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Abstract
To conduct agro-environmental assessments at field and farm scale, detailed management data of crop and animal
production systems are needed. However, this type of data is only rarely collected by public administrations. In the
period 2005-2006, we made an experience of on-farm monitoring of cropping systems management, within a larger
project aimed at assessing sustainability of agricultural systems in Italian Parks. In this paper, we describe and dis-
cuss the steps taken to carry out periodic face-to-face interviews in farms in the Sud Milano Agricultural Park
(northern Italy). The first step was the selection of seven farms, which we identified by applying cluster analysis at
a large database describing 733 farms of the Park. After having identified the most relevant agro-environmental is-
sues in the studied area, we established a list of simple but sound indicators to evaluate the effects of agricultural
management on the environment. The criteria used to select the indicators were that they should: be calculated on
easily available data, not be based on direct measurements, make a synthesis of different aspects of reality, and be
easily calculated and understood. The indicators selected evaluate nutrient management, fossil energy use, pesticide
toxicity, soil management, and economic performance. Subsequently, we designed a data model to store input data
used to calculate the indicators (farm configuration, flows of materials and money through the farm gate, animals
and their rations, history of crop cultivation, crop management). The data model that we obtained is relatively com-
plex, but adequate to store and analyse the large amount of data acquired during the two-year project. A ques-
tionnaire was developed to fully comply with the indicators selected and the data model. The questionnaire was
used to carry out approximately six interviews per farm each year, with an investment of time of 1-2 hours per in-
terview. Appropriate double checks of data collected in the interviews were put in place to ensure a good data qual-
ity. The data collected were used for the calculation of several agro-ecological indicators. The results show that nu-
trient management in maize is not satisfactory due to high surpluses, while meadows have the lowest surplus. The
fertilisers and diesel consumption are the most important energy inputs to maize, while their importance is lower
for the other crops. Seeds and fertilisers are the main costs for maize and winter cereals, while diesel consumption
represents a large part of the economic costs for meadows; pesticides are the principal costs in rice. We concluded
by identifying steps for further research.

1. Introduction

In the past decades, an increasing number of re-
searches have studied the sustainability of agri-
cultural production (Giupponi and Carpani,
2006; Rosnoblet et al., 2006). Due to social and
political pressures, issues like nutrient (Sacco et
al., 2003) and pesticide use (Bonzini et al., 2006),
soil management (Richard et al., 1999), biodi-
versity (Caporali et al., 2003; Heyer et al., 2003),
consumption and production of energy (Ceccon
et al., 2002), and greenhouse gases emissions are
of great importance nowadays, and the agricul-

tural sector is increasingly dealing with them.
Researchers and decision makers have ad-
dressed these issues by using direct measure-
ments, agro-ecological indicators, or simulation
models.

Indicators are traditionally defined as vari-
ables supplying information on other variables
that are difficult to access (Gras et al., 1989;
Bockstaller et al., 1997); moreover, they are suit-
able entities to be interpreted, providing infor-
mation to formulate a judgment about the en-
tity under study with respect to a reference pre-
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defined criterion. They are designed to be cal-
culated using data that are accessed relatively
easily. Examples of these data in the agricultur-
al sector are databases of public administration,
national- or regional-level agricultural statistics
(including for example those deriving from cen-
suses), remote-sensed data, and data collected
during on-farm surveys (through observation or
interview with farm manager). As such, agro-
ecological indicators are suitable for a prelimi-
nary but comprehensive evaluation when re-
sources are scarce and a first sustainability as-
sessment is needed. Due to the relatively low
data requirement, one advantage of indicators
is that they make it possible to conduct a si-
multaneous assessment of various aspects of
sustainability (e.g. energy, nutrients, pesticides,
landscape, water quality, and soil management).

Agro-ecological indicators can be calculated
at various spatial and temporal scales. For ex-
ample, the IRENA (OECD, 2002; EEA, 2005)
and OECD (1999, 2001) agricultural indicators
are applied at very large spatial and temporal
scales. The IRENA indicators are calculated at
the national or sub-national level for 15 Euro-
pean countries, normally on an annual basis.
Similarly, the OECD indicators are calculated at
national level on a yearly time scale. Other ap-
proaches are directed at farm- or field-scale
(Vereijken, 1995; Bockstaller and Girardin,
2003). For example, many Authors have calcu-
lated the farm-gate nutrient balances (e.g.
Fangueiro et al., 2008), to evaluate the nutrient
surplus at farm scale, while others have carried
out the same type of balance at field level (Sac-
co et al., 2003), thus providing more insights on
nutrients use. Working at crop level, manage-
ment information needs to be collected at a de-
tailed temporal scale (i.e. month, week). For ex-
ample, the nitrogen (N) indicator by Bockstaller
and Girardin (2003) evaluates the suitability of
N management by integrating detailed infor-
mation about N fertilisation (dates, amounts ap-
plied, and fertiliser type) with weather and soil
data. A disadvantage of working at less detailed
scales (i.e. region or nation versus farm or field)
is that many extreme phenomena may be aver-
aged out. For example, when a high and a low
extreme value are averaged, an intermediate re-
sult is produced, which does not show the real
situation (that may be critical or dangerous). On
the contrary, at more detailed spatial and tem-

poral scales this smoothing effect can be re-
duced (van Beek et al., 2003).

A very general list of data needed to calcu-
late agro-ecological indicators includes infor-
mation about soils, climate, farm configuration,
and crop and livestock management. Of these
elements, some can be easily retrieved, while
others cannot.

Pedo-climatic information is collected from
operational services at the regional level. Struc-
tural data describing farm configuration (i.e. the
percentage of farm area cultivated with differ-
ent crops and their allocation to single fields;
the number of animals belonging to various age
or weight classes; the machinery available on
farm) are easily available in databases of pub-
lic administration (e.g. SIARL, Regione Lom-
bardia, 2008), mainly because these data are
needed to fill applications to obtain various sub-
sidies. However, despite its importance for the
calculation of farm- and field-level indicators,
crop management information (including dates
and technical parameters describing each man-
agement operation, like tillage, sowing, fertilisa-
tion, irrigation, pesticide application, harvest,
and post-harvest) is lacking in most situations.
For example, no national-level surveys are es-
tablished in Italy to collect these data, and ex-
amples at the regional level are extremely 
limited.

Therefore, on-farm collection of crop and
livestock management information is necessary
if management-oriented indicators are to be cal-
culated. Due to the high amount of resources
needed for on-farm data collection, monitoring
activities can only be carried out on few farms,
which need to be carefully selected after analy-
sis of the agricultural sector. On-farm measure-
ments can be carried out automatically using ap-
propriate tools (e.g. Day, 2005) or through
farmer’s interview.

Within a project aimed at evaluating the sus-
tainability of agricultural activities in protected
areas, we have chosen the second option, as this
was more convenient for our research unit for
economic and organisational reasons. The aim
of this paper is to describe and discuss our pre-
liminary experience in selecting and monitoring
seven farms in a Park in northern Italy, using
periodic interviews to farm managers, by putting
particular emphasis on methodological aspects.
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2. Steps of the sustainability assessment

The definition of the framework used in this
study arisen from the environmental critical is-
sues identified for agricultural systems in this
area or in similar areas. Cropping systems are
intensively managed in the studied area (Berg-
amo et al., 2007), with a wide distribution of fod-
der and cereal crops that in many fields are cul-
tivated in continuous cropping or with a double
cropping system (fodder in winter and cereal in
summer). The yields are elevated due to the
favourable pedo-climatic conditions, the avail-
ability of water, and to the intensive use of fer-
tilisers and pesticides, especially in maize and rice.
The large use of mineral fertilisers and the nu-
merous agronomic operations increase the use of
non-renewable energy. In addition, several inten-
sive livestock farms are present in the Park. Based
on the previous considerations and on literature
related to similar farming systems, we defined the
agro-environmental aspects to be analysed in this
study: energy use (e.g. Borin et al., 1997; Ceccon
et al., 2002), nutrient balances (e.g. Sacco et al.,
2003; Bechini and Castoldi, 2006; Bassanino et al.,
2007), soil management (e.g. Marinari et al.,
2006), or pesticide fate (e.g. Ferrero et al., 2001;
Finizio et al., 2005; Bonzini et al., 2006). There-
after, indicators were selected to address these as-
pects. Subsequently, a database and a question-
naire were set-up to collect the necessary data; fi-
nally, interviews were made on farms in the area.
All the decisions made in this project were linked
to: i) the agronomic and environmental aspects
identified above, and ii) human and financial re-
sources available to carry out the project. All
these steps (Fig. 1) are detailed below.

2.1 Studied area and selection of farms

The studied area is the Sud Milano Agricultural
Park (PASM; 45°N, 9°E), an agricultural metro-
politan Park that embraces the city of Milan
(northern Italy). It is located in a plain region and
includes 61 municipalities in a densely populated
area of 47 000 ha, of which 35 000 are agricul-
tural (Bechini and Castoldi, 2006). The Park is lo-
cated in one of the most intensive Italian agri-
cultural production regions. The most important
crops are cereal and fodder species; many farms
raise livestock (Bergamo et al., 2007).

In the period 1999-2003, a large agricultural
information system called SITPAS (Agricultur-

al Information System for the Sud Milano Agri-
cultural Park) was developed (Bechini and
Zanichelli, 2000; Bergamo et al., 2007) by con-
ducting face-to-face interviews with 733 farm
managers, out of a total of 910. This made it pos-
sible to collect and store in the SITPAS detailed
information related to cultivated parcels, irriga-
tion sources, mechanisation, crop rotations and
management, and livestock management. Crop
and animal management information represents
the average farmer’s practices.

In this work, cluster analysis (CA; Fig. 1) was
applied to SITPAS data in order to define
groups within which to select the farms to be
monitored during the project. Twenty-four de-
scriptors were used in the CA to describe each
farm: i) the percentage of farm area cultivated
with maize (Zea mays L.), rice (Oryza sativa L.),
winter wheat (Triticum aestivum L.), winter bar-
ley (Hordeum spp.), soybean [Glycine max (L.)
Merr.], Italian ryegrass (Lolium multiflorum
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Figure 1. Flow-chart of the sustainability assessment carried
out in this study. The SITPAS (Agricultural Information Sys-
tem for the Sud Milano Agricultural Park) database (a) was
studied with cluster analysis to select farms (b), where pe-
riodic on-farm monitoring was carried out (f). Agro-eco-
logical indicators (AEIs) were selected from literature (c).
This made it possible on the one hand to expand the data-
base structure (d) to store additional data required to cal-
culate them, and on the other to define the questionnaire
(e) used during the face-to-face interviews. The data ob-
tained (g) were used to carry out the sustainability assess-
ment (h).
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Lam.), and meadows, ii) livestock densities for
dairy, cattle, swine, and poultry, iii) the percent-
age of farm area under four different irrigation
systems used for rice, iv) the percentage of farm
area for which land improvement operations,
tillage, sowing, pesticide applications, fodder and
grain harvests are carried out by contractors, v)
the machinery power / farm area ratio, vi) the
number of combine harvesters in the farm, and
vii) the percentage of farm area under continu-
ous crop. The aggregation method used was the
Unweighted Pair Group Method with Arithmetic
Mean. The distance between samples (farms) was
expressed by the cosine distance. Not all the da-
ta were available for all 24 descriptors; therefore,
the farms lacking one or more variables were ex-

cluded from CA. For that reason, only 496 farms
with complete data were selected for CA. One
problem when dealing with this type of results is
that the number of clusters should be a compro-
mise between two opposite strategies. The first
strategy is towards the reduction of the variabil-
ity within each cluster, which can be achieved by
choosing a large number of clusters; in this case,
the choice of a farm in the cluster is not difficult
because all farms within each cluster are similar.
The second strategy is the reduction of the num-
ber of clusters, and consequently of the number
of farms monitored, in spite of a larger vari-
ability within the cluster. We have chosen to
identify 18 clusters (Bechini et al., 2005; Cas-
toldi, 2008; Tab. 1), because they well repre-
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Table 1. Farm groups identified with cluster analysis, applied on 496 farms described in the Agricultural Information Sys-
tem for the Sud Milano Agricultural Park database.

Cluster number 1 10 7 4 6 11 2 8 5 13 12 9 3 17 14 16 15 18
Number of farms 91 67 54 53 45 41 22 21 19 19 13 12 14 9 6 5 3 2
Average farm area (ha) 110 56 61 39 22 41 96 64 53 35 27 26 77 148 7 50 65 48
CROPS (% farm area)

maize 21 64 70 72 17 50 30 59 28 59 30 24 28 23 75 22 62 23
rice 67 0 0 0 0 6 49 0 0 0 0 0 63 29 0 52 0 39
winter wheat 1 1 1 2 0 2 2 2 3 0 1 42 2 3 0 0 0 0
barley 1 5 2 1 3 5 4 8 3 11 51 9 0 5 0 1 13 0
meadows 6 25 17 10 76 28 7 26 11 28 15 11 4 11 13 8 4 32
soybean 2 2 1 2 0 3 2 3 39 0 7 2 0 16 0 0 2 5
Italian ryegrass 2 18 2 0 0 1 2 2 0 3 2 1 3 4 0 3 0 0

LIVESTOCK DENSITY (Mg live weight ha-1)
dairy 0.31 2.15 0.40 0.03 1.36 0.57 0.21 1.12 0.00 0.01 0.17 0.00 0.31 0.16 0.00 0.38 0.00 0.00
cattle 0.04 0.05 0.05 0.02 0.04 0.14 0.01 0.03 0.01 1.03 0.00 0.12 0.00 0.11 0.03 0.01 0.00 0.59
swine 0.03 0.01 0.07 0.00 0.01 0.11 0.13 0.39 0.03 0.01 0.23 0.18 0.13 0.00 0.00 0.00 8.26 0.00
poultry 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14

RICE IRRIGATION SYSTEMS (% farm area)
flush 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 100 0 0
delayed-continuous flooding 24 0 0 0 0 2 20 0 0 0 0 0 4 100 0 0 0 10
continuous flooding 73 0 0 0 0 2 39 0 0 0 0 0 13 0 0 0 0 40
periodic flooding 1 0 0 0 0 5 4 0 0 0 0 0 83 0 0 0 0 0

AGRONOMIC OPERATIONS CARRIED OUT BY CONTRACTORS (% of farm area treated)
land improvement 0 2 0 0 0 5 100 0 0 0 0 0 7 0 0 0 33 0
tillage 0 0 0 0 1 29 0 1 10 1 0 0 1 0 0 10 33 0
sowing 1 1 0 0 0 90 0 0 13 3 0 0 0 0 0 0 33 0
pesticide application 0 5 0 0 0 69 0 100 13 5 0 8 0 7 0 0 33 0
fodder harvest 15 55 2 0 7 14 15 39 3 16 0 0 5 6 0 23 33 0
grain harvest 24 70 1 97 31 90 49 81 86 47 62 50 15 95 67 60 90 0

MACHINERY POWER / 
FARM AREA (kW ha-1) 6.6 8.2 7.6 7.5 11.5 6 5.4 7.4 5.7 9.6 10.6 7.7 6.1 4.3 66.8 6.4 4.1 6.3

COMBINE HARVESTERS 
(number farm-1) 0.9 0.0 0.4 0.0 0.0 0.0 0.4 0.0 0.1 0.3 0.0 0.3 0.9 0.0 0.8 0.2 0.0 0.5

CONTINUOUS CROP 
(% farm area) 50.8 46.0 55.0 60.6 91.4 60.3 54.0 60.7 24.2 42.4 52.2 49.5 43.0 18.6 100.0 43.2 38.5 32.1
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sented the different types of farming systems in
the Park; when we tried to reduce the number
of clusters, these contained excessively hetero-
geneous farm types (data not shown).

The largest farm types (with at least 19 farms
per cluster, including 87% of farms and cover-
ing 88% of the area) that we could define are
(Tab. 1): five clusters of dairy farms, eventually
with pigs and cattle (clusters 6, 7, 8, 10, and 11);
one cluster of cattle farms (cluster 13); two clus-
ters of specialised rice farms (clusters 1 and 2);
one cluster of pure maize farms (cluster 4); and
one cluster of farms producing grain commodi-
ties (cereals and soybean; cluster 5).

Despite that each cluster has average values
of the descriptors that make it apparently dif-
ferent from the others, when we inspect the vari-
ability within the clusters we find that they are
rather heterogeneous: for example, the standard
deviation of percentage maize in cluster 4 is
28% (to be compared with the average of 72%).
Similar examples can be found for most dis-
tinctive properties of clusters, i.e. dairy livestock
density for clusters 6, 7, 8, 10, and 11 (standard
deviations from 0.73 to 1.80 t ha-1), standard de-
viation of cattle density of 0.73 t ha-1 for clus-
ter 13, and standard deviation of percentage rice
of 28 and 42% for clusters 1 and 2, respective-
ly. These results underline the difficulty of de-
picting agricultural systems using few monitored
farms.

Once the clusters have been identified, we
selected candidate farms within the largest clus-
ters, i.e. the clusters containing many farms.
Within each cluster, farms were selected by
combining two criteria: first, each farm descrip-
tor needed to be relatively similar to the aver-
age of the descriptor calculated for all the farms
within that cluster; moreover, farmers should
have been described as “technically skilled and
willing to collaborate” in the SITPAS database.
At the end of the selection procedure, we veri-
fied that, for each farm, the majority of the de-
scriptors was included in the range mean ± stan-
dard deviation of the cluster. During prelimi-
nary meetings with these candidate farmers we
clarified the objective of the project and our da-
ta requirements. After that, some farmers were
excluded, either because they were not inter-
ested in the project, or because they were un-
available, or due to the bad quality of the in-
formation that they could provide. We finally se-

lected two dairy farms (one intensive and one
extensive), one cattle farm, and two rice farms
(one specialised, and one with maize and other
grain crops). Even if the cluster of pig farms
(cluster 15) was extremely small, several pig
farms were clearly present in other clusters (e.g.
cluster 8, together with dairy animals). Conse-
quently, and due to the high importance of pig
farming for environmental reasons, we decided
to include two pig farms, one intensive from
cluster 15 and one extensive from cluster 7. We
consider that the choice of farms is satisfactory,
as they cover all the main crop and livestock
types identified with CA.

The farmers involved collaborated without
receiving economic compensation. This factor
contributed to reduce farmers’ availability dur-
ing the intensive spring–summer season. In
some occasions the farmers were too busy and
in these cases the interviews were shifted or
concentrated. For future project, a contract with
farmers and a corresponding payment is sug-
gested to guarantee their collaboration in all pe-
riods.

2.2 Definition of the indicator framework

According to the agro-environmental issues
identified for the studied area, a set of indica-
tors of cropping systems management was se-
lected from literature (Vereijken, 1995; Parris,
1998; Biermann et al., 1999; Bockstaller and Gi-
rardin, 2003; OECD, 2005; Castoldi and Bechi-
ni, 2006; Castoldi et al., 2007b; Migliorini and
Vazzana, 2007; Castoldi, 2008; Meul et al., 2008).
For this purpose, we have defined five indicator
classes concerning the most important aspects
of economic and environmental sustainability:
economic performance, use of energy and nu-
trients, pesticide toxicity, and soil management.
These classes are similar to those found in the
literature on farm management analysis
(Vereijken, 1995; Bockstaller and Girardin,
2003) and policy analysis (OECD, 2001; EEA,
2005).

The criteria applied in the selection of indi-
cators were (Castoldi and Bechini, 2006): i) da-
ta availability (inputs for indicator calculation
should be derived from farm characteristics,
from farmer, or from existing agricultural data-
bases); ii) synthesis (the indicator should inte-
grate different aspects of reality, providing a nu-
merical value characterised by a good compro-
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mise between the description of the processes
and their simplification into a single value); iii)
simplicity (the indicator needs to be easily cal-
culated and interpreted). We therefore exclud-
ed the indicators constituted by direct measures
on soils, waters or crops (e.g. ANPA, 2000).

As a result of the literature review, in the
economic class we have selected: gross income
(GI), variable costs (VC: sum of the costs for
fuels, lubricants, pesticides, fertilisers, and
seeds), economic balance (GI-VC), and effi-
ciency (GI/VC). Nutrient management was de-
scribed by NPK soil surface balances (Parris,
1998). The energy indicators selected are: ener-
gy input (EI: sum of energy in the fuels, lubri-
cants, pesticides, fertilisers, seeds, and machin-
ery), energy output (EO: energy content of
above-ground biomass), energy balance (EO-
EI), and efficiency (EO/EI) (Biermann et al.,
1999; Ceccon et al., 2002). Potential environ-
mental fate of pesticides in air, soil, and ground-
water was described using environmental expo-
sure-based pesticide indicators (Verejiken,
1995). Their toxicity for non-target organisms
was evaluated with the Load Index (OECD,
2005) that is the ratio between the application
rate and the acute toxicity of active ingredient
(a.i.), calculated separately for rats, birds, earth-
worms, bees, fish, crustaceans, and algae. Soil
management was described with the: crop se-
quence indicator (Bockstaller and Girardin,
2003), that evaluates the average goodness of
each previous-successive crop combination; the
soil cover index (Vereijken, 1995), that is the av-
erage percentage of soil cover by crops in one
year; and the soil organic carbon indicator
(Bockstaller and Girardin, 2003), evaluating if
the management on a specific soil tends to ac-
cumulate or deplete soil organic carbon.

Not all environmental issues are included in
our framework: some are not interesting in the
studied area (e.g. soil erosion, as the area is flat;
Acutis et al., 1996), while in other cases the nec-
essary data were not obtainable on farm (e.g.
water quality, use of irrigation water, green-
house gas emissions).

It should be emphasized that the selected in-
dicators describe the state of farm management.
In order to estimate the impact, in most cases
direct measurements should be carried out, or
dynamic simulation models should be applied
(e.g. actual pesticide fate is properly addressed

only with model-based indicators like EPRIP;
Padovani et al., 2004). In addition, when the ob-
jective is the improvement of cropping systems
sustainability, models are probably the only so-
lution.

2.3 Database design and implementation, and da-
ta analysis

The calculation of a single indicator is relative-
ly simple, if it is carried out for one situation
only (e.g. one crop, or one rotation, or one
farm). However, the need to automatically com-
pute many indicators for many crops in many
farms requires data management procedures
that can only be achieved using a database.
Therefore, to provide a repository for our new-
ly collected data, we decided to improve the
SITPAS data model following indicator selec-
tion. The resulting data model, developed with
the entity-relationship framework (Garcia-Moli-
na et al., 2002), was implemented with the rela-
tional database management system Microsoft
Access. More information on the database is
contained in Bechini and Castoldi (2006). The
database is consistent with the questionnaire
used for the interviews.

In the data model, the farm has one or more
fields; for each field, the history of cultivation is
recorded, by indicating the list of crops that
were cultivated on that field. Each field is geo-
referenced in a GIS. For each crop, agronomic
operations can be recorded (tillage, sowing, fer-
tilisation, irrigation, herbicide, fungicide and in-
secticide application, harvest, and drying). For
each operation, several variables can be speci-
fied: the type of operation, the date on which
the operation was carried out, the percentage of
crop area treated (less than or equal to 100%),
the depth of tillage. For operations involving the
application of one or more products (fertilisers
or pesticides), the type, amount and price of
product(s) applied are indicated. For harvest op-
erations, the yield(s) and the fate of harvested
product(s) and residues can be specified (sold –
with indication of the price –, recycled within
the farm – for example as animal feed –, re-in-
corporated into the soil). For prices, it is always
possible to indicate what the source of the in-
formation was (farmer, Milan Stock Exchange
quotations, dealers).

For animal production, the data model spec-
ifies that a farm may have one or more animal
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breeds. Each of them is composed of various an-
imal groups (distinguished by age or weight).
For each group the ration is specified by listing
the daily amount of feed received per capita.
The number of animal heads belonging to each
group and the ration are dynamic data that can
be updated. At the farm level, we store flows of
materials and money through the farm gate.

Other entities are used to store various lit-
erature data needed for the calculation of indi-
cators: nutrient excretion of animals, humifica-
tion coefficients of organic amendments, eco-
toxicological parameters of pesticides, harvest
indexes, shoot:root ratios, crop nutrient concen-
trations, specific fuel and lubricant consumption
for crop operations, energy content of fertilis-
ers, pesticides, seeds, fuels, lubricants, crop prod-
ucts, and residues. For each product applied, the
detailed composition is available in the database
(e.g. N, P, and K contents of fertilisers, a.i. of
pesticides), through a list that can be expanded.
For pesticides in particular, eight toxicological
and physical characteristics for each a.i. were
recorded (Tomlin, 2003; Footprint Pesticide
Properties Database, 2008; AGRITOX, 2008).

Despite the simplicity of the indicators, the
data model is rather complex, because it is made
of 91 entities and 53 domains (i.e. closed lists
containing qualitative information, used to
avoid typing errors and to ensure data consis-
tency). This complexity arises from the fact that
we deal with two different spatial scales (farm
and fields), that we want to remember the en-
tire cultivation history of each field and the ra-
tion of each animal group, and that we decided
to assess different aspects of agricultural sus-
tainability. Because the data to be stored de-
scribe farm structure, crop operations and live-
stock management in abstract terms, the data
model that we used was rather general. There-
fore, it can be expanded to store more variables
without changing too much the general design
and can be easily adapted to be used in other
agricultural contexts (e.g. horticulture, arbori-
culture). For example, if an application of the
database is envisaged for protected cultivation
systems, it would be simple to add new active
ingredients and new types of agronomic opera-
tions, because this would not require to change
the architecture of the database. We believe that
the use of a relational database for this type of
projects is a mandatory requirement due to the

large amount of data to be stored and
processed, and to the complexity of the rela-
tionships among the objects studied (Bechini
and Castoldi, 2006). Although a spreadsheet ap-
pears to be a simpler solution at a glance, it is
not productive in the medium and long term.
The use of a database makes it possible to store
simple data in tables that can be used for the
calculation of more than one indicator, avoid-
ing duplication of information and reducing the
possibility of errors in data typing.

However, a consequence of the use of a
database is that data management is very com-
plex and many queries are necessary to obtain
a single indicator. Another complication of this
data model is that the total number of records
stored in the database for a monitoring period
of two years on seven farms is relevant. Final-
ly, it should be noted that the requirement of a
complex database to deal with indicators takes
off some of the simplicity that indicators are ex-
pected to bring into agro-ecological research.

2.4 Set-up of the questionnaire, interviews and
data quality check

To collect the data needed for indicator calcu-
lation, we decided to carry out face-to-face in-
terviews, as a solution to collect management in-
formation that would be difficult to obtain oth-
erwise. To carry out interviews, we developed a
questionnaire that is completely consistent with
the indicators selected and the database used.

The questionnaire is composed by two parts.
The first part contains static data about the
structure of the farm (general information
about farm manager, machinery and buildings,
field size and shape, vegetation of field bound-
aries). This part was compiled only in the first
interview, considering that during the monitor-
ing period these data did not change substan-
tially. The second part, compiled during each in-
terview, contains dynamic data at field level:
tillage operations, sowing (date, dose, cost, vari-
ety, and sowing type), fertiliser application
(date, dose, nutrient concentration, and cost),
pesticide application (date, dose, a.i. concentra-
tion, and cost), irrigation (date and irrigation
type; farmers were not aware of the quality and
quantity of water applied), harvest (date, yield,
humidity, typology of the product, and selling
price). Other information regarding livestock
management (number and type of animals pre-
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sent in the farm, and daily ration), input and
output flows through the farm gate (fertilisers,
pesticides, fuels, lubricants, electricity, manure,
feeds, animals, and animal products, imported or
exported from farm) were collected once or
twice a year. As for the database, also the ques-
tionnaire is flexible and can be easily extended
if it has to be applied to other contexts (e.g. by
expanding the list of crop operations or of prod-
ucts applied).

The data were collected by face-to-face in-
terviews with farm managers, carried out every
two or three months, depending on the season
and therefore on time availability of the farm
manager. On average two or three interviews
per farm had to be postponed each year for dif-
ferent reasons. The main reason was the need
to conclude important crop operations (sowings,
irrigations, and harvests in particular), while in
other occasions the farm managers were busy
with other activities (e.g. fairs) or with unfore-
seen events (problems with machinery, animal
health, administrative controls).

The compilation of the questionnaire was
rather time consuming, in particular for the first
part. The first interview required about 3-4
hours (that in some cases were split over two
different days), while each of the other inter-
views required between one and two hours. We
calculated that the time required for the inter-
views was approximately 8-12 hours farm-1 yr-1,
corresponding to 4-21 minutes ha-1 yr-1. This
large range was due to field size, number of
crops cultivated and variability of management
for each crop type in the same farm. For ex-
ample, one of the farmers adopted an homoge-
neous management for maize over different
farm fields, while a rice grower provided de-
tailed differences among fields. The time need-
ed for the transfer from office to farm and vice
versa was not negligible, as it was in some cas-
es of the same importance of the time spent for
the interview (the farthest farm was at 50 km
distance). To reduce the time spent on farm, the
data were sketched on paper during the inter-
view. Later in the office, data were checked and
input into a graphical user interface built
around the relational database. Sometimes a
unique farm manager did not exist and con-
flicting information was provided by two or
more managers. Therefore, the identification of
a single farm manager, with a clear and ex-

haustive knowledge of the entire farm, is sug-
gested in order to reduce the uncertainty and
the errors in data collection.

Some farmers tried to compile the question-
naire by themselves, but some misunderstand-
ings in the data requirements and errors in fill-
ing the tables occurred; therefore, an accurate
check and a subsequent interview with the
farmer were necessary in order to correct the
errors and to clarify the uncertainties. There-
fore, this strategy increased the time spent by
farmers and researchers for data collection. An-
other problem that may occur during data col-
lection is that farmers may forget to declare
some crop operations or other information. The
lack of some data may not appear immediately
during the interviews. To solve this problem, i)
we double-checked collected data (e.g. by com-
paring the declared dose of products applied
with the bills), and ii) we followed the strategy
described by Giupponi (2002), who defined a
standard set of crop management operations,
which was then used as a template during the
interview. The agronomic background of the
person conducting the interviews has to be good
in order to avoid registering inconsistent or con-
tradictory data, and to reduce the time needed
for quality check and errors correction.

2.5 Example of calculated agro-ecological and
economic indicators

We provide some examples of the results that
can be obtained with the methodology de-
scribed above. The nitrogen soil surface balance,
reported in Figure 2, shows that maize has the
highest surpluses, meadows have the lowest, and
rice, barley and wheat are in an intermediate
position. Maize is the crop where too much N
is applied, mainly due to the use of organic fer-
tilisers. The variability within each crop type is
elevated.

The direct and indirect energy inputs are
presented in Figure 3: fertilisers are the most
important energy input to maize, due to the in-
tensive use of inorganic fertilisers and animal
manures. Their importance is lower in other
crops, but they are always the first- or second-
ranked input. Rice is the only crop where the
energy expenditure for pesticides is relevant
(11%). Diesel consumption is very important
for the cultivation of meadows, due to frequent
hay-making and irrigation operations.
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The economic partitioning of costs (Fig. 4) is
completely different compared to energy inputs.
Seeds and fertilisers are the most important
costs for maize and winter cereals. Diesel con-
sumption makes up large part of the economic
costs for meadows. In rice, pesticides are the
largest cost, due to the high use of herbicides
and fungicides.

The application of indicators for the moni-
toring of cropping systems management pro-
vided a synthetic evaluation of crop perfor-
mance, simultaneously for different environ-
mental and economic aspects. The application of
this framework made it possible to distinguish
different crops (e.g. rice versus maize; Figg. 2, 3,
and 4), and different management practices for
the same crop (e.g. maize in dairy intensive ver-
sus maize in rice-cereal farms; Castoldi, 2008),
highlighting the potential impact and virtuosity
of each cultivation system.

The application of this framework to a larg-
er representative set of farms could provide the
necessary information for the assessment of
agricultural systems in the PASM, giving to the
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Figure 2. Statistical distribution of the nitrogen soil surface balance calculated for maize, meadows, rice and winter cereals
(winter wheat and barley) on seven farms in the Sud Milano Agricultural Park during two years (2005-2006).

Figure 3. Percentage contribution of direct (diesel and lu-
bricants) and indirect (machinery, fertilisers, seeds, and pes-
ticides) energy costs to total energy inputs for maize, mead-
ows, rice, and winter cereals (winter wheat and barley) on
seven farms in the Sud Milano Agricultural Park during two
years (2005-2006).
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Park and to other policy makers the tools and
knowledge needed to set policies, guidelines,
and priorities.

The intrinsic uncertainty of this type of
analyses might reduce the effectiveness of the
assessment. A quantitative evaluation of uncer-
tainty in the results (e.g. Castoldi et al., 2008) is
a mandatory step for the correct application of
indicators and will be increasingly needed in fu-
ture research.

Moreover, further research should be fo-
cussed on the aggregation of indicator values in-
to a global index. Examples of a preliminary ap-
proach to provide an aggregated judgment on
the cropping systems monitored can be found
in Castoldi et al. (2007a) and Bechini and Cas-
toldi (2008).

3. Conclusions

Within a project aimed at assessing agricultural
sustainability from the environmental and eco-
nomic point of view, we have made a two-year
experience of on-farm collection of manage-
ment data through face-to-face interviews,
which we used to calculate indicators.

Our experience shows that to collect good
quality data on selected farms, the selection of
a small number of collaborative farmers is cru-
cial. Even if the farms monitored were not
many, the within- and between-farm variability
was very high. Moreover, dealing with few farm-
ers gave us the possibility of establishing a good
relationship with all of them, and to make pe-
riodical interviews each year.

We chose a simple but sound framework,
based on indicators that are easily calculated
and interpreted. We designed and implemented
a relational data model tailored to the indica-
tors selected. We avoided using a spreadsheet to
store and analyse our data, as it would have
been too complicated for a project of this size
(131 fields monitored in two years).

We set up a questionnaire to conduct face-
to-face interviews with farmers. The question-
naire was completely fitting with both the indi-
cators and the database, so that all the data
needed for the calculation were acquired and
stored, and no useless data were collected. The
time spent for the interviews and data storage
was relevant. Therefore, it is suggested that fur-
ther projects investigate the possibility of data
collection using automatic sensor for yield data
and fertilisers and pesticides applied.
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