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Abstract

Unless supported by agricultural mechanization, achieving sustainable development goals is generally challenging in
sub-Saharan African countries, specifically so in Ethiopia. Animal power is the dominant mode for plowing, threshing,
and transportation in Ethiopia and yet, at the same time little effort was employed to assess subsistence farmer’s trac-
tor demand in the study area. This study was conducted to understand the preferences of wheat producer subsistence
farmers for agricultural tractors in Ethiopia in 2017. A random sample of 79 households participated in either rental or
purchase choice experiments. The descriptive statistics revealed that 42% of respondents chose to buy tractors, and 43%
preferred to use rental services. The random parameter logit estimation result showed that plowing-and-transporting
tractors were preferred by the farmers who participated in the purchase design. They are also willing to pay ETB 149,142
(USD 6516) for transporting-only tractors, ETB 218,253 (USD 9536) for plowing-only tractors, and ETB 367,957 (USD
16,077) for plowing-and-transport-only tractors. However, due to the exclusion of high wheat producers in the rent
experiment, the current rental price was found to be far from the 99% confidence interval of the estimated price. The
government should promote and encourage the appropriate use of agricultural tractors that are affordable for subsist-
ence farmers through rental or purchase. Conservative agriculture should also be practiced as the over-use of tractors
may disrupt biodiversity and natural biological process.

Keywords Choice experiment - Mechanization - Subsistence farming - Sustainable Development Goals - Tractors

1 Introduction

Agriculture in Africa, particularly in Ethiopia, is dominated by subsistence farming, in which a family produces only to
feed themselves [1, 2. Further, such farming is the main source of employment; that is, most of the population is involved
directly or indirectly, including 75% of the population in sub-Saharan Africa (SSA) countries and 80% in Ethiopia [3, 4].
However, because of the inefficient technologies employed, production and productivity are very low.

Eradicating poverty, attaining zero hunger, and ensuring responsible consumption and production are elements of
the 17 Sustainable Development Goals (SDGs) adopted by all United Nations (UN) member states in 2015; these goals
are expected to be achieved by 2030 [5]. However, accomplishing the SDGs is challenging in SSA countries, as these
economies are mostly dependent on subsistence agriculture. The introduction of mechanization to the agricultural
production system plays a beneficial role in achieving SDGs by increasing food production through land-intensive agri-
culture. Mechanization also expands farmers’ sources of cash income by shortening the land preparation period, which
allows them to become involved in other income-generating activities (IGAs).
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The introduction of plowing machinery, in particular, can shorten the land preparation period, which would otherwise
take half a year. Farmers can then start to use their lands more intensively by producing more than one yield per year,
given the availability of water sources and other inputs. Land-intensive agriculture is expected to boost production scale
and productivity, which helps to improve household income. Land-intensive agriculture also promotes labor-intensive
agriculture that can improve labor productivity.

Additionally, the introduction of tractors is expected to shorten the land preparation period, which can give farmers
time to engage in IGAs to improve theirincomes. Income diversification is one of the major coping strategies for subsist-
ence farmers in cases of crop failure.

The government of Ethiopia planned to promote agricultural tractors to reduce post-harvest losses from 20 to 5%
and to increase the magnitude of its mechanical power index to 3.35 hp/ha by 2022 [6]. An agricultural mechanization
strategy has also been designed to increase national food production and security through enhanced and sustainable
use of agricultural mechanization technologies to support Ethiopia’s middle-income status by 2025 [7, 8].

Labor-intensive agriculture is one of the strategies designed by the Agricultural and Rural Development (ARD) Policy
of Ethiopia. However, overpopulated sectors diminish the returns of additional labor, ultimately causing a low wage rate
in those sectors. One of the shortcomings of the ARD policy is that it does not consider the daily farming practices of
subsistence farmers in Ethiopia [9]. Subsistence farmers need more labor only during the weeding and harvesting periods,
which take a day each. Land preparation requires a 2:1 ratio of animal power and human labor, where animal power is
the binding factor for subsistence farmers. Each unit of human labor added to the agriculture sector requires at least one
pair of oxen to plow. Otherwise, additional labor does not add any value to the current production system because land
preparation is the most time-consuming activity. The ongoing labor-intensive agriculture aggravates unemployment
more than it boosts production and productivity. Seasonal labor-intensive agriculture on subsistence farms has created
seasonal labor unemployment, which results in low annual incomes for these families. Therefore, promoting improved
agricultural technologies and short-cycled improved seeds will encourage land-intensive agriculture, which, in turn,
promotes labor-intensive agriculture. In addition, farmers will gain the opportunity to become involved in other IGAs to
diversify their income sources [10].

However, despite the benefit of agricultural tractors and the shortcomings of animal power, subsistence farmers
continue to use animal power for plowing, threshing, and transportation. This is because of limited access to mechaniza-
tion in the study area. Therefore, this research was designed to identify how subsistence farmers can access agricultural
tractors to improve production and productivity.

Efforts exerted to understand the demand of agricultural tractors in the study area were not enough. Therefore, this
study investigates the preferences of wheat producer farmers in terms of adopting wider use of agricultural tractors
and to understand how subsistence farmers can access modern farm implements in the Debre Eliyas district in Ethiopia.

Using various approaches, studies have demonstrated that the adoption of agricultural tractors contributes to improv-
ing productivity and minimizing the unit cost of crop production [11]. Moreover, farmers are willing to adopt agricultural
tractors, depending on their demographic characteristics, economic condition, and access to extension services [12,
13]. Further, the type and method of adoption differ depending on the multifunctionality of the tractor and the eco-
nomic status of the adopter [14]. This study employed a choice experiment approach to investigate the preferences of
subsistence farmers for alternative agricultural tractors, assuming a heterogeneous society. This finding contributes to
enhancing our understanding of the application of the stated preference approach to technology adoption. The study
also supports the Ethiopian national mechanization strategy by proposing tractor adoption strategies and presenting
the market demand in the country.

2 Methodology
2.1 Study area

Subsistence farmers in Ethiopia have been using the oxen-plow since 1939 [15]. The technology was introduced by Italian
farmers, and it works by using two oxen to pull a tiller that is supported by a human operator. It takes 24 h to plow one
ha, although a four-wheeled tractor can accomplish this in 3 h and 12 min.

As discussed by Cohen [16], mechanization in Ethiopia started during the emperor’s regime as a response to the out-
break of famine in 1958. The Chilalo Agricultural Development Unit and Welayita Agricultural Development Unit were
the first agricultural development units created to demonstrate mechanization in the country [16]. In 1984, the Nazareth
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Tractor Assembling Plant was established in collaboration with the USSR to promote the wider use of agricultural machin-
ery. However, mechanization is still at the lowest stage: only large-scale farmers are using powered engine tractors. An
estimated 5,090 tractors were operating in the country by 2010. Furthermore, the number of tractors imported into the
country increased to around 12,231 in 2015 [17, 18]. However, the magnitude of the mechanical power index per hectare
remained very low: 0.1 kw/h. The number of tractors per 100 km? is 2.24 [8]. The Ethiopia Strategy Support Program
research note number 48 indicates that, among the survey of 5,969 households in the country, only 5.5% used machinery
for plowing either in 2014 or 2015.

A choice experiment was conducted for two alternatives, four-wheeled tractors (4WT) and two-wheeled tractors (2WT),
with respect to the oxen-plow in the Debre Eliyas district in Ethiopia. The Debre Eliyas district is one of the major wheat
producing areas and is located in the northwest part of Ethiopia. The district can be classified into two agricultural zones
based on wheat productivity. Zone | has six kebeles [wards] and is classified as a high wheat production area, where the
productivity reached six tons per hectare. Zone Il consists of 10 kebeles. It is regarded as a low wheat production area,
where the productivity is only 3.6 tons per hectare. Based on zonal differences in wheat productivity, we also tried to
understand the heterogeneity of preferences for tractors of different types and means of adoption.

Land preparation in the study area began at the beginning of March and extended at the end of July, whereas har-
vesting took place from early September through late December (Fig. 1). Land preparation takes much of subsistence
farmers’ energy and time because of inefficient technologies employed [19, 20]. As a result, subsistence farmers in the
study area, and throughout Ethiopia, are producing agricultural products once per year.

Currently, wheat producers in the study area have begun using rental tractors and combined harvesters for plowing
and harvesting. According to the office of agriculture in the district, they pay Ethiopian Birr (ETB) 2000 (USD 87) per ha
for plowing and ETB 70 (USD 3) per quintal for harvesting. However, most of the rental service suppliers are large-scale
farmers who have their own farmland and are located mostly in the southern part of Ethiopia. Moreover, tractor deal-
ers are located in Addis Ababa, Mekele, and Adama, which are more than 300 km from the study area. Therefore, even
though the demand for tractors is increasing, the supply is very limited. Nowadays, the government has started to use
organized youth groups to introduce rental tractors in the area. However, even though these groups were organized,
and have saved the required amount of cash in the bank, the government has failed to distribute the required type and
number of tractors to these groups.

The study area was selected for its typical atmospheric, geographic, and demographic characteristics for Ethiopia
and SSA countries as well. It has a rainy season and dry season, as all SSA countries have. Agriculture is dominated by
subsistence farming with the country’s younger labor force. Wheat is one of the major crops produced there. Ethiopia is
one of the SSA countries contributing to global wheat production. SSA countries account for 40% of wheat production
in Africa and 1.4% of global wheat production [21].

2.2 Empirical model selection

We applied a choice experiment to identify farmers’ preferences over a set of hypothetically constructed alternative trac-
tors with given prices. This approach has mostly been used to identify consumer preferences. However, this approach is
also applicable to assess farmers’technology adoption.

First, because of incomplete markets in rural areas, farmers must make production and consumption decisions simul-
taneously. Imperfections in rural markets compel farmers to jointly decide profit and utility maximization [22]. Therefore,
the consumption decision can be expected to affect the production decision directly [23]. The decision to consume
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Fig. 1 Agricultural activities
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leisure time will affect decisions about how much labor contributes to production [24]. The machinery we are propos-
ing to farmers is labor-saving machinery that is directly related to leisure-time consumption and labor contributions
to production. Furthermore, the amount of grain to consume is dependent on the amount of grain produced, which is
directly related to farmland productivity and the area used for production. Therefore, because of the non-separability of
consumption and production decisions in rural markets when imperfect markets exist, applying a choice experiment is
a reasonable means of assessing farmers’behavior.

Second, the model and choice experiment can be used as an ex-ante evaluation technique before the introduction of
new agricultural technologies. A revealed preference approach measures the farmers’ actual decisions related to given
technologies. Technology adoption will be decided based on the aggregated demand and market clearing price over the
given population. Furthermore, an endogeneity problem exists between the variables in the model and the adoption
level [25]. In addition, in cases of technology adoption trials, the cost of conducting a revealed preference approach will
be high if the technology fails to be chosen by the farmer. Measuring actual farmers’ decisions is a type of impact evalu-
ation of the actual technology. The stated preference approach provides more flexibility because of the nonexistence of
the technologies presented in the survey. It helps to construct hypothetical alternatives that do not actually exist [26].
In this case, we will not have actual costs, even though the hypothetically constructed technologies are not chosen.

The target of the study is an ex-ante (need assessment) evaluation that measures the expected benefits of the tech-
nology before its introduction to the farmers. We can use focus group discussions, key informant interviews, community
meetings, and surveys to assess the needs of target beneficiaries. Each technique is applicable, either separately or
collectively, for a single study based on the deliverables planned. In our case, because of individual characteristics, land
fertility, and size differences, we assumed heterogeneity of preferences. For these reasons, we applied a survey (choice
experiment) to understand the preferences of farmers for agricultural tractor adoption. We used focus group discussions
and key informant interviews to select the attributes that were used [27]. Many researchers have applied this model to
farmers’ behavior [28-30].

2.3 Choice experiment design

We used focus group discussions, key informant interviews, and literature reviews to select relevant attributes and levels
for the design. The tractor purchase design and rental service design had four and three attributes, alternatively (Fig. 2,
Tables 1, 2).

The definitions of the attributes are presented as follows.

a. Typeoftractor:In the study area, plowing one ha using animal power requires 24 h, and 3:12 h and 10:30 h is sufficient
for 4WT and 2WT, respectively. The respondents valued the time and human effort saved because of tractor adoption.
Therefore, the attribute, type of tractor, was selected in the purchase-design because of the efficiency differences
between 2WT and 4WT, which are the two levels of this attribute.

Data collection,

Selection of Developing questionnaire
experimental design and pretesting input, and analysis

Identification of
attributes and levels

hypothetical choices
Three attributes of
rent and four

attributes of purchase
design and their levels

are identified.

Fig.2 Research framework
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Table 1 Attributes and levels of own-tractor purchase design

Attributes Levels and codes Definitions
1 Type of tractor 1. Four-wheeled (FW) Four-wheeled tractor, having four wheels, can plow 1 hain 3:12 h
2. Two-wheeled (TW) Two-wheeled tractor, having two wheels only, the operator walks
while plowing (10:30 h/ha)
2 Condition 1. New (N) New tractor that has never been used before
2. Used (U) A tractor used by other farmers not more than 10 years
3 Multi-functionality 1. Plowing only (PO) The machine can be used only for plowing
2. Transport only (TO) The machine can be used only for transporting goods
3. Plowing and transport (PTO) The machine can be used for both plowing and transporting services
4 Price (P) 1. ETB 45,000 Average purchase price per machine in ETB (1 USD=22.8874 ETB)
2. ETB 60,000
3.ETB 75,000
4.ETB 90,000

5.ETB 105,000
6. ETB 120,000

Table 2 Attributes and levels of rental service design

Attributes Levels and codes Definition
1 Time duration 1.3.2h/ha (3:12 h) (FW) Length of time taken to plow 1 ha with four-wheeled tractor
2.10.5 h/ha (10:30 h) (TW) Length of time taken to plow 1 ha with a two-wheeled tractor
2 Payment Period 1. On-time (OT) Payment is made immediately after obtaining the service
2. After harvest (AH) Payment is made after the harvest season
3 Rental price (Rp) 1.ETB 1200 Rate for plowing 1 ha with the same quality (1 USD=22.8874 ETB)
2.ETB 1400
3.ETB 1600
4.ETB 1800
5.ETB 2000
6. ETB 2200

b. Condition: The second attribute in the purchase-design is the tractors’ current condition (either new or used). It was
included in the design because of the price and service year differences between the two levels.

¢.  Multifunctionality: The third attribute in the purchase-design was selected based on the services associated with each
tractor. Farmers in the study area use animal power for plowing, threshing, and transportation. Therefore, farmers
need tractors that can provide multiple services in addition to plowing. Transporting only, plowing only, and plowing
and transporting only tractors are included in this attribute as levels.

d. Time duration: The time required to plow one ha with the same quality is the major decision variable during peak
seasons of land preparation as it creates significant differences in the adoption level. It depends on the type of tractor
employed in the rental service and is represented by the time duration attribute in the rent-design.

e. Payment period: This attribute was selected to create alternative payment options to solve cash constraints during
the planting and sowing seasons. As there are expenditures for fertilizer, improved seeds, and other items during
the planting season, the after-harvest alternative payment option was used in the experiment in addition to on-time
payment.

f.  Price: Finally, the price attribute was included because of its effect on the demand for tractor adoption in both designs.
Farmers make decisions by comparing the costs of using machinery and animal power. In the purchase-design,
the price indicates the unit price for each tractor, and in the rent-design, it shows the price of plowing a hectare of
farmland. In addition, it is also used to evaluate the ability to pay for purchasing and rental services.
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2.4 Random parameter logit

The random parameter logit model was used to capture heterogeneity across respondents [31-33]. Because of
individual characteristics, each decision-maker may have different preferences for alternative farming machinery.
Regarding purchase design, hypothetical alternatives were created based on the efficiency, condition, multifunc-
tionality, and unit price of the tractor. The same case was applied for rent design using the efficiency, payment mode,
and rental price per hectare.

The utility of farmer ‘n’ choosing from J alternative tractors can be estimated as presented below.

Unj = an+£nj (M
kE{TW.AH Py}

ke{FW.PO,U,PTO,TO,Pp}

where

X, = (TW,AH, Pg): in the case of rent design, and.

X, = (FW, U, PO, PTO, TO,Pp): in the case of purchase design.

TW,AH,OT,FW,U,N, PO, PTO, andTO are alternative characteristics that take a dummy value (“1” for the pres-
ence of the variable, and “0” otherwise). g, is a vector of individual-specific preference parameters that capture
heterogeneity across respondents, and ¢, is the stochastic utility unobserved by the researcher with independent
and identically distributed extreme value.

The alternative specific constant (ASC) took the values of the bases (f,) of each experiment. We assumed a rental
service company using a 4WT to plow farmland with acceptable quality and an on-time cash payment mode as a base
for rent design, and we assumed a new 2WT with transporting service only as a base for purchase design. Therefore,
the value of the ASC shows the farmers’ decision to buy a new 2WT for transporting service in the purchase-design,
whereas in the rent design, it shows the farmers’ willingness to accept a rental service for a 4WT with on-time payment.

The stochastic part of the utility is correlated with the alternative tractors. Moreover, the model does not exhibit
the independent from irrelevant alternatives (lIA) property of the standard logit. For this model, we assumed that
each farmer has a different taste for each characteristic of the alternative tractors.

We cannot estimate the probability using the standard logit specification because g, s are not fixed. If g, s are
known, and if they have a value of 8, then the probability can be estimated using a standard logit specification, as
shown below.

Ptk

Poy= )

ZJ ePnik*njk
j=1

eASC+,BnFWFW+ﬂ,,PmPT0+/3,,PR Py

Ponrpro = 7 5 x
Z‘ e njkXnjl
]:

NFPTO stands for New, 4WT, and Plowing and Transport only tractor.

However, the exact value of each farmer’s taste, §,, is not known because it varies among decision-maker farmers
with density f(#|6*), where 0 = is the mean and standard deviation. Then, the probability of selecting a tractor can
be estimated by the integral of (3) with a density of #, as shown below.

0,/(6") = / P(B)f (B10%)dp (5)

For the maximum likelihood estimation, one can use the sequence of choice for each farmer over the given choices
of alternative tractors. If the value of g is known, then the sequence of probability is

@ Springer



Discover Sustainability (2021) 2:11 | https://doi.org/10.1007/543621-021-00021-2 Research

J
.8 =[P 6)
j=1
However, we do not know the value of . Therefore, the probability is the integral of (6) with the distribution function.

P, (0%) = /Sn(ﬂ)f(ﬁlﬂ*)d/? 7)

Even though the exact maximum likelihood estimation cannot be derived from LL(6) = Y’ In P,(6), we can approxi-
mate by drawing the random values of g from Eq. (6) using simulation [33].

1 ;
SP,(0) = () 12 RS”(ﬁ 1% (8)

where R is the number of draws of 8, and 0 is the mean and covariance of the distribution function.
Finally, the simulated log-likelihood function will be:

SLL(6) = ann(SPn(G)) 9)

The willingness to pay was estimated using the coefficients of non-monetary attributes $,, and the price coefficient g,
B

WIP,, = —<—> (10)
by

Here, m represents the non-monetary attribute, and p denotes the price attribute.

In the estimation process, different packages of R were used, yielding results similar to those presented in Tables 6,
8. First, a standard logit model was applied with the clogit package, assuming homogeneous respondents. Second, the
heterogeneity of the respondents was recognized. The variables (levels of the attributes) were assumed to be random
with a normal distribution across the population. Finally, the ASCs of both the rental-design and purchase-design were
assumed to be random with a normal distribution (Tables 6, 8). The packages mlogit [34], survival [35], and gmnl[36, 37]
were used with R. In all cases, the estimated results gave the same meanings over the variable, as presented in the next
section.

2.5 Data collection

The design and questionnaire, developed using R with support. CE package [38] were used for the survey. By combining
the attributes and levels in Tables 1, 2, we constructed a® * ¢4 possible choice scenarios where a and c are different attrib-
ute levels, and b and d are different attributes [26]. For the purchase-design, we got two attributes with two levels, one
attribute with three levels, and one attribute with six levels. Then, the number of possible choices will be 2?%x3'x6'=72.
However, the questionnaire was presented with two choices and one opt-out option. Therefore, with different arrange-
ments of the possible scenarios, the number of choice sets became 72x71/2=2556, which is called the full factorial
design. The same steps were applied for the rent design and found 276 choice sets [(22x 6) x (23)/2]. However, it was not
manageable to present the full factorial choice sets in the survey. Instead, choice sets were reduced to a fractional facto-
rial design comprised of 36 choice sets for purchase design and 12 choice sets for rent-design that satisfy orthogonality
and level balance [26]. The 36 choice sets of purchase-design were divided further into three blocks with 12 choice sets
each. Each choice set has two generic alternatives and an “opt-out” option (representing oxen-plow) (Fig. 3). In addition
to the 12 choice sets, socioeconomic and demographic characteristics were included in the questionnaire and presented
for each respondent. Two rounds of pretests were conducted on a total of 15 respondents prior to organizing the final
survey. The first pretest was conducted on the last week of February and the second at the end of April and found better
consistency among them that shows the validity and reliability of the questionnaire.

Before the survey, a detailed explanation of the survey and its objective was presented, supported by pictorial rep-
resentation (Fig. 3a—-d). An explanation of the type, benefit, similarities, and differences of each tractor was provided
based on the guiding checklists. To minimize information heterogeneity across respondents, all explanations about the
survey were given in groups. Finally, a discussion session was given to the respondents to understand their experiences
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Fig.3 Sample choice set
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(A) Plowing only four-wheeled tractor (B) Transporting only four-wheeled tractor

(C) Plowing only two-wheeled tractor (D) Transporting only two-wheeled tractor
Attributes Tractor 1 Tractor 2
Efficiency Two-wheeled Four-wheeled
Condition New Used
Multifunctionality Plowing and Transport Transport only
Price (ETB) 60,000 80,000

[0 I prefer alternative 1.
[ I prefer alternative 2.
[0 I want to keep plowing with oxen.

(E) Choice set

and views about the tractor. Checkup questions were included in the questionnaire to check if the respondents were
answering logically.

A multi-stage sampling technique was used to select respondents from the study area. Kebeles were grouped into
two zones: high-wheat producing and low-wheat producing kebeles. Then, systematic random sampling was used to
select six representative kebeles (Fig. 4). Finally, random sampling was applied to select respondents from each kebele.
Then, each respondent was asked to choose from tractor purchase, rental service, or continued use of an oxen-plow.
From 13,117 target households (1084 are women headed), a total of 79 respondents participated in the survey. Of these
respondents, 33 responded to purchase design and 35 for rent design, and the remaining 11 respondents chose to keep
using an oxen-plow. The survey was conducted between May 13 and June 14, 2017 in the Debre Eliyas district in Ethiopia.

3 Results and discussion
3.1 Descriptive statistics
The variable definitions are provided in Table 3. From the descriptive statistics, Table 4, we can see that a farm, HH,

has an average of six members and two ha of farmland. They also have an average of four oxen. The main source of
income is agriculture, and the major product is wheat. All of them have information about tractor use, and 2.5% of
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Table 3 Variable definitions

Definition Unit
HH head Household head (Male=1, Female=0) Dummy
Type of farmer Type of farmer (Model farmer=1, otherwise =0) Dummy
Family size Number of family members Number
Working family size Number of working family members Number
Information on tractor use Have heard about tractor=1, otherwise=0 Dummy
Own farm size Size of owned farm size Hectare
Rented farm size Farmland rented from others Hectare
Main source of income Agriculture=1, otherwise=0 Dummy
Main production wheat=1, otherwise=0 Dummy
Average wheat production Farmland covered with wheat Hectare
Number of oxen Number of owned oxen Number
Credit history Got credit for last year production=1, otherwise=0 Dummy
Tractor experience Last year | used a tractor for plowing=1, otherwise=0 Dummy
Tractor demand (buying) I want to buy=1, otherwise=0 Dummy
Tractor demand (renting) | want to use rental service=1, otherwise=0 Dummy
Oxen plow | want to continue using oxen=1, otherwise=0 Dummy

the respondents have experience using tractors. Sixty percent of the respondents had received credit in previous
years. Even though there is access to credit, some decided not to take it. In some cases, farmers can use the local
government office as collateral, and in other cases, they use their farmland and house as collateral to obtain credit.

3.2 Access to agricultural tractors

Because of an increase in the feeding and management cost of using animal power for plowing, and also due to
the higher efficiency of tractors, the respondents preferred to use agricultural tractors for plowing and transport
services either through renting or purchasing, which fits the findings of Takeshima [39]. The descriptive statistics
presented in Table 5 show that 41.77% of the respondents preferred to adopt tractors through purchasing, and
44.3% preferred using rental services, which is similar to the findings of Takele and Selassie [40]. As discussed in
the descriptive statistics, each farm HH has an average of four oxen and 1.43 transporting animals that can be val-
ued at about ETB 46,000 (USD 2010), which can be used as a source of cash to purchase or rent tractors. The credit
institution working around the study area, Amhara Credit and Saving Institution, can also be used as a credit source
because it uses land, houses, and oxen as collateral for credit.
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Table 4 Descriptive statistics Mean sD Frequency Frequency
percentage

HH head 76 96.20

Type of farmer 65 82.28
Family size 6.64557 1.641122

Working family size 2.43038 0.710427

Information on tractor use 78 98.73

Own farm size 2.009494 1.211882

Rented farm size 1.041139 0.810024

Main source of income 78 98.73

Main production 68 86.08
Average wheat production (high,  1.482594937 0.77256

low wheat producers) (1.81,1.28)

Number of oxen 4 1.458837

Credit history 48 60.76
Tractor experience 2 0.03
Tractor demand (buying) 33 41.77
Tractor demand (renting) 35 44.30

Oxen plow 11 13.92

Table 5 Tractor adoption by
wheat productivity

Tractor purchase (%)

Tractor rent (%)

Oxen plow (%)

From total sample 33(41.77) 35(44.3) 11(13.9)

From high wheat producers 30(90.9) 11(31.4) 1(9.1)

From low wheat producers 3(9.1) 24 (68.6) 10 (90.9)
Tabl.e6 Random Pararpeter Coef SE 7-value Pr (>J2))
Logit for purchase design

FW 1.7405+00 2.6226-01 6.6366 3.2090-11°¢

U —1.5254-01 1.6783-01 —0.9089 0.3634

PO 2.5470+400 3.1051-01 8.2026 2.2200-16 ¢

PTO 4.2941+00 4.6880-01 9.1598 2.2000-16 ¢

Pp -1.1670-05 4.6520-06 —2.5086 0.01212

ASC —4.2560-01 8.5664-01 —0.4968 0.6193

sd.ASC.ASC 7.1564-01 1.5854+00 0.4514 0.6517

Significance codes: ? and € represent the 10% and 1% significance levels, respectively

Marginal effect of each variable on the utility function

3.2.1 Tractor adoption through purchasing

Table 6 presents the estimated mean values of the parameters used in the purchase design. From the total samples,
41.77% responded to purchase tractors either as a group or privately using their savings and/or credit. Of these respond-
ents, 90.9% were from high wheat production kebeles in the study area (Table 5). The high wheat production zone has a
characteristically large farm size, higher productivity, higher income, and better savings.

Regarding the purchase-design parameters, the FW, PO, and PTO variables were found to be significant and positive.
The price coefficient was found to be significant and negative. As shown in the random parameter logit (RPL) estimation
result, farmers in high wheat production areas preferred 4WT with plowing only or plowing and transporting services,
either new or used. This is because, in the study area, land preparation requires much of the labor and time of households.
The value of the price coefficient shows that demand is expected to change along with marked differences in the unit
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Table 7 Estimated willingness Coef SE

to pay for purchase design Zvalue Pr>lz)
FW 149,142 60,395 —2.4694 0.0135°
U -13,071 15,123 0.8643 0.3874
PO 218,253 86,784 —-2.5149 0.0119°
PTO 367,957 145,118 —2.5356 0.0112°
ASC —36,469 81,373 0.4482 0.6540
sd.ASC.ASC -61,322 135,442 —-0.4528 0.6507
Significance codes: ? represent the 10% significance level
The estimated willingness to pay for each characteristics of a tractor

Tabl.eS Random Pa‘ramete:r Coef SE 7-value Pr (>J2))

Logit for rental service design
™ 0.0495 0.1521 0.3252 0.7450
AH 0.1531 0.1522 1.0060 0.3144
Pq —0.0041 0.0004 —-10.5257 2.0000-16 ©
ASC 7.0204 0.6838 10.2661 2.0000-16 ©
sd.ASC.ASC 0.0189 0.6049 0.0313 0.9751

Significance codes: € represent the 1% significance level
Marginal effect of each variable on the utility function

prices of each tractor. However, because of the presence of cooperatives working on product marketing, input delivery,
and the improvement of rural infrastructure, farmers have devoted little attention to transporting-only tractors [41].

The willingness to pay (WTP) estimation result, presented in Table 7, demonstrates that the respondents valued 4WT
at ETB 149,142 (USD 6516), whereas plowing-only tractors were valued at ETB 218,253 (USD 9536). Furthermore, they are
willing to pay ETB 367,957 (USD 16,077) for plowing-and-transport tractors. Farmers are also willing to pay for additional
services attached to the plowing-type tractor. They are less concerned about the machine condition. In fact, no significant
difference was found in the expected service years of the machine presented in the experiment. The standard errors
of all significant variables show economic status and preference differences across the respondents in the study area.

Because of efficiency differences between 2WT and 4WT, respondents valued 4WT over 2WT; 4WT can plow 1 ha in
3 h and 12 min, whereas a 2WT took 10 h and 30 min.

3.2.2 Tractor adoption through rental

Table 8 presents the estimated coefficients of the rent experiment results. As presented in the table, the value of the ASC
is significant and positive, and the rental price is significant and negative. The significance result of the ASC shows the
farmers’ preferences for renting tractors. Of the total sample, 43.3% chose to rent tractors. Of these respondents, 71.4%
were from low wheat producing areas (Table 5). The low wheat production zone is characterized by small farm sizes,
low productivity, low income, and low savings. Low saving causes an inability to invest in productive assets, including
tractors. These farmers preferred to use rental tractors because they have insufficient savings to purchase tractors by
themselves. Although opportunities exist to buy the tractors through credit, because of their uncertainty in their repay-
ment ability, they do not choose to use it. Therefore, introducing rental tractors is better for low wheat production areas
until they have better savings to cope with uncertainty. Farmers from high wheat producing areas chose to buy tractors,
whereas low wheat producers chose to rent tractors. In both cases, the estimation results confirmed that farmers prefer
to use agricultural tractors.

A marked change in the price is expected to affect the rental demand for agricultural tractors. Farmers make a decision
about renting tractors by comparing the costs of using animal power and other associated returns of the machinery.
Therefore, the negative and significant results of the rental price coefficient confirm the inverse relation between the
demand to use the tractor and the rental price.

The remaining two coefficients, TW and AH, were not found to be significant in the rent experiment. For the experi-
ment, it was assumed that the rent service provider could plow the land with acceptable quality. As long as the plow
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work meets the acceptable quality, the rental provider company can use either 2WT or 4WT. The payment can be made
at any time because subsistence farmers can get access to credit if any cash constraint arises during land preparation.
Therefore, the after-harvest payment mode coefficient was not found to be significant.

Table 9 presents the WTP for the non-monetary attributes of renting a tractor for plowing. The values of ASC were
found to be significant. The WTP estimation result showed that the per-hectare rental price value for plowing was esti-
mated as ETB 1720 (USD 75). However, the current market rental price is ETB 2000 (USD 87), which is outside of the 99%
confidence interval (1701 and 1739). This result is attributable to the exclusion of high wheat producers in the rent experi-
ment. As discussed above, most rent experiment respondents were low wheat producers, which is a low-income group
compared to high wheat producers. Therefore, the expected rental price was found to be less than the current market
price. On the other hand, due to the limited supply of tractor rental services, the current price became higher than the
amount low wheat producers are willing to pay. Therefore, currently, the low wheat producers, who are not able to pay
ETB 2000 (USD 87), could not access rental services. In this case, allowing more rental service companies in the area and
introducing tractor dealers could play a significant role in improving the tractor rental supply.

In the case of rental services, the rental provider company is responsible for plowing the land to an acceptable quality.
The difference in the type of tractor employed (either 2WT or 4WT) does not change the estimated rental price as long
as an acceptable quality of plowing is satisfied. Regarding the payment mode, the value of the after-harvest payment
mode did not differ from the interest rate charged by the credit institution near the study area. (ACSl is the only credit
institution operating in the study area; it charged an 18% annual interest rate in 2017).

3.3 Tractor adoption packages

The study found that more than 85% of the respondents wanted to use agricultural tractors either through private
ownership or rental services. This can be achieved through government and private sector involvement in the extension
service. The following packages should be fulfilled for sustainable agricultural mechanization in the study area:

a. Operator training: Operator training should be included as part of the extension service using the existing farmers'’
training center. Farmers who want to buy their own tractors should operate them by themselves to minimize unnec-
essary costs.

b. After-sale service: Spare parts and maintenance services should be available close to the farmers. This could be an
employment opportunity for youth groups in the study area.

c. Full-cycle service: In the study area, farmers use oxen power for plowing and threshing. Therefore, in addition to
promoting plowing-type tractors, combined harvesters should be promoted through easily accessible farmer coop-
eratives. In addition, for rental services, a full-cycle plowing service should be included as a package.

d. Infrastructure: Most of the farmlands are fragmented, and there is no road access to reach each piece of farmland to
plow with tractors. Therefore, the government should work with farmers to make each plot accessible to tractors.

4 Conclusion

This study was conducted to understand the preferences of subsistence farmers for agricultural tractors in the Debre
Eliyas district in Ethiopia. The choice experiment estimation result showed that tractors can be introduced to subsistence
farmers through rental or direct sales. Due to the heterogeneity in wheat productivity across the district, preferences for
types of tractors were found to differ across high and low wheat production zones.

Table 9 Estimated willingness Coef SE

. z-value Pr (>z])
to pay for rental service
™ 12.1167 37.2715 -0.3251 0.7451
AH 37.5188 37.3403 —1.0048 0.3150
ASC 1,719.8600 42.3856 —40.5765 2.0000-16 ¢
sd.ASC.ASC -4.6326 148.1812 -0.0313 0.9751

Significance codes: € represent the 1% significance level
The estimated willingness to pay for each characteristics of a tractor

@ Springer



Discover Sustainability (2021) 2:11 | https://doi.org/10.1007/543621-021-00021-2 Research

The RPL estimation results demonstrate that farmers living in high wheat production zones prefer to buy their own
tractors to be operated by themselves, whereas farmers in the low wheat production zone chose to rent tractors. In the
purchase design, the plowing variable was found to be the major criterion for tractor selection. In the experiment, 4WT
with both plowing and transport services showed a higher probability of selection, and the highest willingness to pay
was found for tractors of this type.

Conversely, farmers living in the low wheat production zone preferred to use rental tractors because of their poor
economic position relative to the high production zone. The current rental price was found to be far from the 95% con-
fidence interval of the estimation result.

The study was limited to small sample size and a specific district in northwest Ethiopia. Further investigation from
relatively wider area coverage throughout the country using bigger sample size may enhance our understanding on
farmers tractors preference.

5 Recommendations

In Ethiopia, increasing agricultural productivity is a major target to be addressed, as stated globally in the UN’s SDGs and
locally in Ethiopia’s Growth and Transformation Plan Il. This can be achieved by using improved seeds, promoting land-
intensive agriculture, and improving labor productivity. Our research was devoted to understanding the preferences of
farm households for agricultural tractors.

This study confirmed that subsistence farmers in the study area are interested in using agricultural tractors for plow-
ing and transport. Compared to animal power, subsistence farmers choose agricultural tractors because of their better
efficiency and cost effectiveness. Tractors help them shorten the land preparation period, which usually takes half a
year. It promotes land-intensive agriculture, allowing farmers to engage in other IGAs, which diversifies their sources of
income. Therefore, the government should promote and encourage an appropriate use of tractors that are affordable
for subsistence farmers. Encouraging local small enterprises and private investors to provide tractor rental and sales
services, strengthening farmers’ cooperatives, implementing duty-free import policies for agricultural machinery, and
creating credit access with reasonable interest rates are some options that demand consideration.

Additionally, encouraging research centers to promote short-cycled improved seeds should also be accorded similar
attention. Short-cycle improved seeds facilitate land-intensive agriculture. The introduction of these technologies is
expected to boost agricultural production in the country. Although increased production size has positive effects on
food self-sufficiency, creating better market linkages with the outside world can protect farmers from price collapses.

Policymakers should design strategies to absorb the labor that is expected to be displaced from the agricultural sector
into agricultural product processing industries or the non-agricultural sector to maintain social welfare. Empowering
local youths to become involved in tractor rental services, training farmers about value-added agricultural products, and
introducing labor-intensive agricultural product processing industries are some avenues for absorbing displaced labor.

On the other hand, inappropriate and over-use of agricultural machineries may disrupt biodiversity and natural bio-
logical process. Therefore, practicing conservative agriculture helps to minimize the soil biodiversity damages.
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