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Abstract The traditional land tenure system in Nigeria coupled with increasing population encourages land fragmenta-

tion with attendant consequences for agricultural productivity and commercialization. This study quantified the degree of
land fragmentation and its consequences on arable food production. The study makes use of data from 125 farm households
spread across the 12 communities in Umuahia-North Local Government Area (LGA) of Abia State, Nigeria. Using
Janusezwski index, the study quantified the degree of land fragmentation. The Cobb-Douglas (CD) and the Generalized
Linear Model (GLM) were used in exploring the impact of land fragmentation on arable crop productivity. The mean
fragmentation index is 0.55 with a variance of 0.02. The average farm size cultivated is 2.68 hectares. Majority of the
households (71 percent) clustered around the mean fragmentation index. The results of the CD and GLM show the negative
impact of land fragmentation on agricultural productivity. Labour in the CD model remained the single most important factor
of increasing productivity. The GLM show that cultivating farms further away from the homestead will lead to higher productivity. The study recommends cooperative farming to enable the farmers to adopt productivity improving farm technologies.

Keywords

Land, Fragmentation, Janususzwski Index, Agriculture, Productivity

1. Introduction
Land fragmentation has been a prominent feature in many
countries since at least the 17th century (Tan, 2005). The
existence of fragmented landholdings is regarded an important feature of less developed agricultural systems (Van
Hung et al., 2007; Hristov, 2009). It can be a major obstacle
to agricultural development, because it hinders agricultural
mechanization, causes inefficiencies in production, and
involves large cost to alleviate its effects (Najafi, 2003;
Thomas, 2006; Thapa, 2007; Tan et al., 2008). In view of
these considerations, 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 (Sabates-Wheeler, 2002; Sundqvist and Andersson, 2006).
Extant literature has expressed the concern of reknown
scholars (Fabiyi, 1984; Olayiwola and Adeleye, 2006) on the
problems of traditional land tenure system in Nigeria. The
expression of the scholars with respect to the problems of
land tenure could be interpreted based on the duplicity of
ownership of land with consequent excessive transaction
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costs, fragmentation of land into uneconomic sized tracts,
and inalienability of land which makes land part of the
physical capital but not a part of financial capital. In Africa,
land tenure system has generally been broadly described as
rigid, creating obstacles in the way of development. Solutions to the land tenure system have involved the adoptions
of some institutional changes such as the promulgation of
legislation or the adoption of some revolutionary principles.
In Nigeria, the intervention into the land problem involves
the promulgation of the 1978 Land Use Act. The act has been
designed to deal with several problems encountered by the
various operative on land since colonial times
Land fragmentation at the household level depends on
external policy and market factors, agro-ecological conditions, and farm household characteristics. The resulting level
of fragmentation, together with external factors, agro- ecological conditions and farm characteristics, affects agricultural production. In this study, we consider land fragmentation as a phenomenon existing in farm management. It exists
when a household operates a number of owned or rented
noncontiguous plots at the same time (Wu et al, 2005; Daniel
et al, 2010). Therefore, this study quantified the degree of
land fragmentation, examines the impact on arable crop
production in Umuahia-North Local Government Area of
Abia State, Nigeria.

2. Methodology
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2.1. Study Area
The study was carried out in Umuahia North Local Government Area of Abia State, Nigeria. It has a landmass of
423,290sq km and a total area of 253,979sq km. Geographically, it lies at the latitude 70 291N and longitude 50
321E. It is divided into two ancestral clans viz Ibeku and
Ohuhu clans. The Ibeku and Ohuhu clans are split into 12
antonomous communities namely Nkwoegwu, Umuhu,
Isingwu, Nkwoachara, Afaranta, Afaraukwu, Emede, Ossah,
Ofeme, Ndume, Amaofor and Isieke. The major economic
activities in the area include agriculture and trading.
2.2. Sampling Procedure
Sampling was carried out in the twelve autonomous
communities. Systemic sampling with the assistance of
Village Extension agents was employed to select the twelve
respondents from each community. Data collection involved
Key Informant Interviews and the use of structured questionnaire. At the end of the period a total of 125 farmers who
followed through in the course of the study were used for
data analysis.
2.3. Measurement of Fragmentation
The Januszewki (JI) index was adopted in measuring land
fragmentation. This index is located within the range of 0 to
1. The smaller the JI value, the higher the degree of land
fragmentation. The JI value combines information on the
number of plots, average plot size and the size distribution of
the plots (Jha, et al., 2005). The index is computed as:
JI =

�∑𝒏𝒏
𝒂𝒂=𝟏𝟏 𝒂𝒂𝒂𝒂

∑𝒏𝒏
𝒂𝒂=𝟏𝟏 √𝒂𝒂𝒊𝒊

(1)

2.4. Capturing the Effect of Fragmentation on
Productivity
In choosing among alternative production functions the
Cobb-Douglas is an appealing choice here since we are
primarily interested in how land fragmentation impacts
production in general rather than fragmentation-input interactions. The Cobb-Douglas production is modeled in the
equation below.
(2)
Y = β0Kβ1FS(β2+a2LF)FIβ3DTβ4LBβ5DSβ6
where
Y = value of farm output to the value of inputs per hectare
β0, …β5, α2 partial elasticities;
K = capital services cost;
FS =farm size (ha);
FI = land fragmentation index (Januszewski’s index);
DT = duration of tenure in years;
LB = labour measured in mandays; and
DS = average distance to farmstead in Kilometers
To estimate the parameters, the variables must be transformed into logarithmic form in order to estimate a linear
regression model.
In the linear equation ε is “the error term which captures
the effects of all omitted variables assuming zero mean and
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unit variance” (Thapa, 2007). The estimated partial elasticities (βi’s) can be defined as “the ratio of the percentage
change in output to the percentage change in input” (Thapa,
2007). The higher the elasticity of the input is, the higher the
impact it has on the output.
In addition to the CD production function, the General
Linear Model (GLM) was used, since it’s also utilizes regression analysis. The simple linear regression function is
the following:
(3)
yi=a + bxi + ei
where
yi = the value of the response variable;
a and b = the intercept and coefficients;
xi = the value of the predicted variable; and
ei= the random error term (Gjosevski, 2005).
The observed data were used to estimate the parameters of
the regression function, i.e. the impact of the land fragmentation on the farm productivity.

3. Results and Discussion
3.1. Agricultural Production Systems
In Umuahia- North about 64 percent of the farmers are
involved in the crop production. However, arable crop production is dominant and the prevalent farming system is
multiple cropping. This is a system that involves growing of
more than one crop on the same piece of land. Table 1 presents the socio-economic characteristics of the farmers.
An examination of table 1 will show that smallholder agricultural production is practiced in the area. The maximum
land area cultivated is 5.2 ha while the minimum is 0.3 ha
with an average of 2.68 ha. The maximum age of farmer is 60
while the minimum is 27 with an average of 49 years. The
average working distance to the farm is 3 kilometers and this
is important when considering the reason for the cultivation
of small scattered plots. The average household size is six.
Large households results in excessive fragmentation as a
result of the need to allocate plots to male descendents in the
study area. The mean farming experience is 17 years.
Table 1. Summary Statistics of Socioeconomic variables of respondents
Variables

Mini
mum

Maxi
mum

Mean

Standard
deviation

Variance

Output/ha
Age

3504
27

93857
60

32482
48.98

18648
6.44

3.478E8
41.40

Household size
Education

1
0

10
18

6.41
7.90

1.54
4.43

2.37
19.61

Farming Experience
Fragmentation Index

2
0.01

35
1.00

17.54
0.55

5.18
0.15

26.80
0.02

Labour
Duration of tenure

17
30

31.50
99

54.59
52.59

31.72
9.95

1006.24
99.05

Capital
Distance

450
2

8500
35

102472
3.55

719.25
3.01

517313.83
9.03

Farm size

0.3

5.2

2.68

1.23

1.520

3.2. Extent of Land Fragmentation in Agriculture
Individual ownership and communal ownership of land
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exist in communities. The traditional tenure system of inheritance encourages land fragmentation. The main objective
of the study is to investigate land fragmentation in the study
area. To realize this objective the Januszewski idex was
adopted. The results from the data are presented in table 2.
An examination of the table did not reveal a defined pattern. The number of households at the most fragmented
farms (0.01-0.20 and 0.21-0.41) and least fragmented farms
(0.81-1.00) were low, 2.4 and 6.4 percents respectively. The
mean farm size reveals that the households with the most
fragmented farms had low acreage cultivated (1.37ha)
compared to 2.74 ha at the most consolidated parcels. It can
be inferred that high degree of fragmentation is associated
with the cultivation of small parcels of land. Of note is the
concentration of a high percentage of the respondents at the
middle class that cultivated the largest acreage in comparison
to other classes 2.78 hectares of land on the average.
Table 2. Evidence of Land Fragmentation
Fragmentation index
0.01-0.20
0.21-0.40
0.41-0.60
0.61-0.80
0.81-1.00
Total

No. of
observations
3
1
89
24
8
125

Observations (%)
2.4
0.8
71.2
19.2
6.4
100

Mean
farm size
(ha)
1.37
2.60
2.78
2.61
2.74

Mean of
fragmentation
index
0.02
0.24
0.50
0.70
0.98
0.55

Figure 1 clearly shows that very few farmers operate on
fragmented holdings and a larger proportion operates on
consolidated plots of land.

rudimentary implements, hoe and cutlass which are characterized by high rate of drudgery. As expected fragmentation
index negatively affects agricultural productivity and is
significant at 10 percent. Excessive fragmentation results in
uneconomic sub-division of land. Labour remained the
single factor of productivity and is statistically significant at
10 percent. Agriculture in the study area is labour intensive
with little or no application of mechanization. An additional
man hour employed in agriculture will cause productivity
increases by 0.32 percents per hectare cultivated.
Table 3. Results from regression analysis for the used CD model
Estimates
Constant
Capital
Farm size
Fragmentation index
Duration of tenure
Labour
Distance
R2
F-ratio

Coefficients
7.570***
-1.109
-0.154*
-0.268***
0.107
0.317***
-0.072
0.176
4.206***

t- statistics
3.419
-0.270
-1.796
-3.157
1.260
3.259
-0.805

Note: *, **, *** = Significant at 10, 5 and 1 percent respectively.

Although the CD is the most commonly used, an alternative the generalized linear model (GLM) proposed was
estimated, having in mind that the relationships between the
dependent and the explanatory variables are complex in the
presence of land fragmentation. The GLM is presented in
table 4.
Table 4. Results of regression analysis for the GL model
Estimates
Constant
Capital
Farm size
Fragmentation index
Duration of tenure
Labour
Distance
R2
F-ratio

Coefficients
32746.200**
-0.035
-0.082
-0303***
0.101
0.115
0.188**
0.147
3.392***

t- statistics
2.462
-0.958
-0.393
-3.541
1.183
1.299
2.160

Note: *, **, *** = Significant at 10, 5 and 1 percent respectively.
Figure 1. Households distribution in relation to Januszewski index

3.2. Land Fragmentation and Agricultural Productivity
The Cobb-Douglas production function of the model estimates the effect of land fragmentation and other socioeconomic variables on the output of arable crop production.
The results are presented in table 3. In the CD production
function farm size and fragmentation index had a negative
effect on productivity. Farm size was statistically significant
at 10 percent and by implication negatively affected productivity. Land has remained the single most important
factor of agricultural production but the result obtained could
be explained by the fact that given existing technologies it
would be uneconomic to drive productivity through increases in farm size. The existing technology is limited to

Here the result is consistent with the CD result in showing
that fragmentation statistically impacts negatively on productivity. The parameter estimate is highly significant at 1
percent. This results lends credence to the findings of Keymer et al (1989) cited in Thomas (2006) that merged or
consolidated parcels reduce the farmer working time by up to
40 percent and increase productivity of full-time workers by
44 percent. One interesting deviation of this from most
works is the incorporation of distance in the model. Daniel et
al (2010) incorporated the average distance to homestead
and between fragments and found that output per fragment
reduced by a value equal to ¼ of 1 percent of the average
value of output. Our result is on the contrary showing that
output increase the further away farms are from homestead.
This is however explained by the fact that farmers pay more
attention to farms furthest from homestead and more pro-
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ductivity enhancing measures are undertaken to justify their
efforts. Again, farm size was not significant probably become of the small size of holdings. The average farm size in
the study area is 2.68 hectares. This result is in tandem with
result obtained by Hristov (2009) who reported land to have
insignificant effect but reported the positive and statistical
significant effect of labour and capital.
In terms of the robustness of the model, the F-ratios in
both models were significant implying that the equations
estimated were through reflections of the model. The low
explanatory powers of the models were expected following
the omission of some important productivity enhancing
variables like fertilizer and manure. This is however bearing
in mind the actual objective of the study to enable us isolate
the effect of the issue in question land fragmentation.
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