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Abstract 
Improving agricultural productivity and food security while reducing land 

degradation and poverty using sustainable agricultural intensification practices 

(SAIPs) has been a key development policy agenda in Ethiopia. However, investment 

in sustainable agricultural intensification practices remains low. Using a 

multivariate probit (MVP) and an ordered probit model (OPM), this paper 

investigates the factors influencing farmers’ choice decisions and the extent of 

investments in eight SAIPs including improved crop varieties, inorganic fertilizers, 

pesticides, organic fertilizers, cereal-legume rotation, vegetation, drainages and soil 

conservation structures based on 385 household and 1465 plot surveys in the 

Ethiopian central highlands. Results reveal that some practices in major crop 

production are complementary while others are substitutable, and the factors had 

heterogeneous impacts on the choice decisions of farmers to invest in multiple 

SAIPs. Overall, results reveal variables such as crop income, livestock holding, 

access to extension and credit services, income diversification, membership to 

agricultural cooperatives, and agricultural commercialization clusters are 

important in determining choice decisions and the extent of investments in multiple 

SAIPs. Complementarity between practices and factors that positively determine 

investments in sustainable practices should be taken into consideration in 

agricultural policies. Specifically, strengthening local institutions (extension, 

microfinance, and cooperatives) and training on SAIPs and income diversification 

need to be in place to enhance sustainable production.   

  

Keywords: Determinants, investment, sustainable practices, multivariate probit 

model 

 

Introduction 
 

Agriculture is the most important economic sector in Ethiopia. It constitutes about 

33% share of Gross Domestic Product (GDP), contributes 25% to average real 

GDP growth, generates 82% of export earnings, and absorbs more than 66% of the 

labor force (EEA, 2021). It also provides an incentive to reduce poverty and 

improve food security and livelihoods, yet yields are low (2.9 t/ha for cereals 

compared to a global average of 4 t/ha) and food insecurity affects more than 

16.7% of the population (CSA, 2021; FAO et al., 2021; Mare et al., 2022). Land 

degradation, soil nutrient depletion, climate change and low investments in 

sustainable agricultural intensification practices (SAIPs) have limited agricultural 

production and productivity, leading to food insecurity and poverty (Etongo et al., 
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2018; Horner and Wollni, 2021; Nigussie et al., 2018; Smith et al., 2017; 

Teklewold et al., 2013). Land degradation is particularly severe in the Ethiopian 

highlands where 23% of the cultivated land is adversely affected (Gashaw et al., 

2014; Nyanga et al., 2016). This underlines the need to enhance investment in 

SAIPs for improving productivity, food security, and conserving resources.    

 

Investments in SAIPs are the main concern in SSA highlands, where rain-fed 

farming on the hillside often causes soil erosion leading to low yields and food 

insecurity (Abera et al., 2020; Nyanga et al., 2016). Subsequently, for several 

decades, a range of SAIPs have been promoted in SSA including Ethiopia (Kassie 

et al., 2015; Teklewold et al., 2013). These practices include land management 

and agronomic practices such as crop rotation, compost, crop residues, soil 

conservation structures, drainage (farm water management), and vegetation to 

improve soil fertility and maintain soil organic matter, and modern purchased 

inputs such as improved seeds, inorganic fertilizers, and pesticides (herbicides, 

fungicides, and insecticides) to sustainably enhance productivity (Abera et al., 

2020; Kassie et al., 2015; The Montpellier Panel, 2013). Farmers have started to 

invest in SAIPS. Investments referred to all exertions in the form of labor and 

fiscal and financial capital for some benefits.  

 

Several studies in developing countries testified that SAIPs increased productivity, 

reduced poverty, built resilience to shocks, and maintained the quality of resources 

(Hundie et al., 2017; Liao and Brown, 2018; Pretty et al., 2011; Reddy et al., 

2020; Vanlauwe et al., 2019). While recognizing that sustainability is a disputed 

term, we identify farm practices that are commonly viewed as sustainable as they 

maintain yields and minimize adverse impacts on the environment. These include 

soil conservation structures, drainages, manure/compost, vegetation, rotation, 

improved seeds, inorganic fertilizers, and prudent use of pesticides. SAIPs is a 

broad term used to describe genetic materials, inputs, equipment, structures and 

farming techniques, and evolving processes that can vary in time and space 

(Godfray, 2015; Pretty and Bharucha, 2014; Ruzzante et al., 2021). Despite 

extensive past efforts from research and development actors to promote SAIPs and 

benefits, SAIPs investments remain low in Ethiopia (Kassie et al., 2015; Teshome 

et al., 2016; Teklewold et al., 2013; Zeweld et al., 2019). Evidence suggests that 

SAIP investments by smallholder farmers are constrained by several, often 

interrelated factors. These factors include household demographics, resource 

endowments, institutional factors, weather conditions, farm characteristics, and 

risk and uncertainties (Asfaw et al., 2016; Kassie et al., 2013; Feder et al., 1985; 

Manda et al., 2016).  

 

Several studies in developing countries have reported that SAIP investment 

decisions at the household level vary according to households’ human capital 
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including age, education, and family size, and resource endowments such as 

livestock holding, farm size and income (Ahmed, 2015; Hundie et al., 2017; 

Jabbar et al., 2020; Kassie et al., 2013; Ndiritu et al., 2014; Sileshi et al., 2019; 

Teklewold et al., 2013; Wainaina et al., 2016) and sex of the household head 

(Bekele et al., 2017; Ndiritu et al., 2014), plot characteristics including size, slope, 

fertility and distance (Ahmed, 2015; Asfaw et al., 2016;  Hundie et al., 2017; 

Kassie et al., 2015; Ndiritu et al., 2014; Wainaina et al., 2016), institutional 

factors including extension service, cooperative/group membership, market access 

and access to credit (Asfaw et al., 2016; Kassie et al., 2015; Kassie et al., 2013; 

Ndiritu et al., 2014; Wainaina et al., 2016), and weather conditions such as 

rainfall, and temperature (Asfaw et al., 2016; Jabbar et al., 2020; Kassie et al., 

2015; Kassie et al., 2013; Wainaina et al., 2016).  

 

Nonetheless, most of the above prior studies focused on the single commodity of 

project interest particularly maize despite the fact that farmers grow several crops 

which often compute for land, capital, and labor. With the exception of the studies 

by Yirga et al. (2015) who included improved varieties of barley, potato, wheat, 

and faba bean crops, and Horner and Wollni (2021) who considered improved 

varieties of maize, wheat, and tef crops, and inorganic and organic fertilizers in 

their technology adoption analysis, with little attempt in sustainable agronomic 

and land management practices. In addition, investment in soil and water 

conservation practices (long-term) is not crop-specific but rather in a blend of 

crops. Further, smallholder farmers often face choice decisions between multiple 

SAIPs that have to be made simultaneously to solve multiple constraints faced by 

farming. Hitherto, most previous studies have also focused on a single 

technology/practice (Amsalu and de Graaff, 2007; Asrat and Simane, 2017; 

Mekuriaw and Horni, 2015; Mihretu and Yimer, 2017; Tefera et al., 2020), which 

ignores the interdependent and endogeneity of practices and choice decisions 

(Yirga et al., 2015; Kassie et al., 2015).  Failure to recognize the 

interdependencies of SAIPs’ choice in examining resource allocation constraints 

results in biased and inefficient estimates.  

 

Overall, land degradation and low agricultural productivity persist as a challenge, 

partly due to problems with investments and sustained use of SAIPs, particularly 

in the Ethiopian central highlands (Abera et al., 2020). To this end, these areas 

require SAIPs policies, programs, strategies, and development measures. There is 

a strong need to generate information on the determinants of choice decisions and 

the extent of investments in SAIPs. Previous studies on the investments of SAIPs 

are largely limited to a few practices; they ignored the use of pesticides as farm 

inputs which is important to sustain production and productivity in the face of 

climate change, and failed to address the influence of income diversification and 

agricultural commercialization cluster in their analysis. This paper looks into these 

identified gaps in the literature by investigating factors influencing choice 



Determinants of Investments in Sustainable Agricultural Intensification Practices                      [4] 

 

decisions and the extent of investments in SAIPs at the plot level in the Ethiopian 

central highlands.  

 

Materials and Methods 
The study areas 
The study was conducted in the west Shewa zone of Oromia and North Shewa 

zone of Amhara regional states. Four districts namely Ejere and Toke Kutaye from 

west Shewa, Basona Werana and Mojana Wedera from North Shewa zone were 

selected. Further, twelve kebeles
1
three from each woreda were included in the 

study (Figure 1). Ejere has 26 rural and 3 urban kebeles. Toke Kutaye has 23 rural 

and 4 urban kebeles. Basona Werana has 30 rural and 3 urban kebeles, and Mojana 

Wadera has 13 rural and 2 urban kebeles.  

 

These areas were chosen for this study because they are an area where knowledge 

about severe land degradation and SAIPs measures is widely available (Gashaw et 

al., 2014). The Ethiopian central highlands are characterized by a densely 

populated which resulted in frequent splits and shrinking of farmlands and 

expansion to hillsides farming, and 50% of arable land for agricultural production 

is affected by soil degradation in terms of erosion and nutrient depletion, which in 

turn results in low crop productivity, persistent poverty and food insecurity (EEA, 

2021; Tesfa and Mekuriaw, 2014). Smallholder agriculture accounts for more than 

90% of economic activity. Most farmers undertake mixed crop-livestock 

production mainly under rainfed conditions. The areas are dominated by the 

cultivation of cereals including tef, wheat, barley, and maize, legumes mainly faba 

bean, field peas, and chickpeas, and other crops such as potatoes and oilseeds 

(CSA, 2021.) The dominant livestock types include dairy cattle (both zebu and 

cross-bred), sheep, goats, equines, and chickens.  

 

                                                           
1
 The smallest administrative unit in Ethiopia 
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Figure 1. Map of study areas 
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Data collection and sample selection techniques  
The required dataset was collected using combinations of standard data collection 

methods. These methods included desk review and qualitative and quantitative 

surveys. The desk review was made from print (both published and unpublished 

material sources) and electronic source. Information obtained from desk review 

has helped to design survey instruments of structured and semi-structured 

questionnaires. Supplementary information was collected through focus group 

discussions (FGDs) employing a qualitative approach. Qualitative information 

was collected from selected farm households (five to ten members per FGD per 

kebele), and experts representing different disciplines both at the district and 

kebele level Office of Agriculture. This has helped to understand and details of 

SAIPs and socioeconomic variables and describe and narrate quantitative results. 

Finally, the quantitative data were collected through a quantitative survey method.  

 

Three-stage sampling techniques were used to select the regions, zones, districts, 

kebeles, and farm households. Based on the widely available knowledge on SAIP 

measures, first, two zones from two regions were purposively selected. Second, 

two districts and three kebeles were randomly selected from a list of districts and 

kebeles recorded by zonal and district levels of the Office of Agriculture based on 

SAIPs implementation. Finally, 23-39 sample households in each kebeles were 

selected based on a proportionate systematic random sampling technique.  

 

The population of interest for this study was farming households as the objective 

of this study was to investigate the determinants of investments in SAIPs because 

investment in sustainable agricultural practices is not mainly crop-specific as 

opposed to previous studies. To obtain a representative sample size for this study, 

the sample size determination formula by Cochran (1977) was employed:  

Ns =
Z2∗pq

e2
  = 385                                                                                         (1)                                             

Where 𝑁𝑠 is the required sample size, Z is the inverse of the standard cumulative 

distribution that corresponds to the level of confidence, p is the estimated 

proportion of an attribute present in the population, q= 1-p, and e is the desired 

level of precision. The value of Z is found from the statistical table which contains 

the area under the normal curve of 95% confidence level, 5% precision level, and 

assumed the occurrence rate of p = 50% (the ratio of farm households who at least 

invested in one of the SAIPs on their plots), and hence q = 50%, and finally the 

Cochran formula gives a total of 385 samples to sufficiently represent the target 

population in the study areas.  

 

Primary data were collected using a structured and pre-tested questionnaire 

designed with CSPro 7.5 software and a computer-assisted personal interview 

(CAPI). The data collected included information about households’ demographics, 

asset ownerships, plot characteristics, land management practices, inputs used, 
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access to institutional services, and their perceptions of land degradation. The 

survey questionnaire was administered by trained and experienced enumerators 

who have knowledge of local farming systems and languages. The survey was 

conducted between January and March of 2021, referring to the 2019/20 cropping 

season. In addition, we collected secondary data about kebele level rainfall and 

temperature (point data) from a national meteorological agency (NMA) through an 

official letter. Collected data were processed and analyzed using a complete and 

integrated statistical software Stata 15 package. 

 
Modeling framework 

Farm households’ choice decisions to invest in available individuals or several 

technologies at a time was theoretically framed on random utility theory 

(McFadden, 1974) with a bounded rationality framework (Simon, 2000). The 

standard classical random utility theory assumes that smallholder farmers as 

rational economic agents with perfect information make choice decisions to invest 

in available technologies and maximize utility. However, this is highly criticized 

for human beings who have limited cognitive ability to make choice decisions to 

maximize utility because of limited information and knowledge (Simon, 2000). 

Henceforth, there is a shift from standard rationality to real bounded rational 

theory for economic agents to make optimal decisions which is sufficient to 

compare alternative utilities (Simon, 2000). While the utility is not directly 

observed the actions of farm households are often observed through the choice 

decision they make. Thus, the observed outcome of farmers’ choice decisions to 

invest in multiple practices can be modeled following random utility formulation. 

Consider the hth households (h = 1, ..., H) which is challenging a decision on 

whether or not to invest in the available sustainable agricultural practices on the 

same or another plot p (p = 1, …, P) over a specified time horizon.  

 

Suppose, Ui represent the perceived expected benefits to the farmer from the 

conventional production system, and Um  represent the benefits of investing in the 

mth SAIPs, and  Xi and  Xm are vectors of explanatory variables that influence the 

perceived benefits from technology choices i and m. Following Greene (2012), the 

utility of a farm household is specified as:  

Um = βm
′ Xm + εm  and Ui = βi

′Xi + εi                                                              (2) 

Where 𝛽𝑚 and  𝛽𝑖 are parameters to be estimated, and  𝜀𝑚 and 𝜀𝑖 are the stochastic 

noise terms, presumed to be independently and identically distributed. It follows 

that the perceived benefit or utility for the hth household from choice m is greater 

than the utility derived from option i is presented as: 

Uhm(βm
′ Xm + εm)  > Uhi(βi

′Xi + εi), m ≠ i                                       (3) 

Assume that Y is the choice decision to invest in m so that Y takes the value of 1 

if m is chosen and 0 otherwise, the probability that a farm household invests in 

SAIPs conditional on X can be specified as: 
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𝑃(𝑌) = 1|𝑋 = 𝑃(𝑈ℎ𝑚 > 𝑈ℎ𝑖)                                                                        (4)                                                                                                                  

                    = P(βm
′ Xh + εm − βi

′Xh − εi > 0|X)  

                   = P(βm
′ Xh − βi

′Xh + εm − εi > 0|X)  

                   = P(β∗Xh + ε
∗ > 0|X) = F(β∗Xh) 

Where P is a probability function,  ε∗ = εm − εi is a random error term, 𝛽∗ =
βm
′ − βi

′ is a vector of unknown parameters to be estimated and can be interpreted 

as the net influence of the vector of explanatory variables influencing choice 

decisions of SAIPs and  F(β∗Xi) is the cumulative distribution function of 𝜀∗ 

evaluated at  𝛽∗𝑋𝑖. The distribution of F depends on the distribution of  𝜀∗, and 

utilities and explanatory variables are defined above.  

 
Empirical estimation strategies 

Both descriptive and econometric models were used for the analysis. The 

descriptive analysis involves summarization of dependent and independent 

variables used in the econometric models. A MVP model was used for estimating 

the determinants of farmers’ choice of interrelated SAIPs, whereas an ordered 

probit model was used for estimating the determinants of the extent of investments 

in SAIPs. 

 
A multivariate probit model   

Farm households choose a mix of farm practices and inputs to deal with multiple 

farming constraints, implying that the choice decisions to invest in these 

technologies is integrally multivariate. Attempting single equation modeling such 

as probit, logit, Tobit, or multinomial model would exclude useful economic 

information contained in interdependent and simultaneous choice decisions to 

invest in technologies (Dorfman, 1996). We employ MVP model, which 

simultaneously models the influence of the set of explanatory variables on each of 

the different technologies while allowing for potential correlation between 

unobserved disturbances, as well as the relationship between the decision to invest 

in different SAIPs (Asfaw et al., 2016; Kassie et al. 2015; Teklewold et al., 2013). 

The possible sources of correlation in MVP model may be 

complementarity/synergy (positive correlation) or substitutability/trade-off 

(negative correlation between different practices (Kassie et al., 2015). Correlations 

(positive or negative) may also occur if there are unobservable household-specific 

features that influence several choice decisions but cannot be easily captured by 

measurable proxies (Ahmed, 2015). Attempting univariate probit or logit models 

while such correlation exists would result in biased and inefficient estimates 

(Greene, 2012; Kassie et al., 2015).   

    

The MVP model consists of eight binary choice equations which include 

investments in improved crop varieties (V), crop rotation (R), inorganic fertilizers 
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(F), organic fertilizer (O), chemicals (C), drainage (D), vegetation (P) and soil 

conservation structures (S) which can be simultaneously analyzed. Following the 

above utility equations (2-4), the net benefit (Yhpm
∗ ) that the farmer derives from 

investing in the mthSAIPs is a latent variable determined by observed explanatory 

variables and error terms. The equations for both latent and observed binary 

variables are: 

Yhpm
∗ = Xhpmβmp + 𝑋̅𝑖𝛾𝑘 + εhp, (m= V, R, F, O, C, D, P, S)                         (5) 

Yhpm = {
1 if Yhpm

∗ > 0

0  otherwise  
                                                                                    (6) 

Where Yhpm
∗  is a latent variable that holds the degree to which a farm household 

views SAIPs m as useful and its estimation is based on observable Yhpm which 

indicates whether or not a farm household invested in a particular SAIPs on 

his/her on pth plot in the reference year, Xhp represents a vector of observed 

household and plot-level characteristics, and other factors, βmp is a vector of 

parameters to be estimated, X̅ is a vector of the mean value of Mundlak fixed 

effects (plot-varying variables including slope and fertility conditions of plots) 

added additionally to control for unobserved heterogeneity (Mundlak, 1978; 

Wooldridge, 2002) and  εhp (for m=1, 2, …8) represent the unobserved random 

error terms, which are jointly follow a multivariate normal distribution with zero 

conditional mean and variance-covariance matrix (𝜔), is normalized to unity on 

the leading diagonal, and correlation ρmj = ρjm as off-diagonal elements, and (ℇV, 

ℇR, ℇF, ℇO, ℇC, ℇD, ℇP, ℇS,)
’
 ~MVN (0, ω), is shown in (eqn.7).  

 𝜔 =

(

 
 
 
 
 

1 𝜌𝑉𝑅 𝜌𝑉𝐹 𝜌𝑉𝑂 𝜌𝑉𝐶 𝜌𝑉𝐷 𝜌𝑉𝑃 𝜌𝑉𝑆
𝜌𝑅𝑉 1 𝜌𝑅𝐹 𝜌𝑅𝑂 𝜌𝑅𝐶 𝜌𝑅𝐷 𝜌𝑅𝑃 𝜌𝑅𝑆
𝜌𝐹𝑉 𝜌𝐹𝑅 1 𝜌𝐹𝑂 𝜌𝐹𝐶 𝜌𝐹𝐷 𝜌𝐹𝑃 𝜌𝐹𝑆
𝜌𝑂𝑉 𝜌𝑂𝑅 𝜌𝑂𝐹 1 𝜌𝑂𝐶 𝜌𝑂𝐷 𝜌𝑂𝑃 𝜌𝑂𝑆
𝜌𝐶𝑉 𝜌𝐶𝑅 𝜌𝐶𝐹 𝜌𝐶𝑂 1 𝜌𝐶𝐷 𝜌𝐶𝑃 𝜌𝐶𝑆
𝜌𝐷𝑉 𝜌𝐷𝑅 𝜌𝐷𝐹 𝜌𝐷𝑂 𝜌𝐷𝐶 1 𝜌𝐷𝑃 𝜌𝐷𝑆
𝜌𝑃𝑉 𝜌𝑃𝑅 𝜌𝑃𝐹 𝜌𝑃𝑂 𝜌𝑃𝐶 𝜌𝑃𝐷 1 𝜌𝑃𝑆
𝜌𝑆𝑉 𝜌𝑆𝑅 𝜌𝑆𝐹 𝜌𝑆𝑂 𝜌𝑆𝐶 𝜌𝑆𝐷 𝜌𝑆𝑃 1 )

 
 
 
 
 

+ (−)        (7) 

Where ρ (rho) stands for the pairwise correlation coefficient of the error terms 

corresponding to any two investments in SAIPs. The fundamental of this 

assumption is that equation (5) produces an MVP model that jointly represents 

decisions to invest in particular SAIPs. The off-diagonal elements in the 

covariance matrix represent unobserved correlation between the error terms of 

several latent SAIPs equations, which can affect the choice of technologies. If 

each of the off-diagonal elements becomes non-zero, then equation 7 carries 

important information on correlation.  
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Ordered probit model 

An ordered probit model (OPM) was used for examining the extent of investments 

in SAIPs. Several options exist for measuring the extent of adoption including 

Tobit (Dadi et al, 2001; Mwaura et al., 2021), Cragg’s double hurdle (Danso-

Abbeam et al., 2019), Heckman two-stage (Legesse et al, 2001), ordered probit 

(Aryal et al., 2017; Kiconco et al., 2022; Mengsitu and Assefa, 2019; 

Teklewold et al., 2013), and count data models (Kolady et al., 2021). These 

approaches have their own limitations, for example, in using Tobit, Heckman two 

-stages, and double hurdle models, the proportion of land under given 

technologies is used as the dependent variable implying less attention is paid to 

the number of package technologies adopted. In using count data models like 

Poisson, the assumption that all technologies have the same probability of 

adoption has a serious problem while they have a different probability of being 

adopted (Teklewold et al., 2013).  

 

Several studies have used an OPM model for estimating the extent/intensity of 

adoption of several technologies as the MVP models only consider probability 

choices (Aryal et al., 2017; Kiconco et al., 2022; Mengsitu and Assefa, 2019; 

Teklewold et al., 2013). The study conducted by Gonzaga et al. (2019) also used 

an ordered logit to estimate the intensity of the adoption of multiple technologies. 

These studies, however, are with limitations in considering the number of 

technologies (count data) as ordinal data and could have been estimated with a 

Poisson regression model. More specifically, ordered probit/logit models are often 

used to account for the ordinality nature of outcome variables. We, therefore, use 

an OPM to investigate the determinants of the extent of investment in a bundle of 

SAIPs by scaling down the number of eight SAIPs (unrestricted) to five (restrict) 

extent levels (ordinal). Following Wooldridge (2002), the OP model, which allows 

the response variable to have more than two ordinal categorical is specified as: 

  𝑌ℎ𝑝
′ =

{
 
 

 
 
1  none of SAIPs                     
2  low lovel (1 − 3 SAIPs)    
3  moderate level (4 SAIPs)

4  high leve (5 − 7 SAIPs)   

 very high (8SAIPs)              

=   Xhp
′ β + 𝑢𝑖                                 (8) 

Where Yhp
′  is a latent variable representing the extent of investments in SAIPs at a 

plot level, and 𝑢𝑖 is the error term which is assumed to be normally distributed 

with a standard normal cumulative function. For m = 1-4 categories, following a 

standard ordered probability model, the probability of observing outcome i 

corresponds to: 

Pr(outcomej = i) = Pr(mi−1 < Xi
′β + ui < αi)                                 (9) 

Where β is a vector of coefficients to be jointly estimated with the cut points α1, 

α2, …, αm−1 and m is the number of possible outcomes. For investment levels in 

SAIPs, both the likelihood ratio test (Greene and Hensher, 2010) and Akaike and 
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Bayesian information criterion (AIC and BIC) are used for comparison of 

unrestricted (L) and restricted (𝐿∗) OP models. That is, λ=L∗/L; 0≤λ≤1, and 

LR=2(ln L - ln 𝐿∗) ~ 𝜒𝑚
2  (m restriction), higher pseudo 𝑅2 widely dispersed cut-

points, and a smaller of AIC and/ or BIC indicates better goodness of fit.  

 
Description and measurement of variables 

The dependent variables in the MVP model include eight dummy variables 

corresponding to investments in improved crop varieties, inorganic fertilizers, 

pesticides, cereal-legume rotation, organic fertilizers, drainages, vegetation, and 

soil conservation structures. Brief description, measurement and summary 

statistics are given in Table 1.  

 
Table 1. Description and summary statistics of dependent variables (N=1465) 

Variables  Description  measures Rates (%) 

Improved variety  

Used improved varieties of wheat, tef, barley, faba bean 
and others, but recycled at most four seasons for self-
pollinated and ones for cross-pollinated (maize) crops  

1=yes, 0=no 47 

Cereal-legume rotation Used legumes (mainly faba bean, field peas and chickpea) 
as a precursor crop for rotation 

1=yes, 0=no 32 

Inorganic fertilizer  Used at least one blended fertilizer (NPS/NPSB) or urea 1=yes, 0=no 84 

Organic fertilizer  Used manure or compost 1=yes, 0=no 19 

Pesticides  Used at least one pesticide (herbicide, fungicide, 
insecticide)  

1=yes, 0=no 69 

Drainage  Used either ditches or waterways 1=yes, 0=no 56 

Vegetation  Used at least one of the forage trees, broadleaved trees or 
grasses 

1=yes, 0=no 11 

Soil conservation 
structures  

Used at least one practice (terrace, soil bund, stone bund, 
soil-stone bund or fanya juu) 

1=yes, 0=no 45 

Source: Own survey, 2021 

 

Based on economic theories, empirical evidence, and field observation, relevant 

explanatory variables were included in the econometric models (Aryal et al., 

2017; Dorfman, 1996; D’Souza et al., 1993; Kassie et al., 2013; Kassie et al., 

2015; Kolady et al., 2021; Teklewold et al., 2013). The explanatory variables 

included in this study can be reported as: (1) household characteristics, (2) asset 

endowments, (3) plot characteristics, (4) institutional factors, and (5) weather 

conditions. Brief descriptions, measures, summary statistics and expected sign of 

the variables are presented in Table 2.  
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Table 2. Description and summary statistics of explanatory variables 

Variables                   Description Mean Std. Dev. Expected 
sign  

Continuous      

Age Age of the household head in years 46 11.4 +/- 

Education Years of schooling of the household members  5 2 + 

Family size  Family size in number of working-age groups 4 2 + 

Livestock Livestock holding in tropical livestock unit (TLU) 6.3 3.8 + 

Plot size  Size of the plot under consideration in ha 0.48 0.37 +- 

Temperature  Point (kebele level) historical (1981-2018) maximum 
temperature in coefficient of variation (456 observation) 

8.7 0.8 +- 

Rainfall Point (kebele level) historical (1981-2018) rainfall in 
coefficient of variation (456 observation) 

122.6 19.3 +- 

Plot distance  Distance of the plot from a residence in waking minutes  23 22 - 

Diversification Intensity of income diversification (index) (%) 30 25 - 

Income Cash income earned from crops sale (1000 ETB) 23.51 21.7 + 

Salary  Monthly salary of the head of development agents (1000 
ETB) 

8.386 1.87 + 

Peer farms  Number of adjacent peer farmers reported 2 2 + 

Dummy  

Sex  Sex of the household head (male=1, female=0) 0.92 0.28 +/- 

Certificate  If a household had a land certificate for his/her plot 
(Yes=1, No=0) 

0.86 0.34 + 

Credit  If a household received credit to buy inputs (Yes=1, 
No=0) 

0.23 0.42 + 

ACC If a household had at least one plot in agricultural 
commercialization cluster (Yes=1) 

0.18 0.38 + 

Membership Household’s membership to agricultural cooperative 
(Yes=1, No=0) 

0.31 0.46 +/- 

Soil fertility status Good (Yes=1, No=0) 0.26 0.44 +- 

Poor (Yes=1, No=0) 0.09 0.29 +/- 

Slope of the plot Gentle (Yes=1, No=0) 0.35 0.48 +/- 

Steep (Yes=1, No=0) 0.17 0.38 +/- 

Location  The study area (West Shewa zone=1, North Shewa=0)  0.50 0.5 +/- 

Perception  A household perceived that a plot was degraded (Yes=1) 0.29 0.45 +/- 

Training  If a household received training on crop production 
(Yes=1, No=0) 

0.54 0.5 + 

Source: Own survey, 2021 

 

Results and Discussion 
Descriptive results  

In the study area, smallholder farmers were found to produce a blend of crops (Figure 2). 

From a total of 1465 plots, most (36%) of the plots were covered by wheat followed by tef 

(24%), faba bean (13%), barley (12%) and other crops including maize, sorghum and 

potato (15% in sum). On average, 65%, 49%, 18%, 42%, and 30% of wheat, tef, faba 

bean, barley, and other crop plots were sown with improved crop varieties, respectively 

(Table 3). Legume-cereal-crop rotation was used on 47%, 26%, 56%, and 9% of wheat, 

tef, barley, and other crops plots, respectively. Inorganic fertilizers were applied on 92%, 

88%, 69%, 77%, and 77% of wheat, tef, faba bean, barley, and other crop plots, 

respectively. Organic fertilizer was used on 19%, 9%, 25%, 32%, and 16% of wheat, tef, 
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faba bean, barley, and other crop plots, respectively. About 76%, 75%, 59%, 58%, and 

60% of wheat, tef, faba bean, barley, and other crop plots were treated with pesticides, 

respectively. Drainage practices were used in 58%, 62%, 53%, 51%, and 50% of wheat, 

tef, faba bean, barley, and other crop plots, respectively. Live plants (vegetation) were 

used as a component of SAIPs on 11%, 10%, 13%, 15%, and 12% of wheat, tef, faba 

bean, barley, and other crop plots, respectively. On average, 44%, 39%, 56%, 57%, and 

38% of the plots covered by wheat, tef, faba bean, barley, and other crop had soil 

conservation practices, respectively. 

 

 
Figure 2. Distribution of plots by crops 

 
Table 3. Summary statistics of SAIPs by plots of major crops  
 

SAIPS Major crops (% of plots with SAIPs) 

Wheat 
(N=529) 

Tef 
(N=358) 

Faba bean 
(N=186) 

Barley 
(N=171) 

Other crops 
(N=221) 

Improved variety  65 49 18 42 30 

Cereal-legume rotation  47 26 X 56 9 

Inorganic fertilizer) 92 88 69 77 77 

Organic fertilizer  19 9 25 32 16 

Pesticides  76 75 59 58 60 

Drainage  58 62 53 51 50 

Vegetation (agroforestry)  11 10 13 15 12 

Soil conservation practices 44 39 56 57 38 

Source: Own survey data, 2021. Note: X= cereals  
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The distribution of plots by the number of SAIPs farmers invested in combinations 

is presented in Table 4. The majority (79%) of the plots were treated with more 

than two SAIPs, about 25% of the plots were treated with more than half (4) of the 

SAIPs. The likelihood of investing from two to three SAIPs increased by 30% and 

from three to four SAIPs increased by 12%, implying that the likelihood of 

investing in a combination of SAIPs is higher than single/no SAIPs. Compared to 

a possible combination of practices, the descriptive results showed full (100%) 

combinations for two and all (eight) SAIPs, and 88%, 68%, 66%, 50%, and 43% 

of combinations for seven, six, three, five, and four SAIPs, respectively. These 

results imply that farmers only invest in a subset of practices; though applying the 

whole practice would be more profitable for different reasons (Mponenla et al., 

2016). Moreover, descriptive results showed that most (77%) of plots were treated 

with both at least one external/purchased inputs such as improved seeds, inorganic 

fertilizers and pesticides, and sustainable practices such as land management 

practices (soil conservation structures, vegetation, and drainages,) and agronomic 

practices (cereal-legume rotation and organic fertilizers). The rest of the plots 

(14%) were treated with only external inputs while 8% of plots were treated only 

with sustainable practices, implying that the sole use of external inputs is much 

higher than the sole use of sustainable practices.   

 
Table 4. Distribution of plots by SAIPs combinations  
 

Number of SAIPs Freq. Percent  Cum. Combinations 

Possible (A) Observed 
(B) 

Proportion 
(B/A) *100 

 Zero (local) 16 1 1 1 1 100 

 One  62 4 5 8 1 13 

 Two 236 16 21 28 28 100 

 Three 421 29 50 58 38 66 

 Four 384 26 76 70 30 43 

 Five 200 14 90 56 28 50 

 Six 98 7 97 28 19 68 

 Seven 38 3 99 8 7 88 

 All (8) SAIPs 10 1 100 1 1 100 

Only external inputs 207 14     

Only LWMPs 122 8     

Both practices 1121 76.5     

     Total (N) 1465 100     

Source: Own survey, 2021 

 

Regarding the extent of investments in a combination of SAIPs, descriptive results 

showed that plots were treated with different number of SAIPs (Figure 3). The 

majority (49%) of the plots received low level of SAIPs (1-3) followed by 

moderate (26%) and high (23%).  
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Figure 3. Extent of SAIPs 

 
Econometric results  

Factors influencing the choice decisions of investments in SAIPs  

The MVP model is estimated with the maximum likelihood approach on plot level 

observation with Mundlak’s average plot varying variables. The goodness of the 

MVP model is evaluated using the Wald test [Wald chi2 (208) =1937.6, p=0.000], 

implying that the null hypothesis that all regression coefficients of explanatory 

variables in each equation are jointly equal to zero is rejected. More specifically, 

the explanatory variables in each equation contribute significantly to explain the 

decision to invest in SAIPs. The correlation between the covariance of the error 

terms is evaluated using the likelihood ratio test [Wald chi2 (28) =270.29, 

p=0.000] result implies the null hypothesis of no correlation between covariance 

of the error terms between the decision to invest in SAIP across eight equations is 

also rejected. More specifically, the correlation coefficient among the eight 

equations is significantly different from zero at a 1% level, implying that the MVP 

model best fits the dataset, which accounts for the unobserved correlations across 

decisions to invest in multiple SAIPs.  

 

Table 5 presents the simultaneous estimates of explanatory variables across eight 

equations and the correlations between error terms from MVP model results. It 

provides the direction and coefficient of the driving forces behind farmers’ choice 

decisions to invest in SAIPs. Results showed that the choice decision to invest in 

SAIPs is different and the factors driving the decision of each of them are also 

different but interrelated implying the heterogeneity in the decision to invest in 

SAIPs. Apart from the main variables of interest, the estimates of the MVP model 

revealed that a number of hypothesized household and plot characteristics, asset 

0

10

20

30

40

50

None (0) Low (1-3) Moderate

(4)

High (5-7) Very high

(8)

1 

49 

26 
23 

1 

P
er

ce
n
t 

Extent of investments in SAIPs 



Determinants of Investments in Sustainable Agricultural Intensification Practices                      [16] 

 

endowments, institutional and environmental factors had a significant and 

differential impact on the choice decision to invest in SAIPs.  

 

Male headed households are more likely to invest in improved seeds and inorganic 

fertilizers than their counterparts. This is consistent with the findings by Therioult 

et al. (2016). Nigussie et al. (2018) also reported that gender of the household 

increases inorganic fertilizers adoption. However, it is in contrast with the findings 

by Ndiritu et al. (2014), who found gender had no effect on the adoption of 

improved seed and chemical fertilizers, and Yirga et al. (2015), who found that 

household type in terms of gender negatively affects adoption of improved barley 

seeds. The results indicate that female-headed managed plots have less chance of 

receiving improved crop varieties and inorganic fertilizers implying that 

technology adoption is not gender-neutral. The possible explanation for this is that 

female-headed households own fewer resources, information, and credit on these 

inputs which may limit them to use. We also found that the gender of the 

household declines the decision to invest in drainages, implying that male-headed 

households are less likely to use drainages on their plots. In other words, plots 

managed by female-headed households are more treated with drainage. The 

possible explanation for this is that female-headed households mainly operate their 

own plots, in which drainage activities can be easily implemented with oxen 

plows. 

 

Age of the household head was found to positively influence farmers’ decisions to 

invest in both cereal-legume rotation and soil conservation practices. This 

indicates that plots managed by older farmers were more treated with legumes as a 

precursor crop and soil conservation practices. This is consistent with the findings 

by Theriault et al. (2016) and Nigussie et al. (2018) who found that age of the 

household head impacts the adoption of soil conservation practices. The possible 

explanation for this is that older farmers have more experience with these 

practices than their counterparts. The results showed that the average years of 

schooling of the household members positively impacted farmers’ decisions to 

invest in improved seeds and declined farmers’ decisions to invest in soil 

conservation and vegetation (agroforestry) practices. This is in line with findings 

by Asfaw et al. (2016) who found that education of the household positively 

impacted the adoption of modern inputs including improved seeds and Nigussie et 

al. (2018) who found that education declines the adoption of soil and water 

conservation practices. The possible explanation for this is that farmers are at a 

level of education (5 years of schooling on average). The results highlight the 

important role of a household's education for the choice to invest in improved 

seeds because it helps to acquire more information about improved seeds and 

interpret the advantages.  
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The results revealed that family size in the working-age group negatively 

influenced farmers’ decisions to invest in most of SAIPs including improved 

seeds, drainages, and soil conservation practices, unexpectedly. This indicates that 

plots managed by a greater number of household members are less likely to 

receive improved seeds, drainages, and soil conservation practices.  This is in line 

with the findings by Jabbar et al. (2020) who found that family size negatively 

affected adoption of agricultural technologies. However, Ndiritu et al. (2014) and 

Kassie et al. (2015) found family size positively correlated with the adoption of 

soil and water conservation practices. The possible explanation for this is persons 

in the working-age group may engage in various non-farm activities (observed) 

which may limit them to invest their time in labor-intensive practices and have 

liquidity constraints to buy improved seeds.  

 

Livestock ownership positively and significantly influenced farmers’ decisions to 

invest in organic fertilizers (manure/ compost), but declined the use of inorganic 

fertilizers. This implies that farm households with greater numbers of livestock are 

more likely to invest in organic fertilizers but less likely to invest in inorganic 

fertilizers. This is in line with the findings by (Teklewold et al., 2013; Ndiritu et 

al., 2014; Kassie et al., 2015) who found that livestock holding positively affected 

adoption of manure. This might be for the obvious reason that the availability of 

manure depends on the size of livestock a household owns. The negative effect on 

the choice of inorganic fertilizers indicates that the use of manure/compost 

substitutes inorganic fertilizers use.  

 

The results revealed that plot size positively and significantly influenced the 

choice decisions of investments in drainage, but reduced choice decisions to invest 

in improved seeds, legume-cereal rotation, inorganic fertilizers, manure/compost, 

pesticides, vegetation, and soil conservation practices. This is similar to the 

findings by Kassie et al. (2015), Asfaw et al. (2016) and Nigussie et al. (2018) 

who found that increased farm size positively affected water conservation 

practices. It is contrary to the findings by Kassie et al. (2013) who found that plot 

size positively influenced the decision to invest in improved seeds, and Theriault 

et al. (2016) who found that plot size positively influenced the adoption of yield-

enhancing inputs (improved seeds and mineral fertilizers) and yield-protecting 

inputs (herbicides, fungicides, and insecticides). This implies that large-sized plots 

are more likely to be treated with drainage practices compared to other SAIPs.  

 

Temperature and rainfall are the most important weather variables which 

condition the use of modern inputs and soil-restoring practices. The results 

revealed that greater variability in maximum temperature positively and 

significantly influenced farmers’ choice decisions to invest in drainage and soil 

conservation practices. Jabbar et al. (2020) also reported that high variability in 

temperature positively impacts the adoption of improved seeds, rotation, and 
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organic fertilizers. We also found that greater variability in rainfall positively and 

significantly influenced farmers’ choice decision to invest in improved seeds, 

inorganic fertilizers, drainage, and declined farmers’ choice decision to invest in 

soil conservation practices. This is in line with findings by Theriault et al. (2016) 

who reported that an increase in the coefficient of variation of rainfall positively 

impacts the adoption of yield-enhancing practices. This indicates that rainfall with 

less variability means high rainfall which may cause waterlogging (common in 

highland areas) which suppresses crop growth and production. However, it is 

contrary to findings by Asfaw et al. (2016) who found that greater variability in 

rainfall is inversely related to the adoption of modern inputs (improved seeds and 

mineral fertilizers) which is common in water stress areas. Findings suggest that 

smallholder farmers are responding to climate variables diversely depending on 

the availability of SAIPs and the weather conditions taken into account. 

 

Secure land tenure is believed to encourage farmers to invest in sustainable 

practices on their farms. The results revealed that land security in terms of having 

a land certificate positively and significantly influenced farmers’ choice decisions 

to invest in drainage practices on their plots, holding other things constant. 

However, getting a land certificate was found to decline the likelihood of 

investments in inorganic fertilizers. The results indicate that plots with a land 

certificate are more likely to be drained, and plots without a land certificate are 

mainly rented/shared in-plots, which may limit the adoption of other sustainable 

practices. This is contrary to the findings by Theriault et al. (2016) who found that 

tenure security positively affects the adoption of yield-enhancing inputs including 

inorganic fertilizers.  

 

Plot distance from a residence is an important variable to limit investment in 

agricultural practices, mainly soil-restoring activities. The results revealed that 

plots away from a residence are more likely to receive improved seeds but less 

likely to be treated with vegetation and soil conservation practices. This is similar 

to the findings by Teklewold et al. (2013), Ndiritu et al. (2014) and Asfaw et al. 

(2016) who found that plot distance positively affected adoption of improved 

seeds but negatively affected soil conservation practices. This implies that plots 

far away plot managers’ residences are less likely to receive most sustainable 

practices implying distance bears more transaction costs via transportation, mainly 

for investments in labor-intensive practices.   

 

Rural income diversification could be an important variable that limits 

investments in agricultural technologies through resources (labor, land, and 

finance) allocations. The results revealed that a relatively high level of income 

diversification positively and significantly influenced farmers’ choice decisions to 

invest in cereal-legume rotation, organic fertilizers, pesticides, and vegetation. The 
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results indicate that plots managed by households with more income-

diversification are more likely to receive more than half of the SAIPs, implying a 

linkage exists between income diversification and investments in SAIPs. The 

possible explanation is earnings from diversification leverage to invest in the 

components of SAIPs. This is contrary to the findings by Nigussie et al. (2018) 

who reported income diversification (off-farm) negatively affects the adoption of 

soil and water conservation practices and inorganic fertilizers.  

 

Farm income is an important element for rural livelihoods which may limit 

investments in agricultural technologies (Benitez-Altuna et al., 2021). As 

expected, we found that cash income from the sale of staple crops positively and 

significantly influenced farmers’ decisions to invest in almost all SAIPs including 

improved seeds, legume-cereal rotation, inorganic fertilizers, manure/compost, 

pesticides, vegetation, and soil conservation practices. The results indicate that 

plots managed by households with higher cash crop income are more likely to 

receive almost all sustainable intensification practices. This implies that there 

exists a positive relationship between income and investments in agricultural 

technologies. This finding is in line with findings by Teklewold et al. (2017) who 

found that net farm income positively impacted drainage (farm water 

management), improved seeds, and inorganic fertilizers.  

 

The agricultural commercialization cluster (ACC) is believed to enable 

smallholder farmers to engage in higher productivity and market-oriented 

production through information and input provision (FAO, 2010). The results 

revealed that ACC positively and significantly influenced farmers’ decisions to 

invest in improved crop varieties and farm water management (drainages). This is 

in line with the findings by Ochieng et al. (2016) who found that ACC enhanced 

adoption of improved seeds and fertilizers. The results indicate that plots 

consolidated in ACC are more likely to receive improved seeds and drainages. 

This is because ACC mostly targets yield-enhancing improved crop varieties and 

farm water management often done in consensus with neighboring farm owners in 

the cluster.  

 

The results revealed that access to credit positively and significantly influenced 

farmers’ decisions to invest in vegetation and soil conservation practices. The 

results indicate that plots managed by households who received credit are more 

likely to receive vegetation and soil conservation practices. This is contrary to the 

findings by Ndiritu et al. (2014) who reported that access to credit less likely 

impacted the decision to invest in improved seeds, soil and water conservation 

practices, and minimum tillage. Other findings by Nigussie et al. (2018) reported 

that credit positively impacted manure application and Teklewold et al. (2013) 

also reported that credit influences the adoption of improved seeds and inorganic 

fertilizers.       
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Membership in any type of agricultural cooperative is believed to influence the 

adoption of agricultural technologies (Wossen et al., 2013). The results revealed 

that membership to agricultural cooperatives positively and significantly 

influenced farmers’ decisions to invest in improved crop varieties, inorganic 

fertilizers and vegetation. This is in line with the findings by Kolade and Harpham 

(2014), and Hasen (2015) and Manda et al. (2020 who found that cooperative 

membership influenced adoption of improved seeds and fertilizers. The results 

indicate that plots managed by members of a cooperative are more likely to 

receive improved seeds, inorganic fertilizers, and vegetation. The results suggest 

the need for policies that promote agricultural cooperative and improve their 

effectiveness for scaling-out/ up of improved technologies.  

 

Regarding plot characteristics, the results showed that plots with moderate to poor 

soil fertility conditions are more likely to receive farm water management and soil 

conservation practices, but they are less likely to receive cereal-legume rotation. 

Farmers’ choice decision to invest in soil conservation practices is more likely on 

plots with steep topography. Plots with gentle to medium topography are less 

likely to receive soil conservation practices, and plots with steep topography are 

less likely to receive water management practices. The results suggest that 

investments in sustainable practices are heterogeneous based on plot-specific 

attributes. This is consistent with the findings by Teklewold et al. (2013), Kassie 

et al. (2015), Asfaw et al. (2016), and Theriault et al. (2016) who found that plots 

with steep slope received soil and conservation practices.  

 

The results revealed that, on average, the amount of salary paid to extension 

(development) agents at the kebele level positively and significantly influenced 

farmers’ decision to invest in improved seeds, inorganic fertilizers, and drainages, 

and declined the use of soil conservation practices. This is similar to the findings 

by Ndiritu et al. (2014), Asfaw et al. (2016), Theriault et al. (2016) and Jabbar et 

al. (2020) who found that extension contact enhanced adoption of external inputs. 

The results indicate extension agents with a better salary stay in their mandate 

kebeles to make frequent contact with farmers and share information, and hence 

plots in this area are more likely to receive these practices. Nigussie et al. (2018) 

also found that extension service negatively affects soil conservation, vegetation, 

and farm water management practices. The results revealed that training positively 

and significantly affects farmers’ choice to invest in improved seeds and inorganic 

fertilizers. The results suggest the need for policies that strengthen extension 

systems to include soil-restoring practices in their daily routines.  

 

Farmers usually learn new farming practices from their neighboring farms either 

through copying the same practices or teaching each other. Peer farmers and farms 

are alternative information sources on technology uptake (Adegbola and 
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Gardebreok, 2007). The results revealed that having a greater number of peer 

farms near the plots positively and significantly influenced the decision to invest 

in water management practices, but reduced the uptake of manure/compost. In 

other words, plots surrounded by a greater number of peer farms are more likely to 

receive drainages but less likely to receive manure/compost. The results also 

showed that plots perceived degraded are more likely to receive water 

management and vegetation practices.  

 

With respect to study location which reflects unobservable spatial differences, the 

results revealed the differential effect of location on the decision to invest in 

SAIPs. Ceteris paribus, farmers’ decision to invest in improved seeds, inorganic 

fertilizers, and manuring practices in the west Shewa zone are higher. Differently, 

investment in legume rotation, farm water management, and soil conservation by 

farmers were lower in the West Shewa zone. The results suggest that efforts to 

increase short term investments in improved crop varieties and inorganic 

fertilizers (yield-enhancing inputs) would likely be effective if directed towards 

north Shewa in the Amhara region, and long-term investments in soil-restoring 

practices of legume rotation, farm water management, and soil conservation would 

be effective if directed towards in west Shewa zone in Oromia region. This is 

consistent with the findings of Yirga et al. (2015) who found study sites affected 

adoption of agricultural technologies.      

 

Study results also revealed that some of the sustainable agricultural intensification 

practices show complementarity/synergy while some others show 

substitutability/trade-offs. More specifically, improved variety and inorganic 

fertilizer, pesticides and inorganic fertilizer, vegetation, and organic fertilizer, and 

soil conservation practices and vegetation are positively correlated at a 1% 

significant level implying high complementarity between them. A negative 

correlation is observed between inorganic and organic fertilizers, pesticides and 

organic fertilizers, vegetation and cereal-legume rotation, soil conservation 

practices and variety, rotation and fertilizer use, implying investment in soil 

conservation practices can significantly reduce investments in other external 

inputs. 
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Table 5. Estimates of the multivariate probit model with Mundlak’s approach  

 

Variables  Variety  Rotation  Fertilizer Manure/com. Pesticides Drainage  Vegetation Soil cons 

Coefficient 
(SE) 

Coefficient (SE) Coefficient (SE) Coefficient (SE) Coefficien
t (SE) 

Coefficient 
(SE) 

Coefficient 
(SE) 

Coefficient (SE) 

Sex 0.363** 
(0.142) 

-0.086 
(0.149) 

0.356** 
(0.168) 

-0.090 
(0.175) 

0.136 
(0.136) 

-0.313** 
(0.136) 

-0.246 
(0.206) 

0.048 
(0.157) 

Age -0.002 
(0.004) 

0.008* 
(0.004) 

-0.004 
(0.004) 

-0.001 
(0.004) 

-0.005 
(0.004) 

-0.005 
(0.003) 

0.004 
(0.005) 

0.008** 
(0.004) 

Education 0.057*** 
(0.020) 

-0.027 
(0.022) 

-0.002 
(0.027) 

-0.009 
(0.026) 

-0.012 
(0.020) 

0.002 
(0.020) 

-0.089*** 
(0.034) 

-0.042* 
(0.024) 

Family size -0.072** 
(0.029) 

-0.011 
(0.031) 

0.053 
(0.038) 

-0.013 
(0.036) 

-0.028 
(0.029) 

-0.102*** 
(0.028) 

0.080* 
(0.045) 

0.002 
(0.034) 

Livestock -0.039 
(0.080) 

-0.136 
(0.086) 

-0.330*** 
(0.115) 

0.395*** 
(0.104) 

-0.015 
(0.078) 

0.032 
(0.079) 

0.010 
(0.122) 

-0.002 
(0.093) 

Plot size -1.451*** 
(0.156) 

-1.062*** 
(0.156) 

-1.135*** 
(0.198) 

-1.192** 
(0.170) 

-0.285* 
(0.155) 

0.271* 
(0.139) 

-1.007*** 
(0.211) 

-1.341*** 
(0.162) 

Temperature -0.575 
(0.385) 

-0.695 
(0.433) 

-0.390 
(0.573) 

0.575 
(0.518) 

-0.649 
(0.401) 

0.983** 
(0.374) 

0.471 
(0.666) 

0.886* 
(0.455) 

Rainfall 1.016** 
(0.398) 

0.783* 
(0.457) 

3.587*** 
(0.956) 

0.519 
(0.576) 

-0.628 
(0.394) 

2.439*** 
(0.411) 

0.292 
(0.777) 

-1.509*** 
(0.540) 

Land certificate 0.055 
(0.121) 

0.125 
(0.133) 

-0.374* 
(0.186) 

0.072 
(0.159) 

-0.039 
(0.121) 

0.446*** 
(0.119) 

0.019 
(0.208) 

0.160 
(0.140) 

Plot distance  0.121*** 
(0.033) 

-0.007 
(0.035) 

-0.219*** 
(0.042) 

-0.015 
(0.038) 

-0.067** 
(0.032) 

-0.017 
(0.032) 

-0.106** 
(0.046) 

-0.062* 
(0.037) 

Extent of income diversification -0.074 
(0.167) 

0.384** 
(0.181) 

0.112 
(0.213) 

0.491** 
(0.201) 

0.303* 
(0.165) 

0.067 
(0.162) 

0.650*** 
(0.250) 

0.126 
(0.188) 

Crop income 1.757*** 
(0.151) 

1.284*** 
(0.149) 

1.411*** 
(0.188) 

1.206*** 
(0.162) 

0.482*** 
(0.145) 

-0.104 
(0.131) 

0.988*** 
(0.199) 

1.470*** 
(0.153) 

Plot clustering (ACC) 0.231** 
(0.103) 

0.106 
(0.106) 

0.161 
(0.126) 

-0.072 
(0.114) 

0.145 
(0.100) 

0.238*** 
(0.102) 

-0.134 
(0.136) 

-0.385 
(0.120) 

Credit  0.039 
(0.091) 

-0.172* 
(0.097) 

0.149 
(0.123) 

-0.015 
(0.109) 

-0.088 
(0.089) 

0.035 
(0.090) 

0.466*** 
(0.120) 

0.400*** 
(0.105) 

Membership to coop 0.215*** 
(0.080) 

0.047 
(0.085) 

0.431*** 
(0.112) 

0.105 
(0.094) 

-0.010 
(0.080) 

0.060 
(0.079) 

0.314*** 
(0.116) 

0.010 
(0.093) 
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Table 5. (continued)  
 

 
 
 
 
 

Variables  
 

Variety  Rotation  Fertilizer Manure Pesticides Drainage  Vegetation Soil cons 

Coefficient 
(SE) 

Coefficient 
(SE) 

Coefficient 
(SE) 

Coefficient 
(SE) 

Coefficient 
(SE) 

Coefficient 
(SE) 

Coefficient 
(SE) 

Coefficient 
(SE) 

Soil fertility (moderate) 0.105 
(0.121) 

-0.065 
(0.131) 

0.203 
(0.159) 

0.111 
(0.149) 

0.049 
(0.122) 

0.211* 
(0.117) 

-0.031 
(0.194) 

0.359** 
(0.139) 

Soil fertility (poor) -0.154 
(0.210) 

-0.493** 
(0.225) 

-0.068 
(0.250) 

0.082 
(0.244) 

-0.038 
(0.202) 

0.462** 
(0.202) 

-0.209 
(0.306) 

0.433* 
(0.231) 

Slope (gentle to medium) 0.058 
(0.128) 

-0.008 
(0.134) 

-0.019 
(0.161) 

0.101 
(0.154) 

-0.099 
(0.127) 

-0.055 
(0.124) 

0.087 
(0.202) 

-0.497*** 
(0.147) 

Slope (steep) -0.111 
(0.119) 

-0.121 
(0.126) 

-0.230 
(0.148) 

0.072 
(0.142) 

-0.106 
(0.118) 

-0.360*** 
(0.116) 

-0.117 
(0.185) 

0.250* 
(0.135) 

Salary of DAs 2.237*** 
(0.340) 

0.341 
(0.404) 

1.936*** 
(0.548) 

-0.752 
(0.506) 

-0.027 
(0.355) 

0.744** 
(0.325) 

0.561 
(0.670) 

-1.865*** 
(0.402) 

Training on crop production 0.224*** 
(0.079) 

-0.088 
(0.084) 

0.372*** 
(0.100) 

-0.080 
(0.095) 

0.080 
(0.078) 

-0.027 
(0.077) 

0.152 
(0.124) 

-0.043 
(0.092) 

Peer farms -0.007 
(0.015) 

-0.013 
(0.016) 

-0.019 
(0.018) 

-0.067*** 
(0.018) 

-0.024 
(0.015) 

0.037** 
(0.015) 

0.001 
(0.021) 

-0.013 
(0.017) 

Perception to plot degradation 0.061 
(0.090) 

0.129 
(0.094) 

-0.104 
(0.113) 

0.277 
(0.102) 

-0.039 
(0.088) 

0.425*** 
(0.089) 

0.633*** 
(0.118) 

0.907 
(0.102) 

Location  1.663*** 
(0.208) 

-0.737*** 
(0.235) 

3.035*** 
(0.452) 

1.096*** 
(0.294) 

-0.428 
(0.206) 

-1.515*** 
(0.208) 

0.490 
(0.390) 

-2.567*** 
(0.265) 

Constant  -40.691*** 
   (3.928) 

-20.249*** 
(4.423) 

-42.273*** 
(6.948) 

-13.202*** 
(5.211) 

-1.448 
(3.854) 

17.072*** 
(3.691) 

-21.700*** 
(7.320) 

2.509 
(4.492) 

Number of observations (plots) 1465        

Number of observations (HHs) 385        

Wald chi2 test (208) 1937.6        

Prob >chi2 0.000        

Log likelihood -5249.49        
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Table 5. (continued)  
 

SAIPs Variety Rotation  Fertilizer Manure  Pesticides Drainage Vegetation Soil 
conservation  

Rotation 0.258*** 
(0.045) 

       

Fertilizers  0.259*** 
(0.054) 

0.134** 
(0.055) 

      

Manure/com  -0.015 
(0.051) 

-0.040 
(0.052) 

-0.408*** 
(0.050) 

     

Pesticides      0.012 
(0.044) 

-0.023 
(0.046) 

0.482*** 
(0.044) 

-0.312*** 
(0.047) 

    

Drainage  -0.076* 
(0.043) 

-0.025 
(0.045) 

-0.012 
(0.050) 

-0.024 
(0.048) 

0.054 
(0.042) 

   

Vegetation  -0.087 
(0.062) 

-0.150** 
(0.064) 

-0.089 
(0.068) 

0.174** 
(0.068) 

-0.183*** 
(0.064) 

-0.018 
(0.064) 

  

Soil conservation -0.148*** 
(0.049) 

-0.106** 
(0.052) 

-0.180*** 
(0.058) 

-0.011 
(0.053) 

-0.016 
(0.049) 

0.028 
(0.049) 

0.138** 
(0.063) 

 

Notes: LR test of rho21 = rho31 = rho41 = rho51 = rho61 = rho71 = rho81 = rho32 = rho42 = rho52 = rho62 = rho72 = rho82 = rho43 = rho53 = rho63 = rho73 = rho83 = rho54 = rho64 = 
rho74 = rho84 = rho65 = rho75 = rho85 = rho76 = rho86 = rho87 = 0: chi2(28) = 270.291   Prob > chi2 = 0.000; Significance level: *=10%; **=5% and ***=1% 
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The ordered probit model results  

In the previous section, we investigated factors that influence farmers’ choice 

decisions to simultaneously invest in particular SAIPs, taking into account the fact 

that the decision may be potentially correlated. Therefore, an ordered probit model 

examines factors that influence the extent of investments in various combinations 

of SAIPs (scaling the total number of SAIPs applied). Moreover, the variables that 

influence farmers’ choice decisions to invest may differently influence the extent 

of investments in SAIPs.  

 

The estimates of the restricted and unrestricted ordered probit model and results of 

marginal effects of explanatory variables are presented in Table 6. Although the 

magnitude of coefficients is different, the same variables were significant in both 

restricted and unrestricted models. We rejected the null hypothesis that the 

restricted and unrestricted ordered probit models are the same (ꭓ
2

3 =12.838: Prob 

>chi2 = 0.000) with three degrees of freedom. Higher values of Pseudo R
2
 (0.198), 

widely dispersed cut-points and a decrease in AIC and BIC magnitude implies a 

better improvement in the model’s goodness-of-fits. Most of the explanatory 

variables such as coefficient of variation in maximum temperature and rainfall, 

income diversification, crop income, agricultural commercialization cluster, 

access to credit, membership to cooperative, perceived soil fertility and plot’s 

slope condition, and extension services measured in monthly salary of extension 

agents had a strong positive relationship with the extent of investments in SAIPs. 

However, family size, plot size, steep topography, study sites, and a number of 

peer farms showed a strong negative relationship with the extent of investments in 

a combination of SAIPs.  

 

Regarding the marginal effects, the results revealed that family size reduced the 

extent of investments in moderate to a high level of SAIPs by 1% and 1.6%, 

respectively. Plots operated by farm households with more livestock holding 

received a high level of investment in more than four SAIPs. Plot size was found 

to reduce the extent of investments in a bundle of SAIPs. More specifically, it 

drastically reduces moderate, high, and very high levels of investments by 27%, 

45.6%, and 0.3%, respectively. Rainfall in coefficient of variation was found to 

increase the extent of investments in a greater number of SAIPs, this may be the 

same possible reason mentioned in above. Land tenure security in terms of having 

a land certificate was found to increase the extent of investments in moderate to a 

high level of SAIPs by 3.1% and 4.4%, respectively. Plots operated by farm 

households with greater income diversification received moderate to a high level 

of SAIPs and increased by 3.8% and 6.4%, respectively. 

 

Cash income from staple crops sales was found to substantially increase the extent 

of investments in moderate to a high level of SAIPs at the plot level by 32.4%, 

54.8%, and 0.4%, respectively. Agricultural commercialization clustering was 
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found to increase the extent of investment in moderate to high levels of SAIPs by 

2.7% and 5.5%, respectively. Access to credit to buy agricultural inputs was found 

to increase the extent of investments in moderate to high levels of SAIPs by 2% 

and 3.7%, respectively. Membership to agricultural cooperatives was found to 

increase the extent of investments in moderate to very high levels of SAIPs by 

3.7%, 7.2% and 0.1%, respectively. Plot characteristics such as fertility and 

topography were found to influence the extent of investments in various 

combinations of SAIPs. Extension services were also found to substantially 

increase the extent of investments in moderate to very high levels of SAIPs by 

12.2%, 20.6% and 0.2%, respectively. Plots perceived degraded were found to 

receive an increased number of SAIPs; more specifically, it increases the extent of 

investments in moderate to a very high level of SAIPs by 6.3%, 15.5%, and 

0.2%s, respectively. The results also showed that study sites reduce the extent of 

investments in a multiple of SAIPs (from moderate to high level).  
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Table 6. Coefficient estimates of the ordered probit model  

Variables  Restricted (fixed-effect) OP model  Unrestricted (random) OP 
model 

 Coefficient  RoSE Marginal effects on each outcome Coefficient  RoSE 

None (1) Low (2) Moderate (3)  High (4) Very high (5) 

Sex 0.131 0.135 0.001 -0.052 0.021 0.031 0.000 0.118 0.111 

Age 0.002 0.003 -0.000 -0.001 0.000 0.001 0.000 0.000 0.003 

Education -0.010 0.019 0.000 0.004 -0.001 -0.002 -0.000 -0.007 0.016 

Family size -0.065** 0.029 0.000 0.025** -0.010** -0.016** -0.000 -0.058** 0.024 

Livestock 0.005 0.068 -0.000 -0.002 0.001 0.001* 0.000 0.007 0.058 

Plot size -1.826*** 0.203 0.008*** 0.721*** -0.270*** -0.456*** -0.003** -1.566*** 0.177 

Temperature 0.092 0.348 -0.000 -0.036 0.014 0.023 0.000 0.279 0.287 

Rainfall 1.511*** 0.319 -0.006** -0.597*** 0.223*** 0.377*** 0.003* 1.284*** 0.271 

Land certificate 0.189* 0.105 -0.001 -0.074* 0.031* 0.044* 0.000 0.175** 0.086 

Plot distance  -0.046 0.030 0.000 0.018 -0.007 -0.012 -0.000 -0.081*** 0.026 

Income diversification 0.257* 0.143 -0.001 -0.101* 0.038* 0.064* 0.000 0.277** 0.127 

Crop income 2.196*** 0.201 -0.009*** -0.867*** 0.324*** 0.548*** 0.004** 1.900*** 0.173 

ACC 0.209** 0.092 -0.001** -0.082** 0.027** 0.055** 0.000 0.214** 0.084 

Credit  0.143* 0.079 -0.001 -0.056* 0.020* 0.037* 0.000 0.187*** 0.072 

Membership to coop 0.276*** 0.068 -0.001 -0.109*** 0.037*** 0.072*** 0.001* 0.227*** 0.061 

Soil fertility (mod.) -0.049 0.187 0.000 0.019 -0.007 0.012 -0.000 -0.047 0.160 

Soil fertility (poor) 0.227* 0.134 -0.001 -0.089* 0.035 0.055* 0.000 0.222* 0.115 

Slope (gentle) -0.055 0.113 0.000 0.022 -0.008 -0.014 -0.000 -0.090 0.098 

Slope (steep) -0.178* 0.101 0.001 0.070* -0.029 -0.042* -0.000 -0.186** 0.087 

Salary of DAs 0.826*** 0.296 -0.003* -0.326*** 0.122*** 0.206*** 0.002* 0.787*** 0.23 

Training  0.044 0.068 -0.000 -0.018 0.007 0.011 0.000 0.101* 0.059 

Peer farms -0.023* 0.013 0.000 0.009* -0.003* -0.006* -0.000 -0.019* 0.011 

Perception to degradation 0.562*** 0.078 0.002** -0.218*** 0.063*** 0.155*** 0.002*** 0.532*** 0.071 

Location  -0.414** 0.171 0.002* 0.163** -0.061** -0.103** -0.001 -0.468*** 0.146 

Notes: *** p<0.01, ** p<0.05, * p<0.1
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Table 6. (Continued)  
 

Variables  Coefficient  RoSE Coefficient  RoSE 

μ1 34.916*** 3.766 30.656*** 3.115 

μ2 37.934*** 3.800 31.485*** 3.115 

μ3 38.902*** 3.807 32.457*** 3.123 

μ4 41.224*** 3.830 33.442*** 3.13 

μ5   34.384*** 3.139 

μ6   35.139*** 3.144 

μ7   35.88*** 3.149 

Chi-square   522.789  533.663  

Prob > chi2 0.000  0.000  

Pseudo r-squared 0.198  0.128  

Log-likelihood -1318.176  -2258.  

LR  1880.492, ꭓ2
3 =12.838 (Prob >chi2 = 0.000) 

AIC 2696.353  4584.845 (1888.5) 

BIC 2855.041  4764.692 (1909.6) 

Observation (plots) 1465 

Observation (households) 385 

Notes: *** p<0.01, ** p<0.05, * p<0.1 

 

Conclusions and Implications 
 

Investment in SAIPs is vital for increasing crops productivity, reducing poverty 

and hunger, and ensuring food security in Ethiopia. This study attempts to 

examine the determinants of decisions and extent of investments in multiple 

SAIPs by farm households using 1465 plot level observations. We employed a 

MVP model to examine determinants of farmers’ decisions to invest in multiple 

SAIPs, and an OPM to investigate factors influencing extent of investments in 

SAIPs. The SAIPs considered include improved seeds, inorganic fertilizers, 

pesticides, organic fertilizers, cereal-legume rotation, vegetation, drainages, and 

soil conservation structures. Results from the MVP model show that while there is 

heterogeneity with regard to the determinants of investments in any of the eight 

SAIPs, variables such as gender and age of the household head, average education 

level of family members, livestock holding, crop income, membership to 

cooperatives, access to extension and credit services, training, agricultural 

commercialization cluster, income diversification, rainfall and maximum 

temperature, and perceived poor soil fertility and steep slope conditions were 

found to influence the choice decisions of farmers to invest in multiple SAIPs. The 

results demonstrate that the same factors display different influences and 

relationships (positive or negative) on decisions to invest in SAIPs. For instance, 

gender has a positive influence on improved seeds and inorganic fertilizers use, 

but a negative influence on drainage.  

 

Results also reveal that there are strong complementarities between improved 

seeds and inorganic fertilizers, improved seeds and rotation, inorganic fertilizers 
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and rotation, soil conservation and vegetation, and substitutability between 

inorganic fertilizers and manure/compost, inorganic fertilizers and soil 

conservation, and pesticides and vegetation, and other SAIPs, implying the 

interdependence of investments in SAIPs. Studies that consider investments in 

SAIPs in isolation ignore important correlation effects and potentially generate 

biased model estimates, and overlook heterogeneity effects of the same variables. 

These significant economic relationships are good characteristics of MVP model 

outcomes that cannot be captured by univariate models. Results from an ordered 

probit model also show that the extent of investments in a number of SAIPs is 

influenced by most of the same variables suggesting that decisions to invest and 

the extent of investment in SAIPs are governed by the same factors.  

 

Our results offer important policy implications in Ethiopia and other developing 

countries. First, it can be concluded that SAIPs are interdependent. This suggests 

that the interdependency nature of farming practices should be considered in 

designing effective plans for development and diffusion of SAIPs by development 

practitioners. The knowledge on cross-SAIPs correlation offer policy changes for 

the convenience of promoting SAIPs jointly to take benefits of their 

complementarities/synergies, and help to target resource saving production from 

substitutability of practices. Last, given that several factors influence investments 

in different blend of SAIPs, policymakers should take into consideration the 

heterogeneity effects of policy variables including gender, extension, credit, 

income and plot specific features. This will require provision of gender-based 

extension and credit services and instant information on weather conditions to 

make farmers to benefit from SAIPs. This study contributes to the existing SAIPs 

uptake literature by highlighting the important variables which influence decisions 

to invest and extent of investments in multiple SAIPs in Ethiopia. Further research 

that explores the output, peril and wellbeing and environmental implications will 

be helpful.  
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Abstract 
The Ethiopian government has been implementing a clustering program in 

smallholder agriculture to transform the sector from subsistence to commercial 

level via increased quantity and quality of products and thereby income of 

farmers. Nonetheless, such a program can solicit more resources and best be 

scaled if its benefits can be well known and documented. To this end, this study 

aims to evaluate the influence of commercialization clusters on the productivity of 

malt barley at the household level in the Arsi and West Arsi zones of the Oromia 

region. A multistage stratified random sampling technique was applied for 

selecting samples. The sample for this analysis includes 360 households for 180 

each member and non-members. Descriptive statistics and Inverse probability 

weighted regression adjustment were applied to analyze the data. Accordingly, 

there was a significant difference between members and non-members of the 

cluster program in age and access to the market. More than a half hectare of land 

per household is covered with malt barley annually with an average of 24 quintals 

per hectare. The yield difference was significant between members and non-

members on the Nearest-neighbour matching result. Expanding malt barley cluster 

farming on a larger scale can help the nation in general. 

 

Keywords:  Barley, Cluster, inverse probability weighted regression 

 

Introduction 
 

Smallholder farmers who spread over many parts of the world strongly relied on 

agriculture as the main source of food, income, and employment. Against this 

background, agricultural development has been acknowledged as one of the main 

pathways for poverty alleviation (World Bank, 2015). Ethiopia has a total land 

area of 1.14 million square kilometres of which 45 and 3 % of it is arable and 

irrigated land respectively. The population density in 2020/21 was 95.8 person per 

square kilometres (NBE,2021). The Ethiopian economy continued to register 

growth in 2020/21 amid the instability in the northern part of the country and the 

impact of the COVID-19 pandemic. During the review fiscal year, real GDP had a 

2,114.2 billion Birr volume and showed a 6.3 percent growth, slightly higher than 
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the 6.1 percent growth last year. The growth of real GDP in 2020/21 was 

attributed to the growth of industry 7.3%, services 6.3%, and agriculture 5.5% . 

Nominal GDP per capita stood at USD 1,092, depicting a 1.1 percent marginal 

improvement relative to the previous year (NBE, 2021). In a similar mid-year, 

Ethiopia’s population with more than 80 percent living in rural areas reached 

nearly 101.9 million.  From 2011 to 2016, poverty dropped by 20 percent in 

Ethiopia. However, poverty in rural areas increased during the same time frame 

(World Bank, 2015). 

 

Agro-clusters relate to the indigenous specialisation and attention of an 

agricultural commodity. They encompass tilling conditioning, recycling units, and 

trades (Dadan et al, 2015). Indeed, as Barrett, (2008) and Barkley and Henry 

(1997) depicted, agro-clusters may play an important role in reducing poverty 

rates by offering profitable growth at the micro-level by raising productivity. The 

clusters may offer positive externalities and invention (Ferragina and Mazzotta, 

2014). Secondly, agricultural productivity growth may be associated with 

advanced profitable performance and a lower poverty rate (De Janvry and 

Sadoulet, 2010). Barley is the hardest of all cereal grains. It's one of the first 

cultivated grains in history and it remains one of the most extensively consumed 

grains, worldwide. Its civilization extends further north than any other crop and at 

the same time, it can be cultivated in sub-tropical countries (Hailemiceal et al, 

2011). Barley has a short growing season and is also fairly failure and saltiness 

tolerant. Worldwide, barley is ranked fourth among grains in volume produced 

behind sludge, rice, and wheat (FAO,2020). 

 

Barely was officially introduced as a food crop by Ethiopia which the country 

became a center of origin and diversity for this crop, and landraces have been 

cultivated by farmers for further than 5000 years. The country is also the top 

barley patron in Sub-Saharan Africa, with 3.7 million farmers in 2019 (CSA, 

2019). Barley kinds are generally classified in two orders: food barley and malt 

barley. Ethiopian product of malt barley is inadequate to meet domestic demand, 

and the country accounts for nearly two- thirds of its consumption (Kosmowski et 

al, 2020). In order to increase product and at least meet the domestic demand, a 

commercialization cluster program has been enforced in malt barley products. In 

order to ensure sustainable relinquishment and promote upscaling, its benefit and 

the associated good practices should well be known. Given the indigenous 

capabilities of Oromia malt barley product, marketing and consumption, there's 

meagre information about the profitable impact of malt barley slightly 

commercialization clusters. To this end, this study has the ideal of assessing the 

impact of commercialization clusters on the productivity of malt barley slightly at 

the ménage position in the Arsi and west Arsi zones of the Oromia region. 
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Material and Methods  

 
Description of the Research Area   
This study is undertaken in the Arsi and West Arsi zones in the Oromia region of 

Ethiopia. The zones produce different types of agricultural products including 

cereals, pulses, vegetables and fruits. Malt barley is the dominant cereal crop 

based on both the size of land allocated to it and the number of households 

producing in the respective zones (Zones offices of MOA). From the selected 

zones, two districts namely Kofele and Digelu Tijo from West Arsi zone and Tiyo 

district from Arsi Zone were selected based on their extent of malt barley 

production. The altitude of Kofele woreda ranges from 2000 to 3050 meters above 

sea level. Digelu Tijo wereda has an estimated area of 889.22 square kilometres, it 

has a latitude and longitude of 7°45′N 39°15′E with average elevation of 2,713 

meters. Tiyo Wereda is located 175 km Southeast Addis Ababa at 7°56′N 856E 

and 39°08′N 260E, 2436 masl and it is one of the Twenty Weredas found in Arsi 

Zone of Oromia Regional State situated in the North Western part of the Zone.  

 

Type and Method of Data Collection  
The survey was administered on sample households that are drawn using a 

multistage stratified random sampling technique. Structured questionnaires were 

prepared and administered by pre-testing it for inclusion of any necessary details. 

Our target population is malt barley producers in West Arsi and Arsi zones who 

have at least one-year experience of growing malt barley as a means of inclusion 

into the study. In the first stage, three districts (two from West Arsi and one from 

Arsi) zones were chosen based on their malt barley production potential and 

participation in malt barley markets. In the second stage, three farmers’ 

associations (kebeles) per district were randomly selected. In the third stage, malt 

barley producing households were stratified in each kebele as participants and 

non-participants in malt barley commercialization cluster farming. From each 

district, three kebeles were selected namely Gurimich, Buchi and Afamo from 

Kofele district, Digelu Bora, Sagure Molea and Shaldo Mankula from Digelu Tijo 

district and Haro Bilalo, Dosha and Ankaka Koncha from Tiyo district. A total 

sample of 360 of which 180 members and 180 non-members of malt barley 

commercialization cluster farming. Finally, representative sample households 

were selected using probability proportional to size (PPS). To determine the 

desired sample size, a formula developed by Krejcie (1970) was applied. Hence, 

using 95% level of confidence and chi-square value for one degree of freedom, 

and proportion of population assumed to be 0.5 with degree of accuracy of 0.05, 

the sample size was determined based on the formula given by  

 

https://geohack.toolforge.org/geohack.php?pagename=Digelu&params=7_45_N_39_15_E_
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(1) 

 

Where: 

 n = required sample size   

 = tabulated value of chi-square for 1 degree of freedom at 5% significance 

level (3.841)  

N = the population size which is the size of Malt barley farm households  

P =proportion of population assumed to be 0.5 since this would provide maximum 

sample size  

d = the degree of accuracy expressed as proportion (0.05) i.e. standard error 

 

Identification strategy 
The major challenge in evaluating the impact of a given intervention is the 

unavailability of baseline data. Finding a valid counterfactual group is key to 

identify the impacts but in the absence of baseline data, we could not rely only on 

quantitative approaches. Thus, we adopted a mixed-method approach from the 

design stage of the impact evaluation. The counterfactual selection process has 

proceeded as follows. 

 

First, we obtained the full list of farmers in malt barley commercialization clusters 

and non-members as well. The lists of farmers served as a population for selecting 

sample size determination.  Nearest neighbourhood matching was run for each 

district to match the members and non-members of the cluster farming. In each 

district, the matching variables included binary indicators of sex of household, 

availability of access to information, presence of training, credit constraints, and 

oxen for cultivation rent for tractor, rent for combined harvester, extension worker 

contacts, and access to improved malt barley seed. 

  

Non-members of malt barley commercialization cluster farming that did not fall 

within the common support with the data collecting peasant association were 

dropped. From the list of farmers found from the administrative office of the 

selected peasant association, participants of commercial cluster farming were 

prepared with up to two replacements (second and third best match). Both lists of 

members and non-members of the cluster were  validated by development agents 

based at the peasant association. The lists were ranked best, second and third 

matched. Both quantitative and qualitative matching methods were applied to list 

members and non-members of cluster farming. The second step was the selection 

of counterfactual households. Even though members and non-members were 
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curiously similar, we had to make sure the counterfactual households were similar 

from members of cluster farming households.  

 

Inverse probability weighted regression adjustment (IPWRA) 
The fundamental concept of using the propensity score matching system is erected 

on a strong supposition that observable characteristics determine the selection of 

treatment and control groups. Thus, matching estimators are frequently disposed 

to selection bias. This allows us to control for selection bias at both the treatment 

and outgrowth stages. Therefore, the IPWRA estimator has the double-robust 

property, which means that only one of the two models is rightly specified to 

constantly estimate the impact (StataCorp, 2017). The Inverse probability 

weighted regression adjustment estimators use a model to prognosticate treatment 

status, and they use another model to prognosticate issues. Because IPWRA 

estimators have the double-robust property, only one of the two models must be 

rightly specified for the IPWRA estimator to be harmonious. 

 

This study also used the IPWRA approach to identify the impacts of cluster 

farming on malt barley productivity. In order to achieve this ideal, the study 

applies the ‘ teffects IPWRA command in STATA 15 and estimates the model. 

The average Treatment Effect for Treated (ATET) is estimated to probe the 

impacts of cluster husbandry practice. The variables like sex, education, age, 

family size, ranch experience, training, access to bettered seed, access to fertiliser, 

the distance of the main road to a ménage head occupant, the distance of the 

extension office from the homestead, access to credit malt barley  slightly yield 

were included.  

 

We use both parametric and non-parametric styles to estimate the malt barley 

slightly commercialization cluster average treatment effect (ATE) and treatment 

effects on the treated (ATT). Ordinary least squares (OLS) is used to estimate 

ATE on income, prices, trade volumes, and other livelihood issues. Inverse 

probability weighted regression adjustment (IPWRA) is used to estimate ATT, 

non-parametrically. In the absence of baseline data, these estimators control for 

selection on observable attributes only. Selection bias from unobservable 

attributes isn't controlled for, but we perform several robustness checks. Equation 

1 shows the estimating equation for the OLS estimator. 

 

--------------------------------------(2) 

Yi is an outcome interest, Ti is the double index for malt barley slightly 

commercialization cluster husbandry, Xi is the vector of observable characteristics 

of the household i, and εi is the error term. Standard errors are clustered at the 

household level because utmost product opinions and practices are made by the 
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individual household. The coefficient β is the estimate of the malt barley 

commercialization cluster husbandry impacts on outcome Y.  

 

The IPWRA estimator combines the inverse probability weighted (IPW) and the 

retrogression adaptation (RA) estimators. The regression adjustment  method adds 

one further term in the OLS equation (1) – the commerce between being a member 

of cluster framing indicator and mean corrected control covariates (𝑿𝑖 − 𝑿 ̅). It has 

been used preliminarily to estimate the impacts of agrarian interventions (FAO, 

2020; Montiflor, 2008). Specifically, the retrogression specification is as follows 

-(3) 

In Equation 2, 𝑿 ̅ is the vector of the average of the observable characteristics of 

household i, and β is the ATE estimate, which is mathematically represented as 

------------------------------(4) 

Replacing 𝑿 ̅ with 𝑿̅𝑖 in equation 3 (where 𝑿̅𝑖 is the average over treatment 

households only) yields the ATT estimate. 

 

The inverse probability weighted (IPW) estimator gets rid of the confounding 

factors by creating a pseudo-population. It uses the antipode of the estimated 

propensity score as weight (Wooldridge, 2010). The propensity score can be 

estimated using probit and also used to cipher the treatment goods as follows 

 ---------------------- (5) 

The IPWRA models the likelihood of malt barley commercialization cluster 

participation and estimates the cluster impacts contingent on the liability (Rola et 

al, 2013; Rosenbaum et at, 1983). Each observation in the dataset is assigned 

weights according to the following matrix 

(t,x)=t + (1-t) ---------------------------------------------------- (6) 

Where ω(t,x) is the weight applied, t represents , 𝑃̂(𝑋) is the 

estimated propensity score and X is a vector of covariates.  

 

Our preferred method for this analysis is the inverse probability-weighted 

regression adjustment (IPWRA) method for its doubly robust properties. Both the 

matching and regression adjustment methods may have issues of selection bias 

because both of these methods can account for observable characteristics only.  

IPWRA estimators use probability weights to obtain outcome-regression 

parameters that account for the missing-data problem arising from the fact that 

each subject is observed in only one of the implicit issues. The adjusted outcome-

regression parameters are used to compute averages of treatment-level predicted 
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outcomes. The contrasts of these averages provide estimates of the treatment 

effects. Because IPWRA estimators have the double-robust property, only one of 

the two models must be correctly specified for the IPWRA estimator to be 

harmonious (Wooldridge, 2010).. 

 

IPWRA estimators use a three-step approach to estimate treatment effects: 

1. We estimate the parameters of the treatment model and compute inverse-

probability weights. 

2. Using the estimated inverse-probability weights, we fit weighted regression 

models of the outcome for each treatment level and obtain the treatment-

specific predicted outcomes for each subject. 

3. We compute the means of the treatment-specific predicted outcomes. The 

contrasts of these averages give the estimates of the ATEs. By confining the 

calculations of the means to the subset of treated subjects, we can gain the 

ATETs. 

 

Results and Discussions 
 

Descriptive Statistics 
The results of descriptive statistics play a significant role to verify the 

econometrics results. It helps to provide information regarding the sample 

respondents and variables used in the econometrics model. Accordingly, Tables 1 

and 2 present the descriptive statistics of variables used for this study. The mean 

age of the sample respondents categorised in combined, members and non-

members of malt barely commercialization clusters is 40.7 years having no 

significant difference between members and non-members of malt barley cluster 

farming. The family size and farm experience were 6 persons and 12 years, 

respectively of which both have no significant difference between members and 

non-members. Members have better market access with 2.75kms than non-

members (3.05km) with a significant difference at 5%. 

The average area covered by malt barely is 0.65 hectares with an average yield of 

24 quintals per hectare. There was a significant difference in malt barely seed rate 

amount between members and non-members of cluster farming. However, this 

rate difference was not significantly reflected on the final harvest per hectare 

(Table 1).       
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Table 1. Summary statistics of the continuous variables used in the analysis 

 

 

Variables 

Combined (360) Members of MB ACC 

(180) 

Non-Members of MB 

ACC (180) 

 

t-test 

Mean. Std.Dev Mean Std.Dev. Mean.        Std.Dev 

Age-HH 42.6 12.15 42.77 12.20 38.72 11.04 0.334 

Family size   6.41 3.42 6.42 3.43 6.37 3.40 -0.619 

MB experience(yrs) 12.72 10.15 12.82 10.23 11.66 9.31 -0.492 

Dist. to market (Km)  2.78 2.38 2.75 2.35 3.05 2.61 -2.167 

Dist. to FTC (minute)  26.6 19.55 26.84 19.73 24.23 17.81 0.442 

MB- yield (Qt/ha)  23.47 13.09 25.65 14.31 23.31 13.00 -0.430 

MB-area(ha) 0.64. 0.43 0.65 0.43 0.64 0.43 1.603 

MB seed rate (Kg/ha) 128 37 137.60 39.78 127.49 36.85 5.986 

 

Source- Authors’ calculation using the survey data, 2021, MB- Malt Barley 

 

The household sex composition, access to market information, training 

opportunity, the existence of constraints on credit, availability of oxen, rent of 

tractor for ploughing, rent of combined harvester, extension worker contact and 

access to improved malt barley seed were selected as categorical variables. 

Accordingly, there is a significant difference between members and nonmembers 

of malt barley cluster farming on availability of oxen, rent tractor for ploughing, 

combined harvester and extension worker contact (Table 2).  

 
Table 2. Summary statistics of the categorical variables used in the analysis 

 

 

Variables 

Combined (360) Members of MB 

ACC (180) 

Non-Members of 

MB ACC (180) 

 

X2-test 

Mean Std. 

Dev. 

 

Mean 

Std. 

Dev. 

  

 Mean 

  Std. 

  Dev 

Sex-HH 0.86 .35 0.88 0.36 0.78 0.32 1.591 

Acc. to Mart info. (Y/N) 0.97 0.16 0.97 0.16 0.97 0.16 1.692 

Training (Y/N) 0.71 0.29 0.76 0.31 0.69 0.28 1.145 

Credit constraint (Y/N) 0.42 0.61 0.42 0.61 0.42 0.61 3.045 

Oxen for cultivation (Y/N) 0.76 0.24 0.88 0.19 0.64 0.42 12.713 

Rent tractor for ploughing (Y/N) 0.61 0.45 0.78 0.27 0.44 0.63 7.977 

Rent combined harvester (Y/N) 0.79 0.24 0.92 O,09 0,66 0.46 13.203 

Extension worker contact (Y/N)  0.73 0.28 0.89 0,19 0.57 0.48 11.515 

Access for improved Malt barley seed (Y/N) 0.59 0.44 0.67 0.35 0.51 0,48 1.726 

Source: Authors’ calculation using the survey data. 2021, Y/N- Yes/No 

 

Econometrics Results 
 

Impact of malt barley commercialization cluster on 

productivity  

De Janvry and Sadoulet (2010) and Louhichi et al  (2019) highlighted for ensuring 

the balancing condition is a decisive issue in PSM as it reduces the influence of 

confounding variables. Hence, a covariate balancing test was done as presented in 
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Table 3. The result shows that the pseudo-R
2
 was also reduced significantly from 

11.4% before matching to a range of 0.4–0.8% after matching and was equitably 

low, indicating that after matching there were no systematic differences in the 

distribution of covariates between the two studied groups (members and non-

members of malt barely commercialization clusters). The total bias was also 

reduced significantly via the matching process. Furthermore, all covariates in the 

probit model depicted a significant difference in the post matching comparison in 

the P-values of LR tests which was not in the before matching. The standardised 

mean difference for overall covariates used in the estimation process reduced from 

31.7% before matching to a range of 3.2–5.4% after matching. Hence, 

specification of the propensity score estimation process is successful in balancing 

the distribution of covariates between members and non-members. 

 
Table 3. Matching quality indicators before and after matching 

 

Matching 

algorithm 

Pseudo- R2 LR chi2  

P> chi2 

Mean standardized 

bias 

 

Total % 

bias 

reduction 

Before 

matching 

After 

matching 

Before 

matching 

After 

matching 

Before 

matching 

After 

matching 
Before 

matching 

After 

matching 

Nearest 

neighbor 

0.114 0.004 59.94 2.96 0.00 0.988 31.7 3.9 97.6 

Radius 

matching 

0.114 0.008 59.94 3.76 0.00 0.866 31.7 5.4 99.4 

Kernel 

matching 

0.114 0.005 59.94 3.41 0.00 0.955 31.7 3.2 96.9 

     Source: Field Survey data calculated by authors, 2021 

 

Result of Average Treatment Effect on Treated (ATETs)  

The result of PSM becomes unbiased and consistent when the selection equation is 

correctly specified. However, according to Wossen et al (2017), the result can be 

biased if there is a misspecification of the propensity score matching model. The 

IPWRA results in Table 4 show that the causal effects of being the member of 

malt barley commercialization cluster on household net income is nearly 36% 

more than non-members of cluster farming with a significant difference at 1% 

level of significance. The involvement of members and non-members of MB 

commercialization cluster farming on purchase of agricultural inputs like fertilizer 

and chemicals was assessed and there was a significant difference depicted as 

cost. Members are very much aware about how to compensate for the overall 

production cost of malt barley with the revenue they get from the sale of their 

harvest. Accordingly, the result depicted in table 4, members incurred 11% more 

than non-members. However, this difference leads members to harvest 9% yield 

more than non-members and earn more. There was a significant difference on 

prices of MB between members and non-members of cluster farming; This could 

be because of   early access to the market, proper quality standard setting 

mechanisms among members, high bargaining power of big volume supply and 
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quality packaging services. This finding, supported by Bernard et al (2008) , 

shows that being a member of an agricultural cooperative can give its members a 

better price and relatively pleasant way of payment scheme. Similarly, our result 

of a progressive association between cluster farming and getting better price for 

their harvest is also in line with Barham & Chitemi (2009) for Tanzania, their 

findings suggest that cooperatives improve market performance.   

 

Farmers in the study area are also involved in producing other crops like wheat 

and vegetable crops. Accordingly, there was a significant difference between 

members and non-members of the MB commercialization cluster at 10% level of 

significance. This finding is similar with the findings of Yuying et al (2019) who 

reported a positive impact of agricultural cooperatives in searching for a better 

market for members resulting in a higher income in China. 

 
Table 4. Average treatment effects using IPWRA 

 

 

 

Performance indicators 

Mean Outcomes   

 

Differences 

(ATT) 

 

 

% Change  
Members of MB   

Cluster farming  

Non-Members of MB 

Cluster farming  

Yield (Qt/ha) 25.65 23.31 11.84 (3.47)*** 9.12 

Cost (ETB /ha) 5726 5095 763 (68)*** 11.02 

Price (ETB/ Qt) 3550 2950 730 (80)*** 16.91 

Share sold (%) 67 59 0.102(0.03)*** 11.94 

Net Income (ETB) 55,282.53 35476.05 42,434(11573)*** 35.82 

Income from other crops (ETB) 10201 10050 172 (75.32)* 2.27 

Source: Field survey, 2021 standard errors in parenthesis ***P<0.01, **P<0.05, *<0, 10, ETB-Ethiopian Birr, MB- Malt 

barely  

 

Inverse Probability Weighted Regression Adjustment (IPWRA) 

To check the robustness of the study results from PSM findings, we employed 

IPWRA to address misspecification bias. Table 5 below reports the mean 

differences of treatment effect estimates for cluster farming participation on malt 

barley productivity and commercialization using PSM and IPWRA estimation 

techniques. The result shows the yield of malt barley cluster farming practice and 

non–cluster farming practice is 26 qt/ha and 23 qt/ha, respectively. Participation in 

cluster farming increases malt barley yield by about 3 qt/ha (13%) change using 

the IPWRA specifications. It can be seen from the result that the impact of cluster 

farming practice participation is robust for both estimation strategies, showing the 

important role of cluster farming practice on better malt barley productivity. This 

finding is supported by the finding by Rola-Rubzen et al (2013) who reported that 

farmers could take some advantage of being a member of agricultural 

commercialization clusters mainly for agricultural input distribution, information 

exchange on reducing transaction costs, better agricultural practice 
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implementation, and boosting bargaining power both for input purchase as well as 

output selling. 

 
Table 5. Average treatment effects on treated (ATT) using inverse probability weighted regression adjustment 

(IPWRA) model 

Outcome indicators Mean outcomes ATT difference Percent change 

CLFP NCFP CLFP vs NCFP 

Malt Barley yield(qt/ha) 25.66 23.31 2.93(0.74) *** 9.15 

Robust standard errors are reported in parentheses, *** represent statistical significance at the 

1% levels. CLFP-Cluster farming practice, NCFP-Non-cluster farming practice. 

Source – Own survey result, 2021 

 

Conclusion and Policy implication 
 

In this study, we examine the impact of malt barley cluster farming on household 

malt barley productivity in Arsi and West Arsi zones of Oromia Region, Ethiopia. 

We employ Inverse probability weighted regression adjustment models for 

assessing these relationships.  We use household survey data from two zones of 

the region where malt barley is one of the dominant crops in terms of area 

coverage. According to our results, the following main conclusions are drawn. The 

initial conclusion about the impact of being a member of malt barley cluster 

farming on household productivity verified that farmers who are in cluster farming 

had an opportunity to get more yield than non-members. 

The IPWRA results indicate that being a member of the MB commercialization 

cluster in sampled areas has a 36% net income difference than non-members of 

cluster farming. The membership of the malt barley commercialization cluster 

creates an opportunity to sell more shares of their harvest than non-members. The 

annual area coverage on malt barley is more than a half hectare per household 

with a mean yield of 24 quintals per hectare. The Nearest-neighbor matching 

result indicated a significant yield difference between members and non-members 

of small malt barley commercialization clusters. We found that malt barley cluster 

farming resulted in intensification of malt barley production, increased 

commercialization of malt barley, better quality yield, higher farm gate prices, 

increased net malt barley income. Our estimated results are robust, consistent 

across different matching methods.   

 

The result also suggests that strengthening farmers’ organizations on cluster 

farming are critical for potentially enhancing, not only access to and use of agro-

inputs, but also facilitating access to Malt barley markets through boosting quality, 

arranging easy ways for information and knowledge as well as creating flexible 

platform for involvement of policymakers. The result also indicates that 

supporting malt barley cluster farming in the malt barley chains is an effective 

way to contribute to reaching the government aim of expansion and intensification 
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of malt barley production and quality upgrading. Public support on capacity 

building of farmers who are involved in cluster farming also helps smallholder 

linkages to modern chains and the smooth functioning of cluster arrangement. The 

findings of this study stress the need for relevant intervention policies particularly 

on expanding cluster farming into wider areas of the region in particular and 

nationwide in general. 
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him/her on the list. 

c) List and definition of variables used for this study are presented in 
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Appendix 
 

\Table A1. List and definition of variables used  

 

Variable Unit Definition 

Improved MB seed Dummy 1 if the farmers utilized improved MB varieties; 0 otherwise. 

Age_HH Dummy Years Number of years the household head live 

Sex_HH Dummy 1 if the household is male; 0 otherwise 

Education HH  Dummy 1 if the household head is literate; 0 otherwise. 

Malt Barely Experience Years Number of years the household head cultivated malt barely  

Membership of MB CC Dummy 1 if the household is member of MB Commercialization custers ; 0 otherwise 

Extension contact Days Number of contacts with the extension agent per year 

Access to Market info Dummy 1 if the household has access to market information; 0 otherwise 

Training Dummy 1 if the household gets training regarding maize production; 0 otherwise 

Social Responsibility Dummy 1 if the household social responsibilities; 0 otherwise 

Credit constraint Dummy 1 if the household faces credit constraints; 0 otherwise 

Distance to market Minute Walking distance between the house of the respondent and the nearest 

market 

Distance to FTC Minute Walking distance between the house of the respondent and farmers training 

center 

Family size Number Number of family members 

Malt barely yield Kg physical amount of malt barely produced 

 

Malt barely _area Hectare  Size of land that allocated to Malt barely production 

Malt barely _ Fertilizer Kg Amount of fertilizer used for malt barely production 

Malt barely  _ seed  Kg  the quantity of Malt barely that used  

Malt barely  _ labour  Man-

equivalent 

both family and hired labor used for different agronomic practices of malt 

barely production 
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Abstract 
The paper explores how cereal commercialization affects farm households’ input 

use, technical efficiency, and productivity in major teff-based mixed-farming areas of 

Ethiopia. Analytical tools which included descriptive statistics, conditional mixed 

process model, dose-response function, and three-stage least squares regression 

model (3SLS) were employed. Our results indicate that farm households sell, on 

average 38% of cereal crops produced with variability across the cereal crops. The 

simultaneous equation model estimates confer that commercialization positively and 

significantly increases farm households’ input use and cereal yield at 1% level. 

Ceteris paribus, a 10% increase in the degree of commercialization increases 

nitrogen fertilizer, agrochemical, and cereal yield in monetary terms per hectare by 

6.8%, 23.4%, and 5.5%, respectively. The results also substantiate that 

commercialization enhances the likelihood of using high-yielding varieties and 

hiring additional labor to cultivate cereal crops. Hence, the more the farm 

households are oriented to the market, the higher they invest in modern technologies. 

The 3SLS estimation also confirmed the bi-directional causation between technical 

efficiency and commercialization of farm households, signifying that improving farm 

households’ input use efficiency leads to a higher degree of commercialization and 

vice-versa. Moreover, the results show that the extent of cereal commercialization is 

positively determined by sex of the household head, land size, credit service, mobile 

phone ownership, improved seed, and agricultural assets, while negatively 

influenced by family size, dependency ratio, and non-farm employment. Therefore, 

the findings of this study call for policy efforts to mitigate bottlenecks in access to 

modern inputs and address factors that hinder the commercial transformation of 

farm households.  

 

Keywords: Cereal, input use, productivity, production efficiency, 

commercialization, Ethiopia   

 

Introduction 
 

Commercial transformation has been pursued as an important pathway for 

successful smallholder agriculture development in developing countries. 

Commercialization entails a transition from subsistence-oriented to market-

oriented patterns of production (Govereh, et al., 1999; Poulton, 2017). Market-
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oriented production systems enable farm households to adopt knowledge-intensive 

technologies (Pingali & Heisey, 1999) and thereby improve the most efficient use 

of available resources (von Braun & Kennedy, 1994). Farm households' adoption 

of improved technology further alters market participation choices by increasing 

input utilization efficiency and productivity (Barrett, 2008; Poulton, 2017). 

Evidence from Asia during the green revolution (Pingali & Heisey, 1999) shows 

that efficient application of land-augmented technologies has considerable scope 

to significantly increase cereal crop yield, implying a contribution to the 

improvement of smallholder welfare. 

 

In Ethiopia, it has prioritized food security, poverty reduction, and improved 

smallholder welfare through productivity growth and market-oriented production 

transition (MoFED, 2003; NPC, 2016). To this end, the government has been 

pursuing all-inclusive measures to supply and improve the use of agricultural 

inputs. The government, for example, has been working to increase the availability 

of certified seed from 1887,000 tons (2015) to 365,000 tons by 2020, which 

amounts to about 8% annual average growth rate (Alemu & Berhanu, 2018). In 

addition to this, the same source noted that the availability of fertilizer was 

targeted to reach 2.06 million metric tons, by increasing 15% every year. As a 

result of which, the share of smallholder farmers using agricultural inputs in the 

sector has increased over the last decades.  

 

However, despite the efforts, crop production in general and the cereal sub-sector, 

in particular, is still characterized by a subsistence production system on account 

of its low productivity. Many factors contribute to the low levels of productivity in 

the country. These encompass, among others, limited access, utilization, and 

inefficiency in the use of production inputs, weak introduction of technologies, 

inadequate marketing infrastructure (MoFED,2014; Yu, et al., 2011; Dorosh & 

Rashid, 2012; Tilahun, 2014; Urgessa, 2015; Merga & Haji, 2019). The extent of 

output commercialization is also very low with considerable variability across 

different locations in the country. For example, the 2019/20 estimate indicates, on 

average 23% of the grain crops produced by smallholders were marketed in 

2019/20 (CSA, 2020). Existing empirical studies (Bekele, 2009; Berhanu & Moti, 

2010; Abafita, et al., 2016) also reinforced the national estimates that smallholders 

have sold on average 25% of the crop, implying the intensity of market 

participation of smallholders is low. This substantiates the requirement of better 

understanding of the factors influencing smallholder commercialization and the 

policy importance of studying the input use, efficiency, and productivity effects of 

commercialization.  

 

Only a few empirical studies have been conducted in developing countries to 

address the association between commercialization, input use, productivity, and 

efficiency. Strasberg et al, (1999) in Kenya studied fertilizer use and productivity 
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effects of agricultural commercialization using the Tobit estimation procedure. 

Accordingly, they found that agricultural commercialization positively and 

significantly influences food crop fertilizer use and productivity among rural 

households. Consistent with this, Salau, et al. (2018) assessed the fertilizer use 

effect of maize commercialization in Nigeria. They found the positive effect of 

commercialization on fertilizer usage among maize farming households. Rios et 

al. (2008) is a good example of a study that analyzed the direction of causality 

between market participation measured by sale index and productivity measured 

in terms of technical efficiency for the total crops grown by farm households in 

Tanzania, Vietnam, and Guatemala using 2SLS procedure. The study has found a 

positive and significant correlation between commercialization and productivity in 

Vietnam and Guatemala but insignificant in Tanzania. In Ethiopia, the study by 

Bekele, et al. (2010) explores the productivity effect of commercialization by 

taking the most important cereal and pulse crops in their respective areas and 

shows that the productivity of farm households is positively and significantly 

influenced by the commercialization orientation factor.  

 

Many of the studies reviewed above address only the fertilizer use effect of 

commercialization, suggesting the need to conduct an all-inclusive study that 

systematically explores the input use effects of commercialization by taking 

improved seed, chemical fertilizers both UREA and NPS, agrochemical, and hired 

labor into account. Besides, except for Rios et al. (2008), most of them did not 

analyze the bi-directional causality between market participation and productivity. 

Therefore, considering the existing knowledge gap, the current study expands on 

earlier empirical findings using plot-level data collected from randomly chosen 

farm households in rural Ethiopia. Unlike previous studies, the current study 

included a simultaneous mixed process model, dose-response function, and three-

stage regression framework (3SLS). The 3SLS method was used to determine the 

bidirectional causation between technological efficiency and cereal crop 

commercialization. This renders the simultaneous solution of all questions using 

generalized least squares (Heck, 1977), and provides a more efficient estimate as 

compared to all IV estimators (Greene, 2012). 

 

The study report is organized as follows. In the first section, the data and the 

methodology employed to address the research questions are introduced. Section 

two provides the key analytical results and their associated discussion. The final 

section presents the concluding remarks and the way forward.  
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Methodology 

Description of the study area 
The empirical analysis of this study is based on a plot- and household-level survey 

carried out in Oromia and Amhara, major teff-producing regions of Ethiopia 

(Figure 1). Together, the regions accounted for 81% of cereal cultivated land, 82% 

of total cereal production, 85% of teff cultivated land, and 87% of total teff 

production in the country (CSA, 2020). From the region, East Shewa in the 

Oromia region and East Gojjam in the Amhara region are two of the country’s 

most intensive teff-based mixed farming areas, where crop and livestock 

production are the primary sources of income for households. 

Method of data collection  
Using a cross-sectional survey, primary data were generated from 392 farm 

households randomly drawn from six Kebeles in intensive teff-based mixed 

farming areas of Ethiopia. The study also used semi-structured checklists applied 

using key informant interviews and focus group discussions. Secondary data was 

also gathered from zonal and ‘Weredas’ level agricultural offices, CSA cereal 

production and productivity data, other policy documents, and specific studies 

carried out in Ethiopia. 

 

Sampling strategy  
The study's population and unit of analysis were farm households in Oromia and 

Amhara, the two main "teff"-growing regions. Following multi-stage stratified 

sampling procedures, the final sample farm households were chosen at random 

from the final study districts, Adea and Enemay Wereda, taking into account the 

Weredas' high potential and suitable agro-ecology for "teff'' production. A total of 

six kebeles, or three kebeles per Wereda, were chosen at random from all of the 

rural ‘Kebeles’ in the study ‘Weredas’ given the time, resources, and existing 

similar production system. The sample size of 392 farm households, including a 

10% contingency, was determined at random using the formula developed by 

Kothari (2004), as specified below. We excluded 14 observations out of 392 due 

to missing information. Cereal, such as teff, wheat, barley, maize, and sorghum 

were the major crops considered in this study. 

𝑛 =
𝑍2𝑝𝑞𝑁

𝑒2�𝑁−1 +𝑍2𝑝𝑞
   --- (1) 

 
where, n denotes the desired sample size, Z represents the standard cumulative 

distribution that corresponds to the level of confidence with the value of 1.96; e is 

the desired level of precision; p is the estimated proportion of an attribute present 

in the target population with a value of 0.5 to get the desired minimum sample size 

of the household at 95% confidence level and ±5% precision; q = 1-p; and N is the 

size of the total population from which the sample is drawn. 
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Figure 1: Location map of the study areas  
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Analytical approaches 
 

Measuring agricultural commercialization: Commercialization of cereal crops 

was measured using Commercialization Index (CCI) proposed by von Braun & 

Kennedy (1994). It was computed as the share of the value of cereal crop sales to 

the total value of the total cereal production. This index would be zero, indicating 

total subsistence, while a value approaching 100 signifies a higher degree of 

commercialization or a great percentage of marketed cereal crops. The index is 

specified as follows: 

 

𝐶𝐶𝐼𝑖𝑗 =
� 𝑆𝑖𝑘 𝑃 𝑘

𝐾
𝑘=1

� 𝑄𝑖𝑘𝑃 𝑘
𝐾
𝑘=1

=  
= 𝑛𝑜𝑛 − 𝑠𝑒𝑙𝑙𝑒𝑟 
> 0 𝑠𝑒𝑙𝑙𝑒𝑟          

 --- (2) 

 
where,  a continuous variable that signifies the degree of commercialization 

of household from the output side,  is the quantity of cereal output sold by 

household ,   is the average price of cereal output  at the community level,  

is the total quantity of cereal output  by household .  

 

Measuring technical efficiency: Technical efficiency scores of cereals-producing 

farm households were constructed using a two-step meta-frontier framework of 

Huang, et al. (2014)
1
. This approach is used because of the prevailing 

heterogeneity in terms of production technology between the sample Weredas of 

the study. To determine this, we conducted an LR test, which is defined by 

, where, , , and  represents the log-

likelihood values, which are obtained from the pooled data set of the overall 

stochastic frontiers and the sum of the values of the log-likelihood functions for 

the sample study frontiers, respectively. The degree of freedom was 22, calculated 

as the difference between the number of parameters estimated under pooled data 

and the parameters estimated in the respective study Weredas. Therefore, the 

result of the LR test [chi2=82.96 (p=.0000)] provides enough evidence to reject 

the null hypothesis of homogeneous production technology for the study. 

Following (Huang, et al., 2014), the two-step approach to estimating the meta-

frontier has two stochastic frontier production functions as defined below:   

𝑙𝑛 𝑙𝑛𝑦
𝑖
𝑘  = 𝑓𝑘

�𝑥𝑖
𝑘, 𝛽𝑘

 + 𝑣𝑖
𝑘 − 𝑢𝑖

𝑘 ,   𝑖 = 1, … , 𝑛(𝑘)  ----(3) 

𝑙𝑛𝑓 𝑘 𝑥𝑖
𝑘 , 𝛽𝑘 = 𝑓𝑀 𝑥𝑖

𝑘 , 𝛽 + 𝑣𝑖
𝑀 − 𝑢𝑖

𝑀…..(4)  
where,  represents the value of the total cereal output of the i-th sample farm 

household in the Wereda, is a kx1 vector of direct inputs of the i-th farm 

household;  a vector of unknown parameters to be estimated; denotes the 

random variation in output ) due to factors outside the control of the firm 

                                                           
1
Many studies (Ng’ombe, 2017; Alem, et al., 2018)  employed this approach to estimate, and 

compare the efficiency scores for smallholders. 
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(measurement errors and other noises), and  is a non-negative technical 

inefficiency component of the error term that captures factors under the control of 

the farm;  is assumed to be independently and identically distributed 

as  and is independent of ;  is the estimate of the group-

specific frontier from Eq.(3). Since the  are group-specific, the SFA 

is estimated two times, one for each Wereda. The output estimates from the two 

Weredas/groups are then pooled to estimate Eq. (4). The meta-frontier should be 

larger than or equal to the group-specific frontier that is, 

. The technical efficiency scores of the farm households 

by construction range between 0 and 1, indicating the value approach to 1 shows a 

higher level of technical efficiency. 

 

Empirical model and estimation strategy  

 

Effect of commercialization on input use and cereal yield: In our estimation 

of the input use and yield effects of commercialization, we considered cereal yield 

and five types of inputs namely the use of the improved seed, chemical fertilizers 

(UREA and NPS), agrochemical, and hired labor. Because the level of yield and 

its associated input use is dependent on each other, and similarly the use of one 

type of input is contingent on the other, the effects of commercialization on yield 

and input use of farm households are estimated simultaneously. Thus far, to 

account for the simultaneity, interdependency, and nature of the exogenous 

variables, six system equations were specified and estimated based on Conditional 

Mixed Process (CMP) approach. By doing so, the study represents the first 

application of the CMP framework in farm productivity and input use research. 

The framework can be applied to estimate several interdependent binary and 

continuous outcomes simultaneously (Roodman, 2011). The model is specified as 

the form stated below. 

𝑌𝑖
∗ =  𝑋1

′ 𝛽1 + 𝜀1𝑖,  

𝑆𝑖
∗ =  𝑋2

′ 𝛽2 + 𝜀2𝑖 ,                     ---   (5) 

𝑈𝑖
∗ =  𝑋3

′ 𝛽3 + 𝜀3𝑖,  

𝑁𝑖
∗ =  𝑋4

′ 𝛽4 + 𝜀4𝑖 ,  

𝐶𝑖
∗ =  𝑋5

′ 𝛽5 + 𝜀5𝑖,  

𝐿𝑖
∗ =  𝑋6

′ 𝛽6 + 𝜀6𝑖,   
 

where, ,   and  are cereal yield, which is measured by the 

monetary value of cereal crops per hectare, the use of improved seed (1 if 

household used improved variety on some proportion of farmland, 0 otherwise), 

the intensity of nitrogen fertilizer (UREA) used (ETB/ hectare);  NPS fertilizer 

(ETB/hectare); agrochemical (ETB/hectare); and the use of hired labor (1 if the 
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household used hired labor in the production season, 0 otherwise), respectively.  

to  are the vector of control variables;   to  vector of the parameter to be 

estimated; and  to  are error terms. It is assumed that  are fixed, rank = 

ki, the mean of the error term is equal to zero ,  , where 

 is the variance of the disturbances in the the equation for each observation 

in the sample, and the error terms are strictly exogenous, homoscedastic, and 

uncorrelated across observations but correlated across equations. We estimated the 

input and yield effects of commercialization via STATA’s CMP command. In 

addition to the estimation technique mentioned above, we used a dose-response 

function with the Generalized Propensity Score (GPS) (following Hirano & 

Imbens, 2004) to complement the findings of fertilizer (UREA and NPS) and the 

agrochemical use effect of commercialization. Unlike OLS regression analysis, 

which assumes constant effects, such estimation techniques have the advantage of 

seizing up the dynamic effects of the treatment on outcome variables at different 

doses/treatment levels. The dose-response function is estimated using a STATA 

command developed by Bia & Mattei (2008).  

 
Nexus between technical efficiency and commercialization of farm 

households: In this study, cereal crop commercialization is assumed to relate to 

the technical efficiency of farm households and vice-versa. Moreover, both 

technical efficiency scores and commercialization of farm households are 

potential endogenous variables, and neglecting this results in biased estimates. To 

address the reverse causality and the possible endogeneity problem, the study 

made use of a method of estimation, defined as a three-stage simultaneous model 

(3SLS), which jointly estimates the entire system of equations. 3SLS, which was 

first designed by Zellner & Theil (1962) is a structural equation where some 

equations consist of endogenous explanatory variables among the dependent 

variables from other equations in the system. 

In a three-stage simultaneous model, the coefficients are estimated from a three-

step process. First, build the instrumented values for all endogenous variables 

from the predicted values obtained from the regression of each endogenous 

variable on all exogenous variables within the system. Second, obtain a consistent 

estimate for the covariance matrix of the equation disturbances based on the 

residuals from a 2SLS estimation of each structural equation. Finally, using the 

covariance matrix estimated in the second stage and the instrumented values, the 

model performs a GLS-type estimation for the structural parameters of interest in 

the models. GLS estimator is more efficient than SUR estimator (Greene, 2012).  

The 3SLS model can be specified as follows: 

𝑦1 = 𝛾1𝑦2 + 𝛽11𝑥1 + 𝛽12𝑥2 + ⋯+ 𝛽1𝑖𝑋𝑖+𝜀1, --- (6) 

𝑦2 = 𝛾2𝑦1 + 𝛽21𝑥1 + 𝛽22𝑥2 + ⋯+ 𝛽2𝑖𝑋𝑖 + 𝜀1 --- (7) 
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where,  and  refers to endogenous variables, in our case the technical 

efficiency scores and the commercialization index of the farm household ; ’s are 

the coefficients of endogenous variables; ’s are control variables; ’s are the 

error terms with mean zero, constant variance, and zero covariance but non-zero 

covariance between ’s and ’s. 

In our empirical model, to estimate consistent estimates from the structural 

equation (3SLS), both equations must satisfy the rank and order conditions of 

identification. For the rank condition to be fulfilled, the second question must 

contain at least one exogenous variable with a non-zero coefficient that is 

excluded from the first equation, whilst, for the order condition to be satisfied, at 

least one of the exogenous variables with a non-zero coefficient must be excluded 

from the first equation (Wooldridge, 2012). In addition to this, as stated in 

Gujarati (2004), for an equation to be identified in a model of  simultaneous 

equations, we must exclude at least  variables, and the number of 

predetermined variables excluded from the equation must not be less than the 

number of endogenous variables included in that equation less one. Intuitively, to 

estimate the parameters consistently, we specified two main equations (Eq. 8 and 

9) as specified below and considered several variables to be excluded from both 

equations.  

 

Commercialization equation (Eq.8):   

 
𝑇𝐸 = 𝛽0 + 𝛽1𝐶𝑜𝑚+𝛽2𝐴𝑔𝑒_ℎ𝑑+𝛽3𝐸𝑑𝑢_ℎ𝑑+𝛽4ℎℎ𝑠𝑖𝑧𝑒+𝛽5𝐸𝑥𝑡𝑛+𝛽6𝑁𝑜𝑛_𝑓𝑎𝑟𝑚 + 𝛽7𝐶𝑜𝑜𝑝 +

𝛽8𝑁𝑜_𝐶𝑟𝑜𝑝 + 𝛽9𝐶𝑟𝑜𝑝_𝑑𝑚𝑔 + 𝛽10𝑀𝑘𝑡_𝑖𝑛𝑓𝑜 + 𝛽11𝐷𝑖𝑠_𝑖𝑛𝑝𝑢𝑡 + 𝛽12𝑃𝑜𝑝_𝑝𝑟𝑒𝑠 + 𝛽13𝑅𝑜𝑎𝑑_𝑐𝑜𝑛 +
𝛽14𝑇𝐿𝑈 + 𝑒1   

 

Technical efficiency equation (Eq.9): 

 
𝐶𝑜𝑚 = 𝛼0 + 𝛼1𝑇𝐸+𝛼2𝐴𝑔𝑒_ℎ𝑑+𝛼3𝐸𝑑𝑢_ℎ𝑑+𝛼4ℎℎ𝑠𝑖𝑧𝑒+𝛼5𝐸𝑥𝑡𝑛+𝛼6𝑀𝑘𝑡_𝑑𝑖𝑠𝑡+𝛼7𝑁𝑜𝑛_𝑓𝑎𝑟𝑚 + 𝛼8𝐶𝑜𝑜𝑝

+ 𝛼9𝑁𝑜_𝐶𝑟𝑜𝑝 + 𝛼10𝐶𝑒𝑙𝑙_𝑝ℎ𝑜𝑛𝑒 + 𝛼11𝐿𝑎𝑛𝑑_𝑞𝑙𝑡𝑦 + 𝛼12𝑁𝑜_𝑝𝑙𝑜𝑡 + 𝛼13𝑃𝑜𝑝_𝑝𝑟𝑒𝑠
+ 𝛼14𝑅𝑜𝑎𝑑_𝑐𝑜𝑛 + 𝛼15𝑙𝑛𝐴𝑠𝑡 + 𝑒2 

 
Explanation of variables used in the empirical models 

The major outcome variables considered in the analysis include cereal yield, 

improved seed, hired labor, cost of nitrogen fertilizer, cost of NPS fertilizer, 

agrochemical, technical efficiency scores, and scale of commercialization of farm 

households (Table 1). Moreover, the study identified several covariates (Table 2) 

from the review of various theoretical and empirical literature that are to be used 

as a control variable in estimating the input use, yield, and efficiency effects of 

commercialization among farm households. 
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Table 1: Hypothesized effects of cereal commercialization on input use, TE, and cereal yield  

Variables 

Outcome variables 

Cereal yield 
(ETB/ha) 

Improved 
seed (Binary: 
yes=1) 

Hired labor 
(Binary: 
yes=1) 

UREA 
fertilizer 
(ETB/ha) 

NPS 
fertilizer 
(ETB/ha) 

Agro- 
chemicals 
(ETB/ha) 

TE (0-1) 

Commercialization index (CI) + + + + + + + 

 
Table 2: Control variables used in the model  
 

Variables  Unit 

Head age  Years  

Head education  Years  

Household size  Adult equivalent units  

Access to extension service  Binary: yes=1 

Distance to input center  km 

Distance to nearest market  km  

Road condition  Binary: good=1 

Cooperative membership  Binary: yes=1 

Non-farm employment  Binary: yes=1 

Market information  Binary: yes=1 

Population pressure Ratio of family size to farm size 

Number of crops  Number of crops grown by the HH 

Household owns cellphone  Binary: yes=1 

Land quality2 Index  

Total assets owned (log) ETB 

Livestock ownership TLU 

Crop damage   Proportion of area of cultivated land affected by stresses 

Number of plots  Number of plots owned by the household 

 

 

Results and Discussion 
 
Characteristics of farm household commercialization  

In the study area, farm households grow ‘teff’, wheat, barley, maize, and sorghum, 

in order of their importance. The result shows that despite the significant variation 

among cereal crops, on average, farm households sold close to 38% of their cereal 

outputs. The amount is relatively higher than the national average that, on average, 

farm households in Ethiopia who participated in the market sell 23% of cereals 

(CSA, 2020). The scale of crop commercialization in different parts of Ethiopia 

was reported in several studies. For example, Gebremedhin & Jaleta (2010) in 

three districts of Bure, Goma, and Meiso found that on average farm households 

sold 25% of crop output, indicating moderate market participation. In central 

                                                           
2
 Land quality index is constructed based on multiplying the plots slope and the fertility indicators 

of the plots, implying a low index value indicates better land quality, while high index value would 
indicate the lowest quality evaluated at household level (Nisrane, et al., 2015). 
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Ethiopia, it is reported that farm households who participated in the market sold 

22% of crop output (Demeke & Haji, 2014). Similarly, in Malawi, Uganda, and 

Tanzania, farm households sell an average of 18%, 26%, and 28% of the 

aggregate crop output, respectively (Carletto, et al., 2017). Moreover, on average, 

59% of farm households sold 35-65% of the cereal crop produced. The majority of 

the farm households (82%) used a donkey and the rest 8% made use of the foot, 

cart, and motorized vehicle as a means to convey cereal out to the marketplaces.  

 

Farm households in the study area sold cereal outputs to multiple options of 

market outlets, such as farmer traders in the village, rural assemblers, 

cooperatives, consumers, retailers, and wholesalers. Twenty nine percent of farm 

households sold cereal crops to retailers, followed by farmer traders in the village 

(26%) and consumers (19%) (Figure 2). Nonetheless, 40% of farm households 

who sold more than 65% of cereal crops traded a higher proportion of cereal 

outputs with wholesalers and retailers. This indicates that wholesalers and 

retailers, in that order, are the main market outlet choices of farm households for a 

higher volume of cereal outputs. Abate, et al. (2019) reported that the volume of 

crop output has a positive and significant association with the likelihood of 

choosing wholesaler and retailer market outlets.  

 

 
Figure 2: Proportion of households selling market outlets  
Source: Authors’ analysis using primary data (2020) 
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Yield, input use, and technical efficiency by household commercialization 

Table 3 presents the comparative assessment of yield, input use, and technical 

efficiency of farm households by their commercialization status
3
. On average, 

farm households earned an annual income of 36137.35 ETB/ha from cereal 

cultivation. On average, farm households spent up to 1785 ETB/ha, 1799 ETB/ha, 

and 233 ETB/ha to cover the cost of nitrogen fertilizer, NPS fertilizer, and 

agrochemicals, respectively. Almost all farm households in the study area 

intensively used both nitrogen fertilizer and NPS in cereal crops. The one-way 

analysis of variance shows that cereal yield, the intensity of nitrogen fertilizer, and 

technical efficiency varied significantly across the commercialization status of 

farm households. 
 
Table 3: Comparative assessment of the key continuous variables by commercialization status   

Variables 
Full sample 

[Mean] 

Commercialization index 

F-Value 
Subsistence 

[<30%] 

Semi-
commercialized 

[30-65%] 
Commercialized 

[>65%] 

Cereal Yield (ETB/ha) log  10.41 10.27 10.45 10.65 11.24*** 

Nitrogen Fertilizer (ETB/ha) log  7.23 6.97 7.33 7.44 4.42** 

NPS fertilizer (ETB/ha) log 7.30 7.36 7.30 7.05 0.98 

Agrochemicals 2.46 3.28 3.47 4.35 1.3 

Technical efficiency  0.58 0.49 0.61 0.71 33.03*** 

Source: Authors’ analysis using primary data (2020) 
Coefficients with ***, and ** are significant at 1 and 5 percent levels of significance, respectively   

 

More than 35% of farm households used high-yielding varieties (HYVs) mainly 

for ‘teff’, wheat, and maize (Table 4). From which, 41% and 60% of them were 

semi-commercialized and commercialized farm households, respectively. From 

the Chi-square test result, we can see that there was a significant difference in the 

use of high-yielding varieties across the commercialization scale of farm 

households. The other key variable considered in this study is the use of hired 

labor, assuming that with an increased level of commercialization, farm 

households tend to progressively hire labor in addition to the available family 

labor.  As per our prior expectation, farm households employed additional hired 

labor with an increasing level of commercialization. The result of the Chi-square 

test also confirmed that the use of hired labor varies positively and significantly 

with the commercialization scale of farm households. This appears to be 

associated with the high demand for labor to cultivate ‘teff’, produced mainly for 

the market, as compared to other crops.  

 

                                                           
3
 Farm households were classified into three sub-groups by their commercialization status, such as 

subsistence, semi-commercialized and commercialized following Gebreselassie & Sharp (2008); 

Goshu (2012). 
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Table 4: Comparative assessment of the key categorical variables by commercialization status   

Variables 
Full sample 

[%age] 

Commercialization index 

Chi-square 
Subsistence 

[<30%] 

Semi-
commercialized 

[30-65%] 
Commercialized 

[>65%] 

HYVs (yes) 35.45 20.18 40.57 60.00 19.96*** 

Hired labor (yes) 78.04 65.54 81.97 90.00 21.63*** 

Source: Authors’ analysis using primary data (2020) 
Coefficients with *** is significant at 1 percent levels of significance  

 

Input use and yield effects of commercialization 

The conditional mixed process model estimation on the yield and input use effect 

of commercialization of cereal crops is provided in Table 5 below. As per our 

prior expectation, cereal crop commercialization had a positive and significant 

effect on yield and input use (nitrogen fertilizer and agrochemical). The model 

results suggest that a 10% increase in the scale of cereal crop commercialization 

leads to a 5.5% increase in cereal crop productivity, holding other factors being 

constant. In the same way, keeping other factors constant, a 10% change in cereal 

crop commercialization enhances the expenditure on nitrogen fertilizer and 

chemicals by 6.8% and 23.4%, respectively. Plot-level cost-benefit analysis of 

cereal crops was undertaken to estimate the net income and confirm the input use 

implication of commercialization. Accordingly, as it can be learned from cost-

benefit analysis, on average, to obtain a net benefit of 29042.61 ETB/ha from 

producing cereal crops, the farm households are expected to incur an estimated 

total production cost of 7094.74 ETB/ha, excluding the cost of family labor and 

draft power. This validates the positive input use effects of commercialization 

among farm households.   

 

Contrary to our expectation, the estimated coefficient for NPS fertilizer was found 

negative and insignificant, suggesting that the input use effect of 

commercialization of food crops is more responsive to nitrogen fertilizer than 

NPS. The plausible explanation of the findings is related to farm households’ 

perception of the higher yield effect of the use of nitrogen fertilizer as compared to 

the NPS counterparts. The use of high-yielding varieties and hired labor is also 

positive and significant with the scale of commercialization at 1% level, ceteris 

paribus, suggesting that commercialization enhances the probability of farm 

households using high-yielding varieties and hiring additional labor to cultivate 

cereal crops. Our findings support the result of earlier studies (Strasberg, et al., 

1999; Salau, et al., 2018) that food crop commercialization enhances the input use 

and productivity of farm households.  

 

Our empirical evidence suggested that as the degree of commercialization rises, 

farm households increasingly use more hired labor as a source of power than 
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subsistence farm households. However, farm households during focus group 

discussion reported that wage for hired labor is rising from time to time, such that 

it becomes unaffordable for many households. As stated in Pingali (1997), using 

hired labor in conducting intensive farm operations will not be profitable under 

escalating farm wage conditions.  

 
Table 5: CMP model result on yield and input use effect of commercialization  

Variables 
Yield  

(ETB/Ha) 

UREA 

(ETB/HA) 

NPS 

(ETB/Ha) 

Chemical 

(ETB/Ha) 

HYVs 

(Yes/No) 

Hired labor 

(Yes/N0) 

Commercializati

on index 

0.5499*** 

(0.1174) 

0.6808** 

(0.3128) 

-0.2869 

(0.2599) 

2.3446** 

(1.1635) 

1.6936*** 

(0.5048) 

1.2497*** 

(0.4337) 

Control variables  Yes  Yes  Yes  Yes  Yes Yes 

Constant  
10.7097*** 

(0.2123) 

7.4181*** 

(0.5657) 

7.8786*** 

(0.4683) 

-1.0295 

(2.1314) 

-0.8027 

(0.9608) 

-1.5512** 

(0.7602) 

Number of 

observations 

LR chi2(83) 

Prob > chi2 

Log-likelihood 

378 

262.44 

0.0000 

-2387.36 

Source: Authors’ analysis using primary data (2020) 
Coefficients with *** and ** are significant at 1 and 5 percent levels of significance, respectively   

 

To triangulate the econometric model estimation of the input use and yield effects 

of commercialization, we further estimated the dose-response function with a 

generalized propensity score (GPS). Accordingly, Figures 3, 4, and 5 displayed 

the estimated dose-response function (DRF) and the marginal treatment effect 

function (MTE) of the effect of commercialization on input use (nitrogen 

fertilizer, NPS, and agrochemical) in monetary terms.  

 

The result of the dose-response estimation in Figure 3 shows that the relationship 

between farm households’ scale of commercialization and the use of nitrogen 

fertilizer is positive and significant, demonstrating the more the farm households 

earn income from the sale of marketable surpluses, the higher the farm households 

can cover the cost of nitrogen fertilizer, which is consistent with the result of CMP 

model estimation. The DRF shows that the positive effect of commercialization on 

nitrogen fertilizer use was increasing at a fast rate with some variability between 

the levels of commercialization at 30% to 50%. However, as it is seen in Figure 4, 

the MTE displayed that the effect of commercialization on the use of nitrogen 

fertilizer tends to increase up to 60% of the commercialization level of farm 

households and starts to flatten out at 80% and immediately after this point begins 

smoothly declining. This suggests that additional income greater than 60% of the 

sale of surplus production of cereal grains does not count any incremental effect 

on the use of nitrogen fertilizer.  
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In contrast to this situation, the input use of the effect of commercialization on 

NPS was found negative and insignificant, suggesting that the use of NPS 

fertilizer among the farm households is less responsive to additional income 

earned from the sale of cereal grains (Figure 4). Figure 5 displays the positive 

effect of commercialization on the use of agrochemicals, indicating that the more 

the farm households are oriented to the market, the higher they invest to purchase 

agrochemicals for pest, disease, and weed controls.  The result on the positive and 

significant effects of cereal commercialization calls for an improved and efficient 

input supply system in the country. In relation to this, primary cooperatives are in 

charge of input distribution throughout the country and private vendors are also 

engaged in supplying agrochemicals to the farming community. The result from 

the focus group discussions, however, disclosed that the input market was not as 

efficient as expected particularly in the supply of agrochemicals on account of the 

limited capacity of primary cooperatives and entrusted private vendors. In 

theoretical literature, it is established that even though the commercialization of 

smallholder agriculture involves the withdrawal of government from input supply 

control and the removal of subsidies, the private sector is not entrusted (Sokoni, 

2008) and may lead to a rapid increase in input price and adulteration. Therefore, 

at this stage of development, key informants informed that capacitating primary 

cooperatives through all-inclusive business models and financial arrangements 

may help to partly circumvent challenges related to input price and adulteration. 

 
Nexus between Technical Efficiency and Commercialization   

Table 6 presents the three-stage estimate on the nexus between technical 

efficiency and commercialization of farm households. The possible endogeneity 

problem that might be stemmed from the endogenous regressors of technical 

efficiency and commercialization in both of the models was sorted out by the 

3SLS model, implying the estimation is unbiased and consistent. The finding 

shows that there is a statistically positive relationship between technical efficiency 

and the commercialization of farm households. The result implies that improving 

the technical efficiency of farm households by 10% increases the 

commercialization level by 4.9%, whereas, an increase in the commercialization 

level of farm households by 10%, the technical efficiency level is improved by 

6.1%, suggesting the existence of bidirectional causality between technical 

efficiency and commercialization among the farm households. The plausible 

explanation for this result is that technically efficient farm households are more 

likely to be commercialized and vise-versa because commercialized farmers can 

purchase and use modern inputs as compared to subsistence farmers and their 

counterparts. The findings of this study are consistent with Rios, et al. (2008). 
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Figure 5: Estimated input effect of dose-response function (agrochemicals) 
Source: Authors’ analysis using primary data (2020 

 

Figure 3: Estimated input use effect of dose-response function (UREA) 

Source: Authors’ analysis using primary data (2020) 

 

Figure 4: Estimated input effect of dose-response function (NPS)    

Source: Authors’ analysis using primary data (2020) 
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Table 6: Three-stage estimate for the nexus between technical efficiency and commercialization  
 

Variables 
Technical efficiency  Commercialization  

Coefficients Std. Err.  Coefficients  Std. Err.  

Technical efficiency  - - 0.4864*** 0.1731 

Commercialization index 0.6105*** 0.1775 - - 

Control and identifier variables  Yes  Yes  

Constant  0.3462*** 0.0815 0.0852 0.1232 

Wald chi2 
Prob > chi2 
R-squared  

128.70 
0.0000 
0.294 

119.21 
0.0000 
0.221 

Source: Authors’ analysis using primary data (2020) 
Coefficients with *** is significant at 1 percent levels of significance 

 

Conclusion and Recommendation 
 

The study sought to investigate the input, efficiency, and productivity effects of 

cereal crop commercialization in the ‘teff’-based mixed farming areas of Ethiopia. 

Our findings revealed that, on average, farm households sold 38% of their cereal 

output in value terms, suggesting that farm households retained more than 60% of 

cereal production for household consumption and other purposes. Crop-wise, 

among cereal crops, a higher proportion of farm households engaged in ‘teff’ 

marketing, suggesting ‘teff’ is an important source of income for farm households. 

The study reveals that 29% of farm households sold cereal crops to retailers, 

followed by farmer traders in the village (26%) and consumers (19%). 

Nonetheless, a large proportion of farm households (40%) who sold more than 

65% of cereal crops preferred selling cereal grains to wholesalers, indicating 

wholesaler is the main market outlet for volume sales.  

In this study, the input use effect of cereal crop commercialization is considered 

for those inputs such as high-yielding variety, hired labor, nitrogen fertilizer, NPS 

fertilizer, and agrochemicals. From the result of the CMP estimations, we deduced 

that the commercialization of cereal crops has a positive effect in speeding up the 

use of modern input except for NPS fertilizer. The effect of commercialization is 

stronger in accelerating the use of nitrogen fertilizer than NPS fertilizer mainly 

due to its higher perceived effects among farm households on the yield and yield 

components of cereal grains. The use of agrochemicals among farm households 

has also been found positive along with the increased level of commercialization 

of farm households, confirming the use of inorganic inputs which tends to be 

intensive along the transformation process from subsistence-oriented farming to 

market-oriented one. The findings from the dose-response function also 

triangulated our prior results that the effect of commercialization on the use of 

nitrogen fertilizer and agrochemicals was found positive except for NPS fertilizer.  

The productivity effect of commercialization was also verified as positive on the 

yield of cereal crops and technical efficiency of cereal-producing farm 
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households. The findings of this study implied that farm households on the one 

hand can improve the level of farm-level productivity through an increased level 

of commercialization, which is channeled through its income effects, and on the 

other hand an increased level of productivity through efficient use of production 

inputs helps to produce marketable surplus and link the farm households with the 

market. Hence, the findings of the study shed light that alleviating bottlenecks in 

access to modern inputs and addressing factors associated with limited access to 

marketing and financial services is a key area of policy intervention. 
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Appendix 
Table A1: Distribution of treatment interval  

Level of cereal crops commercialization  Number of farms HH Percentage (%) 

Treatment interval 1 (below 0.30) 81 23.48 

Treatment interval 2(from 0.30 to 0.65) 244 70.72 

Treatment interval 3(from 0.65 to 0.90) 20 5.08 

Total  345 100 

Source: Authors’ analysis using primary data (2020) 

 
 
Table A2: Estimated OLS Coefficients given treatment variable and GPS (UREA) 

Outcome variables: UREA in ETB/ha (log) OLS Coefficients Standard Errors 

Treatment  2.6443 1.5057 

treatment_sq -0.3917 1.5901 

pscore 2.9759 1.1859 

pscore_sq -1.1565 1.3845 

Treatment*pscore -4.2343 1.8285 

Constant  6.0590 0.2274 

Source: Authors’ analysis using primary data (2020) 
 
 
 
Table A3: Estimated OLS Coefficients given treatment variable and GPS (NPS) 

Outcome variables: NPS in ETB/ha (log) OLS Coefficients Standard Errors 

Treatment  1.7698 1.2787 

treatment_sq -1.9898 1.3504 

pscore 0.1035 1.0071 

pscore_sq -0.3497 1.1758 

Treatment*pscore -0.4313 1.5529 

Constant  7.1938 0.1931 

Source: Authors’ analysis using primary data (2020) 
 
 
 
Table A4: Estimated OLS Coefficients given treatment variable and GPS (Chemical) 

Outcome variables: Chemical in ETB/ha (log) OLS Coefficients Standard Errors 

Treatment  -0.7879 3.8392 

treatment_sq 1.5062 4.0545 

pscore 5.6270 3.0238 

pscore_sq -5.3842 3.5302 

Treatment*pscore 0.4141 4.6624 

Constant  2.2719 0.5797 

Source: Authors’ analysis using primary data (2020) 
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Abstract 
A root holo-parasite, crenate broomrape (Orobanche crenata Forskal) becomes a 

major threat for faba bean (Vicia faba L.) production in northern highlands of 

Ethiopia. Information on distribution and problem of crenate broomrape can help 

to design suitable management options to reduce its negative impact in already 

infested areas and further spread to new areas. To determine the weed species 

status in the crop fields, biophysical survey on the parasitic plants’ spatial 

distribution and infection was conducted in small holder farmers’ faba bean fields 

of Amhara and Tigray National Regional States in 2018 cropping season. The 

crenate broomrape was found in all surveyed districts of the regions; Farta, 

Fogera, Tach-Gaint, Dessie-Zuria, Kutaber, Mekdela, Tenta, Enda-Mahony and 

Ofla district with varying density and infection levels. Maximum mean density of 

60 and 44 crenate broomrape shoots per square meter, and infection of 1.35 and 

1.15 shoots of the parasite per faba bean plant were recorded in Dessie-Zuria and 

Tenta districts, respectively. Therefore, the crenate broomrape is a serious 

problem for faba bean production and requires appropriate management strategy 

for sustainable production and productivity of the crop in the area.  

Keywords: density, food legume, holo-parasite, infection severity 

Introduction 
 

Faba bean (Vicia faba L.) is cultivated mainly for food as the major source of 

protein, and also for its cash value, animal feed and pest breaking role in cereal-

based cropping systems of Ethiopia. The productivity of faba beans is about 2.122 

t ha
-1

 with high variation among major growing regions in the country (CSA, 

2021). Farmers are obtaining less than 40% of yield potential of faba beans in the 

crop growing areas (Wondafrash et al., 2019). The high yield gap is due to low 

yielding variety, moisture and soil fertility, foliar disease, and weed infestation 

including the parasitic weeds serious infection. 

Three parasitic weed species namely Orobanche crenata Forskal., O. minor Smith 

and Phelipanche ramosa (L.) Powel are reported attacking food legumes in 

Ethiopia (Asefa, 2007). These species are widely distributed in the world as a 

major constraint on cool-season food and forage legumes as well as other dicot 

plants (Restuccia et al., 2009). However, very recently two major crenate 
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broomrape populations were found in samples collected from Amhara and Tigray 

Regions of the country (Gashaw et al., 2020). Similarly, genetic variability and 

host differentiations of O. crenata is reported in north African countries like 

Algeria and Morocco (Mounia et al., 2017; Bendaoud et al., 2022). 

The crenate broomrape (O. crenata) is believed to be introduced to few villages of 

northeast part of the country unintentionally along with food aid in the 1980’s 

(Besufekad et al., 1999) and then gradually has expanded to different parts of the 

northern highlands (Teklay et al., 2013; Negussie et al., 2018). The parasitic weed 

is attacking majorly faba bean (Vicia faba L), and also field pea (Pisum sativum 

L.), lentil (Lens culinaris Medik), grass pea (Lathyrus sativus L.), lupin (Lupinus 

spp) and ‘dekoko’ (P. sativum var. abyssinicum) in the country (Takele et al., 

2019). 

The dominance of crenate broomrape is recognized as a serious production threat 

on faba bean (Besufekad et al., 1999; Rezene and Kedir, 2006; Asefa, 2007; 

Teklay et al., 2013; Mekonnen, 2016; Gashaw et al., 2020). They further stated 

that the impacts include yield loss of up to 100% and make the straw unpalatable 

to livestock. In the South Wollo Zone, farmers abandoned cool-season food 

legumes, and replaced them with cereals and spice crops. They also indicated with 

the field surveys made over years that the parasite is expanding its geographic 

coverage from infested to the weed-free areas most probably due to seed exchange 

among farmers.  

Rubiales and Fernandez-Aparicio (2012) reviewed all available innovations in 

managing parasitic weeds in legume crops including integrating different 

management options. Currently, in Ethiopia a faba bean variety called Hashengie 

(ILB-4358) as partial resistant to the parasite was released (MoANR, 2016). Some 

attempts were made to develop integrated management of the weed in faba bean 

using the partially resistant cultivar and one to two sprays of sub-lethal glyphosate 

(Mekonnen, 2016). Thus, some preliminary investigations indicated that the weed 

distribution and management practices were tried but detailed information was not 

documented from both regions in smallholder faba bean fields. 

Documenting the distribution and infection status of crenate broomrape on faba 

bean enables to plan and execute further research, and to recommend suitable 

management practice to smallholder farmers. Many local field surveys were 

carried out in tracking the importance of crenate broomrape in the northern parts 

of the country (Besufekad et al., 1999; Teklay et al., 2013), but there is no 

adequate and up to date information that show the current status of the weed and 

its importance in the county at large. Moreover, consistent weed monitoring is 

needed to manage the weed sustainably. Thus, the objective was to determine 

current distribution and infection level of crenate broomrape in faba bean fields of 

northern highlands of Ethiopia. 
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Survey Methodology 
 

Survey area and time 

The survey was conducted in major faba bean growing zones of northern Ethiopia; 

South Gondar, Southern Tigray and South Wollo (Fig. 1) in October and 

November of 2018. In each zone, by consulting respective offices of agriculture, 

faba bean production and orobanche infestation suspected districts were selected. 

Agro-ecologically the two zones were dominantly tepid sub-moist and cool sub-

moist mid highlands (MoARD, 2006). Thirty years’ mean annual rainfall and 

temperature status of the surveyed zones have been indicated in Table 1 (Fick and 

Hijmans, 2017). 

 
Table 1. Long-term rainfall and temperature status of the surveyed zones in northern Ethiopia, 1970-2000 
 

Status Mean annual rainfall (mm) Mean annual temperature (oC) 

South Gondar South 
Wollo 

Southern 
Tigray 

South 
Gondar 

South 
Wollo 

Southern Tigray 

Minimum 755 625 505 7 6 9 

Maximum 1539 1409 924 28 29 30 

Mean 1166 1061 723 21 19 23 

Source: Fick and Hijmans (2017) 

 

Data collection and analysis 

At the flowering stage of faba bean, its field surveys were inspected along all- and 

dry-weather roads at about five-kilometer intervals. At a stop, the faba bean field 

was sampled following “X” pattern, a 1m x 1m (1m
2
)
 

quadrate was used 

systematically at three to five spots per field, and number of faba bean plants and 

crenate broomrape shoots were counted and recorded. In addition, data on altitude, 

latitude and longitude were recorded using handheld Global Positioning System 

(GPS). Then, a total of 33 faba bean fields with 121 sampling spots were assessed. 

The count data of crenate broomrape shoots per quadrate were categorized to 

different density levels; low (<10), medium (10-30) and high (>30), and then the 

number of fields under each density level described as frequency of occurrence. In 

addition, mean number of crenate broomrape shoots per faba bean plant calculated 

using the following formula (Rodenburg et al., 2005). 
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Figure 1. Surveyed zones of northern Ethiopia 
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The mean value represents severity of the parasite infection on the host plant i.e., 

infection severity at each sampling spot. The values enable to estimate mean 

number of emerged parasite shoots attached to roots of the host plant in each 

quadrate that were classified into low (0.01-0.09), medium (0.10-0.99), high 

(1.00-2.00) and very high (>2.00) shoots per host plant infection severity. 

 

The on-field collected crenate broomrape density level and obtained infection 

severity data were analyzed using descriptive statistics, and SAS Version 9.3 

(SAS, 2012) with nested design. Finally, these data have been independently 

plotted on the study area map showing status of the distribution and infection of 

crenate broomrape on faba bean plants under different agro-ecologies of the 

surveyed zones. 

Results and Discussion 
 

During the survey, small-holder faba bean growers’ fields with typical light-brown 

soil located in wide ranges of altitude; 2200 to 3200 meter above sea level (m 

a.s.l.), latitude of 11
o 

07’ to 12
o 

75’ North and longitude of 38
o 

46’ to 39
o
 52’ East 

were visited. 

Germination and growth performance of faba bean at the surveyed area 

Mean faba bean plant density recorded ranged from 24 to 72 plants per square 

meter (m
-2

). Non-significantly (P>0.05) higher mean density of 42 plants m
-2

 was 

obtained in the South Wollo Zone as compared to the other zones (Figure 2). 

Highly significant (P < 0.01) differences observed among the surveyed districts in 

the regions, where the highest mean faba bean density of 50 plants m
-2

 was 

recorded in Dessie-Zuria and Mekdela districts followed by Enda-Mahony district 

(40 plants m
-2

) as compared to the other districts (Figure 3). These results 

indicated more suitability of the South Wollo Zone, and its districts particularly 

Dessie-Zuria and Mekdela district in cultivating the faba bean crop as compared to 

the other zones and districts in the studied area. 
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Figure 2. Mean faba bean density (FBD) across the studied zones, during 2018. Relatively highest density of 42 plants m-

2 was recorded in South Wollo Zone as compared to the others. 
 
 
 

 

Figure 3. Mean faba bean density (FBD) across studied districts, during 2018. Significantly (P < 0.05) highest mean 
density of 50 plants m-2 was recorded in Dessie-Zuria and Mekdela districts than others. 
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Distribution of crenate broomrape  

Crenate broomrape was recorded in faba bean fields of Amhara and Tigray 

National Regional States’ districts. Those are Farta, Fogera and Tach-Gaint 

districts of South Gondar Zone; Dessie-Zuria, Kutaber, Mekdela and Tenta 

districts of South Wollo Zone, and Enda-Mahony and Ofla districts of Southern 

Tigray Zone. The prevalence of crenate broomrape in faba bean fields of South 

Wollo, South Gondar and Southern Tigray zones were found to be 96, 90 and 

88%, respectively. Higher density levels of 134, 133, 117 and 105 shoots m
-2

 

crenate broomrape were recorded from faba bean fields in Ofla, Tenta, Dessie-

Zuria and Tach-Gaint districts, respectively. These districts might have been 

infested by the weed species earlier than other districts by two to three decades. 

The recorded densities of crenate broomrape were grouped across the sampling 

spots as low (<10), medium (10-30) and high (>30) as indicated in Table 2 and on 

Figure 4. Higher mean density level of the crenate broomrape was detected more 

frequently in 15 and 10 fields in Tenta and Ofla districts than the other studied 

districts’ faba bean fields. Similarly, Seid and Olivera (2016) reported density of 

the crenate broomrape ranging between 50 and 250 shoots m
-2

 in heavily infested 

districts, such as Mekdela and Tenta. The crenate broomrape mainly occurred on 

cool-season legumes and its infestation levels might have varied with different 

biophysical factors like seed bank and climatic conditions. Its occurrence was 

initially confined only to a few localities, but later on it has become a problem of 

many cool-season legumes growing in the northern part of Ethiopia, particularly in 

Amhara and Tigray National Regional States. Many research reports indicate the 

importance of crenate broomrape in the faba bean fields of the area (Besufekad et 

al., 1999; Teklay et al., 2013). 

Having ecological conditions suitable for such parasitic plant occurrence and 

infestation, Ethiopia reported as a crenate broomrape infested country many years 

later than the countries around the Mediterranean region. The crenate broomrape 

was reported for the first time in the country by Asefa and Endale (1994) as a new 

invader of faba bean fields in Dessie-Zuria and Kutaber districts of South Wollo 

Zone. Then after, Adugna et al. (1998) observed it infecting the same crop at Dera 

and Tach-Gaint districts of South Gondar Zone. Teklay et al. (2013) also reported 

the parasite infested districts of Southern Tigray Zone in Tigray Region. Similarly, 

Mekonnen (2016); Seid and Olivera (2016) indicated the weed infested districts 

such as Dessie-Zuria, Kutaber, Mekdela and Tenta in South Wollo Zone; and 

Tach-Gaint in South Gondar Zone of Amhara National Regional State. It has been 

spreading from place of introduction to other locations mainly through seed 

exchange among farmers, and also due to the fact that agricultural development 

agents and non-governmental organizations move farm inputs throughout the 

country without any restriction or domestic quarantine measures.  
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The current dense occurrence of crenate broomrape indicates that a huge number 

of seeds have been produced per a plant that can enrich soil seed banks by staying 

dormant for about two decades. Low atmospheric humidity ensures high rate of 

transpiration, which enhances movement of water and solute from host plants, so 

the weed plants' dense occurrence in the studied area might have been favored by 

this climatic condition besides the rich soil seed bank. Mohamed et al. (2006) 

reported that with increased temperature and drought due to climatic changes in 

many areas of the world, Orobanche species' dense infestation could pose greater 

threats to agriculture. Gevezova et al. (2012); Habimana et al. (2014) reported that 

a single crenate broomrape plant can set more than 500 000 minute seeds per 

season, which can easily disseminate over long distance by various mechanisms to 

weed-free neighboring fields, remain in soil viable for about 20 years and then 

heavily increase seed bank.  

Analysis made on climatic requirement of Orobanche species suggested that very 

large areas of new territory of the world are at risk of invasion if no measure is 

taken to limit introduction of their seeds by strengthening quarantine Centre of a 

given weed-free country or region, and training agricultural experts and farmers to 

be alert on new infestations (Mohamed et al., 2006; Grenz and Sauerborn, 2007). 

Crenate broomrape is a thermophilic plant that frequently requires dry conditions 

and light soils to be invasive (Negewo et al., 2022). These all issues hold true in 

the existing farming system condition of the northern highlands of Ethiopia. 

Table 2. Number of faba bean fields with varying densities of crenate broomrape in the surveyed area  

 

Region Zone District Number of fields under various densities* 

Low Medium High 

Amhara South Gondar  Tach-Gaint 17 9 3 

Fogera 9 0 0 

Farta 3 0 0 

South Wollo Kutaber 2 6 4 

  Dessie-Zuria 0 2 2 

Tenta 6 3 15 

Mekdela 3 1 2 

Tigray Southern Tigray Ofla 9 9 10 

Enda-Mahony 6 0 0 

Percentage 45 25 30 

* Density level of low =<10, medium=10-30, high=>30 crenate broomrape shoots per m2 
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Figure 4. Mean density of crenate broomrape in faba bean fields of surveyed zones during 2018 

Highly significant (P < 0.01) mean crenate broomrape density of 37 shoots m
-2

 

was recorded in faba bean fields of South Wollo Zone as compared to South 

Gondar Zone that had only 12 shoots m
-2

 (Figure 5). Significantly (P < 0.01) 

highest mean crenate broomrape density levels of 60, 44 and 31 shoots m
-2

 were 

scored in Dessie-Zuria, Tenta and Ofla districts, respectively than the other 

districts (Figure 6). The highest infestation of crenate broomrape plants on such 

light soil dominated areas has been well expected. Thus, northern Ethiopia is 

currently found as an important area where crenate broomrape is a prevalent plant 

pest in legume crops particularly in faba bean fields. Frequent cultivation of the 

susceptible host crop (faba bean) seems the other main motive in aggravating 

spread of the crenate broomrape in the area. These limitations coupled with an 

ever-increasing population pressure that enhance ecological degradation and 

changes in climate conditions are further exacerbating the weed invasion year 

after year (Takele et.al., 2019). 

Preventive measures could be effective and the most economical practices in 

reducing crenate broomrape infestation in agricultural fields. It is also important to 

consider the positive effects of cultural practices like crop rotation, intercropping, 

adjustment of seed sowing date and pattern, soil fertility management, and hand 

weeding. However, these practices were limited at large in the parasitic plant less 

densely infested crop fields (Kleifeld et al. 1994). Thus, the field survey density 



 
 

Distribution and Severity of Crenate Broomrape on Faba Bean                                  [80] 

 

 

results need to be taken into account while planning site specific management 

measures on the crenata broomrape plant from the host crop fields. 

 

Figure 5. Mean crenate broomrape density (CBD) across the studied zones, 2018. Significantly (P < 0.01) highest mean 
density of 37 shoots m-2 was recorded in South Wollo Zone. 

 

 

Figure 6. Mean crenate broomrape density (CBD) across the studied districts during 2018. Significantly (P < 0.01) highest 
mean densities were recorded in Dessie-Zuria, Tenta and Ofla districts than the others. 



 
 

Takele et al.,                                                               [81] 

    
 

 

Infection severity of crenate broomrape 

The crenate broomrape infection severity on faba beans showed considerable 

variation among the surveyed areas. Mean infection severities of the parasite on 

faba beans across the sampling spots were found ranging from low to very high 

(Table 3 and Figure 7).  Higher infection severities of 14.14, 3.50, 3.45 and 3.16 

crenate broomrape shoots per a faba bean plant were scored in Ofla, Tenta, Tach-

Gaint and Dessie-Zuria districts, respectively. The mean infection severity of the 

crenate broomrape on faba bean across the sampling spots were grouped as low 

(0.01-0.09), medium (0.10-0.99), high (1.00-2.00) and very high (>2.00) parasite 

shoots per a crop plant. Higher levels of infection were more frequently (from 

about five faba bean fields) recorded in Tenta and Ofla districts than in the others. 

Table 3. Number of fields with various infections of crenate broomrape on faba bean in the surveyed area 
 

Region Zone District Number of fields under various infections* 

Low Medium High Very high 

Amhara South Gondar Tach-Gaint 13 13 0 3 

Fogera 9 0 0 0 

Farta 3 0 0 0 

South Wollo Kutaber 0 10 2 0 

Dessie-Zuria 0 2 1 1 

Tenta 4 10 5 5 

Mekdela 3 2 1 0 

Tigray Southern Tigray Ofla 3 18 2 5 

Enda-Mahony 6 0 0 0 

Percentage 34 45 9 12 

* Infection severity of crenate broomrape shoots per a faba bean plant; low =0.01-0.09, medium=0.10-0.99, 
high=1.00-2.00, very high=>2.00  
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Figure 7. Mean infection severity of crenate broomrape on faba bean in surveyed zones during 2018 

Crenate broomrape significantly (P < 0.05) higher mean infection severity of 1.07 

shoots per faba bean plant observed in Southern Tigray Zone than South Gondar 

Zone (Figure 8). Significantly higher mean infection severity of 1.35, 1.29 and 

1.15 scored respectively in Dessie-Zuria, Ofla and Tenta districts than Tach-Gaint 

and Fogera district (Figure 9). These districts also had the highest density of the 

faba bean crop and the crenate broomrape plants as indicated in the previous 

consecutive sections of this document. This strengthens the assumption that these 

districts had earlier infestation due to the parasitic plant than the other districts, 

even though more suitable for the crop plant cultivation. The possible reasons 

might also be due to continuous cultivation of the popular but susceptible host 

crop, moisture deficit and low soil fertility conditions in those districts. 

Abandoning cultivation of faba bean by most farmers at the study area under such 

high infection of the parasite on the host crop seems reasonable or practical. 

Highly dense infection of the crenate broomrape induces acceleration of faba bean 

senescence, as a result the highly infected host plant dies earlier than the sparsely 

attacked one (Figure 10). Linke et al. (1991); Zaitoun et al. (1991) reported that 

the number of emerged O. crenata shoots are negatively correlated with 

productivity of infected faba bean plants. Infection severity of broomrape on the 

host crop is strongly related to different factors such as number of seeds in soil, 

and temperature and soil moisture conditions during the growing season 

(Manschadi et al., 2001; Eizenberg et al., 2005). Field orientation towards the 
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afternoon sun, short time intervals while susceptible crop rotation, no irrigation 

and/or advancing of sowing date might also contribute to such a high level of 

crenate broomrape infection. Also, Trabelsi et al. (2017) reported that crenate 

broomrape dense infection tends to be associated with less fertile and moisture 

conditions of soil.  

An increase of resources allocated within the crenate broomrape plant is 

concomitant to reduction of the host seed yield, indicating that the parasite growth 

and host reproduction compete directly for resources within a host plant. The 

vegetative growth and grain yield of faba bean was almost negligible at those 

fields with very high infection severities of the crenate broomrape. Previous 

studies also depicted that infection of 2.1 to 4.0 emerged crenate broomrape shoots 

per faba bean plant at harvest caused approximately a 50% reduction in the crop 

yield depending on the climatic conditions during the growing season (Mesa-

Garcia and Garcia-Torres, 1984; Linke et al., 1991). Likewise, Fernandez-

Aparicio et al. (2016) reported that reductions in host aboveground biomass 

observed starting at low infection severity and half maximal inhibitory 

performance predicted at 4.5 parasites per faba bean plant. 

 

Figure 8. Mean crenate broomrape infection (CBI) on faba bean plant across the surveyed zones during 2018. 
Significantly (P < 0.05) higher mean infection severity of 1.07 parasite shoots per the crop plant was observed in 
Southern Tigray Zone than Southern Gondar Zone.  



 
 

Distribution and Severity of Crenate Broomrape on Faba Bean                                  [84] 

 

 

 

Figure 9. Mean crenate broomrape infection (CBI) on faba bean plant across the surveyed districts during 2018. 
Significantly (P < 0.05) highest mean infection severities were scored in Dessie-Zuria, Ofla and Tenta districts. 

 

 

Figure 10. Crenate broomrape dense infection on faba bean in a farmer field of north Ethiopia 

The crenate broomrape is a major biological constraint and also remained as 

continuous threat to cool-season legumes production in northern Ethiopia. In the 
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highly affected area of North Wollo Zone, enormous growers stopped cultivating 

the crenate broomrape. As a result, substantial reductions in both the cultivated 

area and crop production occurred due to complete devastation caused by the 

weed (Seid and Olivera, 2016; Takele et al., 2019). Thus, the high crop yield loss 

in the already infested area and the potential further expansion of the parasite to 

neighboring weed-free areas are the great concern of the country. 

In the surveyed area, few growers cultivated faba beans with uncertainty just to 

obtain the crop grain that is much-desired for home consumption. As a result, 

fields planted with faba beans were very small in spite of the high concern of the 

farming communities to have cultivated the crop in the area. The current serious 

impact of crenate broomrape on specific host crops in the country might extend to 

other related crops in the future unless possible efforts are undertaken to restrict 

spread and invasion of the parasite. Moreover, it is noticed that the parasite impact 

on faba bean and field peas can be reduced when these host crops are intercropped 

with oat on infested fields, but can only be possible on soil with low seed bank 

condition (Fernandez-Aparicio et al., 2013). Thus, the survey results of crenata 

broomrape plant infection severity on the host crop also need to be taken into 

account while planning site specific management measures. 

Agricultural experts and elders in the surveyed area testified an increase in the 

number of crenate broomrape infested fields and occurrence of dense infection in 

cool-season legumes. Lack of preventive measures and awareness on biology of the 

parasite might have contributed to such wide distribution and an ever-increasing 

infection level on the host crop across the studied area. Likewise, Bulbul et al. (2009) 

reported that lack of effective countermeasure against broomrape is contributing to 

the continuously increasing importance of the weed species in agricultural areas. 

Hence, the spread of the crenate broomrape has escalated at an alarming speed 

putting all food legumes at jeopardy and then limitation on such valuable rotational 

crops indirectly lowering the productivity of cereals mono-cropped production 

system as reported by Teklay et al. (2013). Furthermore, the difficulty in containing 

crenate broomrape distribution in the study area is also assisting its expansion to 

weed-free neighboring locations including central and southern part of the country. 

Conclusion 
 

Crenate broomrape infestation in faba bean fields was recorded in nine districts of 

three zones in the northern highlands of Ethiopia; Amhara and Tigray National 

Regional States. Considerably high density and infection by the crenate 

broomrape were recorded in Ofla, Tenta and Dessie-Zuria districts. The crenate 

broomrape dense occurrence in the already infested area and further spread to the 

weed-free neighboring areas are of great concern in the country. Strict domestic 

quarantine, proper field sanitation and awareness creation among the farming 
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communities on the biology of the weed at grass root level need to be 

implemented to restrict the dense infestation and further spread of crenate 

broomrape. Proper cropping systems and farm practices like growing resistant 

and/or tolerant faba bean cultivars, crop rotation systems with long time intervals 

between successive susceptible crops, intercropping with catch or trap crops, soil 

inoculation with beneficial microbes, spraying of selective herbicides, 

conservation of an ecology and development of integrated management strategy 

are mandatory to come up with reduced problem of the crenate broomrape. Thus, 

farmers at the parasitic weed infested area and also the weed-free neighboring 

areas of the country need to be advised and aware with technology and 

information that enable them limiting the buildup of soil seed bank and further 

expansion of crenate broomrape inoculum in faba bean production fields. 
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Abstract 
Smallholder farmers often replace liquid brewer’s spent yeast (LBSY) with 

conventionally used but costly protein sources despite associated poor management and 

feeding practices. This study was conducted in three purposively selected districts 

(Bedele and Gelan, in Oromia Regional State) and (Wereda-11, in Akaki Kality sub city 

in the Addis Ababa city administration) from April to June, 2022 to assess the 

accessibility, preservation, storage, and feeding practices of LBSY along major 

breweries in Ethiopia. Two peasant associations (PAs) from each district were 

purposively selected. Among LBSY beneficiary respondents a total of 182 household 

(HH) respondents were selected and individually interviewed using random sampling 

techniques. The study revealed that the frequency of LBSY supply was not significantly 

(P>0.05) varied across the study districts with 49.5% of the respondents across the 

study distracts accessing LBSY only once a week while 26.4, 17.6, and 6.6% of the 

respondents reportedly receiving it once per two weeks, once per three weeks and once 

per month, respectively. The farm gate purchasing price of LBSY was in the range of 

1.00-1.19 birr per liter with increasing trend within the last five years across the study 

districts. The majority of respondents (81.3%) across the study districts responded to 

having obtained LBSY from local retailers. Plastic barrel was majorly used by 

respondents in Wereda-11 (92.2%) and Gelan (93.1%) but 93.6% of respondents in 

Bedele used Jeri cans of 20 liter capacity for LBSY storage. Preservation of LBSY under 

aqueous saline environment was a common practice to 76.6 and 60.3% of respondents 

in Wereda-11and Gelan districts, respectively. According to 67.5, 58.7, and 54.4% of 

the respondents in Wereda-11, Bedele, and Gelan districts, respectively roughage diets 

are treated with LBSY in mixture with salt, and water before feeding their animals. 

More than 82% of the respondents across all the study districts reported that mixing 

with feed ingredients was the major mode of offering LBSY to the diet of the animals. 

There were significant (P<0.05) variations in milk production performance of dairy 

cows across study districts with 60.2% of the respondents were able to observe 

incremental changes in milk production capacity of their cows when maintained on 

LBSY based rations.  Similarly, higher proportions (71.4%) of the respondents across 

the study districts, reported as there were no changes in milk quality with LBSY 

supplementation. In conclusion, accessibility of LBSY, costs, transportation, and lack of 

feeding practices were the major challenges of smallholder farmers when it comes to the 

feeding practices of LBSY to the different livestock species in the study districts. 

 

Keywords: brewer’s spent yeast; feeding; preservation; smallholder farmers; storage 
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Introduction 
 

Even though Ethiopia is a country endowed with a large cattle population and a 

potential for dairy development, livestock productivity is very low. Consequently, 

the direct contribution to the national economy so far is very limited (Dessalegn et 

al., 2016). The low productivity of the country’s livestock is mainly attributed to 

several technical and non-technical factors, among which inadequate animal feed 

resources both in terms of quality and quantity (Tamirat, 2019), are hampering the 

sector much behind its potential.  

 

In Ethiopia, farmers often depend less on purchased compound feeds to maximize 

roughage utilization due to the rising cost of concentrate feeds caused by stiff 

competition with humans as food for cereal grains. Price volatility and fluctuations 

in the supply of raw materials to the feed industry ultimately inflate the total cost 

of dairy cattle feeding, often estimated to reach 70% of the total cost of animal 

production (Seyoum et al., 2018). Thus, the search for untapped, alternative, and 

least-cost feed supplements should remain the focal point of future research and 

development works. Among the feed supplements, brewery by-products could be 

suggested as potential candidates in the compounding of dairy rations.  

 

Brewery industries generate large volume of by-products that can be reused as 

livestock feed resources (Demissie, 2021), the most common ones being brewer’s 

spent grains (BSG) and brewer’s spent yeast (BSY), both are produced from the 

main raw materials used for beer production (Mussatto et al., 2006). Currently, 

there are 12 beer factories in Ethiopia with annual production capacities of more 

than 360,758 hectoliters (hl) of LBSY (Getu et al., 2018). Brewer’s spent yeast is 

obtained by the removal of yeast after the brewing process and subsequent 

inactivation by heat (Hertrampf and Felicitas, 2000). This by-product is used as 

feedstuff for pigs, ruminants, poultry and fish (Hertrampf and Felicitas, 2000; 

Tacon et al., 2009). Inactivated brewer’s yeast is a highly valuable source of 

protein, phosphorus and B vitamins and may be fed fresh (liquid form) or dried 

(brewer’s dried yeast). It can be generally concluded that deactivated yeast can be 

used as an alternative protein source in rations for ruminants because it is much 

cheaper than most conventionally used protein supplements in Ethiopia, with 

equivalent or higher nutritional value than soybean meal (Huseyin and Erol, 

2003). On the other hand, brewer’s yeast has a limited shelf-life and may suffer 

tremendous losses of total solids during storage. Related to this, however, there 

are very limited or no published research works on the management and animal 

utilization practices of LBSY in Ethiopia. Therefore, the objective of this study 

was to assess brewer’s spent yeast accessibility, preservation, storage, and feeding 

practices of smallholder farmers along major breweries in Ethiopia. 
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Materials and Methods 
 

Description of Study Areas  
The survey study was conducted in Oromiya regional state (Bedele and Gelan 

districts) and Addis Ababa city administration, Akaki Kality sub-city, Wereda 11 

(Figure 1), where major beer factories and their by-product beneficiaries are 

found.  

Addis Ababa: the capital city of Ethiopia: is located in the central parts of the 

country and lies between 8°55 ́ and 9º07 ́North and 38º4 ́and 38º50 ́East. The 

altitude of Addis Ababa is 2500 meter above sea level (masl). The long rainy 

season extends from June to September with an annual mean rainfall of 1000 mm 

and an average annual daily temperature is in the range of 11-23.1
0
C. Akaki 

Kality is situated in the southeast part of Addis Ababa that shares a boundary with 

Bole and Nefas Silk Lafto Sub-cities in the north-east and north-west directions, 

respectively and the rest with the Sheger City of Oromiya Regional state. The site 

harbors one of the biggest beer factories run by the international Heineken group 

with annual LBSY production potential of 36,243.5 hl (Getu et al., 2018).  

 

Bedele:  is a town and separate district in south-western Ethiopia, in the Buno 

Bedelle Zone of the Oromia Regional State. The town is located at 8°27′N latitude 

and 36°21′E longitude and has an altitude ranging from 2,012–2,162 masl. One of 

the oldest beer factories (Bedele beer factory), run by the Heineken international 

group has an annual LBSY production capacity of 24,853.5 hl (Getu et al., 2018). 

Gelan: is located in Sheger City of Oromiya Regional state at a distance of 25 km 

south-east from Addis Ababa city administration between 7°12’- 9°14’N latitudes 

and 38°32’ – 39°32’ E longitudes. It lies at an altitude between 1,800 - 2,300 masl. 

It has an annual average daily temperature of 19 
0
C and an annual average rainfall 

of 861 mm. Due to its geographical proximity to Heineken and St. George beer 

factories, it harbors one of the largest numbers of LBSY beneficiaries in Oromia 

regional state.   
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Figure 1: Map of the study locations 
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Sampling Procedure and Sample Size Determination 
The study followed a cross-sectional study design. The three districts and two PAs 

from each district were purposively selected with the help of experts from the 

zonal and district agricultural offices. Among LBSY beneficiaries, the list of 

names of all HH respondents selected purposively and registered from the 

identified PAs in each survey district. As part of the selection criterion, all HH 

respondents in the PA need to have sufficient experience (≥5 years) in livestock 

farming and BSY feeding experience (1-3years), and above all, they should 

display their free willingness to participate in the survey study. The actual number 

of HH respondents (sample size) that was involved in the survey study was 

calculated using the formula developed by Arsham (2007): N=0.25/SE
2
, where 

N= sample size; SE= standard error of the farms. By assuming the standard error 

of 3.7% at a precision level of 5% and 95% confidence interval, N= 

0.25/(0.037)
2
=182. Accordingly, 77 respondents from Wereda-11, 47 respondents 

from Bedele, and 58 respondents from Gelan districts were selected for a personal 

interview. Fully structured questionnaires and personal observations were held 

with HH respondents in each district as a means of data collection tool for the 

survey-based study.   

 

Data Collection and Analysis 
Data collected during the survey work included: basal and supplemental feed 

resources, feeding system, feeding practices of LBSY, amount and mode of LBSY 

feeding, transportation, preservation, storage and effect of feeding LBSY on the 

production, reproduction and health of the animals were assessed. The survey data 

were analyzed using Statistical Package for Social Sciences (SPSS, version 20.0). 

Descriptive statistics such as frequency distribution and percentages were used for 

categorical variables. Chi-square and one way ANOVA was use to analyze 

qualitative and quantitative data, respectively. Differences were considered 

significant at p<0.05. 

 

Results and Discussion 
 

Basal and Supplementary Feed Resources in the Districts 
The major basal and supplemental feed resources across the study districts were 

presented in Table 1. Accordingly, the utilization of natural pasture hay across the 

study districts were significantly (P<0.001) differed with larger proportion of 

respondents in Bedele (78.7%) and Gelan (73.7%) depend on natural pasture hay 

as basal diet as compared to 29.9% in Wereda-11. The variation could be 

attributed to the conversion of grazing lands to crop production and encroachment 

of buildings to grazing lands as the city expands in Wereda-11 and the heavy 

dependency of most respondents on purchased natural pasture hay in Bedele and 

Gelan districts. Almost all (97.3%) interviewed respondents across the study 
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districts were heavily depending on crop residue as livestock feed. Similarly, 

according to some studies, in the central highlands of Ethiopia, the dominant basal 

feed resources for livestock production in general and dairying in particular were 

natural  pasture hay and crop residues (Ahmed et al., 2010; Ararsa and Amanuel 

2017). In the present study, 44.7, 54.5, 100, 67, and 63.5% of the respondents 

were commonly utilizing cereal and pulse screenings, brewery grain, brewer’s 

spent yeast, local brewery waste, and concentrate mix as supplementary feeds 

across the study districts, respectively. In agreement to the present study, Adugna 

(2012) also reported that brewery by-products could be important sources of 

supplementary feed in commercial livestock operations. This is particularly 

important for farmers residing in the proximity of commercial breweries because 

of its moderately high crude protein and metabolizable energy contents and 

digestibility (Ahmad et al., 2022). On the other hand, very few  proportion of 

respondents across the study districts, depend on silage and mineral block while 

close to 12% and 24% of the respondents across the study districts depend on 

cultivated forage  and molasses, respectively.  

 
Table 1. Percentage of the respondents utilized the basal and supplemental feed resources in the study districts. 

 

n= total number of respondents per districts; Note that percentage of feed utilization is independently calculated for each 

feed and sampled HHs in each district 

 

Feeding Systems  
About 87.2% of the respondents in Bedele district reported that the most 

prominent feeding system was cut and carry while 51.9% in Wereda-11 and 

58.6% of respondents in Gelan districts were practicing both free grazing and cut 

and carry feeding systems, respectively (Figure 2). The variations in the feeding 

systems across the study districts might be attributed to the differences in less land 

holding size of the respondents in Bedele district as compared to respondents in 

Wereda-11 and Gelan districts involved in mixed crop-livestock farming systems.  

 

 

Feeds types 

Wereda-11 

n= 77 

Bedele 

n=47 

Gelan 

n=58 

Over all 

mean 

P-value 

Natural pasture hay 29.9 78.7 73.7 56.4 0.000 

Crop residues 96.1 95.7 100 97.3 0.298 

Silage - - 3.6 1.1 0.107 

Cereal and pulse screenings 54.5 19.6 51.8 44.7 0.000 

Cultivated forages 6.5 19.1 14.5 12.3 0.095 

Molasses 9.2 54.5 19.6 23.9 0.000 

Brewery grain 37.3 70.2 64.3 54.5 0.000 

Brewery yeast 100 100 100 100 0.236 

Local brewery waste (Atela) 71.4 53.2 72.4 67.0 0.064 

Concentrate mix 67.5 19.6 93.1 63.5 0.000 

Mineral block - - 3.6 1.1 0.102 
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Figure 2. Percentage of respondents practicing different feeding systems across the study districts  

 

Liquid Brewer’s Spent Yeast Supply, Marketing and Transportation  

The supply frequency and price of LBSY in the study districts are presented in 

Table 2. Accordingly, the supply frequency of LBSY was not significantly 

(P>0.05) varied across the study districts with 49.5, 26.4, 17.6 and 6.6% of the 

respondents across the study districts  reported that the supply frequency of LBSY 

was once per week, once per two weeks, once per three weeks and once per 

month, respectively. Majority (80.4%) of the respondents in the study districts 

reported that the price of LBSY showed an increasing trend over the last five 

years. Consequently, the farm gate price of LBSY was in the range of 1.00-1.19 

(overall=1.14) birr per liter and significantly (P<0.05) varied across the study 

districts. The increasing price and demand of LBSY was mostly due to the 

unavailability and cost of other commercial feed sources in the study districts. 

Even though, the demand and price for LBSY was increasing, according to Getu 

et al. (2018) the only factory supplying the autolyzed/deactivated spent yeast to 

the surrounding farmers was Meta Abo (at pilot level) and Heineken, Bedele and 

Gonder-Dashen brewery factories. The majority of the spent yeast produced by the 

factories each year is still subjected to disposal despite high protein feed value and 

costly price of other conventionally used protein supplements. A related study by 

Mesfin et al. (2014) also indicated that the majority of the food industry did not 

have a strategic plan to handle and market their by-products that can potentially be 

used as animal feed for livestock production.  
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Table 2. Liquid brewer’s spent yeast supply frequency and price trends in the study districts (%).  

Variables Wereda-11 

n=77 

Bedele 

n=47 

Gelan 

n=58 

Overall 

value (182) 

P-value 

 

LBSY supply 

frequency  

 

 

Once per 

week 

44.2 63.8 43.1 49.5  

0.424 

Once per 

two 

weeks 

28.0 21.3 31.0 26.4 

Once per 

three 

weeks 

20.8 10.6 19.0 17.6 

Once per 

month 

7.5 4.3 6.9 6.6 

Price trends of LBSY in the 

last 5 years  

Remains 

the same 

- 13.2 10.7 12.8 0.000 

Fluctuati

ng 

- 5.5 - 6.7 

Increase

s steadily 

100 81.3 89.3 80.4 

Farm gets price of LBSY (birr/litter) 1.19a 1.00b 1.18a 1.14 0.005 

LBSY= Liquid brewer’s spent yeast; n= total number of respondents per districts 

 

The majority of the respondents in Wereda-11 (89.6%), Bedele (87.2%), and 

Gelan (67.2%) responded that the LBSY was supplied by local retailers (Figure 3). 

According to the present study, the supply chain of LBSY was from the factory to 

very few retailers and finally to farmers, this would ultimately limit the 

distribution of the by-product to farmers in the required amount and time as it 

needs special transportation mechanisms. As a means of disposal mechanism, 

LBSY was, however, given to local retailers for free upon request after settling 

their bill for wet brewery spent grain. Among means of transportation, all 

respondents in Wereda-11 and Gelan districts reported that it was transported and 

supplied to them by vehicle, while 89.4% of the respondents in Bedele district 

reported that LBSY was transported to farmer’s home stead using horse/donkey 

laden carts (Figure 4). The variations in the means of transportation across the 

study locations was due to the accessibility of transportation facilities such as 

tracks with tankers owned by retailers found in the former two districts. Despite 

the availability of better transportation services for LBSY in the former two 

locations, the respondents complained about the fact that they did not get LBSY 

on time as per their will/demand. This was because of the limited (one or two) 

number of retailers that deliver LBSY in a pre-scheduled regular shift to local 

farmers. Generally, utilization of LBSY was limited to farmers that are very close 

to those breweries because of higher moisture contents that requires special and 

costly transportation mechanisms to supply the by-product feed to stakeholders in 

the feed value chain found in faraway places. 
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Figure 3. Actors supplying LBSY to local farmers 
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Figure 4. Means of transportation of LBSY.  

 

Liquid Brewer’s Spent Yeast Preservation and Storage Practices 

The proportion of respondents using different LBSY preservation practices and 

storage facilities are presented in Table 3. Accordingly, almost all of the 

respondents across the study districts used storage facilities for LBSY storage. 

Among storage facilities, plastic barrels were commonly used by respondents in 

Wereda-11 (92.2%) and Gelan (93.1%) but 93.6% of respondents in Bedele 

district were using plastic Jeri cans of 20 liters capacity. A small percentage of 

respondents in Wereda-11 (2.6%) and Gelan (6.9%) also used concrete pits of 

10,000 m
3
 capacity to store LBSY. The study revealed that the majority of the 

respondents in Wereda-11 (76.6%) and Gelan (60.3%) reportedly observed to 

have practiced different types of LBSY preservation techniques for later use. 
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Respondents in Bedele district didn’t use preservation techniques of any sort. This 

latter case has something to do with the relatively better frequency of fresh LBSY 

supply to the farmers. Among preservation techniques, adding salt to LBSY in the 

container was very common and mainly practiced by respondents in Wereda-11 

(60.3%) and Gelan (60.0%) districts. The second commonly used preservation 

technique was adding saline water to the container that holds the fresh LBSY. The 

amount of salt and water used for preservation of brewer’s spent yeast was, 

however, not measured but farmers make their own fair guess of the mix.  

According to the respondents’ observation, with the above preservation 

techniques, LBSY can be stored for up to 22 days without deterioration. In 

addition to what has been mentioned, a small proportion of farmers in Gelan 

district exploit cold temperature (8.6%) and close the container tightly to limit the 

entrance of air (5.7%) to elongate shelf life of fresh LBSY. In line with this, a 

study by Steckley et al. (1979b) indicated the possibility of LBSY storage for up 

to two weeks under cool temperature (4
0
C). Furthermore, the study by the same 

authors also indicated that the addition of acetic and propionic acid or a mixture 

including formic acid and formaldehyde is observed to have reduced changes in 

dry matter, crude protein, ammonia, and cell numbers of the yeast. In the current 

situation, chemical preservation is not advised under local conditions owing to its 

availability, cost, and health hazard mainly associated with handling the chemicals 

and technical know-how that follows it.  
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Table 3. Brewer’s spent yeast storage facilities and local preservation practices in the study districts.  

Variables Wereda-11 

n=77 

Bedele 

n=57 

Gelan 

n=48 

Overall 

mean (182) 

P-value 

Do you use storage facilities (yes) 98.7 100 100 99.5 0.504 

 

Storage facilities 

(%) 

Plastic barrel 92.2 6.4 93.1 70.3 0.000 

Jeri can  3.9 93.6 - 24.2  

Concrete pit  2.6 - 6.9 3.3  

Clay pot 1.3 - - 0.5  

Do you practice preservation of LBSY (yes) 76.6 - 60.3 51.6 0.000 

How long do you preserve LBSY (days) 22.1 - 21.1 21.7 0.560 

 

Preservation 

techniques (%) 

Adding salt  60.3 - 60.0 60.2 0.049 

Adding water 5.2 - 2.9 4.3 

Adding salt and water 34.5 - 22.9 30.1 

Store in a cool place - - 8.6 3.2 

Closing the container tightly - - 5.7 2.2 

LBSY= liquid brewer’s spent yeast; n= total number of respondents per districts 

About 61% of the respondents in Wereda-11 and 58% in Gelan districts got 

firsthand information about the different LBSY preservation techniques from their 

neighbor and their own experiences, respectively (Figure 5). As sources of 

information, extension workers and research centers have been also cited by the 

respondents to a limited extent in that order of importance.    
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Figure 5. Sources of information for LBSY preservation techniques 

 

Factors Responsible for Deterioration of Liquid Brewer’s Spent Yeast  

The major factors responsible for deterioration and hygienic conditions of LBSY 

upon storage are presented in Table 4. Districts varied in their response (P<0.05)  
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with  58.4% of the respondents in Wereda-11 claiming  hygienic conditions of the 

storage facilities as being the major factor responsible for quality deteriorations 

while for 68.1% and 56.9% of respondents in Bedele and Gelan districts, 

respectively claimed storage temperatures, high moisture contents of LBSY  were 

more important than other factors. In agreement to the present study, Alphonce et 

al. (2018) and Getu (2019) reported that deterioration of brewery by-products 

were mostly caused by moisture, temperature, microorganisms (mold and yeast) 

and local relative humidity conditions. Peter (2019) also reported that 

temperatures between 10 - 30 °C would favor growth of a wide range of fungal 

species that may possibly contribute to contamination of LBSY. Moreover, 

according to Boateng et al. (2015), excessive contamination of animal diets with 

molds and yeast  have been reported to increase the incidence of diarrhea that 

causes heavy loss in production and health performances of farm animals. Once 

quality deteriorations encountered, majority (65.9%) of the respondents in study 

districts prefer to dispose spoiled BSY and/or opt to feeding only fresh LBSY 

while relatively few (6.4 and 3.4%) of the respondent households in Bedele and 

Gelan districts, respectively continued feeding of LBSY regardless of the extent of 

deteriorations they are faced with the stored LBSY. Among LBSY deterioration 

symptoms, 46.3% of the respondents across all study districts claimed to have 

observed smell change as a major sign followed by surface mold growth (23.4%) 

in the storage facilities where the LBSY is stored (Figure 6). 

Table 4. Hygiene and management of Deteriorated LBSY expressed as the percentage of total respondents.  

 

Variables Wereda-11 

n= 77 

Bedele 

n=47 

Gelan 

n=58 

Overall 

mean 

P-value 

Factors 

responsible for 

deterioration of 

LBSY 

Hygienic condition of 

storage facility 

58.4 31.9 25.9 41.2 0.000 

Hygienic condition 

during transportation 

1.3 - 15.5 5.5 

Storage tem, moisture 

and RH 

37.7 68.1 56.9 51.6 

Hygienic condition of 

feeding troughs  

2.6 - 1.7 1.6 

 

Fate of spoiled 

LBSY  

I will dispose 

deteriorated LBSY  

71.4 57.4 65.5 65.9 0.208 

I will maintain hygienic 

condition of materials 

28.6 36.2 31.0 31.3 

I will continue feeding 

whatsoever the extent 

of  spoilage in the 

LBSY  

- 6.4 3.4 2.7 

LBSY= liquid brewer’s spent yeast; RH= relative humidity; tem= temperature; n= total number of respondents per districts 
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Figure 6. Liquid brewer’s spent yeast deteriorations signs  

 

Farmers’ Source of Information and Feeding Priorities of LBSY 

There were substantial differences (P<0.05) in the feeding experience of farmers 

across study districts when it comes to feeding practices of LBSY for the different 

livestock species (Table 5). This was 1.53 years for HH respondents in Gelan and 

3.76 years for those in Bedele districts. The majority of the respondents in 

Wereda-11 (83.1%) and Gelan (81.0%) got firsthand information about the 

feeding values of LBSY from their neighbors while 46.8% of the respondents in 

Bedele district secured the information from their friends. Similarly, Getu et al. 

(2018) reported that the majority (83%) of respondents in Sebeta, Bedele, and 

Debre Birhan towns got information about the feeding value of brewery spent-

grain from their neighbors and/or family members. According to 67.5, 58.7, and 

54.4% of the respondents in Wereda-11, Bedele, and Gelan districts, respectively 

roughage diets are treated with LBSY in mixture with salt, and water before it is 

fed to their animals (Figure 7). More than 82% of the respondents across all the 

study districts reported that mixing with feed ingredients (roughage and/or 

concentrate) was the major mode of offering LBSY to the diet of the animals 

followed by top dressing (7.9%) over the roughage and/or concentrate (Figure 8). 

According to the present study, farmers formulate LBSY based diets traditionally 

by themselves without having any scientific knowledge in feed formulations 

and/or prior LBSY based feeding recommendations.  In general, feed formulation 

and the way it should be fed to the different livestock groups remained an 

important research gap in the efficient utilization of LBSY by smallholder farmers 

in the study districts. Overall, 66.9% of the respondents in the survey areas 

claimed to have prioritized their animals when feeding LBSY to their animals 

(Table 5).  Dairy cows are usually given priority in Bedele according to 95% of 

the HH respondents whereas 86.1 and 54.8% of the respondents in Wereda-11 and 

Gelan districts, respectively give more priority for fattening cattle than the rest of 

their animals. The relatively small number of crossbred dairy animals in Wereda-
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11 and Gelan districts gave fattening animals a comparative advantage over 

remaining livestock species in getting access to LBSY based ration.  According to 

those respondents, the major reason as to why dairy and fattening cattle has been 

prioritized over remaining livestock species across the study districts could be 

attributed to the higher response obtained from these same animals to a LBSY 

supplementation. However, earlier studies by other scholars (Peter, 2019) also 

revealed the use of LBSY as a feed supplement in diets of ruminants, poultry, 

swine, and fish for the production of milk and meat.  

 
Table 5. Farmers’ access to information  and prioritization of LBSY to animals (%).  

LBSY= liquid brewer’s spent yeast; n= total number of respondents per districts 
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BSG= brewery spent grain; BSY= brewer’s spent yeast 

Variables Wereda-11 

n=77 

Bedele 

n=47 

Gelan 

n=58 

Overall 

value 

P-value 

Experience of feeding LBSY (Years) 2.9b 3.7a 1.5c 2.6 0.000 

 

Sources of 

information about 

feeding value of 

LBSY 

Neighbor 83.1 31.9 81.0 69.2 0.000 

Friends 13.0 46.8 5.2 19.2 

Family 2.6 4.3 1.7 2.7 

Beer factory 1.3 4.3 3.4 3.0 

Market place - 12.8 8.6 6.0 

Prioritization of LBSY Yes 47.4 95.7 69.0 66.9 0.000 

No 52.6 4.3 31.0 31.1  

Animals get priority Dairy cattle 13.9 95.6 45.3 51.6 0.000 

Fattening cattle 86.1 4.4 54.8 48.4  

Major reasons for 

priority 

Availability of LBSY 16.7 - 19.0 11.4 0.009 

Response of LBSY 83.3 100 69.0 84.6  

Availability and response - - 9.6 3.2  

Health  related factors - - 2.4 0.8  
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Figure 7. Types of feed ingredients mixed with BSY during animal feeding                                                               

        

7.90%  Top dressing 82.50%  Mixing with other feeds

3.40%  Drinking 5.10%  Top dressing and mixing

1.10%  Top dressing and drinking

 

 
Figure 8. Mode of LBSY offer to the animals’ diet  

 

Amount of Liquid Brewer’s Spent Yeast Supplemented to the Animals 

The amount of LBSY supplemented to the animals is presented in Table 6. 

Accordingly, the majority (67.6%) of the respondents across the study districts did 

not weigh/estimate the amount of LBSY supplemented to their animals while only 

31.9% weigh or estimate the daily amount of LBSY fed to their animals with 

locally available measurement units. According to those farmers’ estimation the 

amount of LBSY when fed alone is estimated to 1.62-3.75 liters per animal per 

day with significant (P<0.05) variation across study districts. When LBSY mixed 

with other feed ingredients (roughages and/or concentrate feeds), the amount 

would range from 3.25-5.33 liters per animal per day with no significant (P>0.05) 

variation across study districts. According to respondents' perceptions, feeding too 

much LBSY alone will cause bloating and death to the animals. In agreement to 

the present survey, Peter (2019) reported that lactating dairy cows could be fed 

with 4 liters of LBSY per day as a supplemental diet while other remaining adult 

cattle stocks are usually supplemented with 2 liters per day. 
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 Table 6. Proportion of respondents (%) who estimate the amount (kg) of LBSY supplemented to the animals across the 

study districts.  

 

Variables Wereda-11 

(N=77) 

Bedele 

(N=47) 

Gelan 

(N=58) 

Overall 

mean  

P-value 

Do you weigh/estimate the daily 

amount of LBSY supplemented 

Yes 18.2 25.5 55.2 31.9 0.000 

No 80.5 74.5 44.8 67.6  

Estimated amount of 

LBSY supplemented  

Alone 1.6b 1.8b 3.7a 2.1 0.004 

With other 

feeds  

3.2 5.3 4.2 4.2 0.242 

LBSY= liquid brewer’s spent yeast; n= total number of respondents per districts 

Farmer’s Perceptions on the Effects of Feeding Brewer’s Spent  

Yeast on Milk Production, Reproduction and Health of Animals  

The long-term effects of feeding LBSY on production, reproduction, and health 

conditions of animals are presented in Table 7. Accordingly, there were significant 

(P<0.05) variations in milk production performance of dairy cows with the 

overall, 60.2% of the respondents across the study districts reported to have 

observed increased milk production because of feeding LBSY based diets. 

Similarly, West et al. (1994) also reported an increase in milk production when 

LBSY was added to the diet of the animals, the increase was attributed to a 

possible enhanced ruminal environment and the numerical boost in dry matter 

intake. Steckley et al. (1979a) also reported that brewer's yeast slurry had a similar 

feeding value to soybean meal in supporting milk production of dairy cows due 

mainly to its superior effect on ration digestion coefficients, and rumen acetate 

production. Significantly higher proportions of (overall,71.4%) the respondent 

households across the study districts (P<0.001), weren’t able to observe changes 

in the milk quality as a result of feeding a LBSY based diet. On the other hand 

25.9% of respondents in Gelan district were able to note fatty milk while a 

considerable proportion of the household respondents in Bedele (40.4%) reported 

to have observed watery milk (less fatty) upon feeding LBSY based diet to their 

milking cows. The latter case might be attributed to the water contents of the 

LBSY (88-90%). The majority (93.9%) of the respondents across the study 

districts (P<0.05), responded as depressed feed intake and metabolic disorder like 

blotting could be sometimes encountered upon feeding LBSY based diet to the 

animals. The metabolic disorder (blotting) might be linked to the higher nitrogen 

concentration or higher crude protein (63.8%) contents of LBSY (Podpora et al., 

2016). Close to 5.3% of the respondents in Wereda-11 encountered death loss in 

the animals that often drink too much LBSY especially when consumed too hot. 

More than 33% of the respondents in Bedele district observed reproductive 

problems (stillbirth, delay in estrous, extended calving intervals, abortions) when 

LBSY based diets were frequently fed to their animals. Similarly, reproductive 

problems were also observed in those animals fed on wet brewery spent grain 

(Getu et al., 2018) but it should be confirmed with animal experimentation.  
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Table 7. Farmer’s perceptions (%) towards the effect of feeding LBSY on animal performances.  

 

Variables Wereda-11 

n= 77 

Bedele 

n=47 

Gelan 

n=58 

Overall 

Mean 

P-value 

 

Milk production change 

No change 42.3 - 32.5 34.0 0.002 

Increase milk yield 57.7 72.7 60.0 60.2 

Decrease milk yield - 27.3 5.0 4.9 

 

Milk quality change 

No change 87.0 55.3 63.8 71.4 0.000 

Milk becomes fatty 2.6 4.3 25.9 10.4 

Milk becomes watery 9.1 40.4 10.3 17.6 

I do not know 1.3 - - 0.5 

 

Health problems 

encountered 

Reproductive problems - 33.3 - 11.1 0.026 

Depressed intake and 

metabolic disorder 

94.7 66.7 100 93.9 

 Death of the animals 5.3 - - 3.0 

Reproductive problems= stillbirth, delay in estrous, extended calving intervals, abortions etc; Depressed intake and 

metabolic disorders= bloating and Acidosis; n= total number of respondents per districts 

 

Challenges in Liquid Brewer’s Spent Yeast Accessibility and Animal 

Utilization 

The major challenges associated with LBSY accessibility and feeding practices in 

the study districts are presented in Table 8. Notably higher proportions of the 

respondents that amounted to 51.9 and 72.4% in Wereda-11 and Gelan districts, 

respectively, responded that they are faced with multiple challenges including 

LBSY accessibility, cost, transportation problems, and lack of animal feeding 

practices. Fifty per cent of the respondents in Bedele district claimed 

transportation problems and lack of animal feeding practices as being the major 

bottlenecks to the efficient utilization of LBSY. In agreement to the present study, 

Boateng et al. (2015) also reported that cost of transportation, availability, tedious 

processing process, and rapid deterioration of BSY were the major challenges in 

the utilization process of brewery by-products in Ghana.  
 

  Table 8. Major challenges of LBSY accessibility and feeding utilization practice (%).  

Variables Wereda-11 

(n=77) 

Bedele 

(n=47) 

Gelan 

(n=58) 

Overall 

mean   

P-value 

Accessibility 39.0 17.0 19.0 26.9 0.000 

Cost/affordability 7.8 8.5 5.2 7.1 

Lack of feeding practice - 23.4 - 6.0 

Transportation problem 1.3 34.0 - 11.7 

Multiple challenges* 51.9 17.0 72.4 49.5 

No challenges - - 3.4 1.1 

* Multiple challenges= availability, cost, lack of utilization practices, and transport problems; n= total number of 

respondents per districts 
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Conclusion and Recommendations 
 

Liquid brewer’s spent yeast was found to be traditionally used as livestock feed in 

the study districts by smallholder farmers both for dairying and animal fattening. 

The main suppliers of LBSY to local farmers were few local retailers who were 

unable to fill the demand gap of the by-product. The demand and purchasing price 

of LBSY was increasing from time to time due to less accessibility and soaring 

price of conventionally used protein sources. Inaccessibility, cost, lack of 

transportation mechanisms, and lack of feeding practice were cited to be the major 

challenges for proper utilization of LBSY by households across the study districts. 

Therefore, in order to utilize these untapped protein sources, LBSY supply 

mechanisms, storage, preservation and standard feeding recommendations shall be 

developed for the different livestock species.  
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Abstract  
This study assessed the impacts of including a treated wheat bran, with effective 

microorganisms (EMWB), in a mixed diet on the chemical composition, in vitro 

digestibility, and in sacco degradability of the dry matter (DM) and crude protein 

(CP). The treatment consisted of 70% native pasture hay (NPH) and 30% concentrate 

mixtures (wheat bran (35%), maize (20%), rice bran (21%), molasses (3%), niger 

seedcake (4%), sunflower cake (11%), salt (3%), and limestone (3%)). This 

concentrate mixture was substituted with different levels (0, 33, 66 and 100%) of 

treated wheat bran forT1, T2, T3 and T4, respectively. The CP content was increased 

(7.2, 9.1, 9.2 and 12.2% DM (SEM = 0.214), while the neutral detergent fiber (NDF) 

content was decreased with an increasing level of EMWB (66.2, 64.3, 63.7 and 62.1 

% DM (SEM = 0.117) for T1, T2, T3 and T4 respectively). Similarly, the contents of 

both acid detergent fiber (ADF) and acid detergent lignin (ADL) showed a declining 

trend with an increasing EMWB in the diet. The in vitro DM digestibility (IVDMD) 

was in the order of T4 > T3 > T2 > T1 (54.9, 56.2, 59.7 and 74.4% (SEM = 0.169), 

respectively. An inclusion of EMWB, in the diet enabled to improve the rapidly 

degradable (a) and insoluble but potentially soluble (b) fractions of the diets. 

Furthermore, the in sacco potential (PD) and effective degradability (ED) of DM and 

CP increased with increasing levels of EMWB in the diet. The PD and ED for DM 

ranged from 55 to 70% and 37 to 48%, respectively.  Similarly, the PD and ED for 

CP ranged 25 to 48% and 16 to 22%, respectively. The treatments with EMWB for 

example T4 showed the most significant impact on enhancing the nutritive values and 

degradability. Consequently, EMWB can completely substitute a commercial 

concentrate mixture used in the current study, yielding better results. 

 

Keywords: In sacco degradability, in-vitro digestibility, crude protein, dry matter  

Introduction 
 

The livestock sector of Ethiopia plays a crucial role in the country’s economy and 

the livelihoods of the majority of its people, with significant potential for meat and 

milk production (CSA 2017/18). However, feed supply (in quantity and quality) 

have been a major hindrance to livestock production and productivity in the 

country (FAO, 2019). The primary sources of livestock feed in Ethiopia are 

natural pasture and crop residues, which are characterized by poor nutritional 

quality and insufficient year-round supply (Seyoum et al., 2007). Dried forages 
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and roughages are deficient in crude protein (CP), minerals, and vitamins and their 

high-lignin content restricts their use as sole feed for ruminants (ILRI, 1999). 

To enhance the utilization of low-quality roughages, various strategies, including 

supplementation, biological treatment, and manipulation of the rumen ecosystem, 

are well-known and widely used in the sector (Lettat et al., 2012; FAO, 2019; 

Bimrew et al., 2020). Microorganisms have been effectively employed as 

biological treatments in ruminant production to increase productivity, prevent 

digestive disorders like acidosis, and reduce pathogenic load (Lettat et al., 2012). 

Generally, the use of combinations of microbial strains in ruminants has shown 

synergetic beneficial effects (Collado et al., 2007), leading to improved animal 

performance (Krehbiel et al., 2003).  

Effective Microorganisms (EM) are a mixed culture of aerobic and anaerobic 

microbes that live symbiotically with each other. These microorganisms are 

beneficial, natural, free-living, and safe. EM comprises selected species of 

microorganisms, including predominant populations of lactic acid bacteria and 

yeasts, as well as smaller numbers of photosynthetic bacteria, actinomycetes, and 

other types of organisms (Higa, 1994).  

The use of EM in animal husbandry is widely accepted in many parts of the world. 

In a study conducted in Russia by Alexey et al. (2019), EM was successfully used 

as a feed supplement in cattle rations to increase the productivity and meat quality 

of calves. Similarly, studies conducted in Egypt by Yacout et al. (2021) showed 

that the use of EM as a feed supplement improved digestibility in sheep. Likewise, 

several studies have been conducted in Ethiopia to investigate the effect of EM on 

enhancing the nutritive value of crop residues. For instance, research findings of 

Bimrew et al. (2020) and Daniel et al. (2017) indicated that treating rice straw and 

sorghum stover with EM improved their quality by reducing fiber content and 

enhancing CP. However, to date, the effects of a mixed ration containing different 

proportions of EM- treated wheat brans on chemical composition, in-vitro 

digestibility, and in sacco degradability of a mixed ration have not been 

investigated. Therefore, the objective of this study was to assess the effects of 

different levels of EM-treated wheat bran on the chemical composition, in vitro 

digestibility, and in sacco degradability of DM and CP of a mixed ration. 

 

Materials and Methods 
 

Study Site and Treating the Wheat Bran, with Effective Microorganisms 

The study was conducted at the Holetta Agricultural Research Center of the 

Ethiopian Institute of Agricultural Research (EIAR).  
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A sufficient quantity of activated EM packed in plastic bottles was purchased from 

Weljeji PLC (Bishoftu, Ethiopia) and molasses was purchased from Ethiopian 

Sugar Corporation Wenji branch. EM was diluted by mixing 1 liter of EM, 1 liter 

of molasses and 18 liter of water in a ratio of 1:1:18.  Then, 20 liters of the diluted 

EM solution was poured gradually onto a 50 kg of wheat bran and then thoroughly 

mixed. The mixture was placed in a concrete hole/silo-type that was prevented 

from air entry, maintaining anaerobic conditions, and it was protected from direct 

sunlight. Finally, it was left to ferment for 21 days. After 21 days, the treated 

wheat bran was ready for use when it emitted a sweet fermented smell.  

Experimental Treatments  

In a companion feeding trial with lactation dairy cows, the animals were fed a 

mixture of 70% native pasture hay and 30% concentrate mixture (consisting of 

wheat bran 35%, maize 20%, rice bran 21%, molasses 3%, niger  seed cake 4%, 

sunflower cake 11%, salt 3%, and limestone 3%). The composition and 

proportions of the concentrate mixture were provided by the formulating 

company.  The aim of this study was to determine the effects of EM-treated wheat 

bran on performance parameters of lactating dairy cows. The concentrate mixture 

was replaced by 0, 33, 66 and 100% EM-treated wheat bran for T1, T2, T3 and T4, 

respectively. A mixed ration with that of proportionally similar to the feeding trial 

was also prepared and used to evaluate the chemical composition, in vitro 

digestibility and in sacco degradability of the experimental feeds. Thus, a 200 g 

mixed ration was prepared by mixing 140 g of native pasture hay plus 60 g 

concentrate mixture for T1. The same amount of native pasture hay was combined 

with 33 % (20 g), 66% (40 g) and 100 (60 g) of the concentrate mixtures being 

replaced by an EM-treated wheat bran for T2, T3 and T4, respectively. Samples of 

these feeds were dried at 65 °C for 48 hours.  Then, these samples were divided 

into two halves, with one half was ground using a Wiley mill to pass through a 1 

mm screen for chemical analysis and in vitro digestibility determination. The other 

half was ground to pass through a 2 mm screen for in sacco degradability 

measurement.   

Experimental Measurements 

Chemical Composition  

The DM, ash and CP contents in the treatment samples were analyzed following 

the AOAC (1990) method. The organic matter (OM) content was calculated as 

100 − ash content. The CP content was calculated by multiplying nitrogen content 

by a factor of 6.25. The acid detergent fiber (ADF), acid detergent lignin (ADL) 

and neutral detergent fiber (NDF) of the samples were determined using the 

method of Van Soest and Robertson (1985). 

In vitro Digestibility  

The in-vitro dry matter digestibility (IVDMD) of the treatments was determined as 

described by Van Soest and Robertson (1985). Rumen fluid was obtained from 
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three rumen fistulated Boran × Holstein Frisian crossbred steers, fed on a basal 

diet of natural pasture hay and supplemented with 2 kg of concentrate mixture 

(wheat bran 35%, maize 20%, rice bran 21%, molasses 3%, niger seed cake 4%, 

sunflower cake 11%, salt 3%, limestone 3%). This fluid was used for in vitro 

incubation of the treatment samples. The same natural pasture hay used in this 

study served as the source of hay fed to the rumen content of the donor animals.  

In sacco Degradability  

The in sacco DM and CP degradability were determined by incubating about 3 g 

of each treatment sample in a nylon bag (40 to 60 μ pore size and 4.5 × 18 cm 

dimension) in three rumen fistulated Boran × Friesian crossbred steers. Duplicated 

samples were incubated for 0, 6, 12, 24, 48, 72, and 96 hours. The bags were 

inserted sequentially and removed at the same time (Osuji et al., 1993). After 

removal from the rumen, the bags were washed in running tap water while rubbing 

gently between thumb and fingers until the water became clear. Zero-time 

disappearances (washing losses) were obtained by washing un-incubated bags in 

the same manner. The washed bags were then dried in an oven at 100 °C for 24 

hours. After cooling in desiccators, the bags were weighed immediately to 

determine the dry weight of the incubation residues. The residues were also 

analyzed for CP contents. Dry matter and CP disappearances were estimated using 

the following equations: 

𝐷𝑟𝑦 𝑀𝑎𝑡𝑡𝑒𝑟 𝐷𝑖𝑠𝑎𝑝𝑝𝑒𝑎𝑟𝑎𝑛𝑐𝑒 (𝐷𝑀𝐷) =  
((𝐵𝑊+𝑆1)−(𝐵𝑊+𝑅𝑊))

𝑆1
 𝑋 100  

𝐶𝑟𝑢𝑑𝑒 𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝐷𝑖𝑠𝑎𝑝𝑝𝑒𝑟𝑎𝑛𝑐𝑒 (𝐶𝑃𝐷) =
((𝑆1 𝑋 𝐶𝑃1)−(𝑅𝑊 𝑋 𝐶𝑃2))

𝑆1  𝑋 𝐶𝑃1
 𝑋 100  

Where; BW = bag weight; RW = residue weight; S1 = sample weight; CP1 = 

crude protein content of the original sample; CP2 = crude protein content of the 

residue. 

The DMD and CPD data were fitted to the equation Y = a + b (1 - e
-ct

) described 

by Ørskov and McDonald (1979) using the Naway Excel program (Chen, 1995), 

where; Y = the potential disappearance of DM at time t; a = the rapidly degradable 

fraction; b = the potentially, but slowly degradable fraction; c = the rate of 

degradation of b; e = the natural logarithm; t = time after incubation.  The 

potential degradability was determined by the equation PD = a + b. Effective 

degradability (ED) was calculated assuming a passage rate of 4%/h using the 

equation described by Ørskov and McDonald (1979) as ED = 
𝑎+𝑏𝑐

𝑘+𝑐
 ; where k = 

passage rate. 

Statistical Analysis 

The data were analyzed using analysis of variance (ANOVA) following the 

general linear model (GLM) procedure of SAS statistical program (2010). Means 

were separated using LSD. The model used for analysis was Yij = μ + Ti + ßj + eij, 
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where; Yij = response variable; μ = overall mean; Ti = treatment effect; ßj = 

replication effect; and eij = the random error. 

 

Results and Discussion 
 
Chemical composition and in-vitro digestibility  

The chemical composition and IVDMD of treatment rations used in this study are 

given in Table 1. The OM content of T4 was greater (P < 0.05) compared to the 

other treatments. The diets in T4 had the greatest CP content, while T1 had the 

lowest, and the other two treatments showed intermediate values. Generally, there 

was an increasing trend in CP content as the level of EM-treated wheat bran 

inclusion increased. This increase in CP content with rising levels of EM-treated 

wheat bran may be attributed to enhanced microbial growth and proliferation 

during the treatment process, which is consistent with the findings of Bimrew et 

al. (2020) and Daniel et al. (2017) regarding greater CP values in EM-treated rice 

straw and sorghum stover compared to untreated ones.  

The NDF contents of treatment diets followed the order of T1 > T2 > T3 > T4 (P < 

0.05). The ADF and ADL contents were higher for T1 and T2 compared to T3 and 

T4. These findings align with previous studies that have reported deceased levels 

of structural carbohydrates such as NDF, ADF and lignin with EM inoculation on 

fibrous feedstuffs (Yonatan et al., 2014; Daniel et al., 2017; Bimrew et al., 2020).  

The IVDMD in the current study ranged from 54.9 to 74.4%. There was a 

significant increase (P < 0.05) in IVDMD with increasing levels of EM-treated 

wheat bran inclusion in the diet. Previous research has shown a negative 

correlation between digestibility and NDF, ADF and ADL contents, as well as a 

positive correlation with CP content (Solomon et al., 2010; Bimrew et al., 2020). 

Therefore, the observed increase in CP and decrease in NDF and other fiber 

contents of the treatment diets with increasing levels of EM-treated wheat bran 

inclusion likely contributed to an improved value of IVDMD. Similar 

improvements in IVDMD have been reported by Yonatan et al. (2014) for EM-

treated coffee husk silages and Yacout et al. (2021) for different sheep feeds 

treated with EM. Based on the results of this study, the inclusion of EM in animal 

feeds appears to improve feed quality by reducing structural carbohydrates and 

increasing CP content and IVDMD.  
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Table 1. Chemical composition and in-vitro dry matter digestibility (IVDMD) of mixed diets containing different levels of 
EM-treated wheat bran replacing concentrate mixture  

 
Treatments  

DM 
(%) 

Ash 
(% DM) 

OM 
(% DM) 

CP 
(% DM) 

NDF 
(% DM) 

ADF 
(% DM) 

ADL 
(% DM) 

IVDMD 
(%) 

T1 92.9 9.9a 90.0b 7.1c 66.1a 21.2a 4.9a 54.9d 

T2 93.2 9.9a 90.0b 9.1b 64.3b 21.1a 4.9a 56.2c 

T3 92.8 9.7a 90.3b 9.2b 63.6c 20.2b 4.4b 59.7b 

T4 92.5 8.4b 91.6a 12.2a 62.1d 20.1b 4.3b 74.4a 

SEM 0.182 0.108 0.108 0.214 0.117 0.126 0.099 0.169 
p-value  0.13 < .0001 < .0001 < .0001 < .0001 0.0004 0.004 < .0001 

DM = dry matter; CP = crude protein; OM = organic matter; NDF = neutral detergent fiber;   ADF = Acid detergent fiber; 
ADL = acid detergent lignin; Concentrate mixture (CM) = (wheat bran 35%, maize 20%, rice bran 21%, molasses 3%, 
niger seedcake 4%, sunflower cake 11%, salt 3%, limestone 3%); T1 = 70% native pasture hay (NPH) plus 30% CM; T2 = 
70% NPH plus 33% of the 30% CM replaced by EM-treated wheat bran; T3 = 70% NPH plus 66% of the 30% CM 
replaced by EM-treated wheat bran; T4 = 70% NPH plus 100% of the 30% CM replaced by EM-treated wheat bran; SEM 
= standard error of mean 

In sacco Dry Matter and Crude Protein Degradability  

The in sacco degradation of DM and CP at different incubation hours are 

presented in Table 2 and Table 3, respectively. Generally, the degradation of DM 

and CP increased with the incubation time. Differences in the degradability of DM 

and CP were observed at all incubation periods. In most incubation hours, the 

degradability of DM and CP increased with increasing levels of EM-treated wheat 

bran inclusion in the diet. Therefore, the inclusion of EM-treated wheat bran in the 

diet has improved the ruminal degradation of the mixed diet, indicating an 

improvement in nutritional value of feeds with EM treatment. Consistent with the 

current results, other studies have noted that treating feed with EM increased 

ruminal DM degradability and improved the nutritive value of feeds (Syomiti et 

al., 2010; Daniel et al., 2017).  

The improved CP content and reduced content of structural carbohydrates with 

increasing levels of EM-treated wheat bran noted in this study might have 

contributed, in part, to the improvements in the ruminal degradability of DM and 

CP (Solomom et al., 2010; Bizelew et al., 2021). Moreover, Syomiti et al. (2010) 

reported that EM treatment increased in sacco DM degradability of cellulose and 

highly fibrous feeds and suggested that this could be due to the yeasts and 

bacterial species in EM.  

It has been suggested that the microbes in EM may stimulate the activity of 

beneficial microbes, especially cellulolytic organisms and their associated 

enzymes in ruminants (Aramble and Kent, 1990; Yoon and Stern, 1995). Maurya 

(1993) highlighted that the yeast cells remain active in the rumen and have a 

stimulatory effect on cellulose-degrading bacteria. Yeasts in the rumen also 

convert available oxygen and sugar into carbon dioxide and usable energy for 

efficient bacterial cell growth, thereby maintaining the rumen environment 

anaerobic and favorable to ruminal cellulolytic microbes (Knapp et al., 2014). 

Thus, the effect of including dietary probiotics in enhancing ruminal degradation 
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of nutrients could be a consequence of multiple factors, such as improvements in 

chemical composition of the diet, enhanced degradation of structural 

carbohydrates, changes in the profile of ruminal microbes that stimulate 

degradation of fibrous feeds, and the maintenance of favorable anaerobic ruminal 

environment for the microbes, among others. These positive attributes of EM on 

the chemical composition and ruminal degradability of nutrients can increase 

animal productivity and feed efficiency.  

Table 2. In-sacco dry matter degradability at different incubation hours of mixed diets containing different levels of EM-
treated wheat bran replacing concentrate mixture  

Treatments  Incubation hours 

0 6 12 24 48 72 96 

T1 12.7c 26.3d 33.1c 36.1d 42.7d 51.2c 55.6d 

T2 14.3c 30.9c 35.9b 39.5c 47.2c 55.6b 58.4c 

T3 17.6b 33.5b 39.2a 43.4b 52.9b 58.2b 65.6b 

T4 19.8a 36.1a 41.1a 47.2a 59.8a 64.4a 70.4a 

SEM 0.537 0.496 0.655 0.834 0.483 0.794 0.656 
p-value < .0001 < .0001 < .0001 < .0001 < .0001 < .0001 < .0001 
a-dMean values in a column without common superscripts differ (P < 0.05); Concentrate mixture (CM) = (wheat bran 35%, 
maize 20%, rice bran 21%, molasses 3%, niger seedcake 4%, sunflower cake 11%, salt 3%, limestone 3%); T1 = 70% 
native pasture hay (NPH) plus 30% CM; T2 = 70% NPH plus 33% of the 30% CM replaced by EM-treated wheat bran; T3 

= 70% NPH plus 66% of the 30% CM replaced by EM-treated wheat bran;  T4 = 70% NPH plus 100% of the 30% CM 
replaced by EM-treated wheat bran; SEM standard error of mean 

 
Table 3. In-sacco crude protein degradability at different incubation hours of mixed diets containing different levels of EM-

treated wheat bran replacing concentrate mixture  

Treatments  Incubation hours 

0 6 12 24 48 72 96 

T1 6.4d 10.4b 13.6c 17.2d 20.4c 21.3d 26.3d 

T2 8.1c 13.0ab 14.3c 19.3c 23.2b 24.2c 29.1c 

T3 10.9b 13.4a 16.6b 20.1b 23.0b 25.5b 31.8b 

T4 12.5a 14.7a 19.1a 23.3a 24.3a 29.6a 35.5a 

SEM 0.247 0.822 0.248 0.205 0.275 0.189 0.342 
p-value < .0001 0.032 < .0001 < .0001 < .0001 < .0001 < .0001 
a-dMean values in a column without common superscripts differ (P < 0.05); SEM standard error of mean; Concentrate 
mixture (CM) = (wheat bran 35%, maize 20%, rice bran 21%, molasses 3%, niger seedcake 4%, sunflower cake 11%, salt 
3%, limestone 3%); T1 = 70% native pasture hay (NPH) plus 30% CM; T2 = 70% NPH plus 33% of the 30% CM replaced 
by EM-treated wheat bran; T3 = 70% NPH plus 66% of the 30% CM replaced by EM-treated wheat bran;  T4 = 70% NPH 
plus 100% of the 30% CM replaced by EM-treated wheat bran; SEM = standard error of mean  
 
 

Degradability Parameters of Dry Matter and Crude Protein   

The parameters for in sacco degradation of DM and CP in the treatment diets are 

presented in Tables 4 and 5, respectively. Except for parameter c/rate of 

degradation for DM, all degradation parameters differed among the treatments (P 

< 0.05). The rapidly degradable fraction (a) for DM was greater for T3 and T4 

compared with T1 and T2. The insoluble but potentially degradable DM fraction 

(b) tended to increase with an increasing inclusion of EM-treated wheat bran in 

the diet. The PD followed the order of T1 = T2 < T3 < T4 and the ED followed the 
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order of T1 < T2 < T3 < T4 (P < 0.05). The fraction a for CP increased with an 

increasing level of EM-treated wheat bran inclusion in the diet. The fraction b for 

CP was greater in T3 and T4 compared to T1 and T2. The rate of degradation of CP 

decreased with an increasing level of EM-treated wheat bran in the diet.  The PD 

and ED of CP showed a similar trend to that observed for DM, and both increased 

with increasing levels of EM-treated wheat bran in the diet.  

In general, the inclusion of EM-treated wheat bran in the diet improved the 

degradability parameters. The improvement in the fraction a for both DM and CP 

with the inclusion of EM-treated wheat bran was apparently associated with 

changes in chemical composition of the treatment diets noted in this study. Other 

researchers also noted that the increase in CP and decrease in structural 

carbohydrate content with EM treatment increased the rapidly degradable fraction 

of the diets (Solomon et al., 2010; Syomiti et al., 2010). Similarly, the values of 

fraction b, PD and ED were greater with the inclusion of EM-treated wheat bran in 

the diet, which is supported by previous finding of Daniel et al. (2017) and 

Syomiti et al. (2010) who  showed the use of EM as a feed additive increases the 

DM degradability parameters of sorghum stover and forages. The values for PD 

and ED parameters also align with the in vitro digestibility values noted in this 

study.  Solomon et al. (2010) also observed that in sacco DM and CP degradation 

parameters have a positive correlation with IVDMD and a negative correlation 

with NDF, ADF and ADL contents.  Similarly, Bezelew et al. (2021) indicated 

that greater levels of NDF and lignin could lead to lower levels of PD and ED. 

Based on the in sacco PD and ED parameters of DM and CP in the treatment 

diets, the treatments can be ranked as T4 > T3 > T2 > T1. 

 
 
Table 4. In-sacco dry matter degradability parameters of mixed diets containing different levels of EM-treated wheat bran 

replacing concentrate mixture  
 

Treatments  a (g/kg DM) b (g/kg DM) c (%/h) PD (g/kg DM) ED (g/kg DM) 

T1 16.4b 38.5c 0.03 54.9c 36.6d 

T2 18.2b 38.9bc 0.04 57.2c 40.3c 

T3 21.5a 42.1b 0.03 63.6b 44.2b 

T4 23.3a 46.8a 0.03 70.1a 48.2a 

SEM 0.552 0.954 0.003 1.316 0.269 
p-value  0.0004 0.003 0.64 0.0007 < .0001 
a-dMean values in a column without common superscripts differ (P < 0.05);  a = rapidly degradable fraction; b = slowly, but 
potentially degradable fraction; c = rate of degradation; DM = dry matter; ED = effective degradability; PD = potential 
degradability; Concentrate mixture (CM) = (wheat bran 35%, maize 20%, rice bran 21%, molasses 3%, niger seed cake 
4%, sunflower cake 11%, salt 3%, limestone 3%); T1 = 70% native pasture hay (NPH) plus 30% CM; T2 = 70% NPH plus 
33% of the 30% CM replaced by EM-treated wheat bran; T3 = 70% NPH plus 66% of the 30% CM replaced by EM-
treated wheat bran;  T4 = 70% NPH plus 100% of the 30% CM replaced by EM-treated wheat bran; SEM = standard error 
of mean  
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Table 5. In-sacco crude protein degradability parameters of mixed diets containing different levels of EM-treated wheat 
bran replacing concentrate mixture 

Treatments  a (g/kg DM) b (g/kg DM) c (%/h) PD (g/kg DM) ED (g/kg DM) 

T1 7.1d 18.1b 0.03a 25.29c 16.36d 

T2 9.0c 20.1b 0.02b 29.07c 18.48c 

T3 11.9b 29.3a 0.01c 41.27b 19.61b 

T4 13.7a 34.4a 0.01c 48.14a 22.02a 

SEM 0.375 1.865 0.001 1.808 0.191 
p-value  < .0001 0.0024 < .0001 0.0004 < .0001 
a-dMean values in a column without common superscripts differ (P < 0.05);  a = rapidly degradable fraction; b = slowly, but 
potentially degradable fraction; c = rate of degradation; DM = dry matter; ED = effective degradability; PD = potential 
degradability; SEM standard error of mean; Concentrate mixture (CM) = (wheat bran 35%, maize 20%, rice bran 21%, 
molasses 3%, niger seed cake 4%, sunflower cake 11%, salt 3%, limestone 3%); T1 = 70% native pasture hay (NPH) 
plus 30% CM; T2 = 70% NPH plus 33% of the 30% CM replaced by EM-treated wheat bran; T3 = 70% NPH plus 66% of 
the 30% CM replaced by EM-treated wheat bran; T4 = 70% NPH plus 100% of the 30% CM replaced by EM-treated 
wheat bran; SEM = standard error of mean 
 
 

Conclusion 
 

Treating feed with EM, as used in the present study, showed improvements in the 

chemical composition through an increased CP and reduced structural 

carbohydrates. It also increased the degradability of DM and CP, indicating the 

high potential of EM treatment for enhancing the nutritive values of the feeds. The 

current results suggested that EM-treated wheat bran can fully replace the 

concentrate mixture used in the current study with better animal performance 

results.  
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Abstract     
Although coffee has historically been grown as a garden crop in different areas of 

the Amhara Region, there is no complete documentation about the coffee 

production system for research and development interventions in the region. This 

article was intended to characterize the main socio-economic and biophysical 

constraints and opportunities of coffee growing areas in the Amhara region. A 

combination of qualitative and quantitative methods was used to generate data. A 

multi-stage sampling technique was employed to select a total of 344 target coffee 

growers. Descriptive statistics such as mean, standard deviation, frequency, 

percentage, SWOT analysis and narration were used. Around 85.50% of the coffee 

growers produce coffee as a garden crop. The Region's coffee cropping calendar, 

which runs from planting to harvesting, is influenced by the rainfall season and 

farmers' access to irrigation. The study found that among the main factors limiting 

coffee production in the area are lack of improved coffee varieties, diseases, pests, 

drought, farmers' low level of knowledge and skill on pre- and post-harvest 

management, limited access to irrigation water, and the growth of unlicensed 

traders. The main potential for coffee production in the region, however, were the 

emerging primary coffee cooperatives and unions, the presence of NGOs investing 

in coffee production, the strong interest of the regional government, and the 

availability of coffee nursery sites. The agronomic practice and management 

methods used by coffee growers in the area were traditional. Despite different 

challenges faced in production and marketing of Amhara region coffee, primary 

coffee cooperatives and unions were established. Therefore, there needs to be a 

holistic approach to improve the coffee production system, and there needs to be an 

improvement in the management skills of cooperatives and unions. 

 

Keywords: Amhara region; Coffee grower; Cooperative and Union; SWOT 

analysis 

Introduction 
 

Ethiopia is the largest producer of Arabica coffee in Africa and the fifth-largest 

producer of the crop in the world (Beza, 2014). About 15 million people in 

Ethiopia depend directly or indirectly on coffee for their livelihood, making it an 

essential component of the country's economy (Alemayehu, 2014). Ethiopia's 

primary export product and economic mainstay is coffee (Bizualem, 2018). 

mailto:gesisay21@gmail.com


Production System Characterization of Coffee in Amhara Region                               [122] 

 

 

Arabica coffee has been grown, traded, and consumed for generations and 

continues to be an important part of most Ethiopians' everyday lives as well as the 

country's overall economy. About 95% of the total coffee output is produced by 

over 4 million small-scale producers (Jiga et al., 2017). The relationship between 

Ethiopians and coffee is deep-rooted, and coffee production and consumption are 

closely intertwined with Ethiopian history, culture, and economy (Fekadu and 

Gosa, 2015; Akalu et al., 2009). Besides, to economy coffee plays a vital role both 

in the cultural and social life of the nation.   

Like other coffee growing regions such as Oromia and Southern Nations and 

Nationalities and People’s Region (SNNPR), Amhara Region has got favorable 

agro-ecology for coffee production (HNSE, 2015). However, the federal and 

regional governments and other concerned stakeholders have not given 

recognition and attention to coffee production and marketing in this region. 

Because of this, coffee in the Amhara region has been produced only as a garden 

crop in some pocket areas for a long time (Sintayhu, 2000). The western part of 

the Amhara region is the leading producer of coffee in the region, particularly the 

west Gojam and Awi zone. Despite the region has the potential to produce quality 

and organic coffee, the production level is still nil to date even coffee produced for 

consumption is covered by traditionally managed fields. Nevertheless, according 

to a report from the region's agriculture office in the recent past, a strong emphasis 

has been given to coffee production by the regional government to exploit the 

existing ecological potential and socio-economic opportunities.  

Thus, the coffee farming system study is important for further research and 

development intervention in the region. Because farming systems in Ethiopia 

generally and Amhara region particularly are highly diverse in terms of 

biophysical and socioeconomic characteristics (Workineh et al., 2020). 

Biophysical and socioeconomic factors affect agricultural farming systems due to 

rapid changes in climate variability, an outbreak of diseases and pests, 

infrastructural development, farmers' preference, and new technology generation 

(Moat, et al., 2017; Mekuria et al., 2004). These factors are among the major ones 

affecting coffee development and research and influence the production systems 

characterization in Ethiopia as well as the Amhara region at different dimensions 

and extents. Some studies have been conducted to characterize coffee farming in 

other coffee potential regions in Ethiopia (Jiga Degaga et al., 2017; Fekadu 

Gemechu, and Gosa Alemu, 2015; Tadesse Woldmariam, 2015; Alemayehu 

Asfaw, 2014; Mekuria et al., 2004).  

Production of coffee as a country is an increasing trend where the current 

production is estimated to be about 449,229.8 tons with the productivity of 0.612 t 

ha−1 clean coffee (Central Statistical Agency, 2018). Like other potential regions 

Amhara region also possesses conducive agro-ecological and socio-cultural 
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conditions for coffee production (Yigzaw, D., 2005). In recent years, however, 

coffee production in the region is increasing from time to time (Melese Wale, 

2020).  According to the Central Statistical Agency (2018), currently, about 

3,006.8 tons of green coffee beans are produced on 9,961.2 hectares of land with 

0.302 t ha−1 productivity. Productivity and quality of coffee production remained 

low relative to the national average. This might be because, the Amhara Region is 

considered as a modest production region compared to the main coffee growing 

areas such as Oromia Region and Southern Nations, Nationalities, and Peoples’ 

Region (SNNPR), (ECFF 2017). This led to development not intervening in coffee 

production. Besides there has not been a study conducted to characterize Amhara 

regions coffee production and marketing system. Mainly, the current coffee 

production system, agronomic practice, coffee pre and post harvesting 

management, drying process, coffee farmers’ perception, production challenges 

and opportunities faced at the household level are important topics of 

investigation.  

Hence, assessing and characterizing the coffee production system in Amhara 

region is helpful for further research and development intervention. In the first 

section, the introduction part of the study was explained. In the second section, the 

methodology is provided. In the third section, the result and discussion are 

provided and finally, the conclusion and policy implications are presented.  

Methodology 
This section describes the data and data collection methods. First, the context of 

the study including the location of the research site was presented. Second, 

quantitative and qualitative data collection methods including focus group 

discussion, and key informant interviews were provided. Third, the method of 

quantitative data collection was explained. Finally, a method of data analysis was 

described.  

 

Description of the study area 
Most coffee-growing zones are in the western part of the Amhara region. The 

specific study areas are found in east and west Gojjam, Awi, south Gondar, and 

Bahir Dar city administration areas. Totally nine districts and one city 

administrative (Zege) were selected for the coffee survey. The districts are the 

major coffee growing belts in terms of area coverage. The areas fall within the 

altitude ranging from 1300–2150 mters above sea level. The study areas did not 

have major physiographic differences from other crop-producing areas of the 

region. The coffee growing districts of the region have a homogenous topographic 

feature, which are flat to gentle slope except for Zege which rise up to 10% slope 

(BoEPLAU, 2015). The soil group is categorized as nitosol, and vertisol. Nitosol 

is the dominant soil type mostly found in coffee producing sites and vertisol is 

dominantly observed in the other crop field suitable for production of cereals and 
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pulses. In general, the soil type of the selected districts is fertile and has good 

potential for coffee production.  

 
                                 

Figure 1. Map of the study districts. 

 

Sampling techniques and sample size  
A multi-stage sampling technique was employed to select representative districts 

and coffee growers. First, four zones and one town administration were selected 

purposively based on the potential of producing. Secondly, two districts in each 

zone and three in west Gojjam were selected purposively based on the potential. 

Thirdly, two kebele per district were selected based on production potential and 

agro-ecology. Finally, a total sample size of 344 smallholder coffee growers was 

selected randomly using the probability of proportional probability sampling 

technique (PPS) on each district.  

 

Data source and method of data collection  
The data were collected both from primary and secondary sources. A mixed-

method strategy combining qualitative and quantitative data collection techniques 

was used. Primary quantitative data were gathered using a cross-sectional survey 

design. The primary data were collected using a pretested structured questionnaire 

by trained enumerators with a good knowledge of coffee farming systems and 

fluency in local languages. The variable of interest included information on 

demographic, socioeconomic characteristics, coffee grower farm resources, 

institutional variables, and biophysical constraints and opportunities for coffee 

growing.  
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Moreover, we held focus group discussions (FGD) in all study districts to gain 

more insights into coffee production and related issues. The FGD participants 

were drawn from farmers groups with different wealth status, gender, and age 

composition. Each FGD group consisted of 8–12 participants. The group 

discussions were guided by a semi-structured checklist.  Similarly, a key 

informant interview (KII) was used to complement the data collected with 

structured questionnaires. KII was held with agricultural experts, coffee 

cooperatives, Amhara farmer's coffee producers’ cooperatives union, Amhara 

national regional state cooperative agency, and district cooperatives. Semi-

structured checklist was used as a tool focusing on the coffee farming system, 

production areas, and several trees on a household level, trends of cultivation 

system, land allocation, opportunity and constraints, and before and post-harvest 

management. Secondary data was also collected from the Office of Agriculture on 

the production, land allocation, and distribution of coffee seedlings planted in the 

past three years. Besides, secondary data was sourced from coffee cooperatives, 

the Amhara farmer coffee producers’ cooperative union and the HARNS Ethiopia 

project.  

Method of data analysis   
A mixed-method data analysis was used to analyze collected data through 

structured questionnaires and key informant interviews. The quantitative data 

collected from the sample respondents were encoded into SPSS version 20 and 

analyses were done with STATA version 14. Descriptive statistics employed such 

as percentage, mean, standard deviation, frequency, and cross-tabulation to 

characterize the socio-economic situation and constraints of coffee production. In 

this study SWOT analysis was also employed to capture the internal and external 

analysis of coffee production in the region. This enables to identify of the 

strengths and weaknesses, possible opportunities, and potential threats to 

sustaining coffee production and markets.  

 

Results and Discussion 
 

This section presents the results and discussion of coffee production 

characterization. The results presented demographic and socioeconomic profiles 

of the coffee growers based on selected socio-economic variables; the next 

subsections provided about the coffee plantation system including agronomic 

practice and cropping calendar; coffee management such as shade tree 

management, pruning practice, drying process, disease, and insect pest occurrence 

was discussed; finally, irrigation and type of water lifting technologies to coffee 

field and irrigation water use association function for the coffee growers were 

presented. 
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 Demographic and socio-economic characteristics   
Survey findings revealed that 63.95% of the sampled households were non-literate 

and the remaining 36.05% were literate. Table 1 showed that the average age for 

respondents in the sample was 47.76 years, ranging from 20 to 87 years. The 

family size of the sampled households varied between 2 and 12, with an average 

and standard deviation of 5.84 and 2.084, respectively. The survey result indicated 

that the average landholding size per household was 1.5 ha with a standard 

deviation of 1.35. On average, 0.15 hectares have been allocated to coffee 

plantations. A household had 14.39 years of experience in coffee production with 

a standard deviation of 10.90. The number of mother coffee trees owned ranged 

from 10 to 6000 with a mean of 634.85. 

 
 Table 1. Demographic and socioeconomic profiles of the coffee growers 

Note:  Min = Minimum, Max= Maximum, Std.Dev = Standard deviation  
 

 

Coffee plantation and production systems 
Gardens coffee production system is the dominant coffee-growing culture in the 

Amhara region. In a coffee-growing zone of the Amhara Region, the coffee field 

is a little bit far from the vicinity of the farmers. The characteristic of garden 

coffee is commonly planted on small parcels of less than five hectares that 

generate good cultural management. In the Amhara's National Regional State, the 

coffee production culture is not as categorized in the main crop production system 

as cereals, fruits, and vegetables. However, the region is known for its avid coffee 

consumption culture, being the highest in terms of domestic consumption within 

the country.  
 

Table 2. Types of coffee production system 
 

Production system Percent (%) 

Garden  85.50 
Plantation  8.70 
Forest  3.50 
Semi-forest  2.30 

Although the garden production system is a major plantation, forest (around 

Zege), and semi-forest coffee production systems are also present. Forest coffee is 

                                                Number of observations = 344 

Variable Min Max Mean Std. Dev Percent (%) 

Sex (Male)     89.90 
Educational status (illiterate)     63.95 
Age (years) 20 87 47.76 12.26  
Family size (number) 2 12 5.84 2.08  
Total cultivation land (ha) 0.25 5.5 1.5 1.35  
Coffee land allocation (ha) 0.0025 2.5 0.15 0.27  
Coffee farm experience (year) 2 50 14.39 10.90  
Number of trees (number) 10 6000 634.85 561.39  
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self-produced and naturally cultivated in the wild under full forest cover (Anteneh 

and Aman, 2017). Semi-forest coffee is also grown under forest canopy and has 

limited human intervention (Dessalegn and Solomon, 2014). Plantation coffee is 

grown on large state-owned or commercial farms, representing 5% of production, 

and garden coffee refers to the bulk of Ethiopian coffee more than 50% (USAID, 

2012).  

In recent years, growing coffee production has become the main preoccupation of 

coffee farmers in the region as one of the main sources of cash income.  This is 

especially the case in the western part of the region where coffee performs better 

than other crops in terms of area and productivity per unit area. Farmers' 

awareness of coffee production, quality and commercial demand in the coffee 

producing areas of western Amhara has also shown a certain positive 

development.  

Cropping calendar and agronomic management   
In the region, the ripened coffee harvest began towards the end of October and 

continues into February. But in the Zege area harvesting began late and governed 

by community law and harvesting activity was started at the end of February when 

it was announced by the community chief and district administration. Community 

law was fully agreed by all coffee producers. The purpose of this community law 

was to keep from animal pests and theft during drying.  

 
 Table 3. Cropping calendar of coffee in the study districts  

     Source: Collected from districts and kebele agriculture office  

 

Application of inputs and management practice 
Table 4 shows that 89% of respondents used organic fertilizers like manure and 

compost. Ethiopian coffee farmers used organic coffee, not inorganic. The result 

of this study is consistent with study by (GAIN, 2014). The study reported that 2% 

Coffee management   Cropping calendar and 
management frequency 

     Remark  

Time of planting  - June-July (rainy season)  
- November–December (irrigation 

coffee) 

Coffee plantations using irrigation are developing in 
certain regions of the study districts.  

Plowing frequency  1-2 and digging by hand  

Weed frequency 1-3 per year   

Digging frequency  0-2 per year Some farmers practice ‘zero’ tillage for coffee 
planting 

Flowering time May-June Yet it depends on the rainy season and farmers' 
access to irrigation.  

Harvesting time October end-February  The districts of Zege and Dera commenced late 
February.  

How long does it take to be 
the first harvested? 

3-6 years from planting  If irrigation is not used , the first harvesting time 
would become a six year long 
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of interviewees applied chemical fertilizers and 98% did not. This indicates that 

almost all farmers do not use inorganic fertilizers on their coffee plantations. A 

recent survey reported that only 2% of smallholder farmers apply chemical 

fertilizers on their coffee plantation in Ethiopia (Tadesse, 2015). Coffee produced 

in the area is the more organic coffee which is in line with the ministry of 

agriculture and natural resource management which does not encourage the 

application of chemical fertilizers.  

Ethiopia is the primary center of origin and genetic diversity of Arabica coffee; 

there are wide ranges of variability among coffee types. As a result, there are 

distinct coffee types known by different vernacular names in the region. 

According to the farmers, a local named Enaria coffee is found in west Gojam, 

south Gondar, and Zegie. The local name of cultivars Welelo, Ginjar, and Derso 

coffee are called around in Burie and Ankasha districts. About 62.5% of 

respondents responded that improved varieties are not demonstrated in the area. 

This indicated that the availability of improved coffee varieties and extension 

services on coffee technologies promotion is very low which has hindered coffee 

production and productivity in the region. Similarly, a study conducted by GAIN 

(2014) argued that the major reason for the low production of coffee in Ethiopia is 

the inadequate use of improved seed technologies.  

 
Table 4. Input applications and management practice by respondents’  
 

Inputs used  Frequency Percent (%) 

Inorganic fertilizer (applied) 7 2.00 
Organic fertilizer (applied) 306 89.00 

Improved coffee varieties (Yes) 129 37.50 
Inter-crop coffee (Yes) 148 43.00 
Seedling source (District agri. Office) 267 77.60 
Planting materials (seedling) 316 91.90 
Shade tree (used) 316 91.90 
Pruning (practiced) 75 21.8 

 

The introduced coffee variety was 74110 in most study districts and it was 

distributed by extension agents.  The rest of the coffee grown by most coffee 

growers was local cultivar. The farmers preferred 74110 because of its high 

yielding, uniform maturity, and early maturing feature. According to the farmer's 

response, disease sensitivity, short life span and drought tolerance were among the 

main challenges in maintaining the 74110 variety. The coffee produced in the 

Zege region comes from local cultivar.  

The finding also indicated that 43% of respondents intercropped coffee with other 

horticulture crops and spices. The most common intercropping crops with coffee 

in the study districts were mango, papaya, spices, pepper, tomato, and potato. The 

majority of coffee growers are still traditionally managed. Especially post-harvest 

activities are not yet progressing to new technological levels (EIAR, 2008). This 
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traditional agricultural practice is similar across all coffee farming districts, where 

the use of improved cultural practices and agricultural inputs is very limited. 

Overall, it can be generalized that appropriate and timely use of irrigation water, 

regular rejuvenation of old coffee trees, pruning, cultivating with the use of 

mulching as well as shade tree regulation is not common farming practices in the 

region. 

All shaded trees in the surveyed districts exhibit different tree types and densities. 

The common shade trees found in the coffee garden are Sesbania, Cordia Africana 

(Wanza), Vernonia Africana (Girawa), Albizia Gummifera (Sessa), Croton 

Macrostachi (Misana), M. Fergunia (Birbira), Ficus Vasta (Shola), Kawa, Szgium 

Guineense (Dokima), and fruit trees such as avocado, papaya, and banana. 

According to the response of coffee growers, Cordia Africana (Wanza) is not a 

desirable coffee shade tree because of its shallow roots and hence adds uproot 

thickness which will push up the root of coffee. Moreover, it competes with 

humidity, and its leaves do not break down. Permanent shading is a standard 

practice in all study districts except for some farmers. The advantages of shade 

trees were to reduce high sunshine, reduce natural hazards such as snow and wind, 

increase soil fertility, and be used for fencing purposes. Generally, there is no 

scientific pruning practice in the Amhara region and farmers do not have the 

know-how of pruning practice. Mulching is practiced by a few farmers using 

fallen leaves of coffee and some shade trees. It is required practice, especially in 

lands where irrigation is used, but most farmers do not seem concerned or do not 

have the know-how on mulching practice.  

 

Major coffee diseases and insect-pest occurrence  
In our country, the most economically important pathogenic coffee diseases are 

coffee berry disease, coffee wilt disease, coffee leaf rust, and physiological 

disorders like coffee branch dieback are caused by pseudomonas syringae and 

non-pathogenic agents (Jiga, et al 2017; Mohammedsani, 2017; Weldemariam et 

al., 2016). Similarly, coffee berry disease and branch dieback were causing the 

higher yield loss of coffee production in Amhara region. The study area coffee 

wilt disease, coffee berry diseases, rust, and leaf minor are observed during the 

survey. Particularly coffee wilt diseases are highly observed in Zege area where 

the farmers used plant materials sourced from local landrace. 

Insect pests are also considered to limit coffee production in both quality and 

quantity. Insect pests such as coffee berry borer, hypothalamus hampei, coffee 

thrips, diarthrothrips coffea, green scale, coccus alpinus, coffee cushion scale, 

stictococcus formicarius, are potentially important pests (Weldemariam et al., 

2016). Likewise, the result of the study indicated that the major insect pests 

affecting coffee production in the study area were termites, tip borer, root rot, 

green scale, and stem borer. Termites pose serious problems to coffee production 
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by feeding on the bark or skin of the tree and also by making tunnels or 

passageways of other fungal and bacterial diseases and causing considerable harm. 

 

Coffee dry processing  
The coffee processing method in Amhara's region is not different from any other 

major coffee-growing areas in the country, except that sund dried or natural 

processing is the only method that is being practiced by all farmers in the region. 

In the Awi zone, there is a privately owned large-scale plantation (Ayehu farm) 

for the coffee processing facility, and Ankasha Guagusa, Burie, and Jabithnan 

districts start the process with vouchers.  Selective picking only matured red 

cherries is a well-accepted and common practice in the Amhara region, but in 

most study districts the processing of red cherries is carried out traditionally. 

Farmers dry this red cherry on the ground simply prepared by cow dung and bare 

ground. Besides, coffee farmers used wooden and bamboo-made drying beds and 

plastic materials as shown from the image (annex).  

 

Irrigation water source and water user association  
The role of water in the development and yield of the coffee crop is great. The 

need for irrigation, and its role in controlling the timing of flowering, varies 

depending on the rainfall distribution, the severity of the dry season, and soil type 

and depth. Based on the focus group discussion and key informant interview 

irrigation was a promising technique that may provide both yield increase and 

expansion of coffee plantations in areas considered unsuitable due to the 

occurrence of water shortage. Coffee farmers were planting around rivers to use 

the water nearby. Besides, some coffee farmers used cultural practices using 

human labor and donkeys to irrigate their coffee.  

 
Figure 2. Water source in each study district by respondents.   
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Figure 3 showed that the most coffee growers are taking water from source to 

coffee field by river diversion. Some coffee farmers used water lifting 

technologies such as water pumps, rope and washers, and human and donkey labor 

to coffee farmland. In Zege almost all respondents did not have irrigation access.    

              

 

Figure 3. Water lifting technologies by respondents. 

 

Irrigated water user associations are informal organizations created to bring 

together farmers for managing a shared irrigation system (Chuchird et al., 2017). 

In all the study districts irrigated water user associations are self-governed local 

organizations of irrigators who pool their financial, technical, and human 

resources for the use and maintenance of irrigation production of coffee (Tadesse 

et al., 2019). According to focus group discussion information, the coffee 

grower’s irrigation water user association had its own functions. The current status 

of the irrigated water user association is an informal, user-based organization, and 

only association members were using water from an irrigation system. Users also 

had their governance and representatives led the association who were elected by 

members and they are called the father of water. The selected committee keeps 

irrigation water from damage such as from animals and silt. Water allocation 

between members also used the program sequentially in his/her coffee field. Based 

on the key informant interview response, father of waters monitors and evaluates 

their bylaws of rights and duties of water user association members, procedures, 

calling meetings, and efficiencies all about. 

Coffee marketing in Amhara region  
The main actor includes a network of coffee growers, assemblers, retailers, 

wholesalers, primary coffee cooperatives, unions, and consumers operating at 

different levels in the coffee production value chain of the study districts. The 

behavior and functional role of the different participants in the determination of 
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the structure and performance of the coffee marketing system is described as 

follows;   

Coffee farmer: Farmers supply their coffee around their local markets both clean 

and/or jenfel coffee for different actors. Some farmers also sell their coffee to 

local customers through local measurements such as Melekia and Bicherie. As 

such, farmers provide coffee to cooperatives and local traders. The local traders 

illegally purchased from coffee growers by adding the price of the margin price 

set by the primary coffee cooperatives. 

 

Consumers: Individual consumers are one of the players in the coffee production 

and consumption value chain in the areas covered. They purchase coffee from the 

coffee producer and traders on the market. Coffee consumption has been rising in 

both rural and urban areas, mainly in jebena coffee, which has spread like a 

culture and users used after a launch.  

 

Retailers: Most coffee retailing in urban and rural areas is characterized by non-

specialized activities. They buy smaller quantities from producers and/or 

wholesalers and sell them to consumers on particular market days in one week 

with local measurements like Melekia and Bicherie. 

 

Assembler/collector: Rural assemblers play a significant role in collecting 

products from small producers on the farm and delivering them to wholesalers at 

different levels. These are unlicensed/illegal rural and urban assemblers of 

pulp/red cherry coffee collected during main market day at local or village 

markets and grinding dry coffee cherries from producers and to deliver for 

retailers illegally. 

 

Wholesalers: Wholesalers gather from small farmers and assemblers and 

distribute them to retailers in their districts and areas of the region. 

 

Primary coffee cooperatives: Primary cooperatives in Ethiopia are significant 

participants in the country's coffee value chain. Most coffee cooperatives in the 

area were established in 2015 in each potential coffee districts and kebeles. These 

newly emerged primary cooperatives buy dried cherries mainly from their 

members for processing and market supply. When it was established, the main 

objective was for coffee producers to cooperate to gain better access to resources, 

take advantage of better marketing and business opportunities, provide training, 

Control unlicensed coffee dealers and more. In addition, local coffee growers 

cannot produce enough volume to attract a market individually, requiring them to 

sell special quality coffee at commodity prices to intermediaries. They may also 

lack resources to showcase themselves through creating social media accounts, 

spending time meeting prospects and attending coffee events around the world. 

Those reasons contributed to the establishment of cooperatives. However, the 
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capacity of these newly emerged primary coffee cooperatives in the region is not 

yet well developed and needs to be supported for efficient management and 

marketing of coffee for member coffee growers. These cooperatives were 

purchased from growers and supplied to the established union.  

 

Amhara farmers coffee producers’ cooperatives union: Amhara coffee 

farmers’ cooperative unions were established following the issue of Proclamation 

No. 220/2007 E.C article 11 with the name of Amhara farmers coffee producer 

cooperatives union plc. The union was established and recorded in November 

22/2008 E.C on Ref.No 01/1436 with 22 primary coffee cooperatives. This Union 

was a new institution that organized the primary cooperatives in the region. 

Cooperatives purchased coffee from farmers at the market price. The price is 

determined based on competition between cooperatives and private traders. The 

payment system by the cooperative is made immediately or around one week after 

the farmers deliver the coffee. The timing of the payment depends on the financial 

status of the cooperatives.  The coffee growers did not agree on the price fairness, 

because the local traders were bought with a better price than cooperatives. And 

some member coffee growers were not providing to the cooperative due to the 

lower price of coffee. The coffee purchased by the cooperative was delivered to a 

union. The union purchases coffee from cooperatives at a price equivalent to the 

domestic auction price at that time. The payment was usually made immediately 

or after a couple of weeks following coffee delivery; the exact payment time 

depends on the financial status of the union.  

The biggest problem of the union and cooperatives were the shortage of funds to 

purchase coffee from growers. They financed their transactions using credit from 

banks. In cases in which they are unable to repay the credit, they are not granted 

new credit. Some past purchased records of cooperatives have shown some years 

without any purchases because of the failure to repay the banks. Financial 

constraints limit the amount of coffee purchased. Human capacity problems such 

as leaders, marketing experts, office and necessary facilities and poor extension 

systems were the major problems facing both unions and cooperatives.  

Conclusion and Implication 
 

Despite the potential, current production, and agronomic practice coffee at the 

household level are traditional. This is an attribute to some internal and external 

factors among which poor agricultural practice, lack of the extension service, lack 

of access to good planting materials, improved seed varieties, absence of adequate 

milling and storage facility at a household level, weak coffee cooperative/union 

and expansion of unlicensed traders. Generally agronomic management of coffee 

production is too poor. Since coffee production system characterization was 

extremely important for the research and development intervention. Then, the 
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following recommendations are formulated based on findings for policymakers, 

development intervention activities, and future research. 

Research institutes should pay particular attention to developing adaptable and 

disease-resistant coffee varieties so that farmers can maintain sustainable coffee 

production. The management system for coffee plantations and the agronomical 

practices of growers were traditional. As a result, the focus should be on 

improving extension services in all ways to improve coffee growers’ skills and 

knowledge of the coffee production system.  

Improving the marketing conditions of coffee was also an important issue as 

farmers in the study area pointed out that that low coffee price limits coffee 

production. The effects of the cooperatives and unions appear positive for coffee 

growers. So, the concerned body should be improving the management 

capabilities and accounting skills of coffee primary cooperatives and unions is 

critical for the development and sustainability. Improving institutional 

infrastructures such as access to irrigation, market information, roads and 

transportation, were also a key to motivating coffee producers and increasing 

coffee production and productivity. 
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                                                                                     Annex  

Table A1. SWOT analysis of coffee production  

                           Internal analysis of coffee production   

                  Strengths                        Weaknesses 

• Committed farming community 
• Favorable weather condition  
• Attention of the regional government 
• Positive global reputation of coffee from 

the region (Zege coffee) 
• A strong culture of domestic consumption 

• Poor pre- and post-harvest management  
• Lack of coffee extension services 
• No adequate milling and storage facility 
• Absence of centralized institution leading the coffee 

sector at the regional level 
•  Inconsistency of the quality 
• Inadequate improved seedlings of coffee to overcome 

drought, disease, and pest  

                            External analysis of coffee production  

            Opportunities                            Threats 

• Potential to expand the coffee  
• Diverse climate condition 
• Strong regional government interest to 

promote coffee production  
• Establishment of cooperatives and union 
• Availability of NGOs and projects working 

on coffee development  
• Potential to establish market linkage  

• Climate fluctuation and soil erosion 
• Fluctuation of international quality standards  
• Other food crops competing such as khat and other 

horticultural crops 
• Disease and pest’s occurrence   
• Absence of strong irrigation access   
• Fluctuating world coffee prices 

                                                   Source: Survey (2018) 
  
 

 
Fig. A.1. Coffee grower dried their coffee on the ground 
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Fig. A.2 Coffee grower dried their coffee with the plastic shera. 
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Abstract 
Niger (Guizotia abyssinica) is an oil-seed crop cultivated in the highland areas of 

Ethiopia. It is known locally as noug, and its seed is a major source of edible oil. 

The by-product that remains after extraction of oil from noug seed is called noug 

seed cake and serves as the main protein supplement and as a moderate source of 

energy for livestock production in Ethiopia. Noug seed cake has a high 

concentration of protein which varies from 25.2 to 38%. However, its nutritional 

contents are highly variable depending on the environmental factors, variety of the 

seed, extraction methods, etc. In addition, different physical, chemical, and 

biological factors were reported to affect the nutritional quality and feed safety of 

noug seed cake. A visible fungal growth is an indicative of spoilage of noug seed 

cake, and noug seed cake contamination and moulding are the main source of 

aflatoxin contamination. Some of the common malpractices that cause the 

accumulation of moulds and aflatoxin production in noug seed cake include 

storage of noug seed cake indoors in plastic bags or on the floor without bags, in 

bags stacked without aeration, absence of raised platforms and store for longer 

time. It is therefore very important to protect mycotoxin production and 

contamination and keep the feeding value of noug seed cake safe. Furthermore, 

adulteration of noug seed cake with other types of oil seed cakes is also a common 

feed safety issue. Prevention of noug seed cake aflatoxin contamination and 

keeping it safe requires an on-going and thorough sampling and testing program 

and strict adherence to guidelines since its contamination is critical to animal 

health and productivity and also to public health. This is because animal feed is an 

essential channel for transmission of contaminants to the human food chain. A key 

area of attention is awareness creation using different tools such as media outlets, 

public gatherings, and social medias about the dangers of aflatoxin B1 

contamination of noug seed cake and its adverse effects on animals and humans. It 

is also especially important to strengthen nationwide surveillance, increase 

frequent feed inspections to ensure feed safety, and to increase local education and 

assistance to ensure that animal feeds are harvested and processed correctly, dried 

completely, and stored properly.  

 

 

 

Keywords: Noug seed cake, feed safety, mould, aflatoxin 
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Introduction 
 

Niger (Guizotia abyssinica) is an oil-seed crop cultivated in the highland areas of 

Ethiopia and locally known as noug. It is a strong, upright annual herbaceous plant 

with hairy stems reaching up to a height of 2 m (Figure 1). The stems are soft, 

hollow with a diameter of up to 2 cm, and branched. Its root system is well 

developed, with a taproot that has many lateral roots, particularly in the upper 5 

cm (Getinet & Sharma, 1996; Wayessa, 2007). The color of the plant is pale 

green, often stained or dotted with purple, and becomes yellow with age. Noug 

leaves are usually dark green, but the lower ones have a distinct yellow color. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Noug is a variable species adapted to different environments. It can be grown from 

sea level up to an altitude of 2500 m above sea level where average daily 

temperatures range from 13°C to 23°C. It requires optimal annual rainfall of about 

1000 - 1300 mm, but more than 2000 mm of rainfall depresses its seed yield 

(Wayessa, 2007). Noug does well on a wide range of soils, from poor sandy soils 

to heavy black cotton soils, at a pH varying from 5.2 –7.3. Noug can withstand 

waterlogged areas where there is poor oxygen supply. Noug plants also have some 

tolerances to soil salinity (Getinet & Sharma, 1996). Noug flowers are capitulate, 

ranging from 15 to 50 mm in diameter, bright yellow (Figure 1) and becoming 

golden yellow as they mature. 

 

Noug seeds resemble other oil crop seeds such as sunflower seeds. However, noug 

seed is smaller in size and black in color, angular and elongated (Figure 2). The 

seeds have a thick, adherent seed coat and can be stored for up to a year without 

deterioration under appropriate dry conditions. Noug seed 

contains proteins, oil and soluble sugars. In Ethiopia, noug seed is a major source 

of edible oil. Oil from noug seed is pale yellow, with a nutty taste and a pleasant 

odor and mostly used for cooking. 

Figure 1. Noug plant 

https://en.wikipedia.org/wiki/Proteins
https://en.wikipedia.org/wiki/Oil
https://en.wikipedia.org/wiki/Sugars
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Figure 2. Noug seeds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The by-product that remains after extraction of oil from noug seed is called noug 

seed cake and serves as the main protein supplement and as a moderate source of 

energy for livestock production (dairy, beef cattle and small ruminants) in 

Ethiopia. However, different physical, chemical, and biological factors were 

reported to affect its feed safety and nutritional quality. These factors were also 

shown to be used to assess the quality and safety of noug seed cake. 

 

Characteristics of Noug Seed Cake 

 
Physical attributes 

Noug seed cake (Figure 3) is the by-product obtained after the extraction of most 

of the oil from noug seeds. It is one of the oil seedcakes commonly used as a 

protein supplement in the diet of different farm animals (dairy, beef cattle and 

small ruminants). Because of its high nutrient content noug seed cake is 

increasingly used in Ethiopia for its effect on animal productivity in small- or 

large-scale livestock production systems. Noug seed cake produced in fine form is 

preferred as compared to coarse form. It is popular because users think it is easy to 

mix with other feed ingredients like wheat bran and does not need to be ground for 

immediate feeding or mixing with other ingredients like wheat bran. 

 

Users assess the quality of noug seed cake by visual observation. Fresh noug seed 

cake is shiny but turns greyish or dull as it is exposed to moisture. Fresh noug seed 

cake has a pleasant odor, but it turns rancid as it ages, especially under poor 

storage conditions. In addition, visible mould (fungal growth) is indicative of 

spoilage of noug seed cake. Recent studies have identified noug seed cake 

contamination and moulding as the main source of Aflatoxin contamination in 

feeds. A level of contamination of Aflatoxin B1 up to 290-397 µg/kg has been 

detected in noug seed cake samples collected from farms and feed millers around 
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Addis Ababa (Gizachew et al., 2016). It is, therefore, important to recognize the 

characteristics of a contaminated noug seed cake to avoid feeding aflatoxin 

contaminated diets to animals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Chemical composition 

Noug seed cake has a high concentration of protein which varies from 25.2 to 

38%, with most values lying between 30 and 35%, as well as non-starch 

polysaccharides, fat content varying from 2.1 to 12.6% with an average of 8.4% 

and a metabolizable energy value of 2.37 Mcal/kg DM (Table 1). However, as 

indicated in Table 1 the nutritional contents of noug seed cake are highly variable 

mainly due to environmental factors, variety of the seed, extraction methods, etc. 

For instance, noug seed cake produced by mechanical extraction of the oil from 

the seeds is reported to contain more fat (7-14% DM) than those produced by 

solvent (chemical) extraction leaving only around 1-2% in the cake but with a 

higher NDF content (31.6 - 51.8 %). Noug seed cake also has a moderate in vitro 

DM digestibility of 61.7 - 67.3% (Table 1).  

 
  

Figure 3. Noug seed cake 



Hatew et al.,                                                       [143] 

 
Table 1. Chemical and nutritional value of noug seed cake  

Nutritional parameter Value References  

Dry matter (g/Kg) 91.9 – 92.3 Gashaw & Defar, 2017; Feyissa et al., 2015; Mekuriaw et al., 2018; 
Gebermariam et al., 2016; Yigzaw et al., 2019; Mengistu et al., 2020 

CP (%) 25.2 – 38.0 Tolera, 2008; Mekuriaw et al., 2018; Gebermariam et al., 2016; Yigzaw et 
al., 2019; Mengistu et al., 2020 

NDF (%) 31.6 – 51.8 Gashaw & Defar, 2017; Mekuriaw et al., 2018; Gebermariam et al., 2016; 
Yigzaw et al., 2019; Mengistu et al., 2020 

ADF (%) 22.7 – 35.6 Gashaw & Defar, 2017; Feyissa et al., 2015; Mekuriaw et al., 2018; 
Gebermariam et al., 2016; Yigzaw et al., 2019; Mengistu et al., 2020 

Fat (%) 2.1 – 12.6 Tolera, 2008; Feyissa et al., 2015 

DM digestibility (%) 61.7 - 67.3 Tolera, 2008; Mekuriaw et al., 2018 

ME (Mcal/Kg DM) 2.37 Tolera, 2008 

 
Biological features 

Noug seed cake needs proper storage and transportation. The cake should be 

aerated when stored, as its shelf life is shortened when it becomes too damp. A 

study by Gizachew et al., (2016) suggest that the optimal storage conditions for 

avoiding growth of aflatoxin producing fungi on noug seed cakes would be a dry 

well aerated room with average room temperature less than 20°C and equilibrium 

relative humidity of 86%. 

 

Common storage malpractices that cause the accumulation of moulds and 

aflatoxin production in noug seed cake include storage of noug seed cake indoors 

in plastic bags or on the floor without bags, in bags stacked without aeration, 

absence of raised platforms (Figure 4), storage for more than 3 months, etc. These 

storage conditions can cause heating and shorten its shelf-life. Noug seed cake 

should be packed in moisture-proof bags or in similar suitable moisture-proof 

clean and pathogen/contaminant-free containers. Moisture contamination during 

transportation or storage can allow fungal growth which can predispose noug seed 

cake to contamination with mycotoxins, particularly aflatoxins. Mycotoxins are 

poisonous chemical compounds produced by fungus or moulds. Those mycotoxins 

that occur in feedstuffs have great significance in the health and productivity of 

livestock. Since they are produced by fungi, mycotoxins can be associated with 

diseased or mouldy crops, although they can also be present in visually healthy 

crops and grains. 
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Mycotoxin Production and Safety of Noug Seed Cake 

Factors that affect mycotoxin production and contamination can be categorized as 

physical, chemical, and biological factors. Physical factors include environmental 

conditions favorable for fungal colonization and mycotoxin production such as 

temperature, relative humidity, and insect infestation. In general, moulds can grow 

at a temperature range of 10 - 40°C, under high moisture, and oxygen (above 20% 

dry matter and above 70% equilibrium relative humidity), and a pH range of 4.0 - 

8.0 (Negash, 2020). Because feedstuffs can be contaminated during pre- or post-

harvest, control of additional mould growth and mycotoxin formation is dependent 

on storage management such as poor air circulation. After harvest, temperature, 

moisture content, and physical damage (by insects, rodents) and/or the stress of 

hot dry conditions are the major factors influencing mycotoxin contamination of 

noug seeds. Chemical factors include the use of fungicides and/or fertilizers. 

Biological factors are based on the interaction between the colonizing toxigenic 

fungal species and substrate. In addition, like chemical properties, the biological 

quality of noug seed cake is affected by type of oil extraction method and 

adulteration. 

 

Aflatoxin in animal feedstuffs has been a growing concern in the dairy industry 

due to the prevalence of aflatoxin M1 (hydroxylated form of AFB1) in dairy 

Figure 4. Poor storage conditions that are favorable to the 

accumulation of moulds and production of aflatoxins 
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products from animals consuming AFB1-contaminated feed. Concentrate animal 

feedstuffs can have elevated levels of mycotoxin contamination. For instance, the 

highest level of aflatoxin B1 contamination detected in noug seed cake was 419 

μg/kg (De Boevre et al., 2012). In fact, noug seed cake has been found to be the 

main source of aflatoxin contamination among animal feeds by different studies 

(Tola and Kebede, 2016). It is important to note, however, that there is a 

difference between aflatoxin B1 which is the aflatoxin in feeds, with aflatoxin M1 

which is the one excreted in the milk of a cow that consumed a feed contaminated 

with aflatoxin B1 (Gizachew et al., 2016). Aflatoxin M1 is considered a detoxified 

by-product of Aflatoxin B1 and, therefore, has only 10% of the toxicity and 

mutagenicity of Aflatoxin B1 (Wogan and Paglialunga, 1974). 

 

In addition, adulteration of noug seed cake with other types of oil seed cakes is 

also a common feed safety issue. In Ethiopia it is quite common that diverse types 

of oil seed cakes are mixed for livestock feeding. For instance, noug seed cake can 

be adulterated with rapeseed, mustard seed, or safflower seed during extraction 

and yet the mixture can be sold as pure noug seed cake. When adulterated with 

rapeseed the mixture often reduces DM intake, weight gain and may cause health 

problems for animals because of the toxic glucosinolates (and their derivative) in 

rapeseed that causes physiological changes in the thyroid gland, liver, spleen, and 

other organs (Lajolo et al., 1991; Knutsen et al., 2016). 

 
Control and Prevention of Mould Growth in Noug Seed Cake 

Animal feed is an essential channel for transmission of contaminants to the human 

food chain; therefore, hazards present in animal feeds pose a threat to human 

health. Prevention of mycotoxin contamination of feed, particularly noug, is 

critical to animal health and productivity and public health. A combination of 

technology solutions, effective regulations, and standards could bring about 

mitigation and prevention of aflatoxin contamination of feeds. The latter includes 

prevention of mould or fungus growth on feedstuffs, decontamination of 

mycotoxin contaminated feeds as a secondary strategy, and continuous 

surveillance for mycotoxins in animal feedstuffs. Prevention can be achieved by 

following strict hygienic safety measures during harvesting, threshing, storage, 

and processing of noug seeds. In addition, proper drying, and storage of seeds and 

noug seed cake are effective tools for reducing mould growth and mycotoxin 

production. 

 

Decontamination of mycotoxin can be attained by physical, chemical, and 

biological techniques. Mycotoxin binders mainly used as feed additives could be a 

reliable option for sequestering mycotoxin in feeds and preventing their absorption 

after ingestion. Adsorbents/binders that are usually added to compound animal 

feed have been confirmed to reduce mycotoxins, and examples include naturally 

occurring specific clays (e.g., bentonite) as well as activated charcoal, and certain 
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yeasts, bacteria, and enzymes (Ogunade et al., 2018; Vila-Donat et al., 2018). 

Physical approaches include sorting out contaminated grains and de-hulling. 

Chemical approaches include applying fungicides that inhibit mould growth, and 

biological approaches depend on the development of atoxigenic fungi that 

compete with toxigenic fungi in the environment.  

Preventing noug seed cake aflatoxin contamination requires an on-going and 

thorough sampling and testing program and strict adherence to the following 

guidelines: 

 Purchase noug seed cake from reputable persons and companies with a 

proven record of properly monitoring the quality and safety of their feed 

products.  

 Do not buy poor quality noug seed cake as it is likely to have been 

adulterated. 

 Noug seed cake should be packed in moisture proof bags or in similar suitable 

moisture-proof clean and pathogen/contaminant-free containers.  

 Store noug seed cake at proper moisture levels (70% equilibrium relative 

humidity), temperature of 10 - 40°C with adequate aeration for no longer than 

3 months.  

 Feed processors and sellers should develop a systematic inspection and clean-

up program to keep bins, delivery trucks and other equipment free of adhering 

or caked feed ingredients. 

 Minimize dust accumulation in milling and mixing areas. 

 Keep all feed equipment free of caked feed. 

 Check feed storage bins for leaks. 

 Implement effective rodent and insect control programs in storage areas. 

 

Summary 
 

Adverse animal health can result from consumption of aflatoxin-contaminated 

feeds, particularly noug seed cake and handling of such feeds by humans may 

pose additional health risks. However, risks of cancer from human consumption of 

milk from cows fed aflatoxin-contaminated noug seed cake are likely overstated 

as recent findings have challenged the notion that milk aflatoxin M1 is 

carcinogenic (Turna et al., 2022). A key area of need is awareness creation about 

the dangers of aflatoxin B1 contamination of feed and its adverse effects on 

animals and humans. It is also especially important to strengthen nationwide 

surveillance, increase feed inspections to ensure feed safety, and to increase local 

education and assistance to ensure that animal feeds are harvested correctly, dried 

completely, and stored properly. These could be achieved through awareness 

creation using tools such as media outlets, public gatherings, and social learning. 

However, equal attention should be paid to correcting the myth that milk from 
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different places including Ethiopia is unsafe due to aflatoxin contamination 

(typically due to consumption of aflatoxin-contaminated noug seed cake), given 

the recent publication (Turna et al., 2022) showing that US FDA and EU 

standards for safe levels of aflatoxin in milk are probably misleading. 
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