7 97.9 196.5 0.81 81.1 117.4 59.8 
Source: Authors, based on CIMMYT household survey, November-December 2020. 
#Average exchange rate between Birr and USD is set at 1 USD= 37.5 
Source: https://www.exchangerates.org.uk/USD-ETB-exchange-rate-history.html  
 

The information on land cultivation by season is presented in Table 5. On average, in 2020 a 
household in the sampled districts of Ethiopia cultivated 0.29 ha of land in the belg season and 
1.76 ha in the meher season. Belg season crops were detected in Oromia, and the average wheat 
land size in Oromia (1.51-1.53 ha) was much larger than in the Amhara region (0.58 ha).  

Table 5: Land allocation to all crops and wheat in 2019 and 2020 Belg and Meher seasons in Ethiopia. 

District Land cultivated   
2019 (ha) 

Land cultivated 
2020 (ha) 

Wheat land  2019 (ha) Wheat land  2020 (ha) 

Belg Meher Belg Meher Belg Meher Belg Meher 
Basoliben 0.01 1.70 0.00 1.74 0.01 0.88 0.00 0.85 
Motta 0.02 1.66 0.02 1.67 0.00 0.31 0.00 0.28 
Wonberima 0.00 2.78 0.00 2.80 0.00 1.09 0.00 0.97 
Burie 0.05 1.69 0.04 1.77 0.00 0.36 0.00 0.43 
Lay gaint 0.01 1.07 0.01 0.99 0.02 0.59 0.02 0.63 
Misrak estie 0.08 1.12 0.09 1.14 0.003 0.59 0.01 0.60 
Mekiet 0.0 0.80 0.0 0.82 0.02 0.51 0.0 0.55 
Wadila 0.0 0.58 0.0 0.6 0.0 0.39 0.0 0.36 
Debay telatgin 0.03 1.47 0.04 1.49 0.0 0.51 0.0 0.58 
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Amhara region 
average/Total 0.02 1.43 0.02 1.45 0.01 0.58 0.00 0.58 

Arsi robe 0.40 1.98 0.41 1.98 0.06 1.29 0.06 1.21 
Hitosa 0.0 2.31 0. 2.48 0.0 1.78 0.0 1.9 
Gedeb Assosa 0.02 1.95 0.01 2.05 0.0 1.54 0.0 0.1.69 
Dodola 0.0 1.85 0 1.85 0.0 1.31 0.0 0.1.35 
Sinana 1.1 1.64 1.0 1.7 0.49 1.15 0.45 1.2 
Agarfa 0.61 2.49 0.63 2.57 0.36 2.1 0.23 2.1 
Ginir 1.34 1.48 1.36 1.5 0.75 1.1 0.75 1.1 
Gololcha 1.27 2.27 1.23 2.18 0.33 1.78 0.35 1.68 

Oromia region 
average/Total 0.59 2.00 0.58 2.04 0.25 1.51 0.23 1.53 

Group average 0.29 1.73 0.29 1.76 0.13 1.04 0.12 1.06 

Source: Authors, based on CIMMYT household survey, November-December 2020. 

According to our survey, nearly 74% of sampled households in the Amhara region and 38% in the 
Oromia region reported cultivating an improved wheat variety (Table 6). However, based on 
previous DNA fingerprinting studies (Hodson et al., 2020), the reliability of the reports by the 
farmers on improved and local varieties is questionable, as many farmers could not tell the actual 
variety name or type. The actual cultivation of improved varieties is almost certainly much higher 
in both regions. Nearly 50% of households in the Amhara region and about 57% in the Oromia 
region reported that they had collected wheat seeds from government sources. The reported wheat 
seed price in the sampled regions was US$ 0.59/kg (Table 6). 
 

Table 6: Seed source, seed variety, and seed used (Meher 2019 and 2020 average). 

Districts % Cultivated 
improved wheat 

% Used seed from 
govt. source 

% Used own seeds  Seed price USD/kg 

Basoliben 91.1 28.9 61.5 0.55 
Motta 93.8 48.0 44.6 0.65 
Wonberima 95.5 32.7 46.5 0.60 
Burie 97.3 14.8 67.8 0.47 
Lay gaint 57.9 21.1 43.4 0.68 
Misrak estie 41.7 12.2 57.5 0.56 
Mekiet 52.9 28.5 36.6 0.76 
Wadila 50.0 4.5 40.9 0.85 

Debay telatgin 84.5 31.5 50.0 0.63 

Amhara region 
average/Total 

73.86 24.69 49.87 0.64 

Arsi robe 60.6 6.7 46.7 0.55 
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Hitosa 60.8 8.2 45.6 0.55 
Gedeb Assosa 49.3 6.1 55.9 0.59 
Dodola 54.0 2.5 46.4 0.61 
Sinana 8.2 4.1 65.6 0.52 
Agarfa 47.4 8.5 51.8 0.57 
Ginir 12.7 1.8 72.7 0.51 
Gololcha 9.7 0.7 69.4 0.54 

Oromia region 
average/Total 

37.8 4.8 56.8 0.56 

Group average 59.4 16.5 53.2 0.59 

Source: Authors, based on CIMMYT household survey, November-December 2020. 

The information on wheat production costs is presented in Table 7. It shows that the average wheat 
production cost per ha was US$ 304 for the Oromia region and US$ 291 for the Amhara region. 
Seed cost is the largest wheat production cost in the sampled regions. The cost of the seed was 
27% of the total wheat cultivation cost in Oromia and 35% in Amhara  (Table 7). The reported 
wheat yield was higher in the Oromia region (2.6 t/ha) than in the Amhara region (1.4 t/ha) and 
the wheat farmers in Oromia were more market-oriented than those in Amhara (Table 7). In the 
Amhara region, 27% of the total wheat produced was sold in the market, and nearly 46% of the 
sampled farm households said that they sold wheat. In contrast, in the Oromia region, nearly 56% 
of the total wheat produced was sold in the market and 92% of the sampled farm households said 
that they sold wheat. The results show that wheat farming in the Oromia region is more market-
oriented, whereas wheat farmed in the Amhara region is more likely to be for home consumption.  
 

Table 7: Information on wheat production cost (USD/ha) and yield (Meher 2019 and 2020 average). 

District Land 
preparation, 
weeding and 

labor cost 

Seed 
cost 

Fertilizer 
cost 

Pesticides 
and 

herbicides 

Harvesting 
cost 

Yield 
(kg/ha) 

Total 
Production 

(kg) 

% Wheat 
Production 

Sold 

%h HH 
Selling 
wheat 

Basoliben 17.4 98.3 118.3 4.8 16.9 1291.7 1131.3 47.1 77.6 
Motta 44.0 143.8 164.3 8.3 30.6 2252.8 652.8 35.1 69.5 
Wonberima 81.7 79.2 91.6 6.4 56.0 1731.1 1800.2 68.8 89.1 
Burie 73.1 120.9 135.7 10.2 31.3 2550.9 1018.9 48.1 85.2 
Lay gaint 125.0 70.4 43.4 13.6 17.5 1000.8 558.7 6.3 16.1 

Misrak estie 66.9 74.5 59.7 12.7 12.9 813.4 447.3 4.4 12.2 
Mekiet 53.9 100.7 60.2 1.2 5.0 734.4 374.0 2.7 5.2 
Wadila 101.8 151.1 91.9 0.0 24.0 1275.8 412.3 6.1 9.1 
Debay telatgin 27.5 77.2 76.2 8.4 9.7 1048.4 547.4 25.7 46.4 
Amhara region 
average 65.7 101.8 93.5 7.3 22.7 1411.0 771.4 27.1 45.6 
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Arsi robe 34.1 61.9 67.5 31.5 38.9 1913.6 2490.3 45.8 79.4 
Hitosa 52.5 81.9 63.3 28.3 52.6 2227.5 3982.9 66.6 93.6 
Gedeb Assosa 71.7 81.6 60.2 45.4 40.9 2576.0 4263.9 59.3 90.6 
Dodola 55.8 74.5 60.9 41.2 38.1 2298.9 3170.3 64.1 94.1 
Sinana 21.1 90.3 74.6 67.6 84.6 2861.1 3277.0 42.6 96.7 
Agarfa 24.3 71.6 55.7 56.2 64.0 2494.6 5101.2 66.2 94.7 

Ginir 28.7 101.8 95.0 78.2 94.9 3555.9 3788.5 53.7 90.9 
Gololcha 17.2 95.0 74.1 63.6 89.9 2813.4 4614.9 46.7 99.3 
Oromia region 
average 38.2 82.3 68.9 51.5 63.0 2592.6 3836.1 55.6 92.4 

Group average 51.7 87.9 80.2 27.6 39.5 1914.9 2241.0 42.2 68.9 

Source: Authors, based on CIMMYT household survey, November-December 2020. 

The major biotic and abiotic stresses on wheat in the sampled regions of Ethiopia are reported in 
Table 8. In the Amhara region, more than 79% of sampled households reported yellow rust and 
more than 81% reported rodents as major biotic stresses on wheat. In contrast, in the Oromia 
region, more than 99% of sampled households reported yellow rust, and 97% of the farmers said 
that stem rust was the main biotic stress on wheat production (Table 8). This indicates that while 
yellow rust is a major stress on wheat production in the Amhara region, both stem rust and yellow 
rust are major wheat yield-reducing factors in the Oromia region. 
 

Table 8: Household reported major biotic and abiotic stresses on wheat production (percentages). 

District Stem 
rust 

Yellow 
rust 

Insects/pests Frost Hailstorm Flood Water 
logging 

Rodents Long dry 
spell 

Basoliben 0.0 90.5 40.1 58.6 50.0 43.1 21.1 56.6 9.5 
Motta 13.6 82.5 24.9 63.8 81.9 53.1 14.1 73.4 5.1 
Wonberima 3.5 23.3 20.3 9.9 85.1 37.6 10.4 61.4 6.4 
Burie 0.0 43.6 26.2 60.4 57.7 75.2 14.1 73.8 4.0 
Lay gaint 7.9 98.8 13.6 69.0 43.4 29.8 33.1 95.9 36.4 
Misrak estie 17.3 92.9 9.1 89.0 73.6 46.5 28.3 91.3 18.5 
Mekiet 8.1 89.5 16.3 94.2 83.7 23.8 26.7 92.4 12.2 
Wadila 0.0 100.0 0.0 100.0 54.5 40.9 36.4 100.0 0.0 
Debay 
telatgin 

16.1 92.9 3.0 83.3 69.0 82.7 30.4 86.9 10.1 

Amhara 
region 
average 

7.4 79.3 17.1 69.8 66.5 48.1 23.8 81.3 11.4 

Arsi robe 100.0 100.0 61.2 1.8 4.2 6.7 75.2 4.2 30.9 
Hitosa 82.5 98.8 53.2 2.9 2.9 5.8 12.9 0.0 0.0 
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Gedeb 
Assosa 

95.3 100.0 43.2 0.0 0.0 0.9 1.4 0.0 0.0 

Dodola 100.0 98.3 41.8 0.0 0.0 1.7 7.1 0.0 0.0 
Sinana 100.0 100.0 47.5 0.0 0.0 11.5 39.3 0.0 31.1 
Agarfa 100.0 100.0 55.1 0.0 0.0 0.0 5.7 0.0 0.0 
Ginir 100.0 100.0 60.0 0.0 0.0 0.0 11.5 0.0 35.8 
Gololcha 100.0 98.5 35.1 0.0 0.0 0.0 3.0 0.0 85.1 

Oromia 
region 
average 

97.2 99.5 49.6 0.6 0.9 3.3 19.5 0.5 22.9 

Group 
average 

49.3 88.6 33.7 35.8 36.0 26.5 20.3 42.4 15.6 

Source: Authors, based on CIMMYT household survey, November-December 2020. 

 

In Table 9, the sampled households were asked to inform us about yellow rust and stem rust 
exclusively. The table shows that 71% of the sampled households in the Amhara region and nearly 
99% in the Oromia region reported that yellow rust and/or stem rust were major problems for 
wheat production. In addition, the table indicates that the rust infestations may have increased over 
the years. For example, in 2015 only 44% of sampled households reported the presence of wheat 
rust (yellow rust and/or stem rust), whereas in 2020 more than 78% of sampled households 
reported the incidence of rust (Table 9). This indicates that according to farmer recall, incidences 
of wheat rust have been increasing over the five years. This is supported by rust survey data over 
the same period that show increasing incidence, especially for yellow rust (Meyer et al., 2021) 
 

Table 9: Households’ perception on rust (both yellow and stem rust) (%). 

District % Household reported 
either stem and/or 

yellow rust is a major 
problem 

% Rust 
observed in 

2015 

% Rust 
observed 
in 2016 

% Rust 
observed 
in 2017 

% Rust 
observed 
in 2018 

% Rust 
observed 
in 2019 

% Rust 
observed 
in 2020 

Basoliben 82.6 21.7 19.1 19.4 21.7 54.3 79.9 
Motta 44.6 15.8 17.5 20.9 21.5 21.5 27.7 
Wonberima 9.9 0.0 2.0 6.4 5.9 3.5 6.4 
Burie 24.2 12.8 10.1 8.1 16.1 14.8 14.8 
Lay gaint 97.1 38.0 47.1 55.0 77.7 88.4 77.3 
Misrak estie 97.2 50.0 66.5 72.8 86.2 92.9 90.6 
Mekiet 97.1 50.6 62.2 70.9 90.7 82.0 93.0 
Wadila 100.0 40.9 50.0 59.1 50.0 90.9 100.0 
Debay 
telatgin 89.3 33.9 40.5 44.0 54.2 62.5 89.3 
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Amhara 
region 
average 

71.3 29.3 35.0 39.6 47.1 56.8 64.3 

Arsi robe 97.0 74.5 78.2 83.0 91.5 91.5 88.5 
Hitosa 97.7 72.5 71.3 74.9 91.8 95.3 95.3 
Gedeb 
Assosa 98.1 67.6 71.8 80.8 92.5 93.0 92.0 
Dodola 99.2 75.7 83.7 97.5 99.2 99.2 98.3 
Sinana 100.0 34.4 57.4 91.8 100.0 91.8 96.7 
Agarfa 100.0 73.3 80.6 93.9 99.2 100.0 96.8 
Ginir 98.8 34.5 53.9 84.2 91.5 97.6 98.8 
Gololcha 98.5 37.3 55.2 97.0 95.5 98.5 98.5 

Oromia 
region 
average 

98.7 58.7 69.0 87.9 95.2 95.9 95.6 

Group 
average 84.0 44.1 51.3 61.4 69.7 74.7 78.4 

Source: Authors, based on CIMMYT household survey, November-December 2020. 
 

Table 10 presents the sampled farmers’ opinions on yellow/stem rust-related loss in wheat 
production. It shows that in the Amhara region, yellow rust is the main biotic stress, whereas in 
the Oromia region both yellow rust and stem rust are major stresses. In Amhara 57% of the farmers 
reported some yield loss due to rust, whereas in Oromia nearly 100% of the farmers reported rust-
related yield loss (Table 10). The table shows that 37% of the sampled farmers in Amhara and 
6.1% of the sampled farmers in Oromia reported a loss of nearly 50% of the estimated wheat yield 
due to rust. Interestingly, more than 72% of sampled farmers in Amhara said that their awareness 
of wheat rust has increased, and 66% said that they were better able to control wheat rust (Table 
10). In contrast, more than 98% of sampled farmers in the Oromia region said that their awareness 
of wheat rust has increased, and 100% reported being better able to control wheat rust (Table 10).   
 

Table 10: Yellow and stem rust and their perceived impacts on yield; farmers’ awareness and control ability. 

 % Affected by 
rust 

Yield 
reduced 

Yield reduced by yellow and stem rust % with 
improved 

rust 
awareness 

% With 
higher 

ability to 
control rust District Yellow Stem % Yes <25% 25% 33% <50% 50% 

Basoliben 68.1 0.3 60.5 8.2 3.3 13.5 38.8 36.2 69.4 25.0 
Motta 42.4 5.1 28.8 10.7 11.9 16.4 47.5 13.6 55.4 29.4 
Wonberima 5.9 1.5 6.4 70.3 2.0 0.0 27.7 0.0 47.5 29.7 
Burie 22.8 0.7 22.1 50.3 10.7 10.7 21.5 6.7 58.4 28.9 
Lay gaint 92.6 9.5 81.8 10.3 5.8 7.9 35.1 40.9 93.8 84.3 
Misrak estie 90.6 12.6 89.8 0.0 0.0 1.6 37.8 60.6 88.6 70.5 
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Mekiet 82.6 7.0 83.7 1.7 0.0 7.6 34.9 55.8 84.9 44.8 
Wadila 90.9 0.0 86.4 9.1 9.1 0.0 31.8 50.0 81.8 72.2 
Debay 
telatgin 76.8 8.3 53.6 0.0 1.8 0.0 29.2 69.0 72.6 66.4 
Amhara 
region 
average 

63.6 5.0 57.0 17.8 5.0 6.4 33.8 37.0 72.5 50.1 

Arsi robe 99.4 99.4 100.0 31.5 14.5 21.2 31.5 1.2 96.4 100.0 
Hitosa 100.0 85.4 100.0 38.0 8.2 30.4 9.4 14.0 96.5 100.0 
Gedeb 
Assosa 100.0 99.1 100.0 41.8 11.3 19.7 21.6 5.6 99.1 100.0 
Dodola 99.6 99.6 99.6 32.2 8.8 18.8 26.4 13.8 100.0 100.0 
Sinana 100.0 100.0 100.0 0.0 32.8 36.1 29.5 1.6 98.4 100.0 
Agarfa 100.0 99.6 100.0 44.5 14.2 19.0 13.8 8.5 99.2 100.0 
Ginir 99.4 99.4 99.4 0.0 40.0 40.6 18.2 1.2 98.8 100.0 
Gololcha 100.0 99.3 97.8 35.8 17.9 17.2 26.1 3.0 97.0 100.0 
Oromia 
region 
average 

99.8 97.7 99.6 28.0 18.5 25.4 22.1 6.1 98.2 100 

Group 
average 80.3 48.3 76.6 23.3 10.1 15.2 28.6 22.9 84.6 83.3 
Source: Authors, based on CIMMYT household survey, November-December 2020. 
 

The details on perceived yield loss due to yellow rust and stem rust compared to rust-free years by 
district and region are presented in Table 11. It shows that yellow rust is the main problem in the 
Amhara region, where over 35% of sampled households reported a perceived yield loss of more 
than 50% due to yellow rust. In the same region, less than 10% of sampled households reported a 
perceived yield loss of more than 50% due to stem rust. In contrast, both stem rust and yellow rust 
are major yield-impacting factors in the Oromia region, but only 10% of the farmers reported a 
perceived wheat yield loss of more than 50% due to stem and/or yellow rust. This indicates that 
the severity of the impact of rust on wheat yield is more pronounced in the Amhara region than in 
the Oromia region and/or that farmers in the Oromia region practice better control of rusts.  

Table 11: Perceived loss in yield due to yellow and stem rust compared to no-rust year. 

District Yield loss from yellow rust Yield loss from stem (black) rust 

<25 25% 33% 50% >50% <25 25% 33% 50% >50% 
Basoliben 5.6 3.3 11.8 40.1 39.1 69.4 9.2 2.3 13.8 5.3 

Motta 12.4 11.9 16.4 47.5 11.9 64.4 4.0 4.0 24.3 3.4 

Wonberima 70.3 2.0 0.0 27.7 0.0 83.2 0.0 0.0 16.8 0.0 

Burie 49.0 14.8 6.7 20.8 8.7 83.2 0.0 0.0 12.8 4.0 

Lay gaint 10.7 5.4 8.3 43.4 32.2 59.1 2.5 1.7 24.0 12.8 
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Misrak estie 0.0 0.0 0.0 45.3 54.7 68.9 8.3 2.0 5.9 15.0 

Mekiet 1.2 1.2 6.4 33.7 57.6 77.9 3.5 1.2 0.0 17.4 

Wadila 0.0 9.1 0.0 31.8 59.1 81.8 0.0 0.0 0.0 18.2 

Debay telatgin 7.1 1.8 1.2 35.7 54.2 55.4 6.0 3.6 22.6 12.5 

Amhara region average 17.4 5.5 5.6 36.2 35.3 71.5 3.7 1.6 13.4 9.8 

Arsi robe 17.0 24.8 38.2 20.0 0.0 12.1 29.1 26.7 27.3 4.8 

Hitosa 27.5 24.0 25.7 7.6 15.2 39.8 22.2 21.1 14.6 2.3 

Gedeb Assosa 47.6 0 34.4 39.5 45.1 21.2 45.5 38.4 32.8 48.8  

Dodola 32.2 6.7 19.2 28.0 13.8 34.7 10.9 6.3 33.5 14.6 

Sinana 0.0 31.1 32.8 34.4 1.6 1.6 27.9 39.3 29.5 1.6 

Agarfa 42.9 13.4 22.3 15.4 6.1 43.7 18.6 13.0 17.8 6.9 

Ginir 0.0 41.2 43.0 15.8 0.0 1.2 50.9 32.1 15.8 0.0 

Gololcha 34.3 17.9 20.1 26.1 1.5 29.9 23.9 18.7 26.1 1.5 

Oromia region average 25.2 19.9 29.5 23.4 10.4 23.0 28.6 24.5 24.7 10.1 

Group average 21.3 11.7 15.7 30.3 21.0 49.7 13.5 9.9 19.8 7.2 

Source: Authors, based on CIMMYT household survey, November-December 2020. 

The early warning messages (EWM) were distributed through partner networks for widespread 
distribution but were not targeted at any specific farmers included in the surveys as these were 
selected randomly. About 65% of the households in the Amhara region and nearly 80% of those 
in the Oromia region reported that they had received EWM in the 2020 meher season (Table 12). 
The table shows that since 2015, the number of EWM recipients in both Amhara and Oromia 
regions has progressively increased. In Amhara the percentage of farmers receiving the messages 
rose from 31% in 2015 to 65% in 2020. The corresponding rise in Oromia was from 52% in 2015 
to 80% in 2020. Fifty percent (50%) of the households in both regions said that they had received 
the EWM through the agricultural extension agents (Table 12). 
 

Table 12: Percentage of farmers that received EWM and sources of the messages in the meher season. 

District % Received message in the following years % Received 
through 

extension 
agents 

% Received 
through farmers’ 

cooperative 2015 2016 2017 2018 2019 2020 

Basoliben 29.6 32.6 34.2 38.8 44.4 43.8 35.5 10.2 
Motta 55.9 66.7 67.8 66.1 69.5 67.8 55.4 14.7 
Wonberima 36.1 42.1 49.5 54.5 58.4 64.9 51.0 10.4 
Burie 20.1 22.1 24.8 43.6 51.0 47.7 38.3 13.4 
Lay gaint 26.9 37.2 45.9 62.0 75.2 77.3 47.5 28.5 
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Misrak estie 26.0 40.6 47.2 64.6 72.0 72.0 48.0 28.3 
Mekiet 30.2 43.6 52.3 64.0 70.3 73.8 58.7 16.9 
Wadila 22.7 45.5 45.5 54.5 81.8 81.8 72.7 9.1 
Debay telatgin 35.7 47.6 47.6 53.0 53.0 56.0 38.1 14.9 

Amhara region 
average 31.5 42.0 46.1 55.7 64.0 65.0 49.5 16.3 

Arsi robe 67.3 67.3 76.4 90.9 93.3 89.1 75.8 20.6 
Hitosa 67.8 67.8 70.2 93.0 93.0 90.6 72.5 11.1 
Gedeb Assosa 57.7 59.6 68.1 81.2 76.5 76.5 43.2 28.6  
Dodola 61.1 61.9 77.0 83.7 82.8 82.8 53.1 29.7 
Sinana 36.1 41.0 68.9 68.9 68.9 68.9 34.4 34.4 
Agarfa 66.0 68.4 80.6 85.8 85.8 85.8 46.2 38.9 
Ginir 24.8 27.3 61.2 70.9 70.9 70.9 35.8 35.2 
Gololcha 32.8 38.8 73.1 73.1 73.1 73.1 40.3 32.8 

Oromia region average 51.7 54.0 71.9 80.9 80.5 79.7 50.2 28.9 

Group average 57.2 65.1 78.8 91.6 96.0 96.4 48.3 22.9 

Source: Authors, based on CIMMYT household survey, November-December 2020. 

 

The behavioral changes in the form of the farmers’ actions that were potentially prompted by the 
EWM are presented in Tables 13 and 14. In the 2020 meher season, around 31% of the sampled 
households (319) reportedly did not receive the EWM, compared with 67% (698) that reportedly 
received them. The proportion of households that applied fungicide was much higher in Oromia 
than in Amhara. On average, the households that received the EWM about a possible outbreak of 
rust were more likely to purchase or collect a spray machine and apply fungicides in both Amhara 
and Oromia regions than the households that reportedly did not receive the EWM (Table 13). In 
both regions, fungicide use was seen to have increased over time. Interestingly, in Oromia, nearly 
100% of the sampled households that had received the EWM purchased or collected a spray 
machine and applied fungicides to control rust. In contrast, in 2015 only 38% of the sampled 
households in Oromia that did not receive the EWM applied fungicides. However, in 2020, around 
100% of the sampled households in the Oromia region purchased or collected a spray machine and 
applied fungicides irrespective of whether or not they had received the EWM. There are two 
plausible explanations for this behavior on the part of the farmers: firstly, a spillover effect in 
which non-recipient farmers just imitated farmers that had received a message. Secondly, as 
indicated in Table 10, the sampled households said that they were more aware of rust and that their 
ability to control rust had increased over the years. Table 13 probably reflects the increased 
awareness and capability of the sampled households.  
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Table 13: Action of the sampled households based on whether or not they have received EWM in the sampled years. 

District % Purchased /collected spray machine/ fungicides/pesticides and sprayed 

Received EWM= Yes Received EWM= No 

2015 2016 2017 2018 2019 2020 2015 2016 2017 2018 2019 2020 
Basoliben 0.0 0.0 8.5 18.2 7.3 6.6 0.0 0.0 0.0 0.0 0.0 0.0 
Motta 10.7 16.1 0.0 5.3 7.9 8.2 1.3 0.0 1.4 0.0 0.0 0.0 
Wonberima 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Burie 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.4 
Lay gaint 27.2 44.7 53.4 68.6 87.9 89.8 18.0 12.5 14.7 40.7 10.7 78.2 
Misrak estie 26.8 30.8 36.2 53.9 78.8 87.4 3.1 14.1 17.4 17.1 66.7 50.0 
Mekiet 6.9 12.1 10.7 21.2 29.8 11.9 0.0 4.6 20.0 31.3 9.7 0.0 
Wadila 0.0 0.0 0.0 27.3 45.0 18.2 0.0 0.0 0.0 0.0 0.0 0.0 
Debay telatgin 0.0 32.4 52.7 50.5 86.7 88.0 4.5 12.0 0.0 9.1 17.5 88.9 
Amhara region 
average 

8.0 15.1 17.9 27.2 38.2 34.5 3.0 4.8 5.9 10.9 11.6 24.4 

Arsi robe 98.4 98.4 98.5 98.7 100.0 100.0 26.2 50.0 78.6 85.7 71.4 89.5 
Hitosa 98.4 100.0 100.0 100.0 100.0 100.0 25.5 46.9 95.3 100.0 100.0 100.0 
Gedeb Assosa 100.0 100.0 100.0 100.0 100.0 100.0 36.2 80.0 90.2 100.0 100.0 100.0 
Dodola 100.0 100.0 100.0 100.0 100.0 100.0 39.7 74.4 100.0 100.0 100.0 100.0 
Sinana 100.0 97.1 100.0 98.4 100.0 100.0 50.0 92.3 100.0 0.0 100.0 100.0 
Agarfa 100.0 100.0 98.3 100.0 100.0 100.0 47.0 89.6 66.7 100.0 0.0 100.0 
Ginir 100.0 97.8 100.0 98.7 100.0 100.0 44.4 76.3 100.0 100.0 100.0 100.0 
Gololcha 100.0 100.0 100.0 100.0 100.0 100.0 38.1 86.7 100.0 100.0 100.0 100.0 
Oromia region 
average 

99.6 99.2 99.6 99.5 100.0 100.0 38.4 74.5 91.4 85.7 83.9 98.7 

Group average 69.6 72.7 76.2 78.7 82.2 78.4 14.8 23.6 16.1 11.1 10.0 20.0 

Source: Authors, based on CIMMYT household survey, November-December 2020. 

Table 14 presents the behavioral change related to fungicide expenditure by the sampled farmers 
based on whether or not they had received the EWM. It shows that in general, the sampled wheat 
farmers in the Oromia region spent more on fungicides than those in the Amhara region due to 
higher usage. However, in Oromia, the sampled farmers that received the EWM about possible 
outbreaks of wheat rust spent considerably more on fungicides than their counterparts. This most 
likely indicates that this group of farmers made multiple fungicide applications, although the 
possibility that they had purchased more expensive products with improved efficacy cannot be 
ruled out. The fungicide expenditure of the sampled households in Oromia that did not access the 
EWM was much lower than that of the farmers that received the early warning messages, but 
increased over time from US$ 22/ha in 2015 to US$ 83/ha in 2020 (Table 14) presumably due to 
an increasing use of fungicides. 
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Table 14: Fungicide expenditure in USD/ha by whether or not sampled farmers received EWM. 
 

Source: Authors, based on CIMMYT household survey, November-December 2020. 

In Table 15, we have presented selected factors by region and the status of receiving the EWM in 
2019. The average years of schooling of the households in the Amhara region are 2.4 years and 
4.6 years for the Oromia region, respectively (Table 1). On average 62% of the households in the 
Amhara region and more than 81% of the households in the Oromia region received the EWM in 
2019. It shows that, among the households that received the EWM in 2019, the average years of 
schooling of the household heads of the Amhara region were 2.51 years and it was 5.24 years for 
the Oromia region (Table 15). In contrast, the average years of schooling of the household heads 
that did not receive the EWM in 2019, was 2.1 years for the Amhara region and 2.06 years for the 
Oromia region (Table 15). Our simple t-test reveals that for both Amhara and Oromia regions, the 
difference of the average years of schooling of the household heads is statistically significant 
between the households who received and who did not the EWM in 2019. It indicates that the 
access to the early warning message in both Amhara and Oromia regions is skewed to relatively 
educated farm households. Interestingly, although the average years of schooling of the household 

District Cost of fungicides/insecticides application (USD/ha) 

Received EWM= Yes Received EWM= No 

2015 2016 2017 2018 2019 2020 2015 2016 2017 2018 2019 2020 
Basoliben 0.0 0.0 0.88 2.89 2.73 3.46 0.00 0.00 0.00 0.00 0.00 0.94 
Motta 1.0 2.0 0.29 0.10 0.00 1.57 0.15 0.00 0.00 0.00 1.30 0.00 
Wonberima 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Burie 0.0 0.0 0.00 0.00 0.00 1.49 0.00 0.00 0.00 0.00 0.00 0.00 
Lay gaint 15.6 21.1 30.60 40.91 49.34 58.93 7.75 8.32 8.86 23.94 34.61 35.90 
Misrak estie 12.3 16.1 22.84 30.11 43.93 51.37 5.14 5.05 4.50 15.50 34.14 47.70 
Mekiet 0.5 2.0 4.73 8.48 13.32 6.65 0.91 1.32 1.56 0.97 4.39 1.68 
Wadila 0.0 0.0 0.00 3.66 14.43 9.46 0.00 0.00 0.00 0.00 0.00 0.00 
Debay telatgin 0.0 3.9 8.71 15.05 21.14 43.91 2.00 7.68 6.65 11.46 29.65 56.68 
Amhara region 
average 3.3 5.0 7.56 11.24 16.10 19.65 1.77 2.49 2.40 5.76 11.56 15.88 

Arsi robe 88.7 83.0 91.6 82.4 96.4 93.6 37.2 42.6 51.0 54.9 80.1 71.3 
Hitosa 103.8 98.9 102.0 91.5 103.9 110.5 18.9 37.3 50.2 62.0 66.9 87.6 
Gedeb Assosa 156.2 150.6 138.4 123.4 133.4 156.4 18.4 32.4 38.4 49.3 83.5 142.1 
Dodola 310.6 307.9 270.7 261.2 132.7 152.4 47.2 57.8 40.5 34.4 51.9 86.2 
Sinana 139.8 131.9 90.5 100.1 123.6 136.1 13.3 25.8 31.0 34.5 59.7 71.7 
Agarfa 244.1 237.3 201.2 204.4 215.8 223.9 13.6 22.4 23.1 23.7 37.4 73.7 
Ginir 65.9 66.6 45.5 52.0 80.0 94.7 13.4 21.2 28.4 26.8 66.4 78.2 
Gololcha 346.3 302.4 178.9 191.1 252.1 274.4 10.2 20.6 27.3 31.6 40.6 52.5 
Oromia region 
average 181.9 172.3 139.8 138.3 142.2 155.3 21.5 32.5 36.2 39.7 60.8 82.9 
Group average 92.6 88.7 73.7 74.8 79.2 87.5 11.6 17.5 19.3 22.7 36.2 49.4 
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heads that received EWM in 2019 were statistically significantly higher in the Oromia region (5.24 
years) than Amhara region (2.51), the difference is statistically insignificant for the households 
that did not receive EWM in 2019 (Table 15). 
 

Table 15: Selected variables by regions and contrasting early warning message group in 2019. 

  Received message Difference t-test 
  Yes No 
Region  Head’s schooling 

c d d-c 
Amhara a 2.51 2.10 0.41 2.43*** 

(0.01) 
Oromia b 5.24 2.06 3.18 271*** 

(0.00) 
Difference b-a -2.73 0.03   

T-test -17.8*** 
(0.00) 

0.17 
 (0.43) 

  

Region  Wheat Area| (ha)   
C d d-c 

Amhara a 0.69 0.71 0.02 0.75 
(0.45) 

Oromia b 2.09 1.62 -0.48 -6.05*** 
(0.00) 

Difference b-a -1.40 -0.91   
T-test -35.7*** 

(0.00) 
-17.9*** 
(0.00) 

  

Region  Expenditure (US$/ha)   
  C d d-c  
Amhara a 20.2 11.06 9.16 6.08*** 

(0.00) 
Oromia b 143.1 59.8 83.3 6.01*** 

(0.00) 
Difference b-a -122.9 -48.8   
 T-test -17.3*** 

(0.00) 
-21.9*** 
(0.00) 

  

Region  Yield (kg)   
  C d d-c  
Amhara a 1333.1 1530.5 -197.5 -2.59*** 

(0.00) 
Oromia b 2468.9 3204.3 -735.3 -4.17*** 

(0.00) 
Difference b-a -1135.9 -1673.7   
 T-test -11.7*** 

(0.00) 
-14.08*** 
(0.00) 

  

Source: Authors, based on survey November-December, 2020. 

Note: One-sided t-test. Hypothesis a≠b. p-values are in parentheses. *(**)[***] indicate statistically significantly different at the 
10%(5)[1%] level 
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Similarly, the total wheat area (ha) in 2019 was analyzed by region and by status of whether or not 
sampled households received the EWM. Table 15 shows that the average wheat area for 
households that received the EWM in 2019 was 0.69 ha in the Amhara region and 2.09 ha in the 
Oromia region. In contrast, the average wheat area for households that did not receive the EWM 
in 2019 was 0.71 ha in the Amhara region and 1.62 ha in the Oromia region. On average, the 
difference in wheat area for the Amhara region based on whether or not the household received 
the EWM in 2019 is statistically insignificant. In contrast, the wheat area of the households that 
did not receive the EWM in 2019 in Oromia is statistically significantly smaller by 0.48 ha 
(p<0.00) than the wheat area of the households that received the EWM. We conclude that it is 
more likely in the Oromia region that relatively less-educated households that operated relatively 
smaller plots were not accessing the EWAS (Table 15).  

We also examined the fungicide expenditure behavior (US$/ha) of the sampled households in 2019 
by region and by whether or not they received the EWM. Table 15 shows that in 2019 the 
households that received the EWM spent nearly 20 US$/ha on fungicides in the Amhara region 
and 143 US$/ha in the Oromia region. In contrast, the households in the sample group that did not 
receive the EWM spent 11 US$/ ha on average on fungicides in Amhara and 73.5 US$/ha in 
Oromia. Table 15 also shows that in Amhara in 2019, households that received the EWM spent on 
average nearly 9 USD/ha more on fungicides than households that did not receive the EWM. The 
difference is statistically highly significant (p<0.00). Similarly, in the Oromia region in 2019, 
households that received the EWM spent on average nearly US$ 83/ha more on fungicides than 
households that did not receive the messages and the difference is highly statistically significant. 
It indicates that in the Oromia region, irrespective of access to EWM, households generally spent 
more on fungicides to control wheat rust than households in the Amhara region (Table 15), and 
households that received the EWM spent more on fungicides to control wheat rust than those that 
did not. However, the gap between the groups in the Oromia region has become narrower over 
time. For example, in 2015, households that received the EWM spent around 100 US$/ha on 
fungicides to control wheat rust, whereas in the same year households that did not receive the 
EWM spent only 38 US$/ha on fungicides. However, in 2019 a household in Oromia that received 
the EWM spent on average 100 US$/ha on fungicides to control wheat rusts, and other households 
spent 84 US$/ha (Table 14). Table 15, shows that in both regions, farmers that had access to the 
EWM spent more on fungicides than farmers who did not have access to the messages.   

We also examined wheat yield/ha in 2019 by region and by whether or not the sampled households 
accessed the EWM. Table 15 shows that in 2019 the average wheat yield in Oromia was significantly 
higher than in Amhara, irrespective of whether or not the household accessed the EWM. 
Surprisingly, in 2019 the average wheat yield of households that accessed the EWM was lower in 
both Amhara and Oromia regions than the wheat yield of the households that did not access the 
EWM. (Table 15). The average wheat yield in 2019 for households in the Amhara region that 
received the EWM was 1,333 kg/ha, compared with 1,530 kg/ha for households that did not access 
the EWM. The yield difference (197 kg/ha) between these two groups in the Amhara region is highly 
statistically significant (p<0.00). The per ha wheat yield (kg) in 2019 in the Oromia region for 
households that did not receive the EWM was higher by 735 kg than the yield of the households that 
did receive the EWM, and the difference is highly statistically significant (Table 15). The exact 
reasons behind the reported yield differences between the two groups of households are currently 
unknown and need further investigation. Other, unrecorded management factors (e.g., use of 
fertilizers, weed control, etc.) and biophysical/climatic conditions other than rust control may have 
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had an influence. In Oromia, a very high proportion of farmers (irrespective of receiving the EWM 
or not) reported the use of fungicides, and that may have contributed to the observed results.   

The estimated economic benefits, based on farmers' perceived gains associated with the EWAS 
are calculated following Eqs. (1) and (2) and presented in Table 16. The vast majority of farmers 
who received the early warning messages regarded the EAWS positively, with 73% of farmers 
surveyed in Amhara and 100% of farmers surveyed in Oromia considering it beneficial. In the 
Amhara region, the perceived per ha average yield gain associated with the EWM was estimated 
at 505 kg/ha with a monetary value of US$ 290/ha (Table 16). In Oromia, the equivalent perceived 
yield gain associated with the EWM was 860 kg/ha with a monetary value of US$ 364/ha. Both 
yellow rust and stem rust are major stresses on wheat production in the Oromia region. In addition, 
the average wheat yield in Oromia is statistically significantly higher than in the Amhara region. 
The average higher yield in the Oromia region resulted in a higher estimated perceived gain from 
the EWAS than the gain perceived by the farmers in the Amhara region. However, it must be noted 
that the actual reported yield data did not match these farmer perceptions. The reasons behind these 
differences need further investigation.  

Table 16: Estimated economic benefits of EWAS based on farmers perceived yield gains. 

District %Expressed 
EWM was 
beneficial 

Benefit from EWM * 

<25% 
yield 
equi 

25% 
yield 
equi 

33% 
yield 
equi 

50% 
yield 
equi 

>50% 
yield 
equi 

Equivalent yield 
gain (kg)** 

Equivalent 
monetary gain 

(USD)** 

Basoliben 59.7 0.0 0.0 0.0 28.8 30.9 406.8 224.6 

Motta 81.5 0.0 0.0 4.0 31.5 46.0 937.2 545.9 

Wonberima 79.0 11.3 0.0 0.0 17.7 50.0 622.9 305.8 

Burie 70.9 0.0 0.0 0.0 22.8 48.1 839.6 399.0 

Lay gaint 97.0 6.6 12.1 4.0 0.0 0.0 397.5 269.3 

Misrak estie 92.4 0.0 4.0 6.1 42.9 39.4 348.4 205.5 

Mekiet 32.6 0.0 3.0 1.5 15.2 12.9 115.8 86.0 

Wadila 72.2 0.0 11.1 27.8 11.1 22.2 354.8 230.8 

Debay telatgin 71.3 0.0 5.3 11.7 35.1 19.1 526.6 341.6 

Amhara region 
average 73.0 2.0 3.9 6.1 22.8 29.8 505.5 289.8 

Arsi robe 100.0 28.3 20.8 27.7 14.5 8.8 689.4 318.6 

Hitosa 97.5 36.5 11.3 23.3 11.3 15.1 731.3 372.5 

Gedeb Assosa 100.0 34.7 14.5 23.1 24.9 2.9 821.5 443.7 

Dodola 100.0 20.0 11.0 6.0 33.5 29.5 821.9 431.9 

Sinana 100.0 2.4 42.9 7.1 45.2 2.4 923.9 479.2 

Agarfa 100.0 17.9 10.8 15.6 19.3 36.3 931.0 497.2 

Ginir 100.0 8.5 42.7 21.4 27.4 0.0 1109.1 566.8 
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Gololcha 100.0 49.0 2.0 13.3 28.6 7.1 851.9 435.5 

Oromia region 
average 99.7 24.7 19.5 17.2 25.6 12.8 860.0 443.2 

Group average 88.1 14.2 10.9 11.0 26.9 25.1 675.7 363.8 
Source: Authors, based on CIMMYT household survey, November-December 2020. 
*Only the sub-sample that received EWM during 2015-2020 
**Actual yield in 2019 meher season considered 
 

To examine the business viability of the early warning service, we asked the sampled respondents 
about their willingness to pay for the service. More than 95% of the sampled respondents from the 
Amhara region and nearly 100% from the Oromia region said that they would like to receive early 
warning messages about yellow rust (Table 17). However, in the case of the stem rust early 
warning service, although more than 96% of sampled respondents from Oromia expressed interest 
in receiving early warning messages about stem rust, only 38% of sampled respondents from 
Amhara expressed interest in the stem rust early warning service. This finding again confirms that 
while both yellow rust and stem rust are major stresses on wheat yield in Oromia, stem rust is a 
relatively minor issue in Amhara compared to yellow rust. Furthermore, 66% of respondents from 
Amhara and 72% of those from Oromia expressed willingness to receive early warning messages 
about weather conditions (Table 17).
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Table 17: Willingness to pay for the EWAS and the preferred source of the message. 

District % Expressing interest in 
receiving EWM on 

% Revealed 
to pay 

Min. Max % Opted the following way to  
receive EWM 

Yellow 
rust 

Stem 
rust 

Weather SMS IVRS Ext. 
agen 

Farmers 
co. 

Radio TV 

Basoliben 100.0 50.0 75.0 71.1 8.2 13.0 23.7 7.9 92.1 2.6 7.9 0.0 
Motta 94.7 52.6 64.5 61.8 2.0 4.7 14.5 15.8 94.7 7.9 2.6 9.2 
Wonberima 90.4 65.4 53.8 73.1 4.5 10.1 38.5 9.6 88.5 19.2 21.2 5.8 
Burie 90.4 28.8 55.8 69.2 4.8 10.1 30.8 3.8 86.5 13.5 11.5 0.0 
Lay gaint 94.6 18.9 60.8 82.4 6.4 12.9 23.0 10.8 79.7 18.9 10.8 16.2 
Misrak estie 93.3 34.7 54.7 68.0 5.6 10.9 9.3 13.3 86.7 24.0 5.3 2.7 
Mekiet 92.2 33.3 54.9 84.3 5.6 13.6 15.7 9.8 100.0 31.4 0.0 2.0 
Wadila 100.0 10.0 60.0 80.0 13.8 27.0 0.0 0.0 100.0 20.0 0.0 0.0 
Debay telatgin 96.1 54.9 66.7 62.7 2.9 7.1 11.8 9.8 94.1 7.8 5.9 5.9 
Amhara region 
average 

94.6 38.7 60.7 72.5 6.0 12.2 18.6 9.0 91.4 16.1 7.2 4.6 

Arsi robe 100.0 98.0 68.0 0.0 0.0 0.0 2.0 2.0 100.0 26.0 0.0 0.0 
Hitosa 100.0 78.0 76.0 0.0 0.0 0.0 8.0 10.0 96.0 36.0 4.0 22.0 
Gedeb Assosa 96.0 88.0 65.3 4.0 2.0 2.8 6.7 1.3 96.0 32.0 2.7 0.0 
Dodola 100.0 100.0 73.3 0.0 0.0 0.0 2.7 0.0 100.0 36.0 0.0 0.0 
Sinana 100.0 100.0 84.0 0.0 0.0 0.0 0.0 0.0 100.0 80.0 0.0 4.0 
Agarfa 100.0 98.7 69.3 1.3 0.0 0.0 1.3 0.0 100.0 36.0 0.0 2.7 
Ginir 100.0 97.3 81.3 0.0 0.0 0.0 5.3 0.0 100.0 73.3 0.0 13.3 
Gololcha 100.0 100.0 80.0 0.0 0.0 0.0 4.0 2.0 100.0 40.0 4.0 0.0 
Oromia region 
average 

99.1 90.5 73.8 7.6 0.5 1.1 4.6 2.8 98.5 40.8 1.8 5.3 

Group average 96.9 64.6 67.3 40.1 3.3 6.7 11.6 5.9 95.0 28.5 4.5 5.0 

 

73% of the respondents in the Amhara region expressed willingness to pay for the early warning services and 
offered to pay US$ 6–12 per season for it. (Table 17). In contrast, only 8% of the respondents in the Oromia 
region expressed willingness to pay for the early warning services and offered to pay US$ 0.5–1.1 as the service 
charge per season. The dichotomy between regions is surprising given that wheat cultivation in Oromia is more 
market-oriented than in Amhara. In addition, there are indications that the early warning services have 
generated more benefits for wheat farmers in Oromia. It was expected that the farmers from Oromia would be 
more inclined to purchase the early warning services than those from Amhara. One possible explanation might 
be that effective rust control is now routinely practiced by farmers in Oromia, whereas in Amhara farmers need 
more assistance.  

Most of the respondents in both the Amhara and Oromia regions expressed interest in receiving the early 
warning messages through extension agents (91–98%), and through farmers cooperatives (16–41%). The short 
message service (SMS) or early warning through radio and TV were less preferred media, according to the 
farmers who wanted to receive the EWAS messages. 
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4. Econometric findings 
It is important to note that in the 2019 meher season, out of 1,017 sampled farmers, 699 (69%) received the 
EWM, while 318 (31%) did not. To our knowledge, the EWM were disseminated generally through agricultural 
extension agents via the regional bureau of agriculture or the ATA Interactive Voice Response System. Thus, 
the message service should be treated as a public good. However, there was no direct targeting of the messages 
to specific farmers in the survey, and one-third of the sampled farmers did not receive the message. In Table 
18, we have characterized the farm households that received the EWM, and their subsequent actions based on 
whether they received the EWM or not. 
 

Table 18: Characterizing farmers who received early warning messages (yes=1, No=0) and the action of the farmers induced 
by EWAS in 2019. 

Dependent variables Received EWM 
in 2019            

(yes=1, No=0) 

No. of fungicides applied  Expenditure on fungicides USD/ha 

Estimation procedure Probit Poisson regression OLS 

  Received 
message= 

yes 

Received 
message= no 

Received 
message= 

yes 

Received message= no 

Years of schooling of the household head 0.057*** 
(0.02) 

-0.0071** 
(0.00) 

-0.0034 
(0.01) 

-1.43 
(2.73) 

-0.23 
(0.54) 

Years of schooling of the spouse 0.016 
(0.02) 

-0.0042 
(0.00) 

-0.0018 
(0.01) 

7.32** 
(3.58) 

1.68** 
(0.78) 

Dummy for an NGO membership of any 
member (yes=1) 

0.73* 
(0.44) 

0.10 
(0.10) 

-0.00076 
(0.08) 

45.0*** 
(17.38) 

1.39 
(6.52) 

Dummy for membership of  crop or seed 
production group (yes=1) 

0.13 
(0.20) 

-0.051 
(0.06) 

0.11 
(0.09) 

-33.8*** 
(11.59) 

-1.68 
(4.90) 

Dummy for membership of savings and 
credit association (yes=1) 

0.084 
(0.12) 

-0.047 
(0.04) 

-0.030 
(0.05) 

17.9 
(20.06) 

0.61 
(2.71) 

Dummy for membership of farmers’ input 
supply group 

0.76*** 
(0.13) 

0.033 
(0.03) 

0.0038 
(0.05) 

49.5** 
(22.11) 

-0.027 
(2.92) 

No. of male family members more than 14 
years old 

-0.037 
(0.05) 

0.0017 
(0.01) 

0.015 
(0.01) 

2.07 
(5.42) 

1.94 
(1.85) 

Dummy for any member into nonfarm work 
(yes=1) 

-0.17 
(0.14) 

-0.035 
(0.03) 

0.022 
(0.06) 

8.44 
(9.85) 

1.25 
(3.93) 

No. of family members engaged in 
agriculture 

0.18*** 
(0.04) 

0.0066 
(0.01) 

-0.0078 
(0.01) 

-8.00*** 
(2.85) 

3.79 
(2.46) 

Share of family labor in total labor (%) -0.0033 
(0.00) 

-0.0016** 
(0.00) 

0.00099 
(0.00) 

0.63* 
(0.34) 

-0.057 
(0.08) 

Total land cultivated in 2019 meher and 
belg season 

0.045 
(0.05) 

0.035*** 
(0.01) 

0.010 
(0.02) 

23.1** 
(9.21) 

2.32 
(2.40) 

District dummies, base district 
Basoliben=0 

     

Motta  0.69*** 
(0.22) 

-0.024 
(0.04) 

0.058 
(0.09) 

2.71 
(10.25) 

0.81 
(1.86) 
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Wonberima -0.14 
(0.26) 

-0.075 
(0.05) 

-0.019 
(0.06) 

-6.23 
(18.82) 

-6.84 
(4.79) 

Burie  -0.045 
(0.25) 

0.19 
(0.13) 

-0.047 
(0.04) 

8.19 
(12.06) 

-2.03 
(2.33) 

Lay Gaint  1.11*** 
(0.26) 

0.56*** 
(0.07) 

0.55*** 
(0.12) 

86.3*** 
(23.13) 

33.4*** 
(8.96) 

Misrak Estie   1.02*** 
(0.24) 

0.49*** 
(0.06) 

0.46*** 
(0.08) 

86.4*** 
(22.23) 

30.9*** 
(5.64) 

Mekiet  0.96*** 
(0.26) 

0.065 
(0.05) 

-0.039 
(0.04) 

42.1*** 
(15.88) 

7.74 
(7.38) 

Wadila  1.12** 
(0.55) 

0.11 
(0.12) 

-0.062 
(0.10) 

49.3** 
(24.57) 

-1.73 
(7.57) 

Debay Telatgin  0.38 
(0.24) 

0.54*** 
(0.09) 

0.43*** 
(0.10) 

34.8*** 
(13.09) 

24.9*** 
(5.47) 

Arsi Robe 1.86*** 
(0.34) 

1.16*** 
(0.06) 

1.13*** 
(0.15) 

95.0*** 
(32.01) 

75.2*** 
(28.35) 

Hitosa 1.80*** 
(0.33) 

1.19*** 
(0.05) 

1.26*** 
(0.10) 

89.3*** 
(26.21) 

46.5*** 
(15.14) 

Gedeb Assosa 1.27*** 
(0.25) 

1.15*** 
(0.06) 

1.05*** 
(0.09) 

128.5*** 
(37.07) 

66.5*** 
(12.35) 

Dodola 1.39*** 
(0.25) 

1.22*** 
(0.05) 

1.20*** 
(0.09) 

126.0*** 
(32.94) 

56.6*** 
(9.65) 

Sinana  1.07*** 
(0.26) 

1.20*** 
(0.06) 

1.16*** 
(0.09) 

118.7*** 
(38.88) 

65.3*** 
(5.39) 

Agarfa 1.33*** 
(0.25) 

1.21*** 
(0.05) 

1.30*** 
(0.09) 

180.3*** 
(61.84) 

35.7*** 
(8.94) 

Ginir 1.10*** 
(0.24) 

1.12*** 
(0.06) 

1.05*** 
(0.09) 

78.9*** 
(27.85) 

69.8*** 
(9.13) 

 Gololcha 0.94*** 
(0.28) 

1.15*** 
(0.06) 

1.29*** 
(0.09) 

141.7*** 
(47.67) 

39.1*** 
(7.35) 

Constant -0.77* 
(0.46) 

0.18* 
(0.10) 

-0.097 
(0.17) 

-143.9** 
(62.91) 

-16.0 
(14.68) 

No. of observations 1017 699 318 699 318 
Wald chi2(27) 147.69 10330.37 29596.6 10.52  
Prob > chi2 0.00 0.00 0.00 0.00  
Pseudo R2 0.16 0.15 0.19 0.20  
Log pseudolikelihood -533.7 -992.1 -411.7   
Expected value  2.5 2.10 58 37.4 

Notes: Standard errors are in parentheses. *, **, and *** denote statistical significance at the 1%, 5%, and 10% levels, respectively. 
 

On average, number of years of schooling of the household head, membership of any NGO or farmers’ input 
supply group, and number of family members engaged in agriculture, all positively and significantly influenced 
access to the EWM. Schultz (1975) explained that education enhances the information processing ability of a 
person, which further enhances the ability to deal with real-world scenarios. Our findings support the Schultz’s 
argument. Total land holding influenced the number of fungicide applications and the amount spent on 
fungicides.  
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Finally, applying the two-part estimation procedure, we estimated farmers’ willingness to pay for the early 
warning service (Table 19). The number of years of schooling of the household head positively and 
significantly affected willingness to pay (yes=1) but had no statistically significant impact on the service charge 
function (Table 19). However, the variable “number of family members engaged in agriculture” had positive 
and significant impacts on both willingness to pay and the actual amount the farmer would pay for the service. 
Our estimation shows that on average, a sampled household in the survey districts of Ethiopia would be willing 
to pay US$ 4.2 per season for the early warning message services. 

 
Table 19. Estimated functions applying the two-part estimation procedure examined the farmers’ willingness to pay for the 
early warning services. 
 

Dependent variable  Willingness to pay 
for EWAS (yes=1) 

Revealed service charge 
(US$/Season) 

Estimation procedure Probit (yes=1) Generalized liner model 
Years of schooling of the household head 0.035* 

(0.02) 
-0.0044 
(0.03) 

Years of schooling of the spouse -0.038* 
(0.02) 

-0.058* 
(0.03) 

Dummy for an NGO membership of any member (yes=1) 0.69 
(0.46) 

0.52 
(0.35) 

Dummy for membership of  crop or seed production group (yes=1) -0.17 
(0.17) 

-0.069 
(0.19) 

Dummy for membership of savings and credit association (yes=1) -0.23* 
(0.12) 

0.40** 
(0.17) 

Dummy for membership of farmers’ input supply group -0.34*** 
(0.13) 

-0.24 
(0.16) 

No. of male family members more than 14 years old -0.097* 
(0.06) 

-0.12* 
(0.07) 

Dummy for any member into nonfarm work (yes=1) -0.090 
(0.15) 

-0.24 
(0.18) 

No. of family members engaged in agriculture 0.085* 
(0.05) 

0.13** 
(0.06) 

Share of family labor in total labor (%) -0.0038 
(0.00) 

0.0020 
(0.00) 

Total land cultivated in 2019 meher and belg season -0.039 
(0.07) 

0.0019 
(0.09) 

Oromia region dummy (base: Amhara región) -3.30*** 
(0.23) 

1.43*** 
(0.36) 

Constant 1.39*** 
(0.43) 

2.51*** 
(0.50) 

No. of observations 1017 374 
Wald chi2(12) 281.05  
Prob > chi2 0.00  
Log pseudolikelihood -317.7 -1252.2 
Pseudo R2 0.53  
Expected value  US $4.2 

Notes: Standard errors are in parentheses. *, **, and *** denote statistical significance at the 1%, 5%, and 10% levels, respectively. 
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5. Opinions of the agricultural extension agents 
In addition to the household survey, we also collected the opinions of 57 agricultural extension agents. The age 
and experience of the sampled agricultural extension agents are presented in Table 20. On average, an extension 
agent was nearly 34 years old with 10 years of experience (Table 20). Our survey revealed that in the Oromia 
region, wheat was an important crop in both meher and belg seasons, but in the Amhara region, wheat was 
mainly cultivated in the meher season. 

Table 20: Background information of the sampled agricultural extension agents. 

Amhara region Amhara region Oromia region Total/average 

No. of extension agents 29 28 57 
Age 32.1 35.5 33.8 
Years in service 10.2 10.4 10.3 
Years in service in the present location 5.4 4.0 4.7 
No. of wheat farmers served 272817 163206 436023 
% Expressed that wheat is a major crop  65.6 100 82.5 
Wheat area (ha) in 2019 belg season 9.0 79110 79119 
Wheat area (ha) in 2020 belg season 7.0 102287 102294 
Wheat area (ha) in 2019 meher season 123055 198854 321909 
Wheat area (ha) in 2020 meher season 123387 190517 313904 

Source: Authors, based on survey November-December 2020.  

In Table 21, we have presented the opinions of the agricultural extension agents on several aspects related to the 
EWAS. In Ethiopia, the rust EWAS messages come from the Bureau of Agriculture to the agricultural extension 
agents. In our survey we found that more than 65% of the extension agents in the Amhara region and all the sampled 
respondents in the Oromia region received the EWAS messages about rust from the Bureau of Agriculture in the 
2019 meher and belg seasons. Nearly 80% of the extension agents in Amhara and all the extension agents in Oromia 
reported a real outbreak of rust after receiving a EWAS message. Interestingly, although all the agricultural 
extension agents in the Oromia region agreed that the EWAS was useful for farmers to control rust and to minimize 
rust-induced yield loss, less than 60% of the sampled extension agents in the Amhara region agreed with this 
statement. Only about 38% of the extension agents in the Amhara region believed that the EWAS had encouraged 
farmers to apply fungicides and cultivate rust-resistant varieties; however, 100% of the extension agents in the 
Oromia region agreed with the statement. 
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Table 21: Opinions of the agricultural extension agents on different aspects of the EWM. 

Variables  Amhara region Oromia 
region 

Total/average 

% that received an EWM in 2019 65.5 100.0 82.5 
% that observed a real outbreak 79.3 100.0 89.5 
% that believed the EWM helped farmers 58.6 100.0 78.9 

% that believed the EWM had changed farmers’ behavior in dealing with rust 86.2 100 93.0 
% that believed the EWM encouraged farmers to apply fungicides and use rust-
resistant wheat 

38.0 100 68.4 

% that believed yield loss would be around 25% in the absence of EWM 20.7 7.1 14.0 

% that believed yield loss would be around 33% in the absence of EWM 6.9 32.1 19.3 
% that believed yield loss would be around 50% or more in the absence of EWM 72.4 60.7 66.7 

% that believed that farmers would pay for the rust EWMs 62.0 0.0 31.6 

Source: Authors, based on survey November-December 2020.  

Similar to Table 16 where the opinions of the farmers are reported, in table 21 we report the opinions of the 
agricultural extension officers on the potential benefits of the EWAS. More than 72% of the sampled 
agricultural extension agents in the Amhara region and more than 60% in the Oromia region believed that in 
the absence of the EWAS, wheat yield loss due to rust would be 50% or more. Finally, while 62% of the 
sampled extension agents in Amhara believed that farmers would pay for the commercial service of the EWAS, 
none of the sampled extension agents from the Oromia region agreed. The findings of Table 21 are similar to 
the findings of Table 17, where 40% of the sampled farmers from the Oromia region expressed their willingness 
to pay for the EWAS, whereas nearly 73% of the sampled farmers from the Amhara region expressed their 
willingness to pay for the EWAS. 
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6. Findings from the focus group discussions 
The results of the focus group discussions with senior officials and experts are summarized and presented in this 
section. Since the wheat rust EWAS started as a pilot in 2015, the discussion focused on comparing practices, 
processes, capacity, and policies over two periods: (i) until 2014 (2010–14) and (ii) after 2014 (2015–2020).    
 

6.1. Wheat rust epidemic surveillance and monitoring before and after 2014 

The discussants documented the experience they had in crop disease monitoring in general and in rust incidence 
assessment at federal and regional levels (Table 22). It was clear from the discussion that there was no specific 
wheat rust incidence monitoring by regional and federal institutions until 2015, except that it was considered 
as part of the general crop protection activity of the institutions. Before 2015, exploratory surveys to assess 
disease incidence and severity were conducted by research institutions, the ministry of agriculture, and crop 
protection departments at regional or zonal levels with no coordination among the actors. The exploratory 
surveys conducted by regional bureaus of agriculture were general and did not focus on specific crop diseases. 
Although the 2010 wheat rust epidemic, caused by a virulent yellow rust race, resulted in a huge yield loss in 
Ethiopia, there was no specific wheat rust incidence forecasting and early warning system until 2015. In the 
past, wheat rust monitoring and assessment were considered as part of the general crop protection activity, 
which focused mainly on giving general crop protection management advisories quarterly based on climate 
forecasts. According to the discussants, the major problem caused by the lack of disease-specific crop 
monitoring and early warning advisories was that crop protection was an institutional arrangement whereby it 
came under the crop directorates in the regional states so that it did not get the required attention in terms of 
budget allocation, logistics, manpower, and training.  
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Table 22.  Experience of wheat rust epidemic assessment by regional and federal institutions before and after 2014. 

Before 2014 After 2014 (2015-2020) 

ALL LEVELS 
• Research institutions, the ministry of agriculture, and 

regional crop protection departments collect general 
crop disease information separately-there was no 
integration.  

• Crop protection early warning was not an integrated 
practice. 

• Rust information was collected when an incidence was 
reported and/or through seasonal exploratory surveys.  

• Planning made based on quarterly weather forecasts 
received as part of the crop extension activity but no 
independent process for crop disease advice.  

• There was no organized disease monitoring work. 
• General crop protection precaution advice provided by 

a generalist crop protection expert for all crops, which 
was not crop or site-specific. 

• There was no early warning for wheat diseases.  
 

FEDERAL LEVEL  
• Wheat rust technical team established from all partners at the federal 

level (team disseminates information to regions) to follow up an 
outbreak.  

• The focus is given to rust hotspot area-based precautions.  
• The initiative is taken to develop integrated rust monitoring software 

supported by CIMMYT and EIAR. 
• Crowdsourcing of rust incidence from development agents and farmers 

started.  
• Plant health clinics in the country (Bale, Aris, Bishoftu, Bahir Dar, 

Kombolcha) are involved in disease monitoring and include farmers’ 
observations in the monitoring system. 

REGIONAL LEVEL  
• Regional state discrepancies exist in crop protection including wheat 

rust monitoring.  
o Attention is given to crop protection in Oromia and Tigray 

regions, organized at a directorate level.  
o Still under crop directorates in Amhara and SNNP regions. 
o The focus is given to rust-hotspot areas at the regional 

bureau level in Oromia, and training is given to DAs in 
hotspot areas.   

o Increased farmers' awareness created in rust-hotspot districts 
(e.g., Gedeb, Ittosa, Digelu, etc.) and additional training 
provided to DAs at farmer training centers in Oromia.  

Source: Authors, based on focused group discussions (FGD), November–December 2020. 

 
Comparing with the past, the discussants listed down the changes they had observed after 2014 in wheat rust 
incidence detection and monitoring at federal and regional levels (Table 22). The breakthrough came with the 
establishment of a wheat rust technical team drawn from all partners at the federal level, which transformed 
agreed decisions into actions at the federal level and disseminated information to regional states for the 
following up of rust outbreaks. The establishment of the technical team was a result of one of the rust planning 
meetings organized by CIMMYT and its partners in 2015. According to the discussants, the new wheat rust 
detection and monitoring initiatives started at the federal level included the following: (i) giving focus to rust-
hotspot areas; (ii) deployment of an integrated rust monitoring software supported by CIMMYT and EIAR; 
(iii) crowdsourcing of rust incidence from development agents and farmers; and  (iv) greater involvement of 
plant health clinics (Bale, Aris, Bishoftu, Bahir Dar, Kombolcha) in wheat rust disease surveillance and 
reporting (Table 22). It was learned from the group discussions that regional states were at different levels in 
their institutional arrangements and the focus they gave to wheat rust incidence monitoring. The Oromia and 
Tigray regional states had elevated their crop protection service to a directorate level, while it remained within 
the crop directorate in the Amhara and Southern Nations, Nationalities, and Peoples (SNNP) regions. Given 
its large wheat area prone to frequent rust outbreaks, the Oromia regional state has strengthened its crop 
protection service by giving special focus to rust monitoring in hotspot areas, and by providing regular trainings 
for development agents and repeated awareness forums for farmers in the hotspot areas (Table 23). In general, 
the discussions revealed clear changes in the practice and capacity of rust disease surveillance and monitoring 
over the past few years, mostly at the federal level and in the Oromia Regional State; the opinion of the group 
was that the regular rust planning meetings has mostly triggered these changes.  
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6.2. Fungicide supply planning before and after 2014 

The group discussions indicated clear differences in the planning of fungicide purchases before and after 2014. 
In the past (before 2015), the fungicide supply was dominated by private suppliers who imported it from outside 
based on their assessment of the market. Private companies mostly imported fungicides along with other 
chemicals such as herbicides and insecticides (Table 23). The wheat rust outbreak in 2010, however, triggered a 
mass importation of fungicides, including special requests for fungicides by the government to neighboring 
countries. 2010 was an extraordinary year for yellow rust infestation, and as a result, the country imported a 
record amount of fungicide (more than 600,000 liters) for the control of yellow rust (Fig. 2). As shown in Figure 
2, the amount of fungicide imported varies over the years indicating a better level of managing fungicide imports.  

 

Table 23.  Planning of fungicide purchases for wheat rust management before and after 2014. 

Before 2014 After 2014 (2015-2020) 
• Fungicide supplied by private sector only. 
• Dependent on the will of importers  
• The importers do their assessment, and they 

request import permits from MoA. 
• 2010 was a special case and the government 

took extraordinary steps on fungicide imports. 
• No specific fungicide request but requests are 

made for all chemicals (insecticides, 
herbicides, and fungicides) 

• The list of registered fungicide importers has increased. 
• The MoA conducts an inventory of annual and seasonal fungicide imports.  
• Quarterly meetings are conducted between MoA (state minister), ATA, 

Researchers (EIAR, CIMMYT), Private sectors, Unions, and Cooperative 
representatives to plan for fungicide imports.  

• Meetings are conducted with importers to discuss their import plan and help them 
to get LC permits.  

• Unions, cooperatives, and ESCO (Agriculture Service Corporation) are involved in 
the import of fungicides.  

• Oromia Federation, cooperatives, and the private sector consult on fungicide 
imports based on the assessment of need by the BoA (allocations made to 
federations and private importers) 

• Need assessment is based on the recent trend, and on woreda (district)-level and 
kebele (sub-district)-level requests.   

• The farmers’ need comes from their experience of the current season, SMS 
messages, and information they get from the media.  

• State Minister conducts weekly video conference meetings (with federal directors 
and regional bureau heads) to discuss urgent issues and measures to be taken.  

• Amhara: chemical needs are planned specifically for fungicides, insecticides, and 
herbicides) 

• The Inputs Supply and Marketing Directorate presents the request to the state 
minister (Input Supply) and then supplies are distributed to unions, farm service 
centers. Private importers also import and supply chemicals in the region based 
on the climate agro-advisory and disease early warning advisories.  

• The Ministry has a policy of fungicide reserve that covers at least 10% of the 
wheat area (decided at the rust planning meeting in 2015).  

Source: Authors, based on focused group discussion (FGD), November–December 2020.  
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Figure 2.  Amount of fungicide imported over years in Ethiopia.  
Source: Ministry of Agriculture Records.  

According to the discussants, several changes have been made since 2015 in planning for fungicide purchase 
because of the different awareness creation and capacity-building efforts made through the wheat rust 
initiatives implemented in the country, particularly the regular rust planning meetings. An increase in the 
number and diversity (private, public, and farmer unions and cooperatives) of registered fungicide importers, 
the consistent annual and seasonal inventory of fungicide imports by the MoA, quarterly meetings among 
major stakeholders (MoA, ATA, EIAR, private sector, unions, and cooperatives), advisory-based consultative 
need assessment, and high-level (state minister) engagement in the planning and procurement of fungicide as 
a major agriculture input are among the major changes after 2014 mentioned by the discussants (Table 23). In 
addition, the Ministry has a policy of fungicide reserve that covers at least 10% of the wheat area (decided at 
the rust planning meeting in 2015).  
 

6.3. Communication of wheat rust epidemic between federal and regional 
offices before and after 2014 

According to the points from the group discussion, communication between federal, regional, and lower-level 
agricultural bureaus in the past was through conventional means such as letters and telephone calls focusing 
mainly on general crop protection and production aspects. After 2014, however, information about rust 
presented at the rust planning meetings was communicated to regions through regular planning meetings with 
the Ministry of Agriculture (Table 24). However, the regional crop protection heads believed that rust 
communication was not strong enough and they suggested the use of the communication modality used by the 
ministry to deliver agro-climatic advisories at 10-day and seasonal time scales for effective rust 
communication. It was agreed that the rust early warning advisory was reliable but that communication to 
different stakeholders at the lower level required strengthening. 
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Table 24.  Wheat rust epidemic communication between federal and regional agricultural offices before and after 2014. 

Before 2014 After 2014 (2015-2020) 
• Letter  
• Telephone  
• Only general communication about crop 

production and protection 

• The MoA agriculture sends/communicates wheat rust advice to regional offices 
(until 2019).  

• Wheat rust early warning communication between federal and regional bureaus is 
not strong.  

• Advice needs to be directly communicated to regional bureau heads, directors, and 
crop protection experts. 

• The advisory product is reliable but communication to different stakeholders at a 
lower level requires strengthening.  

• Agro-climatic advice is distributed to regional bureaus at 10-day and seasonal time 
scales, and the list of recipients can be used for the rust advice. 

Source: Authors, based on focused group discussion (FGD), November–December 2020.  

 
6.4. Communication of wheat rust epidemic to development agents before 
and after 2014 

There is a large regional discrepancy in the communication of rust early warning advisories in Ethiopia. While 
other regional states provide general crop protection awareness to their Development Agents (DAs) as part of 
the seasonal extension package update, the Oromia regional state communicates rust information to its DAs 
and provides targeted training on rust management for those DAs located in rust hotspot areas. The Oromia 
region also collaborates with plant health clinics in the region to communicate and train DAs in highly rust-
prone areas on a seasonal basis (Table 25).  

Table 25.  Wheat rust epidemic communication to Development Agents before and after 2014. 

Before 2014 After 2014 (2015-2020) 
• Through the extension system as part of the 

general crop management package  
• Targeted trainings are provided to DAs in hotspot areas based on the rust early 

warning advice. 
• SMS  
• Written general communications and occasional visits. 
• Additional focused trainings are provided to areas/zones with expected disease 

prevalence (rust, fall armyworm, locusts, etc.) in Oromia.  
• Plant health clinics also provide training in selected topics including rust in hotspot 

areas in Oromia.  

Source: Authors, based on focused group discussion (FGD), November-December 2020.   

 

6.5. Communication of wheat rust epidemics to farmers before and after 2014 

The use of development agents to reach farmers has been a vital way to communicate information about rust 
epidemics or any other outbreak of disease both in the past and in recent years (Table 26). As the rust early 
warning information becomes available, other communication outlets such as the use of ATA’s Interactive 
Voice Response System (IVRS), SMS via DAs, mass media, and mass mobilizations have been used to reach 
farmers and inform them about wheat rust conditions (Table 26). As indicated by the discussants, although 
some of the recent changes are dictated by the advance of and increasing access to communications channels, 
the regular availability of the rust early warning advisory is the major driver of the changes.  
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Table 26.  Wheat rust epidemic communication to farmers before and after 2014. 

Before 2014 After 2014 (2015-2020) 

• Through DAs • Through DAs  
• Interactive Voice Response System (IVRS)  
• SMS to DAs  
• Mass mobilization 
• Media on an occasional basis  

Source: Authors, based on focused group discussion (FGD), November-December 2020.  

6.6. Changes in rust management practices 

Before awareness was raised about the incidence, severity, and management of rust, the use of fungicides was 
seen as the sole rust control option (Table 27). As awareness grew and information became available through 
early warning advisories, the rust management portfolio included crop rotation, the use of resistant wheat varieties 
and certified seed, and planting date adjustment in addition to fungicide application (Table 27). 

Table 27.  Major rust epidemic control and management practices before and after 2014. 

Before 2014 After 2014 (2015-2020) 

• Mostly chemical application 

 

• Crop rotation 
• Fungicide application (rust full package) 
• Use of resistant varieties (regularly updated) 
• Use of certified seed.  
• Sowing date adjustment  
• Continuous rust race identification and communication to breeders 

Source: Authors, based on focused group discussion (FGD), November-December 2020.  

Because of the frequent breakdown of resistance, wheat breeding is heavily involved in the development of 
durable rust resistant varieties. The breeding programs are working towards the fast-track release of resistant 
varieties, the supply of breeder seed, and in some cases the multiplication of certified seeds to replace highly 
susceptible varieties. The breeders use the type and virulence of rust races identified and provided by the wheat 
rust initiatives and the information provided during the rust planning meetings as inputs to their breeding 
activities and for the supply and distribution of seeds of resistant varieties as a replacement for those varieties 
that turn out to be susceptible. According to the group that discussed the issues, the extension system currently 
encourages farmers to rotate their wheat fields with other crops and advises them to buy new seeds instead of 
recycling their own saved seeds. It was learned that these rust management practices helped in reducing 
dependence on fungicides at a national level.  
 

6.7. Benefits of the Rust Early Warning System to federal institutions 

The discussants identified several benefits that the rust early warning advisory contributed to improving the 
planning and operation of federal initiations concerning wheat rust management (Table 28). The rust early 
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warning advisory enabled preparedness and early planning for rust at the Ministry level. It also helped in 
advising fungicide importers in advance of rust outbreaks, deploying experts to rust hotspot areas, planning 
training at different levels of the extension system, and the prompt scouting of disease incidence and early 
advice to stakeholders.  

Table 28. The benefits of the rust early warning advisory to federal institutions and partners.  
 

 

 

 

 

 

 

 

Source: Authors, summary based on focused group discussion (FGD).   

According to the discussants, the rust early warning system has been used to provide information on the 
incidence and potential severity of rust for advising the research system (breeders, seed companies, and crop 
management) for better management of rusts. The regular rust planning meetings have strengthened 
institutional collaboration and internal team integration among federal institutions and their partners and 
attracted the attention of high-level decision-makers, which has impacted decisions on budgeting, foreign 
currency allocation, and the increased involvement of key stakeholders. For example, the National Bank of 
Ethiopia created a dedicated desk for fungicide import for wheat rust that helped several importers to get 
involved in chemical imports (fungicides). Moreover, the awareness created through the rust planning meetings 
helped to strengthen wheat rust trap nurseries in the country for rust monitoring. 
 

 6.8. Further Improvements needed to the Wheat Rust Early Warning Advisory 
System  

Besides the multiple benefits mentioned above, the discussants want to see further improvements to the rust 
early warning system. Major improvements that the group suggested include the following: (i) developing a 
central database and rust early warning system that can be operated by the MoA; (ii) including information on 
varieties and crop management in the early warning advisory; (iii) providing location-specific advice at least 
to district level; (iv) training experts who can run the early warning system at the national level; (v) holding 
regular awareness-creation events at the regional, zone and woreda levels and promoting the service to different 
stakeholders; (vi) integrating the disease advisory with the climate agro-advisory and allowing user feedback; 
(vii) the system needs to strengthen the integration of the different sectors (crop production, protection, and 
input supply); (viii) providing the advisory to all key actors along the wheat value chain; enhancing capacity 
(human and infrastructure) at different levels (federal, region and woreda).  

 

• Preparedness and early planning for rust at Ministry level  
• Providing early advice to fungicide importers  
• Deploying experts to rust hotspot areas. 
• Planning trainings at different levels.  
• Advising the research system (breeders, seed companies and crop management) 
• Strengthened institutional collaboration and internal team integration.  
• Prompt scouting of rust incidence and early warning of stakeholders  
• Decision support for high level decision makers (on budgeting, foreign currency allocation, increased involvement of key 

stakeholders (e.g., unions)  
• Helped several importers to get involved in chemical imports (fungicides) 
• The National Bank created a dedicated desk for the import of fungicide for wheat rust. 
• Wheat rust trap nurseries have been strengthened for rust monitoring. 
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7. Conclusion and policy implications 
Using primary data collected from more than 1,000 households located in 17 districts and 2 regions of Ethiopia, 
this study examined the impacts of the wheat rust early warning advisory system. Both yellow rust and stem 
rust are major yield-affecting biotic factors in Ethiopia. Control of wheat rust can be instrumental in ensuring 
the sustainable production and food security of the country. 

Since 2015, the University of Cambridge, the U.K. Met Office, the Ethiopian Institute of Agriculture Research, 
the Ethiopian Agricultural Transformation Agency (ATA), and the International Maize and Wheat 
Improvement Center (CIMMYT) have developed and deployed an early warning and advisory system (EWAS) 
in Ethiopia (Allen-Sader et al., 2019; CIMMYT, 2019). The system provides an automated 7-day advance 
forecast about a possible outbreak of rust. The EWAS was piloted and has now been operational for over four 
years in Ethiopia. It has been providing early warnings and advisories about rust to hundreds of thousands of 
wheat farmers through the Ministry of Agriculture, ATA 8028 farmer hotline, EIAR research networks, 
Regional Bureaus of Agriculture, and the extension services. 

Although it is challenging to separate its impacts completely from the impacts arising from broader ongoing 
efforts around wheat rust control in Ethiopia, this study provides strong indications that there has been a positive 
benefit from the wheat rust EWAS in Ethiopia. Surveyed farmers in both Amhara and Oromia considered the 
EWAS to be beneficial and expressed a strong interest in receiving early warning information on wheat rusts. 
There was a strong demand for information on wheat yellow rust in Amhara and information on both stem and 
yellow rust in Oromia. This demand reflects the prevalence of rusts previously reported from disease surveys 
(Meyer et al., 2021). In both regions, but especially in Oromia, farmers said that they had a better awareness of 
wheat rusts, and that their ability to control wheat rusts had increased. 

The study revealed that access to the early warning messages by farmers had increased, with 65% of sampled 
farmers in Amhara reporting that they had received messages in 2020 (up from 31% in 2015) and 80% in 
Oromia (up from 52% in 2015). The econometric findings of this study demonstrate that the education of the 
household head and social networks are the main factors that affect farmers’ access to the early warning 
messages. Half (50%) of the households in both Amhara and Oromia regions reported that they received the 
messages through the agricultural extension agents. 

Farmers that received early warning messages were more likely to use fungicides and spend more on fungicides 
than farmers who did not receive messages. In Oromia, sampled farmers that received early warning messages 
about possible outbreaks of wheat rust spent considerably more on fungicides than their counterparts. This 
probably indicates that this group of farmers are applying multiple fungicide sprays, or possibly purchasing 
more expensive products with improved efficacy. In Oromia, there was evidence that farmers who did not 
receive early warning messages directly were also increasingly using fungicides. This may reflect the overall 
increased awareness of wheat rusts reported by farmers.  

The surveyed farmers and extension agents felt very strongly that significant yield losses were averted as a 
result of the EWAS and the control actions taken by farmers as a result of the early warning messages. In both 
Amhara and Oromia, the estimated economic and productivity gains of averting such perceived losses would 
be considerable — 505 kg/ha (US$ 290/ha) in Amhara and 860 kg/ha (US$ 364/ha) in Oromia. Conversely, a 
comparison of actual reported yields in 2019 between farmers that had accessed the EWAS messages and those 
that had not gave contradictory results with an indication of lower yields amongst farmers in Amhara who had 
accessed the messages. The factors behind this apparent anomaly are unknown and need further investigation.     
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Even though the early warning system is a public good and access is increasing, at least one-third of the farmers 
surveyed did not have access to this service. Access was more limited in Amhara, although the demand for 
early warning information on yellow rust was high. More effort is needed to ensure increased access to the 
EWAS, especially in Amhara. Our estimation shows that education and social networks are the main factors 
that shape access to the early warning system. Therefore, investment in general education for the younger 
generation and training for older farmers to enhance their ability to ensure their stake in the public good system 
is suggested. 

The institutional-level findings revealed clear changes in the practice and capacity of rust disease surveillance 
and monitoring over the past few years, mostly at the federal level and in the Oromia region. The rust early 
warning advisories have contributed to improving the planning and operation of federal initiatives concerning 
wheat rust management. The rust early warning advisories have enabled preparedness and early planning for 
rust at the ministry level. They have also helped advise fungicide importers in advance of rust outbreaks, deploy 
experts to rust hotspot areas, plan trainings at different levels of the extension system, and prompt scouting of 
disease incidence and early advice to stakeholders. The regular rust planning meetings have strengthened 
institutional collaboration and internal team integration among federal institutions and their partners and 
attracted the attention of high-level decision-makers. Moreover, the awareness created through the rust 
planning meetings has helped to strengthen wheat rust trap nurseries in the country for rust monitoring. 
Although some of the recent changes are dictated by the advance of and increasing access to communications 
channels, there is a strong indication that the consistent availability of the rust early warning advisories is the 
main driver of the changes.  

There are regional disparities in awareness, access, and use of the rust early warning and advisory system, and 
there is a need to close the gaps through concerted efforts by concerned institutions. There is also a weak 
communication channel between the federal ministry and the regional bureaus of agriculture in delivering the 
rust advisories to extension agents and farmers; this communication channel must be strengthened. Integrating 
the rust advisories with the climate agro-advisories would help solve a communication gap and enhance the 
recent efforts to provide integrated services to smallholder farmers. This study also indicated a strong need to 
scale up the rust early warning advisory system through improved rigor and accuracy and through building 
national capacity at federal and regional levels.  
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Annexure A 

WHEAT RUST EARLY WARNING AND ADVISORY SYSTEM IN ETHIOPIA: A 
HOUSEHOLD SURVEY 

 

Introductory statement: “Dear Sir/Madam, my name is  _______________. I/we am/are doing a survey designed by the 
International Maize and Wheat Improvement Center (CIMMYT), Ethiopia.  I/We are conducting out this survey to study the 
impacts of the early warning and advisory system (EWAS) on wheat rust in your village and other wheat growing areas of the 
country. Your response to these questions would remain anonymous. Taking part in this study is voluntary. If you choose not to 
take part, you have the right not to participate and there will be no consequences. Thank you for your kind co-operation”  

 

  MODULE 1.  HOUSEHOLD AND VILLAGE IDENTIFICATION 

Household Identification Code 

1. Region  

 

  

2. Zone 

 

   

3. District(Woreda) 

 

   

4. Peasant Association (Kebele) 

 

   

5. Sub-PA (Gote)  

6. Village  

7. New village name (Write N/A if same as in 6 above)  

8. Name of household head:  

  

9. Sex of household head    
 

 

10. No. of members in the household ( Persons who live together and eat 
together from the same pot (share food), including wokers, students/pupils 
and spouse living and working in another location but excluding visitors) 

 

 

11. No. of family members who extend support for agricultural works when 
necessary 

 

 

1=Male 

0=Female 
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12. No. of  family members older than 15 years (male and female) 
 

 

13. Name of the respondent (include grandfather name):   

12. Sex of respondent     

 

 

 

14. Ethnic group  

14. Cell phone number:          
 

          

GPS reading of the largest wheat plot the farmer at 
the center of the farm (centroid)  

 

15. Way point number  

16. Latitude (North)   (use decimal degrees)  

17. Longitude(East)   (use decimal degrees)  

18. Altitude (meter above sea level)  

Interview details  

19. Date of interview (dd/mm/yyyy):  

20. Time started   

21. Name of enumerator  

22. Name of supervisor  

23. Name of data entry Clark  

 

 

 

 

 

 

 

1=Male 

0=Female 
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MODULE 1: HOUSEHOLD COMPOSITION AND OCCUPATION STATUS  
 

1. Years of schooling of the household head (years):   

2. If no formal education of the head: can read (any language) ? (Please tick P ) 1. Yes    2. No    

3. If no formal education, can head write any language? (Please tick P ): 1. Yes   2. No 

4. Years of schooling of the spouse (years): 

5. If no formal education of the spouse: can read (any language) ? (Please tick P ) 1. Yes    2. No    

6. If no formal education of the spouse, can write any language? (Please tick P ): 1. Yes   2. No 

7. Years of schooling of the parents of the household head: 1. Father ------------  2. Mother  

8. Primary occupation of the household head (USE CODE1):    

9. Secondary occupation of the household head (USE CODE1):   

10. Primary occupation of the spouse  (USE CODE1): 

11. Secondary occupation of the spouse (USE CODE1): 

12. Primary occupation of the parents of the household head (USE CODE1): 1. Father---------------- 2. Mother----------------- 

13. No. of family members in the household ( Persons who live together and eat together from the same pot (share food), 
including wokers, students/pupils and spouse living and working in another location but excluding visitors): 

14. No. of male family members more than 14 years old: 

15. No. of female family members more than 14 years old: 

16. No. of income/wage earners (both male and female who involved into any income earning activity, no need includes 
housewife): 

17. Is there any members of the family works in the nonfarm sector (Please tick P ): 1. Yes   2. No 

18. If yes, which sector (USE CODE2): 

 

Occupation CODE 1:      Nonfarm occupation CODE 2: 

 

 

 

 

 

 

1. Shop, business 

2. Cottage industry, handicrafts 

3. Wage worker in industries/ private sector/ NGO/ Government 

4. Salaried jobholder/ regular jobholder (teacher, doctor, nurse, 
extension worker etc.) 

5. Other (specify) 

1. Agriculture self employed 

2. Agriculture wage labor 

3. Non-agricultural self-employment 

4. Non-agricultural wage labor 

5. Salaried worker 

6. Domestic work 

7. Student 

8. Unemployed 

9. Retired 

10. Other (specify) 
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MODULE 2: HOUSING CONDITIONS 
 

Variable code Questions Code Response 
B1 Does the household own the main house 

they stay in? 
0=No  1=Yes  

B2 Does this main house have electricity?  0=No  1=Yes  
B3 Does this household has piped water?  0=No  1=Yes  
B4 Type of toilet facility this household uses  1=Pit latrine (Private)  

2=Pit latrine (Shared)  
3=Flush toilet (Private)  
4=Flush toilet 
(Shared)  

5=Field/Forest  
6=Other 
(specify)…………… 
 

 

 

MODULE 3: SOCIAL CAPITAL, NETWORKING AND INFRASTRUCTURE 

PART A:  Participation in rural institutions 

Variable 
Code 

Institution Type Are you currently a 
member of any of the 

following group? 

0=no;       1=yes 

Year joined group 

YYYY 

 

How much input do 
you have in making 

decisions in this 
[GROUP]? CODE 1 

 A1 A2 A3 A4 

1.1 Savings and credit association    

1.2 Merry-go-round  
 

   

1.3 Input supply group, farmer 
cooperative union    

1.4 Crop or seed production group    
1.5 Water User’s Association 

 
   

1.6 Crop marketing group     

1.7 Women’s Association/group    
1.8 Youth Association    

1.9 Church/mosque 
association/congregation 

   

1.10 Any NGO    

1.11     

 

CODE 1 

1. No input 

2. Input into very few decisions 

3. Input into some decisions 

4. Input into most decisions 

5. Input into all decisions 
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PART B: INFRASTRUCTURE (all distances in walking minutes)  

1. Distance to the village market from residence _____________ 
2. Distance to the nearest main market from residence ________________ 
3. Distance to the nearest source of  seed dealer from residence _________________ 
4. Distance to the nearest source of fertilizer dealer from residence  ___________________ 
5. Distance to nearest source of herbicides and pesticides dealer from residence ________________ 
6. Distance to the nearest agricultural extension office from residence _________________________ 
7. Distance to the nearest health center from residence  ___________________ 
8. Distance to main water source for drinking from residence  ________________ 
9. Distance to main road from the residence________________ 
 

Infrastructure CODE 3: 

1. < 10 minutes 9. 3.0 – 3.5 hrs 

2. 10-30 minutes 10. 3.5- 4.0 hrs 

3. 30-59 Minutes 11. 4.0 – 4.5 hrs 

4. 1 hr 12. 4.5 – 5.0 hrs 

5. 1.0 -1.5 hrs 11. 5.0 5.5 hrs  

6. 1.5- 2.0 hrs 12. 5.5 – 6.0 hrs 

7. 2.0 - 2.5 hrs  13. More than 6 hrs 

8. 2.5 – 3.0 hrs   
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MODULE 4: WHEAT RODUCTION INFORMATION BY PLOT BY THE HOUSEHOLD DURING THE 
2020 PR ODUCTION YEAR-BELG AND MEHER SEAON 

4.0: What is the total crop land holding household (cultivated area) 

o in Meher season (2019) ---------------------------ha?   
o (ii) Belg season (2020) -----------------------------ha? 
o (ii) Meher season (2020) -------------------------ha?  

4.1:  Total land under wheat in Meher season 2019 in ha_________________ 

4.2.  Total land under wheat in Belg season 2020 in ha_________________ 

4.2:  Total land under wheat in Meher season 2020 in ha_________________ 

4.3. Plot characteristics planted with wheat:  

Se
ria

l N
o  

PLOT NO. Area 
(ha) 

Variety (1. 
Improved 
2. Local) 

Name 
of the 
variety 

(if 
knows) 

(CODE 
4) 

Seed 
source 

(COD
E 5) 

Any yellow 
rust 

infestation 
(yes=1 
No=0) 

Any stem 
rust 

infestation 

(yes=1 
No=0) 

Yield 
(kg/ha) 

Production 
(kg) 

Quantity 
sold (kg) 

Quantify 
consumed 

(kg) 

Currently 
stored 
(kg) 

Price 
received 
(Birr/kg) 

If ‘yes’ to 4.3A7, 
was yield 

reduced or will 
reduce 

compared to a 
rust-free year? 
(yes=1, no=0) 

4.3A1 4.3A2 4.3A3 4.3A4 4.3A5 4.3A6 4.3A7 4.3A8 4.3A9  4.3A10 4.3A11 4.3A12 4.3A13 4.3A14 

 Meher season 2019 

1 Plot 1              
2 Plot 2              
3 Plot 3              
4 Plot 4              
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5 Plot 5              
6 Plot 6              
7 Plot 7              
8 Plot 8              
9 Plot 9              
10 Plot 10              

 Belg season 2020  
1 Plot 1              
2 Plot 2              
3 Plot 3              
4 Plot 4              
5 Plot 5              
6 Plot 6              
7 Plot 7              
8 Plot 8              
9 Plot 9              

 Meher 2020 
10 Plot 10              
1 Plot 1              
2 Plot 2              
3 Plot 3              
4 Plot 4              
5 Plot 5              
6 Plot 6              
7 Plot 7              
8 Plot 8              
9 Plot 9              
10 Plot 10              
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4.4. You produce wheat (Please tick P ) 1. mainly to consume  2. Mainly to sell 

4.5   On average, your household eat ---------------kg of wheat in week, worth of ----------------Birr 

4.6 On average your total household weekly food expenditure is -------------birr, and you eat --------------------kg of 
all types of cereals. 

4.7 Wheat flour cost in 2020 is ---------------birr/kg 

4.8. Was your own production in 2019 enough to feed your family for the entire year? (Please tick P )   
 1. Yes    2. No. 

4.9 Your household level yearly total expenditure (all expenditure) in 2019 was -------------------------------- Birr  

4.10. Your share of household expenditure (%) in 2019:  

• for food------------------- 
• for clothing ---------------------- 
• for education and health ---------------- 

 

 

Seed source CODE 5 

1. Own saved seed 

2. Government 
extension 

3. 
Trader/shopkeeper  

4. Private seed 
suppliers/companie
s 

5. Gift from 
family/neighbor 

6. Farmer to farmer 
seed exchange  

7. Local 
market/open-air 

8. On-farm trials 

9. Extension demo 
plots 

10. Farmer 
groups/Coops 

11. Local seed producers 

12. Provided free by 
NGOs/govt. 

13. Research centres 

14. Agrovets 

15. Farmer to farmer trading 

16. Unions  

17. Other (specify)................ 

CODE 4 

Wheat 

1. Kakaba 
2. Danda’a 
3. Ogolcho 
4. Hidase 
5. Dashen 
6. Kubsa 
7. Digelu 
8. Galema 
9. Bobicjo 
10. Hawi 
11. Huluka 
12. Mada Walabu 
13. Pavon-76 
14. Bobicho  
15. Bolo 

 

16. Arendeto 
17. Tusie 
18. Simba 
19. Sirbo 
20. Shorima 
21. Simba 
22. Enkoy 
23. ET-13 
24. Dereselign 
25. Sirbo 
26. Gambo 
27. Enkoy 
28. Lasta 
29. Sofumar 
30. Lemu 
31. Local  
32. Other (specify) 
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MODULE 5: INPUT USE INFORMATION  DURING 2020 ENTIRE SEASON FOR WHEAT. 

 

Se
ria

l N
o Name of 

the crop 
Area 
(ha) 

Land preparation 
cost (Birr) 

Weeding 
cost (Birr) 

Chemical 
fertilizer 

applied  (kg) 

Total cost 
of 

chemical 
fertilizer 

(Birr) 

Insecticid
e/pestici
des cost 

(Birr) 

Organic 
fertilizer 

cost (Birr) 

Herbicide 
cost (Birr) 

Seed 
(kg) 

Seed 
cost 
(Birr) 

Harvest cost 
(Birr) 

Irrigation 
cost (Birr) 

Total 
labour 

cost (Birr) 

% Family 
labour 
(family 

labour/tot
al labour) 

5A1 5A2 5A3 5A4 5A5 5A6 5A7 5A8 5A9 5A10 5A11 5A12 5A13 5A14 5A15 5A16 

Meher season 2019 
1 Plot 1               
2 Plot 2               
3 Plot 3               
4 Plot 4               
5 Plot 5               
6 Plot 6               
7 Plot 7               

8 Plot 8               
9 Plot 9               

10 Plot 10               
Belg season 2020 

1 Plot 1               

2 Plot 2               

3 Plot 3               

4 Plot 4               

5 Plot 5               

6 Plot 6               

7 Plot 7               

8 Plot 8               

9 Plot 9               

10 Plot 10               
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5.1. For chemical fertilizer application (application amount and type of fertilizer), you get information from (Please 
tick P ) : (1). Trader or input dealer, (2). Your own experience, (3). Your neighbor suggestion. (4). Extension agent, 
(5). Cooperatives, (6) Other (specify): ------------------- 

5.2 Did you purchase chemical fertilizer on credit basis?  (Please tick P ) : 1. Yes       2.  No. 

5.3. If “yes’ to 5.2, who provides you the credit? (1) Micro-finance institutions, (2) Cooperatives/Unions, (3) Trader, 
(4) Relative /fellow farmer, (5) Other (specify) _____________ 

 

 

 

 

 

 

 

 

Meher season 2020 

1 Plot 1               

2 Plot 2               

3 Plot 3               

4 Plot 4               

5 Plot 5               

6 Plot 6               

7 Plot 7               

8 Plot 8               

9 Plot 9               

10 Plot 10               
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MODULE 6: BIOTIC AND ABIOTIC STRESSES ON WHEAT IN 
ETHIOPIA  

6.1 For how many years have you been cultivating wheat? 

 6.2 Please fill in the following table based on your wheat production experience:  

 

6.3.  BELG SEASON 

6.3.1. Do you think rust is a major yield barrier in your Belg season wheat production system? (Please tick P ) 
 1. Yes        2. No    

6.3.2. If ‘Yes’’, since when?  ___________ (year) 

6.3.3.  Did you receive any message about the possible outbreak of wheat rust in the last few years (2015-2019) 
during Belg season? (Please tick P ) 1. Yes    2. No    

6.3.4. If yes, in 6.3.3, where do you get the information? (1) SMS message (2), Development Agents (3) Farmer 
cooperatives/unions (4) Radio (5) Television (6) (other -specify) ____________  

6.3.5. If ‘Yes’ in 6.3.3., was there any real outbreak as per the information you received? (Please tick P )  
 1. Yes    2. No  

Se
ria

l N
o 

Stresses Has your wheat crop affected by 
these stresses? (Please tick P ) 

Please rank the stress based 
on their impacts on yield 

most severe =10;  moderate 
to severe= 6; Not severe=3 

Please tick P if you realize that 
these stresses are becoming 

more severe in the recent years 

Belg season Meher season   

7A1 7A2     

1. Stem Rust      
2. Yellow Rust      
3. Insects/pests     
4. Water logging     
5. Drought     
6. Frost     
7. Hailstorm     
8. Flooding      
9. Long dry spells     
10. Animal 

trampling 
    

11. Rodents      
12. Other (specify)     
13. Other (specify)     
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6.3.6 If ‘Yes’ in 6.3.3 in approximately, how many days later after receiving message you noticed rust infestation in 
your wheat plots?   ____________ 

6.3.7. Which year(s) had stem rust infestation (2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018, 2019, 2020) -
----------------------------------------------------------------- 

6.3.8. From the list on 6.3.7, which year (s) had the worst stem rust infestation?  _________________ 

6.3.9. Which year(s) had yellow  rust infestation  (2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018, 2019, 2020) 
----------------------------------------------------------------------------------------- 

6.3.10. From the list on 6.3.9, which year (s) had the worst yellow rust infestation?  __________________ 

6.3.11 In your opinion, what is the total yield loss (%) due to stem and yellow rusts compared to a rust-free year in 
the Belg season?  (Please tick P ):  (1) 5 -10%  (2) 10-20%   (3) 20-30%  (4) 30-40%   (5) 40-50%  (6) > 50%  

6.3.12 In your opinion, what is the total yield loss (%) due to stem rust compared to a rust-free year?   
 (Please tick P ):  (1) 5 -10% (2) 10-20%   (3) 20-30%  (4) 30-40%   (5) 40-50%  (6) > 50%  

6.3.13 In your opinion, what is the total yield loss (%) due to yellow rust compared to a rust free year?   
 (Please tick P ):  (1) 5 -10% (2) 10-20%  (3) 20-30%  (4) 30-40%   (5) 40-50%  (6) > 50%  

 

6.4.   MEHER SEASON 

6.4.1. Do you think rust is a major yield barrier in your Meher season wheat production system? (Please tick P ) 
 1. Yes    2. No    

6.4.2. If ‘Yes’’, since when?  ___________ (year) 

6.4.3.  Did you receive any message about the possible outbreak of wheat rust in  the last few years (2015-2019)  
Meher season? (Please tick P ) 1. Yes    2. No    

6.4.4. If yes, in 6.4.3, where do you get the information? (1) SMS message, (2) Development Agents, (3) Farmer 
cooperatives/Unions (4) Radio (5) Television (6) (other -specify)______________  

6.4.5. If ‘Yes’ in 6.4.3, was there any real outbreak as per the information you received? (Please tick P )  
 1. Yes    2. No  

6.4.6 If ‘Yes’ in 6.4.3, in approximately, how many days later after receiving message you noticed rust t infestation 
in your wheat plots?   ____________ 

6.4.7. Which year(s) had stem rust infestation in Meher season (2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 
2018, 2019, 2020)  

6.4.8. From the list on 6.4.7, which year (s) had the worst stem rust infestation in Meher season?  
_____________________________ 

6.4.9. Which year(s) had yellow rust infestation in Meher season (2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 
2018, 2019, 2020)  

6.4.10. From the list in 6.4.9, which year (s) had the worst yellow rust infestation?  ________ 
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6.3.11. In your opinion, what is the total yield loss (%) due to stem and yellow rusts compared to a rust-free year in 
the Meher season?  (Please tick P ):  (1) 5 -10%  (2) 10-20%   (3) 20-30%  (4) 30-40%   (5) 40-50%  (6) > 50%  

6.3.12.  In your opinion, what is the total yield loss (%) due to stem rust compared to a rust-free year in the Meher 
season?  (Please tick P ):  (1) 5 -10%  (2) 10-20%   (3) 20-30%  (4) 30-40%   (5) 40-50%                  

             (6) > 50%    

6.3.13. In your opinion, what is the total yield loss (%) due to yellow rust compared to a rust-free year Meher season?  
(Please tick P ):  (1) 5 -10%  (2) 10-20%   (3) 20-30%  (4) 30-40%   (5) 40-50%  (6) > 50%  

 

MODULE 7: EARLY WARNING MESSAGE AND FARMERS 
BEHAVIOURAL CHANGES  

7.1. What action did you take during rust outbreak? (Multiple answers can be recorded)  

 

Message receiving 
status 

Not received early warning message Received early warning message 

Action Please tick P Please tick P 
2015 2016 2017 2018 2019  2020  2015 2016 2017 2018 2019  2020  

Did nothing             
Met agricultural 
extension officer and 
seek advice 

            

Buy and spray 
fungicides from 
private dealers 

            

Buy and spray 
fungicides from 
farmers cooperatives  

            

Buy and spray 
fungicides from local 
market 

            

Purchased spray 
machine 

            

Collect and apply 
locally made herbal 
fungicides  

            

Discuss with other 
local fellow farmers 
for necessary action  

            

Other (specify):             
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7.2.   If you have received rust early warning information, do you think that your action induced by the early 
warning information has impacted your wheat yield positively? (Please tick P ): 1. Yes    2. No. 

7.3. If ‘Yes’ to 7.2, how much would be the yield gain from using the early warning information for taking rust 
control measures?  1) 5 -10% (2) 10-20%  (3) 20-30%  (4) 30-40%   (5) 40-50%  (6) > 50% 

7.4.  If have responded to rust incidence without getting an early warning information, what is the percentage of 
yield loss you would expect? (1) 5 -10% (2) 10-20%   (3) 20-30%  (4) 30-40%   (5) 40-50%  (6) > 50% 

7.5. If you do not able to take any rust control measure for any reason, what would be the yield loss? (1) 5 -10% (2) 
10-20%   (3) 20-30%  (4) 30-40%   (5) 40-50%  (6)  50 - 60%, (7) 60-80%, (8) >80%  

7.4 What action did you take in the next season/year after experiencing a rust outbreak in the previous season/year? 
(Multiple answer can be recorded)  

7.5 Information on pesticides/fungicides use for wheat rust control (if any) 

Message receiving 
status 

(a) Received rust early warning 
message  

(b) Not received rust early warning 
message 

Action Please tick P Please tick P 

2015 2016 2017 2018 2019   2015 2016 2017 2018 2019   

Did nothing             

Grow rust resistant wheat 
varieties  

            

Buy and store fungicides              

Rotate wheat fields with 
other crops (crop 
rotation)  

            

Save money to buy 
fungicides  

            

Prepare for credit 
services (loan)  

            

Abandon wheat and grow 
other crops  

            

Other (specify)              

Other (specify)             
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7.6. In applying fungicides/pesticides: who advised you on the type and dose? (Please tick P )  1. Trader  2. 
Extension agent    3. Neighbor farmer  4. Own experience 

7.7 Did you purchase fungicides/pesticides on credit? (Please tick P ): 1. Yes    2. No. 

7.8 Was fungicides/pesticides available in the market?  Please tick P 1. Yes  2. No 

7.9 Did you notice any increase in the supply or availability of fungicides in the market? Please tick P 1. Yes  2. No  

7.10 Where do you buy fungicides?  (1) Cooperatives/unions (2) Local market (3) Agro-dealers (4) From the three  
(1-3) sources (5) Fellow farmers  

7.11 Which fungicides are mostly available for you to control stem rust?   Please specify   
____________________________ 

7.12 Which fungicides are mostly available for you to control yellow rust?   Please specify   
____________________________ 

 

 

 

 

Item  Received rust early warning message Not received rust early warning message 

 2015 2016 2017 2018 2019 2020  2015 2016 2017 2018 2019 2020  

             

1. Name of the fungicide             

1.1. Total amount 
purchased (liter or kg) 

            

1.2. Cost in Birr             

2. Name of the 
fungicide 

            

2.1. Total amount 
purchased (liter or 
kg) 

            

2.2. Costs in Birr             

3. Name of the 
fungicide 

            

3.1. Total amount 
purchased (liter or 
kg) 

            

3.2. Costs in Birr             
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8. Opinion of  farmers on the importance of rust and other information service 

8.2 Item 8.3 I need to 
receive early 
warning 
information for   
(Yes = 1; No = 
0)  

8.4.  How do you like to 
receive the warning 
message? (multiple 
response possible) 
1. SMS 
2.  IVRS (interactive 

voice response 
service) 

3.  Extension agents 
(DAs) 

4. Farmer cooperative 
5. Radio 
6. Television  
7.  Other(specify) 

8.5. Do you 
consider 
paying for 
early warning 
information?  
Yes=1, No= 2 

8.6. If yes 
in 8.5, 
what is the 
minimum 
price you 
want to 
offer for 
each of the 
service in 
Birr for a 
season? 

8.7.  If yes in 
8.5 what is the 
maximum price 
you want to 
offer for each 
of the service 
in Birr for a 
season? 

Yellow rust      
Stem rust      
Septoria leaf blotches (Septoria 
tritici) 

     

Fusarium head blight (Fusarium 
graminearum) 

     

Tar spot 
(Pyrenophora tritici repentis), 

     

Smut (Ustilago tritici)      
Wheat seed price      
Market price of wheat      
Weather forecast information       

8. If you have any other information you would like to share about wheat rust, please provide here. 

_________________________________________________________ 

Thank you very much for your support and cooperation. 
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Annexure B 

WHEAT RUST EARALY WARNING AND ADVISORY SYSTEM  IN 
ETHIOPIA: OPINION SURVEY OF THE EXTENSION AGENTS 

 

Introductory statement: “Dear Sir/Madam, my name is  _______________. I/we am/are doing a survey designed by the 
International Maize and Wheat Improvement Center (CIMMYT), Ethiopia.  I/We are conducting out this survey to study the 
impacts of the early warning and advisory system (EWAS) on wheat rust in your area and other wheat growing areas of the 
country. Your response to these questions would remain anonymous. Taking part in this study is voluntary. If you choose not 
to take part, you have the right not to participate and there will be no consequences.  
 
If you agree to participate in this survey, please tick the box (Ö)  
 
Thank you for your kind co-operation”  

 
 
 

Interview details  

1. Date of interview (dd/mm/yyyy): Gregorian calendar   

2. Time started   

3. Name of enumerator  
4. Name of supervisor  

 

  MODULE 1.  AREA IDENTIFICATION 
 Code 

1. Region  

 

  

2. Zone 

 

   

3. District(Woreda) 

 

   

4. Peasant Association (Kebele) 

 

   

5.  Kebel name (Write N/A if same as in 4 above) 
 

6. Name of Extension agent:  
  
7. Sex of the Extension agent      

8. Age of the Extension agent 
 

 

9. Highest Educational qualification of the Extension agent   
10. How many years in this service?     
 

 

 

 

1=Male 

0=Female 
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11. How many years working in this current station/Kebele?  

12. Approximately, how many farmers you provide services?  

13. Cell phone number:          
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2. MODULE 2: MAJOR YIELD CONSTRAINTS OF WHEAT 
  

2.1. Is wheat a major crop in your area? (Please tick P ) : 1 Yes    2. No. 
2.2. Approximately, in 2019/2020 season, under your jurisdiction, how many hectare (ha)of land was under wheat in 

Belg season 
(a) 2019 __________ ha 
(b) 2020 ___________ha  

2.3. Approximately, in 2019/2020 season, under your jurisdiction, how many ha of land was under wheat in the Meher 
season 
(a) 2019 __________ ha 
(b) 2020 ___________ha  

2.4. In your view, what are the major wheat yield constraints in your Kebele during the Meher  season in the last five 
years? 

 

 

 

 

 

 

 

Se
ria

l N
o 

Stresses 2.4.1 Has the wheat 
crop in the area 
affected by these 
stresses?  

• Yes = 1 
•  No = 0 

2.4.2.  Please rank the 
stress based on their 
impacts on yield 

• no impact = 1 
• little impact = 2  
• moderate impact = 3  
• severe impact = 4 

2.4.3. If ‘Yes’ to 
2.4.1., do you think 
that these stresses 
are becoming more 
severe in the last 
five years?  

• Yes = 1 
•  No = 0 

7A1 7A2    
1.  Stem Rust     
2.  Yellow Rust     
3.  Insects/pests    
4.  Water Logging    
5.  Drought    
6.  Frost    
7.  Hailstorm    
8.  Heavy rain    
9.  Dry spells (no rain for more than 10 

consecutive days)  
   

10.  Weeds     
11.  Animal trampling    
12.  Other (specify)    
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MODULE 3: INCIDENCE AND SEVERITY OF RUSTS  
3.1. How was the incidence and severity of rusts diseases in your area during the Meher season over the last six years?    

Year  3.1.1 Is yellow 
rust a major 
wheat yield 
constraint in 
your Kebele?  

§ Yes = 1 
§ No   = 0 

3.1.2. Which 
year (s) had the 
worst yellow 
rust infestation?   
 
(Please tick P ) 

3.1.3. If ‘Yes’ for 3.1.1, 
what was the yield 
loss rate (%) due to 
yellow rust compared 
to a normal year?   

• less than one-fourth 
=1 

•  one-fourth = 2 
•  one-third = 3 
• Half = 4 
•  more than half =5  

3.1.4 Is stem 
rust a wheat 
yield constraint 
in your 
Kebele?  

§ Yes = 1 
§ No   = 0 

3.1.4. Which 
year (s) had the 
worst stem rust 
infestation?   

 

(Please tick P ) 

3.1.5. If ‘Yes’ for 
3.1.4, what was the 
yield loss rate (%) due 
to stem rust 
compared to a normal 
year?   

§ less than one-
fourth =1 

§  one-fourth = 2 
§  one-third = 3 
§ Half = 4 
§  more than half =5 

2014       

2015       

2016       

2017       

2018       

2019       

2020       

 

MODULE 4:  AWARNESS ON RUST EARLY WARNING INFORMATION 

4.1 Since 2015, early warning information has been provided on the incidence of wheat rusts in Ethiopia.  Are you 
aware of it?  Yes = 1; No = 0 

4.2.  Did you receive any advisory information about the possible outbreak of wheat rust in the last few years (2015-
2019) in  Meher season? Yes = 1; No = 0     

4.4.  If ‘Yes’ to 4.2, where did you receive the information?  1 = SMS; 2=Advisory bulletin; 3 = Bureau of 
Agriculture; 4 = Meetings; 4 = Radio; 5 = Television; 6 = Other (specify):  

4.5. If ‘Yes’ to 4.2, was there any real outbreak as per the information you received?  Yes =1; No =0   

4.6. If ‘Yes’ in 4.2, in approximately how many days later after receiving the advisory information you noticed rust 
infestation in your area?   ____________ 

4.7.   If ‘Yes’ in 4.2, do you think that the advisory information has helped in raising awareness and controlling the 
disease and reduce yield loss? Yes =1; No =0   
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4.8.  If there was no advisory information or early warning information, what percent of yield loss would you expect? 
(1) less than one-fourth (2) one-fourth (3) one-third   (4) Half  (5) more than half  

4.9.  Has there been a change in behavior of farmers, in terms of rust control, in your area since 2015?  Yes = 1; No = 0 

4.10 If yes in 4.9, what do you think is the change?  (1)  change of varieties grown; (2) use of fungicides; (3) both 

4.11. Do you think, farmers will be interested to pay for a wheat rust early warning system if the service is available to 
them? Yes =1; No =0   

4.12. In the future, would you like to receive the rust early warning/advisory information?  Yes =1; No =0   

4.13. If ‘Yes’ to 2.12, how would you like to receive the rust advisory information?  (Multiple Answers possible):  1 = 
SMS=1; 2 = IVRS (interactive voice response); 3 = Woreda Office; 4= Radio; 5 = Television; 6 = Website; 7 = 
other (specify)   

4.11 Your action based on rust incidence: What do you do when a wheat rust incidence happens?  

Message receiving 
status 

Not received advisory information Received advisory information 

Action Please tick P  Please tick P 

2015 2016 2017 2018 2019  2020  2015 2016 2017 2018 2019  2020  

Did nothing             

Organize farmers 
meeting and 
disseminating 
information at the 
community level  

            

Meet farmers at the 
personal level and 
inform him/her about 
the possible outbreak 

            

Send SMS messages 
and warn farmers about 
the possible outbreak 

            

Inform the incidence to 
Woreda officials and/or 
experts  

            

Advice farmers to buy 
fungicides  

            

Advice farmers on the 
type of chemical they 
should buy and rate of 
its application  
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MODULE 5: CHANGES IN THE MANAGEMNT OF RUST BY WHEAT 
FARMERS AND EXPERTS  

Please tick your response to the following statements based on your observation over the last five to six years (2015-
2020) 

QNo.  Statement  1 = Strongly agree  

2 = Agree  

3 = Neutral 

4 = Disagree  

5 = Strongly disagree  

5.1.  Over the last five years, farmers are increasingly using fungicides to control yellow rust 
of wheat  

 

5.2. Over the last five years, farmers are increasingly using fungicides to control stem rust 
of wheat  

 

5.3 Farmers are switching to rust resistant wheat varieties   

5.4 Farmers are replacing older varieties by new ones   

5.5 Farmers still maintain their old wheat varieties   

6.6 Farmers easily identify wheat rusts at the early stage of incidence   

5.7 Farmers request for rust advice from extension workers has increased over years    

5.8  Availability of fungicides in the local market is increasing over years   

5.9.  Farmers are less concerned about buying fungicides when compared with buying 
fertilizers   

 

5.10 Farmers increasingly rotate their wheat fields with other crops   

5.11 The supply of agro-chemicals has increased in the area   

5.12 Now days, farmers buy and store chemicals (fungicides) before rust incidence is 
detected  

 

5.13 Because of better management, wheat yield loss of wheat due to rust problem has 
decreased over time  

 

Talk to input traders or 
cooperatives and 
suggested them to 
purchase and stock 
fungicides  

            

Talked to local media 
about the possible 
outbreak of rust 

            

Advise farmers on 
resistant varieties 

            

Other (specify):             
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5.14 Wheat yield loss due to rust is increasing in recent years   

5.15 A combination of using resistant wheat varieties, application of fungicides and crop 
rotation practices helped in reducing the yield loss of wheat due to rust diseases in 
recent years 

 

5.16 In recent years., farmers are less concerned about wheat rust compared to other 
problems such as weeds, floods, drought, or other pests  

 

5.17 Extension agents have better knowledge of rust in recent years and advice farmers at 
a better capacity  

 

5.18  Federal, regional, zonal and Woreda agricultural offices are better mobilized to help 
farmers during rust incidence in recent years  

 

 

5. 19. If you have any specific comment or recommendation on rust early warning system, please provide the space 
provide below.  

 

 

 

  

1. 

2. 

3. 

 

 

 

3. 
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Annexure C 

WHEAT RUST EARLY WARNING AND ADVISORY SYSTEM IN 
ETHIOPIA: STRUCTURED QUESTIONNAIRE FOR FOCUSED GROUP 
DISCUSSIONS 

 

Introductory statement: “Dear Sir/Madam, my name is  _______________. I/we am/are conducting this focused 
group discussion designed by the International Maize and Wheat Improvement Center (CIMMYT), Ethiopia.  I/We 
are conducting out this survey to study the impacts of the early warning and advisory system (EWAS) on wheat 
rust in your village and other wheat-growing areas of the country. Your response to these questions would remain 
anonymous. Taking part in this study is voluntary. If you choose not to take part, you have the right not to participate 
and there will be no consequences. Thank you for your kind co-operation”  

 
 

1. How was rust epidemic assessment done at the federal and regional levels? 
2. How was fungicide purchase planned for wheat rust management? 
3. How was information about the wheat rust epidemic communicated to Regional and lower-level 

administration units? 
4. How was information about the wheat rust epidemic communicated to Development Agents? 
5. How was information about the wheat rust epidemic communicated to farmers? 
6. What were the major rust epidemic control and management practices? 
7. What were the major rust epidemic control and management practices? 
8. What are the benefits of the Rust Early Warning System to Federal Institutions? 
9. Are there improvements that you want to see on wheat rust early warning? 

 


