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Abstract

The mechanization index and farm power density are the most significant parameters that highlight the extent
of mechanization, and they are estimated using data collected through questionnaires from smallholder farmers
and machinery service providers in the Bure district, Amhara Region, Ethiopia. The insights obtained from the
data reveal the current availability of various machinery for a range of farming activities, along with the methods
farmers adopt to fit their land’s size, topological features, elevation, crop types, and the reasons for the
inadequate use of machinery. The cost data for different farm operations, categorized by animal, human, and
mechanical power, are used to estimate the mechanization index and farm power density. The mechanization
index indicates that threshing and cleaning have a rate of 19.01%, whereas land preparation and clearing stand at
1.94%. Crop-wise mechanization index for maize is 6.66%, 1.90% for wheat, and 0.69% for pepper, with an
average index of 1.32%. The power density is estimated as 0.12 kW ha, which is expected to reach 1 kW ha?,
the goal set for 2024. Tillage is found to be the most power-intensive activity, with 32.12% of the total energy
expenditure in crop production. The calculated tractor density is 17 tractors per 10,000 hectares of arable land,
which is comparable to the continental average in Africa of 20 tractors per 10,000 hectares. The lower values of
the mechanization index and farm power density identified from the survey indicate the need for support farmers
in terms of subsidies and increased availability of machinery. Consolidation of land can boost farm
mechanization, reduce the cost of production, and increase productivity. The present research contributes to the
estimation of mechanization index, power density, and tractor density in comparison to the target set by the
Ethiopian government, and the approach can be scaled up to other parts of the country as well.
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Introduction

Agricultural mechanization is crucial for
Africa to achieve its growth and poverty
reduction objectives as well as the broader
developmental goals outlined in the African
Agenda 2063, which correspond with the
global Sustainable Development Goals (Daum,
2023; Kormawa et al., 2018). Agricultural
mechanization process involves the application
of mechanical power throughout the agro-food
system, encompassing pre-harvesting
activities, post-harvest handling, storage, and
processing (Daum et al., 2024). In comparison
to other continents, African farming systems
are significantly under-mechanized, with only
10% of farmers utilizing tractors (Daum &

Birner, 2020). This limited use of
mechanization creates a heavy dependence on
animal and human labor, which inhibits the
potential productivity gains that could be
realized through modern energy systems. As a
result, both agricultural labor efficiency and
crop productivity have remained stagnant. In
Sub-Saharan Africa, human labor serves as the
primary energy source for agricultural
production (Daum, 2023; Kormawa et al.,
2018; Sims & Kienzle, 2017). The skilled
tasks such as transplanting and weeding are
effectively managed by humans, and animals
predominantly  assist with  transporting
products and performing processing activities.

The small size farms present a challenge for


mailto:yonas.mitiku@bdu.edu.et
https://doi.org/10.22067/jam.2025.92764.1373

?  Journal of Agricultural Machinery Vol. ?, No. ?, 2, ?

adoption of mechanization, as large machinery
generally requires the economies of scale that
smaller farms lack (Sims & Kienzle, 2017).
Around the world, larger farm holders were
among the first to adopt agricultural
mechanization, benefiting from secure land
rights, better access to resources, and the
advantages of the economies of scale (Daum,
2023). In contrast, smallholder farmers who
cultivate small and fragmented plots face
substantial disadvantages. However, the
smallholder farmers can still reap the benefits
of appropriate technological solutions and
mechanization designed to suit their specific
needs through a different business models such
as rental services ((Berhane, Dereje, Minten,
& Tamru, 2017; Daum, 2023). A global study
conducted over 106 countries revealed that a
striking 84% of farmers are in the small holder
category, even though they account for just
12% of the total crop land (Lowder, Skoet, &
Raney, 2016). In Sub-Saharan Africa, the
average size of a farm has diminished from 2.9
hectares in the past to just 1.6 hectares at
present (Fan & Rue, 2020; Lowder, Sanchez,
& Bertini, 2021). Despite receiving minimal
policy support, these farmers play a crucial
role in driving the economic development in
Africa ( Nxumalo, Antwi, & Rubhara, 2020).
Like most developing countries, agriculture
serves as the primary source of food and
income in Ethiopia, supporting over 80% of
the population (Assefa et al., 2020; Workneh,
Ujiie, & Matsushita, 2021), with smallholder
farmers make up 90% of agricultural
production in the country (Zerssa, Feyssa,
Kim, & Eichler-Lébermann, 2021). Ethiopia
has significant potential for agriculture due to
its vast fertile land, diverse climate, abundant
rainfall, and large workforce. Currently, 5.4%
of agricultural power in Ethiopia comes from
engine-driven sources, while 94.6% relies on
human and animal power (Ayele, 2022).
Notably, around 80% of farmers in Ethiopia
still prepare their land using draft animals,
indicating a limited adoption of mechanization
(Begna, Kuma, & Yohannes, 2024).
Furthermore, access to agricultural machinery
in Ethiopia is lower than the Sub-Saharan

region (Deribe & Getnet, 2021). Despite a
steady increase in agricultural outputs, the
sector has not yet reached its full potential,
largely due to low mechanization use, which
negatively impacts the agricultural
productivity (Ayele, 2022).

Primary plowing with manual tools requires
approximately 500 labor hours per hectare. In
contrast, animal traction takes about 60 hours,
while tractor usage can reduce this time to 2
hours (Sims & Kienzle, 2017). Families in
Ethiopia that utilize tractors expend less than
half the labor per hectare compared to those
who do not use tractors (Berhane et al., 2017).
Ethiopia has developed an ambitious growth
and development plan aimed to promote the
use of agricultural tractors. The goal of this
plan includes reducing post-harvest losses
from 20% to 5%. It also aims to increase the
power availability from a baseline of 0.13 kW
ha? to 1 kW ha, which will also improve the
access to mechanization by 30% for
smallholder farmers and cut their reliance on
animal power to half by 2024 (Deribe &
Getnet, 2021). At present, Ethiopia has low
tractor density compared to other Sub-Saharan
African countries with only 2 tractors available
per 100 square kilometers of arable land,
resulting in higher hire costs for tractors
(Deribe & Getnet, 2021; Workneh et al.,
2021). Smallholder farmers are facing a
critical shortage of farm power reaching only
0.75 kW ha, which is half of the minimum
recommended level of 1.5 kW ha! at national
level in 2014 (Wako, 2016). This shortfall is
causing significant delays in agricultural
operations leading to substantial production
losses.

The mechanization index and farm power
density are the key indicators that indicate the
level of mechanical power utilization in
agricultural operations. Mechanization index
represents the ratios of total work done by the
machinery to total of human, animal and
machinery (Singh, 2006).

However, there is scanty information,
especially published scientific papers, in this
regard. Although, few publications have
addressed these key indicators, they are at the
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state level rather than at district level to relate
to the specific features and peculiarities and
the present study is aimed to fill this gap. No
published research is available addressing the
mechanization needs of Bure district,
especially considering the rising need for farm
machinery in view of the expected growth in
demand driven by the industrial park in Bure
district. The present research is focused to
cover the farm machinery scenario in Bure
district by estimating the mechanization index
and farm power density to support the policy
makers for the benefit of smallholder farmers.

For instance, Berhane et al. conducted
surveys across five regions of Ethiopia:
Ambhara, Oromia, Tigray, the Southern Nations
Nationalities and Peoples (SNNP), and the
Somali region. Only 9% of households used
machine power for activities such as plowing,
harvesting, or threshing crops. A regional
breakdown showed that mechanization rates
were 11.5% in Oromia, 7.7% in SNNP, 7.4%
in Amhara, and 9.1% in Tigray (Berhane,
Hirvonen, & Minten, 2016). Moreover,
Berhane et al., have conducted their studies in
2013 and estimated that 7.4% of households in
the West Gojjam Zone relied solely on tractor
power (Berhane et al., 2017).

A study was conducted by Yared and Bisrat
in 2021 among 818 households in selected
districts across the four regions of Ethiopia
having high crop production. They estimated
the mechanization index to be 12.1% in
Oromia, 4.38% in SNNP, 4.35% in Ambhara,
and 3.48% in Tigray regions. The crop-
specific mechanization indices in these regions
are indicated as 9.93% for wheat, 5.20% for
corn, 2.25% for sorghum, and 0.84% for teff
(Deribe, Getnet, Kang, & Tesfaye, 2021).

There are limited number of studies on the
status of mechanization at national and
regional levels. The above studies have
focused only on large areas and do not
represent appropriately at the district levels.
The studies conducted by Berhane et al., in
2015 and those by Yared and Bisrat in 2021
indicate a  decrease in  agricultural
mechanization over this period in all the
regions, significantly in  Amhara region

(Berhane et al., 2016; Deribe & Getnet, 2021).
In the Amhara region of Ethiopia, efforts to
consolidate small farms to accommodate

large-scale machinery have encountered
significant  obstacles, particularly in
persuading the smallholder farmers to

implement land consolidation (Deribe et al.,
2021). This trend has propelled us to undertake
this study, which seeks to identify the factors
that contribute to the assessment of the current
mechanization index and farm power density.

Understanding the level of mechanization is
of paramount importance for assessing the
current state of availability and identifying the
factors that impede its effective use. It will
also help the policy makers to plan and support
farmers for wider utilization of farm
machinery, thereby unlocking the full potential
of crop productivity in the district. This
research holds significant value as it develops
a methodology utilizing questionnaires to
gather data from smallholder farmers and
machinery hiring services, allowing for an
estimation of the mechanization index, power
density, and tractor density in relation to the
benchmarks established by the Ethiopian
government for the 2014-2024 Growth and
Transformation Plan. The present work is
useful for conducting similar studies by any
other researcher and can be scaled up to other
parts of the country as well to find the status
and propose intervention plans for the
government. Therefore, the objective of this
paper is to assess the level of mechanization in
crop production among smallholder farmers,
examining the mechanization index and farm
power density in Bure district.

Methodology

A structured questionnaire is designed to
collect information from smallholder in Bure
district about the crop calendar, demography,
types of crops produced, sources of farm
power, the cost of different farm activities, and
crop productivity. Information on the
availability of different types of machinery,
power capacity, place of availability, and their
utilization is collected from machinery owners
through another questionnaire. The data
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collected through questionnaire is analyzed
and processed to extract suitable information
for estimating the mechanization index, farm
power density, and tractor density.

Description of the study area

Bure district is named after its largest town,
Bure, which is located between latitude 10°17'
- 10°49' north and longitude 37°00'- 37°11'
east. Ethiopia has a hierarchical administrative
system at four levels: kebeles (the smallest
administrative units), districts, zones, and
states (regions). A district encompasses
multiple kebeles and functions as an
intermediate administrative unit. Agriculture is
the primary source of income for the vast
majority of the inhabitants of this district.
Almost all farmers in this district are
smallholder farmers who primarily depend on
rain-fed farming with limited farm inputs
adopting poor crop management practices.
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Bure district consists of 2 urban and 22
rural kebeles with different sizes, as indicated
in Fig. 1. The topology of the district, with
21.77% of low altitude, 77.23% of mid
altitude, and 1% of high altitude kebeles,
makes it favorable to grow a variety of crops
and raise animal breeds (Abay, 2010). As
reported by the Bure District Office of
Agriculture (2024), 35,112 hectares (46.07%)
out of the total area of 76,216 hectares are
designated for cultivation, as indicated in
Table 1.

The dominance of 76% plain topography,
combined with a favorable climate and fertile
soils, offers substantial opportunities for the
use of farm machinery, rendering Bure district
ideal for enhancing crop production and
livestock breeding (Zewdu, Agidie, & Sebsibe,
2003).
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Fig. 1. Different kebeles in Bure district and respective elevation contour (Dessalegn, Hoekstra, Berhe, Derso, &
Mehari, 2010)
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Data collection

A structured questionnaire was designed to
collect the data on demographic indicators,
crop production, crop calendars, labor costs,
mechanization services, and agricultural power
use of farmers in Bure district during the 2022-
23 crop season. It included both open- and
close-ended questions along with scaled
questions to assess the level of agricultural
mechanization among smallholder farmers.
The questionnaire was translated into
Ambharic, the language spoken by the local
community, and underwent a pretest with 15
farmers from each of the Alefa-Basi and
Baguna-Kebesa kebeles in the Bure district,
both of which are part of this study's focus.

Bure district is purposely selected for its
potential need for farm machinery utilization.
The primary data was collected from all the 22
kebeles existing in the district to produce
reliable results by equal representation in the
survey. The survey was conducted by
choosing a proportionate  number  of
households by random sampling of the total
households in each kebele. Reliability of the
selection of the number of households was
verified through site visits and discussions
with experts in Bure District Office of
Agriculture.  Additional information  on
demography and land use was gathered from
agricultural extension workers and Bure
District Office of Agriculture.

The data collection took place from
February to May 2024. Five enumerators were
rigorously trained to administer the survey
through interviews and interact with
respondents to ensure genuineness and
completeness of the data. The enumerators
conducted face-to-face interviews since many
of the farmers are illiterate and may have
difficulty in filling the written questionnaires.

A snowball sampling technique was utilized
to collect data from farm machinery owners in
the Bure district on the types of farm
machinery, brands, models, implements, and
their technical information, such as rated
power, etc. This approach was considered
appropriate due to the lack of any responsible

organization for registration and monitoring
the types and numbers of farm machinery
utilized in the district. For data collection, we
initially contacted the farmers union to reach
out to the private machinery owners in Bure
and Kuch towns. At the outset, the survey
should cover every machinery owner in the
network without any form of exclusion.

Sample size

The sample size (n) should represent the
characteristics of the entire population and is
selected by considering four important factors:
the level of confidence (Z), the margin of error
(¢), the estimated proportion of population (p),
and the total number of farm households (N).
These factors inherently include the desired
degree of precision, method of analysis,
research objectives, as well as considerations
of cost and time. The total number of
households in each village serves as the
sample frame. The sample size of households
that best represents the entire study area is
calculated using (Rahman & Chima, 2016):

o NZ2P(1- P)
Ne’ +Z°P(1-P)

@)

where, N:  total number of households
(28,262), Z: confidence level (at 95% level, z
= 1.96), p: estimated population proportion
(0.5, this maximizes the sample size), and e:
error limit (5% or 0.05).

Data analysis

After collecting the responses to the
questionnaire, the quantitative and qualitative
data are organized and filtered to make it
suitable for the analysis. The analysis utilized
descriptive statistics incorporating
percentages, ratios, and arithmetic mean to
facilitate a comprehensive examination of the
costs associated with crop production per
hectare, and the distribution of various power
sources. The findings from the survey and the
costs analyzed are presented in graphs and
tables. The results of the descriptive analysis
were used for the calculation of mechanization
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index and power density.

To calculate the mechanization index
related to crop and farm activities, a thorough
examination of the cost per hectare alongside
the total energy expenditure in the district is
performed by multiplying the crop coverage
from the 2022-23 season. Energy costs are
classified as human, animal, or mechanical,
with each category analyzed independently to
estimate the mechanization index using the
cost of energy approach. The farm power
density and tractor density are calculated by
considering the cost for utilization of farm
machinery and the existing arable land in Bure
district.

Mechanization index

Mechanization index (MI) evaluates the
level of agricultural mechanization based on a
combination of human, animal, and
mechanical energy inputs. Although this can
be measured in different ways, such as the
actual energy utilized through humans,
animals, and machinery sources, and also the
costs associated with these sources for
different farming activities. The current
approach utilizes the costs expended on
humans, animals, and machinery. The
mechanization index is calculated by the ratio
of the total cost of mechanical power to the
overall cost of crop production expended on
humans, animals, and machinery, as given by
(Singh, 2006):

CM
MI(%) = —M" %100 2)
C,+C,+C,

where, MI: the mechanization index,

Cw: the costs of employing machinery,

Ch: the costs of employing human labor,
and

Ca: the costs of employing animal power.

Farm power density

The farm power density indicates the level
of mechanization in terms of available power
per unit of land area under cultivation as given
by Egs. (3)-(5) (Kumar & Tripath, 2019). This
approach considers all types of machinery,
such as tractors, combine harvesters, and
shellers, utilized in crop production, ignoring

the variation in the power capacity and types
of machinery.

n=NT n=NS n=NC
TRR, (hp) = g P+ g P, + g P. (3)
TAR, (hp) =TRR,, (hp)xC 4
TAP
PD(hp/ha) = —Y (5)
A

where, PD: the power density (hp hal),

Ac: area cultivated (ha),

TAPwm: total available power of machinery
(hp),

TRPwm: total rated power of existing
machinery (hp),

C: power use efficiency,

P, Ps, Pc: power of tractors, self-propelled
shellers, and combine harvesters, respectively
(hp), and

NT, NS, NC: number of tractors, self-
propelled shellers, and combine harvesters,
respectively.

The choice of the types of machines
preferred by the farmers in carrying out
different farm operations is also based on the
time frame available in which the operations
are to be completed. Hence, the power density
based on Eqg. (5) may not be applicable for all
times.

Tractor density, proportion of tractor-covered area,
and contribution of power

Tractor density is also another indicator of
mechanization status and is expressed by Eq.
(6). However, it has the drawback of not
considering the number of tractors with
variable capacity.

NT

TD=——
LuC ©)

where, TD: tractor density,

NT: number of tractors, and

LUC: land under cultivation (in hectares or
square kilometers).

Proportion of the tractor-covered area is
given by Eq. (7), which is useful for
calculating the data in Table 4.

Proportion of tractor-covered area (7)
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> (RA)
> (0 A+ 3 (BA)+(P.A),

where, n is 7 (the number of crop types),

Pt P, Pa: total number of passes plowed by
the tractor, human, and animal, respectively,
for seedbed preparation as per data given in
Table 9, and

A, An, Aq: area cultivated by tractor, human,
and animal, respectively.

Contribution of power (CPa) is given by
Eqg. (8), which can be used to calculate the
average contribution of power (CPa,) given in
the last column of Table 4.

S BV
_i=1

CP, =

a

n (@)
Z1oovi

where, n is 7 (the number of crop types),

Vi: volume of production of each crop type,
and

Pi: percentage values of power.

Results and Discussion

Demography and land use pattern

The estimated population of Bure district as
of July 2023 is 202,670 individuals, with a
total of 28,262 households. Notably, 86.57%
of these households are headed by males.
Using Eq. (1), the sample size of households is
estimated to be 380. These 380 households are
distributed proportionately to different kebeles
based on the number of households existing in
each kebele. The average household size in the
sample is seven individuals, with sizes ranging
from one to twelve members. Approximately
90% of the sampled households have between
three and nine members.

Following the fall of the Derg regime in
1997, the Ethiopian government has

implemented a land reform policy in Amhara
Region making the individuals aged 18 and
above as eligible for allocation of farmland.
Others who are not eligible at the time of
allocation may own the land through
inheritance or by gifts and this has led to the
reduction of land holdings by individuals over
a period of time. Currently, the average
landholding per household is 1.25 hectares,
calculated by dividing the total arable land by
the total number of households, including
those not having any land. Hence, the actual
land holding may be higher if we consider
only those households with land holding.
During the government land allocation, based
on soil fertility, the allocated land received
was 3 to 9 plots for 91% of the households;
5.8% of households received more than 10
plots; and the remaining 3.2% of households
received it as distributed over 1 to 2 plots. This
indicates a fragmented nature of land holding
by the smallholder farmers, which may not
encourage them to utilize any mechanization
technologies, leaving them with the choice of
hiring human and animal labor, resulting in
higher cost of crop production.

The land use pattern in Bure district is
comprehensively outlined in Table 1. This
table details the areas allocated for various
purposes, including arable land for both annual
and perennial crops, grazing land, water
bodies, forests, bushes and shrubs,
infrastructure, settlements, and unusable land.
A comparative analysis of the current land use
pattern with previous studies shows a steady
increase in the land designated for crop
production. This increase was due to the
conversion of grazing lands and shrub areas
into cropland, allocated to landless youth
associations by different kebele
administrations (Wonde, Tsehay, & Lemma,
2022; Zewdu et al., 2003).

Table 1- Land use pattern in Bure district during the 2022-23 crop season

Land use

Area covered (ha (%))

Arable land
Annual crops
Perennial crops

35,112 (46.07)
34,060 (44.69)
1,052 (1.38)
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Grazing land
Water bodies
Forest
Bush and shrubs
Infrastructure and settlement area
Unusable
Total

3,201 (4.20)
183 (0.24)
7,164 (9.40)
11,051 (14.50)
8,567 (11.24)
10,937 (14.35)
76,216 (100)

During the 2022-23 crop season, the
tractor-plowed land in Bure district was 8,052
hectares, accounting for 22.86% of the total
arable land. Among all the kebeles, Agni
Fereda, Wehni Durbete, and Jib Gedele
kebeles are found to have minimal usage of
farm tractors for primary field preparation,

since they are located in high-altitude areas, as
depicted in Fig. 2. However, a higher
utilization of farm tractors is noted in some of
the kebeles located in mid-altitude areas, such
as Gulm Denjin, Seretekeze, and Fetam
Sentom kebeles, which are ranked in
ascending order.
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Fig. 2. Total land size, arable land, and tractor-plowed land in each kebele in Bure district during the 2022-23 crop

season

Crop calendar

The crop calendar presented in Table 2
describes the agricultural practices observed
among farmers in Bure district during the
2022-23 crop season. This crop calendar is set
by the farmers, who primarily rely on
traditional knowledge passed down through
generations, making slight adjustments to
adapt to changing climatic conditions. To meet
the agricultural timelines and enhance crop
productivity, the farmers perform various
agricultural activities utilizing the available
human and animal resources. The farmers with
limited resources in terms of labor and animals
tend to start their farming activities much in
advance of the crop season and often work for

longer hours compared to those with sufficient
resources. They also prefer to employ
mechanical power for primary tillage and
threshing to mitigate the labor constraints
within their households.

Commencing from March, the farmers
engage in tilling the soil to prepare the
seedbeds for most of the crops to make them
ready for planting. The tilling period generally
wraps up by the end of May, followed by the
planting season during June and July, which
coincides with the onset of rainfall. As the
year progresses, the focus shifts to harvesting
and threshing, which continues from October
to February. During this period, the farmers
are completely engaged in collecting their
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produce and preparing it for storage or sale.
Machinery utilization by the farmers will
significantly diminish the drudgery, which
enables them to engage in supplementary
employment to enhance their income and also

facilitate their participation in various social
activities. Integration of farm machinery into
various farming operations will not only
increase the productivity but also reduce the
post-harvest losses.

Table 2- Crop calendar in Bure district during the 2022-23 crop season

Month

Crop type Farm activity Jan  Feb Mar

Apr

May Jun ‘J;I Aug Sep Oct Nov Dec

Land preparation
Planting

Maize Weeding
Harvesting

Shelling [N

Land preparation
Planting
Wheat Weeding
Harvesting

Threshing [

Land preparation
Planting
Weeding
Harvesting
Threshing

Teff
(Red Sail)

Land preparation
Planting
Weeding
Harvesting
Threshing

Teff
(Black Soil)

Land preparation
Planting
Finger Millet Weeding
Harvesting
Threshing

Land preparation
Planting
Barley Weeding
Harvesting
Threshing

Land preparation
Seeding pepper
Planting
Cultivation
Weeding
Harvesting

Pepper

Land preparation
Planting
Weeding
Harvesting

Potato

Crop production and productivity
Bure district is recognized as the leading
surplus grain-producing region within Amhara

region. The main crops, which include maize,

wheat, teff, finger millet, barley, pepper, and

potatoes, are cultivated over 93% of the arable
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land. The remaining 7% of the land is
dedicated to vegetables, oil seeds, pulses,

spices, and perennial crop production, as
presented in Table 3.

Table 3- Types of crops, land coverage, and cosponsoring yields during the 2022-23 crop season in Bure district

Cro type CullgxgtEd Land g/overage C?phyi-?ld ggg&g{i%% Crop pl;;)duction
(ha) (%0) (tn ha) (tn) (%0)
Maize 14,560 41.47 6.43 93,620.8 68.25
Wheat 4,557 12.98 3.0 13,671.0 9.97
Teff 3,800 10.82 1.25 4,750.0 3.46
Finger millet 1,621 4.62 2.18 3,533.8 2.58
Barley 1,036 2.95 3.0 3,108.0 2.27
Pepper 5,107 14.55 1.475 7,532.8 5.49
Potato 1,015 2.89 10.79 10,951.9 7.98
Pulses 1,362 3.88 * * *
Oil crops 958 2.73 * * *
Vegetables 37 0.11 * * *
Spices 7 0.02 * * *
Perennial 1,051 299 - - -
crops
Total 35,111 100%

* Data not available

It is identified that maize productivity is
higher in mid- and low-altitude kebeles
compared to high-altitude kebeles, which
predominantly focus on cultivating wheat,
barley, legumes, and potatoes. The Bure
district is renowned as the ‘“maize belt,”
having substantial maize production of 68.25%
of overall production with an average yield of
6.43 tn hal, while the global average is only
5.8 tn hal, and the national average is 4.5 tn
hal, (Erenstein, Jaleta, Sonder, Mottaleb, &
Prasanna, 2022). The total production of maize
in this district covers 41% of the total
cultivated area during the 2022-23 crop
season. Thus, the data indicate that maize is
identified as the leading crop in terms of land
coverage, production, and productivity.

Farmers grow red peppers for both
commercial sales and household consumption.
Red pepper is a significant cash crop primarily
produced by smallholder farmers in this
district, ranking second in crop coverage area
next to maize (Abay, 2010). However, its
productivity has declined over time due to
widespread red pepper disease (Dessie, Koye,
& Koye, 2019), which is further intensified by
weather variability. Currently, the farmers lack
access to chemicals that can control or
eradicate this pest infestation. Consequently,

many farmers are transitioning towards maize
production due to its higher productivity and
easier pest management compared to red

pepper.

Farm mechanization in Bure district: scenario of
cereal crop production

Table 4 provides the percentage
contributions of human, animal, and
mechanical power for different farm activities
for producing various crops during the 2022-
23 cropping season in Bure district. The
percentage values given for each crop and
activity indicate the proportion of utilization of
human, animal, and mechanical power, which
are obtained by consolidating the results of the
questionnaire survey.

A total of 8,052 hectares of land were
plowed using tractors for primary tillage,
which accounted for 23.64% of the total crop-
covered area. Considering the number of
passes made by the tractor for the tractor-
plowed land, and the number of passes made
by animals and humans for the remaining land
involved in subsequent tillage in seed bed
preparation, the ratio of the land plowed by the
tractor and the land plowed by the animals
comes only to 5.43% which indicates a very
low level of tractor utilization in the overall
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preparation of the land. The total tractor
utilization rate of 5.43% is distributed among
three major crops: red pepper at 2.44%, maize
at 2.17%, and wheat at 0.82%. The utilization
of animal power for land preparation in the
district stands at 94.57%, surpassing the
estimated national average of 80%, as
indicated by previous studies (Behnke &
Metaferia, 2011; Berhane et al., 2017).

In the context of primary tillage, the power
of tractors (pt), power of humans (pn), and
power of animals (pa) in Eq. (7), are each set
to 1, resulting in a percentage of the area
covered by the tractor calculated at 23.64.
However, according to the total number of
passes detailed in Table 9, this percentage is
actually 5.43, as previously mentioned when

derived from Equation (7).

The percentages values of power (P;) given for each
crop and activity indicate the proportion of utilization of
human, animal, and mechanical power which are
obtained by consolidating the results of the
guestionnaire survey.

The average contribution of power by
human, animal, and mechanical sources for
each farm activity, considering all types of
crops, is presented in the last column of Table
4, which is obtained by taking the ratio of the
sum of the volumes of production, considering
the percentage of involvement of the
respective type of power for each farm
activity, and the total production of all
varieties of crops. Eq. (8) is helpful in arriving
at the average contribution of power (CP,).

Table 4- Percentage of use of power for different activities and various crops in Bure district during the 2022-23 crop

season
Farm Crop type Average
actl\é:)ta/iggwer Maize  Teff Wheat Finger millet Barley Pepper Potato C%r;tvvebru(tlcoﬁa)o f
Land preparation and cultivation
Hoe (Human) 0 0 0 0 0 40.88 50 11.69
Animals 95.1 100 92.63 100 100 50.10 50 83.19
Tractors 4.90 0 7.37 0 0 9.02 0 5.12
Harvesting
Human 100 100 100 100 100 100 90 99.20
Animals 0 0 0 0 0 0 10 0.80
Machine 0 0 0 0 0 0 0 0
Threshing/shelling
Hand 18.32 0 0 0 0 100 * 25.18
Animal 2.50 100 97.44 100 100 * * 20.52
Sheller/stationary
thresher/combine 79.18 0 2.56 0 0 * * 54.30

harvester

* Not applicable

Following the advice of the crop extension
workers, the farmers usually employ tractors
for plowing the same plot once every two to
four years, and other times plow using the
Maresha plow drawn by animals. Farmers
adopt this practice to minimize the tillage
expenses while sacrificing the full advantage
of using tractors every year. Using the
Maresha plow has setbacks such as being
labor-intensive, time-consuming, and cutting
only a shallow depth of 10-14 cm. This low
depth of cut results in forming a hardpan,
which reduces the rainwater runoff and

prevents percolation of water sufficiently
required for the crop (Guadie & Degu, 2018)

However, this hardpan is broken when
plowing is done by tractors.
As indicated in Table 4, hoes are

exclusively used for cultivating potatoes and
pepper. Farmers prefer to dig potatoes
manually with hoes to prevent damage to the
tubers, and only 10% of potato harvesting is
done by animals using the Maresha plow.
During the 2022-23 crop season, only 2.56%
of the wheat crop was threshed using a
combine harvester, and the rest was manually
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done using sickles. It is noted from the
machinery owners that the limited use of
combine harvesters is due to challenges of
small land sizes, steep slopes, and presence of
trees in the land. Land management practices
such as consolidation, leveling, and tree
removal can be considered to overcome these
obstacles. Nearly 79.18% of the maize
produced in Bure district is shelled using
stationary shellers powered either by power
take-off (PTO) of the tractor or self-propelled
engines. Farmers prefer shellers driven by
tractor PTO since these shellers have fans and
sieves which enhance cleaning efficiency. The
fans operate at higher speeds that improve
separation of chaff from grain, leading to
reduced labor and time. It has been noted from
the survey that by implementing good land
management practices and efficiently utilizing
machinery, the smallholder farmers in Bure
district have better chances of increasing their
productivity and economic development.

Farm machinery and implements used in Bure

district

The information gathered from a
questionnaire detailing different tractor brands,
models, their horsepower ratings, availability,
ownership types, and locations within Bure
district is presented in Table 5. Out of the 60
tractors available, 40 have a rated power above
80 hp and are in use for all farm operations.
The remaining 20 tractors, which include 12 of
the Belarus-805 model and 8 of the Cherry
brand, are exclusively used to drive shellers.
Although the 12 Belarus brand tractors have a
rated power of 80 hp, they have served in
regular farm operations for over 35 years, and
presently they are confined only for shelling. It
is essential to replace these inefficient and
outdated tractors with new ones. Among the
total number of 60 tractors, 10 are owned by
Damot Union, 2 by governmental entities
(Bure Polytechnic College), and the remaining
48 are owned by private individuals or
agencies. Farmers and youth in the district do
not own tractors; however, few of them own
mule-pulled self-propelled shellers.

Table 5- Tractor brands providing service in Bure district during the 2022-23 crop season

Rated

S.N. Tractor brand Model power Avalla_b le Tractor ownership Pl_allcg_?_f
(hp) quantity avallability
1 Massey Ferguson 460 Xtra 110 5 Damot union Bure
2 Massey Ferguson 460 Xtra 110 2 Private Bure
3 Massey Ferguson 460 Xtra 110 2 Private Kuch
4 Massey Ferguson 470 Xtra 120 5 Damot union Bure
5 McCormick G135 Max 127 5 Private Kuch
6 McCormick G135 Max 127 3 Private Bure
7 Belarus 820 81 5 Private Bure
8 Belarus 805 80 12 Private Kuch
9 New Holland T6080 Elite 155 1 Damot union Bure
10 Claas ARION410 110 1 Government (Bure Bure
Polytechnic College)
11 Claas ARION 420 120 1 Government (Bure Bure
Polytechnic College)
12 CaselH Maam 110 6 Private Kuch
13 CaselH Mixzxsum 125 4 Private Bure
14 Chery RF400 40 3 Private Kuch
15 Chery RD300 30 5 Private Kuch

All tractors located in Bure town provide
hiring services exclusively for the Bure
district. Those owned by Damot Union are

utilized within the district to 35% of their
capacity, and the remaining 65% of capacity is
utilized for service in adjacent districts. From


https://www.tractordata.com/farm-tractors/007/0/6/7068-massey-ferguson-460-xtra.html
https://www.tractordata.com/farm-tractors/007/0/6/7068-massey-ferguson-460-xtra.html
https://www.tractordata.com/farm-tractors/007/0/6/7068-massey-ferguson-460-xtra.html
https://www.tractordata.com/farm-tractors/007/0/6/7069-massey-ferguson-470-xtra.html
https://www.tractordata.com/farm-tractors/007/8/7/7872-mccormick-intl-g135-max.html
https://www.tractordata.com/farm-tractors/007/8/7/7872-mccormick-intl-g135-max.html
https://www.tractordata.com/farm-tractors/005/6/2/5624-caseih-maxxum-110.html
https://www.tractordata.com/farm-tractors/005/6/2/5624-caseih-maxxum-110.html
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https://www.tractordata.com/farm-tractors/008/0/1/8014-chery-rf400.html
https://www.tractordata.com/farm-tractors/008/0/0/8006-chery-rd300.html
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these results, it can be inferred that the role of
private agencies is significant in promoting
greater access and sustainable mechanization
among smallholder farmers which also
complies with the global findings (Ngoma,
Simutowe, Matin, & Thierfelder, 2024).

Machinery service for seedbed preparation
and shelling are predominantly provided by
the private firms, which also own 80% of the
tractors used in the district. Conversely, none
of the private firms possess the combine
harvester due to its high initial investment cost
and limited applicability. Instead, the combine
harvesters are owned by the union and the
government entities, namely, Damot Union,
Federal Mechanization Service, and Bure
Polytechnic College.

20 1 17

15 14

10 A 8

Number of tractors

The power range of tractors listed in Table
5 varies from 30 hp to 155 hp, and these
tractors are stationed only in two towns, 33 in
Kuch and 27 in Bure, to ensure proximity to
their owners, access to fuel, and maintenance.
Tractors stationed in each town provide
service to their respective neighboring kebeles,
while very few tractors from other districts
occasionally crossing the kebeles in Bure
district may offer additional hiring services,
whose contribution is minimal.

According to the data presented in Fig. 3,
Belarus, Massey Ferguson, and Case IH
emerge as the three leading brands, each
showcasing a diverse range of design
complexities.

10

1

Massey ~ McCormick  Belarus
Ferguson

New Holland Claas CaselH Chery

Tractor brand

Fig. 3. Tractor brands available in Bure district during the 2022-23 crop season

Out of the 4 combine harvesters listed in
Table 6, the New Holland brand owned by
Damot Union provides its service to a limited
capacity in Bure district, while the Claas brand
models provide service only to commercial
farms and smallholder farmers in neighboring
districts who produce substantial amounts of
wheat. The private ownership of combine
harvesters is limited in the district due to the
absence of a viable market and the high initial
investment required.

Recent technological advancements have
led to the development of increasingly
complex systems for both tractors and
combine harvesters, which poses challenges
for operators due to their limited exposure to
the new brands. Currently, there are no

maintenance services or spare parts suppliers
available in either Bure or Kuch town. Since
the rain-fed crop farming system is time-
sensitive in nature, it is essential to have the
availability of experts in nearby towns who
possess the necessary resources, skills, and
training to offer prompt services (Wako,
2016).

It is recommended that both governmental
and non-governmental organizations advocate
for the establishment of maintenance
workshops in Bure and Kuch towns to
facilitate timely repairs of farm machinery.
Furthermore, the machinery suppliers should
also provide comprehensive after-sales service
to ensure sustainable mechanization for
smallholder farmers in the district. These
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initiatives will aid farming activities, ensuring
adherence to timelines, enhancing worker

reducing post-harvest losses and labor

intensity.

productivity, increasing crop Yields, and
Table 6- Combine harvesters providing service in Bure district during the 2022-23 crop season
Powe . . Place of
S.N. Brand Model r (hp) Quantity Ownership availability

1 New Holland TC5.80 207 1 Damot union Bure

2 Claas Dominator 130 152 1 Governm_ent (Bure Bure
Polytechnic College)
Government (Federal

3 Claas Dominator 130 152 2 Mechanization Bure

Service)

Table 7 provides comprehensive data on a
variety of implements used for different
farming  operations such as plowing,
harrowing, and shelling. A total of 142
implements were identified, which include 3
harrows, 46 plows, and 93 shellers. The disc
plow is the most widely used tool for primary
tillage, while the disc harrow is commonly

employed for secondary tillage. Disc plows are
classified based on the number of discs or by
their weight, as light-duty or heavy-duty.
Tractor-driven shellers are more common than
self-propelled shellers in this district. Five
self-propelled maize shellers, pulled by mules,
were discovered offering their services for hire
to kebeles near the neighboring districts.

Table 7- Implements providing service in Bure district during the 2022-23 crop season

S.N. Implement type Model Quantity Ownership Base town

1 Disc plow 3 Bottom 3 Private Bure

2 Disc plow 4 Bottom 5 Damot union Bure

3 Disc plow 4 Bottom 14 Private Bure

4 Disc plow 4 Bottom 17 Private Kuch

5 Disc plow 5 Bottom 5 Damot union Bure

6 Mold board plow 6 Bottom 1 Damot union Bure

7 Reversible mold boar 6 Bottom 1 Governm_ent (Bure Bure

plow Polytechnic College)
8 Disc harrow 22 Disc 1 Governm_ent (Bure Bure
Polytechnic College)

9 Disc harrow 24 Disc 1 Damot union Bure

10 Disc harrow 28 Disc 1 Damot union Bure

11 Sheller PTO driven 3 Damot union Bure

12 Sheller PTO driven 31 Private Kuch

13 Sheller PTO driven 15 Private Bure
Self- . Residing in kebeles

14 Sheller oropelled 39 Private (farmers) in the district
Self- Residing in adjacent

15 Sheller 5 Private (farmers) kebeles from other

propelled

districts

It can be identified from Figure 4 that the
disc plow and sheller are the two most

frequently used implements which is also
evident from the data in Table 7.
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Fig. 4. Types and number of implements available in Bure district during the 2022-23 crop season

Tractor density

The tractor density is specified by the
number of tractors employed for cultivating
10,000 hectares. For the cultivated land of
35,112 hectares with the available 60 tractors
in Bure district, the tractor density is 17, as per
Eg. (6). This value is derived from the
assumption that every tractor possesses
identical capacity and contributes uniformly
across all kebeles.

The tractor density is the key parameter that
indicates the progress and variation of
agricultural mechanization between various
countries in Africa (Mrema, Baker, & Kahan,
2008). Throughout Africa, the tractor density
is 20, and it is 13 in Sub-Saharan Africa. In the
present study region of Bure district, the
tractor density of 17 is closer to that of Africa
and much higher than the average tractor
density of Ethiopia, which is equal to 4. In
countries like Brazil and India, the tractor
density is 11,600 and 12,800, respectively
(Deribe & Getnet, 2021; Kumi & Taiwo,
2014). The calculation of tractor density using
Eqg. (6) is based on the assumption that all
tractors have equal power capacity and
perform all farm activities, which is not true.
Hence, considering tractor density as the only
indicator for farm mechanization will be
misleading (Berhane et al., 2017). The
concentration of tractors is significantly higher
in the vicinity of Bure and Kuch towns, while

it noticeably decreases as we venture further
from these areas.

The Bure district utilizes 40 tractors to plow
a total of 8,052 hectares of land, as detailed in
the respective sections on demography, land
use patterns, and farm machinery within this
manuscript. The actual tractor density comes
to 50, which indicates a significant availability
of tractor power. At present, 40 tractors are
used for plowing just 8,052 ha, which means
200 ha tractor® during the crop season.
Considering the usual capacity of 10 ha day™
and 60 days of plowing period as per the
cropping calendar in Table 2 each tractor may
plow up to 600 ha in the crop season.
Comparing the present utilization of 200 ha
tractor? and the available capacity of 600 ha
tractor® during the crop season indicates a
significant underutilization of the tractors,
which leads to higher cost of mechanization
services. It is necessary to investigate the
reasons from the side of service providers and
also from the farmers’ side to identify the
impeding factors for underutilization, although
a maximum potential of plowing 24,000 ha is
available for the 40 tractors at disposal.

Farm power density

For a comprehensive analysis, the
consideration of the total power of all the
tractors, combine harvesters, and self-
propelled engines available in the district will
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provide greater insight for estimating the
power per 100 sqg. kilometers, rather than
relying solely on tractor density. The
maximum power generated by the farm
machinery under ideal conditions is denoted as
rated horsepower. In contrast, the available
power refers to the actual power that may be
utilized for farm activities, which is lower than
the rated horsepower, due to factors such as
soil conditions, load, and operating efficiency.
The power density is determined using Egs.
(3)-(5). The calculation of power density is
generally based on the assumption that all
types of machinery are put to use
simultaneously, although their application
follows the crop calendar. However, the power
density index remains valuable for farm power
planning.

n=60 n=93 n=4
TRP, (hp)= X P. + > P, + 3 P, 9)
i=1 i=1 i=1

The total rated power (TPwm) of 7239.5 hRp
is calculated by summing up the rated power
of all the available number of tractors, shellers,
and combine harvesters having 5,786 hp, 663
hp, and 790.5 hp, respectively, using Eq. (9).
The total available power (TAPwm) of 5647 hp
is obtained by applying a power use efficiency
factor (C) of to 0.78 in Eq. (4). The power loss
factor (C) outlined in Eq. (4) signifies how
effectively the farm machinery operates. If the
power is taken directly from the Power Take-

Off (PTO) shaft, the power available will be
higher than if it is taken through drawbar
implements, and in such case, C is taken as
0.86; otherwise, it generally ranges from 0.6 to
0.7. In the present case, C is taken as 0.78,
considering the arithmetic mean, since the
power is drawn by both PTO as well as
through drawbar.
PD:%=0.161hp/ha:0.12kW/ha (10)

The Bure district has a power density of
approximately 0.12 kW ha?, closely
approaching the national benchmark of 0.13
kKW ha? established in 2014. The goal is to
reach a target of 1 kW ha within the next ten
years, by 2024. The focus of this initiative is to
advance mechanization, targeting a 50%
reduction in animal power reliance for at least
30% of smallholder farmers (Deribe & Getnet,
2021).

Cost of crop production based on types power source

The energy sources utilized for these
activities include the details of human, animal,
and mechanical means for various farm
activities along with their required numbers,
cost, and the quantities of production for
identified major crops such as maize, wheat,
pepper, teff, finger millet, barley, and potato
are presented in Table 8.

Table 8- Cost and quantity of farm power required per hectare of land

Source

Number of humans, animals, and tractors
(if not otherwise stated)

Type of farm activity of power Ur:E'EI_CE?St Wh Fin B
entity [ ] Maize € Pepper  Teff ger " potato
at mill  ley
et
Land clearing Human 300 day* 2 2 2 2 2 2 2
Human 400 day™ 4 4 4 4 4 4
Plowing se_edbed Animal 900 palr_of 0X 4 4 4 4 4 4 4
preparation day
Tractor 8000 ha 1 1 * * * *
-1
Plowing during seeding/ Human 16280 (_iayf 2 2 2 2
planting Animal g:;;lo ox 2 2 2 2 2 2 2
Land compaction and Human 400 day™* * * * 2 2 * *
leveling (Beray) Animal 300 animal*day * * * 20 20 * *
Seeding/planting and Human 400 day™ 8 2 32 2 2 2 12
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fertilizing
Weeding (chemicals) Human 50 jar? 4 4 12 4 4 4 *
Weeding (hand) Human 400 day™ * * 12 * 8 * *
Cultivation round (round 1
* * 22,25,25 * * * 18, 18,20
1, round 2, and round 3) Human 400 day ( ) ( )
. -1 9 * 24,16, 4 * * * 30
Harvesting (round 1, round Human gogooaidragf ox ( )
2, and round 3) Animal ?iay'l * * * * * * 2
Harvesting, threshln_g, Human 400 day! * 24 * * * 24 *
cleaning, and packaging
Harvesting, collecting, and Human 400 day* N N N 15 ” . .
packing (kimir)
Watering Human 300 day™* * * 30 days * * * *
. Human 40 trip™ using cart 40 trips * * * * * *
Transportation kemel Animal 80 trip™ using cart 40 trips * * * * * *
Dehusking Human 400 day* 30 * * * * * *
Shelling by hand Human 400 day™* 25 * * * * * *
Animal trumpin Human 400 day* 4 . X y y iy .
ping Animal 300 animal*day* 10 12 * 20 20 12 *
Threshing by sheller Sheller 650 tnt G'ﬁgfn * * * * * *
Threshing by combine Combine 3000 tn-t . 301 . x x . .
harvester harvester ha
Feeding into sheller Human 60 hr! * 36 * * * * *
Feeding into combine Human 50 hrt ; . . . . . .
harvester
Grain cleaning and Human 400 day™t 4 . . . . . .
packaging
218 30
Human 200 tn™t tr? 'r?:'l tngrgr1 tr% ﬁ; tr% ﬁzf-l tnha o ha tﬁoh;%
Transportation of grain 218 3.0
: 1 6.43 3.0 1.47 1.25 St 10.79
Animal 300 tn tn ha? tn ha? tn ha? tn ha? n 1h &t 1h a tn ha?
Drying Human 400 day™* * * 4 days * * * *
Guarding Human 300 night? * * 16 days * * * *
Sorting out and packaging Human 400 day™* * * 8 days * * * *

* Not applicable

This study employs a cost-based approach
to estimate the mechanization index, due to the
non-availability of data and the difficulties
associated with measuring the power
consumption for various farm operations. The
cost of production for each crop per hectare
includes the costs of land clearing, plowing,
seeding/planting, fertilizing, weeding,
harvesting, threshing, and transportation. The
farmers have exhibited a strong preference
based on their perception that the tractors are
suitable for primary tillage of land only for
maize, pepper, and wheat crops.

The number of passes necessary for
effective seedbed preparation is influenced by
various factors such as crop rotation, soil type,

availability of farm power, and primary tillage
methods. The average number of passes of
plowing and kernel transportation by human
and animal power obtained from the survey
are presented in Table 9. It is required to plow
2 to 5 times on average to prepare the land for
sowing using the Maresha plow, which creates
a trapezoidal furrow cross-section, resulting in
gaps of un-tilled soil between adjacent
furrows. Hence, each pass has to be made
perpendicular to the previous one to cover
every bit of soil in the field (Astatke, 1993). In
traditional farming, oxen are restricted to
seedbed preparation and threshing.

When primary tillage is done by tractors
and subsequent passes are carried out by
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animals, the total number of passes required 3 for wheat, which reduces the total cost of
will be reduced by 2 for maize and pepper, and seedbed preparation.

Table 9- The number of passes of farm activity for different crops using animal draft power

Source of Crop type
Type Qf_farm power . Peppe Finger
activity entity Maize  Wheat r Teff millet Barley Potato
Average No. of Human 3.5 45 4 3 4.5 4 2
plowing passes Animal 35 45 4 3 4.5 4 2
Average No. of times Human 40 * * * * * *
e R R .
* Not applicable
The cost of farming utilizing different crops during the 2022-23 crop season in Bure
combinations of power sources, such as district. The cost of farming per hectare for
animal-human, animal-human-tractor, animal- animal-human power combination is presented
human-sheller/thresher, and animal-human- in Table 10. This combination is widely
tractor-sheller/thresher for different crops is prevailing among the smallholder farmers in
presented in Tables 10-13 and a summary is Bure district.

presented in Table 14 and Fig. 5 for various

Table 10- Cost of farming per hectare for animal-human power combination

Crop type Cost of animal Cost of human Total cost of Animal Human
power [ETB] power [ETB] power [ETB] power (%)  power (%)

Maize 19,100 39,600 58,700 32.54 67.46

Pepper 18,142.5 95,087 113,229.5 16.02 83.98

Wheat 25,200 20,200 45,400 55.51 44.49

Finger millet 32,154 43,236 75,390 42.65 57.35

Potato 13,737 46,358 60,095 22.86 77.14

Teff 26,475 19,450 45,925 57.65 42.35

Barley 23,460 19,440 42,900 54.69 45.31
In the Bure district, the majority of Table 11 gives the costs of animal, human,
smallholder farmers rely on both animal and and tractor power for different crops and their
human power for their agricultural activities. contribution for the total cost in terms of
Notably, pepper production demands a respective percentages. Using tractors instead
considerable amount of human labor, making of animals for primary tillage minimizes the
up 83.98% of the total effort, while draft subsequent number of passes by the animals
animal power accounts for only 16.02%. and reduces the overall cost of seedbed
Among all the crops, the pepper crop requires preparation. Introduction of tractor power has
intensive  human energy input, thereby resulted in reducing the contributions of
escalating the cost by nearly three times animal and human power for the total cost
compared to the cost of many other crops. The when compared to the percentage values of
percentage of contribution of human energy animal-human power combination presented in

for the total cost is only 42.35% for teff, which Table 10.
is the least among all other crops.

Table 11- Cost of farming per hectare for animal-human-tractor power combination



Mitiku Degu et al., Estimation of Mechanization Index and Farm Power Density ... ?

CO.St of Cost of Cost of Total cost Animal Human Tractor
animal human tractor

Crop type power power power of power power power power
[ETB] [ETB] [ETB] [ETE] (%) (%) (%)
Maize 11,900 36,400 8,000 56,300 21.14 64.65 14.21
Pepper 10,942.5 91,295 8,000 110,237.5 9.93 82.82 7.26
Wheat 19,200 15,400 8,000 42,600 45.07 36.15 18.78
Finger millet 23,154 38,436 8,000* 69,590 33.27 55.23 11.50
Potato 10,137 44,758 8,000* 62,895 16.12 71.16 12.72
Teff 21,075 17,050 8,000* 46,125 45.69 36.97 17.34
Barley 17,460 14,640 8,000* 40,100 43.54 36.51 19.95

*This combination is not in practice and these values are presumptive.

The cost data presented in Table 12 shows
that there is a reduction in the total cost of
maize production and cost of human power,
even though there is an additional cost for
hiring the sheller. The cost of animal power is
not affected, since it is not involved in

similar to those of relying solely on the
animal-human  power  combination, as
illustrated in Table 10. It shows that using
shellers for maize has reduced human
involvement, while the combine harvester for
wheat has reduced both animal and human

shelling. Utilizing a combine harvester for drudgery without additional cost, which
wheat production significantly lowers costs indicates the positive aspect of farm
associated with both animal and human labor, mechanization.
while still maintaining overall expenses
Table 12- Cost of farming per hectare for animal-human-sheller/combine harvester power combination
Cost of Cost of Cost of Total cost Cost of Cost of Cost of
. sheller/ :
Crop animal human combine of power animal human sheller/thresher
type power power harvester [ETB] power power power
[ETB] [ETB] [ETB] (%) (%) (%)
Maize 19,100 31,760 4,179.5 55,039.5 34.70 55.70 7.60
Wheat 20,400 15,750 9,000 45,150 45.18 34.89 19.93
The data presented in Table 13 clearly harvester power combination indicates a

indicates a significant reduction in the cost of
animal and human power, and also the total
cost for both maize and wheat when the
tractor-sheller/combine harvesters are used
simultaneously with animal and human power.

significant reduction in the total cost as well as
animal and human cost. Thus, it has both the
benefits of reducing animal and human
drudgery and cost reduction when compared to
the cases presented in Tables 10-12.

The animal-human-tractor-sheller/combine
Table 13- Cost of farming activities per hectare using animal-human-tractor-sheller/combine harvester power
combination
Cost of Cost of Cost of tractor Total Cost of Cost of Cost of tractor
Crop : . and
animal human and cost of animal human .
type . sheller/combine
power power sheller/combine power power power harvester power
[ETB] [ETB] harvester [ETB] [ETB] (%) (%) (% )p
Maize 11,900 25,360 121,79.5 49,439.5 24.07 51.30 24.63
Wheat 9,600 10,950 17,000 37,550 25.57 29.16 45.27

Table 14- Summarized cost of farm activities per hectare using various source of power combination
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Total cost for different power combinations

Animal-human-

Animal-human-tractor-

(Erop Animal- Animal-human- sheller/combine harvester sheller/combine harvester
ype human-power tractor power power power
-1 -1
[ETB ha'] [ETB ha'] [ETB hal] [ETB hal]

Maize 59,500 57,100 55,839.5 50,239.5
Pepper 113,229.5 110,237.5 Not applicable Not applicable
Wheat 45,400 42,600 45,150 37,550
ET:?I?:{ 75,390 69,590* Not applicable Not applicable
Potato 60,095 62,895* Not applicable Not applicable
Teff 45,925 46,125* Not applicable Not applicable
Barley 42,900 40,100* Not applicable Not applicable

*This combination is not in practice and these values are presumptive.

Although the total cost for the human-
animal-tractor power combination for finger
millet, potato, teff, and barley remains close to
that of the animal-human power combination,
farmers are reluctant to go for it since they do
not know about the benefits of cost reduction.
A significant factor contributing to the
underutilization of mechanization is farmers'
limited awareness, preventing them from
effectively reducing the drudgery experienced
by both animals and humans and
consequently,  the  animal-human-tractor
combination remains largely unpracticed.

The choice of animal-human-tractor-
sheller/combine harvester power is better than
other combinations since it has a significant
contribution in  reducing animal-human
drudgery, overcoming the shortage of animal-
human power, and also meeting the time lines,
even if the cost reduction may not be as
significant as usually perceived by the farmers.

Fig. 5 clearly indicates a gradual reduction
in cost of maize production from the initial
combination of animal-human power to the
fourth combination of animal-human-tractor-
sheller/combine harvester power. The cost of
production for wheat also follows the same
trend except for the increase in cost for
animal-human-sheller/combine harvester
combination. The increased cost of production
by animal-human-sheller/combine harvester
power combination can be related to the extra
cost of hiring of the combine harvester and
also the cost of human power for feeding the
combine harvester during threshing. However,
it reduced significantly when the tractor is
introduced in the fourth combination. This is
due to the introduction of tractor, which
significantly reduced the cost of animal and
human power in spite of a higher cost involved
in using the combined harvester.
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Fig. 5. Cost of crop production per hectare through different alternatives in Bure district during the 2022-23 crop season

Usually, the combine harvester could not be
utilized to its full potential for simultaneous
harvesting and threshing in the field due to
unfavorable conditions of land size, its
topology, road access, and obstacles like trees
and stones in the field. For these reasons, use
of combine harvester is not favored by both
the service provider and the farmers. However,
they are in limited service as stationary
machines at convenient places, requiring extra

cost for feeding the thresher.

Mechanization index for crop production

After analyzing and consolidating the
responses by smallholder farmers and
machinery owners, the cost involved for
human, animal, and mechanical power in
different farm activities for various crops in
Bure district during the 2022-23 crop season is
calculated, as presented in Table 15.

Table 15- Activity-wise cost of human, animal, and mechanical power, total cost of power for all farm activities, and
the total cost of power for each crop

Total cost of farm power [ETB]

. Source of -
Farm activity . Whe  Peppe Finger ~Barle Potat Total Grand
power Maize Teff .
at r millet y 0 cost total
Hurman 87,988, 33932 29,086, 23560, 1394060 7,252, 3,857, 199,61
992 516 169 000 0 000 000 7,277
. . i 178,31 70,196 40,160, 63,840, 3598620 14,918 7,308, 410,72 6224254
Land clearing and tillage Animal 9.232 210 631 000 0 400 000 8,673 89
. 57075 2,686, 3,6852 . . . . 12,079,
Mechanical 20 807 11 538
64,064, 9,114, 71,498, 7,600,0 2,072, 6,090, 163,68
Human 000 000 000 oo 3242000 “h0" o0 0,000 26,8076
Planting and fertilizing . 48,048, 15,038 16,853, 12,540, 3,418, 3,349, 104,59 AN
Animal 000 100 100 oo0 2349300 “gn0  Tso0 6,800 800
Mechanical * * * * * * * *
29120 91140 36,772, 760,00 207,20 4,872, 51,946,
. Human 00 0 800 o 9511400 T, 000 800 51,9468
Weedlng Anlmal * * * * * * * * 00
Mechanical * * * * * * * *
147,08 14,616 161,69
* * 1 * * * il f}
Cultivation Human 1,600 ,000 7,600 161,697,
Animal * * * * * * * * 600
Mechanical * * * * * * * *
. 22713 18228 89,883, 22,800, 10,37440 4,972, 11,855 38524 385432,
Harvesting Human 6,000  ,000 200 000 0 800 200 9,600 300
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Animal * *
Mechanical * *
Human * *
Drying and collecting Animal . .
Mechanical * *
Human 76,036, 25,000
513 ,067
Threshing and cleaning Animal 1090200 13251
. 481838 10499
Mechanical 17 33
Human 232960 27342
00 00
Transporting . 465920 41013
Animal 00 00
Mechanical * *
Human * *
Watering Animal - .
Mechanical * *
481433 89920
Human 505 183
Total cost of power for all Animal 274051 10265
farm activities 232 6632
Mechanical 538913 37367
37 40
809376 19631
Grand total for each crop 074 3555

. . . . 18270 18270
0 0
* * * * * *
45,963, 51,150,
000 * 5187200 * * 200 51,1502
* * * * * *
. 18240, 3112320 4972,  , 155372
000 0 800 580
22,800, 7,459, 543982 259,004,
* oo0 9726000 54, * 22 552
. . . . . 492337
50
L5065 95000 oo 62160 2190, 320054
65 0 0 370 N g1
20508 14250 | ooy., 93240 3285, sopsez  OMSOL
48 00 060, 0 555 365
45972 . . . . 450720
000 00 459720
46776 73910, 7008555 20,098 20,098 434805
3334 000 6 400 400 70
50273, 10060 5212163 26728 26,728 141257
579 5000 4 800,800 55
3'6185'2 0 0 0 0 0
53072 17451 1222071 46827 46827 576063
2124 5000 90 200 200 25

* Not applicable

The contribution of each type of power in
different farm activities is illustrated in Fig. 6,
and the mechanization index by farm activity
for all the crops is calculated and presented in
Table 16, using the data from the last two
columns of Table 15. The data in Table 15 is
also used to determine the contribution of each
type of power for the total power required for
various crops, as presented in Fig. 7, and the
Ml is calculated and presented in Table 17 for
each crop using the cost data from the last two
rows of Table 15.

Mechanization index by farm activity

This study categorizes farm activities into
nine groups: land clearing and tillage, planting
and fertilizing, watering, weeding, cultivation,
harvesting, drying and collecting, threshing
and cleaning, and transporting. The analysis of
mechanization associated with each farm
activity examines the costs related to the seven
main crops, organizing these expenses by
major activities. The findings reveal that
selective mechanization is implemented in the
district. The use of mechanical power is
predominantly confined to plowing and

threshing, while crucial operations such as

harrowing, planting, weeding, fertilizer
application, and harvesting are carried out
manually.  The  highest  degree  of

mechanization was recorded in the threshing
and cleaning category, reaching 19.01%,
followed by land clearing and tillage at 1.94%.
Human power is mainly employed for
operating small tools and conducting
stationary tasks, including plowing, seeding,
cultivation, lifting, watering, harvesting, and
winnowing. According to Table 15, a
significant majority of agricultural activities
depend heavily on human labor, supplemented
by animal power. This dependence arises from
poor working conditions for machinery and a
lack of available equipment. The study
highlighted that the underutilization of
mechanical power, along with the reliance on
outdated tractors with limited capabilities, has

contributed to a low overall level of
mechanization in the Bure district.
The utilization of mechanical power is

significantly higher for threshing and cleaning
compared to that of land clearing and tillage,
while it is not used for the remaining activities
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as indicated in Table 16 and also illustrated in
Fig. 6. The estimation of the mechanization
index by farm activity is governed mostly by
the machinery and implements available for
tillage and threshing, presented in Tables 6 and
7. Disc harrows and combine harvesters are
not in use due to limitations of land size and
topology, road access, and obstacles in the
field, although they are available. Furthermore,

the sole combine harvester providing service
in the district is used as a stationary thresher
but not as a harvester and thresher, which
projects its underutilization. The low level of
mechanization prevailing in the district can be
related to the lack of suitable machinery for
the majority of the operations and the
underutilization of the existing machinery.

Table 16- Mechanization index for various farm activity during the 2022-23 crop season in Bure district

Farm activity

MI (%)

Land clearing and tillage 1.94

Planting and fertilizing 0
Weeding 0
Cultivation 0
Harvesting 0
Drying and collecting 0

Threshing and cleaning
Transporting
Watering

19.01
0
0

Percentage

100 -

80 -

60 -

40 ~

-1 |
L i

Land . . . .
Clearing & 'P:Ian_tll_ng & Vt:/eet_im? Cultivating  Harvesting cl;j rﬁmg_& Trgleshlpg & Transporting  Watering
Tillage ertilizing  (chemicals) ollecting eaning
= Human power 32.07 61.01 100.00 100.00 99.95 100.00 59.99 34.92 100
= Animal power 65.99 38.99 0.05 - 21.00 65.08 0
m Mechanical power 1.94 19.01 - 0

Mechanization index by crop type

Table 17 provide a comprehensive
evaluation of energy utilization from human,
animal, and mechanical sources for various
crops in rain-fed agriculture in Bure district
during the 2022-23 crop season. The overall
mechanization index for this season is 1.32%.
Notably, it is 6.66% for maize which is the
highest compared to that of all other crops.
This not only signifies a substantial integration
of mechanical power sources in maize
production, but also its role in enhancing the

Fig. 6. Components of power in different farm activities

local agricultural economy. Wheat is the
second most mechanized crop, with a
mechanization index of 1.9%, while pepper
ranks the third with an index of 0.69%,
indicating a limited mechanical power usage in
its cultivation. The remaining four major crops
indicate a large usage of traditional farming
practices with negligible utilization of
mechanical power. The values of Ml presented
in Table 17 indicates the levels of
mechanization for each crop, projecting a
significant adopt-ability for certain crops. The
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disparity of MI between different crops has an
implication on the suitability of mechanization

and the size crop production.

Table 17- Mechanization index for various crops during the 2022-23 crop season in Bure district

Crop type

M1 (%)

Maize

Wheat

Pepper
Teff

Finger millet

Barley
Potato

Average Ml

6.66
1.90
0.69
0.00
0.00
0.00
0.00
1.32

Fig. 7 indicates the percentages of
contribution  of human, animal, and
mechanical power for the total power for each
crop. It also indicates the variation between the
average utilization of human, animal, and
mechanical power for various crops. It is
evident that for the majority of crops, human
power plays the most significant role, followed

100 -

B [o2] (o)
o o o
1 1

Powere Sources (%)

N
o
1

Maize Wheat

= Human power (%) 59.48 45.80
= Animal power (%) 33.86 52.29
Mechanical power (%) 6.66 1.90

Pepper

by animal power, with mechanical power
being the least utilized. This highlights the
potential and necessity to enhance mechanical
power use to reduce reliance on both human
and animal labor. It also encourages the
exploration of the underlying factors to find
amicable solutions for better utilization of
mechanical power.

Finger

millet Potato

Barley

88.14 42.35 57.35 42.92 75.48
11.17 57.65 42.65 57.08 24.52
0.69 0.00 0.00 0.00 0.00

Fig. 7. Percentage utilization of different powers for various crops during the 2022-23 crop season

Rank of agricultural activity as per cost of energy
Due to limitation of measurements of
energy required for different farm activities,
the cost incurred for different sources of power
is considered in the present study as an
alternative to the cost of power for various
farm activities. Table 18 presents the cost
associated with each farm activity for all the
crops cultivated in the Bure district during the
2022-23 crop season. The share of cost of each

farm activity to the total cost can be noted
from the 3 column of Table 18, based on
which the cost-wise ranking of different farm
activities is placed in the 4" column of the
same table. In order to reduce the cost of
respective farm activities, and animal and
human drudgery, and meet time lines of crop
calendar, the ranking provided in Table 18 is
extremely helpful to pinpoint those activities
that require more intervention of farm
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mechanization. It can be noted that land
clearing and tillage are the most energy-
intensive tasks, making up 32.12% of the total
cost of energy, which also confirms the
findings of previous research (Patil, Salunkhe,
Jadhav, & Patil, 2009; Perfect, McLaughlin, &
Kay, 1997) that highlighted seedbed
preparation as the major energy-intensive
process in crop production.

The energy required for weeding has
notably decreased due to the use of chemical
methods with backpack sprayers, costing
approximately 200 ETB ha? and taking less
than two hours to complete. The energy spent
on drying and collecting is negligible for most
of the crops; but for crops like finger millet

and pepper, the requirement of additional
drying after harvesting incurs extra cost.
Watering is necessary only for pepper,
primarily during the initial growth of the
seedling, which resulted in minimal costs of
energy.

The cost-benefit analysis can  be
strategically used by policymakers to enhance
productivity and reduce the cost of production,
especially for crops like maize and wheat due
to their high volume of production, and for
pepper, which is highly energy intensive. This
can also help to focus on farm activities to
replace animal and human power with
mechanical power, to reduce the drudgery and
meet the timelines.

Table 18- Cost of different farm activities and their ranking for the 2022-23 crop season in Bure district

Farm activity Cost of each activity for all the crops [ETB] Cost of each activity (%) Rank
Clearing and tillage 622,425,489 32.12 1
Planting and fertilizing 268,276,800 13.85 3
Weeding 51,946,800 2.68 7
Cultivation 161,697,600 8.35 5
Harvesting 385,432,300 19.89 2
Drying and collecting 51,150,200 2.64 8
Threshing and cleaning 259,004,552 13.37 4
Transporting 91,661,728 473 6
Watering 45,972,000 2.37 9

Total cost of all activities 1,937,567,469 100

Conclusion and Recommendation

The analysis conducted through
questionnaires targeting smallholder farmers in
the Bure district, which examined the use of
animal, human, and mechanical power across
various farm operations for crops including
maize, wheat, pepper, teff, finger millet,
barley, and potato, has enabled the estimation
of mechanization index (MI) based on crop
type and farm activity. The mechanization
index for selected crops is as follows: 6.6% for
maize, 1.9% for wheat, and 0.69% for pepper.
The MI by farm activity is 19.01% for
threshing and cleaning and 1.94% for land
clearing and tillage. The low MI value for land
clearing and tillage suggests several
implications regarding the size of the land, its
topography, slope, and accessibility via roads.
Currently, the estimated farm power density
stands at 0.12 kW ha?, which significantly

lags behind the Ethiopian government's target
of reaching 1 kW/ha by the end of 2024. At
present, only 8,052 ha are plowed by tractors,
which amounts to 22.93% of the total arable
land of 35,112 ha in the district. The estimated
tractor density of 17 is significant as compared
to its value of 20 for Africa. However, the
survey revealed an underutilization of tractors
due to the high cost of hiring by private
enterprises, farmer unions, and government
service providers. This underutilization also
applies to the threshers and combine
harvesters. On the contrary, demand
consistently exceeds the supply during peak
agricultural seasons despite their availability.
This situation clearly indicates the need for
intervention by government agencies to find
ways and means to encourage farmers to adopt
mechanization by providing subsidies for
hiring, repair services, and spare parts. The
present study has designed a methodology for
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estimation of the state of agricultural
mechanization in Bure district in comparison
to the 2014-2024 Growth and Transformation
Plan of the Ethiopian government. This work
lays the foundation for conducting similar
studies, which can be scaled up to other parts
of the country. It has been a matter of concern
in most developing countries to support
farmers for their sustainability, since they
work to produce food grains under
uncertainties and stand as the backbone of the
country’s economy. It is recommended that the

government implement  capacity-building
initiatives, conduct awareness-raising
demonstrations, and enhance access to

financial loans for mechanization services. It is

also recommended to identify the primary
barriers from the supply side within the
district.
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