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Abstract

More than 95% of crop production in Ethiopia comes from smallholder farmers operating on a farm size of less than 2
hectares. This implies that agriculture is dominantly operated by smallholders nationally. Agricultural commercializa-
tion is believed to improve farmers’ livelihoods; hence, commercializing agriculture in Ethiopia means contributing to
the smallholder farmer’s welfare. To do so, a study of participation and level of commercialization and their determinant
factors is vital. Hence, this study was initiated to evaluate crop output commercialization status and its determinants in
rural Ethiopia. Heckman’s two-step model was employed for the analysis. The mean commercialization index (Cl) for the
sample was 43.40% while 26% and 35% of households were commercially oriented and subsistent farmers respectively.
The decision to participate in crop output marketing was a ected by age, market distance, and instrument for the level
of farm mechanization negatively. In contrast, it was a ected positively by livestock size (TLU), being in mid-highland
agroecology, ownership of equines, amount of annual income, and access to market information. The intensity of com-
mercialization was positively a ected by annual income, access to market information, and number of oxen; while it was
negatively a ected by operational land, level of crop diversi cation, and market distance signi cantly. Improving the
resource endowment, and minimizing transaction costs by improving access to market centers, market information, and
means of transportation can further enhance commercialization. Improving access to farm mechanization and enhancing
productivity in highland areas are also issues that shall get policy and development practitioners’focus.

Keywords Commercialization - Market participation - Subsistent farmers - Heckman'’s two-step

1 Introduction

The mainstay of the Ethiopian economy is agriculture. Over time, the absolute value of agriculture’s contribution
to the GDP is increasing. For example, the value of ETB 686.4 in 2020 was ETB 728.4 billion in 2021, an increase of
approximately 6.12%. In 2021, the sector contributed about 31.98% to the national GDP, but it is decreasing over
time [1]. Small-scale farming is the dominant type of agriculture in Ethiopia. Around 67.5% of farmers are holding
farmland of less than 4 hectares whereas only 1.8% of farming households are operating on farm size of more than
15 hectares and the average small farm size is 0.9 ha [2]. Hence, while we are talking about agriculture in Ethiopia,
we are generally talking about small-scale farmers in one or other way that produce around 95% of the total national
production of the main crops [3].
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Agricultural commercialization can be viewed in many forms and defined in different ways. It can be considered as
a static form or as a dynamic process over time. Considering the static form of smallholder farm commercialization, it
could be seen as the measure of the strength of the linkage between farm households and markets at a given point
in time. This household-to-market linkage could relate to output or input markets either in selling, buying, or both,
including labor [4]. Considering farm commercialization as a dynamic process, it could be seen as a process in which
speed the proportion of outputs sold and inputs purchased is changing over time at the household level. Based
on this premise agricultural commercialization occurs when agricultural enterprises and/or the agricultural sector
as a whole rely increasingly on the market for the sale of produce and for the acquisition of production inputs [5].
Generally, three approaches can be followed to define farm commercialization: in terms of the type of crops grown,
participation in commercial input and output markets, and goals of production.

Based on the types of crops grown a farm household is considered as commercialized if it produced a significant
amount of cash commaodities, allocates a proportion of its resources to marketable commaodities, or selling a consider-
able proportion of its agricultural output [6, 7]. However, defining commercialization based on this may be misleading
as the farmers are not marketing only the so-called cash commaodities or home consuming of those non-cash crops
[8-10]. In the central and southern Oromia, cereals like wheat and malt barley are no more considered as staples only
due to the presence of agro-processing factories like malt factories, flour-mill factories, biscuit, pasta, and macaroni
factories in most districts and zonal towns and hence, are both staple and commercial crops. However, this does
not mean that there are no subsistent farmers who are producing entirely for household consumption. Hence, the
commercial nature of the crop does not guarantee the full commercialization of farmers. For instance, only 34.34
and 30.96% of wheat were sold in West Arsi and Arsi zones respectively in 2020/21 production season while from
total barley produced in the two zones only 19.22 and 20.31 portions were sold respectively [11]. Even though forced
sale of some crop may even exist in cases of subsistent farming, a household may also have other options to meet its
financial obligations like livestock especially small ruminants, poultry and non-farm income sources.

Regarding input/output market participation, agricultural commercialization goes beyond producing and allocat-
ing a considerable proportion of farm products to market rather it refers to the choice of what to produce and the
decision about the input use based on the principles of profit maximization both for staple cereals and high-valued
commercial crops [8, 9]. From the input side, commercialization refers to valuing both traded and non-traded inputs
like family labor and manure in terms of their market prices while from the output side, it is defined as the propor-
tion of agricultural production that is marketed [12, 13]. In this regard, the degree of participation of a household
in the output market with much focus on cash incomes is widely used to define agricultural commercialization [14].

From the view of the goal of production, considering the dynamic process, [8] argue that as the degree of partici-
pation of farmers in commercialization increases, it passes through the process of commercialization from a subsist-
ence system to a semi-commercial system and finally to a commercial system where the objective of production
change from food self-sufficiency to surplus production and finally to profit maximization. Inputs are non-traded
and household generated in the first stage and it is mixed of traded and non-traded in the second stage finally in
the commercial system inputs are predominantly traded. Based on this argument, [15] defined agricultural commer-
cialization as“a process involving the transformation from production for subsistence in production for the market”
Hence, production goals change from utility maximization to profit maximization as household production moves
from subsistence to commercial production [16].

However, the focus of commercialization of smallholders is mainly on increased output market participation to solve
food insecurity through improving agricultural productivity in developing countries [4, 17-19]. Hence, like any other
agriculture-dependent country, commercial transformation is an essential footpath toward economic growth and devel-
opment [8, 12, 20] for Ethiopia too [21]. To this end, the Government of Ethiopia (GOE) is also promoting agricultural
commercialization through di erent means with the main objective of transforming the subsistence supply-led agri-
culture sector to organized, high-tech, safe, and demand-driven agriculture. To achieve this goal, the GoE is expanding
the integrated agro-industrial parks and promoting cluster-based mechanization-supported production system, and
this action is believed to accelerate the commercialization of smallholder agriculture and support the structural change
of the national economy as a whole [22]. Accordingly, the GoE has prioritized agricultural commercialization as a policy
agendaincluded in the Poverty Reduction Strategy Paper (PRSP) since 2005 [23]. The expansion of agro-industrial parks
throughout the country in general and around the study area, in particular, are also examples of such actions. However,
the level and determinants of smallholders’ commercialization are not well studied.

Studies revealed that di erentfactorsa ectboth households market participation and level of participation (crop output
commercialization). Among others, household characteristics like age, sex, and educational background of the household
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head, family size, dependency ratio, and others are important factors at the household level [24-26]. Other factors like
agroecology, resource ownership of households, institutional service provision, infrastructural facilities and others are the
most important factors that determine participation and level of commercialization [26—34]. However, little has been studied
about level of crop output commercialization and determinants of both market participation and level of commercialization
in the proposed area. Furthermore, most of the studies in Ethiopia are crop speci ¢. Hence, this research aimed to contribute
in lling the gap by trying to estimate the overall crop output commercialization level of the smallholders considering the
major crops. Furthermore, major socioeconomic and institutional determinant factors of commercialization. Hence, this
research was initiated with the objectives of estimating the level of crop output commercialization and identifying factors
thata ectthe level of crop output commercialization for combined major crops. In nutshell, this research will answer the
research questions: (1) what is the commercialization status of smallholder farmers? (2) what are the major determinants
of participation in crop commercialization and level of commercialization in central and southern Oromia, Ethiopia?

2 Level and determinants of crop commercialization: empirical review

Theoretically it is explained that there are di erent factors determining level of crop output commercialization of small-
holders. Generally, market imperfection has a broad-spectrum e ect on crop commercialization directly or indirectly
by limiting smallholders’ access to inputs, output market and technologies and then in turn a ects production and
productivity. Based on literature review, [4] broadly categorized factors a ecting crop commercialization of subsistent
farmers. The rst one is external factors which are beyond the control of smallholders’including population growth and
demographic change, technological change and introduction of new commodities, development of infrastructure and
market institutions, development of the non-farm sector and the broader economy, rising labour opportunity costs,
macroeconomic, trade and sectoral policies a ecting prices and other driving forces. Smallholder farmers’ individual
speci cfactors are the second category of factors thata ect commercialization. Resource endowments such as land and
other natural capital, labor, physical capital, human capital, and others are included in these factors.

Importance of review of literatures related to the topic is twofold; helping in identifying the gap and to hypothesize the
factorsthata ect the issues under study. Di erent authors studied the level and determinant factors of commercializa-
tion in Ethiopia. For instance, commercialization of teff was studied by Anteneh and Endalew [35] and Gidelew et al. [36]
in Guji and Hulet Eju Enesie districts while potato and malt barley West Arsi zone [37] and Arsi and West Arsi zone [38],
respectively. Commercialization of wheat was also studied in major crop producing regions of Ethiopia, that includes
Oromiaregion [39]. Cherinet et al. [40] Also studied the determinants of market participation and its intensity in Amhara
region Este district. The study by [41] was conducted at national level by considering six cereal crops. The econometric
models used in commercialization studies include ordered probit, double hurdle, Heckman two-step, truncated model,
Tobit, were Beta regression models in Ethiopia.

The ndings of those research outputs revealed that resource ownership and proportion of its allocation for the crop
under study of the smallholder farmers especially farm size, size of livestock possession including equines (for transporta-
tion purposes), and number of oxen were the main determinants factors thata ected decision to participate in crop output
commercialization and intensity of commercialization [35-42]. Similarly, demographic characteristics of households and
heads of households like age, sex, educational background, and family size are some of the variables that signi cantlya ect
participation or intensity of participation. Access to institutional services and the distances to those service centers like
extension contact, distance to extension service centers and market centers [36, 42, 43], access to credit services, access
to market information, and the use of communication technologies [37, 38, 41], access to physical infrastructures like all-
weather roads [41] were important determinants of level and decision to sale crop outputs. Yield and quantity and value of
crop produced [38, 39, 41, 43], market-related issues like price and household’s perception of lagged price, participation of
contract farming [38, 43] other variables that were signi cant in determining commercialization participation and intensity
of commercialization. Farmers’ experience in the production of speci ¢ crops [35], input, and improved technology utiliza-
tion practices like the quantity of chemical fertilizer [36, 38] and row planting [36] were also a ecting commercialization; At
the same time, economic activities like participating in o -farm income generating activities [42] and external factors like
Agroecology were important factors in determining the level of sale and participation in output crop marketing.

As to the researchers’ knowledge, the only research that was conducted based on whole crops produced by small-
holder farmers was Minot et al. [44] which used three waves of national data from Ethiopia Agricultural Commercialization
Cluster Surveys. According to this nding, the commercialization level of smallholders was increasing between 2012 and
2019ssigni cantly at national level while it was not signi cant for some regional states at a disaggregated level as a whole
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where the increasing rate of commercialization in Amhara region is leading. In general, the signi cant gap identi ed by
the review of literature was that almost all authors’ approaches were single crop-based approaches, implying focusing
on one crop at a time except [41, 43] which conducted an analysis for only major cereal crops. Hence, there is dearth
of study on estimation of level of commercialization, identifying determinants of participation and level (intensity) of
commercialization considering whole or major crops in Ethiopia.

3 Methodology of the research
3.1 Research location (study area)

This research was conducted in two purposively selected zones from Central and Southern Oromia Regional State. The
Central and Southern parts of Oromia region, which includes East Shewa, Arsi, West Arsi, Bale, and East Bale administra-
tive zones, is the most important cereal-producing part of the Ethiopia. The two administrative zones that are selected
for this study, namely West Arsi and Arsi, are found in the central and southern parts of Oromia national regional state,
respectively. Geographically, the Arsi Zone lies between 6° 45" N to 8° 58’ N latitude and 38° 32 E to 400 50’ E longitude
while the West Arsi zone lies between 6° 12'29" to 7042'55" latitude and 38004'04" to 39046'08” longitude [45]. The two
zones are known for better farm mechanization practices due to previous government-initiated intervention during the
Haile-Selassie regime and projects called Arsi Rural Development Unit and Chilalo Agricultural Development Unit (ARDU
and CADU) implement by the Dergue regime. The area was known for large private and state-owned farms during the
two regimes respectively [46-48]. Cereals like wheat and barley are the most dominant crops and they cover around 84%
of the total land covered by grain [11]. Both zones are known for crop-livestock mixed farming systems.

3.2 Sampling design and sample size

The study considered farm households as a decision-making unit and considered farm household heads as key respond-
ents and decision points of the household’s farm and non-farm activities. Hence, the sampling unit of analysis in this study
was a farm household. A multi-stage sampling procedure was employed to draw the target sample households. At the

rst stage, West Arsi and Arsi zones were selected purposely from Southern and Central Oromia. At the second stage, the
districts were selected based on strati ed random sampling technique. For this purpose, the districts in each zone are
strati ed into two as highland and mid-highland districts. Then four districts, two from each zone, were selected based
on systematic random sampling from the list of mid-highlands and highland districts. The two agroecology, highland and
mid-highlands, have di erent types of crops grown. For instance, the highland part is majorly producing barley, while
the mid-highland parts are known for wheat production [11]. Systematic random sampling technique was preferred
over other sampling techniques because it is simple to execute and is also an equal probability selection method [49].
Accordingly, Kofele and Gedeb-Asasa from West Arsi and Lemu-bilbilo and Hetosa from the Arsi zone were selected.
Kofele and Lemu-bilbilo are highland districts whereas the rest are mid-highland districts. At the third stage, from each
district, two kebeles! were selected randomly while the sample size was determined based on the [50] formula, which
provides a representative size to ensure the desired precision, and nally, the total sample households were selected
from each kebele based on simple random sampling method. The formula to determine sample size was given as follows:

Z’pq _ (1.96)%(0.5)(0.5)

N = = ~ 385
2 (0.05)?

where N is the desired sample size; Z is the standard cumulative distribution that corresponds to the level of con dence
with the value of 1.96; e is desired level of precision; p is the estimated proportion of an attribute present in the popula-
tion with the value of 0.5 as suggested by [51] to get the desired minimum sample size of households at 95% con dence
level and 5% precision; q=1-p. Accordingly, a sample of 385 was proposed and nally, 385 household heads were
selected and interviewed using random sampling with probability proportional to size. However, 12 households were
added for contingency purpose and seven were excluded from analysis due to data missing and only 390 samples were
considered in the analysis.

! Kebele is the lowest administrative unit in Ethiopia.
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3.3 Data sources, types, and methods of collection

The smallholder farming households are the main sources of data in this study. Both qualitative and quantitative data
were collected from primary and secondary data sources. Secondary data were collected from published and unpublished
sources like journalsand o  cial reports while primary data were collected from smallholder farming household. The data
collected includes but is not limited to socioeconomic characteristics of the households, demographic characteristics of
the household and its head, crop, and livestock production and marketing, etc. The qualitative data were collected by
using focus group discussions (FGD) and key informant interviews (KII). One FGD and one Kll were conducted at each
kebele to enrich the primary data from individual interviews at each kebele.

3.4 Methods of data analysis

Both descriptive statistics and econometric models were used to analyze the data collected. Descriptive statistics like
mean and t-test were used to estimate and summarize the level of commercialization. Mean comparison of explanatory
variables for market participants and non-market participants was conducted. The level of crop output commercializa-
tion was estimated by using crop output market participation index (COMPI).

3.4.1 Measuring crop output market participation index (COMPI)

The level of crop output commercialization at a household level was computed as the ratio of the value of agricultural
outputs sold to the total value of agricultural outputs produced by a household [7, 24, 52]. For this study, major crops:
wheat, barley, potato, and pulse crops (faba bean, peas, and chickpeas) were considered. Hence, the crop output side
commercialization index for a household (COMPI) was computed as (1):
&\ P.S,
COMPI;, = Z Fk & 30k = Sy 1)
i=1 ik

where COMPI, is the proportion of crop k sold (S;) to the total amount produced (Q,;) by a household i evaluated at an
average price <P> given and reported by a household during selling.

The index measures the intensity of a household’s participation in the market. A value of zero would signify a totally
subsistence-oriented household; the closer the index is to 100, the higher the degree of commercialization. Based on sug-
gestions of some authors [53-55] a household is commercially oriented if the crop output commercialization index (COCI)
is a minimum of 65% whereas values in between 30 and 65% termed as semi-commercial and otherwise non-commercial.

Household level market participation (COMP) and intensity of market participation are modeled as a function of house-
hold characteristics (sex, age, and educational background of household head), household resource endowment, and
technology use which are family labor supply, household size, landholding, land cultivated, working animal availability
(draft power, equines, and other livestock, level of mechanization), access to physical infrastructures (distance to main
market and access to all-weather road), access to institutional services (extension, credit, and market information), and land
fragmentation, the spatial location of the household (zone), level of crop diversi cation, total annual household income.

3.4.2 Model selection and specification

The most widely used models to investigate a household’s decision for market participation and its level of participation
(level of commercialization) are the double hurdle model (DHM), Heckman’s two-stage model, Tobit model, and multinomial
logit models [56-58]. However, each model has its own limitations and advantages while the choice of one over the others
depends on the objectives of the study and data type. The censored regression or Tobit [59] model is appropriate when
the dependent variable is censored at some upper or lower bounds. Tobit model is criticized due to the fact that it cannot
separate the participation and intensity of participation decisions. It assumes that factors a ecting market participation
alsoa ect the intensity decision in the same way. Second it assumes the zero values in the intensity equation as a corner
solution. However, the zero value of the level of commercialization may be due to a discrete choice of not to participate in
the commercialization decision. Hence, Heckman two-step and Cragg'’s models are the two best options for this analysis.
There are also critical assumption di erences between the Heckman's model and Craggit model. In Heckman model
the estimation of the rst stage equation of the model as a probit model assumes that the errors are Homoscedastic [60].
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Furthermore, Heckman assumes that there is no zero observation in the dependent variable of the second stage once the

rst stage is passed whereas the Craggit model still considers that there might be a possibility of zero observation. However,
in this study once a household decide to participate in the crop output market, there is no possibility that the amount of
crop sold can be zero. Hence, based on this assumption Heckman is better for this data. The second assumption of Craggit
model is that there is independence of hurdles while Heckman's two-step assumes that there is dependence of the hurdles
[61]. The dependence between the two hurdles can be tested based on the signi cance of Inverse Mill's Ratio (IMR).

In this case, even though this model assumes that the decision to participate in the market and the intensity of market
participation may not necessarily be jointly determined [62], the Heckman selection model is appropriate if there is a cen-
soring process in measuring the intensity of participation. This implies that the Heckman procedure assumes that there are
some potential market levels in the sample population that is not observed due to sample selection problems. In general,
Heckman's sample selection model is designed to account for the fact that the observed sample may be non-random and
the market participation equation can be speci ed as (2):

Pr(Z, = 1|w,, a) = ®(h(w,, ) + ¢ (2)

where Z; is an indicator variable equal to unity for households that participate in crop sales; @ is the standard normal
cumulative distribution function; w; is a vector of factors a ecting market participation; a is a vector of coe cients to
be estimated; and ¢, is the error term assumed to be distributed normally with a mean of zero and variance of % The
variable Z; takes the value of 1 if the marginal utility that the household i gets from participating in the crop market is
greater than zero, and zero otherwise. So, we have Eqg. (3):

ZF = aw; +v, (3)
where Zi* is the latent level of utility that the household gets from crop market participation, v,~N(0,1) and,
_JlifZ=1ifZ>0
Z—{oy;=0#250} @

In the second stage, the Inverse Mills Ratio (IMR) will be added as a regressor in the sales function or level of participation
to correct for potential selection bias. To get rid of endogeneity problem this selection bias, Heckman suggested rst to
estimate « via maximum likelihood estimation (MLE) probit, typically using an exclusion restriction (only households who
participate in the market are included in the second stage), then to estimate an IMR, which essentially tells us the probability
that household decide to participate in the market over the cumulative probability of a household’s decision, i.e.

@(h(w;, &)

Azmwﬂ) ©

where ¢ (.) is the normal probability density function. The second-stage (level of sales) equation is then given by:

()
®<wh&>

where E is the expectation operator, Y is the (continuous) extent of market participation (level of commercialization), or
sales, X is a vector of independent variables a ecting sales, and {3 is the vector of the corresponding coe cients to be
estimated. Then, Y; can be explained as:

EY|Z =1Df(X..p)+v (6)

Y, =X +yi+u, (7
where u~N (0, 6,), Yi* is only observed for crop sellers (Zi=1), in which case Yi=Yi*

3.5 Hypotheses and variable definitions for econometric models

Variables included in the econometric model were summarized as follows with their expected sign in the model
outputs (Table 1).
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Table 1 Summary of variables

included in the model with

their expected signs Market participation (yes/no) Intensity of
participation

@)

Determinant factors Dependent variables

Household head sex (1=male) +
Household head Age (year)

Household head education (year) + +
Landholding (ha) + +
Cultivated land (ha) + +
Household family size (No.) + +
Family labor (man-equivalent) + +
Number of oxen + +
Other livestock (TLU) + +
Agroecology (1=mid; 0=low) + +
Road access + +
Distance to the main market - -
Crop diversi cation (SDI) - -
Level of mechanization (M) + +
Equines (1=yes/0=no) + +
Income (In) + +
DA contact + +
Credit access + +
Access to market information (yes=1) + +

4 Result and discussion
4.1 Descriptive statistics analysis

Households'level of crop output commercialization was estimated by using ratio of values of crop sold to values of total crop
produced by a household. The Table 2 below presents the categories of the level of crop output commercialization for sample
households. Around 67% of the households are wheat producers while around 60% of them are barley producer households.
However, it should be noted that the number of producers for all crops is not mutually exclusive. The study result showed
that wheat and barley are grown by majority of the households and 41.60 and 37.70% of their total production are supplied
to market respectively (Table 2). FGD also revealed that there is high commercialization level di erence among crops. For
instance, barley and potato are mainly produced for consumption purposes in small amount in mid-highland areas while
wheat is for market purpose. The result further showed that the mean commercialization index for all crops is 43.4%, whereas
potato producers’ commercialization index is around 61% implying potato is the most commercialized crop in the study area.
Ayele et al. [43] also found that average level of cereal crops commercialization was 48.33% in Guji zone of Oromia region. Our

ndings further showed that pulses and potato are relatively more commercialized and the result is consistent with the result
of [44] where the mean commercialization index for all crops was better than national average which was 33.5%. However,
only 13.59% and 22.56% of the sample households are producing potato and pulse crops respectively.

The result also showed that around 35% of the households are subsistent farmers implying they are mainly produc-
ing only for home consumption out of which 75 (19.23% of the total households or 55.55% of subsistent farmers) are
non-market participants (Table 3). The zero level of commercialization is due to the random sampling procedure we
employed which provides equal probability of selection for each household in a sample frame. Furthermore, the zero
level of commercialization of a household may attributed to availability of other nancial sources for a household to
meet their household nancial obligations like livestock especially the small ruminants and poultry, non-farm income
source activities and remittance. The result further revealed that a considerable number of farmers are supplying more
proportion of their products to the market. Accordingly, around 26% of farmers are supplying more than 65% of their
products to the market while the rest around 40% of them are supplying 30 to 65% of their produce to the market or
they are semi-commercial farming households.
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Table2 Mean Crop type Obs Mean Std. dev Min Max

commercialization levels for

di erent crop types Commercialization index for barley 262 0.377 0.280 0 0.960
Commercialization index for wheat 233 0416 0.290 0 0.998
Commercialization index for WB 390 0.397 0.290 0 0.998
Commercialization index for Potato 53 0.609 0.305 0 1.000
Commercialization index for pulse 88 0.539 0.278 0 0.975
Commercialization index for all crops 390 0.434 0.279 0 0.998

Pulse crops include faba bean, eld pea, and chickpea
WB wheat, and barley

Table 3 Households’
level of crop output
commercialization

Description Level of commercialization Frequency Percentage0.998

Mean di erence of commercialization index across agroecology was also assessed and it was found that the mean
mid-highland area was slightly greater than the highland agroecology (Table 4). However, the mean di erence was not
statistically signi cant. Similarly, crop diversi cation was also higher in highland areas implying mid-highland households
are tending more to specialization.

4.2 Description of variables used in the econometric model

Market participation status of a household is explained by different variables and hence, the values for these variables
are expected be different for participants and non-participants of the market. Accordingly, the definition and sum-
mary of variables that are used in the econometric model were presented in Table 5. The result revealed that, from
household characteristics, the age of the household head is significantly different for market participants and non-
market participants. Only about 2% of the sample households are female-headed while the rest 98% are male-headed.
Non-participant farmers are older than market participants implying relatively younger are more market-oriented.
Similarly, livestock possession (TLU) is higher for households who do not participate in crop-output market and the
value is significant at the 1% level. Livestock may also be an alternative source of household income and negatively
affects market participation. Distance of household residence to the main market also affects the participation of a
household in the crop output market participation negatively. Institutional services like contact with development
agents (DA) and access to market information also positively affect crop output market participation significantly
while resource ownership like land and income also affect market participation positively as expected.
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Table 5 Statistical summary

of variables used in Heckman Mean

two-step model Variable description Non-participant Participant Combined t-value
Sex of household head 0.97 (0.02) 0.98 (0.01) 0.98 (0.01) -0.23
Age of household head 47.01(1.71) 43.31(0.72) 44.01(.67) 2.18**
Education of HH head 5.72 (0.47) 6.08 (0.23) 6.01 (0.20) -0.70
Livestock holding (TLU) 3.51(0.46) 5.61 (0.23) 5.20(0.21) 3.99%**
No. of oxen 1.43(0.13) 1.44 (0.07) 1.44(0.06) -0.02
Distance to main market 8.18 (0.67) 6.38 (0.26) 6.73 (0.25) 2.90***
Contact DA(Yes/No) 0.67 (0.05) 0.78 (0.02) 0.76 (0.02) —2.09**
DA contact per month 2.20(0.16) 2.27 (0.08) 2.26 (0.07) -0.36
Credit accessed 0.13 (0.04) 0.15(0.02) 0.15 (0.02) -0.35
Crop diversi cation (SDI) 0.46 (0.03) 0.48 (0.01) 0.48 (0.01) -0.48
Cultivated land (ha) 1.34(0.13) 1.55(0.07) 1.51(0.06) -1.36
Total land possessed 1.61(0.16) 2.01(0.07) 1.93(0.06) —2.40**
Soil fertility 1.44 (0.07) 1.41(0.03) 1.41(0.03) 0.46
Have equines 0.58 (0.08) 0.59 (0.03) 0.59 (0.03) -0.08
Have mobile phone 0.88(0.04) 0.92(0.01) 0.91(0.01) -112
Get market information 0.61(0.06) 0.76 (0.02) 0.73(0.02) —2.50**
Household income (In) 10.39(0.22) 11.29 (0.05) 11.14(0.05) —6.41%**
Family labor (man-equiv.) 2.48(0.19) 2.30(0.09) 2.33(0.08) 0.90
Household size (person) 8.63(0.58) 8.35(0.26) 8.40 (0.23) 0.47
Dependency ratio 1.50(0.18) 1.38 (0.08) 1.40(0.07) 0.7
Road access 0.85(0.04) 0.88(0.02) 0.88(0.02) 0.69
Variable Mean Std. dev Min Max
Commercialization index 0.434 0.279 0 0.998

Standard errors given in parenthesis; **, *** t-value signi cant at 5 and 1% respectively

4.3 Results of the econometric model

Determinants of the smallholder farmers’ crop output market participation decision and level of commercialization
(level of participation) were analyzed by using the Heckman two-step model. Even though there are different alter-
natives for this analysis, Heckman'’s two-step model is selected since the IMR value is significant at a 10% level of
significance. The result shows that the two equations (selection model/market participation and commercialization
levels/intensity of participation) are interdependent. As a result, the two equations are estimated simultaneously
using the Heckman selection model. In general, the likelihood ratio test of the model indicates that the overall
goodness of fit of the Heckman two-step model is statistically significant at P<0.01 significance level. This indicates
that explanatory variables jointly explained the probability of participating in the crop output market participation.

Prior to running the Heckman two-step model, the data was tested whether it is suffering from multicollinearity,
heteroscedasticity and endogeneity problem. According to the result of the test, the data is free from serious problem
of multicollinearity and heteroscedasticity and the result of the test is given in appendix part (Appendixes 1, 2). How-
ever, endogeneity was tested for level of farm mechanization (MI) using Hausman's specification test method. Based
on the result (Appendix 3), we are unable to reject for the endogeneity problem. Hence, instrumental variables (farm
mechanization technologies unavailability, price of the technologies, land topography, training and demonstration
on farm mechanization) were selected as instrumental variables and index of farm mechanization was regressed on
these variables including other variables in the structural model. Then prediction of farm mechanization (index) was
taken and included in the original model (Heckman two-step) model.
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Table 6 Heckman selection
model two-step estimates the

Determinant factors

Market participation

Intensity of participation

result of market participation Coe cient Z-value Coe cient Z-value
HHH sex(1=male) 0.821 (0.575) 143 - -
HHH Age (year) -0.020 (0.008) —2.34%xxx -0.001 (0.001) 0.36
HHH education (year) -0.038 (0.026) -1.46 —0.006 (0.003) 151
Landholding (ha) -0.021(0.107) -0.19 0.009 (0.014) 0.59
Cultivated land (ha) 0.016 (0.131) 0.12 -0.031(0.016)** 1.95
HH family size (No.) -0.004 (0.029) -0.13 —0.003 (0.004) 0.82
HH labor (man-eqvt) -0.079 (0.084) -0.94 0.007 (0.012) 0.58
Number of oxen 0.089 (0.088) 1.00 0.019 (0.011)* 181
Other livestock (TLU) 0.074 (0.034) 2.15%* -0.004 (0.004) 1.07
Agroecology (0=high) 0.651 (0.277) 2.35%* 0.036 (0.045) 0.80
Road access 0.344 (0.312) 110 0.053 (0.041) 128
Main market distance -0.065 (0.019) —3.46%** —0.007 (0.004)** 1.98
Crop diversi cation (SDI) —-0.113(0.388) -0.29 —0.099 (0.053) 1.87*
Instrument for Ml —-2.007 (1.239) —-1.64* -0.177 (0.180) -0.98
Equines (1=Yes/0=No) 0.348 (0.203) 1.71* 0.001 (0.029) 0.02
Income(In) 0.381 (0.074) 5.10%** 0.180 (0.021)*** 8.40
DA contact 0.273(0.207) 131 -0.027 (0.032) 0.85
Credit access —-0.208 (0.261) -0.79 —0.017 (0.035) 0.50
Market information access 0.547 (0.193) 2.82%** 0.124 (0.038)*** 3.24
Constant -3.116 (1.029) —3.03*** —1.462 (0.247)**=* -5.92
Mills/lambda 0.222 (0.122) 1.82*
Rho 1.000
Sigma 0.222

*

, ¥ *** values signi cant at 10, 5, and 1% level of signi cance respectively; Market participants =315;
non-participants = 75; Wald x%(18) = 123.80; Prob > chi2 = 0.000; Standard Errors given in parenthesis

4.3.1 Crop output market participation

The Heckman's two-step model was fitted with 18 explanatory variables. According to the first step model output,
the household head’s age, livestock ownership (TLU), agroecological location, household residence’s distance to the
main market (km), availability of equine animals for transportation purposes, total household income (in natural log),
instrumental variable for farm mechanization, and access to market information are significant in determining crop
output market participation. The value of Wald x?(18) equals 123.80 with a Chi-square (x?) value significant at 1% and
lambda (M) significant at a 10% level of significance implying that data best fits Heckman’s two-step model (Table 6).

It was believed that aged households are more deprived from up-to-dated production technologies, labor and
others. Risk aversion nature of older farmers to accept new technologies and ideas were the main possible argu-
ment for their low market participation [3, 32]. Hence, their focus is mainly for food self-sufficiency. In line with this
assumption, the finding revealed that the age of the household head has a negative effect on crop output market
participation. The result is significant at a 1% level of significance. Similar results were reported by researchers in
other rural parts of Ethiopia for bulla and pineapple crops [63, 64] while similar result was also found in Zambia [65].

Transaction cost is one of the important determinant factors for market participation [4]. Household'’s residence
distance to the market center has a direct implication of marketing cost and access to means of transportation
which directly affects market participation [24, 29-32, 40]. The result revealed that distance to the main market
center negatively and significantly affects crop output market participation significantly. The variable is statistically
significant at 1% level of significance. The result implies that the nearer the household is to the main market center,
the higher the probability of participation in crop output marketing. This finding is consistent with others’ findings
in Ethiopia and somewhere in the world where distance of market center from household’s residence affects prob-
ability of participation in a market [65-69].
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As expected, the amount of a household income per annum (transformed in natural log) has also a positive and sig-
ni cant impact on the probability of a household’s participation in the crop output market. The result is signi cant at a
1% level of signi cance. This can also be explained as if a household has more income, it will have more capital to invest
in crop production to purchase inputs like fertilizer and improved seeds, to rent machinery for farm mechanization, and
even rent more land that will enable it to produce a surplus product for market purposes. Our nding from the model
tallies that the higher the amount of household’s annual income, the higher the probability of participation in crop
output market and the result is statistically signi cant at 1% level of signi cance.

Lack of access to means of transportation in rural area is one of the hindering factors in market participation [4]. As
itis known, equine animals (donkey, horse and mules) are the most important means of transportation both for goods
and human beings in rural Ethiopia [70] and it is also hypothesized that its presence can positively in uence market
participation [24]. Hence, its availability in a given household will de nitely a ect probability of market participation. The
result also showed that the probability of market participation is positively and signi cantly a ected by the availability
of transportation means which is the equine animal in our cases at a 10% level of signi cance. According to the nding,
households having equine animals have more probability of participation in the crop output market participation. For
instance, availability of motor cycles and cycles facilitates access to market information and market participation in rural
Kenya [33]. According to this nding, households possessing equines have better probability of crop output market
participation signi cant at 10%. Similar researches, [33, 55] also reported that the availability of transportation means
mainly, equines, was among the signi cant variables in determining te market participation in Ethiopia and maize crop
output market participation in Kenya respectively.

Livestock are one of means for asset accumulation in rural areas. In addition, livestock are sources of manure that can
increase production and productivity which in turn increases probability of market participation. The result showed that
livestock size other than oxen, measured in tropical livestock unit (TLU) is another important variable that positively
determined the probability of participation in the crop output market participation signi cantly at a 1% level of signi -
cance. The result implied that farmers who owned a greater number of livestock has more probability of crop output
market participation. This result is in consistent with the ndings of others [71] who found that households owning a
greater number of livestock are more participants in crop output marketing in the Oromia region, Ethiopia. However,
[34] found that livestock ownership has a negative impact on market participation in Afar region, Ethiopia. This result
may be attributed to the production system in the area where households having more size of livestock are pastoralists
and less involved in crop production.

Households in mid-highland agroecology are tending to specialization towards cereals especially, wheat and there-
fore, they have to sell some amount of their produce at least to buy some grain that they do not produce for their own
consumption (Table 4). Hence, as expected, market participation is signi cantly a ected by agroecological location of
the households at 5% level of signi cance. According to the result, a shift from highland agroecology to mid-highland,
can increase probability of market participation signi cantly. This nding also in lined with other researchers’ ndings
which revealed that there is di erence in probability of market participation across spatial location which may a ect the
production potential, access to input or transportation and others [56]. The nding of this author also showed that mid-
highland farmers are less commercialized and have low probability of market participation in South West Oromia region.

Farm mechanization can enhance crop output market participation through increasing production and productivity.
Hence, any factor thata ects level of farm mechanization either positively or negatively cana ect market participation
the same way ita ects farm mechanization [72]. Five instrumental variables (1V), (technology unavailability, high price,
topography, training and demonstration participation on farm mechanization) were used in the ordinary least square
regression to estimate their e ect on level of farm mechanization (the endogenous variable) and the test for endogeneity
showed that farm mechanization was endogenous variable. Hence, Heckman two-step model was tted by instrument-
ing the variable by taking the predicted value for farm mechanization. The IV was found to be signi cant in determining
probability of participation. Hence, the result revealed that the application of farm mechanization technologies espe-
cially, tractors and combine harvesters, signi cantly a ects probability participation in crop output commercialization.

4.3.2 Participation intensity of crop output market
Once a household decides to participate in a crop output market, the next issue is by how much to participate or

to answer what is the intensity of participation. The intensity of participation was estimated based on the ratio of
value of crops sold to the value of total crop produced by a farmer. For this objective, market participation and level/
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intensity of crop output market participation was calculated by taking the major crops of the area namely wheat,
barley, potato and pulse crops (faba bean, field bean, chickpea and haricot beans). Different factors are found to affect
levels of crop output market participants. The result of Heckman'’s second step showed that six variables explained
the intensity of crop output commercialization in this study. The result revealed that the educational background of
the household head, total land size cultivated, distance to the main market center, crop diversification level (Simp-
son Diversification Index), household annual income, and access to market information are significantly affecting
the intensity of crop output market participation. Negative signs for explanatory variables education and cultivated
land size (ha) were unexpected findings of this model that can be explained differently opposite to the hypothesis.

According to the model output, Lambda (IMR) or selectivity bias correction factor has a positive impact on farm
households’ crop output market participation at a 10% significance level. The existence of unobserved factors that
positively influence both participation decision and level of marketed crop output is indicated by the positive sign
of the IMR. Moreover, the positive relationship (correlation) between the unobservable factors is justified by positive
sign of rho.

A household operating on larger farm size is expected to produce more surplus and its supply is expected to be more.
And hence, the size of operational farm size is expected to have positive e ect on level of commercialization. The nding
of other authors also revealed that land size has positive e ects on level of commercialization of wheat in Ethiopia [73].
However, the size of land cultivated has negative e ects on the level of market participation which is unexpected result
of this nding. The variable is signi cant at the 10% level. In similar ways, even though it was not statistically signi cant,
Worku et al. [40] found that farm size has negative e ects on level of commercialization.

In most cases of less developed countries, crop diversi cation is practiced for the purposes of food self-su ciency.
The result from descriptive statistics (Table 4) also showed that highland areas are more diversi ed and at the same time
are less commercialized. Crop diversi cation, measured in Simpson Diversi cation Index (SDI), as expected has negative
signi cante ect on the intensity of crop output market participation at a 10% probability level of signi cance. Assess-
ments at di erent countries also revealed that commercialization at national level leads to diversi ed crop production
while it ends with specialization at regional and household level [8]. Hence, the result posited that an increase in SDI
value will decrease market participation intensity signi cantly. The result from Kll and FGD also revealed that in highland
areas, farmers are producing everything to feed their families and striving not to buy anything from outside.

The annual income of a household comes from di erent sources like sale of crops, livestock, and non-farm income
sources such as remittance, working on others farm as labor etc. The higher the household’s income implies, the more it
can invest on agricultural production activities to purchase input, employe labor and farm machineries and that increases
surplus production to be supplied to the market. Accordingly, total annual income of the household showed a positive
and signi cant e ect on the volume of crop output supplied to the market with a P-value signi cant at the 1% level.
This result is also consistent with others ndings [74, 75]. The coe cient of the variable revealed that an increase in In of
annual income by one unit will increase the volume of crop output supplied to the market by 18% citrus Paribus.

Access to market information: The presence of intermediaries in the agricultural value chain will increase transactions
and that will lower the actual price of the products for the farmers. Access to direct market information will have the
advantages of bypassing middlemen and direct marketing with agricultural product buyers and will reduce transac-
tion costs. That will also enhance the market participation and intensity of market participation [7]. Hence, the result of
our nding revealed that access to market information has a positive and signi cant e ect on the intensity of market
participation where the value is signi cant at a 10% probability. The nding of the research is consistent with others

ndings [64, 75-77].

Households' distance to the main market area (center) is another determinant of market participation intensity which
issigni cant at a 10% probability level with a negative sign as expected. Distance from market center has a direct impli-
cation on transactions which a ects intensity of market participation negatively. Hence, the result implied that as a
household distance from market center increases, volume of surplus supplied to market decreases and vis- versa. This

nding is also consistent with other researchers’ ndings [66, 73] who found that distance of households’ residence to
main markets has negative e ect on intensity of commercialization.
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In Ethiopian agriculture the major sources of traction power are oxen. As a result, households having more units of oxen
can perform its agricultural operation and meet the average cultivation rate of crop production than their correspond-
ent. Hence, having a greater number of oxen implies that the household has more potential to produce more crops and
participate intensively in crop output market. The nding from econometric model also revealed that intensity of crop
commercialization intensity was signi cantly a ected positively by number of oxen owned. The result was also similar
with the ndings of other in rural Ethiopia [35, 78].

5 Conclusion and recommendation

The research was conducted in the Oromia region, Ethiopia. Commercialization status for crops wheat, barley, potato
and pulse crop mainly, faba bean, eld pea and chickpea were considered in this study. The result also showed that only
smaller percent of households are producing potato and pulse crop and wheat and barley crops are the most dominant
crops of the study area. The result depicted that considerable percent of sample households are non-market participants
while 81% are participating in the crop output market. The result further showed that the mean commercialization index
of the household for the combined crops was 43.40% while for the major crops, which are wheat and barley, was 39.70%.
The commercialization index is little greater than the major crops due to the high commercialization proportion of potato
and pulses. Around 26% and 35% of the households are commercial oriented and subsistent farmers respectively. Heck-
man’s model results also showed that households’ age, and market distance are negatively a ecting market participation
while livestock size, being in mid-highland Agroecology, availability of transportation means animals (equines), access
to market information and total household annual income are positively a ecting market participation. Instrumental
variables for farm mechanization is also important variables implying farm mechanization has a signi cante ectonthe
decision to participate in crop commercialization. Intensity of commercialization was positively a ected by household
annual income, number of oxen, and availability of market information while it was negatively a ected by household
heads’ operational land, crop diversi cation level and market distance of household residence signi cantly. In nutshell,
means of transportation, access to market centers and market information are the most important variables in determin-
ing the commercialization of crop output in the study area.

Hence, improving levels of livestock ownership which can be achieved by introducing modern ways of livestock
production, access to market centers and availing means of transportation should get focus to improve the market
participation of the smallholders. Furthermore, the intensity of commercialization can be enhanced by raising access to
market information and improving access to market centers. It can be concluded that farmers are producing consider-
able amounts of crop outputs that can be supplied to agro-processing plants and investors can plan for establishment
of agro-processing plants in the study area. To get the whole commercialization picture of the study area, additional
study shall be conducted by including sample districts from lowland Agroecology.
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Appendix

Collinearity diagnostics

Variable VIF Tolerance Variable VIF Tolerance
Age 1.67 0.5981 DA contact 1.09 0.9167
Education 135 0.7431 Land cultivated 241 0.4152
Landholding 222 0.4504 Agroecology 146 0.6854
Family labor 249 0.4014 Family size 2.40 0.4160
Road access 112 0.8904 Number of oxen 1.05 0.9511
Crop diversi cation 1.26 0.7947 Main market distance 1.10 0.9130
Number of equines 115 0.8702 Mechanization level 1.28 0.7822
Access credit 1.05 0.9487 Income (In) 113 0.8852
Livestock (TLU) 1.50 0.6662 Access market information 1.06 0.9412
Mean VIF 1.49

Breusch—Pagan/Cook-Weisberg test for heteroskedasticity

Assumption: Normal error terms.
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Explanatory variables Coe cients
(b) (B8) (b-B) sgrt(diag(V_b-V_B))
blv BOLS Di erence Std. err

Access credit -0.0291 -0.0116 -0.0175 0.0152

Access market information 0.1596 0.0004 0.1592 0.0119

b Consistent under HO and Ha; obtained from regress.

B Inconsistent under Ha, efficient under HO; obtained from regress.

Test of HO: Difference in coefficients not systematic.
chi2(17)=(b-B)'[(V_b-V_B)(-1)](b-B)=773.17; Prob > chi2 =0.0000.
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