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Abstract. The aim of this work is to identify the factors that influence the level of
efficiency in horticultural nurseries and to estimate their impact on productivity
as well as the direction and intensity with which they act. The investigation was
focused on table tomatoes (Solanum lycopersicum L.), a species widely cultivated in
horticultural greenhouses and in the open field, for which the recourse to trans-
plantation represents a normal operation to the point that nurseries activate a large
number of productive cycles for this species throughout the year with the aim of
obtaining ‘‘ungrafted seedlings’’ or ready-to-use ‘‘grafted seedlings’’. This study used
the methodological approach of data envelopment analysis (DEA) and Tobit re-
gression and was able to identify which of the factors linked to management choices,
professionalism, and the motivation of entrepreneurs have a notable influence on the
level of efficiency reached by nurseries and which of these factors offer possibilities
for increasing their levels of production. The results of this investigation reveal that in
the nurseries, the possibilities for achieving increasing economies of scale are limited
by the structural relationships between capital and land and between land and labor,
by the production strategies in place, and by the degree of utilization of materials
and labor.

Nursery activities hold a significant im-
portance in the construction of the value
chain of the horticultural sector (Source:
European Nursery Stock Association—ENA
on European nursery stock sector available
on www.enaplants.eu; European Horticulture
Network—EHN and U.S. Department of
Agriculture National Agricultural Statistics
Service, 2012 Census of Agriculture). Their
importance is increasing for a country such as

Italy, in which horticulture both in the open
field and under shelter contributes signifi-
cantly to the creation of income and employ-
ment and the socioeconomic sustainability of
entire territories. The favorable performance
of this sector, along with studies in the
scientific literature related to technical-
economic and market matters, suggests that
there is an opportunity to expand the use of
transplantation techniques even more widely
as an alternative to sowing directly in the field
to achieve advantages of a technical, envi-
ronmental, and commercial nature (Power
et al., 1991; Timpanaro et al., 2015). Modern
nurseries have therefore become complex
and articulated structures, marked by inten-
sive cultivation systems with considerable
utilization of fixed and circulating capital and
ways of managing production processes.
These systems have allowed an elevated
degree of integration and coordination, along
with market relationships, for the supply of
raw materials and the placement of finished
products that are no longer circumscribed at
the territorial level but are directed toward
interregional or national dimensions.

This organizational complexity is linked
to the multiplicity of production cycles re-
alized (in all of the cases, the sowing is done
directly in multiholed containers inside
greenhouses to control the entire process
and guarantee the result from qualitative–
quantitative and phytosanitary points of
view) and to the simultaneous presence of

many sectors within the nursery structure that
are able to assure a determined phase of the
‘‘seedling multiplication’’ productive pro-
cess (collections of mother plants, seed beds,
greenhouse cultivation, etc.) with the parcel-
ing of the enterprise’s surface area, which
renders the management of this business
activity and the reaching of adequate levels
of profitability somewhat difficult (Kubota
et al., 2017; Rivard et al., 2010). This also
occurs because, technically, the nurseries are
multiproduct enterprises (many species and
varieties and many cultivation cycles on the
same unit of surface area within the same
greenhouse in the same year), characterized by
returns to scale that oscillate between con-
stants, increasing and decreasing, in different
production systems. Thus, only a limited num-
ber of enterprises manage to realize productive
volumes capable of generating economies of
scale and, therefore, of increasing net profits.

The contribution of this work lies, essen-
tially, in exploring these aspects of nursery
management and assessing to what extent the
economic results of these activities could be
attributable to differences in the efficiency of
the nursery. The results are provided through
the DEA method, a nonparametric method of
analysis that is particularly versatile for the
study of the efficiency of productive units and
that is widely used for analyzing multiple
input/output processes and for determining
a score of relative efficiency between differ-
ent enterprises/productive processes. The ob-
jective, therefore, is to evaluate the relative
efficiency of each nursery in terms of radial
distance from the efficient frontier, defined
by best practices, and to identify the varia-
tions in the factors necessary so that an
inefficient nursery emulates the benchmark
(the group of nurseries of reference on the
frontier). Finally, on the basis of a multivar-
iate Tobit-type analysis, an estimation of the
influence of a series of key variables prese-
lected from among the technical-economic,
structural, and managerial factors that are
most relevant on the efficiency indicator is
made.

Conceptual Framework

The DEA technique was originally de-
fined by Charnes et al. (1978) with the
intention of developing Farrell’s measure of
efficiency and making it operative in the field
of linear programming.

Starting from the research of Farrell
(1957), a conceptual framework was devel-
oped for the analysis of an enterprise’s
performance in terms of economic, technical,
and allocative efficiency. The largest advan-
tage of this type of analysis lies in the fact that
it allows a global approach to the enterprise,
simultaneously considering all the inputs and
outputs (Coelli, 1995) rather than considering
them in terms of yield, e.g., per unit of input
entered.

From its original inception, DEA has
rapidly spread to a multitude of fields of
application and business sectors, from the
public to the private, and has fueled a broad
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debate on goodness and limits of application.
Liu et al. (2013) published an article in which
they use the Web of Science database 1978–
2010 and present the results of research on the
applications made possible by DEA thus far.

With reference to the agri-food sector, it is
possible to find vast literature on the use of
DEA to determine the competitiveness, pro-
ductivity, and efficiency of the sector and on
the use of alternative tools. Certain useful
comparative contributions are based on the
parametric analysis of the stochastic and
nonparametric (DEA) frontier in an attempt
to combine the virtues of both approaches
into a unitary framework that is applica-
ble to retail and wholesale distribution
(Kuosmanen, 2006). Among other contribu-
tions, we highlight that of Bonfiglio (2006),
who measured the results of Italian agro-food
cooperatives [also using a Tobit regression
analysis for identifying differences in tech-
nical efficiency (TE)], and that of Aramyan
et al. (2006), who analyzed various perfor-
mance indicators of the agri-food supply
chain. In regard to the role of cooperation,
the work of Fanfani and Maccarini (2009)
demonstrated the imbalance between the size
of a cooperative and the levels of production
achieved through DEA. Latruffe (2010),
moreover, suggested a revision of the litera-
ture to redefine the concepts of productivity
and performance and to illustrate the methods
of measurement and the possible obtainable
results. Dadura and Lee (2011) used DEA to
determine the key factors of innovation in
Taiwan’s food industry and to define appro-
priate strategies for improving innovative
capacity, taking into account the size of the
enterprise. Mutonyi and Gyau (2014) pro-
posed a conceptual model of measurement of
marketing performance based on five con-
structs: efficacy, efficiency, adaptability, the
quality of food products, and customer satis-
faction, in light of the increased opportunities
of the market created by globalization and the
growing demand for traceability, food safety,
and standards of quality. Pagotto and Halog
(2016), moreover, proposed the principles of
the circular economy for increasing the per-
formance of environmental sustainability in
the agri-food industry with economic and
environmental measures. Finally, Folinas
et al. (2015) shifted their attention to the
logistical processes of the agri-food sector,
proposing DEA as a means to determine the
criticalities for the customer, the costs, and
the contribution of logistics to the added
value of services and products.

Furthermore, there are numerous applica-
tions of DEA to specific productive sectors.
Among many such studies, we recall the
contribution of Fare et al. (1985), who fo-
cused on the application of the production
possibility frontier concept with a study on
the efficiency of the primary sector in the
Philippines, whereas Sharma et al. (1997,
1999) made use of DEA and the stochastic
production frontier for the measurement of
the productive efficiency of pig rearing in
Hawaii. There are also several works regard-
ing viticulture, such as those relating to

quality wine in Spain (Aparicio et al., 2013)
and to wine in Italy (Urso, 2014; Urso et al.,
2015), that analyze changes in the level of
efficiency of Italian wineries after the reform
of the Wine COM (Common Organization of
Agricultural Markets) through the use of the
Farm Accountancy Data Network (FADN)-
RICA database. Similar studies have also
been conducted in China (Liu and Lv,
2010) and in Spain (Martínez-Carri�on et al.,
2010), as well as in relation to a comparison
of winemaking in Italy and Spain (Sellers-
Rubio et al., 2016). Other contributions can
be found in the literature relating to fisheries
in Greece (Voulgaris and Lemonakis, 2013)
and to rice-wheat farming that aimed to
identify the determinants of technical ineffi-
ciency inherent in the farming system in
Pakistan (Javed et al., 2010). Another study
investigated the dairy sector in Poland
(Jarzębowski and Bezat-Jarzębowska, 2014)
and dairy enterprises operating under both
conventional and organic management sys-
tems in Finland (Sipil€ainen andOude Lansink,
2005) and in Australia (Fraser and Graham,
2005). An analysis of efficiency regarding
citrus-growing enterprises in Italy (Madau,
2015) was carried out and both DEA and
stochastic frontier analysis were used, and
another study analyzed quality bean produc-
tion in Greece (Karagiannis and Melfou,
2015).

Materials and Methods

The necessity of comparing productive
units that are potentially very different has
led to a narrowing of the range both of the
factors of production and of the types of
products that are offered. Among the various
species offered in commercial assortments of
nurseries, the tomato (Solanum lycopersicum
L.) is always present because it is a species
widely requested by horticulturists for grow-
ing in greenhouses and in open fields. There-
fore, considering its diffusion, this species
was chosen for comparison between different
nurseries. The choice is consistent with the
general rule that the ideal selection includes
the minimum number of inputs and outputs
necessary for adequately capturing all the
essential aspects of the operations carried out
by the enterprises that are subject to the
study. Tomato is still the most common
vegetable species in the area, with production
of more than 422,000 tons and worth 287.5
million euros, equivalent to 30% of the
regional production [Italian National Insti-
tute of Statistics (ISTAT) data]. Regarding
the selection of the sample of nurseries to
subject to direct survey, we used the data
provided by the Agricultural General Census
(ISTAT) and the public office for technical
assistance in agriculture. Taking into account
the objectives of the research, we focused our
attention on Sicily to ensure a high degree of
homogeneity of the sample in terms of the
horticultural specialization and pedoclimatic
characteristics of the territory, as well as of
the structural and infrastructural characteris-
tics of the sector. For sample selection and

assurance of its correct representability,
probabilistic sampling was performed with
a stratified procedure. The criteria were the
territorial location and the physical amplitude
class, fixing an error rate of 0.01. The extract-
ed sample is equal to 22% of the universe.
Among the inputs, we considered ‘‘mate-
rials’’ and related expenses (seed, containers,
peat/soil, fertilizers/pesticides, polyethylene
mulch/cover, etc.), ‘‘works and services’’ and
related remuneration (operations in sowing
and germination room, transfer to green-
house, fertilizing/pesticide treatment, etc.),
and ‘‘stocks and other attributions’’ and re-
lated reintegrations (taxes and contributions,
interest on stock capital, salaries, land capi-
tal, stocks, maintenance costs, insurance,
etc.). On the basis of the business accounting
data, it was possible to detect the amount of
fixed and circulating capital invested on each
fund (land capital and stock capital). The
structure of the production costs chosen is in
line with the European Union (EU) standard
defined for the calculation of the profitability
of the sector or the FADN, a tool for assessing
the income of farms and the impacts of the
Common Agricultural Policy (European
Commission, 2010). The reference year of
the survey is 2016 and the choice of the
period for study was dictated, above all, by
the availability of accounting data. Both the
dependent variables and predictive variables
were considered in terms of value rather than
quantity. This was necessary to extrapolate
quantities of input and output referred to
different products within productive struc-
tures with intensive sorting and repeated
cultivation cycles and to solve the problem
of the distribution of fixed factors between
different crops (Basile et al., 2002). The use
of variables expressed in terms of value leads
to the incorporation of not only the input/
output ratio that determines TE but also the
so-called allocative efficiency that is de-
rived from the prices of the purchase of the
factors and of the sale of the products into
the estimate of business efficiency (Battese,
1992).

Using an ad hoc questionnaire form and
face-to-face interviews, 70 nurseries located
throughout Sicily were recorded and assisted
by reference to the financial accounts of the
enterprises concerned. Our elaborations were
then carried out on 50 enterprises because
incomplete questionnaires were discarded.

The evaluation of TE has been developed
in several phases. It should be remembered
that there are basically two classic models of
DEA: the CRS (constant return scale) model,
also known as CCR (Charnes, Cooper, and
Rhodes, 1978), and the VRS (variable return
scale) or BCC (Banker, Charnes, and Cooper,
1984) model. The first model assumes con-
stant returns to scale, whereas the second,
instead, analyses returns to scale variables
and does not assume the proportionality
between inputs and outputs.

Preliminarily, by adopting a model with
constant scale returns, the nurseries that
effectively use the resources at their disposal
were identified. This type of analysis assumes
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two different perspectives, mirroring each
other, given the hypothesis of constant
returns: 1) it enabled us to identify as ‘‘effi-
cient’’ those nurseries that, compared with
others, manage to achieve a greater number
of tomato seedlings, although using the same
quantity of factors of production (orientation
toward output), or 2) it enabled the identifi-
cation of those nurseries that to produce the
same number of seedlings, manage to use
a lower quantity of productive resources
(orientation toward inputs).

The final result of this type of analysis, as
is well-known, is represented by the calcula-
tion of efficiency indicators, or an efficiency
score, which is a radial measurement of the
distance of each nursery from those which,
with the same combination of factors, man-
age to achieve better results or, alternatively,
the same result with a lower use of resources.

The next step consisted of an evaluation,
for each efficient nursery, of how many
productive units are ineffectively used within
its structure. In this way, from among the
most efficient nurseries, those that were most
representative in terms of the optimal orga-
nization of resources were identified.

The DEA then, as is well-known, allows
the decomposition of the overall inefficiency
into genuine technical inefficiency or, in
other words, into the incapacity of an enter-
prise to optimally combine the factors of
production and to obtain the highest possible
number of tomato seedlings for that given use
of resources, and into inefficiency of scale,
due essentially to an inadequate operational
dimension. In practice, the indicators of
efficiency were recalculated under the hy-
pothesis of variable scale returns, according
to the following model initially proposed by
Charnes et al. (1978):

Eff =

P
ruryrjP
ivixrj

;

where yrj = the amount of the rth output from
nursery j, ur = the weight given to the rth
output, xij = the amount of the ith input used
by nursery j, and vi = the weight given to the
ith input.

In particular, the final model applied to
nurseries was the following output-oriented
one:

Eff = Max
X

ruryrj0

X
ruryrj �

X
ivixij # 0; 8j

X
ivixij0 = 1

ur; vi $ 0; 8r; 8i:
Thus, the units that under the latter

hypothesis, have obtained a higher score
than those corresponding to the hypothesis
of constant returns are precisely the nurser-
ies whose inefficiency also depends on the
factors of scale. To evaluate to what extent
the results reflect an effective inability to

organize the activity of the nurseries investi-
gated rather than an inadequacy of the scale
at which they operate, the efficiency results
of the model with CRS are compared with
those of a model of VRS. In the first case, as
previously stated, the efficiency of a nursery
is evaluated in relation to the behavior of all
the other nurseries present in the sample,
whereas in the second case, the comparison is
made only with those nurseries that operate
on the same scale: as a result, the efficiency
results of the model with varying returns are
not inferior to those of the model with
constant returns to scale.

On completion of this investigation, the
indicators of efficiency were used as a de-
pendent variable in a Tobit regression
model, proposed originally by James Tobin
(1958) for describing the relationship exist-
ing between a variable-dependent observ-
able yi—which cannot assume values lower
than zero—and one or more variables. In
particular, the dummy variable that selects
nurseries distinguishes those cases for which
the problems of efficiency are believed to be
more severe according to the followingmodel:

qi = a + Xi
�b + ei; i = 1; 2; . . . ;N ;

where qi is the index of efficiency of the DEA
for the ith nursery, a is the estimated co-
efficient of interception, Xi is a matrix com-
posed of as many vectors as the explicative
variables of the model, b is a vector of
estimated coefficients, and e represents the
stochastic error. The elaborations were car-
ried out using STATA software, version 12,
according to the models proposed by Ji and
Lee (2010) and Tobit regression for STATA
(StataCorp., 2017).

Results

Characteristics of the nurseries investigated.
The empirical survey was concentrated in
Sicily, a region that intercepts 8% of the total
number of nurseries in Italy (ISTAT, 2015).
This share increases in the case of nurseries
of horticultural plants because of the specific
nature of the pedoclimatic environment and
to the significant horticultural vocation in the
open field and under cover that is found on
the island (22% in surface area), which
justifies the presence of structures supporting
the construction of quality supply chains.
Sicilian nursery production is therefore also
directed toward export to other national and
international areas (Timpanaro et al., 2013).

The territorial localization can be gauged
from Fig. 1, from which one can note the
polarization of structures in areas with strong
horticultural vocations (Pachino for Syra-
cuse, Vittoria for Ragusa, Marsala for Tra-
pani, and the coastal strip for Catania and
Messina). In these areas, tomato production
has gained prestigious recognitions in quality
and great market potential (Protected Geo-
graphical Indication from the EU and in-
clusion in the List of Traditional Agri-Food
Products of DM 350/99). The general char-
acteristics of the enterprises to be found are
included in Table 1. The nurseries have an

average spread of more than 4 ha and a used
agricultural area of 2.34 ha divided on an
average of more than 11 production units
with protective facilities (greenhouses). The
degree of technological development of these
units can be deduced from the size of the
investments in land and stock, averaging
�530,000 euros for the former and 390,000
euros for the latter. In terms of land invest-
ment, the greatest fluctuations between the
minimum and maximum values are observed
in the case of greenhouses (from 80,000 to
643,000 euros), attesting to the existence of
a pronounced gap in the level of innovation
used. Similar considerations can be made for
the mechanical means used (ranging from
almost 79,000 to 220,000 euros) and for other
machinery, plant, and equipment used to
support the production (sowing and germi-
nation room, fertigation systems, etc.).

The relationships between capital and
land and between capital and labor represent
important structural characteristics in analyz-
ing the economic and efficiency results in the
horticultural nurseries investigated (Khan et
al., 2004). In particular, the results of the
analysis in some cases demonstrate the ap-
parent oversizing of plants and structures that
are potentially capable of generating disecon-
omies of scale both internally (due to limited
technical and directional adaptation) and
externally (due to factors including the diffi-
culty of accessing credit and the structural
and infrastructural shortcomings of the terri-
tories in which the nurseries are located).

Economic results and production costs.
The nurseries that were surveyed registered
an average production of tomato seedlings of
more than five million units altogether, tak-
ing account of the multitude of production
cycles activated in 2016 (Table 2). The
sample, moreover, presents a wide variation
in production, with a minimum of 500,000
seedlings and a maximum of almost 14.4
million seedlings. The interest in the cultiva-
tion of the tomato dates back to the economic
importance held by this solanacea in the
horticultural economy both in the greenhouse
and in the open field. The tomato in Sicily, in
fact, accounts for more than 25.3% (288
million euros) of the value of Italian tomato
production (amounting to 1.1 billion euros
according to ISTAT, 2015), and its cultiva-
tion is so widespread that it is always present
in the product portfolios of all the nurseries
present in the territory.

Considering an average unit revenue of
0.54 euros per seedling, this results in an
average turnover of more than three million
euros. The wide variation in turnover (from
a minimum of 285,000 euros to a maximum
of nearly 10.5 million euros), however,
shows the existence of profound differentia-
tions in productive levels in the relationship
between the combinations of factors, in
entrepreneurial abilities, and ultimately, in
the level of efficiency in the different realities
observed. The average overall costs totaled
more than 1.55 million euros, ranging from
a minimum of 179,000 euros to a maximum
of 6.3 million euros.
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In the scenario observed, a parallel dif-
ferentiation exists in the value of the cost per
seedling, even if the nursery entrepreneur is
well aware of the necessity of increasing the
number of units (seedlings) produced as
much as possible to see decreases in the
average cost of producing them. However,
the possibilities for the expansion of pro-
duction are subject to a multitude of con-
straints, stemming both from the rigidity of
the productive structure (above all, owing to the
substantial fixed capital and to the imperfect

divisibility of a variety of productive factors)
and from the competitive market in which they
operate: a situation in which individual pro-
ducers can have no influence over the prices of
products and factors. Different types of conse-
quences may occur:

� The enterprise expands to such a degree as to
no longer be able to operate efficiently be-
cause it does not enjoy constant returns to
scale for all output levels, and therefore, the
problems of coordination that arise can cause
it to enter a phase of diminishing returns.

� The enterprise expands to such a degree as
to totally dominate the market for the
product, depressing the competition to the
point of exploiting its own size to influ-
ence the market price (this is frequently
the case where the nursery holds the
breeding rights to species and varieties). In
other words, the enterprise would have no
motive for adhering to the model of com-
petitive maximization of profit.

� The enterprise can realize a positive
profit with a technology offering constant
returns to scale in the same way that other
enterprises can; in this case, if all the
nurseries increase their respective pro-
duction, it follows that the profit for all the
nurseries will be reduced. In fact, Fig. 2
shows the relative weight of the various
items of average cost in the production of
tomato seedlings in large part owing to the
reintegration of factors external to the
enterprise (75% materials and 20% stocks
and other attributes).

Naturally, a technology can be character-
ized by different returns to scale corresponding
to different levels of production; however, in
general, the individual nursery should try to
operate at an optimal scale: not too small if the

Fig. 1. Spatial distribution of farms in the sample in Sicily. The nurseries have been chosen in proportion to their territorial diffusion and to the localization of
greenhouse horticulture. The colored areas indicate the spread of horticulture in the greenhouse, and the symbols the nurseries. In these areas, the tomato
(Solarnum lycopersicum L.) production has gained prestigious recognitions in quality and great market potential.

Table 1. General characteristics of the nurseries that produce seedlings of tomato (2016).

Indication Avg Minimum Maximum Median SD

Total width (ha) 4.38 1.12 10.50 4.00 2.16
Nursery area (ha) 2.34 0.71 5.96 2.25 1.20
Greenhouse, n 11.07 2.78 32.23 12.14 4.99
Land investment (euro)
Rural buildings 212,193.61 100,000.00 328,385.00 211,379.50 53,148.97
Irrigation systems 79,582.50 50,000.00 135,000.00 76,072.00 19,467.50
Greenhouse 236,541.82 80,000.00 643,500.00 186,712.50 165,838.83

Tractors, motorcycles, and farm equipment (euro)
Seedling/germination machines 173,571.98 130,000.00 195,000.00 177,873.00 14,210.76
Other mechanical means 78,500.00 78,500.00 220,000.00 146,018.50 31,987.58
Irrigation pumps 68,325.61 37,500.00 89,700.00 70,593.50 11,085.86
Other 66,395.80 15,500.00 115,000.00 68,484.00 27,021.50

Source: elaboration on direct data collection.
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returns to scale are increasing, not too large if,
on the other hand, they are decreasing
(Timpanaro et al., 2013).

Achieving the optimum scale is not easy,
and the following question for the nursery
remains: how should a nursery behave when
it is obliged to allocate a given level of
production among multiple productive pro-
cesses in such a way as to minimize the
overall cost of production? In this case, the
literature amply shows that the problem of
the maximization of profit can be decom-
posed in two phases: the minimization of the
costs necessary to produce a quantity y of
output and the determination of the quantity
of output that corresponds to the maximiza-
tion of profit. Therefore, the problem for the
nursery simply becomes that of having the
appropriate instruments or preparations to be
able to evaluate the TE (with the best use of
technology) and economic efficiency (with
the best use of technology and producing at
a minimum cost) of these processes in such
a way as to calibrate their activity (Scuderi
et al., 2015, 2016).

Results of the analysis of efficiency with
the DEA method. DEA was conducted using
an output-oriented approach because the in-
tention was to evaluate the maximization of
turnover for every individual nursery. There-
fore, having obtained the TE scores of the
units, representative of their capacity to pro-
duce a determined quantity of output from
a determined set of inputs, a breakdown of
the measure of efficiency was then realized in
its three components: overall, purely techni-
cal, and scale.

The scores of TE resulting from the
application of themodel are shown in Table 3.
The median-estimated TE (VRS measure)

and efficiency of scale are 0.857 and 0.919,
respectively. By imposing nonincreasing
scale returns (NIRS), we discovered that
most of the enterprises have an increasing
return to scale. This finding implies that the
inefficiency of scale is mainly due to enter-
prises that operate under a nonoptimal scale,
in other words, enterprises in which output is
below optimal levels and should be in-
creased to reach the optimum scale. There
are 22 nurseries in the sample (44%) that are
technically efficient. In the context of the
frontier of best practices, 21 of the most
efficient firms registered variable returns to

scale and seven registered diminishing
returns to scale. In the nurseries operating
on a suboptimal scale (14%), the efficiency
to scale is noticeably lower than that esti-
mated for the enterprises operating on
a supraoptimal scale (1.112).

The arithmetic average and the median
are the same for TE but different for scale
efficiency (SE). The median of the SE is
slightly greater than the average because the
distribution is inclined to the left with fewer
enterprises at levels below the SE.

The limited standard deviations show that
the values of efficiency in the data set are

Table 2. Descriptive statistics of inputs and outputs (2016).

Indication Avg Minimum Maximum Median SD

Outputs
Nursery plant, n 5,096,342 500,000 14,419,984 5,001,877 3,625,778
Income (euro)/nursery plant 0.540 0.350 0.866 0.535 0.122
Profit (euro)/nursery plant 0.211 0.027 0.498 0.198 0.111
Turnover (euro) 3,004,205.60 285,551.21 10,489,373.57 2,851,594.00 2,259,297.34

Inputs (euro)/nursery plant
Materials
Seeds 0.182 0.052 0.340 0.197 0.081
Alveolar containers 0.011 0.002 0.051 0.006 0.011
Peat/loam 0.006 0.003 0.022 0.004 0.005
Fertilizers/pesticides 0.005 0.0003 0.074 0.001 0.014
Polyethylene for mulching and/or covering 0.003 0.0005 0.037 0.001 0.008
Other 0.009 0.001 0.052 0.002 0.012

Labor and service
Germination chamber/growth room for seedling production 0.014 0.001 0.091 0.002 0.020
Transfer to greenhouse 0.005 0.0003 0.072 0.001 0.015
Fertilization/pesticide treatments 0.016 0.0002 0.091 0.001 0.023
Other 0.005 0.0001 0.072 0.0003 0.015

Other costs
Farm taxes 0.017 0.005 0.043 0.012 0.010
Interests 0.009 0.001 0.030 0.002 0.009
Salaries 0.028 0.001 0.141 0.024 0.026
Interest on the capital of anticipation 0.012 0.002 0.038 0.005 0.011
Rent land 0.007 0.001 0.017 0.007 0.003
Amortization and insurance 0.004 0.001 0.022 0.002 0.006

Total costs (euro)/nursery plant 0.329 0.042 0.722 0.314 0.122
Fixed costs (euro)/nursery plant 0.068 0.012 0.252 0.022 0.067
Variable costs (euro)/nursery plant 0.263 0.100 0.470 0.265 0.085
Total costs (euro) 1,552,227.96 178,709.55 6,304,099.76 1,348,229.90 1,193,543.94

Source: elaboration on direct data collection.

Fig. 2. Structure of the average production cost of tomato seedlings in nurseries detected in Italy (2016).
Production costs were calculated by dividing them into three large categories, such as ‘‘materials’’
(seeds; containers; water; fertilizers; pesticides; and others), ‘‘labor and services’’ (farm works and
mechanized services; mediation; transport; professional consulting; and others), and ‘‘other costs’’
(quotas on land investments; quotas on stock investments; family and other labor costs; farm taxes and
wages and social security charges; own capital cost; own land cost; and others).
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close to the median and the efficiency is
relatively more heterogeneous than the effi-
ciency of scale.

In fact, Table 4 and Fig. 3 both show that
technical inefficiency is the principal source
of overall inefficiency rather than ineffi-
ciency of scale. In total, 16% of the nurseries
investigated have a TE score of less than 0.7,
against an efficiency scale score of 8%,
whereas the overall sample in the class score
0.7–0.8 is equal to 20% for TE and 10%
for SE.

The analysis reveals that, on average, the
nurseries should be able to increase the pro-
duction of tomato seedlings by �15% by
using their resources more rationally (TE =
0.857) rather than operating on an inefficient
scale.

Analysis of the cause factors of inefficiency
in the nurseries.To explain the variations in TE
and SE among the nurseries studied, the effi-
ciency scores were subjected to a Tobit re-
gression model considering the characteristics
of the productive structures and the principal

inputs used in the ‘‘tomato seedling’’ produc-
tion process. This is because it is not sufficient
to connect the technical inefficiency to bad
management of available resources when the
maximum output is not reached, but rather, it is
important to fully evaluate the interactions
between the variables in question to accurately
identify the elements that cause the inefficiency
and then promote new ways of using these
resources.

It is worth remembering here that the
Tobit model is based on the estimation of
the coefficients through the method of the
maximum likelihood assuming the normal
distribution of the dependent variable. The
results are reported in Table 5.

The R-squared of the regression is fairly
high, and all coefficients for the variables
considered are significant. The intercept of
1.136 provides a value for the rate of lost
efficiency greater than the observed average.
The factors that contribute most to adversely
affect the productive scale are, in order, the
number of greenhouses in the nursery (index

of organizational diseconomy due to the
fragmentation of the process, difficulties of
coordination, and management of the opera-
tions of cultivation), as shown by a coef-
ficient of –24,055.3 and an intercept of
–24,054.1641; the employment of labor and
services (often tied to scarce specialization
of labor, limited professionalism, and the
difficulty of obtaining services to support
production on the local market), with a co-
efficient of –11.7045 and an intercept of
–10.5686; the materials used (especially in
regard to certified seed, often tied to hybrid
species and varieties developed by interna-
tional seed and genetic firms, with aggrava-
tions linked to high royalties, and often with
levels of germination that do not correspond
to those declared with an increased level of
failures), with a coefficient of –2.7845 and an
intercept of –1.6486; and by investments of
stock (with a coefficient and intercept, re-
spectively, of –1.431 and –0.295) and land
(coefficient of –0.520 and intercept of 0.616).

To evaluate the validity of the chosen
model and the initial assumptions, the normal
distribution of residues, the independence of
residues from the values of the independent
variable, and the homogeneity of the vari-
ances of residues, we elaborated Fig. 4, which
shows that the model adapts well to the
interpretation for a good part of the nurseries
investigated.

Thus, it can be said that the enterprises in
the lead, in respect to higher values of profit,
are characterized by lower production costs,
by business strategies that favor investment
(renovation of structures and plant to increase
the productive potential), by a more efficient
use of specialized manpower, and by the
realization of a process and a product of
quality, demanded by horticultural entrepre-
neurs downstream from the nursery activity.

Concluding Considerations

The results of the research have demon-
strated the importance played by the choice
of process in the production of tomato seed-
lings and, in particular, by the definition of
the level of use of variable inputs (materials,
labor, and services), and by the intensity of
the investment in certain fixed factors (green-
houses especially), and different capital
goods, in terms of their reflection on pro-
duction costs.

In addition, it should be noted that there is
a strong differentiation in regard to the
economic dimension of the nurseries inves-
tigated, indicated by an inverse correlation
between investments in productive structures
and productive potential expressed by turn-
over, calling into question the choices that
determine the allocation of resources within
or outside the tomato seedling productive
process (Hall, 2004; Lewis et al., 2014).
Public support for investments sometimes
leads to oversizing production units and helps
increasing the weight of imperfect factor
divisibility.

In the efficient nurseries, it is noticeable
that the remuneration of capital and labor

Table 3. Estimated technical efficiency (TE) and scale efficiency (SE) for data envelopment analysis model
(2016).

Indication

Efficiency

TECRS TEVRS TENIRS SE

Mean 0.7830779 0.8566543 0.9215603 0.9193968
SD 0.1471978 0.1410231 0.1282919 0.1144524
Min 0.5696780 0.5919310 0.5886590 0.5976860
Max 1.0000000 1.0000000 1.0000000 1.0000000
Median 0.781431 0.867623 0.999999 0.980330
Eff DMU, n 10 17 23 50
Nature of returns
MPSS, firms n 22
drs, firms n 7
irs, firms n 21

Returns to scale
Percentage of farms SE

Supraoptimal scale 42.0 0.87813
Optimal scale 44.0 1.000000
Suboptimal scale 14.0 0.78986
Total sample 100.0 0.91940

Source: elaboration on direct data collection.
CRS = constant return scale; drs = diminishing returns to scale; irs = increasing scale returns; NIRS =
nonincreasing scale returns; VRS = variable return scale; Eff DMU= efficient decisionmaking unit;MPSS
= most productive scale size.

Table 4. Frequency distribution of technical and scale efficiencies from the DEAVRS model (2016).

Efficiency score

Technical efficiency

Number of farms in range Percentage

<0.500 — —
0.501–0.600 5 10.0
0.601–0.700 3 6.0
0.701–0.800 10 20.0
0.801–0.900 9 18.0
0.901–0.999 6 12.0
1.000 17 34.0
Total 50 100.0

Scale efficiency
Number of farms in range Percentage

<0.500 — —
0.501–0.600 1 2.0
0.601–0.700 3 6.0
0.701–0.800 5 10.0
0.801–0.900 4 8.0
0.901–0.999 15 30.0
1.000 22 44.0
Total 50 100.0

Source: elaboration on direct data collection.
DEA = data envelopment analysis; VRS = variable return scale.
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factors simultaneously affects both the econ-
omies of SE and the allocative efficiency,
deriving from the prices of purchasing pro-
ductive means and services and from the
sales of the seedlings, and the productive
and marketing strategies aimed at increasing
business revenue. In the first case, this mate-
rializes, above all, through the diversification
of the productive systems and the offering of
seedlings of several species and varieties

derived from national or international seed
firms that are either hybrid or derived from
local biodiversity. On the other hand, in the
second case, attempts are made to create
network contracts, especially in regard to
the market factors, to achieve a higher con-
tractual power for the purchase of productive
means. In the third case, finally, it is realized
also through the recourse to sales of seedlings
on extraregional markets.

In conclusion, we do not have to over-
look the considerable evolution of the sec-
tor, with the generational turnover of
enterprises and the emergence of new pro-
ductive realities market oriented, and are
potentially more interested in nursery prod-
ucts (Hodges and Haydu, 2000). In the
future, a possible increase in demand for
seedlings is expected under the pressure of
a growing demand for ‘‘ready-to-use’’ prop-
agation materials (seedlings ready for the
next transplant)—frequently demanded by
intensive horticulture—or the marked het-
erogeneity of human capital who manage
and work in the nurseries. This is closely
related to motivational, cultural, and mana-
gerial aspects in terms of their relative
importance in determining the degree of
business efficiency. The considered realities
still manifest perceptible margins for im-
provement, given that the degree of esti-
mated efficiency varies within a very wide
range. This is an improvement that can be
supported by adequate research policies,
experimentation, and the sharing of results.
The nursery, as an elected center of innova-
tion, must be the promoter of new paths of
integration of the supply chain, upstream
with activities of genetic improvement (with
the diffusion of new species and varieties
characterized by certified and reliable levels
of germination) and downstream with pro-
ducers and consumers (also with the creation
of multichannel communication aimed at
promoting quality and the traceability of
the supply chain).

Therefore, nurseries must be driven by the
challenge of increasingly globalized markets,
with innovative products and process tech-
nologies that can simplify the production
process (from breeding to new varieties,
etc.), reduce the costs of production, and
increase the quality, reliability, rapidity and
sustainability of production processes. This
evolutionary path is heavily dependent on the
economic size of the enterprise and the
linkage of the nursery to the market. Up-
stream, it is necessary to encourage the use of
extraregional contexts for the supply of
propagating material (seeds); downstream,
it is necessary to promote business policies
that can overcome the limits of the reference
to an exclusively local market (Uva, 2000). In
the latter case, all those innovations that can
change the nature of the production processes
will have a central role. In fact, the finished
products (e.g., 30- or 40-d seedlings) that are
hardly liable to face long journeys without
physiological stress provide objective limits
on marketing to extraregional markets (Behe
et al., 2008; Brumfield, 2010).

Without overlooking the problems related
to the sample size and its geographical
diffusion, from this perspective, it is consid-
ered necessary to maintain constant monitor-
ing of the performance of the sector to collect
further information to develop interventions
that are aimed at supporting the operators
by comparisons with other areas—national
and international—with strong horticultural
vocations.

Fig. 3. Efficiency distributions for efficiency scores in tomato nurseries. Technical inefficiency is the
principal source of overall inefficiency, rather than inefficiency of scale (16% of the nurseries have
a technical efficiency score of under 0.7).

Table 5. Results of Tobit regression on detected nurseries (2016).

Indication Coefficient SE z-statistic Probability

Constant 1.13590 698,108 1.627 0.1037
Total surface 48,651.3 70,934.7 0.6859 0.4928
Surface nursery 74,103.7 110,485 0.6707 0.5024
Greenhouse –24,055.3 16,978.8 –1.417 0.1565
Land invest –0.520200 0.436369 –1.192 0.2332
Stock invest –1.43111 1.72719 –0.8286 0.4073
Materials –2.78450 3.08752 –0.9019 0.3671
Work-and-service –11.7045 4.60783 –2.540 0.0111
Other cost 0.457981 3.11514 0.1470 0.8831
Total cost –15.4065 5.36359 –2.872 0.0041
Fixed cost 22.1742 8.69037 2.552 0.0107
Variable cost 19.0669 8.13638 2.343 0.0191
Error distribution
R-squared 67,868,219 P value 0.00000
Adjusted R-squared 40.4124 P value 1.67713
Log likelihood –822.1055
Schwarz criterion 1,696.541
Akaike criterion 1,670.211
Hannan–Quinn 1,680.419

Left-censored obs 0 Right-censored obs 0
Convergence achieved after
number of iterations

4

Included observations 50

Source: elaboration on direct data collection.

214 HORTSCIENCE VOL. 53(2) FEBRUARY 2018



Literature Cited

Aparicio, J., F. Borras, J.T. Pastor, and F. Vidal.
2013. Accounting for slacks to measure and
decompose revenue efficiency in the Spanish
Designation of Origin wines with DEA. Eur. J.
Oper. Res. 231(2):443–451.

Aramyan, L., C.J. Ondersteijn, O. Van Kooten, and
A.O. Lansink. 2006. Performance indicators in
agri-food production chains, p. 49–66. In:
Quantifying the agri-food supply chain.
Springer, Dordrecht, The Netherlands.

Banker, R.D., A. Charnes, and W.W. Cooper.
1984. Some models for estimating technical
and scale inefficiencies in data envelopment
analysis. Mgt. Sci. 30(9):1078–1092.

Basile, F., V.T. Foti, and G. Timpanaro. 2002.
Comparative economic analyses between con-
ventional and eco-compatible cactus pear cul-
tivation in Italy. Acta Hort. 581:47–61.

Battese, G.E. 1992. Frontier production functions
and technical efficiency: A survey of empirical
applications in agricultural economics. Agr.
Econ. 7(3–4):185–208.

Behe, B.K., J.H. Dennis, C.R. Hall, A.W. Hodges,
and R.G. Brumfield. 2008. Regional marketing
practices in US nursery production. Hort-
Science 43:2070–2075.

Bonfiglio, A. 2006. Efficiency and productivity
changes of the Italian agrifood cooperatives: A
Malmquist index analysis. Universit�a Politecn-
ica Delle Marche, Quaderno di Ricerca.

Brumfield, R.G. 2010. Strategies producers in the
northeastern United States are using to reduce
costs and increase profits in tough economic
times. HortTechnology 20:836–843.

Charnes, A., W.W. Cooper, and E. Rhodes. 1978.
Measuring the efficiency of decision making
units. Eur. J. Oper. Res. 2(6):429–444.

Coelli, T. 1995. Recent developments in frontier
modelling and efficiency measurement. Aus-
tral. J. Agr. Econ. 39(3):219–245.

Dadura, A.M. and T.R. Lee. 2011. Measuring the
innovation ability of Taiwan’s food industry
using DEA. Innovation: The European Jour-
nal of Social Science Research 24(1–2):151–
172.

European Commission. 2010. Developments in the
income situation of the EU agricultural sector.

Directorate-General for Agriculture and Rural
Development, Brussels.

Fanfani, R. and E.R. Maccarini (eds.). 2009. The
role of cooperatives in the European agri-food
system. Bononia Univ. Press, Bologna.

Fare, R., R. Grabowski, and S. Grosskopf. 1985.
Technical efficiency of Philippine agriculture.
Appl. Econ. 17:205–214.

Farrell, M.J. 1957. The measurement of productive
efficiency. J. R. Stat. Soc. Ser. A 120(3):253–
281.

Folinas, D., D. Aidonis, I. Manikas, and D. Bochtis.
2015. Logistics processes prioritization in the
agrifood sector. Intl. J. Agr. Mgt. 4(2):72–83.

Fraser, I. and M. Graham. 2005. Efficiency mea-
surement of Australian dairy farms: National
and regional performance. Austral. Agribus.
Rev. 13:1–18.

ISTAT. 2015. Annuario Statistico Italiano, Roma.
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