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Abstract

T

his study analyzed the determinants of the productivity of smallholder arable crop
farmers with a particular focus on land fragmentation using the Simpson Index as
measures of land fragmentation in Imo state of Nigeria. Data collected by using structured
questionnaire and interview schedules were analyzed using simple descriptive statistics;
Simpson index and regression analysis. Results showed that a greater percentage of the
respondents were females, while the average age of the respondents was 52 years. About
90% of the respondents had formal education. The average farm size cultivated by the
respondents was about 1 ha. Farming was the primary occupation of majority (73.33%) of
the respondents. About 63.33% of the respondents were not visited by extension agents
during the last cropping season. The Simpson index was 71.91%, indicating high degree
of land fragmentation. The significant factors influencing the productivity of the farm
were fragmentation, fertilizer, labour, and planting materials. Land reform policies and
programmes that would give farmers access to more contiguous land holdings for
increased agricultural production was recommended.

1. Introduction
Land is a basic resource for agricultural
production. Land fragmentation is a phenomenon
which exists when a household operates a number of
owned or rented non-contiguous plots at the same
time (Wu et al, 2005). Land fragmentation has been a
prominent feature in many countries since at least the
17th century (Shuhao, 2005). The existence of
fragmented landholdings is regarded as an important
feature of less developed agricultural systems. It can
be a major obstacle to agricultural mechanization,
causing inefficiencies in production and involves
large cost to alleviate its effects (Niroula and Thapa,
2007). Rahman and Rahman (2008) reported that
land fragmentation has a significant detrimental
effect on productivity and efficiency.
According to Shuhao (2005) and Jha et al
(2005), land fragmentation leads to increased
travelling time between fields, hence lower labour
productivity and higher transport cost for inputs and

outputs. They noted that fragmentation also involves
negative externalities such as reduced scope for
irrigation, soil conservation investments and loss of
land for boundaries and access routes. Farmers may
also incur higher costs of supervising workers on
each separate farm than when supervision occurred
on a large farm. Fragmentation also involves greater
potential for dispute among neighbours. These
conflicts arise when farmers do not agree with the
current farm demarcations especially because they
believe that their neighbours have cheated them by
taking some land from their respective farms.
While numerous land consolidation and land
reform policies have been implemented to reduce
fragmentation in European countries like the
Netherlands and France, in African countries like
Kenya, Tanzania, Rwanda and elsewhere (SabatesWheeler, 2002), fragmentation still persist in Nigeria
probably caused by the traditional land tenure system.
The promulgation of the 1978 Land Use Act was in a
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bid to solve the problems of fragmentation posed by
the land tenure system (broadly described as rigid,
creating obstacles in the way of development).
1.1 Land Fragmentation and Productivity
of Smallholders’ Farms: An Empirical Review
There has been debate over time on land size
and land productivity relationship. The debate
basically focused on the effect of fragmentation on
the ability of farmers to minimize risk. Bizimana et al
(2004), Binswanger et al (1993), Jabarin and Epplin
(1994), Blarel et al (1992), Carlyle (1983), Heston
and Kumar (1983), Bentley (1987), reported that land
fragmentation has a negative effect on productivity
and yield. Jha et al (2005) reported a significant
positive relationship between average farm size and
yield while the number of plots and yield were
inversely related.
On the other hand, Boliari (2013a), Huang et
al. (2007), Lerman (2005), Battese et al (1989), and
Huang and Bagi (1984) noted that variations across
farms were due to differences in productivity, which
was largely influenced by farm size and ecological
and socio-economic factors such as gender, age,
education, extension services, access to credit, among
others.
Among the advocates of fragmentation
because of its benefit to farmers were Ilbery (1984),
Bentley (1987), Tan (2005) and Shuhao (2005). They
viewed land fragmentation as a positive choice by
farmers in order to reduce risk from natural disasters
(such as floods and droughts), promote crop
diversification, as well as to ease allocation of labour
over cropping seasons. Bentley (1987) noted that land
fragmentation may enable risk management through
the use of multiple agro-climatic zones and the
practice of crop scheduling. Growing crops in
different locations may reduce the risk of losing
output due to perils such as floods, fires and
destruction of crops by herds. Shuhao (2005) opined
that land fragmentation may also enable the growing
of a variety of crops that mature and ripen at different
farm at different times.
This study specifically measured the degree
of land fragmentation in the study area and examined
the effect of land fragmentation and other factors on
the productivity of farms.
2. Materials and methods
This study was conducted in Imo State,
Nigeria. Imo State lies within latitudes 40 45’ and 70
15’north of the equator and longitude 60 50’ and 70
25’east of the Greenwich Meridian. It has a land area
of 5100 square kilometers. According to national
census of 2006, Imo State has a population of 4.8
million people and the population density varies from
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250-1400 people per square kilometer. It is bordered
by Abia State on the East, by Anambra State to the
North, by the River Niger and Delta State on the
West and Rivers State to the South. The main cities
in Imo State are Owerri, Orlu, Mbaise, Mbano and
Okigwe. Administratively, the State is divided into
27 Local Government Areas and has three (3)
Agricultural Zones namely: Owerri, Orlu and
Okigwe. The major occupation of the Imo inhabitants
especially in the rural areas is farming.
Purposive and simple random sampling
techniques were used in selecting the respondents.
Six Local Government Areas (LGAs) out of the 27
LGAs in the State were purposively selected based on
performance in arable crop production. From the
selected LGAs, 2 autonomous communities were
randomly selected from each LGA. Finally, 6
smallholder arable crop farmers were randomly
selected from each community to give a total of 72
respondents.
Data collection was by structured
questionnaire and interview schedules administered
to the respondents. Data collected were on the socioeconomic characteristics of the respondents such as
on age, gender, marital status and household size,
level of education attained, occupation, years of
experience and farm input and output data as well as
on land fragmentation. Sixty seven questionnaires
were retrieved and 60 were found to be useful and
used for analysis.
Simple descriptive statistics such as mean,
frequency tables and percentages; Simpson’s index
and regression analysis were used for data analysis.
With respect to measuring fragmentation, the
Simmons Index of Simmons (1964), the Januszewski
Index of Januszewski (1968) and the Simpson Index
of Blarel et al (1992) are among the most commonly
used fragmentation indices in the literature. None of
these indices is superior to one another; they are
essentially similar to each other and incorporate the
same three parameters desirable in assessing the
degree of fragmentation: 1. the farm size; 2. the
number of plots; and 3. the size of plots. The choice
of index for this study is the Simpson Index. The
Simpson Index is defined as the sum of the squares of
the plot sizes, divided by the square of the farm size.

(1)
Where SI is the fragmentation index, n is the
number of parcels belong to a holding, a is the size of
a parcel and A is the total holding size. An SI value
of 1 means that a holding consists of only one parcel
and values closer to zero mean higher fragmentation.
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The Simmons index becomes the Simpson index if it
is subtracted from 1.
The effect of fragmentation on land
productivity was analyzed using the Ordinary Least
Square regression model. The model is specified in
the implicit form as:
(2)
Y= f (X1, X2, X3, X4, X5)
Where Y = land productivity (total value of
arable crops divided by total planted area of the
crops); X1= land fragmentation index (as defined
previously); X2 = fertilizer (kg); X3 = cost of planting
materials (naira), X4= labour cost in Naira; and
X5=capital in naira made up of capital consumption
allowance, interests, rents, etc. Four functional forms
namely: linear, exponential; semi long and double log
function were tried and the best fit model chosen for
further analysis. The choice of the best fit model was
based on the magnitude of the coefficient of multiple
determinations (R2), f-statistics, the number of
significant variables and the conformity of the signs
borne by the coefficients of the variables to a priori
expectations.
3. Results and discussion
3.1 Socio-economic characteristics of
respondents
The socio-economic characteristics of the
respondents are presented in Table 1. The results
showed greater percentage of the respondents were
females. This is consistent with Idowu and Ajani
(2008). They reported that women have been found
to participate actively in all subsectors of agriculture,
namely crops, livestock, fisheries and agro forestry,
and particularly in subsistence food production,
where they contribute an estimated 60 to 80 percent
of the total labor used. Majority of the farmers were
aged between 41-50 years, with the mean age being
52 years. This implies ageing farming population.
Farm operations in Nigeria have remained labour
intensive and require able-bodied men and women.
As noted by Iheke (2010) and Iheke and Nwaru
(2014), the risk bearing abilities and innovativeness
of a farmer, his mental capacity to cope with the daily
challenges and demands of farm production activities
and his ability to do manual work decrease with
advancing age. Majority of the respondents were
married and this implies that farm households are
stable with ceteris paribus, a pool of family labour
for farm work. According to Nwaru (2004), the
stability should create conducive environments for
good citizenship training, development of personal
integrity and entrepreneurship. About 90% of the
respondents had one form of formal education or the
other from primary to tertiary. This implies that they
are literate and should be able to understand and
evaluate farm innovations. Education has been
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hypothesized to positively influence productivity of
farms (Amos, 2007; Kibaara 2005). Education has
been described as being pivotal to unlocking the
entrepreneurial abilities of farmers and enhancing
their ability to understand and evaluate new
production techniques (Iheke, 2010; Nwaruet al.,
2011).
The average farm size cultivated by the
respondents was about 1 ha. This shows declining
farm size which may be due increased population
pressure and rapid urbanization as witnessed in the
study area. As reported by Iheke (2010), rural farms
are usually small-sized, fragmented and scattered and
not contiguous land holdings. According to Nwaru
(2004), small-sized, fragmented and scattered
holdings poses a great challenge to the much-desired
agricultural
modernization/mechanization
and
commercialization in Nigeria and therefore depicts
the need for urgent land reform policies and
programmes that would give farmers access to more
contiguous land holdings for increased agricultural
production.
Farming was the primary occupation of
majority (73.33%) of the respondents. This is in line
with research findings that farming is the major
occupation of rural dwellers. The average household
size was 6 persons per household. This is consistent
with the findings of Iheke and Ukaegbu (2015).
According to Iheke (2010), large household size is
desirable and of great importance in farm production
as rural households rely more on members of their
households than hired workers for labour on their
farms. Majority (63.33%) of the respondents were not
visited by extension agents during the last cropping
season, a measure which if reversed would impact
positively on farm productivity. Iheke (2006) noted
that as change agents, extension workers serve as
channels for diffusion of technical innovations.
Extension services provide informal training that
helps to unlock the natural talents and inherent
enterprising qualities of the farmer, enhancing his
ability to understand and evaluate new production
techniques leading to increased farm productivity and
incomes with concomitant increase in the welfare of
the farmer (Nwaru, 2004; Nwaru et al., 2011). The
average distance from the homestead to the farm was
3.2 kilometers. Distance from the households’
residences to plots has been reported to negatively
affect the productivity of farms (Shuha, 2005;
Byringiro and Reardon, 1996).
3.2 Degree of land fragmentation
The degree of land fragmentation as
estimated using the Simpson Index was 0.72. This
indicates high level of fragmentation or parcelation of
the farms. This conforms to the report of Iheke
(2010), Boliari (2013a; 2013b). According to Shuhao
2015; 5(3):195-201

197

198

Effect of Land Fragmentation on Smallholders’ Productivity

Iheke and Amaechi

(2005) and Jha et al.(2005), land fragmentation leads
reported that land fragmentation reduces the
to increased travelling time between fields, hence
productivity of farms. The coefficient of fertilizer
lower labour productivity and higher transport cost
was significant at 5 percent significant level and
for inputs and outputs. It also involves negative
positively related to productivity. This implies that
externalities such as reduced scope for irrigation, soil
productivity increases with increase in the use of
conservation investments and loss of land for
fertilizer. This conforms to a priori expectation. Most
boundaries and access routes.
farm land has been impoverished due to continuous
cropping and fertilizer application has become a
3.3 Factors influencing smallholder
veritable option for enhancing the fertility of the soil,
farmers’ land productivity
The regression result of the factors
leading to increase in productivity. This explains the
influencing productivity is presented in Table 2. The
positive relationship between fertilizer use and
double log functional form was chosen as the lead
productivity. The coefficient of labour was positively
equation. The coefficient of multiple determination
related to productivity and significant at 1%
(R2) was 0.7604 which implies that 76.04% of the
probability level. This implies that as the farmers
variations in land productivity were explained by the
employs more labour services, his productivity
independent variables includes in the model. The Fincreases. Agricultural production has remained
ratio was significant at 1% probability indicating the
labour intensive in Nigeria and is an indispensable
goodness-of-fit of the model. The significant factors
factor of production. This could explain the positive
influencing land productivity were fragmentation,
relationship between labour and productivity. This
fertilizer, labour, and planting materials. The
result agrees with the findings of Iheke and Nwaru
coefficient of land fragmentation index was
(2014). The coefficient of planting materials was
negatively signed and significant at 1% level of
positively signed and significant at 1% probability
probability. This implies that the greater the degree of
level. This result implies that as the farmers improves
fragmentation of land, the less the productivity. This
on the use of planting materials, productivity
conforms to a priori expectation. Jha et al. (2005),
increases. This is more so with the use of improved
Bizimana et al. (2004), and Barel et al. (1992)
varieties of planting materials (seeds and cuttings).
Table 1.
Distribution of respondents based on their socio-economic characteristics
Variables
Frequency
Percentage (%)
Mean
Gender (dummy: male =1, female = 0)
Male
27
45.0
Female
33
55.0
Age (years)
31 – 40
04
6.67
41 – 50
27
45.00
51 – 60
15
25.00
61 – 70
14
23.33
52
Marital status
Married
36
60.0
Widowed
15
25.0
Single
4
6.70
Divorced
5
8.30
Educational level
No education
06
10.0
Primary
31
51.6
Secondary
19
31.7
Tertiary
04
6.7
Farm size (hectares)
0.1 – 0.5
07
11.67
0.6 – 1.0
31
51.67
1.1 – 1.5
22
36.67
0.93
Primary occupation
Farming
44
73.33
Non-farming
16
26.67
Household size (number)
1–4
09
15
5–8
49
81.67
9 – 12
02
3.33
6
Extension visits
Visited
22
36.67
Not visited
38
63.33
Average plot distance(km)
1-5
58
96.67
6-10
2
3.33
3.2
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Table 2. Factors influencing smallholder farmers’land productivity
Linear
Exponential
Double log +
70.074
4.339
3.998
(2.24) **
(18.59) ***
(4.15)***
Land fragmentation index (X1)
3.574
-0.026
-0.315
(2.14)**
(-2.11)**
(-3.53) ***
Fertilizer (X2)
42.357
0.366
0.261
(1.22)
(1.41)
(2.28) **
Labour(X3)
7.231
0.062
0.240
(1.53) *
(1.75) *
(2.96) ***
Planting materials (seeds, cuttings)(X4)
0.007
0.519 E-4
0.294
(0.29)
(0.25)
(2.60) ***
Capital(X5)
-8.489 E-4
-9.30 E-06
-0.063
(-0.64)
(-0.94)
(-0.40)
R2
0.5693
0.6392
0.7604
R -2
0.5147
0.5745
0.7282
F- ratio
4.68***
5.42***
8.32***
***= Significant at 1%, **= Significant at 5%, *= Significant at 10%, + = lead equation
Figures in parenthesis are the t-ratios.
Variable
Intercept

4. Conclusion and recommendations
It could be concluded that there is a high
degree of land fragmentation in the study area, which
has a negative effect on farm productivity. It
increases both travelling time and cost of traveling
between plots, hence lower labour productivity and
raises the transport cost for inputs and outputs. These
reduce overall productivity of the farm. It poses a
great challenge to the much-desired agricultural
modernization/mechanization and commercialization
in Nigeria. This therefore depicts the need for urgent
land reform policies and programmes that would give
farmers access to more contiguous land holdings for
increased agricultural production. In particular, there
is the need for review of the land use decree to grant
genuine farmers access to contiguous land holdings.
It was also recommended that productivity enhancing
support services such as fertilizers and other
agrochemicals, improved varieties, and extension
services should be made readily available and at
affordable prices to farmers by the government
(Ministry of Agriculture, Agricultural Development
Programmes) and other development partners in the
agricultural sub-sector. This is so if the country is to
achieve self-sufficiency in food production
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