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Generally, land fragmentation is a universal trait of all agricultural systems which affects farmland productivity and no one had
documented a rural society where there was no land fragmentation. Hence, this study sought to ascertain the effects of land
fragmentation on farmland productivity in the highland districts of Northwestern Ethiopia by using cross-sectional data collected
from 240 respondents during 2015/16 production seasons and analyzed by using linear and Cobb-Douglass production functions. In
land productivity model, 38% of variations in farmland productivity are explained by variations in independent variables including
land fragmentation parameters. Average farmland size of 1.25ha was obtained as minimum size that can generate minimum
food and cash requirement of an average family of five adult equivalents. Hence, the government should come up with land use
policy and population growth controlling program, which enables determining minimum economic farmland size, improving land
productivity, and finding ways to strengthen off-farm activities and livestock sector to absorb more labor and enhance means of

generating more income so as to decrease minimum farmland size required.

1. Introduction

Agriculture has always been an important sector in Ethiopia
which is serving 85% of the population either directly or
indirectly that placed the smallholder farmers as central focus
of development policies and strategies. However, it had been
characterized by a very low growth rate, estimated at about
1.4% per annum in real term, which was less than the growth
rate of population, that is, 2.49% per annum, during the last
three decades [1].

The rational use of agricultural land is influenced by
land use limitations. One of the obstacles for agricultural
development is land fragmentation [2-4]. Land fragmenta-
tion is defined as the situation in which a single farm or
ownership consists of numerous spatially separated plots [5].
Likewise, according to Bizimana et al. [6] land fragmentation
refers to farmers operating two or more geographically
separated tracts of land, taking account of the distances
between those parcels. Dominant problem associated with
land fragmentation is the small size, irregular shape, and

dispersion of parcels [7, 8]. With this statement, in Ethiopia,
about 92.26% of rural households operate on holdings of
mean 1.4 ha which constitutes 72% of total crop area. The
number of households operating on holdings smaller than
or equal to 1ha (mean 0.73 ha) constitutes 72.1% of the total
while the national average holdings estimate is about 0.8 ha
[9]. This indicates that agricultural land fragmentation is a
widespread phenomenon in highland areas of the country.
The major causes are being land distribution and redistribu-
tion, inheritance rules, and risky peasant agriculture. In line
with this Rahameto [10] stated that land fragmentation was
widespread in North as well as South under all tenure systems
and in many parts of Ethiopia.

Different research results [11-15] indicated that land frag-
mentation is often considered as the source of inefficiencies
in crop productivity which is associated with production
costs due to inefficient resource allocation; suboptimal usage
of factor inputs that lowers overall returns to land due to
losses on extra travel time, wasted space along borders,
inadequate monitoring, and the inability to use certain
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types of machinery; hindering agricultural modernization
and making it costly to modify adverse effects by consol-
idation schemes; and so forth. Empirically, they estimated
that land fragmentation constitutes 60% of the total cash
cost of production. However, fragmented land with different
biophysical conditions allows farmers to reduce risks such
as drought, flood, and fire, diversify crop mixtures, and
ease seasonal labor bottlenecks [16]. Land fragmentation also
allows farmers to grow a wide range of crops with different
ripening time so that they may concentrate their labor at
different plots at different time, thereby avoiding the period
of labor intension and household labor bottlenecks [17].

In Northwestern highlands of Ethiopia, the demand
for land has been increasing significantly in the last three
decades. Available evidence shows that, over the years, the
total land holding per household is becoming smaller and
smaller. Given the rapidly growing population versus con-
sequent land size fragmentation and degradation of natural
resources, the opportunity to increase smallholders’ farmland
productivity through area expansion is limited [18, 19].
According to Enyew et al. [20], proportion of cultivated land
in potentially productive highlands is 50-70% of the total
land and the remaining land is mostly water logged or steep
slope. This threat is credible as about 90% of the population
of the Amhara National Regional State (ANRS) lives in the
highland part of the region and 90% of the regularly cropped
land is found there.

There are not many studies conducted related to land
fragmentation in the country in general and ANRS in
particular at different levels. Most of the studies [10, 20-
23] focused on the land tenure, land certification, and other
related issues, which ignores the land fragmentation issues
even if it is critical for productivity. In light of this, the study
area, that is, the highland districts of West Gojjam Province,
is characterized by small farm holding divided into small
strips scattered over distant areas. Hence, land fragmentation
appears to be the most acute problem of smallholder farmers
in the highland areas where majority of the people reside.
Therefore, it is self-justifying to give priority for investigating
effects of land fragmentation on farming in the highland
areas. Moreover, the advantages and disadvantages of land
fragmentation depend entirely upon the local economic and
natural environment. Each community should be considered
as a unique case before a government decides to undergo
any change against land fragmentation. Hence, this study
was initiated to produce empirical information which serves
as a basic source specifically about the districts and provide
additional knowledge concerning land fragmentation and its
effects to smallholder farmers’ land productivity and farm
income. The main hypothesis of this research was that “there
is a significant variability of output or farm income under
different conditions of land fragmentation parameters” in the
study area.

2. Literature Review

Farm or parcel size is usually considered the physical size of
land held in operation. It has been proved that a regression
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equation leads to biased estimates and mistakenly leads to
an inference that there had been diseconomies of scale in
land use, when conventional definition of size of a farm
is used as measure of form size [24]. The landholding or
parcel size and its influence on land fragmentation and/or
agricultural productivity are an overall problem around the
world. For example, in Nigeria and China, the impact of land
fragmentation and landholding size has been investigated
to rice farming. Ben-Chendo et al. [25] found out that
landholding size of the rice farmers is relatively small and it
can discourage the practice of rice framing. Therefore, the
option would be enhancement of landholding size. Tan et
al. [16] study showed that farmers with more and smaller
plots tend to use fewer modern technologies and reduction
of the average distance to plots and an increase in farm size
decreased the total production costs per ton.

Relationship between farm size and productivity in devel-
oping countries is one of theoldest issues in the academic
arena for analyzing the agrarian structure. The debate on
farm size and productivity relationship intensified, when Sen
[26] observed inverse relationship between farm size and
output per hectare in Indian agriculture, suggesting that
small farms are more productive compared to large ones.
This relationship is explained by the relative advantage of
using more family labor by small farms that may reduce
the monitoring and supervision costs of hired labor. These
findings show that equity does matter for efficiency in the
agricultural sector and raise the question of redistributive
land reform in most agrarian countries. Likewise, Feder [27]
shows that small farmers have high labor/land ratios and
could achieve higher yield per hectare. Moreover, different
researchers in India found inverse relationship between farm
size and productivity [28-34]. Additionally, Hossain [35],
Berry and Cline [36], and Herdt and Mandac [37] found that
the inverse relationship holds in the case ofIndonesia, the
Philippines, and Bangladesh, respectively.

Despite a number of studies favoring the inverse rela-
tionship, there are different research results which did not
find inverse rather positive relationship between farm size
and productivity in India [38-48]. Moreover, Cornia [49]
analyzed the relationship between factor inputs, yields, and
labor productivity for farms of different sizes in 15 develop-
ing countries. These results showed a positive relationship
between farm size and productivity in Bangladesh, Peru, and
Thailand.

Increasing population entails fall in the landholding size
and fragmentation into small parcels [6, 50]. Parcel size is
the primary characteristic to describe the land use conditions
and to evaluate the land fragmentation. The simplest method
is to calculate the average size of the landholding or parcel.
Although this method is considered to be easy and comfort-
able, the main disadvantage is the fact that it does not describe
the distribution of parcels by size [8]. When landholdings
are fragmented into several small parcels which are spatially
scattered and the distance from the farmhouse is varying, it
hampers agricultural development in many ways [14, 51].

3. Research Methodology

West Gojjam, the study area, is one of the productive
provinces in Northwestern Ethiopia. Based on the 2007
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census, this province has a total population of 2,106,596, of
whom 1,058,272 are males and 1,048,324 females, with an
area of 13,311.94 km? and a population density of 158.25. A
total of 480,255 household heads (HHs) were counted in this
province, which results in an average of 4.39 persons per
household and 466,491 housing units [52].

Generally, for the purpose of this study, multistage ran-
dom sampling procedures at five levels were employed for the
selection of sample respondents. First, West Gojjam Province
was purposively selected due to its high production potential
with high population pressure and its highest severity of land
fragmentation in Northwestern Ethiopia. Secondly, purpo-
sive sampling technique was used to come up with three
districts, namely, Dega Damot, Quarit, and Sekela, which
are relatively located in highland areas with fragmented
landholding size. Thirdly, cluster random sampling technique
was employed to categorize Peasant Kebele Administrations
(PKAs) which are relatively located in highland and lowland
areas. Fourthly, simple random sampling was employed to
select 12 PKAs (4 PKAs from each district) which are located
in highland areas. At last, by considering precision, homo-
geneity nature of samples, and simplicity of analysis, random
sampling technique by using RANDBTWEEN formula in
Microsoft Excel sheet was employed to select 240 samples
HHs from the total HHs that the selected PKAs had. The
principle of probability proportional to size or ratio sampling
was used as a basis to fix the number of sample HHs selected
from each PKA.

Data was collected from both primary sources, such as
respondents through pretested individual interview schedule,
key informant (KI) interviews, and focus group discussions
(FGDs), and secondary sources, such as journal articles,
books, extension package manuals, proclamations, reports,
and others relevant to this study from the district agricultural
offices, land administration and environmental protection
offices, province departments, regional bureaus, and so on.

After completion of raw data collection, it was processed,
entered, and analyzed by STATA version 12 computer aided
statistical packages. The households’ quantitative data was
tabulated and analyzed by using both descriptive and infer-
ential statistical tools such as percentage, mean, standard
deviation, t-test, and chi-square test. The qualitative data were
partly analyzed on spot during data collection to avoid forget-
ting and to be able to identify the covered through subsequent
data collection by using interpretations, categorizations, and
narrative explanation of facts.

Productivity of a farm is the ratio of the output it produces
to the input it uses [53]. The study of productivity of resources
requires the use of production function. Production function
is defined as the basic concept in economic theory of
production function based on experiments with crops and
livestock and farm production based on cross-sectional and
time series data [54]. Product or output is a function of or
is dependent on the input of resource services [55]. Hence,
the production function concept could be summarized as
the set of all possible efficient relations between inputs and
output given the current state of technological knowledge.
In mathematical terms, the production function is assumed
to be continuous and differentiable. After assessing previous

studies [56-60] on similar topics and taking into account
the laws of the production process, power function or
Cobb-Douglass and linear production functions had been
selected as appropriate functional forms. However, Gavian
and Fafchamps [61] employed multiple linear regression
model for the analysis of effects of land fragmentation on
productivity. For the purpose of this study, linear production
and Cobb-Douglass function were employed in the analysis
of the effects of land fragmentation on productivity and to
determine minimum farm size, respectively.

Most production function research had been based on
single equation approach because of its computational sim-
plicity. The implicit form of the single equation model that
was used in this study was given as

Y=f<%+1,xl-+2,...,xl-+n,E>. 0

1

The model indicated that Y, the net farm income or land
productivity of all crops produced, and x, are factors of
production and land fragmentation parameters including
land, labor, and capital parameters. According to Singh [57]
land is the most important factor of production, while labor is
the second in importance and capital inputs seemed to play
relatively lesser role in crop production. The perpendicular
bar was used to indicate that all factors to the left of the
bar are fixed in quantity. This symbolic representation of the
production function does not explain the amount by which
Y changes. To express quantitative relationships between
variables, the production function must be expressed in
functional form and it was discussed separately in the result
and discussion part.

4. Result and Discussions

4.1. Household Characteristics. Households are important
institutional units for most development process including
agricultural extension services delivery. Thus, discussing the
demographic features and economic conditions of respon-
dents would have a vital role in seeing the extents of variations
of land productivity model as a result of land fragmentation
parameters vis-a-vis socioeconomic variables. According to
the survey result, the mean age of the total sample respon-
dents was 47.11 years with minimum and maximum age of 33
and 74 years, respectively. The result of independent sample
t-test indicated that there is a statistically significant mean
difference (at <5% probability level) among respondents.
The average family size of the respondent was found to be
5.91 with a standard deviation of 1.25. However, indepen-
dent sample t-test indicated no significant mean differences
among them at 10% probability level. The educational level
of sample respondents showed that 55.6% are illiterate, while
44.4% are literate. This result showed a significant mean
difference (x* = 77.242) between male headed households
(MHHs) and female headed households (FHHSs) at less than
1% significance level.

Land is the primary source of livelihood for all rural
households. The size of the land reflects ownership of an
important farm asset. The larger farm size implies more
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TABLE 1: Summary of linear regression result.
Variables Coefficient t-ratio
Dependent variable: land productivity
Average distance of parcels from homestead (minutes) —11.40""" -2.51
Cultivated parcel number -13.98"*" -2.39
Average area of cultivated parcels owned (Ha) -125.84 1.52
Labor intensity (man-days/ha) -0.23 -0.45
Oxen power intensity (oxen days/ha) 28.42%"" 3.19
Age of HH (years) -6.20" -1.67
Operational capital intensity (ETB/ha) 2.87""" 3.13
Constant 1151.03""" 4.91
R’ 0.42
Adjusted R 0.38
F-ratio 5.56"""
Observation 240

ER N

Source: our own computation (2016).

resources and greater capacity to invest in farm and increased
production. The processes through which land was obtained
and the size of the land differed from household to household
[18]. Nevertheless, almost all households had access to land
even if the size of land acquired by most respondents was
small. The mean land holding size of the respondents was
1183 ha with a standard deviation of 1.025, and there is a
statistically significant mean difference (f = -12.132) at
less than 1% level of significance. With regard to livestock
ownership, the survey result clearly showed that on average
a HH had 3.75 TLU with a standard deviation of 2.44. There
was a significant mean deference (t = —5.630) at less than
1% level of significance. Generally, it is obvious that livestock
are important source of cash income in rural areas, which are
used for purchasing different types of packages to increase
production and productivity.

4.2. Determinants of Land Productivity. The effect of land
fragmentation was analyzed by identifying factors influenc-
ing land productivity using linear production function. This
was done based on the relationship established between
land productivity (dependent variable) and the independent
variables. Before running the model to estimate the equation
of land productivity, the association between explanatory
variables was checked using variance inflation factor (VIF),
which shows how variance of estimate is inflated because
of the presence of Multicollinearity [62]. In all cases, there
is no serious problem of Multicollinearity since all values
of VIF were below five and assumed minimum because
value of VIF less than 10 does not bring serious problem of
Multicollinearity [62].

The ordinary least square (OLS) method applied to the
survey data provided the regression results summarized in
Table 1. The F-statistic ratio was highly significant at less
than 1% probability level. This showed that the main (alter-
nate) hypothesis formulated, that is, “there is a significant
variability of output or farm income under different land
fragmentation parameters,” was accepted. The result showed

Significant at less than 10%, 5%, and 1% probability level, respectively.

that there is a considerable variation in output, which is not
explained by the production function. As shown by value
of adjusted coefficient of multiple determinations, only 38%
of variation in land productivity is explained by variations
in the independent variables included in the model. The
possible reason for low explanatory power of the model
might be due to the inability of capturing important natural
factors. However, the estimated regression model can serve
the objective, which was the effect of land fragmentation on
land productivity.

4.2.1. Land Fragmentation Parameters

(1) Average Distance of Parcels from Homestead (Minutes).
Agricultural land fragmentation parameter, average distance
of parcels from homestead, is an average distance of cultivated
parcels from homestead, which was measured, in walking
time (minutes). It indicated average distance of parcels from
homestead to cultivate land by a farm family. This research
finding proved that land productivity was negatively affected
by this variable at less than 0.01 significant level. Accord-
ingly, it was reviewed [63-67] that distance wastes labor
time by traveling between homesteads and parcels, becomes
hindrance in transporting inputs from homestead to parcels,
makes supervision and protection of the land difficult, entails
long distances, loss of working hours, problem of transport-
ing agricultural implements, and products, and results in
small and uneconomic size of operational holdings. As a
result, King and Burton [68] and Gavian and Fafchamps [61]
concluded that the long distances between parcels reduce the
level of crop productivity or income by inducing production
costs.

(2) Cultivated Parcel Number. The number of cultivated
parcels owned, another land fragmentation parameter, sig-
nificantly (<1% probability level) but negatively affected land
productivity. This implied that it would be optimal for the
farmers to have the land holdings in fewer plots. Similar
results had been found by Bizimana et al. [6] and Jha et al.
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[67], where there is a negative relationship between number
of plots cultivated and the yields of crops and net farm income
per hectare.

However, based on this research result, average size of
parcels and labor intensity were found not significant in
influencing farmland productivity. This result, insignificant
relationship between average size of parcels and productivity,
clearly shows the traditional nature of agricultural practices
in the study area. This is because Deolalikar [46] and Dyer
[69] stated that this type of relation may hold true in a
relatively backward agriculture but it breaks down with the
advancements in technology. Similarly, the weak relationship
between labor intensity and productivity might be because
of the presence of abundant labor power and working time,
where time spent in walking from homestead, protecting
parcels from wild life and bird attack, and close supervision
does not reduce working time of farm activities. Similarly,
Commander [70] found that there is no consistent association
between average farm land size and productivity. However,
Singh [57] and Gavian and Fafchamps [61] found that labor
per hectare and farm size were significant and affected yield,
the former positively and the latter negatively. Moreover,
Magbool et al. [71] found the regressing value of output per
unit of cultivated area against the log of operational holding
confirmed a negative relationship between farm size and
productivity.

To sum up the issue, land fragmentation parameters,
the overall finding of this research indicated that land frag-
mentation has a negative effect on yields and leads to small
and uneconomic size of operational holdings. However, the
efficiency of very small-scale farms can be enhanced by land
consolidation programs. According to Bizimana et al. [6] land
consolidation program allows reallocating relatively larger
holdings to farmers in order to reduce the present dispersed
distribution of land, so as to increase land productivity
via allocating land to more proficient farmers. Therefore,
enabling proficient farmers to access relatively larger land
holdings can be attained through institutions and policies
promoting efficiency in human resources and an efficient land
(rental) market.

4.2.2. Socioeconomic Variables. Besides land fragmentation,
different socioeconomic variables including but not limited
to factors of production (labor and capital) would have an
effect on land productivity. In line with this premises, oxen
power intensity, operating capital intensity, labor intensity,
and age were regressed in land productivity model.

(1) Oxen Power Intensity (Oxen Days/ha). The variation in
oxen power intensity, which refers to the total oxen power
used in crop production during the study year (2015/16)
divided by total cultivated land area, significantly influenced
land productivity at less than 1% probability level. An incre-
ment of oxen power by oxen day per hectare was associated
with an increment of 28.42 ETB per hectare.

(2) Operational Capital Intensity (ETB/ha). Operating capital
intensity, which is the amount of variable cost (the sum of

values of seed, fertilizer, herbicide, and cost of hired laborer)
used in crop production divided by total cultivated land
area, significantly influenced land productivity at less than 1%
probability level. An increment of operating capital by one
ETB per hectare is associated with an increment of 2.87 ETB
per hectare.

(3) Age of HH (Years). In addition, age of household heads
significantly influenced land productivity at less than 10%
probability level. An increment of an age of household head
by one year is associated with declining of land productivity
by 6.20 ETB.

However, labor power intensity was not found to signifi-
cantly influence land productivity. The probable reason is the
availability of abundant labor power in the study area.

4.3. Net Farm Income Model Result. In this section, net
farm income equation was estimated to determine minimum
farm size. Hence, log transformed Cobb-Douglas produc-
tion function was employed in estimating net farm income
equation. Before running the model, the association between
explanatory variables was checked by using VIF and in all
cases there is no serious problem of Multicollinearity since
all values of VIF were below five. According to the OLS
regression result depicted in Table 2, the model was highly
fitted to the data as shown by F-statistic, which was highly
significant at less than 1% probability level. The coefficient of
multiple determinations for the model was also significant
at less than 1% probability level. Thus, it can be stated that
with 99% confidence more than 68% of the variation in net
farm income among the farmers is explained by the factors
included in the model. Hence, the selected model fits to the
available data. The regression result showed that four out of
five independent variables included in the model significantly
influence net farm income. These are area of cultivated land,
oxen power used, operating capital, and age of household
head.

Based on the result in Table 2, it is vivid that cultivated
land area was one of the major limited resources upon which
the farmers in the study area depend for their living. Vari-
ations in area of cultivated land (cropped land) were found
to significantly influence variations in net farm income (at
probability of <1%). The elasticity estimate of net farm income
was 0.41 with respect to cultivated land area, indicating
that, other things being the same, a 1% increase in the area
of cultivated land was associated with a 0.41% increase in
net farm income. Similarly, oxen power input significantly
influences net farm income (at <1% probability level). The
elasticity estimate of this variable showed that a 1% increase
in oxen power input (oxen days) led to about 0.42% increase
in net farm income, while all other factors held constant. In
addition, operating capital, the other limiting factor of crop
production in the study area, significantly related to net farm
income (at <5% probability level). The elasticity estimate of
this variable showed that a 1% increase in operating capital
was associated with about 0.15% increase in net farm income,
while all other factors held constant. Lastly, the variation in
age of household heads was found to be significant (at <10%
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TABLE 2: Log transformed Cobb-Douglas production function regression result.
Variables Coefficient t-ratio
Dependent variable: net farm income
Constant 6.69""" 8.24
Area of cultivated land (Ha) 0.41""" 3.32
Total oxen power intensity (oxen days) 0.42""" 3.45
Operational capital (ETB) 0.15*" 2.04
Age of HHs (years) -0.30" -1.73
Labor power (man-days) -0.08 -0.76
R 0.7
Adjusted R? 0.68
F-ratio 43.14"""
Observation 240

sy ok ok K ok ok

Source: our own computation (2016).

probability level) but negative in explaining variation in net
farm income of the sample households. The elasticity estimate
of the regression result showed that a 1% increase in age of
household head was associated with about 0.3% decrease in
net farm income, while all other factors held constant. This
showed that, as age increases, there is a tendency towards
increasing leisure time by the sample households’ heads.

The overall result found that land fragmentation has a
negative effect on farm profitability. This is probably due
to inherent inefliciencies arising from the dispersion of
land parcels. In line with this finding, Di Falco et al. [72]
reported that land fragmentation has a detrimental effect on
farm profitability. Moreover, Berhanu [59] established the
relationships between net farm income from crop farming
and cultivated land area, available family labor force, oxen
power, direct cost (crop production and animal), irrigated
land area and total land productivity, income from livestock,
and share of coffee and chat income in gross farm income
on Hararghe highlands, Ethiopia. He found land productivity,
cultivated land area, and direct cost to be significant variables
in the regression. He, finally, concluded that cultivated land
is the limiting factor of the production.

The above estimated net farm income model was used to
determine minimum farm size so as to examine the extent of
subdivision of farms into smaller farms in the study area and
how the livelihood of the people is affected due to diminution
of farmland. In deciding the minimum requirement for an
average farm family, Banerjee and Siroh [56] took an average
expenditure incurred on different items. In this study, in
determination of minimum farm size, an attempt had been
made to estimate an area of cultivated land that generates
subsistence requirements (1604 ETB) per average farm family
of 5 adult equivalents as estimated in the model. The amount
of money mentioned was equated with right hand side of the
estimated net farm income equation. Then the equation was
solved for cultivated land by keeping other variables constant
at their average values (average for the sample households).
The reason of using average value is that it is assumed to
determine minimum farm size that can generate subsistence
requirement for an average farm family. The average oxen
power used (oxen days), age of household head, average labor

Significant at 10%, 5%, and 1% probability level, respectively.

input used, and average operating capital were 21.37 oxen
days, 4711 years, 97.81 man equivalents, 227 ETB, respectively.
The estimated net farm income equation to be solved to
determine minimum farm size is as follows:

Iny, =6.69+0411lnx; +0.42Inx, - 0.30Inx;

2)
—-0.07Inx, +0.151n x5,

where x, is area of cultivated land (ha), x, is oxen power used
(oxen days), x; is age of HH (years), x, is labor power used
(man-days), and x; is operating capital (ETB).

By solving (2), farmland size of 1.25ha was obtained
as minimum size that can generate minimum food and
cash requirement of an average farm family of five adult
equivalents. This figure was less than the national average
minimum farm size 1.53 ha per household having five mem-
bers [63] which is estimated minimum requirement based
on assumed expenditure on consumable and nonconsumable
and minimum energy requirement. However, the figure is
greater than minimum farm size of 1.18 ha needed to fulfill
minimum food and cash requirement for an average of five
adult family members per household which equated on the
survey result conducted in Hararghe highlands [59]. The
probable reasons for this variation are that the minimum
farm size determined was under the existing technology,
productivity, and prices of inputs and farm produce, which
resulted in variations by increasing inputs and practices that
can improve the productivity of land considerably. Based on
this result, out of the total sample households, 33% owned
farmland size (cultivated and fallow land) less than the
minimum farm size (1.25ha). Therefore, one can infer that
land owned by the households failed to support the farmers
and their family at estimated assumed minimum food and
cash requirement with the current land productivity.

The overall effects of agricultural land fragmentation
on productivity and net farm income undermine the liveli-
hood prospects of smallholder farmers in the study area.
In light of this, Abdollahzadeh et al. [73] summarized as
increasing production cost, preventing of performing timely
operations such as water control, transplanting, and pest
control, restricting the applications of modern technology
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(mechanization, irrigation), wasting of farmers’ time by
imposing unnecessary travel among land plots, crop pro-
duction and yield decline, problem of monitoring farming
activities, complicating of pest control and integrated farm
management, and so on the major challenges associated with
land fragmentation on smallholder farmers’ livelihood.

5. Conclusion and Policy Options

(i) The result showed that there is a significance
mean differences on productive resources ownership
among smallholder farmers.

(a) Therefore, intervention strategies focused on
improving accessibility of resources, that is,
through provision of communal land, are cru-
cial to minimizing income disparities between
smallholder farmers who lease out their land
and who plough by themselves.

(b) Moreover, improving the productivity of live-
stock sector could have an immense impact to
improve the household income so that food
security status at household level would be
above threshold level.

(ii) Decrease of farmland size due to subdivision has
resulted in farmland holding which does not support
average farm household for about 33% of the sample
households. Therefore, to overcome the problem of
diminution, the government and policy makers have
to come up with

(a) land use policy, which enables determining
minimum economic farm size with higher pro-
ductivity.

(iii) Determination of minimum farm size is dynamic pro-
cess, which depends on family size, land productivity,
oxen power used, income from off-farm activities and
livestock sector, and so on. In this particular study
area, efforts have to be made in

(a) improving land productivity,

(b) increasing utilization of oxen power,

() increasing utilization of operating cost,

(d) finding ways to strengthen off-farm activities
and livestock sector to absorb more labor and
enhance means of generating more income so
as to decrease minimum farm size required.

(iv) The insignificant coeflicient of labor showed the
existence of plenty labor force with cheap wage rate.
This is due to the highest population pressure on the
highland areas of Northwestern Ethiopia. Simulta-
neously, this current population growth may further
lead to further farmland diminution. Hence,

(a) population growth controlling programs
through appropriate family planning services
should be introduced in advance;

(b) attempting to absorb the existing abundant or
excess labor force in other sectors through facil-
itating different nonfarm activities as sources
of employment and income by GOs and NGOs
should be promoted.

(v) Last but not least, policy makers should not overlook
the advantages of land fragmentation from the farm-
ers perspective and they should focus on whether
consolidation programs lead to significant produc-
tivity that makes farmers better off or not, before
issuance of policy on consolidation. The effects of
agricultural land fragmentation parameters (distance
of parcels, number of parcels owned, and average size
of parcels) have to be considered separately so as to
take proper measure on each of them.
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