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Introduction
The average size of the usable agricultural area per farm 

in the 27 European Union (EU) Member States was 14.5 
ha in 2010 (Eurostat, 2015). Nevertheless, in nine Member 
States, including Cyprus, Greece, Italy, Malta and Romania, 
the average usable agricultural area is below the EU mean 
value. In Italy, numerous farms have an average size of less 
than 9 ha. More than 95 per cent of Italian farms are fam-
ily farms owned by only one farmer, a fi gure that similar 
to the EU-27 value of 96.9 per cent (Eurostat, 2015). The 
percentage of limited company farms and co-operative farms 
in Italy is around 4 per cent (Istat, 2011).

The United Nations recognised 2014 as the International 
Year of Family Farming, a label that encompasses many 
types of farms including small semi-subsistence enterprises 
and large farms, and those that rely on diversifi ed activities 
such agritourism and other non-farming activities (FAO, 
2014). The EU’s rural development policy recognises the 
role of family farming in promoting multifunctionality and 
endogenous rural development which are key factors in pro-
tecting the rural space against environment threats.

In Italy the property of family farms belongs predomi-
nantly to smallholder farmers called in Italian diretto col-
tivatori farmers that run diretto coltivatrice farms. Such 
farms are a tiny unit of agricultural production, mostly 
fragmented, with an agricultural area of less than 5 ha, man-
aged and owned by one farmer. The family farm has been 
criticised because of its small size and fragmentation, but the 
diretto coltivatrice farm has been able to mitigate rural out-
migration, protecting the rural space against socio-economic 
marginalisation. Property, functions and gender relations in 
European family farms are hierarchically well codifi ed even 
if since the late 1990s there has been a weakening of the 
prevailing position of male dominance on the farm (Brandth, 
2002). As a consequence of rural out-migration, in Italy, 
Ireland, France and the Netherlands many family farms are 
in the hands of women with a consequent radical transfor-
mation of productive specialisation and the development 
of other activities such as agritourism being in many cases 
managed by female entrepreneurs (Di Domenico and Miller, 
2012; Galluzzo, 2014a).

The role of family farms

In the early 1990s some studies investigated the role 
and the effect of the Common Agricultural Policy (CAP) 
on family farming using a specifi c analysis on a sample of 
farms belonging to the Farm Accountancy Data Network 
(FADN). Between EU Member States the role and the func-
tion of family farms are completely different with several 
and specifi c contrasting effects. Hill (1993) observed that in 
the United Kingdom there was a limited incidence of fam-
ily farms compared to Italy where family farms are deep-
rooted in the countryside and in its rural setting. The features 
of family farms are a low level of income, a shared labour 
capital and a production of almost 50 per cent of the total 
European agricultural output, which have implied, in order 
to allow maintain the economic sustainability of farmers, a 
diffusion of pluriactivity in family farms and a growth in the 
incidence of off-farm revenues in the total household income 
(Hill, 1993; Jervell, 1999; Sofer, 2001).

Together with their small size, one of the main constraints 
of family farms in Italy, Greece and other central European 
countries is the excessive land fragmentation which can have 
ruinous effects on farm effi ciency, increasing variable and 
fi xed costs and restricting the technical-economic develop-
ment of farms (Lund and Hill, 1979; Alvarez and Arias, 2002; 
van Dijk, 2003; Gorton and Davidova, 2004; Zhu and Lan-
sink, 2010). Some studies have investigated in depth whether 
big farms owned by limited companies and co-operatives are 
more effi cient than small ones; therefore, between three vari-
ables (property of the farm, farm size and economic-techni-
cal effi ciency) there is a strong nexus (Bravo-Ureta et al., 
2007). Until now few studies have investigated the connec-
tions between typology of property and effi ciency (Bravo-
Ureta and Pinheiro, 1997; Chavas and Aliber, 1993). Other 
scholars in contrast have examined predominantly the role 
of farm size on effi ciency (Carter, 1984; Galluzzo, 2013). 
Using a non-parametric quantitative approach on the FADN 
dataset in France, Latruffe and Nauges (2014) showed that 
farm size has a direct impact on technical effi ciency and on 
the decision process of farmers on whether to transform their 
farming activities via a transition from a conventional culti-
vation system to an organic model.
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Studies in many EU Member States have used the 
FADN dataset or a sample of farms to investigate the 
impacts of Pillars I and II of the CAP on farmers’ incomes 
(Gorton and Davidova, 2004) and on the level of technical 
effi ciency (Zhu and Lansink, 2010). Several authors have 
detected relationships between farm size, farming speciali-
sation and technical-economic effi ciency (Bielik and Raj-
caniova, 2004; Latruffe et al., 2004; Latruffe and Nauges, 
2014; Bojnec and Latruffe, 2007). In terms of effi ciency 
defi ned by constant return to scale, large sized farms are 
more effi cient than small ones (Van Zyl et al., 1996). In 
particular, small family farms have been considered tech-
nically ineffi cient in terms of productive scale because of 
their size and their land fragmentation (Morrison Paul et al., 
2004). In Italy only few studies have investigated the nexus, 
using the FADN dataset, between the farm dimension and 
the technical and economic effi ciencies (Galluzzo, 2013). 
The general view is that the diretto coltivatrice farms are not 
effi cient but they maximise the labour factor of production 
and its organisation (Van Zyl et al., 1996), minimising, con-
versely compared to the large sized farms, entrepreneurial 
risk by diversifi cation in the agricultural process, using the 
workforce more effi ciently and by reducing socio-economic 
marginalisation (Galluzzo, 2013) by a reduction in farm 
unemployment (Latruffe et al., 2004).

Factors infl uencing effi ciency in family farms

The main theoretical neoclassical approach describes 
economic and technical performances of farms as being 
infl uenced by the legal type of management. Family farms 
are more effi cient in terms of costs, productivity and prof-
itability than large farms as a consequence of a different 
management process (Gorton and Davidova, 2004), which 
are dependent on acquiring some productive factors from 
outside the farm.

In general, there is no common and unique assumption 
about the role of family-owned farms in improving techni-
cal and economic effi ciency. According to some scholars, 
the property of the farm rather than farm size is the most 
fundamental factor affecting effi ciency. Small family farms 
in several EU Member States are more effi cient than other 
types of farms such as co-operative and limited company 
farms (Schmitt, 1991; Gorton and Davidova, 2004). The 
good level of effi ciency in small farms is tightly linked to 
the low level of transaction cost (Hagedorn, 1994). Nev-
ertheless for other authors farm size is a major constraint 
on farm technical effi ciency; hence, the traditional family 
farm is not an effi cient productive organisation (Morrison 
Paul et al., 2004) as it is not able to adapt itself to changing 
circumstances of production or to amortise its investments, 
diversifying its own production factors. Several authors 
have argued that family farms are not as well prepared as 
co-operative and limited company farms to face market 
challenges because of a poor level of capital investments 
(Allen and Lueck, 1998). Cropping specialisation is a key 
factor that can directly infl uence the level of effi ciency 
and maximisation of output (Bojnec and Latruffe, 2008; 
Latruffe, 2010; Latruffe and Nauges, 2014), infl uencing the 
productive decision process on small farms.

Aim of the research

The main research question was to investigate, using a 
quantitative model, whether, because of their small scale 
structure, Italian diretto coltivatrice farms have been more 
effi cient in recent years than limited company and co-oper-
ative farms. Another purpose of the research was to assess 
how much usable agricultural area is suffi cient to gain in 
terms of technical effi ciency. This research used and elabo-
rated time series of microeconomic datasets published by the 
Italian National Institute of Agricultural Economics in the 
FADN database for the period 2001-2011. The purpose of 
the FADN is to evaluate farmers’ incomes and to assess the 
impact of the CAP on a representative sample of European 
farms. In the research the sample was stratifi ed both accord-
ing to the type of property such as small family-owned farms 
or diretto coltivatrice farms, co-operative farms and limited 
company farms, and also according to the altimetry of farms 
as highland, hilly areas and farms on the plain, even though 
in the research the effi ciency was assessed according to the 
typology of property only.

A second stage of the quantitative analysis used self-
organising maps (SOM) or Kohonen’s maps to estimate 
which size of farm is adequate to guarantee a satisfac-
tory level of farmer’s income in diretto coltivatrice farms. 
Another purpose of the SOMs was to detect among diretto 
coltivatrice, co-operative and limited company farms which 
of these was the best type of enterprise for improving the 
farm’s net income.

Methodology
Data Envelopment Analysis

There are two approaches to assessing effi ciency: a par-
ametric or deterministic approach, which needs a function 
of production and other parametric variables, and a non-
parametric model or Data Envelopment Analysis (DEA) 
(Farrell et al., 1957; Färe et al., 1985; Färe et al., 1994). 
The purpose of DEA is to defi ne a hypothetical function 
of production or frontier of production and on the basis of 
the distance from the frontier of this hypothetical function 
of production to determine an index of technical effi ciency 
(Forsund et al., 1980; Bauer, 1990; Bielik and Rajcaniova, 
2004).

In a non-parametric model deviations from the frontier 
of productive functions are caused by ineffi ciencies and they 
are not connected to errors (Bojnec and Latruffe, 2007). The 
technical effi ciency is described as the capability of a farm 
to maximise outputs and minimise inputs or vice versa on 
the basis of constraints in the business choices either in 
terms of disposable input or in terms of produced output 
(Coelli et al., 2005; Bojnec and Latruffe, 2007).

According to many authors (e.g. Farrel, 1957; Battese, 
1992 and Coelli, 1996) the model of quantitative analysis 
and estimation of effi ciency are not tightly linked to a spe-
cifi c frontier of production but rather to a parametric func-
tion. In this paper effi ciency has been estimated by a non-
parametric model, applied to different specifi cation models 
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such as constant return to scale (CRS) and variable return to 
scale (VRS) and in two further orientations as input oriented 
and output oriented using the software PIM-DEA. As the 
outcomes of effi ciency from using the input oriented model 
and the output oriented model were the same, in the paper 
the input approach has been used, aimed at assessing which 
factors in the productive process have been fundamental in 
improving technical and economic effi ciency.

The DEA approach was used to estimate the economic 
effi ciency in three types of Italian farms or Decision Making 
Units (DMUs): smallholder family farms (diretto coltiva-
trice farms), limited company farms and co-operative farms. 
The input variables used in the model were usable agricul-
tural area in hectares, land capital, labour capital, invested 
agrarian capital and subsides allocated by the CAP in EUR; 
the output variable was the net farmer’s income in EUR.

Self-organising maps

The SOMs are based on a method of unsupervised learn-
ing in a restricted space provided that the topological prop-
erties of an input space or stimulus come from the outside 
(Kohonen, 2001). The main benefi t of the SOM approach 
is to obtain a unique pattern able to classify homogenous 
groups or clusters, preserving their dissimilarities and, as 
with Principal Component Analysis, reducing the complex-
ity via a map that highlights the relationships among the 
variables (Mehmood et al., 2011).

The SOM is a neural network where the artifi cial out-
put neurons (or nodes) are arranged in grids based on a 
lower dimension in connection to all neurons of input 
which in the analysis are the variables used in the model 
of effi ciency: usable agricultural area in hectares, variable 
costs, fi xed costs, added value and subsides allocated by the 
CAP. The output variable is the farmer’s net income. Each 
input or stimulus is connected to the other neurons of the 
output by a weight vector assessed to defi ne the position 
of the centroid in the space. In general this network in the 
SOM is characterised by a pattern in two connected layers; 
one layer is made up by input and the other layer (com-
monly called the Kohonen layer) is constituted by output 
(Kohonen, 2001).

Using the free software SPICE-SOM, the training of neu-
rons (training is a method of analysis to fi nd the best neuron 
in the dataset) used competitive learning. The model used an 
input training sample towards the network and the Euclid-
ean distance among input and output neurons is calculated 
from all weight vectors (Kohonen, 2001). The neuron with 
a weight vector most similar to the input is called the Best 
Matching Unit (BMU) and the weights of the BMU and neu-
rons close to it in the SOM lattice are the closest to the input 
vector. The intensity of the approach process decreases over 
time and is a function of the distance of neurons from the 
BMU. The formula used for updating the weights of a neu-
ron Wv is (Kohonen, 2001):

Wv (t + 1) = Wv (t) + Θ (v, t) α (t) (D (t) – Wv (t)) (1)

where α (t) is the monotonous descending learning coeffi -
cient and D (t) is the input vector. The function that defi nes 

the neighbourhood Θ (v, t) depends on the distance in the 
hexagon between the BMU and the neuron v. In this simpli-
fi ed competitive network it is equal to 1 for all the neurons 
close enough to the BMU and 0 for the other, but the most 
common choice is the Gaussian function represented by the 
mathematical function similar to a Mexican hat where values 
are in a range from 0 to 1.

Results
Over the period of observation there has been a signifi cant 

drop in the number of family farms in Italy and an increase 
in the average agricultural area per farm as a consequence of 
rural out-migration (Figure 1). Rural out-migration in Italy 
has affected several rural areas, including some upland terri-
tories where most diretto coltivatrice farms are located. The 
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Figure 1: Evolution of family farm numbers in Italy as a function 
of topography, 1982-2010.
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exodus from the countryside has been particularly intense 
in less favoured rural areas such as mountainous territories 
(Figure 2), the locations of more than 75 per cent of family 
farms.

Italian National Agricultural Census data have shown a 
signifi cant fall in the usable agricultural area of family farms, 
from 13 million ha in 2000 to 9.7 million ha in 2010. The 
same trend can be observed with co-operative farms, which 
declined from 176,187 ha in 2001 to 127,909 ha in 2010. By 
contrast, the usable agricultural area of agricultural limited 
companies stabilised at 1.9 million ha as a consequence of 
some legislative interventions aimed at strengthening these 
types of farms.

Data Envelopment Analysis

The DEA analysis shows the diretto coltivatrice farms 
and the co-operative farms had higher levels of scale effi -
ciency than the limited company farms (Figure 3) with a 
scale effi ciency value equal to 100 per cent in ten years out 
of twelve. The scale effi ciency such as the technical effi -
ciency in family farms was close to the threshold value of 
100 per cent, which is the optimal value in terms of use of 
inputs and produced outputs, and only in two years (2005 
and 2009) was it below the maximum value equal to 100 
per cent.

The average technical effi ciency of Italian diretto col-
tivatrice farms was higher than those of co-operative farms 
and limited company farms, by 97 per cent and 93 per cent, 
respectively, even if the VRS effi ciency has pointed out a 
higher value compared to CRS of 97 per cent and 90 per 
cent (Figure 4). For diretto coltivatrice farms the effi ciency 
in CRS was lower than 1 or 100 per cent only in 2002 and 
in 2006; even if the economic effi ciency was lower than the 
allocative effi ciency, in particular in 2002. This suggests that 
diretto coltivatrice farms are able to maximise their output 
but they need to improve their management and their pro-
ductive and managerial choices, taking into account (in the 
input-oriented model) the price of inputs in their production 
decisions.

Over the time of observation the effi ciency in CRS of co-
operative farms in Italy was less than 100 per cent in 2003, 
2004 and 2006, and both the allocative effi ciency and the 
technical effi ciency in average terms were below 100 per 
cent with an average scale effi ciency of less than 100 per 
cent (Figure 5). These fi ndings show that co-operative farms 
are not able to maximise their output and at the same time 
they need to improve their productive process, minimising 
inputs and also increasing their control over input prices 
compared to other types of agricultural enterprises.
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Figure 4: Technical, economic and allocative effi ciencies of Italian diretto coltivatrice farms comparing variable and constant returns to 
scale during the period 2000-2011.
Data source: Italian FADN database
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The technical effi ciency of agricultural limited compa-
nies both in CRS and also in VRS was below the optimal 
threshold of effi ciency equal to 100 per cent. The technical 
effi ciency in CRS was above 100 per cent in six years, with 
some values of allocative and economic effi ciency below 
100 per cent. This is particularly true in terms of CRS. The 
value of allocative and technical effi ciency was below 100 
per cent (Figure 6). This implies that the limited company 
farms in Italy are not able to maximise their levels of output; 
thus, they need meaningful actions both to improve manage-
ment decisions and also to implement the productive choices 
connected to poor and ineffi cient control of input prices with 
fi nancial and technical consequences for their economic sus-
tainability.

Analysing the effi ciency over the period 2000-2010 as a 
function of topography both in VRS and CRS, it was found 
that the average values were higher in the VRS model than 
the CRS, even if farms located in plain areas have an effi -
ciency lower than those in upland areas (Table 1) and in par-
ticular in terms of cost and allocative effi ciency.

The size of farm had an effect on effi ciency in terms of 
CRS and VRS as well; in fact, the average effi ciency was 
higher in farms of less than 5 ha, in some Italian farms with 
an area of 5-10 ha and in others larger than 50 ha (Table 2). 
Nevertheless, the small farms in terms of usable agricultural 
area, ranked as smaller than 5 ha, 5-10 ha and 10-20 ha, have 
levels of effi ciency close to 100 per cent with some signifi -
cant fl uctuations in some years.
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Figure 5: Technical, economic and allocative effi ciencies of Italian co-operative farms comparing variable and constant returns scale 
during the period 2000-2011.
Data source: Italian FADN database
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Self-organising maps

The fi rst phase of Kohonen’s map compares Italian 
diretto coltivatrice farms, co-operative farms and limited 
company farms. In 2004 the co-operative farms (indicated 
by a black hexagon) had the best performances in terms of 
farmer’s net income (Figure 7). In 2006 the family farms 
and limited company farms, (indicated by dark grey hexa-
gons), had high levels of farmers’ net incomes. The diretto 
coltivatrice farms and limited company farms had the worst 
results in two years out of twelve (2008, 2009 and 2005, 
2010 respectively).

In order to assess if the land capital in terms of usable 
agricultural area is a fundamental factor in infl uencing 

farmer’s net income Italian family farms were stratifi ed 
according to size. Farm size is the most important factor 
affecting the economic effi ciency of Italian family-owned 
farms. The Kohonen’s maps highlighted that the best 
results in terms of farmer’s net income were achieved in 
2003 by farms with a usable agricultural area of 20-50 ha 
(Figure 8); the worst results were achieved by family farms 
with an area of less than 5 ha.
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Table 1: Technical, economic and allocative effi ciencies of Italian farms during the period 2000-2010 as a function of topography.

Year
Upland Highland Lowland

Technical Economic Allocative Technical Economic Allocative Technical Economic Allocative
Variable return to scale
2000  92.8  80.5  86.7 100.0 100.0 100.0 100.0 100.0 100.0
2001 100.0 100.0 100.0 100.0  88.7  88.7 100.0 100.0 100.0
2002 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
2003 100.0 100.0 100.0 100.0 100.0 100.0  33.8  14.7  43.5
2004 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
2005 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
2006 100.0  96.8  96.7 100.0 100.0 100.0 100.0 100.0 100.0
2007 100.0  99.6  99.6 100.0 100.0 100.0 100.0 100.0 100.0
2008 100.0  94.4  94.3 100.0 100.0 100.0 100.0 100.0 100.0
2009 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
2010 100.0  60.6  60.6 100.0 100.0 100.0 100.0  36.1  36.1
Constant return to scale
2000  70.4  59.1  83.9  92.1  87.0  94.4 100.0 100.0 100.0
2001 100.0  93.4  93.4 100.0  85.7  85.7 100.0 100.0 100.0
2002 100.0  86.9  86.9 100.0 100.0 100.0 100.0  76.9  76.9
2003  98.5  80.6  81.8 100.0 100.0 100.0  27.9  12.1  43.4
2004 100.0 100.0 100.0  63.1  61.3  97.2 100.0  80.7  80.7
2005 100.0 100.0 100.0 100.0  87.7  87.7 100.0  89.0  89.0
2006 100.0  93.9  93.9  98.8  93.8  94.9 100.0 100.0 100.0
2007 100.0  97.4  97.4 100.0  95.1  95.1 100.0 100.0 100.0
2008 100.0  74.7  74.7 100.0 100.0 100.0 100.0  57.7  57.7
2009 100.0  83.8  83.8 100.0 100.0 100.0 100.0  43.6  43.6
2010 100.0  44.9  44.9 100.0 100.0 100.0  97.7  25.3  25.9

Data source: Italian FADN database

Table 2: Technical, economic and allocative effi ciencies of the 
usable agricultural area of Italian farms during the period 2000-
2010.

Usable agricultural 
area (ha) Technical Economic Allocative

Variable return to scale
<5 100.0  89.9  89.9
5-10  99.3  98.1  98.7
10-20  94.1  89.7  94.9
20-50  91.9  84.6  88.8
>50 100.0 100.0 100.0
Constant return to scale
<5 100.0  82.7  82.7
5-10  90.1  79.5  87.8
10-20  91.1  84.5  92.2
20-50  86.9  78.3  88.9
>50  86.7  70.7  80.3

Data source: Italian FADN database
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Discussion
The analysis has identifi ed usable agricultural area as one 

of the most important factors in farm economic performance. 
The fi ndings have highlighted that property is another piv-
otal tool in infl uencing the economic results of Italian farms 
and specifi cally of Italian diretto coltivatrice farms. Over 
the study period, Italian farms have to some extent changed 
from being small farming units managed and owned by one 
person to farms with a usable agricultural area of around 
50 ha that are able to guarantee adequate levels of income 
to farmers. In order to complement the farmer’s income, to 
improve their effi ciency and to stabilise farm net income, 
many dynamic farmers in Italy have diversifi ed their agricul-
tural revenues with some extra farm activities such as rural 
tourism and agritourism (Galluzzo, 2014b).

The effi ciency of Italian farms is sensitive to the model 
of ownership even if the smallholder family farms have been 
effi cient enough compared to co-operatives and limited com-
panies, refuting the common view according to which small-
holder family farms are not economically and technically 
effi cient. Furthermore, the Italian diretto coltivatrice farms 
have given a positive return on EU funds by reducing the 
marginalisation of rural territories by means of diversifi ca-
tion of on-farm activities such as agritourism.

The substantial drop in the scale effi ciencies of co-
operative farms and family farms in 2005 (Figure 3) can be 
attributed to the enforcement of changes in Pillar I of the 
CAP, which reduced the direct supports towards agrarian 
commodities, with the consequences that family farms and 
co-operative farms have been less sensitive than limited 
companies. In general the impact of changes in weather con-
ditions has not been signifi cant over the time of study. Even 
in 2003 the dry spring and summer weather did not have any 
negative impacts on scale effi ciency of farms with the excep-
tion of the limited companies.

The fi ndings from the SOM highlighted an increase of 
land capital in co-operatives as an important strategy in better-
ing the level of technical results. Furthermore, the economic 
crises in 2007-2008 had several consequences for the diretto 
coltivatrice farms, pointing out the pivotal role of farm size in 
countering new economic challenges. In fact, 20 ha of land is 
an effi cient dimension in order to maximise a farmer’s income, 
corroborating the role that fi nancial supports should have in 
terms of increasing the usable agricultural area of farms.

In order to implement technical and allocative effi ciency, 
family farms should also increase their land capital through 
the unifi cation of their fragmented parcels as these do not 
allow greater capital investments to be made, and other labour 
saving technologies aimed at reducing the cost of inputs to be 
used. Some actions in the 2000-2006 and 2007-2013 Italian 
Rural Development Programmes were designed to stimulate 
a growth of more effi cient farm production and management 
processes, strengthening the power of family farms in the 
countryside by means of specifi c subsides. The purpose of 
this fi nancial aid was to raise the levels of scale effi ciency 
and allocative effi ciency through the introduction on the farm 
of new production technologies, and by farm consolidation 
and enlargement. Among the priorities of the Italian Rural 
Development Plan (RDP) 2014-2020 is to support a radical 
change in the production process by the introduction of new 
technologies that are able to reduce variable costs, even if 
fi ndings from the previous RDP (2007-2013) have identifi ed 
a poor tendency among family farms to adopt innovative 
technologies and to diversify their agricultural production.

In conclusion, Italian diretto coltivatrice farms are not 
obsolete enterprises but entities that require different multi-
disciplinary approaches aimed at protecting them from mar-
ginalisation and from isolation in the countryside. If the target 
of public investments in the primary sector is to enhance tech-
nical and economic effi ciency in family farms by increases 
in usable agricultural area it is necessary to incentivise the 
generation turnover. The average age of Italian farmers, at 
close to 56 years (Istat, 2011), is a bottleneck in enhancing 
farm effi ciency and is also linked to diffi culties in taking over 
farms and in buying land capital by young farmers. Lo ans 
with a fi xed low interest rate can help to increase the level 
of technical effi ciency through investments in technology on 
family farms and in purchasing land. Furthermore, in order 
to restrict land fragmentation, a law and regulations to ensure 
the indivisibility of an inherited estate during the process of 
succession could be introduced, following the examples of 
other EU Member States such as Austria and Germany.
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Figure 8: Effect of usable agricultural area on the farmer’s 
net income of Italian family farms. In each hexagon the usable 
agricultural area per farm and year is indicated. The black hexagon 
(20-50 ha in 2003) is the ‘winner’ neuron. The different scales of 
grey describe different levels of effi ciency: dark grey hexagons are 
more effi cient than light grey ones.
Data source: Italian FADN database



Nicola Galluzzo

42

Bauer, P.W. (1990): Recent Developments in the Econometric Esti-
mation of Frontiers. Journal of Econometrics 46, 39-56. http://
dx.doi.org/10.1016/0304-4076(90)90046-V

Bielik, P. and Rajcaniova, M. (2004): Scale effi ciency of agricul-
tural enterprises in Slovakia. Agricultural Economic Czech 50 
(8), 331-335.

Bojnec, S. and Latruffe, L. (2007): Farm size and effi ciency: the 
case of Slovenia. Paper presented at the European Association 
of Agricultural Economists 100th Seminar ‘Development of 
Agriculture and Rural Areas in Central and Eastern Europe’, 
Novi Sad, Serbia and Montenegro, 21-23 June 2007.

Bojnec, S. and Latruffe, L. (2008): Measures of farm business ef-
fi ciency. Industrial Management & Data Systems 108 (2), 258-
270. http://dx.doi.org/10.1108/02635570810847617

Brandth, B. (2002): Gender Identity in European Family Farming: 
A Literature Review. Sociologia Ruralis 42, 181-200. http://
dx.doi.org/10.1111/1467-9523.00210

Bravo-Ureta, B. and Pinheiro, A.E. (1997): Technical, Economic 
and allocative effi ciency in peasant farming: evidence from Do-
minican Republic. The Developing Economies 35 (1), 48-67. 
http://dx.doi.org/10.1111/j.1746-1049.1997.tb01186.x

Bravo-Ureta, B.E., Solìs, D., Moreira López, V.H., José, F., Mari-
pani, J.F., Abdourahmane, T. and Rivas, T. (2007): Technical 
effi ciency in farming: a meta-regression analysis. Journal of 
Productivity Analysis 27 (1), 57-72. http://dx.doi.org/10.1007/
s11123-006-0025-3

Carter, M.R. (1984): Identifi cation of the Inverse Relationship 
between Farm Size and Productivity: An Empirical Analysis 
of Peasant Agricultural Production. Oxford Economic Papers 
New Series 36 (1), 131-145.

Chavas, J.P. and Aliber, M. (1993): An Analysis of Economic Ef-
fi ciency in Agriculture: A Nonparametric Approach. Journal 
of Agricultural and Resource Economics 18 (1), 1-16. http://
dx.doi.org/10.1016/S0169-5150(97)00030-3

Coelli, T. (1996): Recent developments in frontier modelling and 
effi ciency measurement. Australian Journal of Agricultural 
Economics 39 (3), 219-245.

Coelli, T.J., Rao, D.S.P., O’Donnell, C.J. and Battese, G.E. (2005): 
An Introduction to Effi ciency and Productivity Analysis (Sec-
ond edition). New York: Springer.

Di Domenico, M. and Miller, G. (2012): Farming and tourism 
enterprise: experiential authenticity in the diversifi cation of 
independent small-scale farming. Tourism Management 33 (2), 
285-294. http://dx.doi.org/10.1016/j.tourman.2011.03.007

Eurostat (2015): Agriculture, forestry and fi shery statistics 2014 
edition. Brussel: European Commission.

FAO (2014): Main messages [www document]. http://www.fao.
org/family-farming-2014/home/main-messages/en/ (accessed 
1 March 2015).

Färe, R., Grosskopf, S. and Lovell, C.A.K. (1985): The measure-
ment of effi ciency of production. Boston: Kluwer Nijhoff Pub-
lishing. http://dx.doi.org/10.1007/978-94-015-7721-2

Färe, R., Grosskopf, S., Norris, M. and Zhang, Z. (1994): Productivity 
Growth, Technical Progress, and Effi ciency Change in Industrial-
ized Countries. The American Economic Review 84 (1), 66-83.

Farrell, M.O. (1957): The measurement of productive effi ciency. 
Journal of Royal Statistical Society 120 (3), 253-281. http://
dx.doi.org/10.2307/2343100

Forsund, F.R., Lovell, C.A.K. and Schmidt, P. (1980): A survey of 
frontier production functions and of their relationship to effi -
ciency measurement. Journal of Econometrics 13, 5-25. http://
dx.doi.org/10.1016/0304-4076(80)90040-8

Galluzzo, N. (2013): Farm dimension and effi ciency in Italian ag-
riculture: a quantitative approach. American Journal of Rural 
Development 1 (2), 26-32.

Galluzzo, N. (2014a): Social Enterprises in the Irish Rural Space: 

An Analysis in the Area of Ballyhoura. Asian Journal of Ag-
riculture Extension Economics & Sociology 3 (2), 147-163. 
http://dx.doi.org/10.9734/AJAEES/2014/8265

Galluzzo, N. (2014b): The evolution of Italian farms and the role 
of subsidies paid by the European Union for rural development. 
Romanian Review of Regional Studies 10 (1), 79-88.

Gorton, M. and Davidova, S. (2004): Farm productivity and 
effi ciency in the CEE applicant countries: a synthesis of 
results. Agricultural Economics 30, 1-16. http://dx.doi.
org/10.1111/j.1574-0862.2004.tb00172.x

Hagedorn, K. (1994): Changing Organisation of Agriculture as a 
Result of the Transformation Process. Paper presented at The 
Impact of CEE Agricultural Reform on Domestic and Interna-
tional Markets workshop, Leuven, Belgium, 10-11 June 1994.

Hill, B. (1993): The ‘myth’ of the family farm: Defi ning the fam-
ily farm and assessing its importance in the European com-
munity. Journal of Rural Studies 9 (4), 359-370. http://dx.doi.
org/10.1016/0743-0167(93)90048-O

Istat (2011): Censimento Generale dell’Agricoltura. [General Cen-
sus of Italian Agriculture] [www document]. http://censimento-
agricoltura.istat.it/ (accessed 30 August 2013).

Jervell, A.M. (1999): Changing Patterns of Family Farming and 
Pluriactivity. Sociologia Ruralis 39 (1), 100-116.

Kohonen, T. (2001): Self-Organizing Maps (3rd edition). Berlin 
Heidelberg: Springer-Verlag. http://dx.doi.org/10.1007/978-3-
642-56927-2

Latruffe, L. (2010): Competitiveness, productivity and effi ciency 
in the agricultural and agri-food sector. Food, Agriculture and 
Fisheries Working paper 30. Paris: OECD.

Latruffe, L. and Nauges, C. (2014): Technical effi ciency and con-
version to organic farming: the case of France. European Re-
view of Agricultural Economics 41 (2), 227-253. http://dx.doi.
org/10.1093/erae/jbt024

Latruffe, L., Balcombe, K., Davidova, S. and Zawalinska, K. 
(2004): Determinants of technical effi ciency of crop and live-
stock farms in Poland. Applied Economics 36 (12), 1255-1263. 
http://dx.doi.org/10.1080/0003684042000176793

Lund, P.J. and Hill, P.G. (1979): Farm size, effi ciency and econo-
mies of size. Journal of Agricultural Economics 30, 145-158. 
http://dx.doi.org/10.1111/j.1477-9552.1979.tb01491.x

Mehmood, Y., Abbas, M., Chen, X. and Honkela, T. (2011): Self-
Organizing Maps of Nutrition, Lifestyle and Health Situation 
in the World, in J. Laaksonen, and T. Honkela (eds), WSOM 
2011, LNCS 6731. Berlin Heidelberg: Springer-Verlag, 160-
167. http://dx.doi.org/10.1007/978-3-642-21566-7_16

Morrison Paul, C., Nehring, R., Banker, D. and Somwaru, A. 
(2004): Scale economies and effi ciency in U.S. agriculture: are 
traditional farms history? Journal of Productivity Analysis 22, 
185-205. http://dx.doi.org/10.1007/s11123-004-7573-1

Schmitt, G. (1991): Why is the agriculture of advanced Western 
countries still organised by family farms? Will this continue to 
be so in the future? European Review of Agricultural Econom-
ics 18 (3-4), 443-458. http://dx.doi.org/10.1093/erae/18.3-4.443

Sofer, M. (2001): Pluriactivity in the Moshav: family farming in 
Israel. Journal of Rural Studies 17, 363-375. http://dx.doi.
org/10.1016/S0743-0167(01)00012-2

van Dijk, T. (2003): Scenarios of Central European land frag-
mentation. Land Use Policy 20 (2), 149-158. http://dx.doi.
org/10.1016/S0264-8377(02)00082-0

Van Zyl, J., Miller, B.M. and Parker, A. (1996). Agrarian structure 
in Poland. The myth of large-farm superiority. Policy research 
working paper 1596. Washington: The World Bank.

Zhu, X. and Lansink, A.O. (2010): Impact of CAP Subsidies on 
Technical Effi ciency of Crop Farms in Germany, the Nether-
lands and Sweden. Journal of Agricultural Economics 61, 545-
564. http://dx.doi.org/10.1111/j.1477-9552.2010.00254.x


