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Questo desiderio di semplificazione é giustificato, la
semplificazione non sempre lo é. E un'ipotesi di lavoro,
utile in quanto sia riconosciuta come tale e non
scambiata per la realta; la maggior parte dei fenomeni
storici e naturali non sono semplici, o non semplici della
semplicita che piacerebbe a noi.!

PrimoLevi

Hoc erat in votis: modus agri non ita magnus, hortus ubi
et tecto vicinus tugis aquae fons et paulum silvae super

his foret.?

Orazio

! The desire for simplification is justified, but treame does not always apply to

simplification itself, which is a working hypothssiuseful as long as it is recognized as
such and not mistaken for reality. The greater pilnistorical and natural phenomena is
not simple, or not simple in the way that we wolik& (The Drowned and the Saved,

1988).

2 It was all | wanted: piece of land not too big,aden with a beautiful spring always

fresh close to home and even a little woodlandr(®ees, Liber Il - Sermo VI).
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Abstract

Castoldi, N, 2007. Environmental and economic assest of

agricultural systems at crop, field, farm, and oegi scale. Application
of agro-ecological and economic indicators in Nerth Italy. Ph.D.

Thesis, University of Milan, Italy, 333 pp, 25 figs, 45 tables, 244
references, 4 annexes.

In the last decades, the perception of relatioritg/den agriculture
and environment has remarkably changed and condmame been
raised about the sustainability of agricultural darction systems,
involving consumers, citizens, policy makers anders.

As direct measurements are too expensive and tiomsuming,
agricultural indicator should be applied for thealenation of a large
number of farms, because they are based on da&adglavailable or
easy to collect.

In this work, agro-ecological and economic indicatwere selected
and applied at different scale (crop, field, faand regional) using data
available in public agricultural databases or aiéd by farmer
interviews. Indicators synthesize the managemefféctsf on the
environment and the state of the farming system.

In order to evaluate the effectiveness of the ts@ld, the uncertainty
of a single input variable was tested to quantte ttorresponding
uncertainty of the indicator.

Reference to the content of Chaptes 3, 4, and 6lghe made by
citing the original paper.
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INTRODUCTION AND OVERVIEW

1.1. General context

Sustainability is defined in different ways by difént people: Jacobs
(1995, as reported in Rigby et al., 2001) has foB86 definitions of
sustainable development. We want to report the tBmd commission
(WCED 1987) definition: “(...)sustainable development is development
that meets the needs of the present without comgiranthe ability of
future generations to meet their own needStlckelberger (1999, as
reported in Hani et al., 2003) adds two more dinmers of
sustainability: the “human dignity” and the “nonrhan environment”.
He extended the concept of sustainabilitfustainable development
allows a life in dignity for the present withoutnspromising a life in
dignity for future generations or to threaten thatural environment
and endangering the global ecosysteidénce we can distinguish three
aspects of sustainability: environmental, socialhhd aeconomic
sustainability (Goodland, 1995).

In order to evaluate the land sustainability ihnéxessary to focus the
attention of environmental scientists and decisioakers on the
agricultural impact and virtuosity: in many EuropeaNations,
agriculture represents the main land use (Robiremath Sutherland,
2002). According to EU agricultural statistics (ERQO6), in the EU
Nations, agricultural land covers a large portiérihe total area (Table
1.1). Therefore, it is necessary to apply toolst tten describe the
complexity of the systems through simple and ngbeasive input
datasets, collectable for a large area in an eagy w

In the recent past, the principal function of agitiere was the food
and fiber production. Nowadays the farms have aesgu@n other
important function: the production of non-market ode (e.g.
environmental services) which becomes increasimgportant (Van der
Werf et al.,, 2007b). Consequently the demand for irtegrated
evaluation of agricultural systems has increased @uring the last
decade numerous environmental farm management aialutools
were developed (Rosnoblet et al.,, 2006). This trevas recently
confirmed by the 112 models presented at the Eeining Systems
Design symposium (Catania, Italy, 10-12 Septemberp
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Chapter 1

In order to analyze the environmental sustaingbilif agro-
ecosystems it is possible to choose different nuethdike direct
measurements, simulation models, simple or compasdicators that
have different levels of applicability and potehtexplanation of the
systems (Bockstaller and Girardin, 20@2astoldi and Bechini, 2006).
The tools that evaluate the sustainability of agdtizal systems
increasingly become complicate, with a correspapdiicrease of input
data quantity and quality (Stoorvogel and Antle020 In many real
contests it is economically difficult to collect #te necessary data for a
large number of farms, because these data arevadtlae or it is
necessary to measure them in an analytical ancheixgeway.

The term indicator has been defined as a varialbiiehwsupplies
information on other variables which are diffictdtaccess (Bockstaller
et al., 1997). Indicators are interesting to amalyystems when it is not
possible to carry out direct measurements. They mavide in a
relatively short time a synthesis on processesiampécts at different
scales and are efficient tools to evaluate the sedlievement of
agronomic, social, economic, and environmentaletiar§Silvestri et al.,

Table 1.1. — National and agricultural area in theEU countries

Nation Tot. Agricultural Nation Tot. Agricultural
area  area area area
(kn?)  (km’) (%) (knf) (k) (%)

Finland  338,15022,670 7 Czech Rep. 78,868 36,060 46
Sweden  448,47430,190 7 Bulgaria 110,994 52,650 47
Croatia. 87,660 11,810 13  Germany 357,050 170,358 4

Cyprus 9,251 1,360 15 Italy 301,323 147,100 49
Estonia 45,227 8,340 18  Luxemburg 2,586 1,290 50
Slovenia 20,273 5,090 25 Poland 312,685 159,060 51
Latvia 64,589 17,340 27 Spain 504,878 256,900 51
Greece 131,95738,050 29 Netherlands87,358 19,240 52
Malta 316 100 32 France 549,087 295,840 54
Austria 83,858 32,630 39 Rumania 238,391 142,700 60
Slovakia 49,034 19,410 40 Ireland 70,295 43,070 61

Portugal 91,909 37,370 41  Denmark 43,098 27,120 63
Lithuania 65,300 28,370 43  Hungary 93,034 58,630 63
Belgium 30,528 13,860 45 UK 244,101 167,610 69

UE 4,410,274 1,844,2142
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INTRODUCTION AND OVERVIEW

2002). They are valuable tools for evaluation ardiglon making as
they synthesize information and can thus help werstand a complex
system (Mitchell et al., 1995). They are used prilpdo evaluate and
to monitor the systems and afterwards a more atxarad precise tool
would enable to fine-tune the systems graduallyi¢Beet al., 2007),
considering only the criticisms highlighted by icaliors.

1.2. Indicators context

1.2.1. What methods?

In this work we have adopted the indicator methogglin order to i)
select the most significant information, ii) sinfpli complex
phenomena, iii) quantify information, and iv) makere simple the
interpretation of the information, particularly teten data collectors
and data users (Rigby et al., 2001).

The first step in the choice of the indicatorshie tefinition of the
appropriate detail level: too much detail bearsrible of compromising
on modeling the most important processes, whereas specification
and too much complexity of the models has as caesesp that data
requirements cannot be met. Too few details impigt trelevant
indicators may not be assessable with the requiedidbility (Van
Ittersum et al., 2007). It is necessary to motividiee selection of the
indicators, and to organize them in a frameworlgiding redundancy
within a list of candidate indicators (Bockstaligral., 2007). Two main
guestions arise in the definition of this framewoskat is it the impact
on the agriculture sector and what is it the impactthe rest of the
word? (Bockstaller et al., 2007).

The assessment of farming systems can be basdteanalysis of
farmer production practices (“means-based”) ortendffects that these
practices have on the state of the farming systeon@missions to the
environment (“effect-based”; Van der Werf and Ref002). The
means-based approach is less expensive in datctotl, but it does
not consider the relation among practices and spamding impacts on
the system analyzed, thus makes it difficult toidatk the indicator
framework. Therefore the effect-based indicatormiaorks are
preferable.

20
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A second step is the choice of the method thanes af the most
critical points in the sustainability assessmeng évaluation depends
not only on the characteristics of the systemsyaed, but also on the
method used (Van der Werf et al., 2007b). Five mapages of a
sustainability assessment method were identifiethgeed from Petit
and Van der Werf, 2003; Van der Werf et al., 2007b)

i) definition of the global objective of the methomhcluding the
choice of the final users (farmers, researcherficypanakers,
activists, consumers, citizens, etc.) and the abatid temporal
scales. Evaluation methods should consider a rahgéjectives
covering both local and global effects in order effectively
assess impacts;

i) definition of a set of more specific objectivém issue of concern
and its associated desired trend). The numberjettbes should
be sufficiently large to avoid the inadvertent ti@a of new
problems, and as small as possible to maintainbidigs They
should not be redundant and the procedure usetthdoselection
of objectives should be stated;

i) definition of the system’s limits. The defiign of the physical
and temporal limits is necessary in order to defiuhat the inputs
and the outputs of the system are. If the methatbates only the
direct impacts of a system, it considers only tffects of farm
operation. On the other hand, it is not possibleesirict the
evaluation of agro-ecological sustainability on thealysis of
energy, material, and economic fluxes: the farm agement
plays an important role in environmental sustailitghiBellon et
al., 2007; Caporali et al., 2007). The method lbasonsider the
direct and indirect impacts together;

iv) construction or identification of indicator frework. For each
objective, one or more indicators are identifiedconstructed in
order to quantify the degree to which the correspanobjective
is attained. The quality of an indicator will latg@epend on the
validity of its calculation and on the precisiordaaccuracy of the
inputs (Castoldi et al., 2008b; Post at al., 200@n der Verf and
Petit (2002) define a guideline in the choice afomd indicator-
based model: a) indicators allowing expressionngbacts both
per unit surface and per unit product are preferab) it is
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INTRODUCTION AND OVERVIEW

possible to express the indicator output by valiegy scores.
Values are preferable instead of scores that hawergionless
units and can not be balanced against other valuesal-world
observations; c) if possible, threshold values khdie defined
for each indicator; d) it is necessary to validatke
appropriateness of selected indicators with theeaibjes
previously defined, and to make a comparison amiodggator
values and real-world data. If this comparisonds possible it is
opportune to submit the design of the indicatoratpanel of
experts;

v) calculation of results. Indicator values arecaldted for each of
the systems or scenarios to be compared. A paotiatotal
aggregation of results may facilitate their intetption.

The indicators framework has to be considered awaypasis for

analysis, and it is necessary to integrate it atstructured assessment
approach defined for a specific use (Giupponi aath@ni, 2006).

1.2.2. Spatial scale

The identification of spatial scale is the prelianip step in the
definition of indicators framework used in the aadlon of
sustainability of agro-ecosystems. For simplichg fagro-ecosystem is
considered a composition of interconnected or ifedt layers at
different hierarchical levels, where each layerisislated only for a
necessity of study and management (Caporali, 2007).

Different spatial scales can be used in the subdity analysis,
with different aims and approaches. The agro-eccddgpoint of view
starts from the crop level, considering the enpil@nt population in a
plot, in a single crop season, and its relationhvitie soil and the
atmosphere. The hierarchical upper level is thiel fimnsidered as the
system composed by all crops in a rotation/sequehceops, and their
interaction, in a delimited area (field). Girardihal. (2000) consider the
field level the most relevant to the decision tlaamers have to take on
cropping systems. The upper level is the farm, idemed by Caporali
(2007) the most appropriate level for doing redeaand making
decision in favor of sustainability, especially wihgroups of farms with
contrasting managements are involved. At this levés possible to

22



Chapter 1

recognize the results of the farmer’s decision mgkiprocess
concerning the balance between the utilization edources and the
biophysical and socioeconomic constraints (Capoedlial., 2007).
Higher levels are the river basin catchments ar rdgional scale,
where many farms in a similar condition or with 8ane sensible target
(i.e. a river or a protected area) are involved.iAlermediate level is
the municipality, but this aggregation level, in rowopinion is
inappropriate, because it considers only the adnative boundary,
without considering the similarities and differea@mong farms, or a
common sensible target. The national and globalseare the highest
hierarchical level where the peculiar charactexsstf the systems are
much smoothed. At each scale different perspectaas goals of
sustainability are dominant and different indicatare required for the
assessment (Binder and Wiek, 2007).

It is well known that the quality of the indicataislies on the scale
which they represent (Stein et al., 2001). The alisg (to aggregate
information from high resolution data towards a reea resolution)
produces less accurate information (i.e. a singlécator value for the
entire farm, instead of indicator values for the fields in the farm), but
it allows to use many indicators (i.e. landscajukciators) not applicable
at the lower scale level.

1.2.3. Time scale

It is possible to focus the sustainability analysisa single crop season,
but the annual variation (i.e. climatic conditiomariability of price) are
peculiar every year, and the evaluation of theesgstin a single year
could be not realistic. For example, in a droughary the decrease of
the vyield reduces the energy, nutrient, and econogfficiency,
providing a bad judgment on the system analyze#lefE@t al. (2000)
suggest using the mean values over a three yeaesvattion period. In
our opinion, if the conditions are not particulatpusual (i.e. sharp
change in the agricultural policies, significanbuaght), the reduction of
the analysis on two years is suggested, saving ynamé resource, with
a good compromise between costs and benefits.

The sustainability analysis should be carried ouwttfie assessment
of (Bellon et al., 2007):
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INTRODUCTION AND OVERVIEW

i) past situations, for example in the evaluatidntle policy
effectiveness or the impact of past cropping systdex-post
approach);

i) existing situations with the explicit objectiv®f driving changes
in actual farming systems in order to tune the rganeent on the
immediate requirement of the systems highlightedirwicator
results {n itinere approachy

iii) in silico activities in order to make a prelinary evaluation of
possible future scenarios or an assessment ofypeffects éx
ante approach

1.2.4. Aggregation of indicator in a single index

The set of values of the indicator framework, usuedpresented by a
spider graph, provides a preliminary step in tharabterization of the
sustainability of the analyzed system (Girardinakt2000). A set of
aggregated or weighted indicators may produce aensoncise and
representative value, called index (Giupponi andp&ai, 2006). The
index facilitates the use of complex information hgn experts. For
example decision-makers need a global evaluatictheofsustainability
of the farming systems in order to drive the déifomi of policies, but in
some case they have not the knowledge necessamderstand the
complexity and trade-off among the agro-ecosysteyrsthesized by an
index.

The aggregation step is a critical point in the lgaton of the
systems. Bockstaller and Girardin (2002) identifiyee methods for
aggregation: i) spatial aggregation of indicatdlspugh a weighted
mean according to the size of spatial units, iiyragation of simple
indicators into a composite indicator by the sunmthe scores of the
different sub-indicators or by calculating the wded mean, iii)
aggregation into a global and unique index.

It is possible to use an index in order to comyihecrelative threats
to sustainability posed by different farming metsobut it should not
be regarded as a means to calculate quantitatigpadis of a particular
farming system (Rigby et al., 2001). The globakixdoes not consider
the multidimensional of the sustainability assesgn{@isdell, 1996).
Since each indicator represents a different poift view of
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sustainability, only multi criteria analysis shoudd applied to jointly
analyze different types of indicators (Girardin at, 2000). Many
examples in the aggregation of indicator into atkeinwere found in
literature (Leopold et al., 1971; FAO, 1993; Lewisd Bardon, 1998;
Girardin et al., 2000; Rigby et al., 2001; Kookaxtal., 2005; Castoldi
and Bechini, 2007).

1.2.5. Stakeholders

Van der Werf et al. (2007b) recognize three magrasf indicators:

i) farmers and extension services (i.e. Goodlasd.eP003), where
indicators offer a tool to monitor the environmeéntand
management performances, giving the base to makati@nal
choice among possible managements;

ii) researchers (i.e. De Koeijer et al.,, 2002), wban use the
indicators for a preliminary assessment of the enuo,
environmental, and social effects of farm practidesorder to
compare different systems or to drive further resess on the
main problems highlighted by indicators;

i) political decision makers (i.e. Schréder et &004) who use the
indicators for two aims: to better understand tmebjem and
hence to define the policies, and to communicaterimation to
general public that has not the knowledge requicednderstand
the complexity of the system.

In addition it is possible to define other threéegaries of users:

iv) activists who use the indicators as supporttiadir political
struggle, to spread information on a large parthef citizens that
usually have not a specific knowledge of the prohle

v) consumers who want to know the social, econoraitd
environmental impact of their purchase, and theaesmponding
sustainability of their choice. A different intetés the definition
of the quality and safety of the food and fiber;

vi) citizens who are interested to the effect &f piolitical choice.

It is necessary to consider the final users ofrdwailts, in order to
provide the clearer and appropriate answer to tgstions and needs.
It is important to define correct strategies fag tommunication of the
information provided by indicators, avoiding thesiterpretation of the
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results. The use of scores or simple graphs isssacg to communicate
with non expert stakeholders, but it is suggested sapplement
information in any communications.

1.3. Limitations of the indicators

1.3.1. Disciplinary approach of the indicators franeworks

Many indicator frameworks provided by literature awot limited to the
environmental assessment but only a few works ptesa

comprehensive multi-disciplinary approach (Giuppa@rnd Carpani,
2006). Many of the quantitative methods currentgedl are biased
towards either the economic or environmental aspatl largely miss
out the social issues (Van Ittersum et al., 2007).

1.3.2. Subjectivity of the methods

Van der Werf et al. (2007b) have demonstrated ttiatapplication of
five methods in the evaluation of impacts of thdiferent scenarios
(farms type) provides different judgments. The raglamong the farms
changes from a method to other. Also the unit use@xpress the
indicator could change the scenarios ranking: utliegsame method it
is possible to obtain a different farm rankingh&tindictor results are
expressed by area or by kg of live weight produced.

The calculation algorithms of the indicator haveb® scientifically
supported by experimental data or expert knowledgd, have to be as
much objective as possible. The algorithms of antjfiable variable,
such the fluxes of material energy and money, @8 subjective than
the algorithms that try to describe the performanfche managements:
it is difficult or impossible to quantify objectilyethe appropriateness of
a practice (i.e. the quantification of the envir@mnhadvantage in the
pesticide applications when antidrift instruments ased or not). It is
possible to define different calibration of the ai¢hm calculation,
applying different parameters or coefficients pded by different
stakeholders (Weinstoerffer and Girardin, 2000).isThpproach is
particular effective in the evaluation of non qufiaitle aspects
expressed by scores (i.e. landscape or rotatidabslity). Therefore it
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is possible to compare the outputs of differentbcations, evaluating
the range of responses, and eventually to aggrabatae in a single
value.

1.3.3. Uncertainty

Unfortunately it is not known to what extent thetcmme of studies
assessing the impacts of agricultural systems dipean the
characteristics of the evaluation method used (dan Werf et al.,
2007b). The prediction of impact invariably engagéth condition of
complexity and uncertainty (Stirling, 1999), whetata are frequently
limited and simplified assumptions have been ugegarticular in the
application of indicators.

It is necessary to gain a good compromise amonglsi@nalysis
and the possibility to obtain a wrong answer. Orag wf approaching
this challenge may be through case studies of kvellwvn agro-
ecosystems in order to evaluate the effects of Iffiogtion of methods
and their propensity for wrong answers (Van Der Vdad Petit, 2002).

The aim of quantitative uncertainty analysis is use currently
available information to quantify the degree of fidence in the
existing data and models, helping to identify haust the conclusions
about model results are (Isukapalli and GeorgoE@601).

It is possible define three main factors that ieflae the output
uncertainty (Post et al., 2008): i) the parametard coefficients used,
i) the input values, and iii) the model selected.

In literature it is possible to find different vals for the same
parameter or coefficient (i.e. there are severdllesafor the specific
energy content of fertilizers and fuel, and diffargalues of the active
ingredient toxicity referred to a specific non-atrgprganism): in this
case it is advisable to select the value repomecdkferenced literature
and to use the newest, otherwise it is possiblest the mean or the
median value.

In many contexts it is difficult to obtain a qudit@tion of the
uncertainty related to the input data used. Usuthllydata are stored in
databases, without to make explicit the method usetthe collection
and the distribution of the uncertainty around Waéue provided. It is
possible to try to quantify the uncertainty usinge tavailable
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information or draw on the literature the referahcealue of the
uncertainty associated whit the process analyzed.

The uncertainty of the used model is quantifialylesalidation using
experimental data. If the indicator model is selfltbit is necessary to
validate it with a new dataset which was not usethe calibration of
the model; otherwise it is a good practice to gefeam literature
calibrated and validated indicators, mistrustinge tlirameworks
presented without application in case study.

An other option is the use of the uncertainty qfuits, coefficients
and parameter, in order to estimate its propagaitiothe indicator
calculation (uncertainty analysis) (van der Slugs al.,, 2004). The
results of the uncertainty analysis could providealdly speaking, three
different conclusions on the outputs of the moé&éd.(1.1):

i) the distribution of the output has a probabildgnsity function
(PDF) with high kurtosis (low spread of the outpuberefore the
uncertainty is low and it is possible to use thedelmutput with
safety;

i) the distribution of the output has a PDF withwl kurtosis (high
spread of the output), and this distribution cresisea significant
way the threshold. In this case the model providesordant
judgments on the case analyzed in relation with ghebability
level; therefore the effectiveness of the modébig

i) the distribution of the output has a PDF witw kurtosis, but it
does not cross the threshold, therefore the judtgnamovided by
the model are not discordant at any level of prdldaband it is
possible to use this output for the sustainabdigessment.

Even though significant effort may be needed tooilporate
uncertainties into the modeling process, this cqdtentially result in
providing useful information that can aid in deoisimaking (Isukapalli
and Georgopoulos, 2001). The quantification of ttagiability and
magnitude due to incomplete knowledge of the reatldvprocesses
described by models (uncertainty analysis), andaegortion of this
uncertainty to different sources in the models ggaaity analysis) is
more and more becoming an integral component fer ithegrated
environmental assessment studies (Post et al.) 2008
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Fig. 1.1.— Possible results of uncertainty analysi

1.3.4. Trade-offs

In a large part of the frameworks provided by &tere, the single
aspects of agro-ecosystems are considered andzadagparately, and
therefore integrated in the global evaluation af Hystems. This is a
simplification of the real word that shows complekations and trade-
offs among different future of the system. A moealistic approach
should analyze the different components of theesysttogether in
relation of the possible trade-off that arise whersingle factor is
changed. For example, when indicators suggest actied of the

nutrient impact, it is necessary to evaluate alse torresponding
dynamics of the organic matter, which in some cgsauld lead in a
reduction of soil organic matter. A model that ddess the trade-off is
the Sustainability Solution Space (Wiek and Bin@eQ5).
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1.3.5. Conclusions

Farmers are the environment and landscape kedperg.have a double
role in the environmental management: they areetoporary the users
(as workers) and beneficiaries (as citizens) ofetmaronment, but often
this raises conflict among economic and environaleobjectives. In
many cases they are interested to the environmegotdity objective,
but a good environmental management is usuallyresipe or not very
profitable. In the intensive agricultural areagmrope (i.e. Po Valley in
Italy, The Netherlands, Denmark), the economic Wweigf cross-
compliance is not enough to compensate the renousteof intensive
agricultural practices (i.e. intensive pesticidesnd a nutrients
applications) that often have dangerous effecthenenvironment. On
the other hand it is not correct to consider a fnimk among farm
management and environmental pollution, becauselitik is indirect:
environmental impacts of farms depend largely améa practices, but
the causal chain of farmer practices - pollutantissions -
environmental impacts is affected by other factursh as weather and
soil characteristics, pollutant fate, and the devitsi of environmental
targets (Van der Werf et al., 2007a).

1.4. Objective of the research

We have defined a framework for the analysis obagpological and

economic sustainability of the farming systems ifieknt scale of

analysis. We have applied this framework on a Eselected farms.
Our objectives were:

1. to select simple indicators to describe the perforoe of the
agricultural systems at crop, field, farm, and oegi scale;

2. to collect data on agricultural management usingilable data
(existing databases) or simple data collectabk ¢heap way using
a structured questionnaire completed during fadede interviews
with farmers;

3. to evaluate environmental and economic sustaimab#ivaluating
both fluxes (of energy, material, and economic) amhagement
practices with appropriate indicators;

4. to compare different cropping and farming systems;
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5. to evaluate the regional sustainability of the agtural
management;

6. to evaluate the uncertainty of the indicator inpwed the
corresponding uncertainty in the outputs, in orterdefine the
robustness of these tools.

1.5. Organization of the research

The flow-chart in Fig. 1.2 shows the flux of ousearch.

We based our work on the available data in the cudmral
Information System for the Sud Milano AgriculturBhrk (SITPAS;
box 1), and the selected agro-ecological indicatoos 3).

The flow- chart is divided in two parts:

i) in the left side there are the analyses of tigeo-&cological
sustainability of seven selected farms at cropd fiend farm level
(boxes 2, 4, 5, and 6), using new data collectedfdryner
interviews in the period 2005 — 2006;

ii) in the right side there are the analyses abregj scale using the
SITPAS data (Box 7 and 8).
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CA SITPAS 1
(731 farms)
\
Selection of 7 | 2
representative farms
Selection| 3
of AEls )
Monitoring farm| 4 —><
management
\
New farm data| 5 Evaluation of 7
2005-2006 sustainability for all
farms in the PASM
RDBMS, Gl
\
Evaluation | 8

of uncertainty

Evaluation of sustainability for | 6
selected farms at field and farm level

Fig. 1.2. — Flow-chart of this work. CA: cluster amalysis; AEls: Agro-

ecological indicators; SITPAS: Agricultural Information System for the
Sud Milano Agricultural Park; RDBMS: relational dat abase management
systems; GIS: geographical information systems.
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1.6. Synopsis

Chapter 2 $tudied area, SITPAS and farms selegtimtroduces the
studied area, the Sud Milano Agricultural Park (RASA5°N, 9°E,
47,000 ha, including 61 municipalities), which c/@n area densely
populated, with one of the most intensive agrigeun Europe. In this
chapter there is a short presentation of the Adbtical Information
System for the Sud Milano Agricultural Park (SITBAS large
agricultural database used for this sustainab#isgessment. In this
chapter it is presented the statistical methodol@@hster Analysis)
which was used to select seven representative fdrabsvere monitored
in this research.

Chapter 3 and 4AQgro-ecological indicators of field-farming systems
sustainability. I. Energy, landscape and soil masragnt; Il. Nutrient
and pesticidgsdiscuss the principles regarding the indicatord aur
considerations about their use, limit, and virttyosA brief review of
indicators provided by literature is presented. Betected indicators
can be applied at the crop, field, and farm scalesed on data
obtainable from the farmers and/or from existing@dtural databases.
The principal aspects of the farming system comstleare: i) the
energy utilization, ii) the effect of agriculturen dandscape, iii) the
impact of agricultural management on soil quality,the evaluation of
nutrient use, and v) the possible effects of pelg&con environment.

Chapter 5 Monitoring of cropping systems sustainability ivese farms

in  Northern Italy: application of environmental an@&conomic

indicatorg exposes the results of the monitoring of the sefaams

selected. The characteristics of the farms, theitmamg method and
the indicator framework used are described. Thecatdr results

obtained using the data collected during farm inésvs are presented
and discussed. The conclusions on sustainabilitgliftérent cropping

systems are drawn, highlighting the criticisms ginaliosity.

Chapter 6 Calculating the soil surface nitrogen balance agional
scale: example application and critical evaluatioh tools and datp
regards the analysis of the nitrogen balance cledlin 157 farms in
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the PASM, using data on nutrient inputs (fertilizeranure, N returned
to soil with residues originating from the previczr®p in the rotation,
atmospheric deposition, and biological fixation)daoutputs (crop
aboveground uptake). Only the SITPAS managemerda tfat had
passed a quality check were used in the calculatigritrogen balance.
The advantages and disadvantages of this approadisaussed.

Chapter 7 Geostatistical prediction at the regional scalengsexisting
databases on cropping and farming sysfeotmntains a description of
the procedures used in the estimation of the etetiodes soil phosphorus
(ESB in the PASM. This evaluation was carried out lBpsjatistical
spatial interpolation procedures (kriging). Avalaldata stored in the
SITPAS was considered: tieSP provided by soil reports and auxiliary
information on farm management utilized to perfdira estimation of
the ESP Three methodologies were compared: Ordinary Kggi
Kriging with External Drift, and a hybrid form. Thaybrid form was
applied to three interconnected and non-overlaggeadraphical layers
(sections), characterized by different farm managgnpractices. A
section-specific interpolation procedure was appli®r the three
different layers, using separate subsets of sa@ilyares. The results are
maps of the predicted values &SP and corresponding prediction
errors.

Chapter 8 Evaluation of the spatial uncertainty of agro-eqital
assessments at the regional scale: the phosphodisaitor in Northern
Italy) explores the uncertainty of the inputs, and itfeat on the
Phosphorus IndicatodK) output. ThelP was applied in the PASM,
using data on phosphorus management contained TRPAS, and
predictedESPin order to evaluate the appropriateness of prarsish
fertilization. The uncertainty of a single inputriable ESP was tested
to quantify the corresponding uncertainty of thdic¢ator.

Chapter 9 General discussignattempts to make a synthesis of the
approach used in the assessment of the environheemiaeconomic
sustainability at the different scales. It focusesthe virtuosity and on
the limit of the proposed framework, and suggekts direction for
further works.
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1.7. Note

Chapter 3 and 4 have been published on the Italiaarnal of
Agrometeorology. Chapter 6 has been published aliaft Journal of
Agronomy. Chapters 7 and 8 have been submittegpdibtication to
Environmental Ecosystems and Environment.

The reference lists from these individual papersrehéeen
amalgamated into one list at the end of this thdsiwould like to
acknowledge the editorial boards of Italian JouroiaAgronomy and
Italian Journal of Agrometeorology for their persian to include the
papers in this thesis.
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STUDY AREA, SITPAS, AND FARMS SELECTION

2.1. Study area

The studied area is the Sud Milano Agricultural PEPASM: Parco
Agricolo Sud Milano; 45°N, 9°E), a regional agricwhl metropolitan
park, surrounding the town of Milano (Fig. 2.1).vilas created by
Regional Law 24/90, in order to guide the cohalutatbetween
agricultural and urban area, preserving the adticall and the
agricultural land from the continuous advancinghaf urban, industrial
and infrastructure activities, particularly stroimgthe north of Milano
(Fig. 2.1c).
The PASM area is about 47,000 ha, including 61 oipalities: it

covers one third of the Milano province. The adénsely populated:
there are more than 3 million inhabitants totally.

a

25 50 75 100

kilometers

Fig. 2.1. — Studied area:
a) Italy, b) Lombardia
Region, and c) Sud
Milano Agricultural

Park (PASM).
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2.1.1. Climate
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The local climate is subhumid T
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996 mm and a large variability o

(min = 540, 1 quartile = 802, 300
39 quartile 1110, max = 1520
SD = 226; data calculated ol
measured data from 1951 t
2000, Landriano 45°19'N,
9°13'E, 88 m a3l Usually the
rainfall is high in May (average ;4 1
96 mm) and October (averag
114 mm) and lowest in wintel

(averages about 60 mm) and | sl NN
July (average 64 mm) (Fig. 2.2) e -
Temperatures (Fig. 2.3) increas JFMAMGJASOND
from January (average T min: Fig. 2.2. — Monthly rainfall variability
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Fig. 2.3. — Distribution of a) minimum and b) maxinum daily temperature
calculated on measured dataset from 1951 to 2001.

39



STUDY AREA, SITPAS, AND FARMS SELECTION

81a 400
5 T
. 300 i
6 ] E
o o
' . 2200 - s
© I} T o
o : =
£ 4 : 2
E e £100
8 1 g
[ ) =0
- 4 £
2 50
=
g
i i -100
o4 + + +
T T T T T T T T T T T T
J FMAMGUJASOND

Fig. 2.4. — Distribution of a) daily reference evaptranspiration (ET) and
b) monthly water balance (monthly rainfall — monthly ET); dotted-line:
average values.

The annual reference evapotranspirationgfESon average 818 mm
yr* (SD 62 mm yr) with a peak in July (average E4.9 mm d*, Fig.
2.4a). ET exceeds rainfall from May to September (Fig. 2.4b)

2.1.2. Morphology, pedology, and hydrology

The Park is located in a plain area with an alétgdadient from North
to South of about 160 — 80 m above sea level, anavarage slope of
0.3%. The area is characterized by a coarse tnemd $andy-skeletal
soils in the North and to silt soils in the Soulthe main soils are:
Mollisols, Alfisols, Inceptisols, Entisols. The ares covered by a dense
network of natural rivers (Lambro Meridionale, LamiSettentriomale,
Molgora, Olona) and canals (Muzza, Redefossi, ©odatAddetta,
Scolmatore Nord Ovest, Deviatore Olona, Redefodkiyiglio di
Bereguardo, Naviglio Grande, Naviglio Martesanayibl®o Pavese,
Roggia Carlesca, Roggia VettabbiRpggia Ticinello); the main water
source of the canals are two rivers near the Pathd East (Adda) and
in the West (Ticino). The groundwater is usuallpesticial (depth from
16 to 4 m below field surface), with a North-Soutinection, and it
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come to the surface in about one hundred resurgeéfmedetails see
ERSAL (1993).

2.1.3. Natural vegetation and main crops

In the last centuries, the human activity has deephnged the natural
landscape, replacing the woodland with infrastriectand crops. The
main wood species are: odRuyercus robul.), ash Fraxinus oxycarpa
Bieb.), hornbeamQarpinus betulus box elder Acer campestie elm
(Ulmus minor Miller), white poplar Populus albal.), and hazel
(Corylus avelland..). The main shrub are cornel trégofnus mag..),
hawthorn (G@ataegus monogynalacd.), spindle tree E¢onymus
europaeusl.), privet Ligustrum vulgarel.), guelder rose\iburnum
opulus L.), alder buckthorn Rrangula alnus Miller), dogrose Rosa
canina L.), honeysuckle Lonicera caprifolium L.), traveller's-joy
(Clematis vitalba..), and black bryonyTamus communis.).

The PASM agricultural area is ca. 35,000 ha, aedbst important
crops are cornZea maysL.), rice QOryza satival.), permanent
meadows, soybearG[ycine max(L.) Merr.], barley Hordeumspp.),
Italian ryegrassLlium multiflorumLam.), and winter wheafl¢iticum
aestivumL.), with moderate to high yields (9.6, 19.5, 5423, 4.9 and
3.0 t DM hat for grain maize, silage maize, rice, winter whdstiley
and soybean respectively). Many farms have notledadeeding (dairy
and cattle, swine and poultry). Irrigation is noliymgerformed with
surface methods, using water from a dense netwérkanals and
ditches.

2.2. SITPAS

The Agricultural Information System for the Sud 8ib Agricultural
Park (SITPAS, Bergamo et al., 2007), developechénferiod 1999 —
2003, is made of a large relational database coedesvith a
Geographical Information Systems (GIS). It storestailed and
georeferenced information about the agriculturadlvaies, integrated
with pedological, climatic and environmental infation.

A total of 910 farms has been identified, and 7%rendescribed in
detail; of these, animal farms are 348. The infdiromasystem was built
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by collecting pre-existing data (regional climatipedological and
environmental databases, CAP declarations, sollyses provided by
the public administration, private laboratoriesd aadastral maps), and
by integrating them with those obtained by direatiterviewing all the
farmers about animal and crop management practices.

The aim of the SITPAS was to collect and order rimfation about
the different aspects of the PASM, and producinigdicate GIS usable
as a support in the land planning and in the paliegision process.

2.3. Farms selection

2.3.1. Materials and methods

The selection of representative farms was donegyusia available data
in the SITPAS (Fig. 1.2, box 1 and 2). Cluster Amsid (CA; Bechini et
al., 2005a; Fig.1.2, box 2) was applied in ordedédine homogeneous
groups of farms; it allowed to select the severraggntative farms in
seven different clusters.

Every farm was described using 24 variables: i) fibecentage of
farm area cultivated with the most important crépsrn, rice, wheat,
barley, soybean, Italian ryegrass, and meadowsliydéistock densities
of the principal animal types (dairy, cattle, swia@ad poultry), iii) the
percentage of farm area with different irrigatiorstems used for rice
(continuous flooding irrigation, delayed-continudimoding irrigation,
periodically flooding irrigation, and flush irrigan), iv) the percentage
of farm area where the different agronomic operatiare given to
contractors (land improvement operations, tillagewing, pesticide
applications, fodder and grain harvest), v) the @gemachinery density
(self-propelled machinery), vi) the number of congbharvesters in the
farm, and vii) the percentage of area with contusiorop. Before the
analysis, these variables were standardized (4latdization) in order
to allow the comparisons between different variableth different
ranges and units.

Before CA, Principal Component Analysis was appliedrder to
find a small set of components usable in CA. Howewe order to
explain the 87% of the variance, it was necessaiy ptincipal
components, too many compared to 25 variables derei. Hence, it
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was preferred to use the 25 variables in the CAtead of the 16
principal components.

The aggregation method used was the Unweighted Geup
Method with Arithmetic Mean. The distance betweamples (farms)
were expressed by cosine distance. This analysiscamied-out with
SPSS 12.0.1 statistical package.

In the SITPAS, for some farms not all the dataaailable for the
24 variables used. Therefore only 496 farms witl24ldescriptors were
considered in the CA; the others are lacking omenaore variables, and
they were excluded from CA.

2.3.2. Results and Discussion

18 clusters (CL) were created in order to sepattae496 farms in
homogeneous and representative groups (TableTh#)first three CLs
(4, 7, and 11) represent the corn farms, where paghentage of farm
area is cultivated with corn in continuous cropd &he recourse to
contractors is noticeable.

The clusters 5, 12, and 9 represent the farms wdmreean (CL5),
barley (CL12), and winter wheat (CL9) are the mogiortant crops in
the farm. In these clusters the recourse to cawirsicfor harvest
operations is high.

Six CLs were defined for the rice farms (CL1, 3, 2618, and 17)
with different percentage of area cropped with (fcem 67.1 to 28.9%
for the CL1 and CL17, respectively). Also in th&3es the continuous
crop is elevated and proportional to the percentafgarea with rice.
This is due to the high costs in the preparatiopaufdy fields. In CL1,
2, and 18 there are farms that use the continulmaslihg irrigation
systems; the difference between them is ascrittabthe difference in
the rice percentage area and the recourse to ctmsaCL3 represents
the rice farms that use the flooding with a systemere irrigation water
periodically available on farm (normally every 7 bt days); in CL17
the farms use only the delayed-continuous floodirigation systems,
while in CL16 there are the rice farms that use fllieh irrigation
systems. In all rice CLs there are breeding with ilotensity.

Five CLs (CL10, 6, 8, 13, and 15) represent thesliock farms with
densities from middle to high, where the main crapscorn, meadows
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and barley. In CL15 there are the swine farmsha €L10, 6, and 8
there are the dairy farms with decreasing livesteksities, and in the
CL13 there are the cattle farms. In CL14 theretlaeefarms that have a
small area and high power machine densities: tHis r€resents
contractors.

CA has allowed recognizing 18 homogeneous farm ggowith
clear distinction of the farm production typolodlye livestock type and
density, and the mechanization level.

The selection of representative farms was donegutsiase results,
selecting farms in different CLs.
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Table 2.1 — Homogeneous clusters of farms in PASNil¢rthern Italy, 45°N, 9°W). Average values for eacltluster.

farms typology

Farm descriptors Main scale cornfarms grain farms ———— rice farms ———— livestock farms — C?#
Cluster number 4 7 11 5 12 9 1 3 16 2 18 17 10 6 a3 15 14
Number of farms 53 54 41 19 13 12 91 14 5 22 2 9 645 21 19 3 6
Average farm area (ha) 39.4 60.9 414 531 26.502610.277.1 50.3 958 484 147.%6.1 215 635 348 645 7.2
CROPS (% farm area)
corn 71.8 69.6 50.2 27.8 295 243 214 275 223 29812227 638 17.2 585 589 61.7 74.6
rice 00 00 6.2 00 00 0.067.1 629 51.8 493 389 28900 00 00 00 0.0 0.0
winter wheat 1.7 05 15 26 07422 05 15 00 21 00 29 07 04 24 01 00 00
barley 09 20 49 25507 88 05 00 14 37 00 49 51 31 8406 127 0.0
meadows 10.3 16.9 279 106 149 10657 36 7.7 6.6 321 111 251 76.4 26.2 28242 127
soybean 16 13 34386 74 20 15 00 00 15 47163 23 01 34 00 22 0.0
Italian ryegrass 00 21 08 00 16 12 15 284 321 00 44183 01 24 31 00 0.0
LIVESTOCK (Mg live weight hd)
dairy 0.03 0.40 0.57 0.00 0.17 0.00 0.31 0.31 0821 0.00 0.162.15 1.36 1.120.01 0.00 0.00
cattle 0.02 0.05 0.14 001 0.00 0.12 0.04 0.0010001 059 0.11 0.05 0.04 0.03.03 0.00 0.03
swine 0.00 0.07 0.11 0.03 0.23 0.18 0.03 0.13 0@a3 0.00 0.00 0.01 0.01 0.39 0.08.26 0.00
poultry 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0000.0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00
RICE IRRIGATION SYSTEMS (% farm area)
flush 00 00 00 00 00 00 23 03 1005 00 00 0.0 00 0.0 0.0 00 00
delayed-continuous flooding 00 00 24 00 0000240 36 0.0 199 100 1000 00 0.0 0.0 00 0.0
continuous flooding 00 00 24 00 00 00 731.1130.0 38.7 40.0 00 0000 00 0.0 00 0.0
flooding with time-table 00 00 49 00 00 00 70.831 00 35 00 00 0000 00 0.0 00 0.0
AGRONOMIC OPERATIONS CARRIED OUT BY CONTRACTORS (&3 farm area treated)
land improvement operation 00 00 49 00 00 000 71 0.01000 00 00 15 00 00 0.0 333 00
tillage 00 00 293 102 00O 0O OO 09 100 000 00O 01 05 05 09 333 00
sowing 00 0.0 897 132 00 00 10 00O OO 00 00O 0O 05 0.0 0.06 2333 0.0
pesticide applications 00 0.069.1 126 00 83 04 00 00 00 00 72 54 0100 53 333 0.0
fodder harvest 00 16 143 26 00 00 146 4812146 00 57554 7.2 39.216.0 333 0.0
grain harvest 96.7 0.5 89.9 858 61.6 50.024.0 145 60.0 49.1 0.0 94.7 69.9 314 814 47.4 89.6 66.7
POWER-MACHINERY DENSITY (kW hé) 75 76 6.0 57 106 77 66 61 64 54 63 482 115 74 96 41 668

COMBINE HARVESTER (n. farm) 00 04 00 01 00O 03 09 09 02 04 05 000 000 00 03 0008
CONTINUOUS CROP (% farm area) 60.6 55.0 60.324.2 52.2 495 50.8 43.0 432 54.0 32.1 18.6 468D4 60.7 42.4 38.5100.0
a

C: contratars
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3.1. Abstract

Evaluation of the sustainability of farming systemanagement can be
carried out with direct measurements, simulatiordef® or indicators;
the latter have the advantages of requiring a saralbunt of inputs,
being fast to calculate and easy to interpret,watlg comparisons in
space and time, and representing a synthesis ckEgges in complex
systems. In this paper we propose a list of indisatvhich synthesise
the state of the farming system or the managem#atte on the
environment related to fossil energy use, landscarel soil
management. We selected indicators from the liteeatvhich can be
applied at the field and farm scale, based on dhtainable from the
farmer and / or from existing agricultural datalmswe excluded
indicators based on direct measurements. In a depaper we will
introduce indicators related to nutrients and petgs use.

The direct and indirect consumption of fossil emergan be
calculated at different levels of detail and itused to calculate the
efficiencies of different systems (output/input i@a). Landscape
indicators describe the presence and the densitgradus elements that
compose the landscape (crops, linear elements,ismtated shapes),
allowing also, in one case, to compare landscapemamd” and
"supply". The soil management indicators descriteerelation between
soil quality and crop management using: i) the gequence indicator
that evaluates the goodness of each previous-sigeescrop
combination in a rotation, assigning specific sedrethe effects of one
crop to another in terms of development of pathegpests and weeds,
soil structure and nitrogen supply; i) the orgamiatter indicator that
evaluates if the management adopted by the farmea specific soil
tends to accumulate or deplete soil organic madisd;iii) the soil cover
index for evaluating soil protection by crops. Qiatethe indicators,
based on a rather small data set, allow to condutiediate syntheses
of important agro-ecological aspects of farmingeys.
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3.2. Introduction

The Bruntland commission (World Commission on Eomiment and
Development, 1987) defined the concept of sustdihalas “(...) a
form of sustainable development which meets thelsied the present
without compromising the ability of future genecats to meet their
own needs.” We can distinguish three aspects otamadbility:
environmental sustainability, social sustainabilignd economic
sustainability (Goodland, 1995). In this paper weald with
environmental sustainability, defined as the maiatee of the global
ecosystem (or of the “natural capital”), both ds@urce” of inputs and
as a “sink” for wastes (Goodland, 1995). The adpical system is
involved in all these aspects and farmers are gaasdof the
countryside, of the ecosystem and of the rural daapge (European
Commission, 2001). We recall the definition of agemsystem: “an
ecosystem constituted by several organism popuktioat interact one
with each other, and with environmental and anticrdactors; man
manages the equilibria of this system in ordeintwdase the growth of
a few economic-interesting vegetable and animalcispé (Borin,
1999).

Potential to
provide
explanation

A

Simulation

madel Model-based and

composite indicator

Direct
measurement] Simple indicator

>
Precision < Feasibility

Fig. 3.1. — Potentials an weaknesses of differerdsessment methods
(from Bockstaller and Girardin, 2002, modified)
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In order to analyse the environmental sustaingbiliof
agroecosystems it is possible to choose differesthaus, like direct
measurements, simulation models, simple or compadsdicators that
have different levels of applicability and potehtexplanation of the
system (Fig. 3.1).

In many contexts, routine direct measurements asgycand often
time consuming, especially if the studied areaigé. Often, simulation
models require many input data that can be diffitubbtain; moreover,
sometimes models are not validated for a wide ramigeonditions
(Bockstaller et al., 1997). Therefore, indicatars iateresting to analyse
agro-ecological systems when it is not possiblecéory out direct
measurements.

The term indicator has been defined as a variatbliehwsupplies
information on other variables which are diffictdtaccess (Bockstaller
et al., 1997). Indicators can provide in a reldyivahort time a synthesis
on processes and impacts at different scales.

They are valuable tools for evaluation and decismaking as they
synthesise information and can thus help to unadedsta complex
system (Mitchell et al., 1995). The indicators ¢encalculated rapidly
and are efficient tools to evaluate the real admnsent of agronomic,
economic and environmental targets (Silvestri et2002). Since each
agro-ecological indicator represents a differeninpof view on
environmental sustainability, the indicators caniraguded in a multi-
criteria evaluation of the sustainability of agttawal systems, which
may also include socio-economic indicators of snatality. In order to
build a good indicator it is necessary to take iotmsideration some
properties that influence its potential use: i)apdndence from the size
of the study object; ii) robustness: not highlylueihced by extreme or
uncommon events; iii) accuracy; iv) precision; @ponsiveness: quick
change in response to actions or alterations in dtuely objects,
compared to direct measurements, requiring time sfompling and
analysis, and to detect changes in the state ofttidy objects because
of resilience and inertia; vi) measurability: based planned or
available data; vii) ease of interpretation: to ocmmicate essential
information in a way that is unambiguous and easyrtderstand; viii)
pertinence: the capacity of identifying the behaviof studied entity;
ix) cost effectiveness: in proportion to the valok the information
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derived; x) policy relevance: to drive the key eammental issues
(European Commission, 2001; Silvestri et al., 2002)

In the set proposed in this paper, not all indicatbave all the
properties mentioned before. Precision (defined tlas variability
between replicated measures) is not consideredubeaaf the lack of
replicated values. The accuracy of indicator (ahess to the real value)
is not valuable without a comparison whit other moels or direct
measurements. For the measurability property, thengd data are not
considered, because the aim of the selected id&cét to provide a
judgement on a specific topic using existing andiilable data.
Indicators do not provide an absolute but a retatewaluation of
different entities.

Moreover, the errors resulting from lack or ina@myr of input data
are uniformly spread in all alternative study ca&#vestri et al., 2002).
Inputs for calculating indicators are often dissamiand a semi-
quantitative approach can be necessary to integhatiee variables in a
unique value (expressed in physical units) or jndgment (expressed
with a qualitative scale). Further conversion ton# scale (e.g. 0 — 10)
is useful in order to compare the result of différmdicators. Finally a
good indicator should have a benchmark that permaitso for non
experts, an easy evaluation.

In the last 10 years the interest for agro-ecokagindicators (AEIS)
has increased and several sets of AEls have beepoged. The
OECD’s DSR (Drive - State - Response) framework @DE 1999a)
and the European Environmental Agency’'s DPSIR @®FrWressure -
State - Impact - Response) framework (EEA, 1998Yige the basis for
an agro-environmental indicators framework namettafural DPSIR
(European Commission, 2000). The objective of agtical DPSIR is
to provide an harmonised structure of agro-enviremtal indicators in
EU Member States in order to present a common bigsiel of
information that can be aggregated and facilitaimgarisons among
regions. The agricultural DPSIR identifies a set 86 agro-
environmental indicators (European Commission, 200®elp monitor
and assess agro-environmental policies and progesmmo provide
contextual information for rural development, temtify environmental
issues, to help target programmes that address-emygimnmental
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issues and to understand the linkages betweeruttgrad practices and
the environment (European Commission, 2001).

Within the Italian project "Agriculture for protexd areas"”
(Agripark, 2006; Bisol, 2006) we are evaluating thevironmental
sustainability of different cropping and farmingsssms. Our objective
in the project is to synthesise the effects of agtiral management
using quantities which: i) allow to integrate difat aspects of reality,
doing a synthesis characterized by a good compminitween the
description of the processes and their simplifaratiinto single
numerical quantities; ii) can be derived from facharacteristics, easily
obtainable from the farmer and/or from existingiagtural databases
(e.g. Common Agricultural Policy declarations)) @re easy to interpret
and can be used to drive the improvement of enmental
performances of agricultural systems. We therefexeluded the
indicators constituted by direct measures on switgers or crops. We
also excluded indicators like the ones used in HRENA project
(OECD, 2002a; EEA, 2005) because they aggregate atabation- or
macro-region level, and do not represent the agtt@desses occurring
in single farms. The indicators proposed by ANPAOO@) were
excluded as well, because many of these requienalytical approach
(e.g. state and impact indicators are based onurerasnts of heavy
metals, organic matter, pesticides and nutrientthénsoil and in the
water), while others can be used only at regionalesand not at field-
farm scale.

We propose a framework, derived from an extensiterature
review, to evaluate the sustainability of agro-gstsms management at
field and farm level, using a set of agro-ecolobindicators divided in
five categories (energy, landscape, soil, nutriemtd pesticides) that
describe the environmental sustainability of famniand cropping
systems from different points of view. The differ@ategories of agro-
ecological indicators are similar to those foundhie literature for farm
management analysis (Vereijken, 1995; Bockstaher@irardin, 2000),
and for policy analysis (OECD, 2001; EEA, 2005). \id not select
categories describing social and economic sustgiilyalin this paper
we report on the first set of indicators, relatedfdssil energy use,
landscape and soil management. In a second papevilivéocus on
nutrients and pesticides management.
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3.3. Energy indicators

Environmental problems due to the intensive usenafrgy are crucial,
especially for C@ and NQ emission due to fossil energy combustion
(Pervanchon et al.,, 2002) and to the limitation emfergy sources
available nowadays. G(s one the major greenhouse gases; agriculture
can contribute to COemissions with the use of fertilizers, lime andlfu
(Robertson et al., 2000). NCGontributes to acidification and to the
generation of ozone in the troposphere (Oliviealet1998). Therefore
the quantification of fossil energy use is impottamorder to improve
the efficiency of agro-ecosystems and to reduceethissions and the
consumption of limited resources. Different way® groposed to
quantify fossil energy flows in agricultural systenDalgaard et al.
(2000) use a synthetic approach based on simpleripgsn of farm
operations carried out for crop and livestock managnt. Similar
approaches are used by many other Authors (e.qdBiet al., 1989;
Volpi, 1992). Others, like Pervanchon et al. (2008%se a more
analytical methodology to estimate energy flowsiopping systems.
Once the flows are calculated with one of thesehous, they can be
interpreted by calculating output/input ratios; laghi and Caporali
(1999) provide a rich set of possible ratios.

We describe in detail the simple method of Dalgaardl.(2000), as
a recent and complete example of the approachgeedirst type. This
procedure assesses fossil energy use in diffeppaistof farms. The
energy balance is divided into two modules: cropdute@ and animal
module, each divided in two sub-modules. The enasgy(EU) at farm
level is calculated as:

EUfarm = EUcrop + EUanimal (MJ) (31)

The crop module is divided in the sub-module fa direct (EWiec)
and for the indirect energy use (Elke). The sub module Elkc is
divided in two components: the first for the diefi@gtl (EUyese), the
second for other energy use (&k):

EUcrop: EUdirect+ EUndirectz (EUdieseI+ EUothel) + EUndirect (32)
EUqiesel FEpresents the diesel use for crop managemeraitigres:
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oper

Zc D, k (MJ) (3.3)

=1

EU

diesel —

where Npeis the total number of operations to grow a specifop, G

is the area treated (ha) or the amount input fagpplied (t) or the
weight of crop harvested (t) or the distance toftblel (km) on which
the i™ operation is carried out,;0s the norm of diesel use for that
operation (L hd for field operations, L knt for transport, L Mg" for
product removed), k is a specific energetic cokdfit (35.9 MJ L[
diesel). For the soil preparation, B corrected for soil type by a factor
of 1.1 for a loamy soil, a factor of 1.0 for a sgdam soil and a factor
of 0.9 for a sandy soil. Elde represents other energy forms directly
consumed in the farm activity, such as lubricatanyjng and irrigation:

EU

o = z C D OL+ z(AD OPD [R)+ z(Al mMJ)  (34)
where L is the energy consumed for lubricationyet of fuel used (3.6
MJ L™ diesel), Niyis the total number of drying operations, AB the
mass of crops dried (t, wet baS|s),,F?§)the percentage of drying (t
water removed Mg wet crop), R is the energy required for drying (5
000 MJ Mg* water removed), N is the total number of irrigations, Al
is the amount of water used in the"krrigation event (mm), | is the
energy consumed for a unit volume of water app(EMJ mnY).

EUingirect represents the energy used in the productionpftén such
as machinery, fertilisers and pesticides.

EU md,rect-ZCD M +ZAE E (M) (3.5)

where N, is the number of machines used in the farm, SQherefore
the diesel fuel consumed (L), M is the energy ipooated in the
machinery (the energy necessary for the constimctieeraged per unit
of fuel consumed, 12 MJ‘f;dieseI); and AEE represents the indirect
energy used derived from five types of externaltapnitrogen (i = 1),
phosphorus (i = 2), potassium (i = 3), lime (i s @ésticides (i = 5); AE
is the total amount of input product used (kg fé&tKNor pesticides, t for
lime), and Eis the energy needed for the production of th&tifp0 —
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12 — 7 — 40 MJ kg for N, P, K and formulated spraying agent of
herbicides, insecticides and fungicides respeethd 30 MJ Mg" for
lime).

The animal module, developed for pig and cattledpation, is
divided in two sub-modules. The first module (gl describes the
direct energy use for cattle or pig breeding; itdiwided in two
components: livestock housing (S), and heatindneflivestock housing
(H). The second sub-module (Ed#).c) describes the indirect energy
requirement for the cattle/pig breeding, and isid#id in three
components: farm building (B), imported fodder éfd self-produced
fodder (O).

EU =EU, ..+t EU

animal — direct indirect

(3.6)

EU,. . =(S+H)ILSU+(BILSU+FI[SFU+OISFU) (3.7

animal

where S represents the energy required for operdtio livestock
housing (light, ventilation, milking, milk coolingodder milling and
pumping), equivalent to 8 — 1.7 — 6.1 — 3.2 — 0.9.5 GJ LSU"
(Livestock Unit, corresponding tol large-breed ylagow, or 30
slaughter pigs) for dairy cows, other cattle, carigmal sows, organic
sows, conventional slaughter pigs, organic slaughitgs, respectively;
H is the energy required for heating the cattlg@igrhousing (3.1 — 0.6
GJ LSU" for conventional sows and conventional slaughtiys,p
respectively); B is the energy required for the mtenance of farm
buildings and the store (2.5 GJ LS)JF is the energy for the imported
fodder (5.7 MJ SFU, Scandinavian Feed Unit, corresponding to 12 MJ
of metabolizable energy, equivalent to the foddalue of 1 kg of
barley), O is energy consumption for self-producdddder
(EUgofharvested yield, MJ SFY). Overall, the coefficients proposed
by Dalgaard et al. (2000) for converting mass fluigo energy fluxes
are in good agreement with the ones found in athrailar works (e.g.
Biondi et al., 1989; Jarach, 1985); more specificameters (e.g. energy
content of single active ingredients or pesticideugs) can be found in
Volpi (1992). The use of older parameters, howevereds to be
carefully evaluated because, as stated by Pervanehal. (2002), the
efficiency of production of fertilisers and pesties has increased in the
last decades.
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An alternative methodology is proposed by Pervanattaal. (2002)
and by Bockstaller and Girardin (2000); they sugghe use of an
energy indicator @,) to evaluate the energy consumption of field crop
production calculated with an analytical approadte indicator
provides a value from 0 (worst value) to 10 (bedtig). A value of 7
represents the achievement of a minimum level.

The energy indicator £)) is defined as:

lg, =10 if0 < E < 3500MJ[ha™
I, = alE’ +b[E, +c if 3500MJ/ha< E, < 34900MJha* (3.8)
lg, =0 if E > 34900MJ[ha™

where Eis the total amount of energy consumed (MJ)hand a, b, ¢
are coefficients (a = 8.75544 20b = —6.5492 10; c = 12.184).

E; is composed by four modules:
Et = Em + Err + Efert + Ephyto (39)

E. for the fuel consumption, ;Efor the irrigation, k. for fertiliser
utilisation, and E,y, for pesticide utilisation. & (MJ ha?) quantifies the
direct energy consumed by machinery for each crgmagement
operation, without considering the energy incorpetan the machines
during construction.

En=[(36 R/n)/(VLC)] +D/S (3.10)

where 36 is a conversion factor, iB the tractor power required (kW),
n is motor yield (estimated equal to 35%), V is teactpeed (km 1), L

is machine width (m), C is a correction coeffici¢aking into account
the over consumption factor (dimensionless), dejpgn@dn machine
characteristics that increase the energy consumpilois a correction
factor taking into account the distance betweenfainm and the field
(MJ), S is the field area (ha)., Ban be obtained from a database
developed by the French Institute for Cereal CHdjCF), or can be
estimated by a linear correlation:

Pa=aVL + BV + a’'L + [ (3.11)
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where V and L are given by the farmer, and 3, a’, B’ are
coefficients calculated by means of a linear regoes for each
machine. The over consumption factor is calculated

C=GCGCGGCGF (3.12)

where G is 1.00 if the tractor has a driving help systé€eg. computer)
and 0.93 if not, €is 1.00 if the difference between the real tractor
power and the power required for the machine usdower than 15%,
0.85 if the difference is comprised between 15 30%, and 0.70 if the
difference is greater than 30%; I8 1.00 if the maintenance of the field
machines is good, and 0.92 in other casgga@iges from 0.65 to 1.00
on the basis of the maintenance of the tractorfi{ger change, injector
and fuel pomp adjustment, tyre’s pressurg)ranges from 0.50 to 1.00
according to the soil wetness during work and theeumatics
characteristics (width and age), F depends onye of machine and
on field size. D = (35.& t 8) d (MJ), where 35.8 is the energy constant
of 1 litre of diesel fuel (MJ 1), t. is the specific tractor consumption (L
h™), 8 is a reference tractor speed (ki) fand d is the farm-field
distance (km). E (MJ ha’) accounts for energy consumption used in
irrigation:

E.=[36 RI1/(QG)] +A /S (MJ ha) (3.13)

where 36 is a conversion factor, iB the power absorbed by the pump
(kW), 1 is the irrigation volume (mm), Q is the watflow (n? h™), G
(dimensionless) is a correction coefficient for theer consumption
factors (related to the type of irrigation, the @ratransport efficiency,
the maintenance and accessories of the irrigatistesis), A (MJ) is a
correction coefficient taking into account the @wdic cost of the
implementation of the irrigation system (resenariwell), S is the area
of the irrigated field (ha). The correction coeiffiat

G = G, G; G3 (dimensionless) (3.149)

where G is a correction coefficient for the applicatiorfi@éncy (0.6
for flooding on a sandy soil, 0.7 for flooding other soil types, 0.9 for
localized irrigation and 0.8 for sprinkler irrigati), G is a coefficient
considering the water transport efficiency (0.8 flooding and 1.0 for
localized and sprinkling), £is a coefficient for the maintenance and
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accessories of the irrigation system (it variesnfi@.8 to 1.0 depending
on the presence of a sprinkler automatism systedntae periodical
check of irrigation system state),

A = [hg (4000 + 120 + 130)] / 30 (MI ) (3.15)

where R is drilling height expressed in metres, 4000, 486 130 (MJ)

are the energy consumptions for drilling, cemert steel, respectively,
used for 1 m depth. The values of A assume a fif80oyears for the
well. In case of a reservoir, A represents 40% h&f torresponding
drilling cost. For irrigation with surface water.derivers, lakes), A =0
(Pervanchon, personal communication) because ther @Waes not need
work to be extracted. The indirect energy costdddilisers

Efert = Dfert kfert + FPT (M-J hé}) (316)

is obtained by multiplying the total amount of f@duct applied, bk
(kg ha'), by a specific energetic coefficientk (MJ kg™"), which
includes the energetic costs for fertiliser productin order to estimate
the energy costs for formulation, packaging andhgpart of input
product used, it is necessary to add the Formulatackaging
Transport Coefficient (FPT) of the specific nuttign the fertilisers.
FPT costis 1.5 - 9.8 — 7.3, and 5.7 MJ‘kgspectively for N fertilisers,
P fertilisers, K fertilisers, and NP fertiliserorfother types of fertilisers
(S, etc.) the mean FTP cost is 6 MJ'kdhe indirect energy costs for
pesticides (Bt is obtained by multiplying the total amount otiae
ingredient (Bnyi) by a specific energetic cost coefficienyk For
example knio is 310, 272 and 214 MJ k"gfor generic insecticides,
herbicides, and fungicides, respectively. Spedifig, for several active
ingredients are also indicated by Volpi (1992).

After fossil energy inputs have been quantifie@, ¢mergy content of
crop and animal products can be calculates, usefficients available
in the literature (e.g. Biondi et al., 1989; Jarat®85; Volpi, 1992). In
order to describe the sustainability of crops aainfng systems, it is
then possible to highlight the relation betweeruts@nd outputs. Based
on the classical calculation of output/input ratidsllarini and Caporali
(1999) have proposed an input/output methodologgyiging several
indicators to describe and to analyse farming syst@ terms of energy
and monetary values. The indicators are based eguhntification of
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input (i) and output (o) flows of energy and moné&kiese flows can be
directed from inside to outside the farm (or vicersa), or can be
completely internal (recycling). Internal transferan be classified as
“obligatory” (crop roots and part of crop residuet in the soil which,
not being removed from the system, are reusedyauhtary” (all farm
products that the farmer chooses to recycle intopttoduction process
rather than destine for final consumption). In jcatar (Table 3.1),
internal transfers can derive from current yeay @ilprevious year farm
production (i2); inputs from outside derive fronriaglture (i3), or from
other production sectors (i4). Similarly, outpubviis can recycle
production in current year (0l) or for subsequemie (02), or can be
destined for final consumption (03). A set of agmmsystem
performance indicators (Table 3.2) is then defined compare
homogeneous output/input flows (monetary or energetdirect”
indicators), or heterogeneous output/input flowsorfatary versus
energetic: “crossed” indicators). Direct indicatazan be structural
(describing the most relevant characteristics ofcafjural systems) or
functional (measuring the efficiency of differenyseems and the
dependence from non-renewable or external inputs).
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Table 3.1. — Energy (GJ) and monetary (€) inputs ahoutputs (from
Tellarini and Caporali, 1999)

il
ila
ilb

i2
i2a
i2b

i3
i4
i5
i6
i7
i8

ol
ola
olb
02
02a
02b
03
o4
05

Total re-use of current year farm productiondinal transfers)
Obligatory re-use of current year farm produtti

Voluntary re-use of current year farm productio

Total re-use of previous year's farm production

Obligatory re-use of previous year’s farm prctohn

Voluntary re-use of previous year’s farm praituec

External input produced by agriculture

External input produced by other sectors (nareveable)

Input produced on the farm (i1+i2)

Input external to the farm (i3+i4)

Input produced by agriculture (i1+i2+i3)

Total input (i1+i2+i3+i4)

Output destined for re-use on the farm in theetu year
Output obligatorily destined for re-use onfdren in the current year
Output voluntarily destined for re-use on therf in the current year
Output destined for the subsequent cycle

Output obligatorily destined for the subsequgnte

Output voluntarily destined for the subsequgote

Output destined for final consumption

Net output (02+03)

Gross output (01+02+03)
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Table 3.2. — Sructural, functional and crossed inditors (from Tellarini
and Caporali, 1999)

Structural indicators

Indicator of dependence on non-renewable energyes|{i4/i8)
Indicator of obligatory re-use [(ila+i2a)/i8]

Indicator of immediate voluntary re-use (i1b/i8)

Indicator of deferred voluntary re-use (i2b/i8)

Global indicator of voluntary re-use [(i1lb+i2b)/i8]
Indicator of farm autonomy (i5/i8)

Indicator of overall sustainability (i7/i8)

Indicator of immediate removal (03/05)

Indicator of total removal (04/05)

10 Indicator of obligatory internal destination [(01x#8)/05]

11 Indicator of immediate voluntary internal destionat{o1b/05)
12 Global indicator of immediate internal destinat{oi/o5)

O©CoO~NOOOUTR~WNE

Functional indicators (GJ/GJ or €/€)

13 Indicator of gross output from total input (05/i8)

14 Indicator of gross output from total farm input (&%

15 Indicator of gross output from annual farm inpui/(d)

16 Indicator of gross output from external non-reneiwaitnput (05/i4)
17 Indicator of gross output from total external inofb/i6)

13 Indicator of net output from total input (04/i8)

14 Indicator of net output from total farm input (/i

15 Indicator of net output from annual farm input (@J/

16 Indicator of net output from external non-renewabfgut (04/i4)
17 Indicator of net output from total external inpo#(i6)

Crossed indicators (€/GJ or GJ/€)

18 Gross economic productivity of total energy inpaB/({8)

19 Gross economic productivity of energy input fromside the farm (05/i6)
20 Gross economic productivity of non-renewable enéngwt (05/i4)

21 Gross economic productivity of energy input produbg agriculture (05/i7)
22 Net economic productivity of total energy input (8%

23 Net economic productivity of energy input from adésthe farm (04/i6)

24 Net economic productivity of non-renewable enerypuit (04/i4)

25 Net economic productivity of energy input produdsdagriculture (04/i7)
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3.4. Landscape indicators

The agro-ecological network, made of the patchuttivated fields and
interconnected linear elements (such as hedge-roag a double
function: to build the landscape and to maintai tfological diversity,
important for air, water and soil quality. Farm ragament influences
the quality of landscape and consequently the bérdity and this
concept is highlighted by several approaches aiatedtudying the
importance of agriculture in the evolution of thendscape
(Weinstoerffer and Girardin, 2000). Here we focus imdicators
describing the relation between farm managementamscape.

In particular, many indicators were developed fppleation at
regional scale, where the action of agricultureetaglace on landscape.
However, indicators can be useful also to identifg contribution of
single farms to landscape quality and biodiversitie will therefore
comment the indicators which can be applied atlsifayming systems,
like the crop diversity indicator proposed by Bdeler and Girardin
(2000), the hedge-row indicator used by Bocchil.e2z®04), applied at
regional scale, but applicable also for single ®rand the landscape
indicator by Weinstoerffer and Girardin (2000). &tlapproaches like
the Mosaic indicators (Hoffmann and Greef, 2003;ffidan et al.,
2003) consider the presence and abundance of isgedifcator species,
chosen as representative of the location and thierre This indicator
requires several input data, some of which requsgecific
measurements; for this reason, and despite thesresst, we will not
consider these indicators in our review.

At the farm scale, Bockstaller and Girardin (206@ye proposed a
crop diversity indicator (}) that evaluates the impact of crop
partitioning and field size on landscape and biedsity. It provides a
value from 0 (worst case) to 10 (best case). Aevalu7 represents the
achievement of a minimum level. The indicator ikatated as:

la=KNCDT (3.17)

where K is a calibration factor depending on thenber of crops (K is
equal to 2.00, 1.83, 1.70, 1.59, 1.50, 1.42, 1880, 1.25 if NC
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is <4, 45, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0 respelst), NC is the
number of crops (from 1 to 8; the intercrop in dewtrop systems has a
weight of 0.5), Dis the crop partitioning factor and T is the fislize
factor. The crop partitioning factor (D) measurke tiversity of crop
partitioning; its maximum value is 1, and corregg®ro the situation
when the areas cultivated with each crop are edmalyalues indicate
that one or few crops dominate, i.e. occupy mosfaomn area. The
factor D is calculated by dividing the Shannon dsity index
(calculated using crop areas instead of speciemdamees) by the
maximum value of the Shannon index which would b&ioned in the
case of homogeneous partitioning:

D=1S/IS, (3.18)
where
NC
IS=3 (pInp) (3.19)

with p = §/ S (ratio of S the area of the'f species, to §, the total

farm area), and IS= In (1 / NC). The field size factor (T) consid¢ne

fragmentation of the field: T = 1 — $4/ St Where SA is the area of
the fields considered “big” (ha):

SAg = g(ci F) (3.20)

where FN is the number of the fields,isthe area of the't field (ha),
¢ is a factor depending on field size:

G=0if F< Ljow (321)

c=1 if F > Lhigh (322)

G :[(Lh 1|_' )J[(]FI _L|ow) if Liow<F < Lhigh (323)
igh_ ow.

where Lyg, is the threshold over which the field is considefbig”
(proposed value: 15 ha),qlis the threshold under which the field is
considered “small” (proposed value: 5 ha).
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The hedge-row indicator (Bocchi et al., 2004) diéses the evolution

and the quality of the landscape, considering #ughs and the rows as
important structural elements.

Iy =L /A (mha) (3.24)

where L is the hedge-row length (m) and A is thmltarea analysed
(ha). This indicator has been created and apptiedhe regional scale,
but it is possible to apply it also at the farmlsca

The landscape indicator (Weinstoerffer and Girgradd00) evaluates

SUPPLY :
Spatial
Shape
1 |
) 2 Field Farm
Linear k Shape el:/t;rl'ue;i(;h index index
Shape index criterion
1 SIS > [Fa (Openness)l ] = (Openness)
2 I IFd (Upkeep) I (Upkeep)
= Punctual o IFd (Heritage) IF (Heritage)
m Shape I Fd (Diversity) IF Diversity)
1 -
2
DEMAND v
Landscape Demand Difference Difference
Index
D(Openness) DMAX o D(Openness)
ILd (Openness) | Dupkeep) ”| Dupkeep)
ILd (Upkeep) D (Heritage) D(Heritage)
I Ld (Heritage) Dopiversity) Dioiversiy)
ILd (Diversity)

Fig. 3.2. — Calculation of the landscape indicatofl  anp) (from
Weinstoerffer and Girardin, 2000).
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the correspondence between landscape supply befand landscape
demand by social groups. The four main evaluatiiter@a proposed to
calculate demand and supply are: openness (the vafsenvhich an
observer can obtain an exhaustive view over theosoding country),
upkeep (the fact that land forms are as uniform waetl organised as
possible), heritage (the presence of evidence ofiemous traces of
ancient practices), diversity (the differences iatune, quality and
aspect). To calculate the indicator (Fig. 3.2),pbypand demand are
separately calculated, and then compared, for eaaluation criterion;
landscape supply is calculated for each field aredtamed for the farm.

In the calculation of the supply, the landscapeeiscribed with three
different types of shapes that compose the landscspatial shapes
(crop, permanent grassland, farm yard, woodlancl), dinear shapes
(hedge, row of trees, grassland margin, wall, therlmank, etc.) and
isolated shapes (single tree, agricultural equigmaunlding, etc.). For
every evaluation criterion (openness, upkeep, dggit diversity) all
shapes pertaining to a field are evaluated witlt@es the scores are
then linearly aggregated:

>s,
ls(i) = =L
] (3.25)

=i (3.26)

(3.27)

where k(i) is the spatial shape index(i) is the linear shape index and
Ie(i) is the punctual shape index for th& field; S is the score that
characterizes the state of'lspatial shape (not weighted based on shape
area), j is the number of spatial shapes in Hidiéld; H, is the score
that characterizes the state of th® lkinear shape, Lis the length of the
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k™ linear shape, m is the number of linear shapebdn‘”‘ field; B is
the score that characterizes the state 8fgunctual shape, n is the
number of punctual shapes in th&field. The score is limited between
0 to 4 (0 is given to the shape contributing theestgo the criterion), and
the authors suggest an expert judgement scorbdasfienness criterion
(Table 3.3), the landscape upkeep criterion (T8b1¢, and the heritage
criterion (Table 3.5).

For the landscape diversity criterion, the supfigliversity of a farm
is integrated into the calculation of the crop déity indicator,
described previously {d Bockstaller and Girardin, 2000). The field
index (kg is obtained by combining the three shape indices:

R 3 PN I I
gy = w (3.28)

assuming that each shape group, at this levelahagjual influence in
the contribution to the landscape supply. The fardex is obtained by
combining the field indices for the total numberfigids in the farm.
The score for every field is weighted accordinglyits area and it is
separately calculated for every evaluation criterio

Zn:[A(i) 'l Fd(i)]

N=ul (3.29)
;'AYU

vvtpere k is the farm index for a specific criterion,)As the area of
i~ field.

The evaluation of the landscape demand is qualktatnd it is done
using the judgement of several stakeholders. lnestipnnaire all the
terms are listed that can be used to describeudignial landscape in a
qualitative way. The stakeholders have to choogseellement which
they wish to see in the farm area (Table 3.6). Wedian score is
assumed as the indifference evaluation on thegbdhe observers. For
each criterion the absolute value of the differebeeveen the supply
and the demand is calculated. It is assumed thatdadnthe criteria
cannot compensate for another in the final reghierefore for the
evaluation of landscape indicator the least favioleradifference

e
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between supply and demandy{fR) is used. The maximum difference is
scaled to a maximum of 10 using a coefficient (2®)obtain the
landscape indicatori Axp= 10 — (Quax 2.5). The landscape indicator
can also be used for an assessment at the retgoehl

Table 3.3. — Scores of spatial (pand linear (Hy) shapes contributing to
landscape openness, used in the calculation of tleadscape indicator
(from Weinstoerffer and Girardin , 2000)

Contribution of the spatial shapes to the opensegply

Forest 0 Wooded orchard 3
Intensive orchard hops 1 “Open” créps 4
“Closed” crops 2

Contribution of the linear shapes to the opennesply

Linear wooded margin 0 New hedgg line of trees 3
\;V;r&(;l;rfeéirI:CZGdge ; Grassland field margin 4

! “Closed” crops: maize, sorghum, sunflower, whitdse the landscape
because of the height of the plants;

2“Open” crops, which have no influence on the opssof landscape;

% Less than 2 years.
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Table 3.4. — Scores of spatial (§ linear (Hx) and punctual (R) shapes
contributing to landscape upkeep, used in the caltation of the landscape
indicator (from Weinstoerffer and Girardin, 2000)

Contribution of the spatial shapes to the upkeep qply

Crops ——Tillage and weeding
No Mechanical weeding Chemical weeding
Intervertion No tillage Tillage No tillage Tillage

Winter cereals, rape seed 0.0 1.0 2.0 3.0 4.0
Spring cereals, peas 0.0 1.0 2.0 4.0
Other spring crops 0.0 0.5 15 3.5
Green manure 2.0 3.0 2.0 3.0
Set aside Spontaneous set aside

After sunflower, After cerals, rap Cultivated

maize, soybean, sug ’ set aside
seed or peas
beet or potatoes
0 1 2

Fallow land 0
Permanent crops
Meadow — Cutting frequency (yP)

>3 2

4 2 0
Cut grazed pasture —— Cutting or grazing frequency (Yy —

>3 2
4 2 0
Grazed pasture —— Intensive pasture ———  Extensive
With refusals cutting Without refusals cuttingpasture
4 2 0

Arboriculture— — Woody plant pruning ——mM8M8
forest Regular upkeep Occasional upkeep Without upkeep

4 2 0
Farm yard Aspect

Kept up Occasional Untidy

4 2 0
Contribution of the linear shapes to the upkeep sugly
Upkeep of each Regular Occasional Without upkeep
linear shape 4 2 0
Contribution of the punctual shapes to the upkeepupply
Upkeep of each Regular Occasional Without upkeep
punctual shape 4 2 0
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Table 3.5. — Scores of spatial (§ linear (Hx) and punctual (R) shapes
contributing to landscape heritage, used in the caulation of the landscape
indicator (from Weinstoerffer and Girardin, 2000)

Contribution of the spatial shapes to the heritagsupply

The crops
. Usual New
Species 4 0
Stable Transformed Changed
Area
4 2 0
Shape Stable Transformed New
4 2 0
The Farm
. Identical New
Site 4 5
Arrangeme Identical Transformed New
nt 4 2 0
Identical Transformed New
Farm yard
4 2 0
Contribution of the linear shapes to the heritage $pply
Linear Stable Transformed
shapes 4 0

Contribution of the punctual shapes to the heritagesupply

Maintained Died out Rebuilt according to Deeply Newly built

Building customs customs the traditional style reshapedor destroyed
4 3 2 1 0
Vegetation ldentical New
4 0

Table 3.6. — Scores of desired landscape elemengedi for landscape demand
calculation (l,3) (modified from Weinstoerffer and Girardin, 2000)

Evaluation criteria

Openness Heritage Upkeep Diversity
Bared 4  Preserved 4 Meticulous 4 Varied 4
Stripped 3 Protected 3  Well kept 3  Heterogeneous 3
Indifferent 2 Indifferent 2 Indifferent 2 Indiffen¢ 2
Obstructed 1 Modified 1 Badlykept 1 Homogeneous 1
Blocked 0 Transformed O Disused 0 Uniform 0
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3.5. Soil management indicators

These indicators describe how tillage, incorporatiborganic materials
into the soil, soil cover with crops and residumsg consequently crop
rotations influence soil fertility.

Crop rotation is one of the most important factiest influence soil
fertility, helping to break the cycle of harmfulganisms, improving soil
structure, enhancing soil quality and making sessl vulnerable to
erosion (Leteinturier et al., 2006). The crop segeeindicator () was
developed by Bockstaller and Girardin (1996, 20@Q)rovides a value
from O (worst value) to 10 (best value); a value7ofepresents the
achievement of a minimum level. It is a method tibgl diagnosis
applicable at field level; for a single crop itdefined as:

ISC= Kp Kr Kd (3.30)

where K is the coefficient describing the effects of thregeding crop
on the current crop, Kepends on the frequency of crop cultivation and
Kgis an index of crop diversity.

K, is derived from the sum of five effect scores @epment of
pathogens, pests, weeds, soil structure and nitjpgepresenting the
effect of the previous crop on the current cropedéh effects are
estimated by an expert group on a semiquantitia¢gesérom —1 to +1
for soil structure and nitrogen supply, from —3ttofor pathogens, from
-2 to +1 for weeds and pests. A transformatiomésn tmade to convert
the sum of scores (S) into the &oefficient, obtaining a value on a scale
from 1to 6 (K =S + 5 whit a minimum and maximum value of 1 &nd
respectively). Examples of Kvalues for many previous/actual crop
combinations are given in the literature for Fremetd Belgian pedo-
climatic and agronomic conditions (Bockstaller aGdrardin, 1996,
2000; Leteinturier et al., 2006).,HKs obtained by transforming the
difference of the actual return time of crop onieldf (t) minus the
recommended return time,)(twhich is known to limit the risks of
diseases or pests (Is equal to 0.3, 0.5, 0.8, 1.0 and 1.2 if ist-3, -2,
-1, 0 and_>1 respectively). The quantity (Kis calculated by
transforming the number of different crops (NC)timalted in the last
four years (i = 0.2 NC + 0.6 with a minimum and maximum value of
1.0 and 1.4 respectively). The indicatgrdan be calculated for every
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crop in the rotation; thesd for the entire rotation is calculated as the
average of the of single crops.

One of the most important attributes of soil qyalg the organic
matter (SOM) content; Bockstaller et al. (1997) d&uatkstaller and
Girardin (2000) have proposed the organic mattdicator in order to
detect the negative and the positive effects offediht crop
management practices on SOM content. The aim sfitigiicator is to
identify and promote the practices that maintairVs& a satisfactory
level. It is an impact indicator applicable at didével and it provides a
value from 0 (worst value) to 10 (best value); lugaf 7 represents the
achievement of a minimum level. The indicator idircedl as: ¢y = 7
(A, / A), where A (kg ha' yr?) is the mean of OM inputs (residues,
manure, green manure, etc.) in the four precediogping years, A(kg
ha' yr) is the recommended level of OM inputs needed aintain a
satisfying level of SOM in the long term.

The organic supply (A is defined as (Boiffin et al., 1986):

N
Ax = z (kroot(i) Ijnroot(i) EIfroot(i) + kres,idue(i) IjT]residue(i) Dfresidue(i))
i=1

N
Z (kmanure(i) Ij‘nmanure(i) Dfmanure(i)) (331)
i=1

where ko, Keesidgue Kmanure@re humification coefficients of roots, residues
and manures, respectively (dimensionles$)s,Miesiqgue Mmanure are the
mass applied of roots, residues and manures résggakg ha' yr?),
and foot, fresique fmanure@re the frequencies of application in the fourgea
Example of k coefficients are available in Boiféihal. (1986).

The Hénin and Dupuis model (1945) is used to derike
relationship between the equilibrium level of SOMIaOM inputs to a
specific soil:

Ar = Tes k2 M P (3.32)

wheretgis the SOM concentration (g SOM goil) recommended for a
specific textural class,,ks the annual mineralization coefficient §r
M is the soil mass at tilled depth (kg soirDaP is a modifier of the
mineralization coefficient (dimensionless). The aanmineralization
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coefficient is estimated on the basis of soil textdimestone content
and air temperature:
1200 fs

= (Boiffin et al., 1986) (3.33)
(200+ A)[{200+03(T)

where §is a temperature factoiy = 0.2(T — 5), where T is the average
annual air temperature (°C), A is clay content ¢g'k C is limestone
content (g kg'). If no soil analyses are available for everydijesoil
maps or geostatistical technigues (e.g. GuimaramgoCet al., 1997;
Schloeder et al., 2001; De Ferrari et al., 2002) lva used to estimate
clay and limestone contents. The modifier of miheaéion coefficient
is calculated as:

P=fITs (3.34)

where fis a coefficient considering crop management (@a&br), | is a
mineralization weight factor (suggested value: 1.2k is a tillage
factor (1.0 if the soil is tilled at least oncefour years; 0.5 if only no
tillage practices were used in the last four ye8r8; in intermediate
cases, with at least one year of minimum tillage).

Other risks related to soil management are stractlegradation,
erosion, nutrient and pesticide losses and reduabb biodiversity.
Vereijken (1995) has proposed the Soil Cover Ind&CI) for
evaluation of soil protection by crops. This indaracalculates the
percentage of soil cover by crops or residues shat period (month),

Table 3.7. — Crop management coefficient {fused to consider crop
management in the calculation of the modifier of mieralization
coefficient (P) in the organic matter indicator (from Bockstaller and
Girardin, 2000)

Organic input frequency (manure, compost,
etc.)
>10 Between5 Between 3

Crop residue management

years and 10 yearsand 5 years < 3year
Removed or burned 0.8 0.9 1.0 1.1
Incorporated once in two years0.9 1.0 1.1 1.2
Incorporated every year 1.0 1.1 1.2 1.3
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in one year or in a critical period (e.g. autumBElnontn = (SClhliart +
SCleng / 2, where SGlyis the percentage of soil surface cover by crops
or residues on the first day of the month and.R@ the percentage on
the last day. To avoid direct measurements ofcsniér by the crop, the
well know crop coefficients (Allen et al., 1998)nche used. SCl is 1 if
the soil is completely covered by crops or residuas is O if the soil is
bare. It is possible to choose intermediate valoegroportion to the
percentage of cover. For a period longer than alm@ng. year):

SCIperiod = (Z SCImonthj/ n (335)
i=1

where n is the number of months considered S lprovides a value
between 0 and 1, and Sgibgis in the range 0 — 12, if the chosen period
is one year. Once SCI is calculated at field sdalan be averaged for
the farm, recalling that it is necessary to calimuthe SCI also for the
fallow, for the woodland and for the hedge-row. mcalculations can
be done also at regional scale. The OECD (2001gesigd the use of a
similar indicator, calculated from agricultural ees data, and
representing the number of days in a year thatcalguiral soils are
covered with crops. The OECD (2001) proposed atsxheer indicator
at national scale, but applicable also at farmesdal order to represent
the winter soil cover; its values are calculatedoading to the type of
cover, and are maximum (100) for fallow land planteefore
September, intermediate for rapeseed and winterawf®0 and 40
respectively) and lowest for bare soil (0). Thehiialal values are then
aggregated into a single indicator. The risk fdl emsion and nutrient
leaching is considered acceptable when the aggréuex is above 50.

For the determination of the risk of soil erosignviater, the OECD
(2001) proposed to use the well-known Universall 8oss Equation
(USLE):

Ewaer=RKLSCP/T (3.36)

where B iS an indicator of the potential long term averagaual soil
loss (unitless), R is the rainfall and runoff evitgi (MJ mm ha' h*

yr'Y) considering the intensity, the duration and tregifiency of rain
storms, K is the soil erodibility factor (Mg h Mdnni?), LS is the slope
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length-gradient factor (dimensionless), C is thepféregetation and
management factor (dimensionless), P is the coagervmanagement
factor (dimensionless), T is the tolerable soilsleate (Mg ha yr™),
which can be evaluated according to the levels I€T&8) of soll
erosion risk proposed by the OECD (2001).

We did not find in the literature a simple indicatd the effects of
soil management on soil structure and its stabiile believe that this
would be a very important
indicator, also considering the
increasing importance of no
tilage and minimum tillage

Table 3.8. — Definition of soil water
erosion risk based on the total amount
of soil loss (from OECD, 2001)

practices. — i
Works as the ones of _D2efiniion Mg ha” yr

Défossez and Richard (2002) 'olerable erosion <60

Low erosion 6.0-10.9
or of Roger-Estr_ade et al Moderate erosion 11.0-21.9
(2000) may constitute a good High erosion 22.0—32.9
development of such an
indicator.

3.6. Discussion and conclusions

The proposed agro-ecological indicators can beutstled at field and

farm scale on a relatively small data set desgilm@nagement, based
on farmer's declarations, public databases, or tesEnsed

information, without the need of direct measureraemheir calculation

is relatively rapid, and interpretation is simpfe such, they represent
an excellent tool to rank and classify cropping dadning systems

according to their level of sustainability, by esqphg a wide range of

aspects (fossil energy use, landscape and soil geament). After the

application of the indicators, additional analyfasparticular fields or

farms can be carried out, by applying simulationdeis, or by taking

direct measures of the variables of interest fadewstanding specific

processes. Several critical aspects, however, dhbal considered,

namely indicator complexity, input data uncertajnparameterisation

and benchmarks.
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3.6.1. Simple vs. complex indicators

First of all, agro-ecological indicators vary wigdein the range of
complexity and in the associated range of detail yfstem
representation. As shown in this review, indicat@sge from simple
ratios (e.g. the hedge-row indicator) to complelcwations involving
detailed aspects of crop management (e.g. the yeiredigator proposed
by Pervanchon et al., 2002). The question thenesrigshether one
should use a simple or a complex indicator. In gansimple indicators
require less input data and are easier to calgWatethe representation
of the system they can provide may be poor.

The quantification of fossil energy use with thethoel of Dalgaard
et al. (2000) is based on crop management dat#ldt dnd animal
housing level which can be obtained by interviewitige farmer.
Therefore this indicator represents a good compmerbetween detail
and ease of application. On the other hand, theoapp proposed by
Pervanchon et al. (2002) is relatively more complleging based on
numerous variables about agricultural machiner@@s) can be used to
better calculate and understand energy flows atctbpping system
level. Also, their method is more process-basedpaoed to Dalgaard et
al. (2000) and is therefore more promising to eatualternative
management scenarios; a limitation is that it dogsconsider animal
breeding. If one would like to calculate fossil ejyeuse at farm level
only, the approach would be much easier: aggregaiadumptions of
fuel, fertilisers and pesticides (derived for exdémnjpom documents of
purchase) could be multiplied by energy conversiefficients.

The three landscape indicators are of differenglle¥ detail; the one
proposed by Bocchi et al. (2004) is the simplest,dpes not consider
several important factors, as the size and theedegf connection of
different vegetated elements; it is therefore adagjtor a first screening
over large areas, but the results need to be fudineeloped using other
approaches. The crop diversity indicator of Bodkstaand Girardin
(2000) makes an original synthesis of various irtguraspects of crop
allocation to farm land (number of crops and areaupied, area of
single fields), and represents a useful tool tes#tigate the effects of
the crop partitioning scheme on landscape quafityimitation of this
indicator is that the temporal variation of cropegarance and its effects
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on landscape are not taken into account, i.e. iy@scare considered as
static entities showing no variation over time. Tbep diversity
indicator is further developed in the framework thie landscape
indicator of Weinstoerffer and Girardin (2000), winialso considers
non-crop elements of farming systems; it is themetbhe most complete
landscape indicator revised here, with the addifioadvantage of
considering the point of view of interested stakdbrs in the concept
of landscape demand.

Soil management indicators represent the effectsuidus processes
on soil fertility. The simplest indicator is the iSGover Index, which
can be easily calculated based on sowing and hateéss and literature
data on crop cover. A simple but reductionist (Khn2005) approach
is also used to calculate the risk of soil erosibm.spite of their
simplicity, these two indicators can rank differendpping systems (e.g.
for erosion: Boellstorff and Benito, 2005) and wallturther studies with
models or direct measurements on soil, water amgenu dynamics for
specific cultivation systems. The organic mattedidgator makes a
synthesis of different aspects of crop managemelatted to humus
formation and mineralization. This complex issueapgproached with
the simplified annual mineralization and humificati coefficients,
corrected for climatic, soil and management effeétgain, it is an
approach which can be used to integrate existifigrrimation about
cropping systems management, to estimate trendst@ancbmpare
cultivation systems. If more insights are needée, application of a
dedicated simulation model, integrated with relév@tperimental data,
would represent a good way forward. Finally, thepcrsequence
indicator attempts to compare cropping systemsdasethe goodness
of crop combinations in the rotation. This is a dex issue, involving
many different aspects of soil fertility. In thisse, an indicator is
probably the best approach when a quantitativetisalus needed:
simulation models do not fully consider the widega of processes
involved (e.g. pests, weeds) and direct measureamenould be too
expensive, due to the large number of variabldgetoonsidered.

Therefore, we believe that in most cases the inglisa&can be used as
a first warning system before other more compleiutems are
introduced in the study. And even when the indicaare relatively
complex, we think that they still represent a sien@olution compared
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to the application of simulation models or measugets for the same
domain. Also, beyond the definition of simple aranplex, the main
issue is that the level of complexity and the ptiétrio describe the
system of the indicators should be chosen togetiwéh the
stakeholders, according to the aim of the studyl emnsidering the
relevant agronomic and pedo-climatic context. Tfegeethere are no
predefined categories of simple or complex indiatdut a range of
possibilities that can be selected according tosthdy carried out and
to the people patrticipating in it. From the reshasitle, an effort should
be undertaken to develop indicators with differesampromises
between the level of system description (processpeesented, wide
bibliographic support) and simplification (data wa@ement, ease of
interpretation).

3.6.2. Input data uncertainty

Another issue is that input data used in the catmn of indicators are
uncertain; this statement applies to parametersvanidbles used to
describe agricultural management. Public admiristta can give a
strong contribution to the application of indicatoby ensuring the
availability of good-quality digital databases atm and field level,

including alpha-numerical information and maps. tha other hand,
researchers can contribute by developing indicatrdrese parameters
can be clearly and simply calculated, or retriefredh literature. Also,

they should quantify the uncertainty in the calteda values of

indicators (and the corresponding variations inrtirking of the studied
systems) arising from the uncertainty in input data

3.6.3. Parameterisation

The application of indicators requires in severdes the use of site-
specific parameters. Examples taken from the indisapresented in
this review include: the thresholds defining “srhalhd “big” fields for
the crop diversity indicator (Bockstaller and Gdliar, 2000); the
coefficients used to calculate the energy consufmedrop and animal
management, and the indirect energy used in théupton of inputs;
the scores defining the contribution of three typésshapes to the
landscape supply (Weinstoerffer and Girardin, 20@0¢ parameters
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describing the effect of each previous-successigp combination in a

rotation (Bockstaller and Girardin, 1996, 2000)isltlikely that these

parameters vary in different study areas; therefiere values need to be
defined when the indicators are applied to newasitns. Even if this

can be seen as a limitation, we believe that intnmases it is a

necessary step in the calculation of agro-ecolbgickcators, as a mean
of adapting a general rule (algorithm) to a specsfituation. It also

should be noted that only the use of very simptkcators, constituted
by the direct use of available data (e.g. amouritief consumed per kg
of output obtained) could avoid this problem, whslenulation models

and other assessment tools would still require mpaterisation. The

degree of subjectivity can also be narrowed bycsielg parameter

values together with the stakeholders, to reprefiemtsystem using
information from all interested groups. Also, thecartainty analysis

should provide indications on the variation of tia@king of different

systems generated by the variation of parameteesalf, as in the case
of the crop diversity indicator (Bechini, data mpatblished), the ranking
of farms does not vary much with the variation afgmeter values,
parameterisation becomes of smaller importance.

3.6.4. Benchmarks

Finally, one of the most critical aspects of thelegation of indicators
is the level chosen for the threshold benchmarke Vhlue of the
benchmarks changes of course depending on thehsldkes involved
(e.g. educators, advisors, researchers, farmedg&gypmakers, food
industry, certifying organisations, consumers, sogaekets), and on
agro-pedo-climatic  conditions. Existing laws or -pioysical

considerations can provide useful indications foe tlevelopment of
benchmarks. The development of specific benchnfarkthe indicators
represent an important field of interaction betweesearchers and
stakeholders.
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4.1. Abstract

Evaluation of cropping and farming sustainabiligncbe carried out
with direct measurements, simulation models ordatdirs; the latter
have the advantage of requiring a small amounhjpiits, being fast to
calculate and easy to interpret, allowing compassio space and time,
and representing a synthesis of processes in cangystems. In a
previous paper, we proposed a list of indicatotated to the use of
fossil energy and landscape and soil managementhisnpaper, we
discuss indicators related to the use of nutriemd pesticides. We
selected indicators that can be applied on a feld farm scale, based
on data obtainable from the farmer and/or from tegsagricultural
databases; we excluded indicators based on diregsunements.

A nutrient balance is the difference between inguitd outputs of a
farm or field (surplus if positive, deficit if netiee). Its advantage is its
simplicity, the relatively small data requiremettie identification of
different inputs, and its applicability to diffetemineral elements.
However, nutrient balances do not indicate how maaiplus can
actually be lost from the system and in which walge water quality
risk indicator integrates the surplus calculatefiedt level with simple
climatic and pedological information. We also dédsertwo nitrogen
management indicators that have been proposedrétateacrops and
grasslands to overcome the limitations of nutribatances, and the
phosphorus management (P) indicator, which compidwesapplied P
amount with the recommended dose, identifying iBksrof spoiling
non-renewable resources or depleting soil reserves.

Compared to nutrients, the use of risk indicatans desticides is
more problematic. As a matter of fact, pesticide®sa greater variety
of potential effects on human health and on differecosystems;
consequently, the analysis of their potential rsfuires very complex
and varied procedures depending on the environineotapartment
considered (ground water, surface water, air ailjl. dis has led to
the development of several pesticide risk indigatbat differ greatly in
terms of variables considered, field of activitgale of analysis and
methodologies utilized (interactive decision-tresk ratio approach,

82



Chapter 4

scoring table, fuzzy system). Some indicators ursgle algorithms to
estimate the risk, others make use of more contplicanodels. The
simplest and generic indicators require very fewadguch as the
application rate), but in general they do not cdesithe fate on the
environment and the distribution of the chemic&s the contrary,
more complex indicators require the use of predictmodels to
evaluate potential exposure of non-target organigndifferent active
ingredients. We present some pesticide risk indisatvith different
levels of complexity that can be utilized at farnddield level, in order
to obtain a picture of the different approachesialke in literature and
to point out their values and limitations.

4.2. Introduction

In order to analyse the environmental sustaingbiftagro-ecosystems,
tools with different levels of applicability and teotial explanation of
the system can be used, such as: direct measurenmsntulation
models and agro-ecological indicators. If directaswwements and
simulation models cannot be applied (due to higlstoor data
availability), indicators can be used as a firseening method. The
term indicator has been defined as a variable ghpplies information
on other variables that are difficult to accessolgaaller et al., 1997).
As part of the Italian project "Agriculture for gexted areas" (Borin
et al., 2005; Agripark, 2006; Bisol, 2006) we arealaating the
environmental sustainability of different croppiagd farming systems.
Our objective in the project is to synthesise tffeots of agronomic
management using quantities which: (i) allow theegnation of
different aspects of reality, doing a synthesid tha good compromise
between the description of the processes and #limiplification into
single numerical quantities; (i) can be derivedonir farm
characteristics, easily obtainable from the far@wed/or from existing
agricultural databases (e.g. Common Agriculturdicyadeclarations);
(iii) are easily interpreted and can be used ggert the improvement of
environmental sustainability of agricultural system(iv) can be
calculated at the farming or cropping systems |ebetause these are
the levels where action can be taken by farmers. akduded the
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indicators constituted by direct measurements ds,s@aters or crops,
and the indicators that can be applied only abnatior macro-regional
level (e.g. OECD, 2002a; EEA, 2005).

In a previous paper (Castoldi and Bechini, 200&),proposed a list
of indicators, derived from an extensive literatteeiew, to evaluate the
sustainability of agro-ecosystems management &t éied farm level,
for the categories "energy", "landscape”, and "s@hagement”. In this
paper we report a second set of indicators, rel@telde management of
nutrients and pesticides, two issues which haveep dmpact on soil,
air and water quality.

4.3. Nutrient indicators

Nutrients are fundamental production factors inicadture, but their
inappropriate use may lead to soil and water coimation, and to a
waste of the energy consumed for their productindicators help to
identify and analyse hazardous situations by cemsid crop
management, climate and soils. The indicators smldrere range from
very simple nutrient balances to more detailedcattirs specifically
developed for nitrogen and phosphorus.

4.3.1. Nutrient balances

Nutrient balances (Oenema et al., 2003; Oborn et2803) are the
simplest and most commonly applied nutrient indicsit they can be
calculated with data available on different scéfesm field to national)
and can be used to analyse various chemical elsm&atcalculate a
balance, the amount of nutrients leaving the systesubtracted from
the amount entering the system over a defined getfopositive, the
balance indicates a surplus that can be accumuilatbeé system or lost
outside it; if negative, it indicates a deficit tlmn deplete the system.
The most useful indicators for our context are fdwen gate balance
(Grignani, 1996; Simon et al., 2000) and the saifesce balance (Parris,
1998). They can be calculated using basic dataatteaeasily available
on-farm or from official agricultural statistics .¢e fertiliser use,
livestock numbers, areas and quantities of cropfarafje production)
and by multiplying these estimates by coefficightst convert livestock
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and crop production data into nutrient equivalettis; coefficients are
normally derived from field level research and sy (OECD, 2001).
The two indicators differ as far as the boundaokthe system studied
are concerned, because the farm gate balance dbesaount for the
nutrients recycled within the farm (manure and srqggoduced and
reused internally). Surpluses are normally expessemass of nutrients
per unit area (kg hY, but can also be related to the output unit (kg
nutrient surplus kg nutrient output: Schroder et al., 2003).
Additionally, a nutrient efficiency (OECD, 2001; I86der et al., 2003)
can be calculated as an output/input ratio.

The inputs used to calculate the farm gate balamdes complete
form are (the list is modified after Schroder et &003): imported
organic fertilisers (manure, sewage sludge, competst), imported
feeds, imported animals, imported seeds, chemgctliders, biological
fixation (only for N), atmospheric deposition, miaksation,
sedimentation. The outputs include: exported manexported crop
products, exported livestock products, immobilizatiand erosion. All
the materials recycled within the farm (crops, d$itoek products,
manures) are not accounted for. The surplus repiesgaseous losses
from stables, storage, grazing and spreading, iegchsub-surface
denitrification and stock changes (variation of tihérient content of
supplies of manure, feeds, animals, seeds andisiersi accumulated
inside the farm). This simple balance is normakbycualated annually,
using the farm gate boundaries (therefore considetihe farm as a
black box: Grignani, 1996; Simon et al., 2000; Hgaaf and den Boer,
2003), but can also be calculated on a larger asafg the same set of
inputs and outputs (as for example in the OSPARQ®&thod applied
to nations, described by the OECD, 2001). The cetaplorm of the
farm gate balance is rarely used: for example,QE€D (2001) does
not include imported seeds, biological N fixatiomtmospheric
deposition, mineralisation and sedimentation initipeits, and does not
mention exported manure, immobilisation and erosiorthe outputs.
Simon et al. (2000) do not include imported seeatsnospheric
deposition, mineralisation, and sedimentation ia itputs and do not
list immobilisation and erosion in the outputs. Theatch MINerals
Accounting System (MINAS; Hanegraaf and den Bo@€f3) does not
include as inputs biological fixation, atmospherideposition,
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mineralisation, sedimentation and does not inclug® outputs
immobilisation and erosion.

A general definition of the soil surface balance"tise physical
difference (surplus/deficit) between nutrient irgpubto, and outputs
from, an agricultural system, per hectare of adptical land" (OECD,
2001). A more specific definition states that al suirface balance
"records all nutrients that enter the soil via skieface and that leave the
soil via crop uptake" (Oenema et al., 2003). Sirilto the farm gate
balance, different Authors calculate the soil stefé®alance including
different variables. Generally, the inputs are:roloal fertilisers, animal
manure (net of N losses through ammonia volatiisatto the
atmosphere from livestock housing and stored manumesidues
remaining in the field from the previous crop, bgical nitrogen
fixation, atmospheric deposition, recycled orgamatter (e.g. sewage
sludge, compost), seeds and planting materialsimsedation. The
outputs are: crop residues removed from the fislen{s, leaves, straw,
roots, etc.), useful products removed from thedfigrain, tubers, hay,
silage, pasture, etc.), ammonia volatilisation angdision. The surplus
represents the variation of soil nutrient conteatc(mulation or
depletion) and losses through leaching or derg#iion. If a term is not
included either in the inputs or in the outputswitl be implicitly
incorporated in the calculated surplus.

4.3.2. Water quality risk indicator

It is defined (OECD, 2001) as "the potential coriion of nitrate (or
phosphorus) in the water flowing from a given agjtioral area, both
percolating water and surface run-off'. For nitnegehe indicator
estimates the nutrient concentration of water lfostm the soil by
considering the influence of pedoclimatic conditiom the N surplus.
The nitrogen surplus is split in two water poolse soil water holding
capacity (WHC; L hd) and the excess water (EW; L Ha EW is
calculated as precipitation less evapotranspirgien crop type), using
either long-term (e.g. 30 years) or annual weatlaéa.

The indicator is the ratio between potential nérptesent (PNP; mg
N ha') and EW. PNP is calculated as S - EW / (WHC + Emfere S
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is the N surplus obtained with the soil surfaceabeé (kg N hd).
Therefore the indicator is:

=S
WHC+EW

If EW = 0, the soil profile is never saturated andvement of N into
surface and ground water is unlikely. In this cakere is no risk of
water pollution. If EW > 0 the nitrogen concentoatiin the water
decreases with increasing EW.

The OECD (2001) reports sample calculations of ihdscator for
Canada and Denmark.

(4.1)

4.3.3. Nitrogen indicators

Bockstaller and Girardin (2000) and Pervanchon.€2805) proposed
two nitrogen indicators to evaluate the impact afriaultural N
management on air and groundwater quality. Compéaoedutrient
balances, these indicators consider crop, soil aehther and
management interactions and therefore provide aemdetailed
description of the soil-crop system.

The calculation of the first indicator\§l specific for annual crops
(Bockstaller and Girardin, 2000), is based on ampigoal model of N
losses. The reference time scale is one yearingidrom the beginning
of winter (fixed at December ®L The indicator considers: (i)
volatilisation losses immediately after each festit application; (ii)
leaching losses during crop growth; (iii) leachitagses after crop
harvest (bare soil). The indicator is calculated doynming negative
scores (generated by leaching or volatilisatioks)i@nd positive scores
(generated by risk reduction measures):

I, =7+ Zkv, + 2kl +k, +k, 4.2)
i=1 i=1
where ky and k] are the scores related to volatilisation and leech
after each fertiliser application (i), kis a score for the risk of nitrogen
winter leaching (bare soil),; ks a score that takes into account the
adoption of good farming practices. Each scoretpmresponds to a
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risk increase or decrease of 30 kg N*h@he indicator provides a
value range from zero (worst value) to ten (bestie)a where seven is
the sufficient value. The indicator is applied @id scale.

Volatilisation scores kvare calculated for each fertiliser application i
by estimating volatilisation (¥ as X - v, where X (kg ha') is the
amount of ammonium applied; # the fraction of applied N which is
volatilised (depending on soil type, fertiliser ¢ynd season) (Table
4.1). Then, kv=-V, / 30.

Table 4.1. — Volatilisation coefficients (from Bocktaller and Girardin,
2000)

For fertilization from 1 September to 31 March

. Ploughing
No ploughing (by 24 hours)
Calcareo Non Calcareo Non
us soil  calcareou us soll calcareous

(>5 %) s soil (>5 %) soil
Urea 0.10 0.07 0.05 0
Liquid solution 0.10 0.07 0.05 0
Diammonium phosphate 0.08 0.03 0 0
Ammonium sulphate 0.10 0.03 0 0
Cattle liquid manure 0.55 0.17
Fettening pig liquid 0.40 0.12
manure
Saw liquid manure 0.45 0.14
Poultry manure 0.30 0.14
Turkeys manure 0.30 0.17
Liquid muds 0.30 0.10
For the fertilization from 1 April to 31 August
Urea 0.20 0.14 0.10 0
Liquid solution 0.20 0.14 0.10 0
Diammonium phosphate 0.15 0.05 0 0
Ammonium sulphate 0.20 0.05 0 0
Cattle liquid manure 0.80 0.24
Fettening pig liquid 055 0.17
manure
Saw liquid manure 0.65 0.20
Poultry manure 0.45 0.14
Turkeys manure 0.45 0.14
Liguid muds 0.45 0.14
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Leaching (L) that occurs during crop growth and development
depends on the amount of N applied, on the timing application and
on soil water drainage. For each fertiliser appiicai, it equals

Liz(Xi—Vi)'t'f'b (43)

where tis a factor that takes into account that leachisig decreases if
fertiliser application is done close to the perafdhigh crop N uptake
rate, f is the frequency of rainy periods aftetifiser application, and b
is the leaching coefficient calculated with the Bsimodel (for details
see Bockstaller and Girardin, 2000). The fact talculated as:

t = Di =Dy (4.4)
Ds - Dso

where D is the date of fertiliser application,sPis the date when the
crop has absorbed half of N (values available fanEe in Bockstaller
and Girardin, 2000), Dis the date of sowing or of the vegetative restart
after winter. At 3y crop N uptake is so intense (and soil water dggna
relatively low) that leaching is considered nedilgi fertiliser
applications made at or close tgyDave a low risk of leaching losses.
The frequency of rainfall after fertiliser applitat (f) can be chosen
depending on climatic conditions in the relevantqee (0 — 1). The kl
scores are calculated as:; & L; / 30.

Excessive N fertilisation may generate accumulatinmineral
nitrogen in the soil profile at crop harvest, whitdn be leached during
the fallow period. If total N applied with fertikss is equal to (or even
less than) the recommended dose, this risk is eetiuditrate leaching
during the fallow period () is calculated on the basis of a mass N
balance related to the fallow period: £ S - b, where S is N surplus in
the period from crop harvest to Decembér and b is the Burns'
leaching coefficient for the fall-winter period gefrom October % to
March 31). It is considered that after Decemb&rnb or scarce
mineralisation occurs. The nitrogen surplus S tog fallow period
equals:

Nu+No+Nr+Nh+Nf_Nc (45)

where N (kg ha?) is unavoidable mineral N left in the soil at crop
harvest (if the right dose is applied), (kg ha") is mineral N left in the
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soil at crop harvest due to over-fertilisation, (Kg ha') is mineral N

produced by net mineralisation of crop residuethafall (it is equal to
zero if net immobilisation occurs), ;Nkg ha') is N produced by
mineralisation of humus, N(kg ha?) is inorganic N applied with
chemical fertilisers (or the inorganic fraction arfganic fertilisers), N

(kg ha') is crop N uptake (if present). Tabbed valuesNigrN,, Ny, and

N are available for French conditions (Bockstalled &irardin, 2000).
The effect of over-fertilisation (N 0) is calculated as:

{ nZ(Xi -V, —Li)J—XR}/Z (4.6)

i=1

where X% (kg ha") is the recommended amount of N to be applied with
fertilisers (based on the nutrient management pliang assumed that
only half of N excess is available for leaching temainder being used
for crop luxury consumption and soil immobilisatiofhe score Kis
then calculated as I 30. If X < Xz (under-fertilisation), leaching risk

is reduced by the amount

{XR _(E(Xi -V, -1, )J}/z (4.7)

which is used (usually divided by 30) to assign @sifive score
contributing to the final value of the indicator.

Finally, if techniques are used to further reduge(&g. soil mineral
N measurement in spring, crop diagnosis, use oértitided control
plots, measurement of manure N concentration),sitipe score kcan
be calculated as 0.5 - % Xrr) / 30, where Xr is the reduced dose
(lower than the recommendeg)X

In order to evaluate the risks of air and watedytimn through N
management on grasslands, Pervanchon et al. (2@98joped another
nitrogen indicator. The indicator is equal to tbevést score of four sub-
indicators that provide information about ammonialatilisation,
nitrous and nitric oxide emissions in the air, amittate leaching in
groundwater. This is a precautionary principle,sse it is not known
which impact is most dangerous for the environmentfor human
health. Each sub-indicator is calculated by conmggatire estimated loss
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with a threshold corresponding to the maximal atadd@p emission for
air and water; the threshold is expressed per aiitultivated area.
Losses to air of NE N,O and NO are calculated using dimensionless
emission coefficients, representing the ratio ofegais N losses to
applied N . Nitrate leaching is estimated with agedure similar to that
used by Bockstaller and Girardin (2000) for tkReiridicator. For the
details of the calculation procedure and valuesasémeters, the reader
is addressed to Pervanchon et al. (2005).

As for the other indicators developed by the FreXational Institute
for Agricultural Research (Institut National de I|&echerche
Agronomique: INRA) group, this indicator providesva@ue range from
zero (worst value) to ten (best value), where seigethe sufficient
value. This indicator is applied on field scale.

4.3.4. Phosphorus indicator

The phosphorus indicatorp)f (Bockstaller and Girardin, 2000)
evaluates the impact of phosphorus fertilisatiortt@mchemical quality
of the soil and on the economy of non-renewableoue®s. The
indicator regards both over- and under-fertilisatas negative; in the
first case, therefore, it indirectly considers thgk of pollution of
ground and surface water. The indicator provideslae from zero
(worst value) to ten (best value), where severhés dufficient value.
Every point represents a lack or an excess of 3®Ky ha™. This
indicator is applied on field scale.

The indicator is calculated as:

lp =7+ min (R Pso) + kt (4.8)

where R is an evaluation of the misuse of non-renewab$®urces,
Psor is an evaluation of the risk of soil P depletiod &t represents the
farmer’s efforts in order to improve the effectiess of P fertilisations.
For the use of non-renewable resources, an ex€ésssaconsidered
negatively: the total value of the indicator is ueed by one for an
excess of 30 kg Ps ha®. Excess of organic P is a waste as for
inorganic P, because organic P could have beemadpnstead of non-
renewable inorganic P on other fields. A deficifols not important for
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P..s because it does not involve waste of non-renesvedgources (R
equals zero):

o= { (R.-R)/30 it P.>P 4.9)
0 if P, <P

where R is the total amount of P applied to the soil (sofP applied
with all chemical and organic fertilisers; k@@ ha?), P. is the
recommended amount of P to be applied with feetiigkg ROs had),
as indicated in the nutrient management planigRalculated on the
basis of the available soil P and the expected Brayptake, estimated
by multiplying the yield by the normal P concentratin the product,
and by adding an estimate of P contained in crejplues).

The depletion of soil P occurs when an insufficianmtount of P
available to the crop is applied to the soil; exdesot relevant because
Pso does not evaluate P accumulation in the soil.

b oo (P.-P)/30 if P,<P (4.10)
o 0 if P_>P '

a r

where R, is part of Rwhich is available to the crop (kg® ha‘l). P.ais
calculated by summing the entire amount of P agdpligth organic
fertilisers and P applied using the recommendethg$oof inorganic P

Table 4.2. — Recommended (+) and non-recommended @ applications.
Information used in the calculation of the phosphous indicator Ip
(reproduced from Bockstaller and Girardin, 2000)

Form of phosphate pH<6.2 6.2<pHk7.2 pH>7.2
Lime Lime
<10% >10%

Moderate to high soil phosphate fixing capacity

Water- or citrate-soluble phosphate + + + +
Dicalcium phosphate
Basic slag

Al-Ca phosphate - + + -
Natural phosphate b - - -
Very high soil phosphate fixing capacity

All forms + + + +

+
+

! on sandy soils this form is non-recommended.
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fertilisers (Table 4.2); non-recommended P inorgdattilisers do not
contribute to B,

With a qualitative procedure, it is also possildedke into account
farmers' efforts to improve P management: if theg wne or more
methods to improve P management (fertiliser loatis, measurement
of soil phosphate fixing capacity, and/or soil gsak carried out in the
last five years), and if JR- P| < 15 kg BOs ha”, the kt parameter is set
at +1 (or +2, +3 if two or three conditions are )n#tus increasing the
value of the indicator.

4.4. Pesticide indicators

In the last years, several pesticide risk indicatmve been developed
and applied in different EU countries (Levitan bt 4995; Hart, 1997;
Levitan, 2000; Finizio et al., 2001) aiming at di#nt goals and using
different methods. For instance, some indicato@uate the risk for
surface or groundwater systems, others evaluateigkeor terrestrial
ecosystems, or for workers, bystanders and consuriberefore, they
differ greatly in the methodologies and variablemsidered. Some
indicators are interactive (decision trees), whbilleers are based on the
risk ratio approach or scoring tables. In some €aleo the fuzzy
approach has been proposed (van der Werf and Zinir@88; Levitan,
2000; Roussel et al., 2000). In this paper, wectetesome pesticide
risk indicators with different levels of complexitigat can be utilized at
farm level even if, in most cases, their originatgoses were different
(risk classification, risk trend, etc.).

4.4.1. Simple and generic pesticide risk indicators

A simple set of pesticide risk indicators has bpeposed by Vereijken
(1995), considering the exposure of the environmenpesticides in
order to prevent short-term and long-term adverggects on

ecosystems. Three Environmental Exposure-basedicidest(EEP)

indicators in three different environmental compets (air, soil and
groundwater) are calculated using some physicahated properties of
each active ingredient (a.i.):
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EEPy; = AR, - VP (4.11)
EERi = AR, - DTsos0il (4.12)
EEPgroundwater: EEI:%oil ' m_1 (413)

where AR, is the application rate (kg a.i. B VP is the vapour
pressure at 25°C (Pa), Bl is the half life of the chemical in soil
(days), km is the partition coefficient of the pesticide beem organic
matter and water fractions of the soil.

More recently, the OECD (2005) proposed the Loatkxn(LI) to
evaluate the toxicological effect of an a.i.:

L=y AR (4.14)
ZTOX,

where n is the number of a.i. applied in one yaad TOX is the acute
or long-term Lethal Dose (Ldg dose required to kill 50% of test
organisms) or Lethal Concentration {@¢Cconcentration required to Kill
50% of test organisms) of'la.i.. This indicator is calculated separately
for mammals, birds, earthworms, bees, fish, crestas and algae,
using a value (average, minimum or maximum) foheac.

4.4.2. Eco-rating

Lewis and colleagues (1997a; 1997b) proposed asidecisupport
system (Eco-rating) designed to enhance envirorahenstainability at
farm level. The system uses an integrated apprtwaaksess all aspects
of farming practices individually (modules), sucls #ertilisation,
pesticide use, energy, water efficiency, farmlar@hservation and
livestock management. The value of each moduleasifrgm a positive
to a negative score. A positive value reflects amirenmental gain;
while a negative value is a loss. The zero valumikshbe interpreted as
a threshold of sustainability of the farm. Specificeas of the farm
where a potential environmental problem exists laghlighted by a
greatly negative score.

The eco-rating acts as an expert-system, consgléhiat pesticides
can affect different environmental receptors. Therss are calculated
with rules derived from best agricultural practicpssticide regulations
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and other influencing factors. The eco-rating festrides is divided
into three different modules: (i) assessment dél fapplications related
to product formulation, label precautions and ptgischemical
parameters, (i) management techniques that cansise method of
application, storage, waste disposal and (iii) noyp use of pesticides
such as biocides, sheep dips and rodenticides.

For the purposes of this review the pesticide etimg for field
assessment {Hs more relevant. It can be calculated as:

Table 4.3. — Example of label precautions and assigd scores (lsgr)
(reproduced from Lewis et al., 1997h)

Label Description assigned Score
number
1 Product contains an anticholinesterase organoplatsph _10
compound
2 Product contains anticholinesterase carbamatpocond —-10
3 (a, b, c) Very toxic -10
5(a, b, c) Harmful -3
6 (a, b,c) Irritant -2
12c Flammable -1
36 Keep away from food, drink and animal feedstuffs -1
37 Keep out of reach of children -2
43 Keep livestock out of treated areas -2
45 Dangerous to game, wild birds and animals -7
46 Harmful to game, wild birds and animals -5
47 Harmful to animals -5
48/a Extremely dangerous to bees -10
49 Dangerous to bees -7
50 Harmful to bees -5
51 Extremely dangerous to fish -10
52 Dangerous to fish -7
53 Harmful to fish -5
Do not contaminate ponds, waterways or ditches/Ifldrm
54 : g -3
to fish or other aquatic life
58-71 Storage and disposal warnings, score pelingarn -1
78 If you feel unwell seek medical advice -2
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P = f(Le) + Y f(E, (AR) (4.15)

which considers label precaution and the ratio betwtoxicity and
exposure.

The functionf (Lsgr) is the eco-rating score derived from label
precautions (L) (Table 4.3). The majority of thessn be associated
with one or more specific SER (Sensitive EnvirontakiiReceptors),
e.g. toxicity of the pesticide to bees, aquatideys, birds and humans.
According to label information, scores (from O tdb)-are assigned to
each label precaution for each SERg). Furthermore, each score is
multiplied by a penalty factor (Fp) chosen accogdito local-site
characteristics. For example, the use of a pestigith water risk label
(score = -5) can be rated with: i) a penalty faetgual to zero if the
product is applied far from water bodies (>10 rhe(final score L will
be zero); ii) a penalty factor ranging from 0.2Lt0 (final score from —1
to —5) when unsprayed margins or buffer zones sépde target zone
(field) from any water body; a penalty factor of Qvill be given if the
distance between the field and the water courée-islO m, whereas it
increases to 1.0 with a decrease in the distarma B to 0 m; iii) a
penalty factor of 2, if no margins or buffer zoregst and the list of
precautions includes the statement, “Extremely demgg to fish”. The
total f (Lser) Will be obtained by summing all the scores ralate
relevant SER reported into the label information.

The second term of the equation is obtained byideriag some
parameters related to the potential environmensatiloution of the a.i.
and consequently to the potential exposure of dgsganin different
environmental compartments. The quantitydépends on the physical-
chemical properties of the a.i. and is the sumhef gcores related to
potential volatilisation, leaching and bioaccumiglat(S;; + Seach + Shio)
of the a.i.. The subscript k ranges from 1 to nesem is the number of
active ingredients in the product formulation. Tlbes of pesticide to
atmosphere is based upon VP at 20 °C, assumiranaylsoil with a pH
of 7. This value is classified and scoreg ) $Table 4.4).
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Table 4.4. — Vapour pressure and corresponding vdliéisation risk score
(Sair) (reproduced from Lewis et al., 1997a)

E’rggg‘)” Pressure _ 108 10°t010° 10°to10* 10%t0o 102 > 102
Sair 0 -2 -5 -10 —20

The SachValue is obtained using the GUS (Groundwater Ulbjgui
Score: Gustafson, 1989).

GUS =log DEy - (4 —log K) (4.16)

This index is based on the consideration that thertial leaching of
an a.i. and consequently its relative risk of contetion to
groundwater, depends on its persistence in thgmeihsured as the soll
half-life, DTso, days) and the soil adsorption capacity expresstdK ..
(m* kg™), the sorption coefficient of a.i. to organic cambA GUS value
below 1.8 represents compounds that do not leakbbress compounds
with a GUS value above 2.8 are potential leachars] for those
between 1.8 and 2.8 the risk will depend on otlaetdrs such as soil
type and environmental sensitivity. Scoreg,{$ range from —10 for
potential leachers to 0 for non-leachers.

The score related to potential bioaccumulatiog,)$ obtained by
considering the logarithm of the n-octanol/watertipan coefficient
(log Koy Or log P), which is a measure of the distributidra substance
between a lipophilic phase (the n-octanol) andattpgeous phase of the
test system, representing potential bioaccumulatiba compound in
fatty tissues of animals. Scores;{range from 0 for log P values less
than 2.7, -5 for mid-range values and —10 for logaRes greater than
3.

The eco-rating (f is determined for each individual pesticide
applied to the field. The values calculated fofedi#nt applications are
averaged at field level; field values are then \wesd by field size and
the arithmetic mean represents the farm valuedfaid farm-average
values are then normalized to lie on the scaleeati0 to O to obtain
the final eco-rating. This normalization processidiy multiplies the
average values by 100 and divides the result bynihenum theoretical
eco-rating. Generally, an eco-rating less thaneatObe associated with
good practices. Eco-ratings in the range of —40-& may not
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necessarily represent unapproved applicationsimayt indicate that an
alternative chemical or an adjustment in practicemy be

environmentally beneficial. Eco-ratings below —&ually reflect poor
practices, an undesirable operation or an illegplieation.

4.4.3. p-EMA

An evolution of the eco-rating approach (p-EMA: tizde-

Environmental Management for Agriculture) has reélgenbeen

proposed to support farmers in optimising the us$eagricultural

pesticides by means of a computer-based decisigposutool (Brown

et al., 2003; Hart et al., 2003; Lewis et al., 200he overall aim of p-
EMA is to support the selection of pesticides tua likely to pose the
least risk to the environment within the contextiafal site conditions
and farm practices. The system estimates risks toide range of
taxonomic groups and environmental compartmentsigusnethods
consistent with current regulatory assessments, ibwlso allows
adjustments for the local conditions and environtalertosts and
benefits of varying management practices in themidation. The
methodology requires conventional estimates of sdp®m combined
with the toxicological properties of the pesticide the form of

toxicity/exposure ratios. It uses simple equatiohpesticide dispersion
pathways in the local environment to estimate thesdipted

environmental concentration in the treated field anthe surrounding
area, surface water, groundwater and other mediavhich various
organisms (operators, mammals, birds, aquatic @gm) bees,
earthworms and non-target arthropods) will be egdo€oncentrations
in groundwater are calculated on the basis of aaiwetsion of the
MACRO model linked to environmental and pesticidatathases.
MACRO is a physically-based one-dimensional, nuoarimodel of
water flow and reactive solute transport in fieldils It simulates
preferential flow by dividing total soil porosityito two flow domains
(macropores and micropores), each characterised figw rate and
solute concentration (Larsbo and Jarvis, 2003). this model is
complex and cannot be easily adopted in the framevad agro-

ecological indicators, a meta version was developgdjenerating a
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series of look-up tables (Brown et al.,, 2003) usedthe p-EMA
calculation.

Surface water concentrations are taken as the nuaximf those
arising from inputs via spray drift and drainflowhere installed). Data
confidence is determined using a scoring regimesidening the data
source and the proportion of missing informatiooft®are is available
to farmers, advisers and agronomists.

4.4.4. Norwegian indicator (NI)

The Norwegian indicator (Spikkerud, 2000; OECD, 200 is an
additive scoring system that assigns scores tocitgstxposure ratios
(TERS) for earthworms and birds and to Hazard @uotiHQ) for bees.
TERs and HQs are two tools currently utilized floe itharacterization
of the risk of pesticides and are indicated in QGuaourDirective
91/414/EEC for marketing new a.i.. A TER greatanttone indicates
that the exposure is lower than toxicity, and consatly there is no
risk for non-target organisms. High values of H@Qigate risk. Besides
non-target organisms of terrestrial ecosystems,jntigator also takes
into account the general environmental load by ngjviscores to
persistence and potential bioaccumulation. The sxofor each a.i. is
calculated as the PEC (Predicted Environmental &utnation for
earthworms) or PIEC (Predicted Initial Environmé@ancentration for
birds) using standardized models (Hoerger and Kenkg72; FOCUS,
1997a, 1997b; Council Directive 91/414/EEC).
The equation to calculate the indicator is:

NI = [(S +Sy + 8+ S, +8)° (A (4.17)

where n is the number of different a.i. appliedoime year; Sis the
score attributed to TER for earthworms (TER Ssi is the score
attributed to TER for birds (TER); Sge is the score attributed to HQ for
bees; §is the score attributed to persistencg;isSthe score attributed
to bioaccumulation; A= area treated (ha) with th& kctive ingredient.

Each score ranges from 0 to 4. Because of the assion of these
generated results the final value is cubed.
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Table 4.5a. — Scores for
the Toxicity/Exposure
Ratio related to
earthworms (TERgy),
used in the calculation
of the Norwegian
Indicator (NI)

TERew S
> 100 0
10-100 2
<10 4

Table 4.5b. — Scores for
the Toxicity/Exposure
Ratio related to birds
(TERg), used in the
calculation of the
Norwegian Indicator

(NI)

TERs; Sai
>10 0
1-10 2
<1 4

Tab. 5c. — Scores for the
Hazard Quotient

related to bees (HQy),
used in the calculation
of the Norwegian
Indicator (NI) (HQ , =
Hazard Quotient oral;
HQ. = Hazard Quotient
contact)

HQ, and HQ

See
<50 0
50-100 1
100-1,000 2
1,000-10,000 3
>10,000 4

100

The score S(Table 4.5a) depends on the
ratio between LG.iadays (14 days Lethal
Concentration for earthworms of each a.i.;
mg a.i. kg" soil) and PEGe soi(Mg a.i. kg
! soil).

l_ fint
D, BD

e

PECacute_soiI = A%|102 (418)

where 18 is a conversion factor to
transform kg ha into mg m? f,; (unitless)

is the fractional interception by crop canopy
(default = O for bare soil, up to 0.5 when a
crop is present), D(m) is the soil mixing
depth (e.g. 0.05 m depth for surface
application, 0.20 m for incorporation) and
BD is the bulk density of dry soil (kg
m™>, default = 1,500 kg m).

The score $ (Table 4.5b) is based on
TERyi, calculated from PIEC (mg K and
dietary toxicity (dietary LGo14days Mg kg"
food):

TER, , = o (4.19)
PIEC
For worst case assumption, it is

suggested to calculate the PIEC for leaves
and small insects as: PIEC = AR 30. The
constant 30 is used because a series of
research reports have shown that with an
application rate of 1 kg a.i. Hathe
concentration of residues on leaves is
approximately 30 mg kg If dietary toxicity
data are unavailable, it is suggested to use
the acute oral LR values (mg kg body
weight) in the calculation of TERs.
However, in this case the quantity of
contaminated food ingested by birds must be
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taken into account. European Crop Protection Assioci (1995)
proposed a method in which it is assumed that shoirals (weight = 10
g) have a daily food intake of approximately 30%hdir body weight,
while large birds (weight 100 g or more) have ariake of
approximately 10%. Assuming that birds ingest aruptaminated food
and incorporating such parameters into the prevemugtion, the daily
intake (mg kg body weigHly for the two categories of birds are: small
birds: AR,;.- 9, large birds: AR; - 3.

TER values can then be calculated by dividing thécity given by
acute oral toxicity studies (Ldg) by the daily intake. A weakness of this
method is that it equates kfPvalues from research on individual
exposures with very crude estimates of exposurasdidn occur daily
over a long period.

The score for bees §3 is calculated considering the HQ. According
to the EU Uniform Principles (Council Directive 9414/EEC), the HQ
approach is generally utilized to evaluate the rigk bees due to
pesticide exposure. Table 4.5c reports the sc@e}p gssigned by the
NI to HQ for oral exposure (H{F AR..i./ LDsg oa) Or cONtact exposure
(HQ: = 10 AR, / LDso_conagt OF bees, where £@s a conversion factor
to transform the AR.into g ha' and LDy (ug bee') is the median
Lethal Dose for bees. The highest of the HQs idl is@ssign thega

Finally Table 4.5d and 4.5e

Table 4.5d. — Persistence score {Sor illustrate the scores for
pesticide in Norwegian Indicator (NI); persistence @ and potential
DTsg is half-life of a.i. in soil bioaccumulation (@ The
Pesticide Application Rate  first depends on half-life in
oy —— (gaind i (DT, d th
- SOi and on e
(days) 01 01-11-2>2 (DTs0)

<10 0.0 0.0 00 00 application rate. The second is

10-30 00 00 05 10 obtained very roughly, by
30-60 05 1.0 15 o0 considering both the log J
60 — 200 15 2.0 25 3.0 of the chemical and its
200-365 25 3.0 35 40 persistence in soil.

> 365 4.0 4.0 40 4.0
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Table 4.5e. — Bioaccumulation score ghfor pesticide in Norwegian
Indicator (NI)

Persistence in soil, Log Kow < 3 3 <Log Kow <4 Log Kow >4

<1day 0 0 0
1-10 days 0 0.5 1
10-60 days 0 1 2
60—200 days 0 15 3
> 200 days 0 2 4

4.4.5. Surface Water Indicator for Pesticides (SWIE)

Very recently, the SWIPE (Surface Water Indicator Pesticides)
indicator has been proposed (Cassara et al., ZDA$sara et al., 2006)
as a tool to help different stakeholders (farmeigonomists, policy
makers) in reaching the goal of sustainable agtioell The SWIPE
indicator operates on different scales, from faewel to national-level,
giving information on pesticide risk for surfacetaasystems. At farm
level, this indicator can be utilized to rank pesliés and to identify
highest-risk areas. In this way farmers can sgbesticides with less
environmental impact for surface water systems emubse the most
appropriate risk mitigation practices to be appbeccritical areas.
SWIPE can be classified as a scoring indicator. $beres are
assigned on the basis of ETR values (Exposure/itgatio) obtained
for selected non-target organisms (NTO) choserpiesentative of the
aquatic ecosystems (algdeaphnig fish). Toxicity data are referred to
the acute effects on the NTO (ECconcentration where 50% of its
maximal effect is observed, or k& The exposure (PEGo: Predicted

Environmental Concentration in surface water; Fﬁ)gisk calculated after
each pesticide treatment on the basis of, ARf the percentages of
pesticides lost by means of drift and runoff preess(lyi and Luno)
and the depth (Dm) of the receiving water body:

PEG, . = _ARS- 'L (4.20)

e
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with L = Lginr + Lrunotr- Larirt 1S calculated according to the Ganzelmeyer
tables (Biologische Bundesanstalt, 2000) (Tabl¢, AMBereas lunos iS
calculated using the following equation:

3Mh2

B Q N @DTsoSon 100
runoff — Ra H1+ K ) (421)
d

where Q (mm) is the runoff amount calculated adogrdo Lutz (1984)
and Maniak (1992), R(mm) is the amount of precipitation ks the
distribution coefficient:

Kd = Koc ' fOC (422)

L

Table 4.6. — Lyie (%) calculated according to Ganzelmeyer tables (fm
Biologische Bundesanstalt, 2000)

Dist. to Number of applications per season
Crop / Technique  water 1 > 3 4 5 6§ 7 57

(m)

Cereals, grass / alfalfa,

legumes, oil-seed rape,

potatoes, sugar beet, 1 28 2420 19 18 16 16 15
sunflower, tobacco,

vegetables, cotton

Hops 3 19317.715915415.114.9146 135
Citrus, olives 3 157121110101 97 92 91 87
Vines (early 3 27 2525 25 24 23 23 23
application)

Vines (late application) 3 8 7169 66 66 64 6.2 6.2
Pome /stone fruit (early

e 3 29.2 25.524.023.623.122.822.7 22.2
application)
Pome /stone fruit (late 3 157159110101 97 92 91 87
application)
Hand application (crop
height < 50 cm) 1 28 2420 19 18 16 16 15
Hand application (crop
height > 50 cm) 3 80 7169 66 66 64 6.2 6.2
No drift (incorporation,
granular or seed 1 0 0O 0 O O o0 o 0

treatment)
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where fc (%) is soil organic carbon concentration, andd orrection

factor:
f= fl . f2 . f3

(4.23)

where { depends on the slope,depends on plant interception, and
f3 depends on the presence of a buffer zone (OECEZR9If the slope

is < 20%, then

f, = 0.02153 - slope + 0.001423 - sfope

orelse f=1.
f2 = 1 - fm
f3 = 0.83"%100

(4.24)

(4.25)
(4.26)

where wbz (m) is the width of water buffer zone. the basis of the
PEC/Toxicity ratios, obtained for the three NTO sidered, scores and
weights are assigned to each a.i. considered (Bab)e

Finally, the indicator is calculated according toe tfollowing

equation:

SWIPE=(A+D+F)-P1-P2-P3-WI-T

(3.27

where A, D, and F are the scores assigned to tke tHTOs considered
multiplied with their weights, P1 is the numbertaatments, P2 is the

Table 4.7. — Scores and weights
assigned to each a.i. on the basis of
the PEC/TER ratio obtained for the
three non-target organisms (from
Cassara et al., 2006)

PEC/EC, Algae Daphnia Fish

®w © @
(TER)

Score

>1 8 8 8
1-0.1 6 6 6
0.1-0.01 4 4 4
0.01-0.001 2 2 2
<0.001 1 1 1
Weight 3.0 4.0 5.5
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percentage used respect to the
recommended dose applied (%
of the rate of application), P3
is the correction coefficient in
case antidrift instruments are
used during application (1.0 no
antidrift used, 0.3 antidrift
used), WI (unitless) is the
Water Index, i.e. the
probability of having water
surrounding the treated field, T
(ha) is the treated area,;
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WI = 1y / (I + ) (4.28)

where |, (m) is the length of field-water boundary apgd+ I, (M) is the
length of the total field boundary,(lfield no-water boundary).

4.4.6. Environmental Potential Risk Indicator for
Pesticides (EPRIP)

According to Padovani and colleagues (2004) thenrobjective of the
EPRIP indicator is to assess the potential enviemal risk from
pesticide use at farm scale. The index was crdaatée incorporated in
the decision support system Sustainable SupplycAljure Production
(SUSAP) used in the Lombardy region (ltaly). Thdiéator is based
upon the Exposure/Toxicity Ratio (ETR) where th@asure (PEC) is
estimated on a local scale and toxicity is refertedshort term
toxicological parameters (acute toxicity). The wgaldr considers
different environmental compartments (surface araligd water, soil
and air). Eco-toxicological effects on aquatic aigens (fish algae and
crustaceans) and soil organisms (earthworms) amsidered with the
following procedure: (i) PECs are estimated fofetgnt environmental
compartments; (i) one ETR value (PEC/toxicity) determined for
groundwater, soil and air, and six values for siefavater resulting
from each combination of PEC (drift and runoff) atmicity (acute
toxicity to algae,Daphnia and fish); (iii) ETR values are normalised
into risk scores (RS) from 1to 5 (1 if ETR < 0.@1Lif 0.01 < ETR <
0.10, 3if0.10 < ETR < 1.00, 4 if 1.00 < ETR <U@.and 5 if ETR >
10.00); (iv) an overall score (EPRIP) is obtaingdnwltiplying the RS
obtained in all compartments according to this éqna

EPRIP = R§oundwate'rRaurface_wate'rRSoil'Rair+25 N4+50 N& (429)

where RSurace watelS the highest score among those obtained foaserf
water, N is the number of RS values equal to 4 agdsNhe number of
RS values equal to 5. The weighting factogsaNd N, are introduced to
magnify higher risk scores; (v) finally, the EPRIBlues are translated
into six classes of environmental potential risk ¢isk if EPRIP = 1,
negligible if 2 < EPRIP < 16, low if 17 < EPRIP 4,8ntermediate if
82 < EPRIP<256, high if 257 < EPRIP < 400, veryhhi EPRIP >
400).
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The PECs for each compartment are calculated withrhodels.

PEGoumaware(Hg ) = 2.3797AF Ef%* D(l‘Tf) (4.30)

where 2.739 is a conversion
factor to transform mg into pg
and days into vyears, if

Table 4.8. — Crop interception factor
for different crops (fin) (from
Padovani et al., 2004)

Interception (unitless) is crop-interception

Crop fraction (-) (Table 4.8), P is soil porosity
Bare soil/pre-emergence  0.00 (1 - BD / PD), with PD = soil

Green 0.44 particle density, equal to
Potatoes height50 cm  0.22 2,650 kg m® and AF is an

Potatoes height >50 cm 0.89 attenuation factor:

Orchards early treatment  0.44 06933 1R

Orchards late treatment ~ 0.78 AF=e P4 31)

Cereals height50 cm 0.11

Cereals height >50 cm 0.89 where TR is the average

residence time:
LIRFIFC
Q (4.32)

TR=

where

BD[foc (K , AC+K,
FC FC (4.33)

RF =1+

where L (m) is groundwater depth, RF is the ret@wdafactor, Q (m
yr) is net recharge of groundwater (which dependsainfall and
evapotranspiration), FC fwater m® soil) is the volumetric soil water
content at field capacity, AC is the soil air cont¢FC — P; M air m>
soil, with P = soil porosity), Kis Henry’s constant.

PECacute_soiI = ARau D'OZ % (434)

where 16 value is used to convert ARfrom kg ha' to mg m?
PEGcute_soil fOr multiple applications is calculated using anglifying
worst-case assumption from the initial RE soifor one application:
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_ Ahki
PEC, = PEC,, . =°

‘acute_soil l_e_ki (435)
where n is the number of applications, i is the banof days between
them and k is the dissipation rate constant ofpibgticide: k = In (2 /
DTSO_soiD-

PEG, is estimated as:

c. =3

Vi (4.36)
where G; (g nT°) is the concentration in the air at a height & rh,
is the dilution velocity (324.55 m™, and 4 (g m? h™?) is the
boundary-layer flux:

3,=DaCa (4.37)

d
where d is the boundary layer thickness (0.005Dg)(m? h™) is the
diffusion coefficient in free air and {C(kg m°) is the pesticide
concentration in the soil atmosphere:

Da= 0.036 (76 / MWA? (4.38)
where MW is the molecular weight of a.i.;
Csa - PECacuteisoil |:lBDDPa (439)
FCP
where R (unitless) is the mass fraction of the a.i. insb#@ atmosphere:
Z IV

P = aVa (4.40)
: Zawa+ZWWW+ZSWS

where \,, V,, and \} are the volume fraction of air, water and soil
respectively, and £ Z, and Z are the fugacities in the three
compartments:
1
* RO

(4.41)
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ZW = E
Vi (4.42)

_ K, [BDIZ,

o 1-P (4.43)

where R (J K mol™) is the gas constant, T (K) is the temperaturd, an
S (mol m?) is the water solubility of the pesticide.
The PEC for surface water accounts for drift armbffa

AR [ g
PEC, =/ ‘ai dit 4.44
Cdnft 10w ( )
where 10 is used to convert ARfrom kg ha' to g m?, fq is the a.i.
drift percentage for different crops (Table 4.9)is\Mthe volume of water
in the ditch (per unit of length).

y = hib+h) (4.45)

b+2h
where h (m) is ditch depth and b (m) is the ditcitdm; the slope is
assumed to be 45°. The ditch is assumed to belm=éield; the drift for
aerial applications is not considered.
P AR, [F
PEQ’unoﬁ = Ed -

r

(4.46)

where, D (mm) is the run-off depth (3= 0.47 - Rax— 10), R (%) is the
fraction of pesticide lost by runoff:

P =F,[F.[F, [ (055[logK,, +147) (4.47)

where F is the soil type factor (if sand content > 85%,+0.01, if
sand = 45 — 85%, = 0.5, and if sand < 45%4FE 1), K is the slope
factor:

F. = 0.124[Slope+ 0.0082[Slopé (4.48)
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Table 4.9. — Drift percentage (f;) for different crops used in PE Gy
calculation (from Padovani et al., 2004)

Water Vineyard Orchards Vegetables Field
distance Early Late Early Late <50 cn>50 cm

(m)

1 4.0 4.0
2 1.6 1.6
3 4.9 7.5 29.6 15.5 1.0 7.5 1.0
4 0.9 0.9
5 1.6 5.0 20.0 10.0 0.6 5.0 0.6
10 0.4 15 11.0 4.5 0.4 1.5 0.4
15 0.2 0.8 6.0 2.5 0.2 0.8 0.2
20 0.1 0.4 4.0 1.5 0.1 0.4 0.1
30 0.1 0.2 2.0 0.6 0.1 0.2 0.1
40 0.1 0.2 0.4 0.4 0.2

50 0.1 0.2 0.2 0.2 0.2

(the runoff in flat regions is assumed to be zefpis the rainfall factor:
F. = 0.028[RE+ 0.00011RE (4.49)

where RE (mm) is rain in excess (RE g2 17), and Rax (mm) is the
maximum daily rainfall average. AR is the quantity of applied
pesticide remaining on the soil after 3 days (md)kg

AR, = PEG,, [T_° (4.50)

where k is the dissipation rate constant of thetigds). Rq is the
fraction of pesticide dissolved in runoff water:

Faq=1/(1+Q) (4.51)
- 2[Koc [fOC (452)
100[R
where Ry is the quantity of water lost by runoff. In herbaas crops
Roif = 3.83 — (0.12 Rf + 0.00056 fpf (4.53)

and in orchard crops
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Ryt = —152.4 + (0.4 Rf) (4.54)

where Rf (mm) is the annual rainfall.

4.4.7. Environmental Yardstick for Pesticides (EYP)

A holistic approach was proposed by Reus and Lets&l€2000). The
Environmental Yardstick for Pesticides (EYP) indaraconsiders three
environmental compartments (groundwater, surfacéerwand soil),
producing three output values: (i) risk of grountivacontamination,
(i) acute risk to water organisms (most sensitivganisms), (iii) acute
and chronic risk to soil organisms. The score anyardstick depends
on chemical properties (persistence and mobilitysai, toxicity) of
both active ingredient(s) and principal metabolitapplication rate,
organic matter content of the soil (which influesideansportation in
soil), time of application (which influences degatidn and
transportation in soil), method of application adidtance to surface
water (which influence the emissions to surfaceewatThe potential
risk is expressed in environmental impact point®¢§E The EIPs are
based on PEC, and on maximum permissible concemr@¥iPC) set
by the Dutch government for that specific comparitme

PEC
EIP =——~[AR, [100 4.55
2= upc PR (4.55)

The EIPs are initially assigned for a standard iapfpbn of 1 kg
active ingredient per hectare. For different rapésapplication, the
number of EIPs is multiplied by the actual dose {ARA score greater
than 100 EIPs indicates an unacceptable envirorahempact.

PEC
EIP - ‘groundwate D.OO (456)

roundwate
g 01

where 0.1ug I* value is the Dutch drinking water standard: any
chemical that is predicted to exceed this threskalidproduce a score
greater than 100 EIPs. In order to calculate th€,RBEawaeruse of the
PEARL leaching simulation model is suggested (kiké&h al., 2000;
PEARL, 2006).
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EIPsurfaceiwater = OOfDE_gsurface_water (100 (457)

50water_organisms

where  PEGurace water (Mg ™ is the predicted environmental
concentration in surface water, 0.01 is used toresg the Dutch

environmental standard (1/100 of dater organisms(Mg rl), the most

sensitive LGy among fishDaphniaand algae),

PEC

'surface_water

= 01TAR,, Bf (4.58)

e

where 0.1 converts AR from kg ha' to mg ', D, is the drift
percentage of pesticide to surface water(rb) is the ditch depth. When
the specific ditch depth is not available, a ddfaallue of 0.25 m is
used. D depends on factors such as distance to the diyge of
spraying nozzle, spraying pressure, wind speedathdr application
variables. Drift percentage is assumed to ranga 86 for pesticides
applied as seed treatments or as granules, to fospesticides sprayed
on rows, 1% for full field spraying of arable crod9% for full field
spraying of fruits and 100% for aerial spraying\itan, 1997).

In the soil compartment, both the acute (G} i s}, and chronic
(ElPchronic_soil_ris) risks are evaluated. The acute risk is of contersoil
organisms present immediately after the applicageant, while the
chronic risk is important for soil organisms afieo years.

PEC

EIPacute_soiI_risk = m-D_a—(C;ttE_SO" 100 (459)

50worm

where 0.1 is used to express Dutch environmengaddsird (1/10 of
LCsoworm9 @and LGoworm (Mg kg 1) is the acute toxicity to earthworms.
PEG.ute_soilS Ccalculated in the same way as the Norwegiarcdor.

EI P _ PEg_years
chronic_soil _risk O-lENOEQanhworm

AR, [100 (4.60)

where NOEC is the No Observable Effect Concentnatiog kg?), and
PECZ_yeafS(mg kg_l) = PZ : IDEgcute_soiI (461)
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where B is the residue of pesticide in the soil after tyaars. It was
often difficult to find NOEGaiworm therefore PEC,casWas replaced
with PEC in the soil moisture (mg'):

PEG, e = o e2orests_ (4.62)
SOl 7m0|StUre Kom HOC + 0.2

and NOEC water organism values are used to deterntive
El I:)chronic_s.oil_risk

4.5, Discussion and conclusions

4.5.1. Nutrient indicators

We have selected several indicators of differemnmlexity (Table
4.10). All of them consider the basic elements wfient management,
i.e. nutrient inputs and outputs. The water qualigk indicator also
takes into account climate and soil properties thHtience losses to
surface and ground water; it also indirectly uggsrmation on crop
growth and development (for the calculation of etegnspiration).
Additionally, the two N indicators and the P indmamake use of crop
management information. Climate, soil and managénuaia are
always included at the typical level of an indicatalculation, i.e. using
simple synthetic properties (e.g. soil water haidicapacity, annual
precipitation and evapotranspiration, amounts aatesd of fertiliser
applications). One of the strengths of all the emodicators is to
allow comparisons in space (among different systieweted in a given
portion of land) and in time (the same system gears). OECD (2001)
reports examples of such comparisons at a natiewel for soil surface
N balance; Hanegraaf and den Boer (2003) and Swer{28003) report
the variations over time of farm gate N surplud.thé indicators (with
the exception of the farm gate balance) are apmiedhe field scale,
which is where the losses take place and wher fossible to make
changes in nutrient management. The temporal sea®&vays a year,
with the exception of the N indicators, where thare variable stages of
time, depending on the dates of fertiliser appiicet and crop harvest.
This is consistent with the dynamic and more detdaihature of this
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indicator. All the indicators can be calculatedngsbasic data that are
easily available on-farm or from agricultural databs (e.g. fertiliser
use, livestock numbers and weight, cropped areag yields, etc.).
These data need to be integrated with informati@nivdd from
researches and surveys, such as the nutrient doatéem of crops and
animal wastes, and the N dynamics data needed hi®rnitrogen
indicator (Bockstaller and Girardin, 2000). In &, local agricultural
offices could provide pedo-climatic information ¢suas soil hydraulic
properties, precipitation, evapotranspiration) veitiil maps and climatic
data.

The advantage of the simple and easy-to-communioateent
balances is that they can be used to create avearangong farmers and
to guide improvement in crop and livestock N mamaget, as
demonstrated for farm gate balances by Hanegrahéflan Boer (2003)
and by Swensson (2003). Schroder et al. (1996) tisedoil surface
balance to monitor 38 Dutch farms before and dfieir conversion to
integrated farming systems: on average the sugeaseased from 160
kg N ha' before conversion to 117 kg N hafter. Another advantage
of nutrient balances is that the relative importaié different inputs
can be quickly assessed, as demonstrated forealitfeations by OECD
(2001). Finally, nutrient balances can easily bleutated for different
chemical elements (N, P, K, etc.). In the caseheffarm gate balance,
most of the data can be derived from farm accorgterting purchased
mineral fertilisers and feed, and crop and livelstpooducts sold. The
farm gate balance also resolves the weakness bEwdace balance
when dealing with the estimates of nutrients comdiin animal wastes
(internal recycling; OECD, 2001). Simon et al. (@D&how that with
the farm gate balance it is possible to identify tleterminants of farm
surplus and to distinguish different farm types thie basis of the
surplus. Schrdder et al. (2003), however, havetediout that the farm
gate surplus can be misleading because it is effely strategic and
operational management decisions: a large nutrgemplus is not
necessarily associated with low in-farm efficiesctue to operational
decisions. They also mention that analyses of #ianigces of separate
compartments (soil, feed, harvestable crops, mamay be needed to
guide improvements in nutrient management. The m@advantage of
nutrient surpluses is that they represent poteift&ther than actual)
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losses (OECD, 2001). Nutrient balances do not atdiowhere the
surplus is stored (outer environment, soil, farrdyathe time scale of
its availability, and the pathways of eventual &ssgWatson and
Atkinson, 1999). Oborn et al. (2003) point out thatrient balances do
not take into account any of the local site coondtisuch as climate and
soil, and that the surplus is an indicator for ltddalosses only if it is
integrated over a relatively long period. Salo dnntola (2006) show
that N losses account only for a part of the swphiegrated over a
relatively long period, and that other regressasy.( precipitation,
runoff, drainage) can better explain surplus valitgb Nutrient
balances are the most used type of nutrient inalisatand many
Authors have applied them in various regions ofvtloeld (e.g. Sacco et
al., 2003 for northern Italy). As mentioned earl@wever, not all the
Authors include the same components in the calomaif the surplus
therefore a comparison of published results cadiffieult.

The water quality risk indicator (OECD, 2001) hhe advantage of
integrating the soil surface balance with simplmatic and pedological
information. It has several limitations: first,istassumed that all excess
nitrogen is lost as nitrate together with excesstewyasecond,
volatilisation, denitrification and soil immobilisan (if not subtracted
previously) are apparently added to PNP and thexefontribute to the
estimate of potential losses; third, land use armhagement (not
considered by this indicator) have a strong infieeon the relationship
between surplus and nitrate losses; fourth, exeeder can leave the
soil as surface run-off or deep drainage, therefioeeresult represents
an average nitrate concentration of water lost swah, it cannot be
compared directly to drinking water threshold vatuéinally, this
indicator does not capture nutrient contaminatisengs in semi-arid
regions associated with major storms and run-o#ne&y, intensive
livestock operations or irrigation (OECD, 2001).

The nitrogen indicators proposed by Bockstaller @drdin (2000)
and by Pervanchon et al. (2005) are a more dettjfeel of indicator.
They are an attempt to overcome the limitationssioiple balances,
without going into the complexity of dynamic simiiten models.
Pervanchon et al. (2005) compared measured andcig@dnitrate
concentration of drainage water for grasslands rian€e, using the
predictions carried out with the indicator. The fpenance of the
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indicator is not good in absolute terms, but thekirag of observed and
calculated cases (number of cases belonging toen gioncentration
range) is rather similar. The management data wetedealculate the N
indicators (e.g. to estimate volatilisation) hagebe collected on-farm,
as they represent specific information that geherial not available
from official databases. The main limitations o€ ttwo indicators are
the relative complexity of calculation and, for tbee by Bockstaller
and Girardin (2000), the fact that several parammetee specific for
French conditions (e.g. volatilisation coefficientshich depend on
temperature; crop and soil N dynamics estimates).

The phosphorus indicator represents an originalgit to include
expert knowledge in the calculation of the indicaand to go beyond
the calculation of a surplus. The recommended amofinP to be
applied should be derived from a nutrient manageérpi&m, prepared
by an advisor or by the person calculating thedatdir. The comparison
of the dose of applied P with the recommended dmsables the
evaluation of the excess of P fertiliser use (smdilnon-renewable
resources) or the deficit that would deplete saikserves. The example
of an application is provided by Bechini et al. @), who used input
data obtained by spatial interpolation with ordjnlariging.

4.5.2. Pesticide indicators

Currently there are many pesticide risk indicafmublished in literature.
However, they differ greatly in the purpose for ehithey have been
developed. A lot of pesticide indicators refer pedific topics (pesticide
risk classification on a particular environmentainpartment; pesticide
risk classification for workers, bystanders, conetsn analysis of
pesticide risk trends; identification of vulneraldeeas to pesticides,
etc.). Also the variables utilized and the methoduds differ. In the last
years a number of research organizations haveedtegsearch projects
to analyse the state of the art of pesticide mskcators, to examine the
outcome and limitations of different approaches mdharmonize the
use of these indicators internationally. For inseggnthe EU CAPER
project (Concerted Action on Pesticide EnvironmeRigk Indicators;

Reus et al., 1999; Reus et al., 2002) comparedt eigticators

developed for various purposes and created usiifigrefit approaches
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for risk evaluation. The Organization for Econonlo-operation and
Development also carried out projects concerningtigide risk
indicators, which focus mainly on the analysis atelelopment of
indicators for governments (OECD, 1997; 2005). e European
Framework Program financed the HAIR project (HArised
environmental Indicators for pesticide Risk) toypde a harmonised
European approach for pesticide risk indicators.e Timdicators
developed in the HAIR project should operate ofediint scales, from
farm-level to the catchments/regional level, uphi® national-level. The
different aggregation levels can be considered emi with the
highest level of aggregation at the top, and tiybdst level of detail and
sophistication at the bottom (Fig. 4.1). At thenfatevel (bottom of
pyramid), indicators are generally applied as decisupport systems to
help farmers in choosing pest control options aneMaluate the impact
of their decisions. These indicators are also feetjy utilized as a tool
to influence consumers and market behaviour (eetling or green
labelling). At the regional or catchment level (diel of pyramid) the
indicators are very useful for risk managementhef territory. Finally,
at the national level (top of pyramid) risk indicet are utilized to track
the temporal risk trends on different scales wite &im of evaluating
the performances of new or existing agro-envirortalguolicies. In the
literature we did not find many pesticide indicattinat could be applied
on the farm scale. Basically, most of the indicaitwere developed for
comparing and ranking pesticides or to describetittied of risk at a
regional/national level, or to identify vulnerakdeeas. Moreover, the
analysis of literature also allowed the identifioatof some pesticide
risk indicators that could be useful on field-fagoale, even if their
original purposes were quite different. These iattics were described
earlier. Here we propose some general considesatod conclusions
on their applicability and usefulness on farm scale

The analysed indicators are very different in tewhsomplexity,
inputs required and methodology. The simple andedenpesticide
indicators (EEP, LI), require only AR and some physical-chemical
and ecotoxicological properties of the a.i..
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Policy Evaluation
3 t (Reg. CEE 92/2078)
Rankingl

A
Local manageme Management

« Green lables
Farmers + Treatment Options

Fig. 4.1. — Use of pesticide risk indicators at diérent scale
levels. Each level has a particular goal. From farrevel to
national management, the ranking of pesticides (c&sification)
in terms of their potential risk can be utilized.

These indicators do not consider pedo-climatic @@r and the
environmental exposure of pesticides is not takea account. Other
indicators (Eco-rating, NI, SWIPE, EYP, EPRIP) alake into account
the fate of a.i. in different environmental compaehts (water,
groundwater, soil, biota). As a consequence ofdifferent approaches
followed by different Authors also the final outpudf the indicators are
very different. In fact, in some cases the riskeiferred to a generic risk
for the environment as a whole or for single orgars. This is the case,
for instance, of the simplest indicator (LI), titaiculates the number of
Toxic Units for different organisms released duringeatment. In other
cases, indicators synthesize the risk for a pdaticenvironment, as for
instance surface water systems (SWIPE and NI)llfina one case the
indicator calculates the risk for several environtabcompartments but
aggregates the results in a single score (EPRIR)s,Twhen evaluating
the outcomes of the indicators, it should be kephind that the output
reflects the purposes for which the indicator ha&snrb developed.
Furthermore, by their nature the indicators aredertools that do not
provide an exact measure of real risks. In this,wagoes not seem
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possible to suggest which of these indicators cbeldbetter for a field-
farming sustainability evaluation. Simple indicat@equiring little data
are inherently easy to communicate and to be utwtEisby non
specialists. On the other hand, if the objectivéoixompare different
farms (or to evaluate the risk over time) more claxpndicators that
take account of pesticide exposure and of thesgigsific conditions of
the farm (both pedo-climatic conditions and techgadal efficiency)
are required. For example, the use of anti-driftaaptus can bring about
a noticeable reduction in the phenomenon, resulimga drastic
reduction of risk. It is evident that only the maremplex indicators
(Eco-rating, SWIPE, EYP) take into account managemend the
characteristics of the environment. The use of dermpndicators,
however, can be hampered by lack of data (bothipdlyshemical and
ecotoxicological data). To partially overcome thi®blem we suggest
the use of the Pesticide Manual (Tomlin, 2003) lbe AGRITOX
database from the INRA web site (INRA, 2006).

The scoring methodologies used in different indicat(Eco-rating,
NI, SWIPE, EYP, EPRIP) are open to criticism, besgathese types of
techniques are over simplistic (Thompson, 1990¢ disadvantages of
these techniques are mainly associated with théramb nature of
assigning scores (Lewis et al., 1997b). Howevex shbjective choice is
necessary in order to provide a starting pointhie evaluation of a
complex system.

From a careful analysis of the indicators it sedhat, with the
partial exception of the simplest indicators (Lihe others are more
useful to evaluate the performance of single farimsreaching
environmental sustainability over time, rather tHan a comparison
among farms.

On the basis of all these considerations we sughestthe most
appropriate indicator is selected case by caseirfstance, for a first
evaluation and comparison among farms use of theoluld be more
appropriate. Even if this indicator does not coesipgarameters related
to the exposure and consequently to risk (the issk combination of
toxicity and exposure), it gives information on tle@mvironmental
pressures exerted by pesticides. In fact, thisatdr gives the number
of Toxic Doses (TU = Toxic Units) released into thavironment
during a treatment. Thus, for a first screening ly@i® and for
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comparative purposes it is possible to comparentmmber of TUs
released from different farms as a consequencéfefeht pest control
strategies. Furthermore, this indicator is userenflly and
understandable. On the contrary, for a more detatelysis the use of
more complex indicators is suggested. The seleatiothe indicator
should be driven by considerations regarding gieei$ic characteristics
of the farm and particularly the relative nearnesghe environment
system at risk. For instance, the presence of seiMater systems could
suggest the use of indicators like SWIPE or NI. ain for a
comprehensive evaluation of the farm it is suggksteuse the Eco-
Rating or EPRIP. However, such indicators requie wse of several
input data that are not easily available. Furtheen&PRIP requires the
use of predictive models and thus specific skdistheir application.
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Table 4.10. — Comparison of the nutrient indicators presented irhis paper

Scales Stiprﬁge’ Sensitvi SSIVE L Availabilty
Indicator Data availability ~ (space, Advantages Disadvantages to climate . of results
. compa- crop  airlosses .
time) : in literature
risons manageme
Creates awareness Canbe  Canbe misleading Does not tell
and guides ~ calculated every  when different where the
improvements year farms ar((aj surplus is Yes. but
comparei i o>
Farm gate Farm statistics Farm No need to Easyto P o storedl, thfe_tlme different
balance E . . Year7 estimate manure Communicate  No description scale ofits  yes No No No balance
conomic transactions concentration and pigtinguishes ~ PelOW farm scale av?;}'g?ggeagd components
amount of manure  the relative No relation to pathway are included
distributed on - importance of  groundwater N _ in the
each field different concentration ~ Only estimates calculation
nutrient inputs ————————  Potential losses by different
Soil surfac  Farmer's bookkeeping Field, S|r.nple Can be applied Does not Ves No No No researchers
balance Farmer's interview  Year Describes each g multiple consider
field separately nutrients management
Same as soil surface Does not separate gaseous losses and
Water balance + Soil map, Field i ) soil immobilisation
quality risk  climatic data, crop Year’ Includes the effect of climate and soil Yes Yes No No Few papers
indicator growth anl developmer Does not separate surface—from
(to estimate EJ ground—water losses
Same as soil surface
. balance + Soil map, . Considers the dynamics of N in the . -
Nitrogen — .’ Field, : - More site—specific parameters are
indicators cllmatl_c data, d_ynamlcs Month soil-crop system and detailed crop N needed Yes Yes Yes Yes Few papers
of N in the soil-crop management
system
Phosphort  Same as soil surface Field, ! . " not
indicator _ balance + Soil analysis Year Simple. Considers P management Yes Sail Yesa pplicable No papers

ET, = actual evapotranspiration









CHAPTER 5

MONITORING OF CROPPING SYSTEMS
SUSTAINABILITY IN SEVEN FARMS IN
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ENVIRONMENTAL AND ECONOMIC ASSESSMENT

5.1. Abstract

The concerns of economically and environmentallystanable
agriculture involve consumers, citizens, policy e@kand farmers. A
simple tool that could be used for a preliminaryalgation of
sustainability of the agricultural systems can asda on indicators.

During the period 2005 — 2006, seven farms in the $ilano
Agricultural Park (Northern Italy) were monitorechllecting accurate
data on farm management by face-to-face intervigitisfarmers. A set
of indicators selected from literature was applie®66 fieldsx crops
combinations monitored. The indicators describe theonomic,
nutrients, energy, and plant protection agents gemant. The
indicator values were then aggregated at field dadn level,
introducing in the framework other indicators oiil gpality, landscape
and biodiversity management.

The rice and corn have good economic sustainabiity the former
has high potential impact on environment due terisive use of plant
protection agents and low energy production, wile latter has
generally high nutrient surpluses. The introductiémarley and winter
wheat in crop sequence reduces the economic sasiiitin of the
systems, but increases the environmental sustéitpabGenerally,
fodder crops have very low environmental impactw(l&nergy
consumption, and nutrient surpluses, no plant ptioie agent
application), but poor economic performance.

The intensive dairy farm has a good compromise éetweconomic
and environmental sustainability, while dairy exige farms obtained
low values in the economic indicators. The two asiarms monitored
obtained high value in the economic indicators, e nutrient
surpluses are usually excessive. The two farms dthobtained high
values in the economic indicators, and correctienittbalances, but the
intensive use of plant protection agents and tlhedmount of carbon
left in the soil decrease the environmental suatility of these farms.
The solution adopted in the farm that has diffdetatl the crops and
used low inputs does not provide particularly goeslilts both from the
economic and the environmental points of view.
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The most important research needed to improve w@grial
sustainability assessment with indicators is thelyems of trade offs
among different indicators, the integration of €if#fnt values in a
general index, and the quantification of uncertaietated to inputs.

5.2. Abbreviations

a.i.: active ingredient

A.R.: application rate

BI: field boundary indicator

CCf: field with Corn and other
winter cereal

CD: crop diversity indicator

CEf: field with winter cereal

CER-RIC: cereal-rice farm

Cf: field with continuous corn

CS: crop sequence indicator

DAI-EXT: dairy extensive farm

DAI-INT: dairy intensive farm

EE: economic efficiency

EEPR, s w Environmental
Exposure-based Pesticide in

HR: hedge-row indicator

KS: potassium surplus

Ll b e be t, c, aLOad Index for ratss,
birds, earthworms, bees, fish,
crustaceans, and algae, respectively

MIX: mixed farm

NE, PE, KE: nutrient efficiency
(yleld I'N inputy yleld / 305 input,
yield / Kz0 input

NS: nitrogen surplus

NW, PW, KW: nutrient waste (yield /
NS, yield / PS, yield / KS

NW/GM, PW/GM, KW/GM: nutrient
waste-economic gain (NS / GM, PS
| GM, KS / GM)

the air, soil, and groundwater, NW/EnG, PW/EnG, KW/EnG:

respectively
EnE: energy efficiency
EnG: energy gain
EnIN: fossil energy input
EnOUT: calorific energy out
Gl: gross income
GIS: geographical information
systems
GM: gross margin

nutrient waste -energy gain (NS /
EnG, PS/ENnG, KS/EnG)
OC: organic carbon
OCI: organic carbon indicator
PASM: Sud Milano Agricultural Park
PMf: field with permanent meadows
PPA: plant protection agent
PS: phosphorus surplus
Rf: field with continuous rice

GM/EnG: economic gain-energyRIC-POU: rice poultry farm

gain (GM / EnG)

ROf: field with rice and other crops

GM/EnIN: economic gain-energysC: soil cover index

input (GM / EnIN)

SOC: sail organic carbon
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SOM: soil organic matter VC/EnG: economic investment-
SWI-INT: swine intensive farm  energy gain (VC / EnG)
VC: variable costs

5.3. Introduction

In the last decades, the perception of relatioriedxn agriculture and
environment has remarkably changed and concerne haen raised
about the sustainability of agricultural productieyistems, involving
consumers, citizens, policy makers and farmers.

Different methods are applicable in the quantiforat of
sustainability of agricultural systems, like direcheasurements,
simulation models, simple or composite indicatdrat thave different
levels of applicability and potential explanatiorf ¢he system
(Bockstaller and Girardin, 2002; Castoldi and BaiH2006). As direct
measurements and simulation models are too expermnd time
consuming, indicators can be applied for a prelaninevaluation of
sustainability, because they are based on datadglravailable or easy
to collect. Indicators synthesize the effects om ¢hvironment and the
state of the agricultural systems.

Frequently, sustainability analyses of agricultsgdtems are carried
out using average data on farm management, becsesgfic and
detailed data are not available. With this appraadés not possible to
highlight the variability of specific managements different fields,
smoothing the maxima and minima, situations thatallg represent
high potential environmental impacts. Thereforethis work agro-
ecological and economic indicators were selectetl aatculated using
data referred to single crops in each field, ctdldcby face-to-face
interviews with farmers during two year period. Ttigiective of this
work was to monitor different farm managementsleoting and storing
accurate data used to evaluate the economic andoemental
sustainability of different crop/farm managemeiitise results obtained
were used to suggest possible solutions to imptiogesystems. It was
also possible to highlight the effectiveness amté of these tools.

The social sustainability of system is an importzant of agricultural
systems assessment, but it is outside the scapésatsearch.
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5.4. Materials and methods

5.4.1. Study area

The Sud Milano Agricultural Park (PASM, Parco Agilic Sud Milano;
45°N, 9°E) is a regional metropolitan agricultuPark surrounding the
town of Milano (Northern Italy). The Park covers area of
approximately47,000 ha, of which 35,000 ha are agricultural (ieic
and Castoldi, 2006a). It was created by the Regibaa 24/90, in
order to coordinate the cohabitation between aljui@l and urban area,
preserving the agriculture and the agriculturatlfmom the continuous
advancing of the urban, industrial and infrastruetactivities. The area
is densely populated: there are more than 3 mdlinhabitants.

The Park is located in a plain area with an alétyptadient from
North to South of about 160 — 80 m above sea levad, an average
slope of 0.3%. The main soils are loam, sandy-lagilhloam; the area
is covered by a dense network of natural riversaarthls. Groundwater
table is usually shallow (it has a depth from 164ton below field
surface), with a North-South direction; groundwatsaches the surface
in about one hundred resurgences. The climate lishemid; the
average annual rainfall is about 950 mm, with peakglay (100 mm)
and October (110 mm) and lowest values in winteriarduly (60 mm).
Temperatures increase from January (average T Ali2°C, T max:
4.9°C) to July (average T min: 17.7°C, T max: 2E@R°The annual
reference evapotranspiration (Efias an average of 800 mm’ywith a
peak in July (daily average of 5 mm)d ET, exceeds rainfall from May
to September.

The Park is located in one of the most intensiadiah agricultural
production areas. The most important crops are ga mayd..), rice
(Oryza satival.), permanent meadows, barléyofdeumspp.), Italian
ryegrass l(olium multiflorum Lam.), and winter wheat T¢iticum
aestivumL.), triticale (Triticum x Secalg soybean Glycine max(L.)
Merr.], with moderate to high yields. The most impat irrigation
systems are the sprinkler and the surface irrigatiith or without
hydraulic turbine. Many farms have breeds (dairgt eattle, swine and

poultry).
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5.4.2. Farm type and data collection

A database storing detailed and georeferenced nirafion about
agricultural activities, was used to select seveprasentative farms
(Fig. 1.2; Table 5.1; Bechini et al., 2005a): twairgd farms (DAI-INT =
dairy intensive; DAI-EXT = dairy extensive), two sw farms (SWI-
INT = swine intensive; SWI-EXT = swine extensiva)iice farm with a
small layer breeding (RIC-POU = rice and poultiy¥arm with a large
variety of crops with a small cattle and horse Oireg (MIX = mixed),
and a cereal farms with a large area with rice (GHR = cereals rice).

Table 5.1. — Characteristics of the seven farms maared
DAI- DAI- SWI- SWI- RIC- MIX CER-

1
Farm™ \NT  EXT INT EXT POU RIC
Total area (ha) 58 134 35 81 115 48 55
n. fields 24 28 8 20 29 20 15
monitored

Averagefield =5 4 50 37 43 43 25 37
dimension (ha)

Crop type —— % of farm area (n. of cropsitooed)>———
Corn 58(26) 19 (16) 75 (14) 90 (34) 13 (12) 41 (13) 31 (10)
Rice 85(40) 42 (11)
Wheat 4 (1) 18 (6) 17 (5)
Barley 4 (1) 3 (3 23 (6)
Meadows 29(18) 79 (36) 9 (8)

Triticale 9 (2

Ital. ryegrass 9 (2
Soybean 4 (2)
Trees 25(2)

Set-Aside 5 @2 4 10 6) 3 B 9 (M 5 (2

Livestock

(Mg Lw. ha) 1.88 0.86 5.69 1.22 0.16 0.31 0.00

IDAI-INT = dairy intensive; DAI-EXT = dairy extensiéy SWI-INT = swine
intensive; SWI-EXT = swine extensive, RIC-POU =erfarm with a small layer
breeding; MIX = farm with a large variety of crogsd a small cattle and horse
breeding, CER-RIC = cereal farm with rice;

2 the sum of percentage of farm area is higher #i@hwhen intercrops are present.
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The most important crop is corn (cultivated in &fle farms
monitored): all the farms produce grain corn, andl Earm harvest a
part of corn as silage (76% and 85% in DAI-INT abDdI-EXT,
respectively); rice is cultivated in farms locatedhe South West of the
PASM, an important Italian rice districts. SWI-INJ the only farm that
does not buy fertilizer, but uses only manure poedun farm.

These farms were periodically visited to collectadabout farm
management during the period 2005 — 2006, by usingtructured
questionnaire completed during face-to-face ineawgi with farmers.

The data collected regard crop management atléekl (Table 5.2):
generic agronomic operations (date of plowing, dvaimg, tillage, etc.),
sowing (date, dose, species, cost, variety, andngotype), fertilizer
and manure application (date, dose, nutrients curatéon, and cost),
pesticide application (date, dose, active ingradi@oncentration, and
cost), irrigation (date and type), harvest (dateldy humidity, type of
harvested produced, and selling price). Unfortugaté was not
possible to define the quantity of water applieivektock management
was also monitored by collecting data about thelmenraverage weight
and type of animals in the farm, the daily ratiamd the livestock
animal inputs and outputs (animal products as @il eggs, dead and
sold animals). The annual farm inputs and outpdtsnaterial and
energy were also recorded (fertilizers, manurestigides, herbicides,
gasoline, lubricants, electricity, and animal fgeddl the amounts of
products applied (fertilizers, pesticides) werelwetcheched with bills,
and furter details requested to farmers if necgs$do precise data of
forage crops yields (permanent meadows, Italiagrgss, and triticale)
were obtained during the interviews, hence an @udirmethod was
applied in order to estimate them. The total foraged was obtained by
multiplying the per capita daily ration by the nuentof animal heads,
and the sold forage was added (all these datacamded by farmers
with accuracy), obtaining the total amount of f&rggoduced by the
farm in one year (TF). The average yield,))(Yor each single field in
each single forage harvesting operation was cdkulilby dividing TF
by the area and the number of haymaking operatinaas increased
or decreased according to the farmer judgment am ghecific
productivity of each single field, maintaining TFonstant. These
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estimated yields are similar to some occasionallgctl measurements
(data not shown).

All information was stored in a geographical infation system
(GIS) containing the relational database and famapsn

A set of indicators at crop and field level wascoddted. They are
grouped in six categories (economic, nutrient, gnesoil management,
pesticide, and cross indicators). These indicateese aggregated by
area weighted average in order to provide the atdicvalue at farm
level. At this latter level other indicators weralaulated (landscape
indicators).

5.4.3. Indicator framework
5.4.3.1. Indicators at crop level

At this level, the indicators are calculated forcleacrop x field
combination (from here reported as crop), using detailed data
declared by farmer during the interviews.

5.4.3.1.1. Economic indicators

To simplify data collection and analysis, we in@ddvariable and not
fixed costs in the economic indicators. The sunthef variable costs
(VC) includes the cost for: i) plant protection ate(PPA: fungicides,
herbicides, insecticides, seed dressings, soil gants, and pesticide
adjuvants), ii) fertilizers, iii) gasoline and luceants (for the agronomic
operations, irrigations, drying, grain milling, fdek ensilages, and
transports of machineries and products from farnfied and vice

versa), and iv) seeds.

The economic value of the nutrients in manures meEsaccounted,
because manures are considered in some casess®dk waste, in
others a nutrient source. We have considered thdb@l costs are
included in livestock compartment and the excrai&rients have no
economic value if used inside the farm.

Ordinary repair costs of the machineries and bugdi were not
considered because the redistribution of theses dmgtarea does not
represent a significant percentage of total cdsts.extraordinary repair
costs were also not counted because they have tedisributed in a
long period not quantifiable with our data. Theis&tbution of human
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labor time (and corresponding cost) among differerdgps is not
possible due to difficulty in the quantification: @f time necessary for
each field operation (variable depending on diffiereedo-climatic

condition, machinery used, and unforeseen occurigdedistribution

of time spent in non field operations (repair ofierss, hours dedicate
to purchasing, selling, planning, reunions, etand iii) time spent in
field and in livestock operations. For similar reas the depreciation
allowance or the rent for machinery, lend and hogdrents, taxes,
insurances, trade union fees, were not included@n These choices
permit to compile a simplified account VC, easyctculate and to
manage.

This indicator is useful to evaluate the economigestment in the
short term and the related proneness to risk: Wigh are characteristic
of intensive systems where farmers invest manynfired resources in
order to obtain products with high economic valbilf revenues and
high profits) or to reduce the product loss andletem. High VCs
represent also high risks of money loss in caséaitéd or reduced
harvest (e.g. in a dry season). Systems with hi@ls Wcrease also the
allied activities (agrochemicals industry, prodsceof seeds and
machineries).

The gross income (Gl) was calculated for each singhp as the sum
of the gross proceeds of the sold products or tbeesponding
economic value of the products re-used in the linged he prices were
either provided by farmers or estimated by using @innual average
price provided by the Milan’s stock exchange quotet. High Gl
increases the turnover of agricultural compartmant corresponding
gross domestic product, growing the economic ingyae of
agriculture compared to the industry and services.

Therefore gross margin (GM = GI-VC) and the ecomoefficiency
(EE= GI/VC) were calculated. High GM are advisalleregion with
limited and expensive agricultural area, wherertteximum profit per
area unit is advisable, while high EEs are preferabregion where the
land availability is not a limited factor and themaof farmers is to
obtain the maximum profit (GI) per economic unitested (VC).
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5.4.3.1.2. Nutrient management indicators

The soil surface nutrient balances (Parris, 1998)the three main
macro-nutrients (N, P, and K) were calculated fache crop. These
indicators represent the difference between theiemis entering the
soil and those leaving the soil with crop uptakesifve values of the
balance indicate nutrient accumulation in soil @rat nutrient losses,
while negative values indicate nutrient depletioonf soil. The soll
surface balances were calculated as:

S=F+M+R+A+B-R-U (5.1)

where S is the surplus (NS, PS, and KS, for nitnogdnosphorus, and
potassium, respectively), F is the amount of notriapplied with
chemical fertilizers, Ris the nutrient returned to soil with residues
originating from the previous crop in the crop seege, M is the
nutrient applied with manures, A is the atmospheéposition (only for
N), B is the biological fixation of leguminous cgonly for N), R is
the nutrient removed from soil with crop residuasd U is the nutrient
removed from soil with useful product exported fréatd.

The amount of nutrients in the irrigation water weensidered
negligible, even if in some case it could be sigaifit. Surface water
analyses provided by Milano Province (Provinciaviiano, 2007) for
the period 1999 — 2000 report common low valueshef nutrient
concentration. With a total amount of water prodidwy irrigation from
100 to 300 mm in each crop season, the nitrogephgdim irrigation
was estimated: it ranges from 5 to 10 kg N'hand in a few cases could
be between 20 and 30 kg N haFor the ROs, the irrigations could
provide on average 1 kg®; ha’, with maxima ranging from 3 to 8 kg
P,Os ha™. In the study area, after the construction of Mesedo
municipal wastewater treatment plant (2003 — 20Q4g nutrient
contents in the irrigation water are decreased.

Ammonia volatilization and denitrification were nabnsidered
because the available informations did not alloeirtkestimate, hence
they are part of N surplus.

The amount of fertilizers and manures applied fachecrop were
declared by farmers during the interviews. Sincenesodeclaration
appeared not correct, all these data were compattd the bills
provided by farmers, and in case of inconsisteretyveen the declared
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total amount of fertilizer applied and bought, doseguent interview
was carried out, in order to define with securityd anore accuracy the
destiny of all the fertilizers bought. F was estieasaby multiplying the
amount of fertilizers applied by corresponding et concentrations.
The estimation of M is a critical step because &asrdid not have
manure analyses, and they have no tools to evaliegenutrient
concentration of manures applied in each operatidie N
concentration provided by literature has a highalality because it is
heavy influenced by the water used in the livestmekagement and by
the rain collected in the external paddock, mixeithwnanure and
stored in tank. Hence, nutrients excreted by eatima group were
estimated using specific live weight — emissionsfficients (NRCS,
1992; Table 5.2). N transformations and C emissimma slurry storage
are dynamic over time and are strongly influencedtbrage conditions
such C/N ratio, temperature and the presence afdapted microbial
community in pre-stored slurry (Sommer et al., 2J00hese data are
not available and the decreasing of N content, giashemission (N
N, and NQ), during the storage period was estimated: 18% ot N
excreted in anaerobic

(liquid manure)

Table 5.2.— average nutrients and C/N as processes (Thomsen,
excreted for each animal categories 2000).

oyt gt ive weight — /N The ammonia

Dairy gyr-Mg 9 volatilization during
lactating 146 58 114 10 the manure spread
dry 131 42 101 13  operations was not
heifer 113 33 106 14 estimated and it is
Cattle included in N input.
veal 73 25 110 2 The ammonia loss
200 -340 kg 120 84 88 12 depends on the crop
340-500 kg 113 92 106 11 management such the
> 500 kg 120 100 114 10 utilization of systems
Swine that reduce the

?zrg"felroo g 153 114 97 7 volatilization
Poultry (plogghl_ng in manure
layer 155 230 132 9  application, ~~ band
Horse 102 42 84 19  spreading, injection;
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Sommer and Hutchings, 2001); therefore heavy lodseimg manure
spread will produce high NBs and corresponding jogidjments. No
losses were estimated foy@2 and KO. Nutrient concentrations were
obtained by dividing the total amount of nutrieafter storage by the
total volume of manure applied declared by farmdrse nutrient
contents provided by literature (Grignani et abD02) were used for
solid manure because we had no information abeugtiantity of straw
used.

With this procedure, the nutrients allocated in hedield from
manure are proportional to the declared volume afure applied. The
nutrient concentrations in manure were estimatedgtemt in all manure
applications during a year, without to consider Wagiability among
different operations occurred. This coarse estonatould produce
uncertainty in the nutrient balances, but it wasfgrred to the use of fix
coefficients provide by literature.

The method adopted provide results close to theriemat
concentration coefficient provide by the officiakthodology adopted
by Regione Lombardia (2006) for the manure nitrogglization plan,
but it allow to estimate also the@® and KO concentration.

Atmospheric depositions (A) were set to 30 kg N'ha™, in
accordance with the data reportedGrjgnani et al. (2003), and O for P
and K. Biological fixation (B) is 0 for P and K, & for N it was
estimated as U — A — 0.5 M — 0.7 F for monosped#fguuminous crops
(soybean), and equal to 40 kg N~ har' for permanent meadows
(Grignani et al., 2003). U was estimated by muiipg the declared
crop yields by the corresponding nutrient conceiatna derived from
literature (Grignani et al., 2003). For the estimatof R- and R, the
crop residues were estimated using yield and harire$ex, and
multiplied by corresponding tabbed nutrient concatidns (Grignani et
al., 2003).

5.4.3.1.3. Energy indicators

The quantification of fossil energy use is impottemorder to improve
the efficiency of agro-ecosystems and to reducegthen house gasses
emissions and the consumption of limited resourDéferent ways are
proposed in literature to quantify fossil energgw in agricultural
systems. No standardized method (especially faesy®oundaries and
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energy equivalents) is available for energy balairceagricultural
enterprises. Thus, the energy balance given bpwsiauthors are not or
only partially comparable (Biermann et al., 1999).

In our study the “economic approach” (Biermann let 8999) was
adopted: the aim is the determination of the enexgysumption for
production and handling of agricultural productsalgzing the use and
depletion of energy resources. In this approachy aon-renewable
fossil energy resources are considered and a gimthecount of the
energy flow in the systems is based on specifidfictents used to
convert mass fluxes into energy fluxes. A spedinergy requirement
for the agronomic operation and the energy in tteehmery is also
accounted.

The equivalent direct and indirect energy inputsnlEwere
estimated. Enl is the sum of energy content ofPPAs applied, ii)
fertilizers used, iii) seeds, iv) diesel and lubrits consumed (for the
agronomic operations, irrigations, drying processgsin millings,
fodder ensilages, and transports of machineriespapdicts from farm
to field and vice versa), and v) machinery. Like ,M@is indicator is
useful to evaluate the intensity of the system gihergy investment, and
corresponding loss risk.

The active ingredient (a.i.) dose applied in eadp dreatment was
calculated for each PPA application. It was notspale to obtain the
energy cost for the production of every a.i., ugrgy input for PPA in
the whole energy balance is usually low (Biermal®99). Hence the
coarse coefficients provided by literature for eaglecific PPA types
were used (Table 5.3). Development expenses haveeeo considered
in energetic assessments of PPA.

For fertilizers, specific energy costs (Table 5@jovided by
literature (Kongshaug, 1998) were used. The feeii8 energy
coefficients are strongly influenced by the specifiants where the
fertilizers are produced: old plants have highesrgn requirement than
modern plants (Kongshaug, 1998; Biermann et aR919he specific
mine where raw material are extracted influenceethergy cost in the
production of phosphorus, potassium an lime fedi (Kongshaug,
1998). The definition of s and K0 processes used in the production
of compound fertilizer was not possible with outajdnence the energy

135



ENVIRONMENTAL AND ECONOMIC ASSESSMENT

Table 5.3.— Specific energy contents of production factors

Specific
Product Unit energy Source
content
Fertilizers
N-NH, MJ kg™ 39.0 Kongshaug, 1998
N-ureic MJ kg* 48.0 Kongshaug, 1998
N-NO; MJ kg™ 32.0 Kongshaug, 1998
P05t MJ kg™ 4.0 Kongshaug, 1998
K,0? MJ kg™ 5.0 Kongshaug, 1998
limestone MJ kgt 0.8 Kongshaug, 1998
Pesticides
herbicides MJ kg a.i. 288 Biermann, 1999
insecticides MJ kg a.i. 237 Biermann, 1999
fungicides MJ kg a.i. 196 Biermann, 1999
soil fumigants MJ kdf a.i. 196 Estimated
pesticide adjuvants MJ Kba.i. 196 Estimated
seed dressings MJ KepLi. 196 Estimated
Seeds
corn MJ kg* 113.2 Estimated
rice MJ kg* 31.4 Estimated
barley MJ kg* 31.4 Estimated
winter wheat MJ kgt 31.3 Estimated
triticale MJ kg* 31.4 Estimated
soybean MJ kg 40.6 Estimated
Italian ryegrass MJ K¢ 31.3 Estimated
Irrigation
sprinkler system MJ mm 34.6 Ribaudo, 2000
surface irrigation
with hydraulic turbine MJ m 4.5 Estimated
without hydraulic turbine  MJ mrh 0.0 Estimated
Other energy consumption
lubricants MJ [* diesel 3.6 Dalgaard et al., 2000
energy embedded MJ L™ diesel 12.0 Dalgaard et al., 2000
in machinery
Fuels
diesel MJ 36.4 Patzek, 2004

a.i.: active ingredient: as triple superphosphatfeas potassium chloride
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Table 5.4.— Diesel use in crop production

Diesel consumption

Unit
rate
Literature bDecIared
y farmers
Tilling and sowing
subsoiling L hat 311!
field leveling L ha' 501! 17.0
hoeing L hat 17.5
plowing L ha' 23.0218.0-24.0
furrowing L ha® 3.0
disc harrowing L hd 771
spike harrowing L hd 431
rotary hoeing L ha 14.31 14.0
harrowing L ha' 50% 7.0-115
rolling L ha 2.0°2 2.0
sowing L hat 3.0°2 3.0
minimum tillage sowing L hd 5.0
combine harrowing and sowing Lha 20.0
combine subsoiling, harrowing, and sowing  Cha 35.0
Crop operations
pesticide application L ha 152 15-20
fertilizer application L ha 2.0% 1.5
weeding and earthing up LHa 1021 12.0
cutting of meadows L ha 5.0 2
silage mowing - chopping - loading Lfha 2321
haymaking L ha 257"
combine harvesting L ha 14.02
straw baling and loading L fa 6.9
stalk breaking L ha 1191 9.0
weeds mowing L ha 6.21
machine transport L hh 0.1°3
manure and fodder transport L kg™ 0.1 72
Post harvest operations
drying L Mg water extracted®1.1*
milling L Mgt product 0.9
silaging L Mg’ product 0.5G

!Ribaudo, 2000° Dalgaard et al., 20006;Jarach, 1985" Pellizzi, 1996
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costs for the production of the most common compotertilizers
(triple superphosphate and potassium chloride) wsedl.

In accordance with Biermann et al. (1999) the epeantent of the
manure was evaluated. Without consideration of mcgéertilizers in
energy balance, their effect on energy recoverthinyield cannot be
allocated to the corresponding Eahd this would mean that additional
energy recovery is possible without additional inplfossil energy. In
fact, fossil energy is needed for the productiommgfanic fertilizer (e.qg.
for storage and processing). However, this energuti is hardly
quantifiable. For practical reasons mineral femiti energy equivalents
were adopted to evaluate the nutrient contents¥6for nitrogen and
100% for phosphorus and potassium.

Transport routes for the raw materials and inteiiated could have
been defined. Typical energy requirement for 1,R@0transport is 0.1
MJ kg for bulk and liquid sea carriers, 0.4 MJkfpr pipeline, 0.7 MJ
kg™ for rail, and 1.9 MJ kg for truck (28 Mg) (Kongshaug, 1998). The
place of origin, the transport used, and the cdstoomulation and
packaging are not obtainable with farmer intervielnence a coefficient
of 1 MJ kg of fertilizer was used to estimate the energy aufst
formulation, packaging, and transport.

Seed production uses more energy than regular proguction
because there are additional storage, transporgcepsing, and
packaging energy costs (Biermann et al., 1999; @lngpet al., 2002).
Seven times more energy is required to produceidhy@eeds compared
with energy in the same mass of corn grain (Pa2@84), while for the
other seeds, the double of the calorific energthngrain was used (a
humidity of 15% was estimated for seeds appliedyld&.3). The
energy content of seed dressing is not signifi¢am 0.3 to 0.5 MJ kg
of corn seed and about aVIJ kg™ for the other seeds); hence the
energy content in seeds with or without seed dnggsiestimated equal.

The coefficients used for seeds energy contenhigteer than other
values provided by literature: Jarach (1985) usecHiorific value of the
grain (values from 14 to 15 MJ Kgseeds), Ceccon et al. (2002) use
values of 20 MJ Kg seeds for sugarbeat and 10 for other crops, Bonari
et al. (1992) use values from 17 to 54 MJ'lgeeds. Other authors do
not consider the energy in the seeds (Pervanchaln, @002) or subtract
the amount of seeds used to the yield (Dalgaaad.,€2001). Biermann

138



Chapter 5

et al. (1999) assume the indirect energy for progicdeeds (production
and transformation) as input, while deduce therdfaovalue of seeds
from the energy output. In our opinion it is neeggsto account both
indirect and direct energy (calorific value) of gh@duct.

The date of each water application and the metlsed (sprinkler or
surface irrigation, with or without the use of hgdlic turbine), were
recorded for each irrigatiomut the total amount of water applied was
impossible to estimate. The energy required fégation was estimated
by the use of a specific consumption of 34.6 MJ hwh water applied
(Ribaudo, 2000), and of 4.5 MJ miin case of sprinkler system and
surface application with hydraulic turbine, respady. No energy
consumption was considerated in case of surfacéicappn without
recourse to hydraulic turbine. Irrigation water ambwas estimated
using average values in the studied area: 35 mnsgonkler, 80 mm
for surface application to meadows and 120 mm tdiofase application
to corn and soybean. The lower value for meadovasiésto the short
interval between two irrigations (from 5 to 8 imigpns, every 20 — 25
days from June to September, are usually carryiouhe common
management for this crop). Rice flooding does motsome energy and
the other crops were not irrigated.

The specific diesel consumption for agronomic opens was
provided by farmers or, in case of lack of thisomfiation, the
coefficients in Table 5.4 were applied. The distabetween farm and
field, calculated using GIS map, was used to gbanthe fuel
consumption for the transport. The coefficientsorégd in Table 5.4.
were used. The fuel consumptions were back cordénteenergy unit
using the low calorific value (or net calorific val) of the diesel fuel
(36.4 MJ ™ Patzek, 2004). The low calorific value of a fodsiel
assumes that combustion products contain the vefiteombustion as
vapor. The heat contained in this water is notveoed contrary to the
high calorific value (or gross calorific value) theonsiders also the
combustion water energy. The lubricant consumed wstmated
multiplying the total fuel consumed (excluding dny) by a specific
coefficient (Dalgaard et al., 2000) reported in [Ech3.

The energy embedded in the machinery was calculdigd
multiplying the total fuel consumption by a specifcoefficient
(Dalgaard et al., 2000; Table 5.3). No energy congion was
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accounted for buildings and plants because ittigjnantifiable with our

data. The energy for the human labor is negligiitdeause it has only
minor importance in modern agriculture comparedchwidssil energy

(Jarach, 1985; Biermann et al., 1999): 0.7 I\7I1J(ﬁatzek, 2004), with

an average labor time of 6.2 h hger growth season for corn
(Pimentel, 2003).

Fossil energy is negligible compared to solar enetigerefore, if it
is considered in energy balance, production-relaléf@rences in the
input of fossil energy could not be discovered (Biann et al., 1999).

The energy output (EnOUT) was obtained by convgrtime dry
matter (DM) of yield (including straw, if exportelom field) into
energy using equivalents based on calorific valuHsis indicator
guantifies the energy return of different crop,oirder to evaluate the
best energy production. The carbohydrate, protethlipid contents for
each product were estimated using tabbed valuesci(SL995; USDA,
2007). The specific calorific energy content ofbzdrydrates, proteins
and lipids are 17.6, 24.6, and 38.9, MJ*kgespectively; Merrill and
Watt, 1973); the total specific calorific energyntents of each product
are reported in Table 5.5. The energy gain (EnG\@&T — EnIN) and

the energy efficiency
Table 5.5. Energy content of crop products (ENE = EnOUT/ENIN)

Calorific energy  were calculated. The

Crop Product type  content crops with high EnG are
_ (MIkG'DM)  recommendable in

corn grain 19.0 situation with low land
strawh 11?33 availability, ~ because
Q?SZ e 17.9 th_ese crops hav_e the

ltalian ryegrass  hay 17.2 highest energy gain per
silage 16.8 area unit. The crops

meadows hay 17.6 with high EnE are
silage 17.4 recommendable where

rice grain 18.5 land availability is not a
straw 16.8 limitation.

soybean grain 23.9

triticale silage 18.0

winter wheat grain 18.4

and barley straw 16.8
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5.4.3.1.4. Pesticide indicators

In order to describe the complex behavior of PPAw ahe

corresponding environmental impacts, applicationasfplex predictive
models is necessary, but they require many enviemtah and

management informations not obtainable with a semparmer

interview; therefore the use of complex models wgscted. On the
other hand, simple indicators provide only the pti&t environmental

impact related to the use of PPASs. In this study, groups of indicators
were calculated: i) the Environmental Exposure-taBesticide index
(EEP; Vereijken, 1995), that considers the poténégposure of

different environment compartments, and ii) thed.tradex (LI; OECD,

2005) that evaluates the potential effects on aoget organisms. The
EEPs indicators are calculated in three differemvirenmental

compartments (air, soil, and groundwater) using esophysical-

chemical properties of each a.i. applied:

EEPR, = AR,; - VP/1000 (5.2)
EER.i = AR, - DTsosoi (5.3)
EEPgroundwater: EEI%oil ) c_1 (54)

where AR; is the application rate (kg a.i. g VP is the vapor
pressure at 25°C (Pa), Bl is the half life of the chemical in soil
(days), K is the partition coefficient of the a.i. betweeganic matter
and water fractions of the soil:o()k= (conc. adsorbed/conc. dissolved)/
% organic carbon in the soil. It is a measure ofaerial's tendency to
adsorb to soil particles. High Kvalues indicate a tendency for the
material to be adsorbed by soil particles rathantfemain dissolved in
the soil solution. Strongly adsorbed molecules wil leach or move
unless the soil particle to which they are adsorhedes (as in erosion).
Koc values less than 500 indicate little or no adsonpand a potential
for leaching (Extoxnet, 2007).

Ll is calculated separately for seven non-targejanisms: rats,
birds, earthworms, bees, fishes, crustaceans, kyag 4L}, Ly, Llie,
Llpe Ll;, LI, and Ll, respectively). The use of seven non-target
organisms in the calculation of LI is necessary wudifferent effects of
a.i. that could be important for one organism lar relevant for others:
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the reduction of the number of non-target organiamalyzed could not
highlight the potential toxicity of an a.i.. LI defined as:

Ll = Zn“& (5.5)
o TOX,

where n is the number of active ingredients appiiedne crop, and
TOX is the acute Lethal Dose (k§) dose required to kill 50% of test
organisms) or Lethal Concentration {gCconcentration required to Kill
50% of test organisms) of'ka.i.. The LR, units are mg kg for rats
and birds, anqig beé! for bees, while the L& units are mg T* for
algae, fishes, and crustaceans, and mgsajl for earthworms. In this
work, for simplicity all LI units are expressed B®X units ha', instead
of the different real units (£gorganism @™ for birds and rats; £bee
ha™ for bees10® L ha™ for algae, fishes and crustacean® &k ha* for
earthworms). Since the aim of this work is the smwvinental evaluation
of farmer management, the effects of a.i. on warkbystanders, and
consumers (products quality) were not analyzed.

The framework of ten pesticide indicators seledted some limit
action: it does not consider the peculiarity of émvironment analyzed
(pedo-climatic condition) and its effect on the efabf PPA, the
interaction among different a.i., and the long teeffiects. These
indicators describe the potential risk of a.i., bat the real dynamics in
the environment. On the other hand, this framewdoes not use
subjective scores and the indicators can be caémilaith simple data
obtained by interviews or provided by literature.

5.4.3.1.5. Cross indicators

Several agro-ecosystem performance indicators draicators) were
calculated to analyze the interaction among nutrieeonomic and
energy indicators previously calculated (Table 5.6)

5.4.3.2. Indicators at field level

The economic, nutrient, energy, pesticide, and scrasdicators
calculated at crop level were aggregated at fielatl, considering all
crops present in the field during the study periddbreover, an
additional set of indicators that evaluate the appateness of soail
management was added: these indicators are natalplpl at cop level,
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because the interaction between crops, and thewfafleriod from
previous-next crops are characteristics that imibeethe soil quality.

Table - 5.6. Cross indicator

Indicator Acronym  Calculatidn  Unit

nutrient efficiency NE yield / Ninput kg DM KNiyput
PE yield / P input kg DM Kgd P.Osinput
KE yield / K input kg DM k@' K;Oinput

nutrient waste NW NS / yield kghuskg™* DM
PW PS / yield kg Pssurpiukg™ DM
KW KS / yield kg KOsupuskg™ DM

nutrient waste-economic gain NW/GM NS/ GM kg,rmjskéfl
PW/IGM  PS/GM kg Fssurplusk€ ™
KW/IGM  KS/GM kg KeOsurpius k€™

nutrient waste -energy gain NW/EnG NS /EnG Igg,j}JSGJl
PW/EnG PS/EnG kg2PssurpusGI ™
KW/EnG  KS/EnG kg KOsupiusGI™

economic investment-energy gailC/EnG VC /EnG €G3

economic gain-energy gain GM/EnG GM/EnG £'GJ

economic gain-energy input GM/Enl GM /EnIN €6J

The nutrient inputs are the sum of fertilizers, oras, and residues from previous crop,
excluding biological fixation, and atmospheric dsigion.
For abbreviations see § 5.2

5.4.3.2.1. Soil management indicators

The quality of soil management was described bgetlimdicators: Crop
Sequence indicator (CS; Bockstaller and Girard®Q®, Soil Cover
index (SC; Vereijken, 1995), and Soil Organic Carlyadicator (OCI,
Bockstaller and Girardin, 2000).

The CS provides a value from 0 (worst value) tqlgst value), with
a threshold (7) that represents the achievemeahahimum quality for
the rotation. It is defined as:

CS =K, - K - Ky (5.6)
where K is the coefficient describing the effects of thregeding crop
on the current crop (considering the developmenpathogens, pests,
weeds, and the effect on soil structure and nitndgé in the soil), K
depends on the frequency of crop cultivation, apdskan index of crop
diversity; for details see Bockstaller and Girar@®00); Castoldi and
Bechini (2006). The CS was calculated in each figdthg the crops
present from 2004 to 2007.
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The SC is the percentage of soil cover by cropsndua year. It
evaluates the risks related to structure degragagimsion, reduction of
biodiversity, nutrients and pesticides losses foe purpose of the
calculation made here. The soil is considered frara sowing to crop
emergence, covered at 50% from emergence to caergdédtcover, and
100 % until harvest. The emergence was estimateithdygrop type: 7
days after sowing for Italian ryegrass, 10 daysrioe, winter wheat,
barley, soybean, and triticale, 20 days for comrsin the first half of
April, 5 days for corn sown after. The complete sover is estimated
to be reached 23 days after emergence for Itajiagrass, 30 days for
soybean, 35 days for barley, 40 days for rice, avintheat, and triticale,
and 30 days for corn sown before the end of A%, days for corn
sowed after 1 May. The soil is considered alwayseped by permanent
meadows.

Soil organic matter (SOM) comprise carbon poolsifa mean
residence time greater than 5 years, to the verglgiérant carbon,
which may have mean residence times on the orderenfuries or
longer (Stevenson, 1994). SOMthe most often reported attribute from
long-term studies and is an important indicatorsofl quality and
agronomic sustainability because of its impact dheo physical,
chemical and biological indicators of soil qual{fgeeves, 1997). Sail
organic carbon (SOC) is the carbon fraction of SQM: coefficient
0.58 (Boiffin et al., 1986; Ministero per le Patitie Agricole, 1999) was
used to convert SOM into SOC value.

Organic carbon (OC) decomposition is influencedchynate, soil
texture, quality of crop residues and soil distadzg but models cannot
always simulate the interactions between the diffefactors (Morari et
al., 2006). The OCI proposed by Bockstaller andafdin (2000) is a
simplified model to detect the negative and theitpwes effects of
different crop management practices on SOC conférg. aim of this
indicator is to identify and promote the practitest maintain SOC at a
satisfactory level. It provides a value from O (stovalue) to 10 (best
value); a value of 7 represents the achievemeatroinimum level. The
indicator is defined as:

OCl =7 (Ax/ Ar) (5.7)
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where Ax (kg C hd yr") is the annual mean of OC inputs (from
residues, animal manures, green manures, etc(kgA€ ha' yr?) is the
recommended level of OC inputs needed to maintasatiafying level
of SOC in the long term. OCI is upper limited (ma&g¥and it considers
equal the soil managements that provide to thensoik than 1.4 (10/7)
time the necessary OC, considering not further fitcfioe high excess of
OC input.

For the calculation of Ax, the methodology of Balér et al. (2007)
was used. They identify four fractions of OC thame from crops:
agricultural products (&, straw and other above-ground post harvest
residues (@), root tissues (&), and extra-root materials including root
exudates (rhizodeposit) and other materials derfvaoh root-turnover
(Cg). G was calculated assuming that C concentration asita#5% in
shoot plant parts (Bolinder et al., 2007) and 40%adot plant part
(Boiffin et al., 1986). gand G were estimated using the tabbed harvest
index and shoot:root ratio, respectively (Table).5The biomass lost in
the grass harvest was estimated as a fractioroaidss harvested (15%

Table 5.7.— Crops and biosolids parameters used in the estimah of the
organic carbon indicator

Humification ratée®
Shoot Root

Harvest Shoot:Root

Index ratio . )
residues residues

Crops

Barley 0.53 9.46" 0.08 0.15

Corn 0.50 5.60" 0.12 0.15

Italian ryegrass 1.3b 0.08 0.15

Meadows 0.70 0.08 0.15

Rice 0.48 7.431 0.08 0.15

Soybean 0.4 5.20" 0.08 0.15

Triticale 0.34' 5.39! 0.08 0.15

Winter wheat 0.46 6.81" 0.08 0.15
Biosolids

dairy/cattle/horse farmyard manure 0.30

liquid dairy manure 0.30

liquid pig manure 0.30

layer/broiler litter 0.30

biosolids from municipal wastewater treatment @ant 0.20

1 Bolinder et al., 2007 Confalonieri and Bocchi, 2008 Boiffin et al., 1986.
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in haymaking, 5% if the grass is cut and used freskensiled); the
stubbles for silage crops are estimated as 5% ofathove ground
biomass (Bolinder et al, 1999). The total roothkt carbon
contribution is 1.5 to > 3 times more than aboweugd biomass derived
carbon (Wilts et al., 2004; Johnson et al., 2006}, clear information
does not exist about the quantification of rhizamgton (Kuzyakov
and Domanski, 2000; Bolinder et al., 2007). Hencgnaplification is
introduced (Kuzyakov and Domanski, 2000): abouf balthe below-
ground translocated carbon is incorporated in tissues; one third is
respired by roots and rhizosphere microorganisifiging exudates and
fine roots, and is evolved as g@uring few days after assimilation; the
rest, here denoted as stableg (5CG), remains in the soil and
microorganisms (SE€= 0.33: CR).

Since the farmers have not provided manure analyie
guantification of C concentration in liquid aninrabnures is a critical
aspect. The concentrations provided by literatueet@o much variable.
Hence total amount of C excreted was estimated lopsmse utilizing
the N excreted previously calculated and the awel@N as excreted
for each animal category (NRCS, 1992; Table 5.2).ahaerobic
conditions (liquid manure), the decrease of C (lassCQ and CH
emissions) during the storage period was estimatpdal to 24% of
initial carbon (Thomsen, 2000). The final C concation in liquid
manure was determined by dividing the total amafil@C after storage
by the total volume of manure applied declareddnkrs. The organic
matter (OM) in solid manure was set to 16% (Peterseal., 1998)
because we had no information about the quantitgtraiw used. The
OC concentration of solid manure was determineaniitiplying OM
by 0.35 (Marino Gallina et al., 2005a; Morvan et 2006).

In order to quantify the humification of OC provadéy crops and
biosolids, the plant OC fractions not exported friogld and OC applied
as biosolids were multiplied by specific humificati rates (humified
OC / total OC applied; Table 5.7).

A modified version of the Hénin and Dupuis mod&l4%) was used
to quantify the OC inputs necessary to maintaimtisfactory level of
SOC in a specific soil (Ar; details in Bockstallend Girardin, 2000;
Castoldi and Bechini, 2006). The satisfactory lewél SOC was
determined as a function of clay content (Ministger le Politiche
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Agricole, 1999). The inputs of this model are: pilstexture and

carbonate concentration (obtained from soil analypeovided by
farmers or from pedological map; ERSAL, 1993), ik density

(calculated from soil texture data; Saxton and Ra2006), iii) average
annual temperature (set to 12.5°C), iv) mineratiratiepth (set equal to
the maximum depth of the agronomic operation inpiiéod or equal to
30 cm for permanent meadows (equivalent to thelapdr that contains
77% of the root biomass; Lorenz, 1977), v) numbEryears with

organic application (provided by farmers interviewaind vi) number of
years with crop residues (straw) harvest (provideg farmers

interview).

5.4.3.3. Indicators at farm level

The economic, nutrient, energy, PPA, soil managénsr cross
indicators calculated at the field level were aggted at the farm level,
considering as weight the area of each field. Bteaside and tree fields
(SWI-INT) were not accounted for in this aggregati®hese indicators
evaluate the average management of the crop comguatrof the farm.
An additional set of indicators that evaluate dredscape was added.

5.4.3.3.1. Landscape and biodiversity indicators

As on the other level, we focus on indicators dbswy the relation
between farm management and landscape (Castoldectuni, 2006).

Bockstaller and Girardin (2000) have proposed g cdoversity
indicator (CD) that evaluates the impact of croptipaning and field
size on landscape and biodiversity. It providesale from 0 (worst
case) to 10 (best case) and value of 7 repredemtachievement of a
minimum level. The indicator is calculated as:

CD=K-NC-D-T (5.8)

where K is a calibration factor depending on theber of crops, NC is
the number of crops, D is the crop partitioningidacand T is the field
size factor that increase the indicator value wihenfield are small (for
details see Bockstaller and Girardin, 2000; Castoid Bechini, 2006).
A hedge-row is defined as a linear feature compaosesthrubs and/or
trees that forms part of a management unit (Baedrgl., 2000). The
hedges and the rows are important structural elessmeh landscape
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(aesthetic contributignand are a resource to wildlife in the agricultural
area (Barr and Gillespie, 2000; Baudry et al., 206f&dge-rows have
an important role in the soil protection and act l@sriers and
boundaries between management units due to theitbapé reduction

of nutrient and PPA drift (Baudry et al., 2000).eTtmedge-row indicator
(HR; Bocchi et al., 2004) is defined as:

HR =L/A (m ha) (5.9)

where L is the hedge-row length (m) and A is th@ltarea analyzed
(ha). The shape of hedge-row was defined by divisit to the field,
and mapped in the farm GIS; the tree field in SWT-lwas not
considered as hedge-row. This indicator does natsider the
characteristics of hedge-rows (e.g. species, hemid management),
because this information require specific measwed,accurate survey.
The indicator proposed is limited to the evaluatminthe presence/
absence of hedge-rows in order to define the pms®if the farmers
toward an openness landscape (easy to manage).

As compared with field that is often perturbed ¢agmmic
operations, nutrients and PPAs application), tleédfboundary is an
area with a reduced human pressure. In this areaagiiochemicals
applications are null or reduced, the agronomicratimns are limited,
and the self-sown vegetation is usually preseninduthe entire year.
These areas are hot-spot of biodiversity, whereattimal (especially
bugs and small mammals) find a shelter and thetatge is composed
by different species than cropped species. On therdhand it is a
source of weed seeds that could infest the fielke Tield boundary
indicator (BI) is defined as the ratio between fiedd perimeters (m)
and the total farm area (ha).

5.5. Resaults

The results obtained at different scale are aggedgand show from the
bottom level (crop) to up level (farm). Details tme distribution of
indicators at different level are shown in Apperdixa, b, and c.
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5.5.1. Crop level

The indicators were calculated separately for eaop and the results
aggregated by crop type are shown in Table 5.8ap{siindicators) and
5.8b (cross indicators).

55.1.1. Corn

All farms monitored cultivate corn (Table 5.1). @ds sown from the
end of March to April, but, if it follows a wintdorage crop, sowing is
at the end of May. The number of seeds used isaiari(61,000 to
80,000 seeds ha depending on the variety and destination (grain o
silage).

The cropping systems are different according toabailability of
manure, the final product obtained, and the useRA. The number of
irrigations is from 2 to 5 per season, but 2 figllKRIC-POU were not
irrigated in 2006 (water table depth was 0.8 —rfh,2and precipitations
were sufficient).

In DAl and SWI farms, corn yield is high (Table 6)1in the DAI
farms, part of corn is ensilaged, so the averaghl yg higher than in
other farms, but the Gl is similar to other sitaatdue to lower price of
silage compared to grain.

In RIC-POU the farmer sowed a short-season vaiegO class
200), with low productivity in order to anticipatbe harvest and to
avoid overlap with rice harvest. Corn yield in MIiX generally low
(about 8 Mg DM hd) due to the pedological condition, low input
management, and low availability of water in 200&ing flowering
that has reduced the production from 30 to 50%.

The PPA represent on average the 18% of VC in dbmfertilizer
28 %, the fuel and lubricants 28%, while the seds26% (Table 5.9).
The economic indicators highlight the good perfangeof corn (Table
5.8a), especially in DAI-INT and in SWI farms, (Telb.10), where the
necessity of a large amount of animal food driveefdrmers towards an
intensive cultivation of corn. The strategy to abthigh GM in DAI-
INT and SWI-EXT is through high productivity with eonsiderable
economic investment (high VC), while the SWI-INTshageduced VC
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Table 5.8a— Average and standard deviation of indicators calclated for each crop

CROPS —corn— — rice — — w. wheat —— barley — Fﬁ;@gg&gt — triticale — r;;:gl;?;ss — soybean —

n. crops monitored 125 55 12 10 62 2 2 2
ECONOMIC INDICATORS
VC €ha' 577 (119) 686 (73) 300 (71) 180 (52) 145 (17) 166 (1) 91 (0) 339 (0)
Gl € ha' 1,568 (371) 2,063 (450) 1,181 (196) 1,108 (125) 876 (400) 757 (192) 552 (0) 1,231 (0)
GM € ha' 990 (383) 1,377 (470) 882 (185) 927 (157) 731 (384) 592 (192) 461 (0) 893 (0)
EE - 2.8 (1.1) 3.1 (0.8) 4.1 (1.0) 6.7 (2.3) 5.8 (2.0) 4.6 (1.1) 6.1 (0.0) 3.6 (0.0)
NUTRIENT INDICATORS
NS kg N ha 159 (134) 73 (41) 61 (84) 32 (54) 23 (57) 26 (26) 81 (22) 50 (0)
PS kg ROs ha* 76 (144) -12 (17) 8 (41) 7 (56) 17 (27) 8 (10) 37 (14) -94 (0)
KS kg K;O ha' 140 (146) 65 (85) 188 (143) 67 (56) -48 (34) 38 (26) 58 (31) -95 (0)
ENERGY INDICATORS
EnIN GJ ha' 27.3 (5.5) 22.7 (3.3) 16.4 (5.0) 12.0 (2.7) 13.1 (4.9) 14.3 (0.2) 8.8 (0.7) 11.6 (0.0)
EnOUT GJha 220.3 (71.6) 138.2(41.2)  156.0(22.4) 164.3(28.1) 139.3(63.5) 165.9(28.7) 89.9(0.0)  100.9 (0.0)
EnG GJ hd 193.0 (72.9) 115.5(40.8)  139.6(19.9) 152.3(28.8) 126.2(58.9) 151.6(28.8)  81.1(0.7) 89.3 (0.0)
EnE - 8.5 (3.7) 6.2 (1.8) 10.1 (2.6) 14.5 (4.9) 10.6 (2.5) 11.6 (2.2) 10.3 (0.9) 8.7 (0.0)
PPA INDICATORS
Lla TOX unit ha! 122.2 (85.2) 258.7 (145.9) 0.8 (0.6) 0.6 (0.6) - - - 61.5 (0.0)
Lic TOX unit ha* 15 (7.1) 6.2 (3.1) 47.7 (85.9) 0.0 (0.0) - - - 3.1 (0.0)
Liet TOX unit ha' 9.0 (19.3)  11.4(6.5) 0.4 (0.5) 0.5 (1.4) - - - 1.8 (0.0)
LIf TOX unit ha* 2.0 (5.5) 8.4 (4.3) 4.4 (8.0) 0.0 (0.0) - - - 8.5 (0.0)
Libe TOX unit ha' 1.3 (3.7) 0.4 (0.8) 0.2 (0.4) 0.0 (0.0) - - - 0.0 (0.0)
Lirt TOX unit ha' 1.4 (0.6) 8.3 (5.7) 0.3 (0.3) 0.2 (0.7) - - - 1.5 (0.0)
Lib® TOX unit ha' 2.0 (3.6) 33.0 (29.9) 0.2 (0.3) 0.5 (1.6) - - - 1.0 (0.0)
EEP4 kg a.i. Pa hd 3.3 (2.0 2.8 (2.3) 0.2 (0.3) 0.1 (0.3) - - - 7.1 (0.0)
EEPs kg a.i. had 51.2 (13.9) 131.1(31.2) 36.5 (45.3) 0.7 (2.2) - - - 158.0 (0.0)
EEPwW kg a.i. hdd 0.33 (0.16)  0.18 (0.12) 0.39 (0.47)  0.02 (0.06) - - - 0.46 (0.0

! value multiplied by 18

For abbreviations see § 5.2.



Table 5.8b.— Average and standard deviation of cross indicatorsalculated for each crop

permanent Italian

CROPS —corn — —rice—  —w.wheat— — barey - meadows triticale — ryegrass soybean —
NUTRIENT EFFICIENCY
NE kg DM kg* Niy 33 (15) 34 (10) 36 (26) 37 (15) 19 (2) 70 (14) 25 (3) 85 (0)
PE kg DM kg* P,Os 116 (156) 99 (33) 199 (466) 102 (54) 39 (6) 159 (31) 43 (5) 149 (0)
KE kg DM kg* K,On 30 (15) 24 (12) 64 (172) 33 (18) 15 (1) 59 (13) 15 (1) 25 (0)
NUTRIENT WASTE
NW kg Nsurpus kg™ DM 16 (16) 11 (8) 7 (9) 4 (6) 1 (5) 4 (4) 15 (4) 12 (0)
PW kg BOssurpiuskg ™ DM 9 (18) -13) 14 2.(7) 2 (3) 1) 73 -22 (0)
KW kg K2Osupiuskg™ DM 14 (18) 11 (15) 22 (17) 8 (8) -8 (6) 5 (4) 11 (6) -23 (0)
NW/GM kg Nyyrpius KE™ 194 (219) 64 (54) 75 (96) 40 (58) 11 (53) 55 (62) 175 (49) 55 (0)
PW/GM kg ROssurpiusk€™* 111 (254) -8 (14) 13 (40) 13 (77) 24 (33) 17 (22) 81 (31) -105(0
KW/GM kg KoOsupiusk€™ 168 (256) 64 (83) 237 (179) 78 (78) —96 (68) 75 (69) 126 (67) -107 (0)
NW/ENG kg Nypius GI* 1.04 (1.14) 0.77 (0.65) 0.45 (0.59) 0.25 (0.36) 0.07 (0.31) 0.20 (0.21) 0.99 (0.28) 0.55 (0.00)
PW/ENG kg ROssurpiusGJ™ 0.59 (1.21) -0.08 (0.20) 0.07 (0.27) 0.08 (0.47) 0.14 (0.18) 0.06 (0.08) 0.47 (0.18) —1.05 (0.00)
KW/ENG kg K:OgupiusGI™ 0.90 (1.21) 0.79 (1.07) 1.43 (1.09) 0.49 (0.47) -0.53 (0.37) 0.27 (0.23) 0.72 (0.39) —1.07 (0.00)
ECONOMY AND ENERGY
VC/IEnG €G3 3.5 (1.5) 6.6 (2.3) 2.2 (0.5) 1.3 (0.6) 1.3 (0.4) 1.1 (0.2) 1.1 (0.0) 3.8 (0.0)
GM/EnG €G3 5.4 (1.7) 13.0 (5.3) 6.3 (0.5) 6.1 (0.4) 5.6 (0.3) 3.9 (0.5) 5.7 (0.1) 10.0 (0.0)
GM/EnIN € GJ* 37 (16) 62 (20) 58 (20) 82 (28) 54 (16) 42 (13) 53 (4) 77 (0)

For abbreviations see § 5.2.
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Table 5.9. — Average values of variable costs foom in different farms

DAI- DAI- SWI- SWI- RIC- MIX CER- ?cl)lm
INT EXT INT EXT POU RIC field
€ha

Plant protection agents 137 96 68 121 70 61 84 101

Fertilizers 116 117 0 191 313 167 310 163
Fuel

Agronomic operations 40 45 57 43 60 39 77 48

Irrigations 22 27 30 30 8 37 19 26

Product transformation 38 37 87 53 46 55 110 56

Transports 7 1 1 1 2 1 3 2

Lubricants 28 29 30 26 23 28 34 28

Seeds 142 151 119 168 173 160 150 153

Total variable costs 530 503 391 635 695 547 786 577

Table 5.10— Average values of indicators calculated for cornni different

farms

DAI- DAI- SWI- SWI- RIC- MIX CER-
FARM INT EXT INT EXT POU RIC
Yield of
harveste Mg DM ha™
product® 16.8 13.3 9.5 10.9 8.7 7.4 117
VC € ha' 530 503 391 635 695 547 786
Gl € hat 1,706 1,314 1,578 1,777 1,400 1,177 1,598
GM € hat 1,276 811 1,187 1,142 705 630 812
EE — 32 28 4.2 2.8 2.0 2.2 2.0
NS kg N ha' 61 111 223 250 240 88 84
PS kg ROs hat -28 49 252 74 301 -25 14
KS kg KO ha' 98 124 173 220 288 -51 23
EnIN GJ ha' 23.0 229 273 308 284 26.0 34.0
EnOUT GJhd 305.0 252.0 181.2 205.5 164.7 141.5 223.4
EnG GJhd 282.0 229.1 1539 174.7 136.3 115.5 1894
EnE — 13.3 114 6.7 6.9 5.8 54 6.6

& grain or entire plant for silage;
For abbreviations see § 5.2.

152



Chapter 5

(no inorganic fertilizers, minimum tillage and lowBPA application),
still obtaining a good GM and EE (4.2). The CER-Ri@&m has
obtained a good Gl but the high VC due to fertifizéall nutrients are
bought, with an average cost of 310 €'hand to the high amount of
fuel consumed in the operations (average 20979 has reduced the
GM.

The NS is high in corn (average 159 kg N'halable 5.8a),
especially in SWI farms: in SWI-EXT fertilizer ajqdtion is not
reduced when manure is applied, and this produd¢eghaNS, while in
SWI-INT the farmer applies only slurry at the maxim N rate (340 kg
N ha?’) allowed by the official manure nitrogen utilizai plan
(Regione Lombardia, 2006). Probably high ammonidatiization
occurs during manure spreading (no systems to ecdolatilization are
applied), therefore a high manure amount is necgs$saover the crop
requirements. The RIC-POU farmer concentrates an afi manure
produced on farm (on average 158, 285, and 164KkgphN, P.Os and
K0, respectively), in order to avoid over fertilizat in rice (sensible
diseases caused by over-fertilization). In addjtimineral fertilizer is
applied to corn and consequently the N input iy vegh compared to
the crop uptake. Nutrient balances in corn are llysn@ore correct in
farms where manures are not applied (CER-RIC) ar dmounts are
used (MIX, DAIs).

In general, the P fertilization is more correctwr PS), with the
exception of SWI-INT and RIC-POU. Also KS is infmed by manure
application: it is high where an elevated dose ahuare is applied
(DAIs, SWI, and RIC-POU). In these cases a redactib K mineral
fertilization should be possible, with the exceptiof SWI-INT that
does not use mineral fertilizers. Differently teetN and P excess that
have direct environmental impact (N leaching, watatrophication),
the K excess does not create direct environmentghct, but high
surpluses are a waste of money and energy necdesding production,
transport and application of K mineral fertilizdn MIX, a nutrient
management plan is used, and when previous crape leigh P and K
surpluses (residual soil fertility that is not inded in the soil surface
nutrient balance), the corn fertilization is reddicproviding a negative
PS and KS.
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The EnIN is usually high in corn (from 15.6 to 5G8 ha', average
27.3 GJ hd; Table 5.8a), with large differences among farfiable
5.10). Low values were found in DAI farms, due watively low
energy embedded in nutrients (10.6 GJ;hdata not shown) and low
diesel consumption (the ensilage operation requiess energy
compared to drying). High EnINs were found in SWKIE RIC-POU
and CER-RIC, where high nutrient amounts are agli¢.1, 15.2, and
14.6 GJ hd, in SWI-EXT, RIC-POU, and CER-RIC, respectivelgihd
high quantity of fuel is consumed (12 GJ'hin CER-RIC). The diesel
consumed for agronomic operations, irrigations, irdry milling,
silaging, and transport represents on average 28k dnIN, while the
energy embedded in fertilizers is the 51% (42%Nofertilizers). The
other energy consumptions are represented by ¢&2es), machinery
(6%), lubricants (2%), and PPAs (2%).

The ENG is high in DAI farms (more DM is exportedrh fields, as
silage is the preferred destination) and is lowMIX where the low
yield has reduced the EnOUT. The EnE is on avegagd: about 6.8 in
grain production and 14.6 in silage productiongdait shown).

A large variability of LI and EEP was obtained iore (Table 5.8a),
depending on the a.i. used, but no clear relatiith farm management
was found. The 10 indicators used to describe PRAagement do not
highlight marked differences among farms (Tablel1}.1lprobably
because the PPA management is similar in all famsstally only
herbicides are used (1 or 2 applications, from Bta.i.), while the
insecticides are rarely used (only 6 fields in SBT were treated with
insecticides in 2006). Seed dressing is normalplia@, but in the 21%
of the fields, untreated seeds were used.

Part of the variability is due to the fact that whiarmers choose
PPA they do not consider the toxicity of a.i., amdnany cases they test
different products among fields. Hence the indicaimalculated in two
fields in the same farm provide opposite evaluataepending on the
a.i. property. Usually the average Lls are lowdstngle a.i. could have
a heavy potential effect on non-target organismeyigding LI higher
than the average.

The insecticides have strong effects on Llc and WwHile herbicides
impact on Lla. The fumigants increase the Llc, sally are not used
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Table 5.11.— Average values of PPA indicators calculated for ¢a in
different farms

DAI- DAI- SWI- SWI- RIC- MIX CER-
Units INT EXT INT EXT POU RIC

Lla  TOX unit ha' 219 211 93 38 45 185 66
Lic  TOX unit ha 0.7 03 04 03 28 09 110
Lle  TOX unit ha 68 64 64 56 75 5.1 40.2
LIf  TOX unit ha™ 09 0.6 0.6 2.1 6.4 11 48
Llbe TOX unit ha' 00 04 00 O1 58 00 82
Lir  TOX unit ha™ 13 12 14 14 20 1.0 1.7
Llb  TOX unit ha® 14 13 11 14 35 11 76

EEPa kg a.i. Pa hd 34 12 15 40 49 44 37
EEPs kg a.i. had 61.5 56.7 445 409 565 452 62.1
EEPw kg a.i. ha'd 04 03 03 04 04 01 03

For the abbreviations see § 5.2.

(only 2 fields received a soil fumigant applicajiofihe seed dressing
has a small effect on LI, due to the low A.R. Nodicides were used.

The main potential effect of PPAs used in cornrisatgae (Lla =
122; Table 5.8a) however, it should be consideted in these flat
fields present in all the farms, the run-off isuedd, and probably small
amounts of a.i. may reach rivers or lakes; readgrbb real pollution is
lower than the potential risk described by thecatbr.

The potential pressure on air is low, because thgimum vapor
pressure in PPA used in corn is 6 mPa, with a spmeding EEPa of 5
10° kg a.i. Pa ha for the single a.i. applied in a treatment. The
maximum EEPa for a single crop is 6.6°1Ky a.i. Pa ha. The DTgsoi
is high only for products used for seed dressifrgen( 15 to 191 d), but
the low A.R. reduces the EEPs of this type of pobsluThe Do for
the other a.i.s is low (from 2 to 45 d), but thghhiA.R. produces a
noticeable EEPs (56 kg a.i. had, for a single a.i. applied in a
treatment). The K has a high variability among a.i. (from 13 to over
10° kg a.i. ha' d), and the EEPw ranges from 0 to 0.9.

These simple indicators were used to provide chodisators. The
NE (Table 5.12) is high in DAI farms where a higielgt (silage) is
linked to a correct N application. In SWI, NE isMd@ecause a large part
of N applied with slurry is probably volatilizedna it is necessary to
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apply large amounts of manure (SWI-INT) or to adicheral N (SWiI-
EXT). The two averages of NE are not significartifferent (t test p=
0.43) in these two farms: this means that NE iringecarn production in
SWI farms is the same independently from manureplied. In RIC-
POU the N applied with manure is high and less aniagolatilization
occurs for poultry manure (Sommer and Hutching®12@ompared to
swine manure, however, this higher N availabilgyhbt well accounted
in the nutrient management plan and an additioriakral fertilization
is applied by farmer. The PE is bad for SWI-INTtthae only manure
that have and excess ofd2 compared to N (Table 5.12). Also in RIC-
POU the poultry manure contains an excess,@ Rnd KO; even so
an extra useless mineral P and K fertilizationgpli@d (about 70 — 80
kg P.Os ha'; 160 — 180 kg KO ha?). The use of manure produces high
values of nutrient waste indicators (NW, PW, and @gpecially when
nutrients are applied with manure at high rates I&Sad RIC-POU).

The good economic performance of corn contrastsh wit
environmental quality, and the good GM does not pemsate the
nutrient surpluses produced. On average in cortigje GM is related
to high nutrient surpluses: for each 1,000 € of Giv corresponding
surpluses are on average 194, 111, 168 k§ ¢faN, P.Os and KO,
respectively (NW/GM; PW/GM; KW/GM; Table 5.8b). THEAI-INT is
the farm that produces the lowest nutrient surpdes euro gained
(Table 5.12).

Also EnG is not enough to compensate the envirotehpressure of
nutrient surplus (high value of NW/EnG, PW/EnG, KBNRG; Table
5.8b). Only DAI farms and CER-RIC obtain low valwé these
indicators (Table 5.12). All these cross indicataisted with nutrient
balances provide generally a non good judgment: hiigé nutrient
surpluses generally are not compensated by yield, &d EnG,
compared to other crops (Table 5.8b). The mainlprohusually arises
from the use of high amount of manure: in ordedigpose the manure
produced in the farm, SWI-INT and RIC-POU apply thiguantity of
manure on corn, but the nitrogen applied is grethizn N available for
crop because part of N is lost during manure sptaadammonia
volatilization and nitrate leaching, and this irases the NW. For SWIs
and RIC-POU it is not possible to convert the grpinduction into
silage production (obtaining probably better inticavalues as in DAI
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farms), but the application of systems that reduaemonia
volatilization (for SWI farms) and the reduction mineral fertilization
(SWI-INT and RIC-PQOU) are suggested.

The cross indicators VC/EnG, GM/EnG, and GM/Enlidalie the
relation among economic and energy management € Tal@b). An
investment of about 3.5 € (VC/EnG) is necessary dach GJ' of
energy gained, obtaining about 5.4 € of GM (GM/EnG)e economic
surplus for each energy unit invested is on averdge € GJ
(GM/EnIN). Farms with significant livestock (DAlsnd SWIs) obtain
the best performance in the indicators that desdhib relation between
economic and energy management: DAI farms haveindatahe best
performance in the conversion of economic input Y\i@o energy

Table 5.12.— Average values of cross indicators calculated farorn in different
farms

DAI- DAI- SWI- SWI- RIC- CER-
FARM = I\NT ExT INT EXT Pou MX Ric
NUTRIENT EFFICIENCY
NE kg DM kg* N 52 48 21 23 19 29 32
PE kg DM kg* P,Os i 166 100 25 123 21 234 72
KE kg DM kg™ K,On 42 40 21 22 16 29 36
NUTRIENT WASTE
NW kg Nsurpius kg™ DM 37 7.4 305 229 296 128 7.3
PW kg' P.Ossupuskg* DM~ -1.9 3.8 32.0 6.4 37.0 -25 1.2
KW kg™ K2Osupiuskg™ DM 7.3 87 251 202 359 -66 23
NW/GM kg Nsyrpus K€ 57 130 329 222 438 173 101
PW/GM kg ROssurpusk€™ -23 76 331 58 537 -11 29
KW/IGM kg KoOsurpusk€™ 91 164 279 194 528 -87 31
NW/ENG kg Nurpius GI* 0.21 0.45 2.06 1.47 1.93 0.86 0.47
PW/ENG kg BOssurpusGJ™ -0.12 0.23 2.13 0.44 2.40 -0.13 0.07
KW/ENG kg KeOsyrpis GI™ 0.44 054 171 1.30 2.33 -0.42 0.14
ECONOMY AND ENERGY
VC/IEnG €GJT 21 23 31 37 54 50 42
GM/EnG €G3 45 36 73 65 51 54 4.4
GM/EnIN € GJ* 51 36 44 38 25 24 24

For abbreviations see § 5.2.
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output (average VC/EnG equal to 2.1 and 2.3 €,@dr DAI-INT and
DAI-EXT, respectively; Table 5.12). The best GM/En&e obtained in
SWI farms (average GM/EnG equal to 7.3 and 6.5 %, &I SWI-INT
and SWI-EXT, respectively; Table 5.12). The bestvawsion of energy
inputs into economic gain (GM/EnIN) is obtainediimensive farms
(average GM/EnIN equal to 51 and 44 €'Gd DAI-INT and SWI-
INT, respectively; Table 5.12).

55.1.2. Rice

Rice cultivation is concentrated in the South Wasta of the PASM,
where the rice cropping systems are a traditionlyQwo farms
monitored cultivate rice (RIC-POU and CER-RIC; Teal8.1). The
cropping systems are similar: no manure applicateamrect mineral
fertilizer application, flooding irrigation systermtensive use of PPAs
(herbicides in springtime and fungicides in summ8gwing was from
half April to end of May (in RIC-POU a false seeédbpreparation is
done in some fields in order to reduce weed pressspecially red rice
(Oryza satival..). The amount of seeds used is variable depgnain
the variety and farmer management (from 165 to l@ha"); all rice
seeds used in CER-RIC are treated with seed dggssinle in RIC-
POU only in 27 fields, seed dressing was used.aMagage grain yield
is similar in the two farms (5.3 and 5.9 Mg DM hin RIC-POU and
CER-RIC, respectively, harvested from the end gft&aber to the end
of October). The CER-RIC farmer has dedicated fids to the
production of seed instead of the normal human.foothese fields the
yield is lower but the price of product is highdéan what normally
obtained.

The VCs are high (average 686 €'hdable 5.8a; 705 and 618 €
ha' in RIC-POU, and CER-RIC, respectively; data naive), with a
maximum of 878 € hain RIC-POU, and a minimum of 517 € tan
CER-RIC.

The PPAs represent on average 44% of VC, theizentd 28%, fuel
and lubricants 16%, while the seeds are 12%. Cozdpar other crops,
rice has the highest Gl and GM (Table 5.8a), witbtrage GM of 1,284
€ ha’ and 1,717 € hain RIC-POU, and CER-RIC, respectively (data
not shown). The average EE is similar to corn (Bable 5.8a), with big
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difference between RIC-POU, and CER-RIC (2.9 a®d i&spectively;
data not shown).

The nutrient balances are close to zero (no maranesised), with
moderated NS (average 73 kg N'haable 5.8a), a very good PS in
CER-RIC (2 kg BOs ha™; data not shown), and a small deficit in POU-
RIC (-16 kg ROs ha; data not shown). The KS is high in CER-RIC
(average 114 kg O ha®; data not shown), but K fertilization could be
high in soil with poor K content.

The average EnIN is lower than in corn (22.7 GJ;Heable 5.8a),
due to smaller application of nutrients (6.6 GJ:hdata not shown).
The energy required for nutrients represents then mamponent of
EnIN (29%; 27% for N fertilizers), while the enerfpr seeds and diesel
consumed are 27% and 23%, respectively. PPAs enesrgglevant
(11%). The other energy consumptions are repregdmntemachinery
(5%) and lubricants (1%).

The EnOUT is moderate in rice (average: 138.2 GY Mable 5.8a);
in particular, it is lower in CER-RIC (108.1 GJ hahan in RIC-POU
(146.5 GJ hd; data not shown), because in RIC-POU, straw prediuc
is exported from field in 60% of cases. The EnG &mdE are low for
grain production (average 83.1 GJ'hand 4.7, respectively; data not
shown), but are increased when straw is exportech fiield (average
152.0 GJ hd and 7.8, respectively; max EnG in RIC-POU: 196.B G
ha™; data not shown).

The potential PPA impact is relevant compared btewotrops: high
Lla and LIf are found, while Lle and Llbe are comgdae to what
obtained for corn (Table 5.8a). The EEP indicatoighlight a high
potential risk for soil (average EEPs equal to k8la.i. ha' d; Table
5.8a). No marked differences are found betweenviloefarms for PPA
management.

The nutrient efficiency is comparable with valudgained in corn:
the average NE (34 kg DM KgNy; Tab 5.8b) is similar to average NE
in corn, while PE and KE are lower than averageieah corn. The
nutrient waste indicators are low, because nutftiafnces are close to
zero, due to the high attention of farmer in the asmineral fertilizers,
avoiding the manure application for this sensiblepc The nutrient
waste - economic gain indicators (NW/GM, PW/GM, akd&//GM;
Table 5.8b) provide very good values. On the ottaard, the nutrient
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waste - energy gain indicators (NW/EnG, PW/EnG, &W/EnG;

Table 5.8b) provide values comparable to corn \&altlee low nutrient
surplus is related to low yield, and correspondiBgG. Some
differences arise when straw is exported from fieWWW/EnG and
KW/ENG are 0.5 kg Nypius GJ™* and 0.2 kg KOsurpius GJ ™, respectively,
when straw is exported, and 1.Quisand GJ', 1.4 kg KOsurpius G

when only grain is exported from field (data nodwh). Both VC/EnG,
and GM/EnG are high, especially when straw is ranvésted. High
average values of GM/Enl are obtained in the twaagaments.

5.5.1.3. Winter cereals

The management of winter wheat and barley is sinmlghe four farms
where these two crops are cultivated (Table 5.ayvigg is in October
or November, depending on pedoclimatic conditioflse amount of
seeds used are on average 220 and 180 Kgfdrawinter wheat and
barley, respectively; all winter wheat seeds amatéd with seed
dressing, while only in 2 fields seed dressing sedufor barley. The
yield is on average 5.2 and 5.0 Mg DM hir winter wheat and barley,
respectively (harvested at the end of June or Ig)JoThe straw is
harvested in all fields. Fertilization is extremeghriable: there are cases
where the crop is not fertilized (2 fields with legrin MIX) to use the
soil fertility left from previous crop is sufficieérfor barley, and crops
that receive autumn (manure or mineral fertilizéefore plowing)
and/or spring fertilization (mineral nitrogen féiation) depending on
the crop necessity. The use of PPAs is low comptarezbrn and rice
(on a total of 5 field with winter wheat in CER-RI8 were treated with
insecticide and fungicide in spring, in DAI farmsth winter wheat and
barley were treated with herbicides, and in MIX t@nwheat and two
fields with barley were treated with herbicide).

The VCs are low, especially in barley (180 €'h@able 5.8a); VCs
are strongly influenced by fertilizer costs (fromtd 142 € ha), that
represent 35% and 19% of VC in winter wheat andkelparespectively,
while the seeds cost is 31% and 43%. There are asb Iparvest
transformations of the products, and the fuel,itibrts and PPA costs
are about the 20%, 6%, and 10%, respectively féhn boops (data not
shown). The Gl is on average low (1,181 and 1,108t for winter
wheat and barley, respectively; Table 5.8a), btisfsatory GMs are
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obtained (average 882 and 927 €'har winter wheat and barley,
respectively; Table 5.8a), with excellent maxim@&76 and 1,068 € ha
(data not shown). The EE is high (4.1 and 6.7,vorter wheat and
barley, respectively; Table 5.8a) especially indyathat has lower VC.

The NS and PS are on average low, while KS is &evin winter
wheat (188 kg KO ha™; Table 5.8a), probably in order to obtain strong
steam and leaf, avoiding pest diseases. in somes cagpluses are
elevated (maxima of 173 kg N Ha159 kg ROs ha’, and 315 kg KO
ha', for NS, PS, and KS, respectively; data not shoemyery low
(minima of =73 kg N hd, —88 kg ROs ha™, and —113 kg kO ha*, for
NS, PS, and KS, respectively; data not shown). llystree fertilization
plans for these crops are related to previous a@apduction of nutrient
application is introduced in order to exploit thal siutrient availability
left by previous crop (usually corn).

The winter wheat cultivated in CER-RIC is of a ltemaking
cultivar and it has probably a nutrient concentrathigher than the
average tabbed values. Therefore the crop uptaks prabably
underestimated and corresponding NS and KS overaistd (132 kg N
ha'and 232 kg KO ha’, respectively; data not shown).

The EnIN is low because irrigation and drying ao& mecessary, and
nutrient application is low. The seeds are the mimgtortant energy
input (average 44% of EnIN), the nutrients are 28fhjle fuel,
machinery and lubricants represent the 19%, 2% 686@f EnIN (data
not shown).

The EnOUT (average 156.0 and 164.3 GJ,Har winter wheat and
barley, respectively; Table 5.8a) and correspon@inG (average 139.6
and 152.3 GJ hj for winter wheat and barley, respectively; Tehi@a)
are moderate, but a good EnE is obtained in baipsc(10.1 and 14.5
for winter wheat and barley, respectively; Tabka}.

The potential impact of PPA is low as demonstrétgtbw values of
corresponding indicators (Table 5.8a) with the etiom of the crops
treated with insecticide and fungicide that havbkigh environmental
toxicity.

The nutrient efficiency (NE, PE, and KE) is slighbetter than for
other cereals monitored (corn and rice), due to havient inputs and
the exploitation of the soil fertility left by prawus crop.

161



ENVIRONMENTAL AND ECONOMIC ASSESSMENT

All indicators related to nutrient waste provideodaesults for these
crops, with the exception in winter wheat, wherk cabss indicators
related to KS (KW, KW/GM, and KW/EnG) are high, bese the KO
apparently is often used in excess.

The good relation among economic and energy inglisais well
described by the three cross indicators that hgghblithe low VC
necessary to obtain an energy unit, especially anlelp (average
VC/ENnG: 2.2 and 1.3 € G for winter wheat and barley, respectively:
Table 5.8b), and the corresponding high GM obtaipexdenergy unit,
higher than values obtained for corn (6.3 and 6.GJE, for winter
wheat and barley, respectively; Table 5.8b). The @ithined per EnIN
unit for winter wheat (average GM/EnIN: 58 € &JTable 5.8b) is
comparable to values obtained in rice, while it@sy high in barley (82
€ GJ*; Table 5.8b).

In case of low input systems (reduction of energymf fuel and
fertilizers, water for irrigation, increase of laboost, etc), barley and
winter wheat could be an economic alternative tm @nd rice: despite
the low GI, they have a noticeable GM and are easiecultivate
compared to corn and rice (less agronomic opermtma agrochemical
inputs). In the studied area water irrigation aaility in summer is
lower than optimum crop requirement and in someesdbke farmers
have not water enough. The fact that winter wheat ldarley do not
require irrigation (a time and money and energysocaomng operation)
and the increase of winter wheat price occurre2Did/, could drive the
choices of farmers towards the partial replacero&rice and corn with
winter wheat and barley.

5.5.1.4. Meadows and other fodder crops

The MIX and DAI farms dedicated a large area tod&rdproduction
(Italian ryegrass, triticale, and permanent meadomvsrder to produce
the feed required by cow breeding. The Italian rgeg and triticale are
intercrops: they are sown in October after corn laendested in the first
ten days of May as hay (Italian ryegrass), or enéhd of May as silage
(triticale), with average yields of 5.2 and 9.2 Nd ha™ for Italian
ryegrass and triticale, respectively. For both srapanure was spread
before plowing, and no mineral fertilizer was apgli
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In permanent meadows, the number of cuts per yeges from 3 to
5 (from May to October); in 2006, only 2 harveser&possible in MIX
because the irrigation water was not availableuneJand July. The
average annual yield is 8.5, 5.2, and 13.2 Mg DM maMiIX, DAI-
EXT, and DAI-INT, respectively (data not shown).€eTlow yield in
DAI-EXT is due to low nutrient inputs and to theepence of many
hedge-rows and trees around and inside fieldsglpsgt of the farm is
inside a park of an historical country seat). Haythe most common
product of permanent meadows, but in some casegrss is used
fresh (the earliest and latest cuts in MIX) or Eged (part of the
earliest and latest cut in DAI farms). Solid manuse applied in
autumn/winter (MIX and DAI-INT) and high amountsgtirry are used
in the end of winter (DAI farms). In MIX, mineral Bnd K fertilizers
were used because the manure available was noglenafier each cut,
a low amount of slurry is applied in DAI farms. Tinggations are from
4 to 8 per year, from June to September.

No PPAs are used in fodder crops.

The VCs, GI, and GM for fodder crops are very lokalfle 5.8a).
Diesel and lubricants consumptions represent thereen/C for
permanent meadows, while they represent the 4%64%dof the VC in
triticale and Italian ryegrass, respectively (oth€@s are the seeds). To
evaluate the animal economic performance, the @ @N of Italian
ryegrass and triticale have to be added to theespanding value of
previous/next corn, forming an extremely interggtatouble cropping
system. The true economic performance of foddepscmould need to
be evaluated in conjunction with the income of &mémal breeds: the
data reported here show that. in the studied &e=aultivation of fodder
without a joint livestock is not sustainable froheteconomic point of
view. It is sustainable in marginal areas where 4@ is not very
expensive and productive.

The high uncertainty related to i) the evaluatioh ratrient
concentrations in the manure, ii) the yield estioratand iii) the
variability of flora composition in permanent meado (inducing
different nutrient concentrations) increases thecedainty in the
evaluation of nutrient surpluses. the data presesiggest that nutrient
management in fodder crops is correct, with lovphises (Table 5.8a).
The average NS in DAI-INT is relatively high (10§ K ha*; data not
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shown) due to high manure application, while peremarmeadows in
DAI-EXT and MIX have a KO deficit (average values: —64 and —62 kg
K20 ha’, respectively; data not shown).

Like VC, EnIN is low, while the EnOUT in permaneneadows and
triticale is comparable to EnOUT in rice and barlespectively. The
EnG is good in triticale with average value oved Ga) ha'.

The nutrient efficiency of permanent meadows is I@® kg DM
kg™ Nin, 39 kg DM kg* P,Os v, and 15 kg DM kgt K,Op for NE, PE,
and KE, respectively) compared to other crops. Tiuss indicators
related to nutrient surpluses highlight the goodnpmmise among
nutrient waste and production (yield, GM, and EnG).

In fodder crops the VC per energy unit gained vgdothan all other
crops (Table 5.8a), and the GM/EnG in permanentdosa and Italian
ryegrass is similar to value obtained in corn.

5.5.1.5. Soybean

Soybean was cultivated only in CER-RIC in order bheak the
continuous crop of rice, reducing weed pressungeaally the red rice
infestation, controlled with difficulty by PPA. Theowing is in the end
of April (85 kg ha®; data not shown), and the harvest around thedfalf
October (average vyield: 4.2 Mg DM Hadata not shown). Three
herbicide treatments were applied: the first dursogving, the second
one month later, and the last in the end of Magiryle irrigation (first
ten days of July) was necessary, and no fertilimenre applied.

VCs are low (339 € hj Table 5.8a), mainly de to PPAs (50% of
VC; data not shown). Other costs are representedasgline (30%),
seeds (13%), and lubricants (8%). Soybean is nanauically
profitable if the effect of this crop on the nextriot considered: the GM
is low compared to corresponding value of rice (8981"; Table 5.8a),
but the cultivation of soybean reduces the seedk hianthe soil,
increasing the yield for the subsequent rice.

The necessary N is provided by biological fixatiand the P and K
requirements are covered by the exploitation df reairients left in the
soil by previous crops, hence the PS and KS arativeg

The EnIN and EnOUT for this crop are very low (1G58 ha'; Table
5.8a), because no fertilizers are required. 50%rdN is due to diesel,
while seeds represent 29% of EnIN. Other energutmpre related to
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machinery (12%), lubricants (4%) and PPA (4%; daihshown). The
EnOUT is low (100.9 GJ hi Table 5.8a), even if soybean grain has the
highest energy content (23.9 MJ kg DMTable 5.5).

The LiIs are generally lower than corresponding eslobtained in
corn and rice. Only for LIf, soybean has values parable to rice (8.5;
Table 5.8a), and for LIr comparable to corn (1.&bl€ 5.8a). The EEPs
values obtained for soybean are higher than carreipg values
obtained in corn and rice.

The nutrient efficiency indicators are usually hégh than
corresponding values obtained for other crops, Umeaonly the
nutrients provided by previous crop residues weseduas nutrient
inputs (the N biological fixation and nutrient left the soil from the
previous crop are not included in nutrient inputs).

The average VC/EnG (3.8 € GJTable 5.8b) is similar to average
value obtained for corn, but the GM/EnG (10.0 €'GUable 5.8b) is
higher than corresponding average value obtainezbin, even if it is
lower then average value in rice.

The distribution of indicators grouped by crop tyjgeshows in
Appendix a.

5.5.2. Field level

In the monitored fields, six types of crop combioas are identified:
corn and other crops (barley, winter wheat, Italigiegrass, and
triticale; COf), continuous corn (Cf), rice and ethcrops (soybean or
winter wheat; ROf), continuous rice (Rf), permanarmadows (PMf),
and winter cereal (barley and wheat; CEf).

The aggregation of indicators at field level hasially produced
smoothed values in mixed combination of crop (C@hd ROf)
compared to corresponding values obtained for siogip (Table 5.13a,
5.13b).

As compared with corresponding values obtained iy tBe
alternation of corn with other winter crops (COfshreduced the GM
(840 € ha' yr'™; Table 5.13a), but also the nutrient surpluses, (RS,
KS), maintaining similar nutrient efficiency (NEEPKE). Therefore
the values of nutrient waste indicators are lowerCiOf than in Cf
(Table 5.13b). Also the EnGs were reduced (avetd@s GJ ha yr™;
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Table 5.13a), maintaining similar EEs and EnEs. FRA potential risk
indicators are similar in COf and Cf. The nutrigraste indicators show
lower value in COf than corresponding values inwtijle the relations
among economic and energy indicators are similar.

The CS is higher in COf than in Cf, due to the prnee of different
crops with different pathogens, pests and weedshwie contained by
the introduction of crops with different biologicatycling and
management. The SC is higher in COf (average: @.dBle 5.13a) than
in Cf (average: 0.35), due to i) longer growingssgaof winter wheat
and barley (on average 210 and 199 d, respectidsaig not shown)
compared to corn, and ii) the introduction of inteps (triticale and
Italian ryegrass) between corn cultivated in twarge The balance of
OC in Cf is generally satisfactory (average: 6.@bl€ 5.13b) because
many corns receive high amounts of animal manund, laave high
amounts of straw, usually not harvested. Low valoésOCI are
obtained in fields where low amounts of manuresewaguplied in the
two year monitored (min: 3.6; data not shown). @fCthe OCI is low
(average: 4.8) because winter wheat and barleywstrare always
harvested and low amounts of residues are by sitaga, Italian
ryegrass and triticale, which in these croppingesys are harvested for
silage as whole-plant.

The rotation of rice with soybean and winter wh@0f), has not
reduced to much the average GM of the fields, coatpto Rf (1,270 €
ha'! yr' and 1,360 € ha yr?, for ROf and Rf, respectively; Table
5.13a), but has increased the EE (3.8 and 3.0 fof Bnd Rf,
respectively). The EnGs obtained in ROf are loviiantcorresponding
values in Rf. The potential risk related to the wePPAs is not
significantly reduced, because large amount PPAg weed in soybean
and winter wheat cultivated in these fields.

The nutrient waste and efficiency indicators amailgir in the two
types of crops combination (Table 5.13b). The Cldker in ROf than
in Rf (4.1 and 1, respectively; Table 5.13b). Teguences monitored in
2004 — 2007 were rice-rice-soybean-rice (CS=2.7)0 aorn-winter
wheat-rice-soybean (CS=6.9). The introduction o¢ snybean crop in
the sequence was not sufficient to compensatethadore for rice-rice
combination. The SC is very low in Rf due to thershiological cycle
of rice (on average the soil is covered by the dap122 d), and
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relatively high in ROf, due to the longer cyclesafybean (153 d) and
winter wheat (204 d). The lack of manure appligaiothe exportation
of straw (winter wheat and part of rice) and the laroduction of crop
residues (soybean) have reduced the soil OC inpetse low values of
OCI in both crop sequences were found (average €gGél to 4.3 and
2.1 in Rf and ROf, respectively; Table 5.13b).

The CEf have on average low values for the econdndizators
(Table 5.13a) and high nutrient efficiencies (Tabld3b), but the
negative nutrient surpluses, which involve in a swineral nutrients
depletion, produce negative values for the nutrieaste indicators.
Energy indicators are low, with a poor EnG (116.Y l&* yr'*; Table
5.13a), but the GMs obtained per EnG unit are Hhigkteen
corresponding values obtained in Cf (average GM/EqGal tot 6.5 €
ha' yr™ Table 5.13b). The low PPAs applications in CEfvéha
provided low values of LI and EEP indicators. Th® iS low because
from the agronomic point of view, winter wheat arshrley
combinations are not recommended, due to similafogical cycle,
nutrient requirement, weeds, and diseases. ThesSflevated, and it
covers the most sensible period for the risk abgien leaching (autumn
and winter). The OCI is very low, because manuresnat applied or
are applied at low amounts, straw is always exgdoréand low crop
residue productions are estimated based on lowsyiel

More details on variability of indicators calculdtat field level are
shown in Appendix b.

5.5.3. Farm level

The average weighted value for indicators calcdlateeach field are
shown in Tables 5.14a, b, c.

The DAI-EXT and MIX have poor GM (515 and 791 € hw™,
respectively; Table 5.14a), while the other farrbsamed similar GM
(from 1,147 to 1,264 € hhyr?Y), despite the VC are very different
(average farm VC range from 407 to 704 €'ha™ in DAI-INT and
RIC-POU, respectively; Table 5.14a). Hence higleememic inputs do
not correspond to high economic gains.
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Table 5.13a— Average and standard deviation of indicators caldated for each field

Unit — Ccof — —Cf— — ROf — — Rf— —PMf  — CEf—
n. fields monitored 21 50 3 24 2

ECONOMIC INDICATORS
vC €hatyr? 445 (118) 583 (109) 466 (34) 692 (45) 145 (17) 188 (98)
Gl €hatyr? 1,284 (385) 1,648(210) 1,736 (383) 2,052 (389) 876 (400) 951 (574)
GM €ha'yr? 840 (303) 1,065(234) 1,270 (414) 1,360 (389) 731 (384) 763 (476)
EE - 2.9 (0.6) 2.9 (0.7) 3.8 (1.1) 3.0 (0.6) 5.8 (2.0) 4.9 (0.5)
NUTRIENT INDICATORS
NS kg N hat yr? 75 (37) 179 (95) 55 (9) 75 (34) 23 (57) -18 (26)
PS kg BOs ha yr™* 7 (40) 96 (122) 34 (7) —-12 (13) 17 (27) —28 (51)
KS kg K:O ha'yr* 68 (84) 178 (87) 33 (6) 65 (54) —48 (34) —-63 (25)
ENERGY INDICATORS
EnIN GJha' yr* 221 (6.0) 27.8(3.9) 18.9(2.3) 226 (2.5) 13.1(4.9) 10.7 (7.2)
EnOUT GJhdyr? 195.6 (98.2) 226.6 (65.5) 116.0 (30.5) 140.2 (40.3)  139.3(63.5) 127.4 (77.7)
EnG GJha yr* 173.5 (93.3) 198.8 (67.5) 97.1 (28.1) 117.5 (40.1) 126.2(58.9) 116.7 (70.6)
EnE - 8.5 (2.4) 8.5 (3.4) 6.1 (0.8) 6.3 (1.8) 10.6 (2.5) 12.2(0.9)
PPA INDICATORS
Lla TOX unit hayr? 106.5 (63.3) 108.1 (80.9) 144.5 (16.6) 259.3 (135.1) - 0.3 (0.4)
Lic TOX unitha*yr* 153 (37.5) 1.2 (4.2) 4.1 (0.7) 6.2 (2.5) - 0.0 (0.0)
Liet TOX unithalyr™ 7.7 (16.7) 8.0 (10.9) 11.0 (6.8) 10.8 (3.5) - 1.1 (1.6)
LIf TOX unitha'yr* 2.3 (4.3) 2.1 (4.2) 7.6 (2.1) 8.3 (4.3) - 0.0 (0.0)
Libe TOXunitha'yr* 1.1 (3.1) 1.2 (2.5) 0.7 (0.6) 0.4 (0.6) - 0.0 (0.0)
Lir? TOX unitha’yr®* 0.8 (0.5) 1.4 (0.4) 3.6 (1.3) 8.5 (4.1) - 0.5 (0.7)
Lib* TOX unithatyr* 1.5 (3.1) 1.9 (2.1) 14.2(8.3) 33.3(20.1) - 1.2 (1.8)
EEPa kga.i Pahayr® 2.3 (0.5) 3.2 (1.4) 3.4 (2.0 2.9 (2.3) - 0.3 (0.4)
EEPs kg a.i. Hadyr®  40.6 (24.6) 50.4 (10.8) 132.3 (24.7) 131.1 (26.2) - 2.0 (2.8)
EEPw kgai hddyr® 0.22 (0.22) 0.36 (0.1) 0.37 (0.14) 0.19 (0.11) - 0.05 (0.06)

! value multiplied by 19
For abbreviations see § 5.2.



Table 5.13b.— Average and standard deviation of cross and soil amagement indicators calculated for each field

Unit — COf — —Cf— — ROf — — Rf— — PMf  — CEf—
NUTRIENT EFFICIENCY
NE kg DM kg™* Ni 34 (10) 30 (15) 41 (5) 33 (7) 19 (2) 73 (47)
PE kg DM kg* P,Os 1y 101 (51) 76 (59) 89 (14) 95 (21) 39 (6) 252 (271)
KE kg DM kg™ KO 30 (16) 27 (12) 22 (8) 22 (5) 15 (1) 81 (114)
NUTRIENT WASTE
NW kg Nsurpius kg™ DM 7 (3) 17 (11) 10 (5) 11 (8) 1 (5 -5 (6)
PW kg BOssurpuskg™ DM 0 (5 10 (14) -6 (3) -1(2) 2 (3 -2 (6)
KW kg K2Osupiuskg ™ DM 4 (13) 17 (11) 6 (3) 11 (11) -8 (6) -10 (2)
NW/GM kg Nayrpius KE™ 91 (39) 186 (140) 48 (20) 62 (40) 11 (53) —43 (60)
PW/GM  KgP,Ossumpiusk€™ 5 (56) 113 (181)  —30 (13) -8 (11) 24 (33) —20 (54)
KW/GM kg KoOsyrpiusk€™ 50 (166) 189 (156) 28 (12) 55 (54) —96 (68) -90 (23)
NW/ENG kg Nsyrpius GI* 0.46 (0.20) 1.07 (0.74) 0.61 (0.24) 0.77 (0.62) 0.07 (0.31) —0.27 (0.38)
PW/ENG kg ROssurpiusGJI™ 0.01 (0.30) 0.66 (0.90) —0.38 (0.16) —0.08 (0.16) 0.14 (0.18) —0.13 (0.35)
KW/ENG Kg KoOsyrpiusGJ™ 0.26 (0.84) 1.07 (0.72) 0.36 (0.14) 0.79 (0.86) —0.53 (0.37) —0.58 (0.14)
ECONOMY AND ENERGY
VC/EnG €GJ 3.0 (1.0 3.2 (1.2) 5.1 (1.6) 6.6 (2.3) 1.3 (0.4) 1.7 (0.2)
GM/EnG € GJ* 5.1 (0.9) 5.7 (1.5) 13.0(0.5) 12.5(4.5) 5.6 (0.3) 6.5 (0.1)
GMI/EnIN € GJ* 38 (10) 39 (11) 66 (13) 60 (15) 54 (16) 73 (4)
SOIL MANAGEMENT
cSs 1-10 4.6(1.2) 2.0 (0.6) 4.1 (2.4) 1.0 (0.2)  10.0 (0.0) 3.5 (3.1)
scC 0-1 0.48(0.14) 0.35 (0.04) 0.41 (0.04) 0.33 (0.03) 1.00 (0.00) 0.45 (0.25)
ocCl 1-10 4.8(2.8) 6.7 (1.7) 2.1 (0.4) 4.3 (1.8)  10.0 (0.0) 1.4 (0.4)

For abbreviations see § 5.2.



Table 5.14a. — Average values (and ranking) of economic, nutrientreergy and plant protection agents indicators

calculated for each farm

FARM DAI-INT DAI-EXT SWILINT SWI-EXT  RIC-POU MIX CER-RIC
ECONOMIC INDICATORS
VC €hatyr? 407 () 214 (1) 427 (IV) 634 (VI)  704(VIl) 343 () 614 (V)
Gl €hatyr? 1,671(1V)  729(VIl) 1,621 (V) 1,781 (1) 1,925 (I) 1,134(VI) 1,860 (Il)
GM €hatyr? 1,264 (1)  515(VI) 1,194 (IV) 1,147 (V) 1,221 () 791 (VI) 1,246 (II)
EE - 5.1 (1) 3.8 () 3.8 () 2.8 (VI) 27(VIl)  35(V)  3.1(V)
NUTRIENT INDICATORS
NS kg N hat yr? 74 (IlN) 23 () 218 (VI) 254 (V) 91 (V) 49 (I) 88 (IV)
PS kg ROs hat yr? -9 () 23 (IV) 250 (VII) 78 (VI) 25 (V) -4 () 2 (I
KS kg KO ha' yr™* 47 () =20 (1) 169 (VI) 223 (VI 79 (IV) 57 () 81 (V)
ENERGY INDICATORS
EnIN GJhatyr? 22.9(1) 131 (1) 279 (V) 31L.0(VI) 23.0(V) 17.8(1) 26.6 (V)
EnOUT GJhdyr? 294.4 () 123.6(VIl) 186.3 (Ill) 206.1 (1) 150.1 (VI) 152.8(V) 156.6(IV)
EnG GJ ha yr? 271.4 (I) 110.5(VI) 1585 () 175.1 () 127.1 (VI) 134.9(lV) 130.1 (V)
EnE — 12.7 (I) 9.0y 6.7 (V) 6.7 (IV) 6.6 (V) 9.0 (Il) 5.8(VII)
PPA INDICATORS
Lla TOXunithalyr® 132.8(V) 405 () 96.7 (IV) 354 (I) 237.6(VIl) 78.4(ll) 146.5(VI)
Lic TOX unit ha* yr™* 0.4 (V) 0.0 (I) 0.3 (I 0.2 (I 6.0 (VI) 0.4(IV) 26.7(VIl)
Liet TOX unit hatyr™? 4.3 (I 1.2 () 8.2 (V) 5.6 (IV) 95 (V) 22 () 25.0(VIl)
LIf TOX unit ha*yr 0.6 (IN) 0.1 (1) 0.6 (IV) 2.4 (V) 8.1 (Vl) 0.5 () 8.6 (VII)
Libe TOX unit ha' yr™* 0.0(N 01(Vv) 00 01 (V) 0.9 (VI) 0.0 () 2.9(VIl)
Lirt TOX unit hat yr™? 0.9 (I 0.2 (I) 1.8 (V) 1.4 (IV) 8.1(VI) 0.4 (I 4.0 (VI)
Lib* TOX unithatyr™ 11311y 03 () 1.4 (V) 1.4 (IV) 305 (VI) 0.5 () 185 (VI)
EEPa kg ai.Pahayr* 21(0v) 02 () 1.3 (Il 40 (VII) 3.4 (V) 1.9 (1) 25 (V)
EEPs kgaihadyr® 376 () 109 (I) 57.0 (V) 40.3 (IV) 123.2 (VII) 19.1 (I) 101.8 (VI)
EEPwW kg a.i. hd d yrt 03(vV) 01 () 04 (VII) 04 (V) 02 @1 01 () 0.3 (V)

! value multiplied by 18

For abbreviations see § 5.2.



Table 5.14b.— Average values (and ranking) of cross indicatorsaiculated for each farm

FARM DAIINT DAI-EXT  SWIINT SWI-EXT  RIC-POU MIX  CER-RIC
NUTRIENT EFFICIENCY

NE kg DM kg™ Nix 41.2 (I) 247 (V) 212(V) 2L1(VI) 324 () 32.6 () 30.6 (IV)
PE kgDMkG'P.Osw  156.0 (I)  46.9 (V) 25.7(VI) 535 (V) 91.6 () 94.7 () 73.3 (IV)
KE kgDMkgK,On 456 (I)  20.1(VI) 212 (V) 209 (V) 21.9 (IV) 256 () 24.0 (Il
NUTRIENT WASTE

NW kg Nowpuskg?DM 4.6 (1) 1.4 ()  23.0 (V) 235(VI) 11.8(IV) 56 () 12.4 (V)
PW kg RBOssurpuskg > DM 0.6 (1) 34 (V)  26.1(VI)  7.3(V) 29 (V) -0.4 () 0.1 ()
KW kg K:Ouwmpuskg*DM 2.8 (I)  =7.6 (I) 180 (V) 206 (V) 112 (V) 51 () 12.8 (V)
NW/GM kg Neurpius KE™ 57.7 () 246 () 190.1 (V) 224.9(VI) 101.3 (V) 61.0 () 87.4 (IV)
PW/GM kg BOssurpusk€™ -7.8 () 445(V) 2159(VI) 702 (Vl) 52.6 (V) -3.6 (I) 5.6 (Il
KW/GM kg KoOgupiusk€™ 38.1 (I) -82.2 () 148.6 (VI) 197.1(VI) 99.2 (V) 50.7 (Ill) 75.4 (IV)
NW/ENG kg Nurpus GI* 03 () 01 () 1.4 (V)  15(VI) 08 (V) 04 () 09 (V)
PW/ENG  Kg BOssupiusGJ™ 0.0 (I) 0.2 (V) 1.6(VIl) 05 (V) 02 (V) 0.0 () 0.0 (I
KW/ENG  Kg KeOgurpius G 0.2 (I) -05 (I) 1.1 (V) 13 (V) 07 (V) 03 () 0.9 (V)
ECONOMY AND ENERGY

VC/EnG € GJ 15 () 1.9 () 27 (V) 36 (V)  61(VI) 26 () 56 (VI
GM/EnG €G3 51(Vl) 51(VI) 75(l) 65 (V) 102 () 58 (V) 11.7 ()
GM/EnIN € GJ* 56.6 () 40.0 (VI) 429 (V) 37.4(VI) 545 (1) 47.0 (IV) 49.8 (Ill)

For abreviations see § 5.2.



Table 5.14c~ Average values of soil management, landscape, and biodisiy indicators calculated for each farm

DAIFINT  DAI-EXT  SWI-INT  SWI-EXT  RIC-POU MIX CER-RIC
SOIL MANAGEMENT
SCl 1-10 059 (I) 089 () 040 (V) 035 (VI) 032 (VI) 053 () 042 (V)
cs 0-1 44 () 85 () 1.6 (V) 1.8 (V) 12 (Vi) 59 () 2.8 (V)
ocl 1-10 81 (I) 99 () 75 () 51 (IV) 45 (V) 41 (Vi) 44 (V)
LANDSCAPE AND BIODIVERSITY
CD 1-10 62 () 29 (IV) 28 (V) 1.8 (Vi) 26 (V) 71 () 6.9 (I
HR m hat 89 () 142 (1) 88 (IV) 49 (VI) 49 (Vi) 92 () 70 (V)
VI mha® 266 () 190 (VI) 230 (IV) 213 (VI) 217 (V) 267 () 241 (I

For acronyms see § 5.2.
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The presence of fodder and winter cereal cropgym® a decrease
of average nutrient balances calculated at farnelleVhe nutrient
balances are close to zero in DAI-EXT and MIX, wehaire very high in
SWI farms, due to high manure and fertilizer inputs

The low vyield obtained in DAI-EXT (large area wiffermanent
meadows), in RIC-POU and in CER-RIC (large areahwite) have
produced low EnG (Table 5.14a). The PPAs poteritklindicators are
high in farm with rice, while are generally lowtime other farms (Table
5.14a).

The nutrient efficiencies are generally high in BINIT, while are
low in SWI farms (Table 5.14b). The indicators thataluate the
nutrient surpluses per yield, GM and EnG unit, skgned values for
DAI farms, while poor performance in SWI farms. Todtivation of
rice in RIC-PUO and CER-RIC have increased the Gi®Esalues
compared other farms (10.2 and 11.7 €'y, respectively; Table
5.14b).

The average SC is usually low, and the soil is mEd/dy crops less
then 6 month per year, with the exception of DAhia, where the large
area with permanent meadows increases SC. The &@Brécted only in
DAI-EXT, due to large presence of permanent meaddiat is
considered a good “sequence of crop”. Only MIX 6&svalues close to
reference threshold, because rarely the same srapliivated in the
same field in two consecutives years. The OCI igvabthreshold in
farm where large amounts of manures are used (8WIldnd DAI
farms).

The CD is close to threshold in CER-RIC and in MiXhere
numerous crops are cultivated in small fields, @il very low in farms
that cultivate only corn (SWI farms) or rice andrecdRIC-POU). In
DAI-EXT the CD value is low, because despite theps are
cultivated, permanent meadows cover a large pattheflarm in large
fields. The HR is elevated in DAI-EXT where a densstwork of
hedges and rows is present around and inside fietdge in SWI-EXT
and in RIC-POU these ecological structures are aedlu and
concentrated in particular part of the farm. ThedBes not highlight
marked differences in the farms, because the \ilityabf the field
dimensions is low (from 2.4 ha in DAI-INT to 5.0 @ DAI-EXT;
Table 5.1), and usually the field shapes are rutgzlted.
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The variability of indicator values obtained fongle crops/field in
the seven farms is shown in Appendix c.

5.6. Discussion

The seven farms were selected considering the pragfuction systems
in the PASM (Bechini et al. 2005a), but the smalimter of farm
monitored is not completely representative of thED $arms and
corresponding managements present in the studesad alevertheless,
the data obtained and the sustainability evaluatian be used as a
preliminary screening of the agricultural staté¢ha studied area.

The cropping pattern in each farm is oriented by tlecessity of
maximizing the profit, under a specific human, t&chl, and economic
availability.

The DAI-INT farm has on average a good economic and
environmental sustainability, due to a good compsembetween
intensive (corn) and non intensive crops. The DXIFEhas a very poor
economic sustainability, even if the economic vatdecrop products
will increased when used by the livestock compantmA fairly good
balance between economic and environmental subthipas obtained
by SWI farms, but the bad nutrient management eaimiproved. The
farm managements based on rice production haveyageed economic
sustainability, but the high PPA potential risk gabr energy and soil
management provide a non satisfactory environmgatigment. MIX
obtains on average low profit by crops, but theseaind farm tourism
activity compensate the low GM obtained from cropse diversified
managements in this farm produce variable envirortahgudgment,
but generally very good performances are not obthin

The indicator values wusually show an economic e
management for intensive crops (rice and corn)]enthie fodder crops
are not economically sustainable without considgrithe related
livestock that increase the economic value of figloducts. Differently
to the economic point of view, the environmentadtainability related
to nutrients and PPAs management is higher in foddeuction unlike
intensive crops. The energy indicators show goodopmances for
corn, and moderate in barley, wheat and triticale.
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The difficult quantification of nutrients appliedittv manures is a
common characteristic of livestock farms. Extenservices could help
farmers in the preparation of fertilization plaaducing the surplus that
usually occurs in these farms, improving the emumental quality.

A more correct use of manure is obtainable redutirgammonia
volatilization (ploughing in manure application, nol spreading,
injection), and monitoring the real amount of nerts applied with
manures by the use of tools that evaluate themtalent concentration
in each manure application (i.e. near infra redAegari et al., 2006).

On the other hand, the intense use of manuresdeaa fields a
satisfactory level of OC inputs, necessary to na@ingjood soil quality.
When manure is not applied, the SOC decreasesgcireduhe soil
fertility. The Hénin-Depuis model used in OCI isdfequate to predict
the change in SOC, but it is a good tool for ragkamopping systems
from the point of view of OC (Boiffin et al., 1986M\ccurate harvest
index, shoot:root ratio values, and the quantificabf source of carbon
are a valuable step toward an indirect but easyoadedf predicting C
storage and associated production and environmbatafits (Johnson
et al.,, 2006). Unfortunately the coarse -coefficiaiged in the
determination of carbon inputs, especially for tipgantification of
below ground biomass, and specific pedoclimaticddmns provide
indicator values with high uncertainty.

The choice of PPAs applied is made depending oin #dugon and
cost, but farmers do not consider the potentialrenmental pressure of
a.i.. Extension services could be help farmerfiingelection of correct
PPAs, according to specific action, price, and ik effect on
environment.

The same crop type has a specific management ih &alt;
indicators calculated with average management dptaduce a
smoothed judgment, because the average manageasnhot consider
the variability inside farm, in particular the mard/minima values in
different fields, where the environmental pressangl corresponding
potential risk are high. For example, if the averaganure application is
used in NS calculation, considering a uniform aggilon of manures in
all crops, it is more difficult to highlight the tsation where the
potential risk is high, because high NSs are maskethe low values
obtained in other fields. Therefore it is battertasd from farmers
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detailed data at field level instead of an averagkie for the entire
farm, because the field is the most relevant léwethe decision that
farmers can to take on cropping systems (Girardai. £2000).

The imposition of specific managements (i.e. limiN applied with
manure; Regione Lombardia, 2006) or the fundinggeheric agro-
environmental measures (Regione Lombardia, 2005puld be
combined with a structured and widespread extenservices. In
general, farmers would benefit from these serviedsch will provide
technical support and knowledge necessary to dhieemanagement
decision making towards a more sustainable agujltwith case-
specific solutions, for example drawing up goodilfeation plan with a
correct application of manures and fertilizers. btorer, the extension
services could monitor the agricultural sectorprding detailed data on
the real farm management, creating a vast datalzasgaining
information continuously updated, which can be usetthe agricultural
assessment. Both farmers and Park (and consequetitlns) would
benefit from these services.

The indicators are inadequate to predict the eeaet of impacts: it
is not possible to know the exact nutrient surgind the environmental
fate, but it is possible to define the systems vifith higher potential
environmental pressure. Indicators are good toolrdmking systems,
and it is not correct use the absolute values dicators for the
sustainability evaluation of the systems. Thes&atdrs can be used by
administrative and technical bodies (e.g. by th&)Pas a first screening
tool, to compare different management and to ifienthe most
hazardous cropping and farming systems.

Furthermore no interactions among indicators aresicered in this
work: every indicator is considered individually,hile a systems
assessment requires an integration of informatioa unique analysis.
Some preliminary integration of indicator and ewilon of trade-offs
were carried out applying Sustainability Functio(@astoldi and
Bechini, 2007, Appendix E) and Sustainability SwointSpace method
(Wiek and Binder, 2005; Castoldi et al., 2007b; Apgix F).
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5.7. Conclusions

In this study, seven farms in the Sud Milano Aditictal Park (Northern
Italy) were monitored in order to evaluate the cro@mnagement
sustainability, applying simple tools (indicatotbat can be used for a
preliminary comparison of economic and environmenggstems
sustainability.

The data were collected by face-to-face interviewvith farmers,
checked and stored in a geographical informatiostesy. A set of
indicators was selected from literature and applee@66 crop x field
combination monitored. The indicators regard thenagement of
economic resources, nutrients, energy, plant piiotecagents, soil,
landscape, and biodiversity, evaluated at diffedemtls (crop, field,
and farm).

The rice and corn have good values in economicatdis, but the
former has high potential impacts on environmerd thuintensive use
of plant protection agents and low energy produstiovhile the latter
has generally high nutrient surpluses. Alternatibeorn with barley or
winter wheat reduces the economic performance, ifcreases the
environmental sustainability, with a more correcteautrient
management.

The intensive dairy farm has a good compromise &éetweconomic
and environmental sustainability, while dairy exiee farm obtained
low values for the economic indicators. The nutrisarpluses are the
main problem highlighted by indicators in swinenfigrmonitored. The
farms with rice obtained high values in the ecormmindicators, and
correct nutrient balances, but the intensive ugdanft protection agents
and the low amounts of carbon left in the soil, rdase the
environmental sustainability of these systems. dillévation of many
crops with low inputs does not provide excellergults both from the
economic and the environment points of view.

In order to improve the agricultural sustainabibiysessment carried
out with indicators, the future researches havédofocused on the
analysis of trade-offs among indicators and on #waluation of
uncertainty related to inputs.
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SOIL SURFACE NITROGEN BALANCE

6.1. Abstract

Agro-ecological indicators (AEIs) allow evaluatisgstainability for a
large number of farms. The SITPAS Information Systieveloped for
the agricultural park "Parco Agricolo Sud Milanohofthern lItaly)
contains detailed farming and cropping systemsrin&tion for 731
farms that can be used for these analyses. Wethise2 TPAS database
to evaluate N management with an AEI and to evaltia suitability of
the SITPAS data model for this type of applicatiomae AEI (soil
surface N balance) was calculated for each crdiielt scale, as the
difference between the sum of N inputs (atmospheepositions,
biological fixation, fertilisers, residues from preus crop) and crop N
uptake; the results were aggregated at rotationfamd levels. The
farming systems with the highest surplus (> 300Nkga™) are dairy,
cattle and pig farms, in which chemical N fertitsare used in addition
to animal manures. The crops with the highest ssr@re Italian
ryegrass and maize (183 and 172 kg N,raspectively), while rice and
wheat have the lowest surplus (87 and 85 kg N)h@he data model
allowed to store and analyse complex information n@nageable
otherwise; its main limitation was the excessivaxifhility, requiring a
complicated procedure for the calculations of thi@emple, and the
exclusion of most data at the farming systems I¢e@iresponding to
82% of the studied area) for missing, incompletat-af-range or
inconsistent data. These results suggest to promctiens towards
better N management in cropping systems in the Badkto develop
simple data models based on minimum data requirsmernen
sustainability evaluations are to be conducted.

6.2. Introduction

In the last decades, there has been an increasingei about the
environmental impact of agricultural activities,valving consumers,
citizens, policy makers and farmers. Several pati®asures to promote
sustainable agriculture were issued by Europearorijnjovernments
and regional administrations. As a support to estpand ex-ante
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evaluation of these measures, it is important taluate the
sustainability of agricultural management, to réved only the systems
which are negatively affecting the environment, &lso to identify the
positive environmental externalities of agriculluractivities. Such
evaluations need to be carried out for a large raunolh farms. To be
feasible, they should be based on data alreadyabl@iwithout the
implementation of direct measures, which would de ¢xpensive for
non-experimental contexts. Examples of availabta @delude Common
Agricultural Policy (CAP) archives, applications flunding under the
Rural Development Programmes and demands of agniaufuel.

The most suitable tools that can be applied in ¢histext are agro-
ecological indicators (AEls). These (OECD, 2001;stoki and
Bechini, 2006) are synthetic variables representimg cropping or
farming systems, based on relatively simple ddtayang evaluating
the environmental performance of production systbyjbenchmarking
with thresholds and providing relative comparisohsystems in space
and time. Issues that can be faced with AEls irelbgbdiversity and
landscape (Weinstoerffer and Girardin, 2000), wapeality, nutrient
(Oborn et al., 2003; Parris, 1998) and pesticidmagament (Reus et
al., 2002), and soil quality (Bockstaller and Giliar 1996)

Our application of AEls is based on the SITPAS iinfation system
("Sistema Informativo Territoriale per il Parco Agplo Sud Milano",
standing for "Agricultural Information System fohet Sud Milano
Agricultural Park"; Bechini and Zanichelli, 2000rdvincia di Milano,
2006). The SITPAS information system integratestha same GIS
environment agricultural, pedological, climatic arghvironmental
information collected in the Parco Agricolo Sud afib (PASM). In
particular, it contains detailed and georeferenceap management
information for 731 farms, obtained through dirécterviews with
farmers.

In this paper (i) we present the SITPAS databaségetlining its
specific features in relation to the calculationAdls indicators of crop
management; (i) we evaluate one aspect of suglifitgausing a
management-based AEI, the soil surface balanceniivogen (N)
(Parris, 1998), applied to the farms describechn $SITPAS database;
(i) we finally discuss advantages and disadvagesagf this approach.
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6.3. Materials and methods

6.3.1. The SITPAS information system

The PASM is a regional metropolitan agriculturati®@urrounding the
town of Milano (northern Italy, 45°N, 9°E), and inding 61
municipalities. It was created in 1990 with the adfnpreserving and
improving landscape and natural environment, afféerdntly than in
traditional protected areas, also to safeguardjfguand promote agro-
forestry activities. The agricultural area is c&,080 ha, and the most
important crops are maize, rice, permanent meadswoyd)ean, barley,
Italian ryegrass and winter wheat, with moderate high yields
(averages of 9.6, 19.5, 5.2, 4.8, 4.9 and 3.0 tH@M for grain maize,
silage maize, rice, winter wheat, barley and sogpeaspectively). A
total of 910 farms has been identified, and 731ewkrscribed in detail;
of these, animal farms are 348 and raise boviniey(dad cattle), swine
and poultry livestock. Irrigation is normally penfoed with surface
methods, using water from a dense network of canals

The aim of the SITPAS project (1999-2003) was ftect integrate
and analyse information about agricultural actgtin the PASM to
support strategic and operational decisions of Raek. The SITPAS
information system was developed in a GIS enviramnaad includes
vector maps representing polygons at the cadastdhiimunicipal level
and several relational databases. The databasssstcoh the farming
systems database (SITPAS-db), containing data atetle through
interviews to 731 farmers, and the external pretag databases
(including databases of public administration, k&P files).

6.3.2. The SITPAS database

The SITPAS-db contains information collected onpamse during the
project and not available in any other externalgxisting database. Its
data model was developed with the entity-relatigmsframework

(Garcia-Molina et al., 2002). It is consistent wiltle questionnaire used
to interview the farmers, and is linked with ex@rrdata sources
(databases and maps). It was implemented usingelational Database
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Management System (RDBMS) Microsoft Access. Thelemgntation
includes 159 entities, 166 domains (closed liststaining qualitative
information, used to avoid typing errors and toueeglata consistency
within the working group) and 150 relations. Thaatf@se contains
detailed information related to farm, cultivatedrqmds, irrigation
sources, buildings used for agricultural productimechanization, crop
rotations and management, livestock managemerd,(feanure). Every
crop and animal management information represehés farmer's
average behaviour, and therefore is not relateal particular year. All
information related to buildings, cultivated lanaddacrop operations are
georeferenced at the cadastral parcel level.

The application presented here is related to crgmamement,
therefore details are provided for this sectiothef data model. A farm
may run one or more crop rotations, which can bereferenced by
indicating the cadastral parcel(s) used; if thecglarare not identified,
the rotation is referred to the entire farm. Crofations are represented
as a sequence of crops over time; for each crapnagic operations
can be recorded (tillage, sowing, fertilisationtigation, herbicide,
fungicide and insecticide application, harvest).r Feach crop
management operation several types of informationbe specified: the
type of operation, the date on which an operatsonairried out (which
can be indicated with the day and month or by $pieg the number of
days before or after another crop operation or reédfter a crop
development stage), the percentage of crop argairjfierested by a
given crop management operation (less than or equdl00%), the
frequency (f) with which a crop management operati® repeated
during the growing season (e.g. cutting of meadpwsy depth of
tillage. For operations involving the applicatichnome or more products
(fertilisers or pesticides), the type and amounpraiduct(s) applied are
indicated; for each product, the detailed compamsits available in the
database (e.g. N, P and K contents of fertilisacsive ingredients of
pesticides), through a list that can be expandedhB&rvest operations,
the yield(s) and the fate of harvested product(s) eesidues can be
specified (sold, recycled within the farm - for exale as animal feed -,
re-incorporated into the soil).

The flexibility of this data model needs also todascribed: farmers
presented a wide range of responses, not onlycimieal terms, but
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also concerning the amount and the quality of tifierination provided.
This reflects the variability of production systearsd the variability of
farmers' technical skills and willingness to cobledite. We believe that
this variability is difficult to avoid when the nurar of farms is large
and the less co-operative farmers are not exclddwed the survey.
Therefore, in order to maximize the possibilityusing different types
of data, the data model described above was kepibfe, so that for
example it is possible to: (i) leave several fiedaspty (e.g. crop yields
and the amounts of products applied do not needéeoalways
specified); (i) avoid inserting the entire set ofop management
operations (e.g. specifying a harvest operatiamotsmandatory, or the
harvest operation can be specified but the procalatisined do not need
to be listed); (iii) use different measurement sifidir the same variable
in different records (e.g. crop yield can expressed wet or dry basis);
(iv) use hierarchical domains to specify crop typdagpes of
management operation, types of products applied: Hterarchical
domains allow to specify the value of a variabledidferent levels of
detail (e.g. crop type can be described as "Céreals"Maize", or
"Maize - FAO Class 600" or "Maize - Costanza"); 6tpre the same
information in alternative ways; e.g. straw incagimn can be either
described as a distinct crop management operati@s the fate of the
straw resulting from a grain harvest operation.

6.3.3. Calculation of N surplus

The soil surface N balance indicator (Parris, 1988)s separately
calculated for each single crop of each rotatioeaafth farm, and then a
weighted average (based on crop area) was caldulatethe rotation
and for the farm. This indicator is the differermetween the nutrients
entering the soil and those leaving the soil withpcuptake annually.
Positive values of the balance indicate nutrierduamulation in soil
and/or nutrient losses, while negative values m@icwutrient depletion
from soil. We calculated the soil surface N balaase

S=F+M+R+A+B-R-U (6.1)

where: S = N surplus, F = N applied with chemieatifisers, R = N
returned to soil with residues originating from fh@vious crop in the

186



Chapter 6

rotation, M = N applied with animal manures, A =makpheric
depositions, B = biological fixation of leguminowsops, R = N
removed from soil with crop residues, U = N removeam soil with
useful product. Nitrogen contained in irrigation tera ammonia
volatilisation and denitrification were not congigeé because not
enough information was available to estimate thBemitrification and
ammonia volatilisation are therefore a part of Kohus, and contribute
to possible losses. The quantity F was estimatednhbitiplying the
amount of fertilisers applied by their N concentmat For animal
manures, both the amounts applied and the N cardems were
unknown. To estimate the amount of manure-N aviglah the field
level, we calculated for each farm the total lieekt weight (using the
number of heads in each animal group and theirageelive weight).
On this basis, we then estimated the annual N @ns$rom livestock,
using a conversion coefficient (live weight - enoss), net of losses in
the stable and during manure storage; it therafgpeesents residual N
for field distribution (Sacco et al., 2003). Gedgrafarmers did not
indicate the amount of manure applied on each;ffeldthat reason we
homogeneously allocated manure-N to crops for whipbkrations of
animal manure distribution were declared; if thigormation was
missing, we assumed that the entire farm area evéibsed with animal
manures. Atmospheric deposition (A) was set at §SN\kha' crop™
(Grignani et al., 2003). Biological fixation (B) wastimated as U — A —
0.5M - 0.7 F (Grignani et al., 2003) for monosfiedeguminous crops
(soybean, meadows), and equal to 40 kg N yxa* for other rotated or
permanent meadows (Grignani et al., 2003). We asduiimat crop N
uptake (U) could be estimated by multiplying theldeed crop yields
by their N concentrations derived from literatu@rignani et al., 2003).
For the estimation of N contained in crop resid(Rsand R), we first
calculated the amount of crop residues using ydeldl harvest index; we
then multiplied this amount by its N concentratif@rignani et al.,
2003).

Before carrying out the calculation of the soil faoe balance, a
detailed data quality check was done. This wasiqudatly important
because different persons were involved in datkecidn and because
of the variability in farmers' responses. In patte, we have checked
that all the variables required for our calculasiamere within a proper
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range and were not missing; otherwise we eliminfteah the analysis
the corresponding crops, rotations or farms wite #xception of
average crop Yyields, used in replacement of missingut-of-range
yields. All the variables related to crop managenaperations (crop
biomass and amounts of products applied) were ptielii by R x f (to
consider the percentage of crop area treated Wéhoperation and its
frequency).

6.4. Results

6.4.1. Data quality

The original SITPAS-db (dataset A) describes 73dn$a covering

38,095 ha. This figure is higher than tbe 35,000 ha of agricultural
area of the Park, because it includes farms withgfethe land outside
the Park. Average farm-scale properties (Table shbw that maize,
rice and meadows are the most important crops fgicg on average
46, 17 and 16% of farm area, respectively), and lilnastock mostly

belongs to the dairy type, with a moderate avedagesity (0.62 t l.w.
ha™). Contractors carry out harvest operations on 48%e area, while
their contribution is much smaller for sowings arerbicide

distributions. Rice is mostly irrigated with theaditional continuous
flooding system (on average 14% of farm area).

Three hundred thirty-six farms having at least cemord with null,
out-of-range or inconsistent data were excludethfemalysis. The 395
remaining farms (Table 6.1, dataset B), occupyigh®7 ha (54% of
the area of dataset A), maintain similar charasties compared to the
original data set. Farms were excluded for thesesams: missing
indication of the amounts of fertilisers appliedcomplete description
of livestock density (missing number or missing gieiof animals),
inconsistent declaration of farm area, crop managerdescribed only
for a part of the farm, unknown exports of animalnures.
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Table 6.1. — Data sets used for the calculation sdil surface nitrogen balance in
the Sud Milano Agricultural Park: average (and stardard deviations) of farms
attributes

Attribute

Units All the farms o Farms with Farms with
the database complete data positive crop N

(dataset A)  (dataset B) balances
(dataset C)
Number of farm 731 39t 157
Total area ha 38,095 (100%P0,517 (54%) 6,704 (18%)
Farm area ha 52 (65) 52 (66) 43 (43)
Percentage area cultivated with
Maize % 46 (33) 46 (32) 48 (35)
Rice % 17 (32) 17 (33) 19 (35)
Meadows % 16 (25) 17 (24) 16 (26)
Barley % 5 (14) 5 (13) 2 (11)
Soybean % 4 (13) 5 (16) 6 (20)
Italian ryegrass % 3 (11) 3 (12) 3 (12)
Wheat % 2 (20) 3 (20) 2 @)
Livestock intensity
Dairy Mg l.w. ha 0.62 (1.48) 0.52 (0.94) 0.74 (1.15)
Cattle Mg lw. ha 0.09 (0.32) 0.09 (0.35) 0.10 (0.47)
Swine Mg lw. ha 0.14 (1.22) 0.04 (0.30) 0.05 (0.28)
Poultry Mg l.w. ha 0.01 (0.14) 0.00 (0.02) 0.00 (0.03)
Percentage of area treated by contractors for
Harvest % 48 (42) 48 (42) 46 (43)
Land % 5 (22) 4 (20) 5 (22)
Tillage % 7 (24) 6 (22) 4 (18)
Sowing % 11 (32) 11 (31) 12 (32)
Herbicide appl. % 14 (34) 14 (34) 13 (34)
Mechanisation
Machinery power kW ha 11.0 (11.8) 11.5 (13.7) 125 (16.9)
Combine-harvesters  n 0.27 (0.54) 0.25 (0.49) 0.25 (0.51)
Percentage of rice area irrigated with
Turned irrigation % 2 (12) 1 (9) 1 (8)
Delayed continuous % 7 (24) 6 (22) 7 (24)
Traditional % 14 (33) 14 (32) 14 (33)
Turned flooding % 3 (16) 3 (16) 3 (16)
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6.4.2. Negative nitrogen surpluses

Unexpectedly, several soil surface N balancesag &vel on dataset B
were negative. Surplus can be negative (equatiomnly when N
removed from soil (R + U) exceeds N inputs to §6it R-+ M + A +
B). Crops with negative surplus show unrealistioants (Table 6.2) of
N applied with fertilisers (F and M), which app¢aon low to sustain the
reported values of crop N uptake (R + U). Thesméas have probably
underestimated N inputs, for example by not dewtpione or more
fertiliser applications. Another error could be ander-estimation of
biological fixation (B) for meadows, which represenrelevant fraction
of the area affected by this problem. We decidedexolude from
analysis the farms with negative surplus for onemmre crops: the
smaller dataset obtained (C; Table 6.1) includésfaims (18% of the
area of dataset A) and maintains similar charasttesito A, even with a
smaller average farm size (43 vs. 52 ha), a higbetion of farm area
cultivated with maize and rice, and different litaek densities (higher
for dairy and lower for swine). We will now analydataset C at whole-
farm level.

6.4.3. Nitrogen surplus
6.4.3.1. Whole-farm level

Nitrogen surpluses of dataset C have large vaitialgirable 6.3); the
number of farms decreases with increasing leve. défloving from the
first to the last class of N surplus (Table 6.8 amount of N applied
with manure (M) systematically grows; N applied twiertilisers (F)
and crop N uptake do not follow a clear trend;ighHevels of surplus,
F is not increasing and U is always higher than k§ON ha'. The
output/input ratio is decreasing from 0.86 to 0.BHe first four classes
(0 — 200 kg N h#&) occupy together 70% of the studied area, while
extremely high surpluses (> 300 kg Nhacover 14% only. In the
classes with low surplus (0 — 100 kg N'hahe quantities of N applied
with F and M are similar to crop N uptake (U + R)ese farms have
negligible or low livestock densities (below theeeage for the entire
Park); a relevant fraction of farm area (29 and 33%maverage in the
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first two classes) is cropped with rice. In thessks with intermediate
surplus (100 — 200 kg N H crop uptake and F increase, together with
M. Compared to previous classes, these farms have imtensive dairy
farming (0.28 and 1.19 t L.w. ff} cultivate more maize, more meadows
and less rice. Over 200 kg N haof surplus, the excess is mostly
determined by a relevant amount of N applied inftren of manure;
this classes show relatively low F amounts and kigip uptakes. They
include intensive dairy farms (2.73 t L.w."hin the last class) associated
with cattle and / or swine breds. The productiorfovhges is provided
by maize, meadows and Italian ryegrass.

6.4.3.2. Rotation level

The results for rotations including crops havingsipiee surplus are
presented in Table 6.4; the total area considesduigher than in the
case of single farms due to a smaller number g esccluded. Again,

the highest surpluses are driven by relevant ansooinN applied with

manures, in rotations including forages. Cereahtians (with or

without rice) occupy a relevant portion of the asea have the lowest
surpluses (87 — 141 kg N i@n average).

6.4.3.3. Crop level

When the results are analysed at the level of typps (Table 6.5,
describing all crops with positive S), more infotioa can be extracted
from the database compared to the whole-farm atadioa levels: the
fraction of area analysed compared to total ardi@vated in the Park
ranges from 20% for barley to 62% for soybean.

Italian ryegrass and maize have the highest sufi8® and 172 kg
N ha"), deriving from high F and M applications exceegiorop
uptake. Rice has a much lower surplus, becausesfartand to use less
chemical fertilisers and animal manures. Meadowse hhigh crop
uptake and are mostly fertilised with manures, witsmall contribution
of mineral N. The two winter cereals (wheat andeygrare fertilised
with opposite strategies, more based on animal nearfor barley and
on chemical N fertilisers for wheat. Italian ryeggas the crop where
the highest amount of N from animal manures is (8&8 kg N ha' on
average).
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Table 6.2. — Soil surface nitrogen balance for crapwith negative N surplus in the Sud Milano Agriculural Park:
average (and standard deviation) of components arglirplus

Total area it Crop area witl

Crop type dataset A negative N U R Ro F M A B S
surplus
(ha) N fialf)

Maize 16408 2494 (15%) 182 (47)51 (26) 37 (27) 66 (82) 14 (44) 15 (0) 0 (0) -100 (70)
Rice 10545 1940 (18%) 74 (12)36 (7) 27 (15) 23(25) 1(7) 15(0) 0(0) -44(21)
Meadows 4328 1547 (36%) 224 (58)0 (0) 2(9) 9(24) 39(63) 15(0) 40(0) -1BB)
Wheat 985 541 (55%) 119 (26830 (4) 22(20) 40(41) 0(0) 15 (0) 0(0) -BBY)
Barley 1243 518 (42%) 93 (3221 (6) 22(23) 22(28) 0(0) 15 (0) 0(0) -34)
Italian ryegrass 1026 296 (29%) 99(12) 2(8) 16(19) 6(15 4(15 15(0) 0(0) 9@4)

U = N removed from soil with useful product,

R = N removed from soil with crop residues,

Rp = N returned to soil with residues originatingrfréhe previous crop in the rotation,
F = N applied with chemical fertilisers,

M = N applied with animal manures,

A = atmospheric depositions,

B = biological fixation of leguminous crops,

S = N surplus. Output/Input= (U+R) /{R F + M + A + B).



Table 6.3. — Soil surface nitrogen balance for farsiwithout negative crop N surplus in the Sud MilandAgricultural Park:
average (and standard deviation) of components arglrplus

Surplus class  N. Area
(kgpN ha')  of farms covered Q;ﬁrggfa R R F M A B S OugLL:t/In
(ha) (N

<50 37 1028 28 (27) 130 (57B7 (19) 32 (21) 91 (67) 13 (40) 15 (0) 42 (73) 27 (13) 0.86
From501t0 100 35 1648 47 (37) 126 (48) (14) 36 (18) 152 (61) 26 (68) 15 (1) 13 (31) 74 (14) 0.69
From100t0150 26 1200 46 (71) 151 (56)46 (23) 41 (26) 206 (101) 49 (98) 15 (0) 7 (13)121 (15) 0.62
From150t0200 19 831 44 (19) 198 (58)24 (20) 20 (18) 160 (104) 177 (140) 16 (2) 20 (25)171 (16) 0.57
From200t0 250 17 663 39 (27) 202 (50)29 (20) 26 (20) 178 (118) 221 (140) 16 (2) 15 (16)225 (14) 0.51
From 250 t0 300 8 377 47 (19) 191 (83)21 (18) 13 (11) 64 (47) 379 (50) 20 (6) 13 (14)276 (12) 0.43
From300t0400 11 820 74 (68) 203 (41)28 (18) 22 (18) 115 (96) 404 (108) 17 (3) 16 (14)342 (23) 0.40
> 400 4 138 34 (14) 226 (81p6 (20) 18 (20) 217 (94) 474 (143) 21 (8) 5 (11)484 (62) 0.34

S(llj(;pk:igll?ss Maize ~ Rice Meadowsarley Wheat r;/t:glglfa?ss Soybean  Dairy Cattle Swine  poultry

(% of farm area) (t L.wha

<50 33 (39) 29 (42) 9 (25) 4(17) 1 () 0 (3) 19 (36).0D0(0.30) 0.03(0.10) 0.00 (0.00) 0.00 (0.00)
From50t0 100 43 (35)33 (43) 7 (18) 3(12) 2 (7) 0 (0) 5 (1%.17(0.47) 0.05(0.23) 0.00(0.00) 0.00 (0.00)
From 100 to 15060 (40) 16 (32) 13 (29) 0 (0) 1 () 0 (2) 1 (3).28(0.69) 0.23(0.88) 0.02 (0.12) 0.00 (0.00)
From 150 to 20056 (23) 2 (10) 31 (28) 3 (7) 2 (5 2 (5) 2 (8..19(1.06) 0.03(0.08) 0.00(0.00) 0.02 (0.07)
From 200t0 25060 (25) 0 (0) 30 (29) 2 (7) 0 (0) 3 (7) 3 YLW.22(1.12) 0.38(0.79) 0.00 (0.00) 0.00 (0.00)
From 250 to 30037 (26) 12 (33) 25 (24) 1 (3) 7 (19) 28 (38) 0) (®.37 (0.99) 0.05(0.14) 0.24 (0.67) 0.01 (0.03)
From 300 to 40062 (18) 8 (17) 20 (21) 2 (5) O (1) 8 (12) 36)( 2.43(1.27) 0.00 (0.00) 0.29 (0.66) 0.00 (0.00)
> 400 65 (29) 16 (31) 14 (27) 0 (0) 0 (0) 25 (29) 0 (@.73(1.86) 0.00 (0.00) 0.46 (0.92) 0.00 (0.00)

For symbols, see Table 6.2.



Table — 6.4. Soil surface nitrogen balance for rotéons without negative crop N surplus in the Sud Mano Agricultural
Park: average (and standard deviation) of componestand surplus

Type of rotation Rotation
Total area Output/
in dataset A _ '€ v R Re F M A B S Input
analysed
(ha) tkg-N- ha')
Cereals 8181 282@5%) 152 (47) 52(19) 43(24) 218(86) 68(124) 15(1) 1(9) 141(110) 0.59
Cereals and rice 11755 26088%, 77(35) 33(11) 28(16) 99(59) 53(115) 15(0) 3(18) 87(106) 0.56
rpnee;”;gcvesm 3504  112232%) 192(88) 0(0)  0(0) 20(52) 229(144) 15(0)  46(39) 119(103) 0.62
Cereals and

industrial crops 6872 670(10%) 164(38) 45(12) 40(12) 124(63) 74(132) 15(0) 71(46) 11598) 0.65

Cereals and forages 2106 656(31%) 202 (63) 37(15) 21(21) 174(67) 253(148) 18(4) 9(19) 237(146) 0.50
Forages and cereals 3201 65520%) 239(53) 28(11) 21(13) 175(134) 325(139) 20(5) 6(12) 28Q098) 0.49

Forages 1947 51@27% 261(97) 11(11) 10(10) 103(90) 285(219) 19(6)  80(140) 226(186) 0.55

Cereals: rotation including maize, winter wheat)dyg oat, rye and eventually rice (less than 10%e area).
Cereals and rice: from 10 to 100% of rotation asezopped with rice.

Cereals and industrial crops: at least 10% of iaredrea is cropped with sugar beet, oil or proteaps.
Cereals and forages: more than half of the aremjged with cereals and forages are at least ¥abe@rea.
Forages and cereals: more than half of the argrajged with forages and cereals are at least fabe @rea.
Forages: the rotation has only forages.

For symbols, see Table 6.2.




Table — 6.5. Soil surface nitrogen balance for craphaving positive surplus in the Sud Milano Agriculural Park: average
(and standard deviation) of components and surplus

Total Crop
Crop type g;?aaslgt area U R R- F M A B S Olztpl;,:t/
A analysed P
(ha) (kg Nyha
Maize 16408 6773 (41%)177(53) 46(25) 33(26) 219(81) 129(147) 15(0) 00) 172(123) 0.56
Rice 10545 3760 (36%) 69(15) 32(10) 25(17) 86(50) 63(97) 15(0) 0(0) 87(84) 0.54

Meadows 4328 1463 (34%)232(104)  0(0) 4(14) 10(36) 192(140) 15(0) 110(110) 98(90) 0.70
Soybean 2287 1427 (62%)92(40) 26(8)  31(20) 11(28)  54) 15(0) 190(53) 39(32) 0.85
'r;ae'ggss 1026 453 (44%) 96(28) 0(0)  20(21) 31(44) 213(132) 15(0) 0(0) 183(116) 0.34
Barley 1243 250 (20%) 77(27) 204)  2527) 6553) 14Q120) 15(0) 00) 148103) 0.39
Wheat 985 254 (26%)109(17) 308)  35(26) 13333) 41(93) 150) 00)  85(86) 0.62
For symbols, see Table 6.2.
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6.5. Discussion

6.5.1. Nitrogen surplus

From our results the systems more at risk appeéaetthe forage and
grain crops (ltalian ryegrass, maize, barley anddoess) cultivated in
dairy and pig farms, where the amounts of N applidth animal
manure are in general very high, and chemical Mligars not reduced
accordingly. Farming systems with high surplus dorepresent a large
portion of the studied area and could receive tieahrassistance for
better N management. Our results are in agreemiémtivose found by
other Authors, both for average and for variahili§chroder et al.
(1996) have found an average value for surpluss6fkig N ha' for 38
Dutch integrated arable farms, and 117 after theptioh of an
integrated nutrient management program. The vditialvas elevated,
with surpluses ranging from less than 50 to moae th00 kg N hd. In
an area with intensive animal husbandry (3.80 t h&' on average for
dairy farms), Sacco et al. (2003) have found N lssgs of 41 kg N ha
for non-livestock farms and of 326 kg N héor dairy farms. There is a
good correspondence in terms of surplus betweandhey farms and
our surplus class at 300 — 400 kg N*havith lower M values in our
work (404 instead of their 426), and similar crqgakes. Their figures
are similar also for non-livestock farms (S=41 kcha&") and for crop
balances (S=183, 132, 129, 104 and 58 kg N fux maize, wheat,
barley, grassland and soybean, respectively).

In animal farms the uncertain concentration of Nrianure and its
uncertain availability to crops make the use ofnaical N a cheap
method to sustain crop production regardless ofateeof the animal N
applied (the so called "insurance N": Schroderlgt2900). For this
reason methods should be identified and dissendrtat¢he farmers of
the Park to allow them for quick estimates of thdrient value of
animal manures (e.g. Marino Gallina et al., 2008atino Gallina et al.,
2005b; Reeves and Van Kessel, 2000; Scotford ,et298; Van Kessel
and Reeves, 2000). Also, methods to reduce theofisgemical N
fertilisers should be applied (e.g. for maize M&a§db991; Schroder et
al., 2000).
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The variability of S and balance components witfdrm groups,
rotations and crop types was very large (Table 6.8,and 6.5), in
particular for M and F; the variability decreasddtlze level of crop
types (e.g. for F in maize). Consequently, forHartstudies attention
should be given to balance components with thedsighariability, like
manure. In addition, the variability demonstratest ta given crop (e.g.
maize) or a given farming system (e.g. dairy faghiis not dangerous
per se but can be more or less harmful depending onsfecific
operational and strategic management choices takéme farmer.

6.5.2. Advantages and disadvantages of the indicato

The interest of the indicator lies in its simplgibecause it allows the
calculation using data that can be obtained withmartying out any
direct measure, and to integrate aspects of ntitmamagement that are
strictly interconnected (chemical fertiliser and inaal manure
applications, crop yields and uptake, etc.). Thdara® allows
comparisons in time (the same system in differemtopls) and space
(different cropping / farming systems of a regiontlie same period).
The comparisons can be made on single balance cmntsoand on the
resulting surplus (e.g. OECD, 2001, for differemitions in different
periods). OECD (2001) shows also that the balatiogva to quickly
assess the relative importance of different inpi@$. organic vs.
inorganic fertilisers) in the determination of theplus. Finally, nutrient
balances can be used to create awareness amorgrdaand to guide
improvements in crop and livestock N managementeasonstrated for
example by Schroder et al. (1996) and by Hanegaaaf den Boer
(2003).

However, several limitations must be pointed outrdden losses
are the result of complex dynamic processes that rent entirely
captured by a simple mass balance: among the fattat a balance
does not consider, we may cite water dynamicsialréoil content of
inorganic N, soil mineralization rate, type and QN:ratio of crop
residues and manures, tillage practices, climate,sail characteristics.
As a result, positive N surplus do not necessaritlicate N losses,
mainly because different forms of N accumulation tire soil are
possible; also, ammonia volatilisation was not takeo account in our
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calculation. Therefore, the indicator only shows thotential for
environmental damage or unsustainable use of esdurces (OECD,
2001). It has been shown (e.g. Sieling and Kag€62®alo and
Turtola, 2006) that the soil surface balance dagsstimate the actual
N losses in a specific year: N can be accumulatdtié soil so that the
excess applied to a crop may be actually leacheaglthe fallow or
during the cultivation of the subsequent crop, @ng absorbed by the
next crop, or not being lost if immobilised in ongaform. The surplus
is an indicator for total N losses only if it ig@grated over a relatively
long period (Oborn et al., 2003); even then, lossemount only for a
part (15 — 57%) of actual surplus (Salo and Turtd@06). When other
regressors (e.g. precipitation, runoff, drainage) ased together with
surplus to estimate losses, the variability ex@diis higher (Salo and
Turtola, 2006). In addition, a small excess of Mlegal is unavoidable,
due to the efficiency of chemical and organic fisgrs (Grignani et al.,
2003), which is frequently in the range 50 — 70%.

The nitrogen indicators proposed by Bockstaller @iérdin (2000)
and by Pervanchon et al. (2005) represent an an®wmeost of these
critical aspects, still avoiding the complexity dfnamic simulation
models. They provide a semi-dynamic representatiow cycling in the
soil-crop system, using a more process-based agiprimaestimate N
volatilisation and leaching, and over-winter soidihamics. Compared
to N balances, these indicators allow analysing itlteractions that
simple balances do not consider. The drawbaclaistttey require more
data about climate, soil, and crop managementiliert application
methods and dates in particular) and that a relgtimore complex
calculation is needed.

In our application, several sources of uncertalmye arisen: first,
the farmers frequently do not know the yields afps that are neither
sold nor weighted (e.g. silage maize and meadothg)efore, these
should be measured because their variability isergatly high.
Biological fixation was estimated in a simple wéyt other methods
should be explored to derive figures that are namaurate. Nitrogen in
animal excreta was estimated on the basis of liveght, using
parameters that do not consider the variabilityfedd ration. Crop
nitrogen concentrations were assumed to be the damall crops
considered, and N uptake could have been overdsiinfar the less
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fertilised crops. Ammonia volatilisation was notiested. A field-by-
field estimate of the amounts of manure applied n@tsavailable and
the homogeneous allocation across farm area (thyesofution in this
case, as stated also by Sacco et al., 2003) mayle imtroduced a bias
for some crops, probably by overestimating M fonter crops and
underestimating for summer crops. Finally, othethdus calculate the
N balance in a different ways (e.g. residues, lickl fixation,
atmospheric depositions, and seeds are not alwasisded). It is
important therefore to note that the results areemadequate for relative
comparisons rather than for estimating absoluteegbf N losses.

6.5.3. Farm survey and data base management

The use of a relational database for this type mflieations is a
mandatory requirement, due to the large amounats# tb be stored and
processed, and to the complexity of the relatiggshimong the objects
studied. Our application demonstrates that the aetdel developed in
the SITPAS project is complete and very detailed @iat the database
contains agro-environmental variables related ttarge agricultural
area, at the detail of single cadastral parcel.

Possible improvements of the data model are relatedhree
interconnected methodological aspects of survey datd storage: (i)
flexibility of the data model, (i) compromise beten direct interviews
and reliance on existing databases, and (iii) dspr@compiled crop
management itinerary.

The extreme flexibility of our data model had threaj advantage of
allowing almost every answer from farmers to beorded in the
database. However, this advantage had two typesadierse
consequences: first, some data were very diffidolt extract, in
particular when the same information could be store alternative
ways or at different hierarchical levels; secondssing data partly
nullified the results of our calculations. As anample of the first
consequence, to carry out the simple calculatiorthef soil surface
balance presented here, a total of 135 queriestddx run with the
RDBMS; even if this increased the time required develop the
calculations, it did not affect the possibility o§ing the data. For the
second consequence, serious limitations becamesrgvid our work:
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82% of the studied area could not be consideredhale-farm level,
and 38 — 80% at crop level. Apparently, one woutthatude that
"flexibility" means actually "lack of structure ithe data", and that
storing data that cannot be processed is a usetessise. This is partly
true, but it should be mentioned that the problewms vparticularly
evident here due to the high level of integrati@guired by the
calculation of the indicator. To properly calculéite balance, the data
needed to be completely specified for most agronoomerations of
every crop of every farm. For example, even thk tfa single amount
of urea applied for one out of 20 crops of a farrould require
eliminating the entire farm. When less integratedorimation is
required, much more data become available: for @@nonly for 15%
of fertiliser applications the date was not spedifiand only for 8% of
inorganic fertiliser applications the amount of tifeser was not
indicated. This means that simpler but useful stiai can be
successfully calculated using this database, aadl¢iibility is not so
limiting as in the case of the balance. Our conctuss that this flexible
data model was congruent with the purpose of ditig@and integrating
as much information as possible on agriculturadpotion systems of
the Park during the survey. However, further stsidiecused on
objectives that are more specific would require deselopment of a
simpler database based on a minimum dataset, t@liSimdata
collection and processing (e.g. Sacco et al., 2003)

As Table 6.1 shows, for most of the variables desw farming
systems the average and the variability do noediery much among
the three datasets (A, B and C). Therefore, it @dwsve probably been
more efficient to concentrate the efforts with timemst co-operative
farmers to obtain management data, and to intedhégeinformation
with existing databases related to the entire Bttrms in the Park. This
would also answer the question if a calculationtto§ type can be
applied at situations where the resources are matlahle for
conducting so many direct interviews; Sacco ef2403), for example,
have built a detailed information system on theida$ available data
(CAP files, slurry management database, animalstoek register,
digital cadastral map) integrated with expert krenge for specific
aspects (chemical fertiliser applications) and haagried out no
interviews. This procedure has of course the adggnbf being based
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on official data but may introduce a certain adrgr homogeneity in
some variables: for example, the variability of Falfle 6.5) can be
important, while Sacco et al. (2003) have usedxadficrop-specific
value derived from expert knowledge.

Finally, the use of a standard crop managemenerdny, pre-
compiled by experts before the interviews are edrout, would be a
useful benchmark to critically evaluate and testdhta collected during
the interviews, as done for example in the AGENDfjgct by
Giupponi (2002).

6.6. Concluding remarks

The SITPAS-db is an integrated and comprehensfeentation base to
carry out regional-scale calculations of AEIls; thawerful relational
data model allows integrating and evaluating thteada a way that
would not be possible otherwise. The present agidic showed that
the procedures to collect and store the data fertyipe of applications
can be further improved: (i) before carrying ouswvey, determine
precisely the objectives; a generic survey maylrésiutoo many data
collected and a complex database structure; (@ntitly the minimum
data required, their scale and their source; ggfrup the simplest data
model.

The calculated indicator shows that in the studadgthe Sud Milano
Agricultural Park), intensive dairy and pig farmingystems with
excessive N fertilisation are potentially at risgkN\blosses, while cereal
farms have lower surplus. Therefore, specific messwshould be
promoted by the Park for better N management. Thst omcertain data
were biological fixation, yields of meadows, nutieemissions from
livestock and their apportioning over land areaie®ic rules to
determine these quantities at this scale (usinglyeasailable data)
would be very useful.

The soil surface balance indicator can be useddbyirastrative and
technical bodies (e.g. by the Park) as a firstesdrgy tool, to identify
the most hazardous cropping and farming systenmesb@tance could be
calculated using available databases (CAP, manistabdition, Rural
Development Programme), digital maps, remote sefmsi@imation,
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and expert knowledge. The indicator can also pitintoe integrated
with  common soil and climate information (precitiba,
evapotranspiration, water holding capacity) to c@te a potential
nitrate concentration of water leaving agriculturalds (OECD, 2001).
Technical assistance could be delivered to thedesrwith the highest
surpluses: available scientific knowledge, direcekasurements and
simulation models should be used to optimise aljtical management,
towards reduced N losses and good crop yields.
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7.1. Abstract

The amount and quality of input data may be a iigitfactor when
carrying out agri-environmental assessments withpgex indicators at
the regional scale. Existing information storedpiablic agricultural
databases may be available. Before using this,haseto explore its
additional value, to provide complete informatioraydrs for
sustainability evaluations.

In this study, we estimated the extractable sofEBB in the Sud
Milano Agricultural Park in Northern Italy. We irgeated available
information about agricultural activities, wiESPconcentrations across
the area using a large database of measured spiénies and of crop
management data collected at individual farms. drtgampled farms,
ESP was predicted by spatial interpolation. After &jpig the dataset
into three sections, we used a hybrid and secpecic geostatistical
interpolation method. We compared this method W@tlinary Kriging
(OK) and Kriging with External Drift (KED). In KEQve used livestock
density and percentage of farm area cropped with ¢ea mayd..)
and rice Qryza sativalL.) to describe the external drift. Our hybrid
method showed the lowest standard deviation opthdiction error and
less smoothing than OK and KED. HigsPvalues are found in corn
fields and in animal farms. This is due to large o$ P fertilizers in
corn, particularly in animal farms where availablanure is frequently
applied in excess of crop nedeSPvalues are low in rice fields, where
fertilizer is more carefully applied. Using a redace threshold of 20 mg
P kg™ soil, most of the area can be classified as begémg rich inESP
As a consequence, P fertilization could be suspkindenany cases for
several years without yield decrease. On the lediglss experience, we
conclude that additional management information Ictothelp
interpretation and extrapolation of the target alale. We finally point
out how to optimize available resources, avoidiabiection of data that
are either not usable or needed, considering #petial and temporal
variability.
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7.2. Abbreviations

BK: Bray-Kurtz analytical methodCDV;: ESP confidential values
corresponding to 99 percentiles calculated at eadastral parcelCo:
percentage of farm area cultivated with coB8P: extractable soil P
concentration;KED: kriging with external drift;LnP: logarithm of
ESP;LS: livestock densityMK : mosaic krigingOK: ordinary kriging;
OL: Olsen analytical method®®ASM: Sud Milano Agricultural Park;
REML : Restricted Maximum LikelihoodRi: percentage of farm area
cultivated with rice;SCV: standard deviation of the cross-validation
error; SITPAS: Agricultural Information System for the Sud Mitan
Agricultural Park\WLS: Weighted Least Squares.

7.3. Introduction

To evaluate the impact of agriculture on the enwiment, agri-
environmental assessments are conducted. At thenadgscale, these
assessments are frequently done using simple todécge.g. the
amount of fertilizers applied: OECD, 2002a; EEAQ2Z)) as commonly
few and approximate data are available at thiseswmaly. The possibility
of using realistic and complex indicators or sintiola models is thus
limited by the associated costs of more intensata dequirements.

Agricultural and environmental databases contaiantjtative and
qualitative information about cropping and farmisgstems. This
information, however, is frequently not integratesl owners, formats,
and methodologies are not homogeneous. There®motential is not
fully exploited. In addition, some information istravailable for entire
regions, as it may be sparsely collected or cladieas a result of
specific or occasional data collection activitidor example, if a
fertilizer management extension service is laundoeda region, only
part of the farmers may decide to be involved, @fiormation is thus
recorded from a few fields only. This results iat@parse and possibly
clustered availability of information. Other infoation, such as CAP
files describing land use, is complete, howeveahse these cover
entire regions homogeneously as the result of aensystematic
administrative procedure.
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The integration of sparse information may yield cavland non
representative coverage of the region, whereasut®e of spatially
interpolated information layers allows a completgegration of
different types of data and to support the decssiabout the region
studied.

To carry out more realistic agri-environmental assgents at the
regional scale input data have to be estimateddding as much value
as possible to existing information, avoiding aiddial measurements
and integrating what is already available. Thigphdhe decision maker
to identify critical areas and to define priorities policy.

Nutrient management is an important issue in agodegical
assessments. Phosphorus as a plant nutrient is fasestoring and
transferring energy, and for building nucleic acatsd cytoplasmatic
membranes (Hart et al., 2004). P-losses may ogcundans of surface
runoff, thus affecting the quality of surface watérart et al., 2004) by
accelerating freshwater eutrophication with repgatatbreaks of
harmful algae blooms (Sharpley et al., 2001). Sradditions of P to
surface water can lead to water body eutrophicationaddition, P
fertilizers are derived from limited, non-renewableosphate deposits.
As their recovery is expected to be more expengivahe future
(Colomb et al., 2007), it is important to use Pamefficient way, thus
reducing risks of pollution and of overexploitatiafi non-renewable
resources. Extractable soil phosphoiaSK is fundamental to properly
manage P.ESP is a standard measure that can be compared with
threshold tabbed values to test whether fertile@plication is needed
for a given soil/crop combinationESP is usually measured with
chemical analyses, like those proposed by Olsah €1954), and Bray
and Kurtz (1945).

Evaluation ofESPis usually carried out pointwise by soil analyses.
To make a regional assessment, it is necessanarty out spatial
interpolation. Geostatistical interpolation, likedmary kriging (OK),
provides a means of predicting environmental véemlat unsampled
locations using the spatial dependence betweemaigms. Ordinary
kriging uses observations of the target variably,cand relies upon its
stationarity in the study area. Several hybrid rippéation methods
combine kriging with auxiliary information (Hengt al., 2004) thus
improving the prediction quality in non-stationacpnditions (Isaaks
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and Srivastava, 1989). Examples are co-krigingyversal kriging,
kriging with external drift (KED) and regressioniding (Hengl et al.,
2003).

The objectives of this research were: i) to coll@atl integrate the
information available about agricultural activitiagisthe regional scale in
Northern Italy; ii) to estimate thESPacross the area by using a large
database of measured soil properties and of cropagesment data
collected at individual farms; iii) to assess theguacy of agricultural P
management based on estimaE&P, and iv) to quantify the uncertainty
of this assessment that is generated by the uirc&rtawledge oESP

This paper deals with the integration of the infation and the
spatial interpolation oESP  The companion paper (Castoldi et al.,
2008b) focuses on the agri-environmental assessnagat the
quantification of its uncertainty.

7.4. Materials and methods

7.4.1. Study Area and Database

The Sud Milano Agricultural Park (PASM, Parco Agiic Sud Milano;
45°N, 9°E) is a regional metropolitan agricultukark surrounding the
town of Milano (Northern Italy). The Park covers area of
approximately47 000 ha, of which 35 000 ha is agricultural (Bech
and Castoldi, 2006). The Park is located in a pdaea with an altitude
gradient of about 80 — 160 m above sea level, wtierenain soils are
loam, sandy-loam, silt-loam. It is located in orfetlee most intensive
Italian agricultural production areas. It was ceelain 1990 to protect
and improve natural ecosystems and to safeguasadifygand promote
agricultural activities. It was conceived to pravidvailable green areas
to people living in town, and to keep farmers imhaty, thus avoiding
the possible abandonment that could have been ddvdry the
advancement of the surrounding town (Scelsi, 2008). large
agricultural information system for the Park wasealeped in the period
1999 — 2003 (Bechini and Zanichelli, 2000; Bergaghal., 2007). Data
about agricultural activities were merged with ol climatic,
pedological and environmental databases into alakgd integrated
tool called SITPAS ("Sistema Informativo Territdeéaper il Parco
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Agricolo Sud Milano", standing for "Agricultural formation System
for the Sud Milano Agricultural Park"). Crop andimal management
data were obtained by interviewing farm managerg3a out of 910
farms in the Park. The most important farm types aareal and dairy
farming. All crop management information was geereficed at the
cadastral parcel level. Crop and animal managenimformation
represent the average farmer’s practices. Prelgxigiata provided by
the public administration, private laboratories afatmers were
integrated into the database (e.g. soil analygierts). More details are
available in Castoldi et al. (2007b).

To analyze the data, we extracted more than 280fefgrenced soil
analyses from the SITPAS database, as well as tdwiesponding
cadastral parcels. These analyses were carriedsoatsupport for the
preparation of nutrient management plans. The eats scale of
commercial soil analysis is the field, which usyalbntains one or more
cadastral parcels. To obtain a unigue represestatil sample for the
entire field, sub-samples from a field were mixew ahe analytical
value of the mixture was applied to the entiredfiélThis procedure was
cost-effective although not providing informatiopoait the within-field
spatial variation. All SITPAS soil analyses are r@éerenced, using
either geographical coordinates, or a referenaa®or more cadastral
parcels, in which case coordinates of the parcefroiels were used as
proposed by Juang et al. (2004). All soil analysese carried out in
qualified laboratories, according to the Italiaficyl methods for soil
analysis (Ministero per le Politiche Agricole, 199%he ESP analyses
were carried out with two methods: Olsen et al5@)9OL), Bray and
Kurtz (1945) (BK). Also, for each cadastral partkég livestock density
[Mg live weight ha'] and the percentage of farm area cultivated with
corn Zea mayd..), rice (Oryza satival.), meadow, barleyHordeum
spp.), and wheatT¢iticum aestivumL.), were extracted from the
database. This was done regardless of having asalysis referred to
it.
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7.4.2. Geostatistical Procedures
7.4.2.1. Datasets

Only soil analyses obeying specific criteria wesed for interpolation
(Fig. 7.1). We followed a procedure by creating esael/ datasets
successively. First, dataset A (Table 7.1) conthith®se soil analyses
that were located in the PASM area or in a bufferezof 5 km around
it. These analyses were all carried out betweery 188 2000. This
period partially overlapped that of farmers intews. Data from more
than one year could be used and compared becamisntiual rate of
change oESPis small (Russell, 1973; Karpinets et al., 200dtothb et
al., 2007).

The spatial locations in dataset A are clusteredhase are usually
available only in a limited number of farms. In @t A, 659 (59%)
ESPanalyses were carried out with BK and 466 (41%hwaL. All OL
values were multiplied by 1.9 to obtain values tbah be directly
compared to those measured with BK, following Mdatla and Atia
(2005), who observed a strong correlatiod £0.89) between the two.
The hypothesis of normality of the |dgSP values [nP) was not
rejected in dataset A following the Shapiro-Wilkrmality test (p =
0.19). Thereforel.nPs values were used because they produce a lesser
experimental estimation variance than the krigiogt lvith initial ESPs
values (Journel and Huijbregts, 1978).

Dataset B emerged from dataset A by selecting thosdyses that
were located in parcels with recorded farm propertiThe linear
regression coefficient betweem.nP and several environmental
properties (distance from polluted rivers and wadki), soil properties
(clay, silt, sand, lime content, pH, organic matteation exchange
capacity, base saturation, and C/N ratio), and famanagement
information (livestock density, irrigation water wsoe, percentage of
farm area cultivated with corn, rice, meadow, barlend wheat) were
calculated. The main variables correlated withP were livestock
density (LS; Mg live weight hd), corn (Co) farm percentage area (0 —
1) and the relation among LS and rice (Ri) farncpetage area (0 — 1)
(LS x Ri). The B was low (0.19) but the regression coefficientsaver
significant (Table 7.2). This allowed to make us&RBD for dataset B.
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Table — 7.1. Datasets used for spatial interpolatiomf extractable soil P concentration ESP; expressed as Bray-Kurtz) in the Sud Milano
Agricultural Park (PASM, Northern Italy, 45°N, 9°W) . Summary of points where the measurements of targe@ariable are available (measurement
points) and kriging prediction points. All ESP values measured with the Olsen method were multigd by 1.9 to convert to Bray-Kurtz (details in
the text)

Measuremins pe Picadjobints
Number Distribution — Number Percentage of the
Dataset of points min. P quartile mean Yquartile  max. St.Dev. Coefﬂpw_:nt of points Area . PASM
of variation agricultural area
mg P &gil ha %
A 1125 3.9 24.4 55.3 72.2 324.4 45.8 0.83 14 406 6132 93.2
B 695 3.9 23.1 49.9 64.4 324.4 41.9 0.84 14 406 6132 93.2
C 204 5.2 18.7 34.9 40.9 189.2 26.1 0.75 2917 97 28 20.8
D 212 3.9 23.9 42.1 49.8 190.0 26.9 0.64 4693 o 28.7
E 279 5.7 29.3 66.6 86.3 3244 53.4 0.80 6 796 a5 2 43.7

Table — 7.2. Theoretical models selected for each of the daits of the logarithm of the extractable soil pho$mrus concentration in the Sud Milana
Agricultural Park, Northern Italy (45°N, 9°E)

Data-  Kriging Variogram Secondary . Inter::ept and Estimated SE | N sill Range  smoothness
method® type® variables’ Siope value p vajue ugget : parameter
Set coefficients (m)
A OK P—exp - — 0 0.5653 612 0.416
intercept 3.31 0.044 <2716
LS, Co, LS 0.13 0.018 5.5 ¢/
B KED P—exp LS x Ri 0.19 Co 045 0.091 7510 0 0.4767 334 0.375
LS x Ri 0.49 0101 1518
C OK cir — 0.2451 0.4489 1588 -
D OK cir - 0.0788 0.4096 528 -
intercept 3.20 0.120 <210%
E KED i LS, Co. 518 LS 011 0023 1510° 0.1867 05120 2976
cr LSxRi Co 078 0214 3310 : : -
LS x Ri 0.51 0.127 7.310°

2 OK, ordinary kriging; KED, kriging with externatid.
p—exp, power—exponential; cir, circular.

° LS, livestock density (Mg live weight B Co, percentage of farm area cultivated with ¢@t); Ri, percentage of farm area cultivated witle (%), LSx
Ri, interaction among LS and Ri.
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Fig. 7.1. — Flowchart of data and spatial interpoléion procedures for the

estimation of logarithm of extractable soil phosphos concentration
(LnP) and extractable soil P concentration ESP) in the Sud Milano
Agricultural Park (PASM, Northern ltaly, 45°N, 9°E). Additional
information is reported in Table 1 and in the text.Rectangles with solid
border = measurement points; rectangles with dashedborder =
prediction points; rectangles with double border =predictions.

Next, we split dataset B into datasets C, D anddgprding to LS and
Co values. A threshold of 0.1 Mg live weight haas used for LS in
order to separate farms with significant animalebge from farms
producing mostly commodities. A second threshold 20%) was used
in order to separate the farms without a signifigaresence of corn
from the others (a Co threshold lower than 10% maseffective due to
the presence of corn in nearly all farms). DataSe{204 reports)
contains soil analyses of farms with Co < 20% a&d<.0.1 Mg live
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weight hal. Dataset C includes rice, barley, wheat, soybead a
meadow farms, concentrated in the south-westera afethe Park.
Dataset D (212 reports) contains farms with Co %20d LS < 0.1 Mg
live weight ha'. Dataset E (279 reports) contains more intengiveal
farms with LS > 0.1 Mg live weight ia regardless of Co. For datasets
C and D, no external variables are correlated i, while for dataset

E the R of the linear regression using LS, Co, andX{.8i as predictors
(Table 7.2) is low (0.18), but the regression dogfhts are significant.
Therefore, KED was used also for dataset E. ThepiBRavilk
normality test shows p-value equal to 0.45, 0.2400and 0.15 for the
dataset B, C, D, and E, respectively, therefore regécting the
hypothesis of log normality. The frequency disttibon of ESP (and
consequentially oEnP) is similar for all datasets in each year (data no
shown), and small differences among years existed.

7.4.2.2. Spatial interpolation procedures

We investigated different spatial interpolation gedures: ordinary
kriging (OK), external drift kriging (KED), and ayhrid form, here
called Mosaic Kriging (MK), to predidinP values. For each procedure,
we used i) locations where the target variahiePj was measured and
i) locations where the prediction was carried out.

Datasets A and B were used in applying OK and KiEBpectively.
In both cases the prediction points are the cedgrof cadastral parcels
containing farming and cropping systems informatiorthe SITPAS
database (Table 7.1 and Fig. 7.1). Mosaic Krigsdescribed in terms
of a partition of the study area, i.e. by sepayapebcessing datasets C,
D, and E. It is a modified form of stratified knigj (Stein et al., 1988;
Voltz and Webster, 1990). The mosaic thus divides dreaA into 3
different sections:Ac, Ap, and Ae. These sections have an empty
intersection and jointly cover the total area:

AC U AD U AE = A;

ACn AD=ACn AE=ADn AE=0]

AC #0, AD#10, and AEZ [I

Within each sectioy, (M = C, D or E) a (soil) property is described
by a regionalized variabl¥y(x), M O {C, D, B depending on the
location vectorx. Variograms were constructed for each section.
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Prediction points are assigned to sectidpsAp, andAg, Yielding three
sets of prediction points (Fig. 7.1)¢ contained only farms with Co <
20% and LS < 0.1 Mg live weight Ha Identification of prediction
points yielded three intermingled and non-overlagpgeographical
layers, creating a disjoint patchworks of landscapesection-specific
interpolation procedure was applied for the thriiemrnt sections: OK
was applied t&Ac andAp, and KED toAg (Table 7.2 and Fig. 7.1). Both
KED and MK take farm type and soil management attoount. MK is
most refined, using spatial dependence, farm tyyksail management
separately for different areas, thus taking crisprialaries into account
when interpolating.

For each procedurenP observations were considered to represent
the entire area of the parcel, assumed to be hamogs. This allowed
to predictESPfor 93.2% of the agricultural area of the Parki[€ar.1).

For each part, experimental variograms were caledlfor LnP and
a theoretical model was fitted to the data. In sk B and E, the
significant secondary variables (Co, LS, and xRi) were used in
order to improve the quality of the empirical variam and of the
theoretical model. Ten models were tested for edathset using two
fitting procedures (Weighted Least Squares, WLStiRged Maximum
Likelihood, REML) and five different types of colation function
(power-exponential, exponential, spherical, cirguéand cubic; Ribeiro
and Diggle, 2006).

All theoretical models were validated by crossdation, where
each single measurement point is removed from #ta det and the
variable at this location is predicted using thenaming locations
(Ribeiro and Diggle, 2006). The model with the lsivestandard
deviation of the cross-validation error (SCV) inclkadataset was
chosen.

Kriging provides the predicted valu&{) and error varianced,’)

of LnP at each prediction point. AP can be assumed to be normally
distributed in all datasets, also kriging predictioccan be assumed to
follow a normal distribution, and the predictedualcorresponds to the

mean of theLnP distribution. Y, and g,/ were back-converted &SP

using the approach proposed by Journel and Huii®i@@78): ifZ(x) is
a stationary random function with a lognormal dlsttion, mearm, and
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variance ¢°, the random functionY(x) = log Z(x) has a normal
distribution with meamn’ and variances

Z, =K, exp[Y, +a’12], (7.1)
and

2 _ A2 2 ‘2
o; =m°exp[o'” J(1-exp[-o,]) (7.2)

where z; is the estimated value in the original scale Ifis taseESP,

Ko is a corrective factor used to delete the possiiiference between
mean ofz; andm: it is determined by equating the arithmetic meén

the z; to the expectatiom; and g7 is the kriging error variance in the

original scale. In addition, based ofy and g, confidential intervals

corresponding to 99 percentiles were calculatezhah cadastral parcel
using thecumulative distribution functionThe 99 values obtained were
back-transformed via a simple exponentiation ineor obtain the 99
correspondingeSPvalues CDV,, with i from 1 to 99).

The ESRI ArcMap 9.0 software (ESRI, 2004), Micrasbfcess, R
statistical package (R Development Core Team, 208& geoR
geostatistical package (Ribeiro and Diggle, 200&)enused to carry out
this work.

7.5. Results

ESPvalues are generally high in the study area (Tadlg The average
value for dataset A equals 55.3 mg P'lspil, whereas lower average
values of 34.9 and 42.1 mg P kgoil are observed for datasets C and D
containing farms without significant livestock dapsin all datasets the
1* quartile of the distribution is higher than mostical levels provided
by literature (cited below in the discussion setti¢-or instance, 83, 83,
73, 84, and 89% of measur&®P values are above a common critical
level (20 mg P kg soil), for datasets A, B, C, D, and E, respecivel
This confirms the widespread environmental risks thuthe highESP
concentration, in particular in specialized livestéarms (dataset E).

Prediction errors forLnP obtained during cross-validation of
variogram models are reported in Fig. 7.2.
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Because all mean errors are low (ranging from -10@ 0.0029),
predictions of good quality were identified as #osith low SCV.
Value of SCV are relatively high, ranging from 85® 0.670. Farming
systems information helps to improve the predidjas it is seen when
comparing OK applied to dataset A with KED to dataB, where the
SCV decreased by 2.0%. The predictions are furthgroved on
datasets D and E, showing a reduction of 4.7 andéo&f the SCV
respectively, whereas dataset C remains simil&; twith a decrease of
0.9% in comparison with dataset A.

The choice of the correlation function is importeas it may help to
reduce the SCV. For example, with dataset A the imam SCV
(0.670) is obtained with WLS and the cubic coriefatfunction (Fig.
7.2), whereas the minimum value of 0.588 occursR&ML and the

m dataset A; WLS Method
+ dataset B; WLS Method
a dataset C; WLS Method
. o dataset D; WLS Method
N dataset E; WLS Method

0.65

0.63 1

o dataset A; REML Method
¢ dataset B; REML Method
a dataset C; REML Method
o dataset D; REML Method
x dataset E; REML Method

0.61 Aa

A
0.59 . . o A

A A
B®e ¢ . c®

Mean Error (SCV)

0.57 4

Standard Deviation of

0.55 1
X X

®E

0.53

-0.002 -0.001 0.000 0.001 0.002 0.003

Mean error

Fig. 7.2. — Mean error and standard deviation prouied by cross
validation of the fifty theoretical models (5 datasts, 5 model
functions, and 2 fitting procedures) used for spatéil interpolation of
the logarithm of extractable soil P concentration i the Sud Milano
Agricultural Park (Northern Italy, 45°N, 9°E). Each symbol
represents a different variogram model. The selectk models are
indicated with a circle. WLS: Weighted Least Square method;
REML: Restricted Maximum Likelihood.
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power-exponential correlation function. Overalle thest approach is
that based on split datasets, as dataset E (imgul% of measurement
points and 47% of prediction points) has the lov3YV, and datasets C
and D have equal or lower SCV than dataset B.

Selected theoretical models are shown in TableAllaf them were
obtained with the REML method. Correlation funcscere the power-
exponential function for the aggregated datasetamfl B and the
circular correlation function for the split datas€l, D, and E. For KED
applied in datasets B and E the slopes of the skecprvariables are
positive, asLnP is higher when farms cultivate more corn, and when
animals are raised. The nugget/sill ratio is 0%aigpgregated datasets A
and B, and 55, 19, and 36% for the split datasetsDCand E,
respectively. This can be due to the correlationctions used: the
power-exponential model allows relatively lower gats compared to
the circular correlation function, as the smootksngarameter allows to
fit experimental variograms with large increase®atlags.

The statistical distributions of predict&eSP with OK, KED, and
MK are reported in Fig. 7.3. The area with the IstMeSP values

16 000 -
] BOK BKED EMK
L
12000 - E .
g :
g 8000 - .
< .
|
4000 - : e
: %
L
0 ,m—-m‘ , ) . .-
0-20 20-40 40-60 60-80 80-100 >100
ESP (mg P kg soil)
Fig. 7.3. — Comparison of three spatial interpolatn methods for

extractable soil P concentration ESP) in the Sud Milano Agricultural
Park (Northern lItaly, 45°N, 9°E): area in different ranges estimated
with ordinary kriging (OK), Kriging with External D rift (KED), and
Mosaic Kriging (MK). ESP: extractable soil P concentration.
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(ranging from 0 to 20 mg P Kgsoil) covers approximately 1.5% of the
total area (Fig. 7.3) using either of the threehnds. The range 20 — 40
mg P kg" soil represents 33% of the area using MK, 37%g.6lK and
KED. MK has the largest area in the range 40 — §@Pnkg" soil (46%)
as compared to OK and KED (33 and 40%, respeciivdlge high
range (> 60 mg P k§soil) is generally more common with OK (28%)
than with KED (22%) and MK (20%) (Fig. 7.3). Thefahat the values
predicted with MK have a more narrow distributienprobably due to
the fact that MK uses a more homogeneous neighbdrivdnen making
predictions, as each dataset is composed of aetubfsnore similar
points (the coefficient of variation is lower foatdsets C, D and E (75,
64 and 80%, respectively), compared to datasetsdABa(83 and 84%;
Table 7.1).

As expected, the spatial distribution of the presticvalues using the
OK method shows a marked smoothing effect (Figa)/.Zhis effect
was reduced by the introduction of the externalades (LS, Co, and
LS x Ri), in the KED method (Fig. 7.4b). The map of MKig. 7.4c)
shows a more fragmented situation, more realissicitamimics the
variability among different fields. The statistiaiktributions of kriging
prediction error ofESP, expressed as the standard deviation obtained
with OK, KED, and MK @ calculated fromg? using Eg. 2), have

mean values equal to 43.1, 37.4, and 39.1 mg Pskij, respectively,
and standard deviation of 3.2, 2.3, and 12.8 mgyP, kespectively
(data not shown). Therefore, the three methodsigecsimilar average
uncertainty in the prediction of the target varggbbut with highest
variability for MK and lowest for KED. The area Wity lower than 35
mg P kg* soil is the 3.9, 14.0, and 53.1% of the total witk, KED,
and MK, respectively. The range with from 35 to 40 mg P Kgsoil is
observed most frequently in KED (12.3, 84.4, ar@l9®. of the area for
OK, KED, and MK, respectively). The area with greater than 40 mg
P kg* soil is the 83.8, 1.6, 46.9% for OK, KED, and Mi¢spectively
(data not shown). Also the map of spatial distiiuf o, (hot shown)
shows a marked smoothing effect for dataset A,gu€iK. As already
observed for the predicted values, introductionerfernal variables
(KED and MK) and splitting the area (MK) reducede temoothing
effect (maps not shown).
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45°N, 9°E): predicted
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Predictions ofESP with CDV, with i = 10, 25, 75, and 90% were
calculated and mapped (Fig. 7.5). As expectedydiges reported in
Fig. 7.5c CDV;s) and 5d CDVy) with cumulative densities higher than
50% are rather elevated, whereas the oppositeespfir cumulative
densities lower than 50% (Fig. 7.5a and 7.5b).

When the three methods are compared for the cdépaluf
discriminating between values below and above estiold of 20 mg P
kg™ soil (Fig. 7.6), no substantial differences existheCDVs values
of 75 and 90%: the area with values below 20 mggP koil is
approximately 0.5 and 0.1% of the total area, rethpely. Some
differences exist among methods GDV levels of 10 and 25%. We

mé‘ﬁ,» ;

b

kilometers . > 00

ig. 7.5. — Spatial interpolation of extractable sbP concentration (mg P
kg™ soil) in the Sud Milano Agricultural Park (Norther n Italy, 45°N,
9°E): spatial distribution (Mosaic Kriging) of diff erent ESP
confidential values CDV;) corresponding to percentiles i= 10, 25, 75,
and 90%for each cadastral parcel: (a)CDVyg, (b) CDVss, (¢) CDVys,
and (d) CDVqy.

kilometers
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conclude that, despite being more precise (as dstmaded by the
results of cross-validation), the MK method doesidentify areas that
are of substantially different size compared todheer methods, when
the agronomic threshold of 20 mg Pkig used.

25000 ESP (mg P kg™ soil)
a

20 000 m0-20 B20-40 W40-60 N60-80 =80-100 m>100
T 15000
Fl
£ 10000

5000

25000

20000

15000

Area (ha)

10000

5000

25000

20 000

15 000

Area (ha)

10 000

5000

10 % 25% Predicted value 75% 90%

Cumulative distribution

Fig. 7.6. — Spatial interpolation of extractable sibP concentration ESP;
mg P kg* soil) in the Sud Milano Agricultural Park (Northern Italy,
45°N, 9°E). area (ha) with selected cumulative digbution of
probability (%) using (a) Ordinary Kriging, (b) Kri ging with External
Drift, and (c) Mosaic Kriging.
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7.6. Discussion

As the data used here were not collected on purposearry out
geostatistical analyses, three problems arose wieestarted this work.
First, ESPwas determined with different analytical metho@d. (and
BK). This generated an uncertainty when OL analysese converted
to BK to cover a larger area, as thedRthe regression between OL and
BK is 0.89 (Mallarino and Atia, 2005). Second, fmme areas no sail
analyses were available. These issues are to ke tato account in a
further development and integration of the SITPA&abase, for
example by loading into the information system ahalyses of the soil
that are being carried out to comply with manumgritiution or cross-
compliance regulations. More soil samples shouldcbkected and
analyzed in the under sampled and unsampled afbasl, using log-
normally distributed variables IlikESR it is necessary to define a good
interpolation procedure providing predictions witie lowest possible
o2. This is needed because wheh (predictedLnP) is high, the back

transformation (exponentiation) of confidential ental of predicted
values , * o, ) to CDV, amplifies o, (even if g, is low), and thus
increases the uncertainty BEP

Theoretical models selected for spatial interpota{iTable 7.2) take
into account farming systems characteristics fotaskts B and E.
Regression analysis shows that LS, Co, andxLBi are positively
correlated withESP. Higher ESP in farms with corn and livestock is
explained by the fact that P fertilizers are fratiyeused on corn at
high doses. High doses are applied because coptaReuis high; also,
mineral P fertilizers are used as a starter inngpiiBermudez and
Mallarino, 2002). In addition, animal manures amegtiently applied in
excess of crop requirements in animal farms in #néesa (Bechini and
Castoldi, 2006). In a recent survey conducted weisdarms in this area
(Castoldi, unpublished data), it was found thatftblels cultivated with
corn were fertilized on average with 113 kg P*Haum of mineral
fertilizer and manure), with a maximum of 252 kg#". High amounts
of P applied to corn are favored by the fact tidé trop is not too
sensible to nutrient excesses. All these factove lpaobably contributed
to increase th&SPin these soils. In this area, high fertilizatiomere
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common for all crops with the exception of rice,aemh farmers apply
fertilizers with extreme care because this crop bandamaged by
nutrient surpluses, in particular because they faagr the development
of diseases (in the surveyed farms the averag® kg5 ha" and the
maximum is 87 kg P hg Castoldi, unpublished data). This care in the
fertilizer application has maintained IoBSP values in the area where
the rice is the main crop (South West; Fig. 7.4 &a.

In the literature there is no accordance in thénd&fn of the critical
level of ESP If we consider corn (the most cultivated crogliis area),
some critical levels (BK) proposed for the US Midivare: 19 mg P
kg™ soil (Beegle and Oravec, 1990), 13 (Mallarino aBldckmer,
1992), 11 — 20 (Mallarino, 1997), 16—20 (Mallari®03), and 13 — 26
(Mallarino and Atia, 2005). Colomb et al. (2007)pposed a critical
value for France of 4 — 7 (OL), corresponding te X3 if expressed as
BK. Local regulations for the rural development mpldRegione
Lombardia, 2005) indicate a threshold of 20 mg P &gil (BK).

Regardless of the spatial interpolation techniqueng the critical
levels cited above most of the area can be cladséis being very rich in
ESP In many cases it could be possible to suspen® tiegtilization for
several years without a yield decrease; this seé¢ms supported by the
observation that the decrease EBP in case of no P fertilization is
relatively slow, because tHeSPis released from the soil reserve, which
is made of unextractable but active soil P andaiif B that provides
long-term buffer (Karpinets et al., 2004). Colonmtak (2007) reported
a decrease of 0.10 mg Pkgoil yr* (OL) for 22 yr, in absence of P
fertilizations and starting from an initial valué@&2 mg P kg' soil. In a
14 yr period with annual cropping and without Rifieations, Johnston
and Poulton (1992 [as cited by Karpinets et al04&0report an average
decrease of 2.0 mg P Rgoil yr starting from 47 mg P kgsoil, and a
decrease of 0.17 starting from 7. Heckman et &@06® show that
critical levels reported in literature are uncertaind could therefore
induce an incorrect judgment on tH€SP indicating a need of P
fertilization when it may not be needed and vicesae Therefore,
particularly where kriging predictions have a highcertainty, it is
difficult to express a sharp agronomic judgment emthke decisions on
soil fertility and P management; this is especitilie where predicted P
values are near the critical level.
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If the predicted values are to be used to preditengial P pollution
of surface or ground water, the problem arisesES$Rthresholds are in
general very high. For example, Sharpley et al0{20eporte SPabove
which the enrichment of P in surface runoff is ¢desed unacceptable
of about 75 — 200 mg P Kgsoil (BK). With our predictions, having
high uncertainty at highESP values, it is difficult to draw any
conclusion about the risk of P losses to watersoAds losses to surface
waters are driven by runoff, without a combinedneate of potential
surface runoff and subsurface flow, the high soié¥els alone have a
little meaning in the estimation of environmentakr(Sharpley et al.,
2001). The risk of losses to surface waters instiidied area could be
low as the flat configuration of the land redudes tunoff risk. Acutis
et al. (1996) in a similar pedo-climatic conditig@armagnola, Po
Valley, Northern lItaly, 44°51'N, 7°51’'E, 240 m al®mgee level; loam
and sandy-loam soil) in a corn field (slope of 0)5%a 6 yr period,
have found a moderate runoff (average, minimum,raagimum of 39,
15, and 119 mm yt, respectively) and a moderate soil erosion (awerag
minimum, and maximum oB98, 111, and 718 kg soil Hayr™,
respectively).

The maps of the predicted values (Fig. 7.4) shostrig with high
values from North West (NW) to South East (SE), aémd areas with
low values in the South West (SW) and in the Nditst (NE). The
farms in the SW area mainly cultivate rice, usualigh small animal
breeds and low livestock densities (Bergamo et 2007). Besides
intensive livestock breeding, another reason ferhlghESPvalues in
the SE corner could be the past continuous apjaitatf irrigation
water contaminated with sewage that came from Mikrsewage
system before the construction (in 2003 — 2004)tl# Nosedo
municipal wastewater treatment plant. Even when ingpect the
optimistic values provided wit€DV;q (Fig. 7.5a), we find higheSP
values in a large area in the SE and some spdteilNW, confirming
that these locations are those whE&P is highest. In case of runoff,
these locations are probably subject to highersBde than the others.
The maps created with the values@idV,s and CDVy, (Fig. 7.5¢ and
7.5d) show a hazardous situation, where almoghallPASM has very
high ESP. Over-fertilization with P was a common procedur¢he past
due to the low cost of fertilizers and the low eamimental concerns by
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farmers and authorities. Recently, several laws maglations were
introduced to monitor and manage manure N, with iadirect
improvement also of P management. Furthermore, itlcesase of
fertilizers cost has driven the farmers towards etten nutrient
management. These trends allow to make the hypetties ESP will
decrease in the future at a low annual rate.

As shown above, the split of the dataset B in tisidesets (C, D, and
E) has allowed a lower SCV during cross-validattampared to the
use of aggregated dataset (A and B). This has ¢edva reduction of
the uncertainty of the predictions compared to wbea or more co-
variates were introduced (KED). This confirms tha values oESP
do not depend only on the spatial location, but als® substantially
influenced by pedo-climatic conditions and by thiegent and the past
management. The fragmentation of this area in dieldth different
management practices for many years has changetatheal gradient
of ESP and produced in some cases sharp boundaries lefiedes
(i.e. two adjacent fields with different fertilizexpplications for many
years have different levels &SP, with a sharp gap corresponding to
the fields boundary). This is due to the low mabpitf P in the soil that
has not allowed to balance tB&Pgap between two fields.

It is well known that on very large data sets adlogtatistical
interpolation methods typically perform very simija In this study, the
best improvement is a 8.4% reduction of SCV whetasks A and E
are compared. This reduction could be larger iflenaatasets would
be available. If available, and despite the additieffort needed to use
them, these data need to be taken into accouteirevtaluation of the
environmental quality. If not available, it may heestionable if the
effort of data collection would be worth, as (aadein this case) the
decrease in the SCV after the addition of managerdaeta was not
particularly high.

When the data are stored in a public database, pihglic
administrations has to consider the aim of datdectibn in order to
optimize the wuse of available resources, avoiding aver
collection/production of data either not usable needed. First it is
necessary to plan the temporal and spatial dep$itlata collection in
relation to the utilization of these data and te tthemical-physical
properties of the entities described by the dhestow decrease &SP

226



Chapter 7

in the soil allows a sparse temporal collectiont s high spatial
variability requires a dense and uniform area cowellecting samples
where the interpolation procedure provides higheutainty. In addition,
it is necessary to uniform the analytical methodms in order to
reduce the uncertainty due to the conversion c.ded support spatial
interpolation and to increase the quality of thépats, crop monitoring
at field level could improve the correlation betwdarget variable and
the co-variables. In this study, the co-variablesarvexpressed as farm
average, without considering the variability insitlee farms. For
example, instead of the farm-average livestockitieriscould be better
to more accurately define the amount of manureieghib each parcel
using the manure utilization plan (unfortunatelyt mwailable in the
SITPAS database).

7.7. Conclusions

In this study we have generated maps of extractdld® concentration
(ESP at the regional scale using soil analyses auaila a public
database. These data were integrated with cropgfaamd management
information. For spatial interpolation, we compai@dybrid form of
spatial interpolation to ordinary kriging and krigi with external drift.
Cross-validation showed that this hybrid form resailin unbiased
predictions, i.e. with mean errors close to zem &vith the lowest
standard deviation in cross-validation. Most of #nea is characterized
by high or extremely higESPvalues (> 20 mg P k§soil), presumably
due to excessive P fertilizer applications in cbetds, particularly in
animal farms. This situation requires crop managenpeactices that
minimize P applications only in soil/crop condittowhere a real need is
established after careful soil analysis and agraodamerpretation. The
results of this work can therefore contribute toréased sustainability,
i.e. by improved P management at regional scalemed fertilizers
use, and consequently a better energy and ecormatzince of farming
systems. Future agricultural data collection aodasfe should optimize
the use of available resources, avoid excessiveatioin of data that are
either not usable or needed, and consider the aspatid temporal

227



GEOSTATISTICAL PREDICTION

variability. Also, additional management informatiocould help
interpretation and extrapolation of the targetatsle.
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PHOSPHORUS INDICATOR

8.1. Abstract

Agro-ecological indicators are simple conceptualdeis to carry out
agro- environmental assessments. Their use reqiatasthat can often
be obtained at low cost, frequently avoiding diretasurements. The
quality of input data thus may limit the usefulnesshe indicators. This
paper explores the uncertainty of the inputs, aneéffect on the output
of one indicator, the Phosphorus Indicati®)( The indicator considers
both over- and under-fertilization. We evaluated wse for P
management in the Sud Milano Agricultural Park (Hern Italy). We
used data contained in a large database of soilfamnd properties as
well as crop management information at the cadapaecel level to
calculate IP values. The uncertainty of a single input variable
(extractable soil P)was tested to quantify the corresponding
uncertainty of the indicator. The results show twithin 80% of the
analyzed area excessive application of P fertdizethe main cause for
IP reduction, in particular in dairy farms. The inatior has a good
average value only for soybean, whereas the ottoggscscore badly;
rice is the second highest crop after soybean. iEhidue to the low
fertilizer application in soybean and to a more ebdr fertilizer
application in rice, which is sensible to diseasesused by
overfertilization. Uncertainty associated with #esessment is often not
relevant, as it is either very low, or, if highjstrelated to extremely low
indicator values: in both cases, judging P managémseunaffected by
its uncertainty. If uncertainty is relevant, howe\ie is not possible to
provide an accurate judgment. The results show ithahis area P
fertilizers should be applied at lower doses, or ayplied at all. An
extension service might help farmers with fertilizenanagement,
reducing resource use, environmental pollution emsts. Uncertainty
analysis should be considered a necessary compohenvironmental
assessments, as the importance of uncertain ingiat Weeds to be
evaluated on a case by case basis.
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8.2. Introduction

Agricultural sustainability assessments are fretjyecarried out to
evaluate the impact of agricultural activities daccompare alternative
management for cropping and farming systems (vanWderf, 2007).
These assessments can be carried out using adogyeed indicators,
which are variables that provide simplified reprdatons of agro-
ecosystems processes, like primary production, rwatel nutrient
cycling, energy use, landscape, biodiversity andstipide fate
(Bockstaller and Girardin, 2003; Castoldi and Bag006; Castoldi et
al., 2007a).

As agro-ecological indicators are proposed to sewaney and
resources, direct measurements tend to be avogheljnput data are
estimated, derived from existing databases, oritvddafrom interviews
with farmers. Uncertainty of these data may linhi¢ tpower of these
tools (Borrett and Osidele, 2007). This applie® atsgeographical data
used for regional-scale applications of indicatditse uncertainty is an
intrinsic property of any geographical data (Duckha2002): errors
originate in source maps as a result of measureprecesses used to
construct those maps and then are propagated asqumence operations
(Arbia et al., 1999). Also, uncertainty may coméhei from spatial
interpolation (Bechini et al., 2000), from factothat cannot be
accounted for at the scale where the work is ahrdet (e.g. farm-
specific management information when simulatingcpeses at the
regional scale) or from estimated or non represestaata (Rivington
et al., 2006), or from non-homogeneous crop managenwhich is
instead assumed to be homogeneous in the calmdatio

This uncertainty is commonly described stochasyicaivhere
observations are assumed to be drawn from a pepulaf possible
observations with predictable characteristics unther central limit
theorem. The true value, the accuracy (deviatiomfthe true value),
and the precision (spread of observations) canepeesented by the
mean value of the population, the root mean squaaed standard
deviation, respectively (Duckham, 2002). Stochassitnulations
provide multiple equally probable maps that can used in GIS
operations (Goovaerts, 2002). One simple stochastialation method
is probability-field simulation. To apply this, ig necessary i) to know
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the local conditional cumulative distribution furoeis describing the
behavior of the input data, and ii) to use thoseolider to generate
realizations of the inputs (Dungan, 1998).

Knowledge of input uncertainty may be used to eatalits impacts
on the calculated value of the outputs, providimigprimation about the
intrinsic quality of the results and the confidengmits associated
(Heuvelink et al., 1989). This uncertainty analygstimates the
probability distribution function of the output (@etto et al., 2000).

The uncertainty associated with spatial interpotatf inputs can be
estimated with geostatistical procedures. Geostais approaches
allow calculating the value of an environmentaliafale at unsampled
locations utilizing the spatial correlation betweeareighbouring
observations (Journel and Huijbregts, 1978; Isaakd Srivastava,
1989; Goovaerts, 1999). Once the target variabke been described
with a variogram, several geostatistical approacbe&s be used to
estimate its statistical distribution in each lomat For example, the
kriging estimate and standard deviation can be,usesliming that the
distribution of the kriging estimates is the samsettzat of the original
variable.

Phosphorus (P) losses are the main cause of sunisters
eutrophication, a process that produces impairneénvater use for
recreation, industry and drinking (Withers and Haylg, 2007).
Agriculture contributes to P loads in EU countri@&EA, 2005). In
addition, P fertilizers are derived from limited,omrenewable
phosphate deposits. Their recovery is expectea tmbre expensive in
the future (Colomb et al.,, 2007). Therefore, itirgortant to use P
efficiently, thus avoiding the risks of pollutioma of overexploitation
of non-renewable resources.

To evaluate the impact of phosphorus fertilizatnthe chemical
quality of the soil and on the economy of non-realele resources,
Bockstaller and Girardin (2003) proposed a phogphananagement
indicator (P). This indicator is based on the measured extosetoil P
concentration ESB. It regards both over- and under-fertilization as
negative, considering in the former case the risgadiution of ground
and surface water and the waste of non-renewabtrirees, and in the
latter the risk of soil P depletion. The indicafpovides a value from
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zero (worst value) to ten (best value), with seasithe sufficient value.
Every point represents a lack or an excess of @kgkow for details).
The objectives of this research were: i) to collactl integrate the
information available about agricultural activitimsan area in Northern
Italy; ii) to estimate th&SPacross the area by using a large database of
measured soil properties and of crop managemert caltected at
individual farms; iii) to evaluate the appropriagéea of P management
practices using the P indicator; and iv) to evalduhe range of variation
of the indicator associated with the spatial uragety of ESP The
companion paper (Castoldi et al., 2008a) focusesthen first two
objectives, while this paper deals with the agreremmental
assessment of P management and the quantificdtitmumcertainty.

8.3. Materials and methods

8.3.1. The phosphorus indicator

The phosphorus indicator proposed by Bockstaller @irardin (2003)
evaluates P fertilizer management at the crop sdaecalculate the
indicator, the amount of P applied by the farmecampared with the
amount suggested in the nutrient management gléme two quantities
are equal, the management is appropriate and theator scores 10. If
the fertilizer applied is more than that requiregsources are wasted,
there is a risk of water pollution and the indicai® below 10; if the
fertilizer applied is less than required, thera igsk of soil P depletion
and again the value of the indicator is below 19.(8.1).
The indicator is calculated as:

.
|, =10- max(gs’so') if max(P,P.,)<2G

< I, =4- max( res,Gsm) 22 if maX( res? sol ) 22G  (8.1)
s =0, if max( res 1 sol) 6G,

\ . .
whereP,¢ is an evaluation of the waste of non-renewableugss and
protect water from P pollutiorRs, is an evaluation of the risk of soil P
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10 Fig. 8.1. — Phosphorus
Indicator (I1P) as a function
8 - of P management,
represented byP,e and Pg.
6 P, evaluation of the waste
e of non-renewable resources
4 corresponding to an over
fertilization; Pgy:
21 evaluation of the risk of soil
P depletion corresponding
0 ‘ ‘ ‘ ‘ to an under—fertilization.
0 25 50 75 100 125 See text for details.
maxX (Pres; Psor) kg P ha* soil

depletion,G is equal to 13.1 kg P Heof P excess or P deficit, al=
G/3.

Presis calculated by assuming that, to save non-rebwasources,
an excess of P is not appropriate, while a dedicR is not important:

P-P if P,>P
Pe=q* " . (8.2)
0 if P<P

whereP;, is the total amount of P applied to the soil (soin applied
with all chemical and organic fertilizers), aify is the recommended
amount of P to be applied with fertilizef3. was calculated based on
ESPand on the expected crop P uptake. The methoddtogalculate
P; is that officially adopted by Regione Lombardi®@3) for the Rural
Development Plan. To calculal,, it is assumed that a depletion of
soil P occurs when the application of P is notisigit for the crop (the
excess is not relevant in this case):

-(P,-P) if P,<P
Pt = (P “). =, (8.3)
0 if P, =P

where P,, is the part ofP, which is available to the crof,, is
calculated by summing the entire amount of P agpligth organic
fertilizers and P applied using the recommendedh$oof inorganic P
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fertilizers. These forms depend on pH and lime eonht non-
recommended P inorganic fertilizers do not contdbuo P,
(Bockstaller and Girardin, 2003).

8.3.2. Study area and database

The “Parco Agricolo Sud Milano” (PASM; Sud MilanogAcultural
Park; 45°N, 9°E) is a regional metropolitan agtigdl Park,
surrounding the town of Milano, and occupying ab86t000 ha of
agricultural area. The most important farming systeare dairy and
cereal farms. The most cultivated crops are cdea(maysL.), rice
(Oryza satival.), soybean Glycine max(L.) Merr.], barley Hordeum
spp.), ltalian ryegrassLélium multiflorum Lam.), winter wheat
(Triticum aestivuni.), and permanent meadows with moderate to high
yields. Out of 730 farms surveyed, 348 were anif@mns, with
livestock density (average over the entire Park).62 Mg live weight
ha' for dairy, 0.09 for cattle, 0.14 for swine, andD.for poultry
(Bergamo et al., 2007). The flat configuration bé tland, the ancient
history of cultivation, the ample availability ofrigation water and
technical means of production make this Park ont@fmost intensive
Italian agricultural production areas. Agricultuie protected in this
area, as it is competing for land use with the medgiring cities.

The Agricultural Information System for the Sud &b
Agricultural Park (SITPAS, Bergamo et al., 2007&veloped in the
period 1999 — 2003, is made of a relational dawltasmnected with a
GIS. It stores detailed and georeferenced infownatabout the
agricultural activities carried out in 730 farms tie Park. The
information system was built by collecting existirdpta, and by
integrating them with those obtained by directlyeimiewing all the
farmers about crop and animal management practtoesy crop and
animal management variable represents the farraeesage behavior,
and therefore it is not referred to a particulaaryeThe application
presented here is related to crop management,foherdetails are
provided for this section of the information systefrfarm may run one
or more crop rotations, which can be georefererimedhdicating the
cadastral parcel(s) used. Crop rotations are repted as a sequence of
crops over time; for each crop, agronomic operatican be recorded
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(tilage, sowing, fertilization, irrigation, herbde, fungicide and
insecticide applications, and harvest). For openatiinvolving the
application of one or more products (fertilizerspasticides), the type
and amount of product(s) applied are indicated;efach product, the
detailed composition is available in the databasg.(N, P, and K
contents of fertilizers, and active ingredientgesticides). For harvest
operations, the yield(s) and the fate of harvepteduct(s) and residues
can be specified (sold, recycled within the farfar-example as animal
feed -, re-incorporated into the soil). The &SPmeasurements needed
to carry out this work were extracted from the SABPdatabase. Each
ESP measurement is representative of the value for onemore
cadastral parcels (the reference scale of commeswilaanalysis is the
field, which usually contains one or more cadaspatcels). Details
about processing of these soil analyses are prdvigeCastoldi et al.
(2008a). Only a subset of crop management variakéesused in this
study, according Bechini and Castoldi (2006), adtelata quality check,
have selected only the rotations with values tlaaetpassed a check for
all the variables of all the crops in the rotatioAs a result, a relatively
small dataset was obtained (156 farms), that atilitains information
for a wide range of crop and farm types.

The indicator was calculated (using Eq. 1) sepbréde each single
crop of each rotation of each farm, using measoregstimated values
of ESP at the cadastral parcel level (see below for W®tairhis
calculation unit is called the “farm-rotation-crppscel combination”
(FRCPQ. As more than one crop may belong to the rotatigisting on
a given cadastral parcel, the total area descritvadleFRCPclevel is
larger than the area of the parcel. The aveil&yéor all the crops
belonging to the rotation insisting on a parcelrespnts the average
effect of P fertilizer use over the duration of treation for a real
hectare. The results were then aggregated by etilogl also the
average by crop type, rotation type, and farm tyRetation types
(Bergamo et al.,, 2007) are: @ereals (¢ rotation including maize,
winter wheat, barley, oat, rye and eventually rit@e occupies less than
10% of the area); ii) cereals and rice (CiRom 10 to 100% of the area
is cropped with rice); iii) cereals and industrabps (CJ; at least 10%
of the area is cropped with sugar beet, oil orgotrops); iv) cereals
and forages (GFmore than half of the area is cropped with ceremhd
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forage crops cover at least 10% of the area); iggies and cereals (FC
more than half of the area is cropped with foragps, and cereals are
at least 10% of the area); vi) forages, the rotation has only forage
crops); vii) industrial crops {Ithe area is cropped with sugar beet, oil or
protein crops); and viii) permanent meadows (PM).

To aggregate the results at farm level, farm typese identified
with cluster analysis. Every farm was describedhwiite livestock
densities for different animal categories (dainattle, swine, and
poultry), and the percentage of farm area cultivasgth corn, rice,
wheat, barley, soybean, ltalian ryegrass and mesaddwe Ward
aggregation method and the Euclidean distance katwsamples
(farms) were used. Twelve farm types were idemtjfiwith different
livestock densities and cultivated crops (Tablg.8.1

8.3.3. Interpolation procedures

To calculatelP at the cadastral parcel level, it is necessarywktite
ESPvalues for each cadastral parcel. At unsampledetgESPand its
uncertainty were obtained by spatial interpolati@astoldi et al.,
2008a). The spatial interpolation used is a hylfiadn of ordinary
kriging and kriging with external drift, which aepplied separately in
three interconnected and non-overlapped geogrddhigers (sections),
characterized by different farm management pragtiok section-
specific interpolation procedure was applied foe tihree different
layers, using separate subsets of soil analyseESRshowed a skewed
distribution, the logarithm oESP (LnP) was used in kriging, and the
predicted values were back-converted ESP values (Journel and
Huijbregts, 1978). Predictions ofnP (and thereforeESP were
considered to represent the entire area of the epamssumed
homogeneous. This allowed predictingSP for 93.2% of the
agricultural area of the Park (Castoldi et al., 260
As LnPs could be assumed to be normally distributed, their

predictions could also be assumed to follow thigritiution, with the
predicted value corresponding to the mean of tharidution. To
describe the local conditional cumulative distribotfunctions ofESP
at each prediction point, we generated a frequaistyibution ofLnP
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Table 8.1. — Farm types of the Sud Milano AgriculturalParck (Northern Italy, 45°N, 9°E) analyzed in this sady, and
their characteristics

Average percentage of
farm area cultivated with

(%) (Mg ha live weight)

Farms in Farm analyze Average

— Average livestock densities —
the cluste in this study area

Cluster? (n) (n) (ha) C R M B W IR S Dary Cattle Swine Moy
DAI-INT 35 7 25 76 0 22 1 0 46 0 529 004 0.00 00.0
DAI-EXT-PM 43 11 22 9 0 8 3 1 0 0 135 004 0.03.000
DAI-EXT-RIC 71 9 84 3 38 5 0 0 2 1 058 0.00 001 0.00
DAI-EXT 165 31 4 55 1 31 9 1 3 2 110 0.05 0.02 000.
CAT 17 6 22 43 0 50 10 0O 3 1 000 181 001 0.01
SWI-POU 10 0 31 68 0 7 20 0 3 2 027 017 7.68 0.40
COR-SPEC 98 33 22 99 0 0 0O O 0O O 000 000 0.0000.0
COR 97 11 61 72 4 7 2 2 1 7 009 018 011 0.00
WHE-COR 38 6 70 38 4 5 3 39 0 6 015 0.02 010 0.01
BAR 20 2 2 17 0 5 75 0 0 8 000 000 0.00 0.05
soy 31 12 47 28 1 8 2 0 0 59 0.9 005 001 0.00
RIC-SPEC 105 28 77 7 8 1 1 0 1 2 004 002 0.00 00.0
Total 730 156 50 49 17 17 5 3 4 5 067 009 0.13 010.

1 C: corn; R: rice; M: permanent meadows; B: barlay;winter wheat; IR: Italian ryegrass; S: soybean.

2 DAI-INT: dairy farms with high livestock densitypAl-EXT—PM: dairy farms with low livestock densitgnd high
percentage of permanent meadows; DAI-EXT—RIC: digirgns with low livestock density and significargrpentage of
rice; DAI-EXT: dairy farms with low livestock dengiand low percentage of permanent meadows; CAffledarms with
high livestock density; SWI-POU: swine and poultarnfis with high livestock density; COR-SPEC: farmisheut
livestock and only corn; COR: farms with low livesk density and with high percentage of corn; WHERE farms with
low livestock density and with high percentage dfiter wheat and corn; BAR: farms with low livestogd&nsity and with

high percentage of barley; SOY: farms with low liwek density and with high percentage of soybed@—BPEC: farms
with low livestock density and with high percentageice.
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for each cadastral parcel, calculating 99 perassitirhe values obtained
were back converted to the corresponding 99 pealeenin the ESP
scale CDV,, with m from 1 to 99).

8.3.4. Deterministic and stochastic calculation dghe
indicator

The inputs oflIP are ESP and other management variables. We have
carried out two deterministic (Fig. 8.2, procedufesnd B) and one
stochastic (procedure C) calculation of the indicatin all the
procedures, management variables were consideredndeistic (i.e.
they assume a fixed value during a given calcuiqtiorhile theESPis
considered deterministic in procedures A and B, atwmthastic in
procedure C.

For the deterministic calculations (Fig. 8.EPvalues were either
measured (procedure A), or estimated with krigipgp¢edure B). In
procedures A and B, crop management variables these associated

Procedure A Procedure B Procedure C
=== == - T T===== b | == ======= b |
1| EsPfrom soil | Kriging 11 | sD of kriging :
1 analyse HL WL predictior
I [l 1 !
1 1L Predicted 1 N 1
1 1 1 ESF 1 I 3 |

gorersasarnananas - I I Y I
iCrop and soif ! I ! I ! Statistical I
imanagemengseesses. (ST N . 1 1 " | distribution ofESF "
§ variables g 1 P N I I.[ ............. » I| "
P s l.l .............................. l..| ............. >
| ! I I ] !
1 — 1 =~ 1 : I
I Deterministic [ Deterministic [ Stochastic 1
IP 1 IP 1 IP 1
| | |
A S o o e o e = = 1

Fig. 8.2. Flow—chart of phosphorus indicator IP) calculation
procedures in the Sud Milano Agricultural Park (Northern lItaly,
45°N, 9°E). ESP: Extractable Soil Phosphorus concentration.
Rectangles and arrows with solid border = soil phgshorus data;
rectangles and arrows with dashed border = phosphaois
management data; rectangles with double border +P.
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to the cadastral parcel in whicBSP was measured or estimated,
respectively. For the stochastic calculation (pdoce C), we used the
frequency distribution oESPfor each cadastral parc&€DV,,), and we
therefore carried out 99 calculationslBffor eachFRCPc

Procedure B provides a single valuell®fusing the predicted value
of ESPand other management information; therefore, thise does
not take into account the uncertainty of input dafaocedure C
considers the variability dP due to the uncertainty of input da&Sp.
For eacH-RCPg the average of the 9B values provided by procedure
C is considered the most realistié value, and it was used in the
evaluation of the uncertainty &® in the area.

The result of procedure Cligim Wherei, j, k, | are the farm typehe
rotation type, the crop type, and the parcel respeyg, while m is the
ESP percentile CDV,,) used in the calculation oP in theFRCPc As
this procedure provides multiple equally probakdfues, the average of
the 99 values dfP for eachFRCPccould be calculated;f). In order to
analyze the variability of in the area, we have calculated the average
value of alll in the parcel (I, with | = 1 to 4001). In a similar way,
the distributions ofj by farm (;), rotation (j), and crop typelf) were
also analyzed.

For eachljym the factor that causel® reduction was evaluated
(either an excessiV®,es > Pso, O a deficit,Pres < Psq, fertilization). To
do this, the area corresponding to eBBfCPcwas divided according to
to the cases where the excessive or deficit featibn was the cause of
IP reduction. Finally, the total area where the esises or under
fertilization is the cause ofP value was calculated for each crop,
rotation and farm type.

To quantify the uncertainty dP, the inter-quartile rangdR] in each
FRCPcwas calculated using the 99 valueslipf,. Subsequently, the
statistics ofR by parcel R), farm [R), rotation &), and crop typeR)
were calculated. ThR was preferred over the coefficient of variation,
because extremely high coefficients of variation ba obtained with a
low average value of the indicator (e.g. 0.5) andow standard
deviation (e.g. 1). In these cases, the coefficanvariation, despite
assuming a high value (200% in this example), wodt indicate a
relevant uncertainty of th® estimate.
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8.4. Results

8.4.1. Deterministic evaluation in procedure A

In the deterministic calculation ¢® using measureBSP(procedure A;
Fig. 8.2), only 79 soil analyses could be used.sélare referred to 242
FRCPc(139 with rice, 98 with corn, 3 with winter wheatwith barley,
and 1 with meadows) corresponding to 391 ha (Talde The average
IP at cadastral parcel level is 4.0 (Table 8.3):rgdaarea (74%) has
values lower than 7, and a considerable area (32%)values lower
than 3 (data not shown). The average is lower in ¢2.7) than in rice
(4.4; Table 8.4). The results aggregabgdrotation type show similar
average values for,OCl;, and CR(3.3, 3.2, and 3.9, respectively; Table
8.5). The factor that limitt? in most of the area is the over application
of P fertilizers Pre9): this happens in 79.6 and 75.5% of the areadan c
and rice (Table 8.4), and 73.9, 83.3, and 76.7 inGL, and CR
respectively (Table 8.5).

8.4.2. Deterministic versus stochastic evaluation

The Pearson correlation coefficient was calcul®&@dimes (Fig. 8.3),
to compare théP values provided by procedure B for e&¢RCPcwith
theljum values provided by procedure @ (anging from 1 to 99). There
are good correlations (r > 0.80) amdigprovided by procedure B and

1.00 4 Fig. 8.3. Pearson correlation
coefficient among
0.75 H indicator phosphorus (P)
values at the level of
050 1 Farm—Rotation—Crop—
@ 025 4 Parcel combination
(calculated with procedure
0.00 - B) and correspondingl Ps
provided by procedure C
025 1 (calculated with different
050 ‘ ‘ ‘ ‘ pe_rlcer?tilesh of extractable
soil phosphorus
©® 2, M distibution, cov).
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liwm with high CDV,, (m > 37), while there are moderate inverse
correlations (r from —0.33 to —0.42) with I&®®DV,, (m< 5).

The relation betweelP provided by procedure B and the avertige
for FRCPccalculated with procedure @) is strong (R = 0.86; Fig.
8.4). However, procedure B underestimates the lales oflP and
overestimates the high values. Tlie value calculated with procedure
C will be used from now on as the most reliablénestie ofIP for each
FRCPcto discuss its variability in the area.

Fig. 8.4. Scatterplot of
fow———=<L——"|  the relationship
between the
fir' s en phosphorus
SaE 290 bt indicator (IP)
**r ———————————————— provided by
- X procedure B, and the
average of 99Ps
provided by
procedure C (), at
Farm—Rotation—
Crop—Parcel
| — - Reg.line combir_lation in the
P ¥=122-104 Sud Milano
| R7=086 Agricultural Park
S . (Northern ltaly,
L g E e 2 0 45°N, 9°E). The two
IP Average procedure C boxp|0ts ShOW the

_|:|j two statistical

distributions.

IF procedure B

8.4.3. Variability of IP
8.4.3.1. Cadastral parcel level

In procedures B and C, the useESP predictions allows to apply the
indicator to 4001 parcels, corresponding to 25.2%ASM agricultural
area (Table 8.2).

As expected from the high correlation betwel®n provided by
procedure B andiy provided by procedure C (Fig. 8.4), the statistica
distributions oflP calculated in procedure B and the average foh)C (
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are similar at the cadastral parcel level, with lbbwerage values (2.8 and
3.1, respectively; Table 8.3). With procedure & thost frequent,
range is 3 — 4, covering 21% of the area; the jpawh I, below the
threshold (7) cover 95% of the area, dntelow 3 represents 47% of
the area (Fig. 8.5).

Table 8.2. — Coverage of the three procedures apedl to
evaluate P management in the Sud Milano AgriculturbPark
(Northern ltaly). See Fig. 2 and text for details

Procedure Procedure Procedure

A B C
Number ofFRCPc! 242 12,745 1,261,755
Area covered (ha) 391 8,810 8,810
Agricultural area covered (%) 1.1 25.2 25.2

! FRCPc Farm-Rotation-Crop-Cadastral Parcel combination.

Table 8.3. — Variability of the phosphorus indicato calculated
at the cadastral parcel level, with three differentprocedures in
the Sud Milano Agricultural Park (Northern Italy, 4 5°N, 9°E).
See Fig. 2 and text for details

Procedure A Procedure B Procedure €

Average 4.0 2.8 3.1
1% quartile 1.4 0.9 1.9
3 quartile 7.1 3.8 4.2
Standard deviation 3.2 2.7 2.0

! these statistics are calculated on the averag8 ofdicator
values provided by procedure )

8.4.3.2. Crop level

Only for soybean, the indicator has a good avekadee (6.4), while
the other crops have very poor averages (Table icé)is the crop with
the second highest average after soybean. Soybdha only crop that
has the % quartile (7.1) over the threshold. With the exampbf rice
and wheat (8 quartile equal to 5.5 and 4.4 respectively), la#l bther
crops have the"8quartile below 4. All crops have a minimuf value
equal to 0, while the maxima are over the threshmldn if they are not
10 for all crops. For every crop, usually it is theessive application of
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fertilizers that reducel. For rice and soybean, in 32.9 and 28.4% of
the area the reduction t® is due to under fertilization (Table 8.4).

2000

1600

© 1200

Area (h

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10
I, classes

Fig. 8.5. Area covered by different classes of tteverage of 99 phosphorus
indicator values () calculated in procedure C at the cadastral parcdevel
in the Sud Milano Agricultural Park (Northern Italy , 45°N, 9°E).

8.4.3.3. Rotation level

The only rotation with good statistics for the icatior (;) is Ir (Table
8.5): this is due to the significant presence ofbgan in this type of
rotation. CJ] (average 3.8) and GRaverage 4.0) have higher averages
compared to the other rotations, and tffeqBartiles are not very low
(6.0 and 5.2 for Gland CR, respectively): this is due to the presence of
soybean in the former, and rice in the latter. dtheer rotations (CFGC,
FC., R, and PM; Table 8.5) have very low averages (wiexima above
7.0). CFr is an exceptiotiR,s is the main factor determining in all
rotation types: it is effective on about 80% of drea, with a higher
percentage in GH90.3), FCG (89.8), and F(89.2). TheP, factor is
high only in | (38.7%) and CR27.6%).
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Table 8.4. — Variability of the phosphorus indicato calculated at the crop level, with two differentprocedures in
the Sud Milano Agricultural Park (Northern Italy, 4 5°N, 9°E). See Fig. 2 and text for details

Crop type

PrO(':Aedure Procedure C

C R C R M IR w S B All crops
Number ofFRCPc? 98 139 5,600 3,258 2,166 465 368 335 314 12,745
Area (ha) 530 861 13,192 8,868 4,937 1,106 574 1,052 678 30,838
Average 27 4.4 2.3 4.1 2.6 2.6 35 6.4 2.6 3.0
Minimum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Maximum 10.0 10.0 8.4 10.0 10.0 9.0 9.9 8.3 9.2 10.0
1% quartile 0.0 1.8 0.8 3.3 0.9 0.3 2.1 6.1 1.3 1.4
3 quartile 35 7.3 35 5.2 3.2 3.1 4.4 7.1 3.6 4.0
Standard deviation 34 31 1.7 1.6 2.2 2.9 2.0 1.3 1.6 2.1

Reason for the valuéd bt

IP=10 (% of area) 10.2 7.9 1.0 1.2 6.2 4.0 6.3 3.9 0.4 2.3
IP<10 due tdP,s (% of area) 79.6 75.5 83.7 70.4 81.1 88.2 83.063.1 92.2 79.1
IP<10 due tdPs, (% of area) 10.2 16.5 15.4 28.4 12.7 7.8 10.7 32.9 7.4 18.6

1 C: corn; R: rice; M: permanent meadows; B: barl&y;winter wheat; IR: Italian Ryegrass; S: soybean.
2FRCPc Farm—Rotation—Crop—Cadastral Parcel-combination.
% |P=10: the application of P is corret®<10 due tdP,.s excessive application of P fertilizers (risk oo exploitation

of non-renewable resource$lp<10 due toP,,: too small application of P fertilizers (risk obisP depletion);
percentage of the area analyzed.



Table 8.5. — Variability of the phosphorus indicator alculated at the rotation level, with two different procedures in |
the Sud Milano Agricultural Park (Northern Italy, 45°N, 9°E). See Fig. 2 and text for details

Rotation type
— Procedure A — Procedure C
C CIL CR CF Cl, G CR FG F I, PM

Number ofFRCPc?
Area (ha)

Average

Minimum
Maximum

1* quartile

3 quartile
Standard deviation

IP=10 (% of area)

46 36 159 1,365 891 3,463 3,867 1,504 785 58 809
182 254 974 3,661 2,685 6,810 10,3493597 2,099 106 1,519
33 32 39 1.6 3.8 3.1 4.0 1.6 1.8 6.7 2.7
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 55 0.0
10.0 9.8 10.0 5.8 8.5 9.9 10.0 9.5 9.8 7.7 10.0
08 00 13 0.2 2.4 21 3.0 0.1 0.9 6.0 0.9
34 73 6.2 3.2 6.0 3.8 5.2 2.5 2.2 7.3 3.7
33 38 32 16 2.4 1.7 1.8 20 1.6 0.7 2.4

Reason for the valués’of

15.20.0 8.8 0.0 1.6 2.4 1.7 2.6 3.7 1.3 9.1

IP<10 due tdP.s (% of area) 73.9 83.3 76.7 90.3 748 79.4 70.6 89.8 89.2 60.0 78.0
IP<10 due tdPs, (% of area) 10.9 16.7 14.5 9.7 23.6 18.2 27.6 7.6 7.1 38.7 12.9

T C.: cereals rotation including maize, winter wheatréy, oat, rye and eventually rice (rice on Ié&s1t10% of the area);
Cl,: cereals and industrial crops; at least 10% oftiea is cropped with sugar beet, oil or proteapsr
CR: cereals and rice; from 10 to 100% of the areaapped with rice;
CF: cereals and forages; more than half of the areeopped with cereals and forages are at leastdf@be area,
FC: forages and cereals; more than half of the aresopped with forages and cereals are at leastdf@b& area;
F.. forages; the rotation has only forages;
I;: industrial crops; the area is cropped with sumgat, oil or protein crops;

PM: permanent meadows.

2FRCPc Farm—Rotation—Crop—Cadastral Parcel-combination.

3 see Table 4.



Table 8.6. — Variability of the phosphorus indicato calculated at the farm level, with procedure C inthe Sud Milano Agricultural Park
(Northern Italy, 45°N, 9°E). See Fig. 2 and text fodetails

DAI-

Farnt type

DAI- DAI- DAI- COR- WHE- RIC-
INT EXT-PM EXT-RIC EXT CAT SPEC COR COR SOy SPEC
Number ofFRCPc? 472 137 1,480 1,913 109 820 529 265 163 2,741
Area (ha) 1,813 714 4,538 7,838 228 1,795 3,823 201,2 850 7,985
Average 1.7 2.4 2.5 15 2.6 4.0 2.4 3.0 55 4.4
Minimum 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.3 0.1
Maximum 9.5 7.9 9.0 8.8 9.9 8.4 10.0 9.9 9.2 8.3
1% quartile 0.3 1.2 0.3 0.3 1.4 3.2 0.0 1.8 4.0 3.4
3 quartile 1.4 3.2 3.9 2.2 3.2 5.6 4.0 3.6 7.1 5.3
Standard deviation 2.7 1.7 2.3 1.5 1.8 1.5 2.9 23 20 1.4
Reason forthes ofiP 3

IP=10 (% of area) 5.2 1.1 1.5 14 1.2 55 4.2 5.2 21 0.8
IP<10 due tdP, (% of area) 88.9 81.0 84.1 89.6 92.6 69.2 84.4 476. 60.0 65.4
IP<10 due tdPg, (% of area) 5.9 18.0 14.4 9.0 6.3 25.3 11.3 183 793 33.8
T details in Table 1.

2FRCPc Farm—Rotation—-Crop—Cadastral Parcel-combination.

% see Table 4.
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8.4.3.4. Farm level

At farm level, all clusters have average indicatatues [)) below 7
(Table 8.6), with a maximum in SOY (5.5), very laalues in animal
farms, and a minimum in DAI-EXT (1.5). Thé' guartiles are very low
in all clusters, and the®3quartile is greater than the threshold only in
SOY (7.1). As expected, also at farm level the niagtor determining
IP is Pres, in particular in CAT (92.6%), DAI-EXT (89.6%), drDAI-
INT (88.9%). Pso is high only in RIC-SPEC (33.8%), and in SOY
(37.9%).

8.4.4. Uncertainty ofl P

At the cadastral parcel level, the distributiore&Pwith different levels
of CDV,, and consequentlyqm, is peculiar to each single parcel. As it
can be seen in the examples of Fig. 8.6, simikstridutions ofESPmay
provide very different distributions dP: parcel 1 is cultivated with
soybean and, despite a relatively high P uptakes dmot receive any P
fertilizer, thus receiving a high score at higbV, and a low score at
low CDV. The fertilizations of crops in parcel 2 are exies at high
CDV, thus thdP is low, while it is correct at IoMZDV, receiving a high
IP score. Two crops are cultivated on parcel 3, wdifferent P
application and uptake. Both crops receive an amainP with
fertilizers that is excessive at the hig8Pestimated wheDV is high
therefore yielding a lowP value. WherCDV is between 10 and 50, one
crop is assigned a highd® and the other a lowéP, due to different P
requirements and P fertilizations. At the parcellscthis fact produces
the bimodal distribution that can be observed ig. Bi6. At lowCDV
(below 10), both crops receive an inadequate RiZatton, receiving a
low IP score due to thB, factor.

At the parcel, crop, rotation and farm scale, theentainty around
liw is on average moderate: for all the parcels, teanR is 1.3 (Fig.
8.7a). To give examples at other scales, the agda 0.4 for Italian
ryegrass and wheat, and 1.0 for corn (Fig. 8.Rp)s low for Fr (0.4)
and FCr (0.5) and CFr (0.7) (Fig. 8.7c), dds 0.4 for DAI-INT and
COR (Fig. 8.7d).
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Fig. 8.6. Three examples of the
uncertainty of extractable soil
phosphorus ESP)(a) and

corresponding Phosphorus Indicator parexr-ric
(IP) values (b) at the cadastral parcel parext-pm -

level in the Sud Milano Agricultural
Park (Northern Italy, 45°N, 9°E).
CDV = Cumulative Distributed
Values of ESP.

Fig. 8.7. Uncertainty of Phosphorus
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procedure C), described by boxplot of the distribuions of the inter—
quartile range at (a) parcel, (b) crops, (c) rotaton, and (d) farm level.
Triangle = mean. For acronyms see Table 1 and 5.
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Despite the relatively low average valuefpfelevant uncertainty is
found in most of the systems studied. There arsistant uncertainties
in all classes, as the maximaR#tre very high in some cases: 7.9 at the
parcel scale, 8.4 for rice, CRr and RIC-SPEC. heptases, however,
the maxima oR are lower, as in the case of wheat (maximum of 2.6
and FCr (3.5). These results show that, when high, calculated
uncertainty may provide conflicting judgments omBnagement.

8.5. Discussion

In the deterministic calculation using measug&P (procedure A), only
1.1% (391 ha; Table 8.2) of the agricultural areald be analyzed. This
is not sufficient to express a judgment about Pagament in the Park.
However, this procedure provides a preliminary Itesehich is in
agreement, for two crops, with procedure B and & d@ise of kriging in
procedure B and C allows calculatihig for a larger area (8810 ha;
Table 8.2). For each FRCPc, in procedure B thecatdr is calculated
based on an averadeSP, while in procedure C the indicator is the
average of 99 calculations, made using B8P values. In principle,
when models are non-linear, model application dhoigllow the
framework of procedure C, i.e. repeated model apptins should be
carried out using different inputs, and outputsudthdbe averaged. As it
can be seen in Fig. 8.4, the indicator values obthiwith the two
procedures are relatively well correlated €R0.86), even if in several
cases the difference is high. From the point ofwié the application of
the indicator, we identify four situations: i) bothethods return an
insufficient value for the indicatotR < 7); ii) both methods givl® > 7
(higher than sufficiency); iii) and iv) one methgides a sufficient value
and the other insufficient. The area covered bycootant judgments
[cases i) and ii)] is 90.6%, while it is 9.4% fases iii) and iv) (data not
shown in figures or tables). This means that, wbely a general
screening has to be carried out (i.e. we want takif IP is above or
below 7), most of the situations can be properlgssified. If a
guantitative evaluation is needed (e.g. distingngicases when the
indicator is 3 or 6 is important), procedure C vebloé more reliable.
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The low values of the'8quartile obtained in procedure C (Table 8.3,
8.4, 8.5, and 8.6), indicate that, according tos théimplified
methodology, P management in the Park is not aatisfy. This is
particularly true for corn, the main crop in therlPéaveragd, = 2.3;
Table 8.4), while rice shows better results (avetag 4.1; Table 8.4).
It is important that the high values of maxima destate that, despite
a generalized excess of P applications, some fararer able to follow
good management practices in this area.

The general bad P management highlighted IByis probably
partially due to excess of animal manure applicaiio animal farms
(Bechini and Castoldi, 2006). In addition, high &sés are applied to
corn, a crop for which mineral P fertilizers aredisis a starter in spring
(Bermudez and Mallarino, 2002). High amounts oppliad to corn are
favored by the fact that this crop is not too salesio nutrient excesses.
The utilization of P fertilizer and manure, and tise of irrigation water
rich in nutrients (until 2003, before the constmictof the municipal
wastewater treatment plant) have created a soilrplus in this area
(Castoldi et al., 2008a). P application, howevegaswnot reduced
accordingly: therefore, excessive fertilizatidth{ factor) is the cause of
the lowlIP values in about 80% of the area in all crops (@&b#l). The
too small application of P and the consequentafssoil P depletion are
relevant only for rice and soybean (28.4 and 32.8fcthe area,
respectively), as for these two crops animal manmsiria general not
used, and mineral fertilizers are applied with c&ige farmers in this
area apply fertilizers with extreme attention besgathis crop can be
damaged by nutrient surpluses, in particular bex#usy may favor the
development of diseases. These results are indedgtt Torrent et al.
(2007), who have found that in southern Europevanage the inputs of
P fertilizer exceed the P exported from field. bidiion, it should be
considered that, before the construction (in 20@B864), of the Nosedo
municipal wastewater treatment plant, there has beecontinuous
application of irrigation water contaminated witbwage originating
from Milano’s sewage system. This fact has contatuto increase
ESP especially in the South East area of the Par#t,iaais likely that
this situation was not taken into account when @reg nutrient
management plans. The analysis I1Bf variability at rotation level
demonstrates that all rotations linked to animah& (CFK, FG, F, and
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PM) have badlP values, probably due to the excessive manure
applications. The data were collected in the pedi®d9 — 2003, and
today the situation is probably changed. The intotidn and adoption
of manure regulation (as a consequence of the diitDirective”,
Council Directive 91/676/EEC), the increasing femtir costs, the
activation of Nosedo wastewater treatment pland #dre increasing
environmental sensitivity of farmer have likely imoped the P
management, reducing the environmental impact. Ewenthe
uncertainty (discussed below) is sometime neghkgihe general
conclusion for the Park is that technical supptrousd be given to
farmers for the improvement of nutrient managemanfarticular in
animal farms.

Use of the stochastic method (procedure C), showet the
uncertainty of input data has a significant eff@ctthe indicator output.
For example, the good results of soybean (averdiyd)=are affected by
significant uncertainty with an average of 2.4 (Fig. 8.7b). This does
not allow expressing an unequivocal judgment on &agement for
this crop. For other situations, the uncertainies moderate, and the
assessment (expressed by the avelayés relatively more confident.
In general, the uncertainty is low with croppingtgmns using elevated
P amounts (in particular in animal farms). The aadile is that the
distribution of CDV provides in many cases (e.g. parcel 2 in Fig. 8.6)
medium to very higrESR in these cases, a very low scorel®fis
assigned, in particular if P applications are dledaP applications can
be so high that they are not even justified at levels of ESP, as they
exceed the sum of crop uptake and enrichment dasa.result, lowP
scores are obtained with very differe@DV, and the resulting
uncertainty is low. On the contrary, when P appiaces are low or null
(e.g. soybean-based systems), lfhenay be higher at the right end of
the CDV curve, while it can be lower whedDV (and therefordeSP
are low or very low (e.g. parcel 1 in Fig. 8.6).i9hesults in a larger
uncertainty of the indicator.

Other authors have concluded that uncertainty idehapplication
can be relevant and need to be carefully dealt.whdr example,
Rivington et al. (2006), have carried out a congmariof the outputs of
a cropping system model fed with different weattieta. Their results
show that the various data sources may be acceptaliot, depending
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on local conditions and the assessment metrics . usthilar
conclusions are obtained by Van der Werf et al0{20their evaluation
of three pig production systems with five differassessment methods
indicates that the relative ranking of the systearges depending on the
evaluation method and on the fact that the resuéisexpressed per unit
area or per unit mass of product obtained. Pcat ¢€2008) have applied
a soil carbon dynamics model, considering the uac#y of parameters
and input data, using a Monte Carlo method. Theysthat, even if the
uncertainty can be relevant, still it is possildedistinguish the trend of
soil organic carbon over time of two distinct radas. These works
show that the differences among the systems arthlgzen be so
relevant that, even if inputs are uncertain, §tith conclusions can be
drawn. In other cases, the high uncertainty isdatgan the difference
among the systems, and it is possible neitherdwige a judgment nor
to rank them. In conclusion, the effects of undetyaneed to be
evaluated on a case-by-case basis.

In our study we have considered only the uncestaiatated to a
single input ESB, because our database did not provide informdtion
quantify the uncertainty related to the other igplte. amounts of
manure and fertilizers, and crop uptake. Moreovbg conceptual
model (Bockstaller and Girardin, 2003) was takendmnted, and its
uncertainty not considered.

In conclusion, we recommend that assessments ctattwith agro-
ecological indicators should include the evaluat@ithe effects of
input data uncertainty. As far as we know, this easpis more
considered in modelling applications (e.g. Acutiale 2000; Post et al.,
2008). Indicators are simplified tools useful fereening and ranking,
but uncertainty should not be overlooked in thpplecation.

8.6. Conclusions

With the aim of evaluating the appropriateness ofmBnagement
practices in a study area in Northern ltaly, weeéhapplied an agro-
ecological indicator (the phosphorus indicator; IBsaller and Girardin,
2003) to the data contained in a large databassoifand farm
properties. Crop management information, derivedth&t cadastral
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parcel level, was integrated with geostatisticainestes of ESP to
evaluate whether the farmers are using the appteprdoses of P
fertilizers (either organic or inorganic) or theyeaover- or under-
fertilizing. The results show that, despite verghiESPvalues, in many
situations excessive amounts of P fertilizers apdiad. The uncertainty
associated with this assessment is not always aeleand allows in
several cases to state that in this area P fendlishould be applied at
lower doses (or not applied at all). In generatmiars would benefit
from an extension service to receive advice on deittility
management. Uncertainty analysis should be coreidar necessary
component of environmental assessments, as the rtamge of
uncertain input data needs to be evaluated onealpasase basis.

8.7. Acknowledgments

The SITPAS project was funded by Parco Agricolo Sddano,
Provincia di Milano, Camera di Commercio, Indusgidrtigianato di
Milano and Regione Lombardia. We gratefully ackrexge the
scientific coordinator of the SITPAS project, Pribmmaso Maggiore
of the University of Milano, and Uta Biino, DanieBergamo, Stefano
Bocchi, Marzia Cont, Matteo Penati, Maria Antoragfolestra, Stefania
Silvestri, Irene Zanichelli, Maria Pia Sparla fdretwork carried out
during the SITPAS project. Corrado Chiettini andritaCastelnuovo
provided the soil analysis reports of MAC laborgt@vlinoprio, Italy).

This work was partly conducted under the PRIN 2G#dject
"Un'agricoltura per le aree protette" ("Agricultuisr protected areas"),
funded by the Italian Ministry of University and $&arch, and
coordinated by Prof. Maurizio Borin, Paper n. 12.

We gratefully all ITC staff for help during this wo

256









CHAPTER 9

GENERAL DISCUSSION



GENERAL DISCUSSION

9.1. Agronomic results

At regional scale, N and P management were evaugiplying the soil
surface N balance indicator (chapter 6; Parris819@d the phosphorus
indicator (P, chapter 8; Bokcstaller and Girardin; 2003) udimg data
stored in the SITPAS database (Sistema Informalimoitoriale Parco
Agricolo Sud Milano). SITPAS contains detailed infation related to
average farm management of 730 farms in the Park.

In the study area (the Sud Milano Agricultural Baskxcessive N
fertilizations occur in intensive dairy and pig rfang systems where
very high amounts of N are applied with animal nmanumoreover,
chemical N fertilizers are not reduced accordinglypducing high
surplus (> 300 kg N 19 and corresponding high potential risk of N
losses. The crops with the highest surplus ar@ittalyegrassLlium
multiflorum Lam.) and corn Zea maysL.; 183 and 172 kg N hy
respectively), while ricéOryza sativa..) and winter wheafTriticum
aestivumL.) have the lowest average surplus (87 and 85 kg ). ha

IP considers negative both over- and under-fertiimgtand the low
values obtained indicate that, according to thispsified methodology,
P management in the Park is not satisfactory. Despéry high
extractable soil phosphorus values (estimated wggpstatistical
methodology; chapter 7), in many cropping systerRtegsive amounts
of P are applied. This is particularly evident &mrn, the main crop in
the Park, while rice shows better results. The Walnes of maximaP
demonstrate that, despite a generalized excessappkcations, some
farmers are able to follow good management pragticethis area. As
for the N balance, the general bad P managemeparisally due to
excess of animal manure application in animal farfime utilization of
P fertilizer and manure has created high conceotrsmtof extractable
soil P in this area. P applications, however, we@ reduced
accordingly, therefore excessive fertilizationhg ttause of the lowP
values in about 80% of the area in all crops. Tiwesimall application of
P, and the consequent risk of soil P depletiomelisvant only for rice
and soybeandlycine max(L.) Merr.], as for these two crops usually
animal manure is not used and mineral fertilizeesused with care.
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The data used in the calculation of these indisateere collected in
the period 1999 — 2003, and today the situatiopradably changed.
The introduction and adoption of manure regula@as a consequence
of the “Nitrate Directive”, Council Directive 91/67EEC), the
increasing fertilizer costs, the activation of Ndse wastewater
treatment plant, and the increasing environmerasisvity of farmers
have likely improved the N and P management, reducthe
environmental impact. Even if the uncertainty c# thdicator values is
not always negligible, the general conclusion fbe tPark is that
technical support should be given to farmers fa itmprovement of
fertilizers use, in particular in animal farms.

In order to evaluate the economic and environmesutstiainability of
farming systems, during the period 2005 — 2006 rdetailed data were
collected in seven representative farms by fadede-interviews with
farmers. A set of indicators selected from literatwas applied to 266
fields x crops combinations monitored. These indicator<riles the
management of economic resources, nutrients, enesgy plant
protection agents (PPA). The indicator values vikem aggregated at
field and farm level, introducing in the framewairdicators on soil
quality, landscape and biodiversity managementpfeneb).

Good economic results were obtained for rice ancdh duut the
former have high potential impact on environment tlu intensive use
of plant protection agents and low energy productishile the latter
has generally high nutrient surpluses. The intrtddacof barley and
winter wheat in crop sequence reduces the econsusi@inability, but
increases the environmental sustainability. Gelyeraldder crops have
very low environmental impact (low energy consumptand nutrient
surpluses; no PPA application), but poor econoneidgpmances. The
crop with the best energy gain is corn, despitehigh fossil energy
input required in the cultivation. The exportatioh straw in winter
wheat, rice and barley reduces the organic cantyout iinto the soil. For
corn, in many cases the manure applications anchitjte amount of
residues left on the soil represent an importanit e@anic carbon
source.

The intensive dairy farm monitored obtained a goothpromise
between economic and environmental sustainabiliye average gross
margin obtained in crop production is high, and thatrient
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management is rather correct, with nutrient sugdusot too high. The
fossil energy consumed is high, but also the didoginergy contained
in products exported from fields. The potentialkriselated to

application of PPA is moderate. The soil qualitgicators show a good
organic matter management due to the use of mamalécrops and to
the presence of permanent meadows. The crop segusnaot

completely satisfactory, because in many fields oatinuous corn

sequence is present. The biodiversity and landsicaliators provide a
fairly good judgment due to moderate crop diversityd moderate
presence of hedge-rows.

Low values for the economic indicators were obtdiire the dairy
extensive farm; however, this farm showed an egnelnanagement of
nutrients, with nutrient balances close to zerothBossil energy
consumed and calorific energy incorporated in thedpcts are on
average low due to the large area with permaneradowes. The
application of PPA in a restricted area (cultivatéth corn) reduces the
potential impact of agrochemicals. The large preseof permanent
meadows and the application of manure increasgahe of indicators
related to the soil quality. The dense network efide-rows increases
the landscape differentiation, while the restrictedmber of crops
cultivated in large fields reduces landscape fragaten.

The intensive and extensive swine farms monitosactigh values
in economic indicators, but nutrient surplusesumaally excessive, due
to the high amount of manure and mineral fertilizgplied. Both
energy inputs and energy outputs are high, buetieggy gain is lower
than the corresponding value obtained in the daitgnsive farm. As
concerns PPA management, the potential environmems is
moderated and referred essentially to the use dbicides during
springtime in corn cultivation. The soil quality dicators provide
unsatisfactory judgments in both farms, with thecegtion of soil
organic carbon indicator in the swine intensivemfawhere a high
amount of organic matter is applied every yeathm goil with animal
manure. The landscape is simplified by the contisucorn cultivation,
and the development of hedge-rows network is radlic¢he extensive
farm.

The two farms with rice cultivation obtained vergagl economic
gross margin, despite the high variable costs. fittgent management
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is generally correct in rice, but high nutrient@uses are obtained in
corn. The energy inputs are high, but the outptgsnaoderate, due to
low yield of rice. Frequent herbicide and fungicajgplications occur in
rice; hence the potential environmental pressur@RA is very high in

both farms. The soil management is not adequatauseca low amount
of organic carbon is applied to soil and the cardgims crop is preferred
to a more diversified crop sequence. The landsdapextremely

simplified in the farm with only rice and corn fiisl, while it is more

diversified in the second rice farm, where fourpg@re cultivated with
the presence of a moderate hedge-rows network.

In the last farm monitored (the mixed farm), numeracrops are
cultivated in the same year, with low inputs. Tbiison adopted in this
farm does not provide excellent results both frtw économic and the
environmental points of view. The economic perfonoes are not too
high, but the nutrient balances are fairly corrdtte energy inputs and
outputs are low, but good energy efficiency wasimigid. The potential
impact of PPA is moderate, and the crop sequencathier good, but
the soil organic carbon management is not satsfiacA good value for
the crop diversity indicator is obtained, but tredge-row network is
not particularly developed.

These indicators can be used by administrativetecithical bodies
(e.g. by the Park) as a first screening tool, amtdy the most hazardous
cropping and farming systems.

9.2. Possible solutions for agronomic sustainability

The assessment carried out with indicators provadesture of the state
of agricultural management: many critical situasiomere highlighted
for different aspects, especially in the nutrierdn@gement in animal
farms.

Often farmers do not have the tools and the knogded improve
the environmental sustainability of farming systerfise imposition of
specific managements (i.e. limit in N applied wittanure; Regione
Lombardia, 2006) or the funding of generic agroiammental
measures (Regione Lombardia, 2005), should be cwdbivith a
structured and widespread extension service.
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In general, farmers would benefit from these sesjovhich will
provide technical support and knowledge necessarydrive the
management decision making towards a more sustairagiculture,
with case-specific solutions. An intense collaboratwith qualified
agronomists is too expensive for many farms. Tleegf specific
measures could be promoted by the Park (or otheviréstrative and
technical bodies), funding a public extension smrvihat provides
professional environmental advice to farmers, \\th cost for them.

As a first step, the services should be orientedaitds a restricted
number of farms that have high potential environtalepressure, as for
example the intensive livestock farms, especidtlg pig farms. In
animal farms the uncertain concentration of nutsen manure and its
uncertain availability to crops make the use ofnaical fertilizers a
cheap method to sustain crop production regardiésbe fate of the
animal nutrients applied (Schrdder et al., 2000¢H8® and Castoldi,
2006). Available scientific knowledge, direct mea&suoents and
simulation models should be wused to optimize agtical
managements, reducing the fertilizers (and in gdrresources) waste,
without compromising good crop yields. Moreoverg tiextension
services could monitor the agricultural sectorprding detailed data on
the real farm management, creating a vast datalzasgaining
information continuously updated, which can be usetthe agricultural
assessment. Both farmers and Park (and consequetitlns) would
benefit from these services.

Crop simulation models could be applied with théadzollected by
extension services, and alternative managementiicgaiu could be
tested in order to evaluate the best economic amdrommental
sustainable solutions. Some preliminary simulatioms nitrogen
management were carried out with data collecteadérmonitored farms
(Bechini and Castoldi, 2006d; Appendix d). The dations
demonstrated that reduction of nitrogen fertiliaatis possible without
compromising the yield, saving money, and reducihg nitrogen
leaching.

Field experiments were carried out in 2006 in ordeevaluate the
correctness of nitrogen management in monitoraadaand to evaluate
the consistency among experimental data and agriogical indicators
calculated with data declared by fames (data ndilighed). The
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presidedress soil nitrate test (PSNT; Magdoff et 2984.) and stalk
nitrate test (SNT; Binford et al., 1990) were meaduin six
experimental corn fields with different levels of &pplication (from
manure and/or mineral fertilizers). PSNT was megun order to
evaluate if the preplant N applications were cdrraad to indicate if
additional N was needed at six-leaf stage (Binferdal., 1992). SNT
was proposed as a method of determining if excessivinsufficient N
was available to corn during the latter part of $e@son. Moreover, in
these experimental fields, N balance was calculasg declared and
measured data: before crop emergence, and afteedtasoil samples
were collected for the analytical measure of soiineral N
concentration. Crop samples were collected for rtieasure of crop
yield and N uptake. Inorganic N left in the soiteafharvest is also a
good risk indicator: high amount of mineral N irethoil after harvest
will be probably leached in autumn during the istemain that usually
occurs in this season.

The values obtained from field measures demonstthte a
reduction of N fertilizations is possible withowrapromising the vyield.
With N application over a threshold specific forclkapedoclimatic
condition (about 200 — 250 kg T there is not evident increase of corn
yield (similar results were obtained by Bassanimcale 2008). The
PSNT values measured were rather high indicatingreco N
applications during the seed bed; a reduction afenal additional N
could be suggested in these fields. After hantdgh SNT (over 2,000
mg N-NO; kg™ DM; data not shown) were obtained in fields whigh
amounts of N (mineral fertilizers and animal masireere applied.
After harvest, high mineral N soil contents wereamged in fields
where animal manures are applied.

Even if related to a small sample for one years thxperience
demonstrates that the PSNT and the SNT are twal &l relatively
cheap tests that could be applied in a large nuwibiarms, because the
former requires the analysis of soil nitrate ofod sample (0 — 30 cm),
while the second requires the analysis of nitratethe corn stalk
collected after harvest (20 cm segments of cornksstaetween 15 and
35 cm above the soil from about 10 plants). The P8ah be used to
drive the management toward a correct fertilizatioumile the SNT
evaluates ex-post appropriateness of fertilizatiombe measured
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balance is expensive and time consuming and igppicable in a large
area, but the measurement of soil nitrate afterdstiis a good indicator
of the potential nitrogen leaching. These testslccdne organized at
large scale by the extension services, in ordemfmove the nitrogen
management and to monitor and to evaluate the petdntial N
leaching risk.

In addition, as farmers have no tools to evalulagereal amount of
nutrients applied with animal manures, laboratomalgses would be
necessary for each manure application. Howeveratfayses are too
expensive compared the low economic value of marreapid and
cheap evaluation of nutrients concentration in maman be carried out
with near infrared tools (Marino Gallina et al.,08b, De Ferrari et al.,
2006) installed on the machine used to spreadysturion the storage
tank. During each manure application the real amafnnutrients
applied could be determined by this tool, and agwarrect fertilization
plan could be compiled. This tool may require sfedinowledge,
hence the utilization of this technology is bestesliin an organized
group comprising a large number of farm.

A development of innovative managements is the teayard to
drive the future agriculture in order to maintaitevated levels of
environmental quality without compromising the eooic
sustainability. The high production obtained by emgive crops
cultivation should be exploited in fertile areagtimizing the use of
resources and consequently the efficiency of tretesys, in order to
cover the food/energy demand, while the other arglaguld be
dedicated to different utilization, for example f@cted natural area,
tourism, recreation, etc.

This concentration of intensive agriculture in res¢d areas is
comparable to industry meta-district. Meta-distriate production areas
with heavy links with research and innovation. Thedistricts will
represent agricultural development centre with aled technology,
organization, and production, where to promotecthiaboration among
farmers, industry, and research centers. The aithese districts is to
intensify the production (in an environmental simgthle way) and to
improve the economic competitiveness in the hom iaternational
market. In these environmental and economic swstéenareas, the
waste of resources will be reduced, because trenization is planned
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at district level, and not at farm level, with aga possibility of resource
allocation and reutilization.

9.3. Possihilities and limitations of the indicator
framework

9.3.1. Data collection and storage

Farmers provided management information voluntaaityl they were
not remunerated both in the SITPAS project (dateed in chapters 6-
7-8) and in the interviews carried out in 2005-2(@&ta utilized in
chapter 5).

During the interviews it is necessary to gain farsheonfidence, in
order to obtain also confidential data (i.e. ecoimodata, real amounts
of manure and fertilizers applied, all plant praéimt agent used), and to
guarantee the maximum anonymity and protectioratd dollected. The
perception of collaboration instead of an inspectias created good
relationships among farmers and researchers akpwatiecting good
data on farm management. The possibility of a dowableck on many
data (e.g. between seed application declared dintegview and seeds
bought) has reduced the uncertainty of the assedsmeeen if some
doubts and errors persist. Despite the enormousefal availability to
provide information in these accurate interviewsmuneration for
farmers is suggested in a future similar work.

Usually the administrative and technical bodiesehavarge amount
of agricultural and environmental data; howeveresth are rarely
organized in a structured database, and often diffecult to obtain
these data. The SITPAS project (Bergamo et al.,72@0ovincia di
Milano 2006) has provided a large amount of orgeshidata, allowing
an accurate regional agricultural assessment.

The data storage is a critical step in the assassprecess, often
undervalued. Examples of problems occurring witltadéat are not
perfectly structured include: errors introducediniyidata input, missing
data, incomplete domains, excessive complexity athlohse. In our
opinion the first step in the data collection idear definition of the aim
of the work, therefore it is necessary to seleetrifght indicators and
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define the data required. After these steps ibssile to project and to
realize the database and finally to collect datafodunately many

assessments start from a data collection and tirergie database is
built, or the database is designed before the dataction, but there is

not a clear idea of the final utilization of thddmation collected. In

this situation an over collection of informationdesmmon, with a clear
waste of resources.

The complexity of agricultural systems requires ptar databases
to store non homogeneous information and all thmerous possible
exceptions that occur in farm management. With demplatabases,
misunderstandings and errors in information managenrequently
happen. Appropriate data structures are neededethrcing the time
necessary for elaborations and the possibility robre, despite some
peculiarity of agro-ecosystems is not recorded.

9.3.2. Limitations of the indicators used

Indicators on green house gases (GHG) productiore wet included in
the framework proposed, because more complex t(gilaulation
models) are necessary for the evaluation of GHGanyos, and larger
and accurate data are required. The @@©duction is partially related to
fossil energy input, while C sequestration is edaib energy output and
soil organic matter index. The estimation of £ZNO,, and other GHG
emissions is not possible using data obtained duniterviews.

Another relevant topic is the water management, that lack of
measurements of the irrigation volumes applied dmt allow a
comparison among different irrigation management® installation of
measurement tools on the hydraulic turbine wasetquensive for our
research.

The method proposed is effective only for the Rark similar area.
The selected indicators were set on the pedoclnwindition of the
Park and on the typical agricultural managementthié area. For
example, indicators about erosion or deforestatiere not included in
the framework because these are not significarttlenes in the study
area. The application of this framework for a congmn among these
cropping systems with other systems (i.e. hortigalt wine-farming, or
fruit-farming systems) is not correct.
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Social sustainability is an important part of agttigral systems
assessment, but this was outside the aim of theareh.

Many indicators are very simple and coarse, anaatoallow the
evaluation of real environmental and economic ingaour framework
evaluates the potential impact of the managemegtliphting the
situations with higher potential risk. For examplagh nutrient
surpluses were found, but it is not possible to lwata the
environmental fate of nutrients applied in exce$ke indicators
proposed are useful to drive more accurate researuh for a
preliminary comparison among different managemestiesns.

9.3.3. Parameters and coefficients

In the calculation of indicators, measured dataddren replaced with
parameters and coefficients (e.g. the real N cdngion in the
harvested product is estimated with data providgditerature). The
variability of these coefficients and parametemvyated by literature is
sometimes high. Many factors influence the valuepasameters and
coefficients:

i) the system’s boundary: for example the definitibrboundary is
essential in the quantification of indirect eneoggts of materials
(e.g. the energy in the seed is higher than theesponding
calorific value if the indirect energy spent in ttdtivation of the
seed is accounted);

i) the environmental condition where parameters angffic@nt
were estimated (the crop N content depends on peddic
condition, nutrient availability, variety, etc.);

iii) the subjective definition based on expert knowledge

The choice of correct parameters and coefficients ¢ritical step in

the agricultural systems assessment, because tpkcagion of a
specific value for a parameter may change the jhgmn this work,
the choice of the coefficients has been based ervdlue provided by
the most comparable studies published in referepapér selected after
an accurate review.
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9.3.4. Assessment uncertainty

During the last decade, numerous environmental faremagement
tools and evaluation methods based on indicatoree vaeveloped
(reviewed for example by Rosnoblet et al., 2008)isTdevelopment
raised several questions among potential usersabayt the strengths
and limitations of each method, and about the ca@eree of the results
provided by different methods (Bockstaller et 2007a).

In this context, uncertainty analysis should besiaered a necessary
component of environmental assessments, as the rtmmge of
uncertain input data needs to be evaluated onelmasase basis. The
uncertaintyassociated with indicator assessment is not alwagsant,
and allows in many cases to state that in a péaticarea, or for a
particular aspect analyzed, the management is atofoe not) even if
the uncertainty is elevated.

9.3.5. Interactions and trade offs

The framework proposed does not consider intenastand trade-offs
among different indicators (and corresponding fagmisystems
aspects). Every indicator is considered individyalhile a systems
assessment requires an integration of informatioa unique analysis.
Interactions among farmer practices themselvescadaadnfluence their
impacts; for example, incorporating manure intol seoon after
spreading tends to decrease nitrogen losses throagimonia
volatilization but to increase nitrate leaching nivder Werf et al.,
2007a).

A preliminary evaluation of trade offs (Castoldi at, 2007b;
Appendix F) was carried out by applying the Susthility Solution
Space method (Wiek and Binder, 2005), using l4catdr values
calculated at field level (131 fields analyzed)eTdnalysis of trade-offs
allows to provide a systemic evaluation of the eyst, and it should be
considered a necessary component of environmesgakaments.
Moreover, a preliminary integration of differentdinators values into a
single index was carried out by applying SustailtgbiFunctions
(Castoldi and Bechini, 2007; Appendix E).
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9.4. Futureresearch

During the research period many problems and idedsow to proceed
in the evaluation of sustainability of agricultusglstems came out. The
main objectives for further researches are:

i) a more efficient and effectiveness data coltattiThe farmer
interviews are time consuming and the data coliectgjuire a
subsequent check, because during the interview $ofoemation
may not be recorded or may contain errors (ovetsigh
carelessness of interviewer or farmer). Automatydate sensing
tools applied to tractors and other machines allwwvrecord
accurate and precise data on farm management. ifigke $arm
operation should be recorded, including the timeessary for the
operation, the combination tractor-machinery, thace position of
the operation and a good estimation of fuel consuifivazzetto, F;
personal communication);

i) a more precise evaluation of nutrients concaian in animal
manures, and of yield in fodder crops;

iii) the evaluation of alternative scenarios, im@r to drive the farm
management toward a more sustainable solution. $oetieninary
evaluation in the N fertilization in corn was cadiout in Bechini
and Castoldi (2006d; Appendix d);

iv) the evaluation of uncertainty related to sel@énputs analyzed
simultaneously with appropriate statistical methods

v) a more accurate evaluation of trade-offs usingst&nability
Solution Space and other tools;

vi) the integration of different indicators intosingle index toward a
more precise and rigorous definition of SustaingbRFunction or
using other tools.

When all these objectives will be reached, the ssssent tool
proposed will be considered suited for an efficiemd accurate
evaluation of the sustainability of agricultural mgement, and it could
be used in the decision making process.
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Appendix A.

Distribution of indicators calculated at crop level
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Distribution of indicators calculated at field levd
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Appendix C.

Distribution of indicators calculated at crop leveland grouped
by farm.
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Appendix D.

VALUTAZIONE DI ALTERNATIVE GESTIONALI DELLA
CONCIMAZIONE AZOTATA DEL MAIS ATTRAVERSO
MODELLISTICA DI SIMULAZIONE

Evaluation of alternative nitrogen management imaasing
simulation model

Luca Bechini, and Nicola Castoldi;
Riv. Ital. Agrometeorol. /Ital. J. Agrometeorol 71-72.

Abstract

Allo scopo di migliorare la comprensione della admea dell'azoto nel
sistema suolo-coltura di un'azienda zootecnica izl abbiamo
eseguito simulazioni di una monosuccessione di ndaisgranella,
coltivato secondo la gestione praticata dall'adgiace o secondo
itinerari tecnici alternativi. Questi prevedevana tiduzione della
concimazione azotata, in modo fisso tutti gli arnin modo variabile a
seconda del contenuto di nitrati nel terreno atidi® di sesta foglia
(V6). | risultati mostrano che, rispetto alla gesg praticata attualmente
dall'agricoltore, €& possibile ridurre la concimamo azotata e la
lisciviazione di nitrati; tale riduzione puo essemdulata a seconda
delllandamento stagionale (ma sopportando il casjgiuntivo di
campionamento e analisi), oppure pud essere fissatiaca 75 kg N
ha™. L'utilizzo di colture di copertura non riduceariormente le perdite
di nitrati per lisciviazione.

Introduzione

Nell'ambito di un progetto di ricerca sull'agricolt nelle aree protette,
stiamo mettendo a punto un metodo di valutazioria d®stenibilita

ambientale ed economica di diversi sistemi agriceli lo stiamo

applicando a otto aziende del Parco Agricolo Suthimdi. Le aziende

vengono da noi monitorate tramite visite periodjchel corso delle

quali registriamo tutti gli interventi eseguiti riascun appezzamento
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(lavorazioni, fertilizzazioni, trattamenti fitosaaii, irrigazioni e
raccolte). La peculiarita del nostro approccioeds nel fatto che ci
basiamo quanto piu possibile su dati esistentighamati della pubblica
amministrazione, letteratura scientifica) o su datilmente ottenibili
tramite colloqui tecnici con gli agricoltori, cermdo di escludere il
ricorso a misure dirette. Di conseguenza privilegiagli indicatori
agro-ecologici come strumento di sintesi. Nel cod@l'indagine
abbiamo riscontrato elevati surplus per i bilarmotati calcolati a scala
di singolo appezzamento per la coltura del masa( maysL.),
soprattutto nelle aziende zootecniche. Allo scopeatiitare le strategie
per ottimizzare la gestione dell'azoto (N) in gaeariende, stiamo
quindi conducendo un‘analisi modellistica dellaadiica dell'azoto nel
sistema suolo-coltura; coerentemente con lo spiléioprogetto, stiamo
valutando l'applicabilita dei modelli senza basaimisure apposite,
conducendo la parametrizzazione con dati gia dipgbnin questa
comunicazione riferiamo i risultati preliminari ativi ad un'azienda
zootecnica.

Materiali e metodi

L'azienda ha una superficie di 81,5 ha, un cariabtecnico
(allevamento di suini pesanti) di 1,21 t peso o', ed & interamente
coltivata a mais da granella; la distribuzione de&flui avviene nel
periodo autunno-invernale, l'aratura e la preparezdel letto di semina
nel mese di marzo, e la semina del mais tra |'altiimcade di marzo e la
prima di aprile. La concimazione minerale vienesttffata con urea in
presemina ed in copertura (70 e 140 kg NYhal suoli (Unita
Cartografica 18: ERSAL, 2000) sono Aquultic Haphlfst coarse
loamy, mixed, mesic, con profondita della faldaestate di 1,6 m. I
modello CropSyst (Stockle et al., 2003) é statbizatito per simulare
una monosuccessione di mais da granella, utilizzaladi meteorologici
(Sant'Angelo Lodigiano, 45°14'N 9°24'E) generatin c&limGen
(Stockle et al., 2003) per 50 anni, escludendasdiltati dei primi 10 e
fornendo media e deviazione standard dei rimarhtil suolo € stato
parametrizzato utilizzando le informazioni dellartaa pedologica:
profondita della falda, e, per ogni strato del popfspessore e dati di
tessitura e carbonio organico. Le proprieta idriclog sono state stimate
con le equazioni proposte da Saxton et al. (1986jfiltrazione e la
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redistribuzione dell'acqua nel profilo sono stateutate con I'equazione
di Richards. Il mais & stato seminato automaticaenelal modello a
partire dal 15 marzo di ogni anno quando la tentpeaadell'aria era di
almeno 9°C per 5 giorni consecutivi. A causa diattétata disponibilita
idrica nella zona, lirrigazione consiste in dueli Saterventi per
stagione, uno in prossimita della fioritura, l'altirca 20 giorni dopo.
Sono stati confrontati questi scenari: ORD: gestiomgronomica
dichiarata dall'agricoltore; LPR: come ORD, ma tignami distribuiti
in primavera una settimana prima della semina; P9QT PSNT160,
PSNT130, PSNT100: questi scenari simulano l'esenazidel Pre
Sidedress Nitrate Test (PSNT), che consiste neltaina del contenuto
dei nitrati nei primi 30 cm di terreno allo staddi sesta foglia
(SMNV®6); il modello distribuisce automaticamentencconcime di
sintesi, la quantita di azoto (NAP) necessaria paggiungere
un'asportazione totale definita dall'utente (NASRNAP = (NASPT —
SMNV6 — NASPV6) / 0,7, dove NASPV6 € l'azoto gipasato dalla
coltura al V6. Tenendo conto della mineralizzaziche avviene tra il
momento in cui si esegue il test e la maturazieieldgica (ca. 60 kg
N ha’), abbiamo fissato NASPT a quattro diversi livélp0, 160, 130
e 100 kg N hd), per valutare la possibilita di ridurre gli appati azoto
di sintesi. Gli scenari PSNT, al contrario degtriafisultano ogni anno
in una diversa dose di azoto distribuita, in bake dinamiche del
terreno; negli scenari PSNT i liquami vengono disiiti in primavera.
Altri scenari studiati sono stati: FERT100 e FERTZbme LPR, ma
senza concimazione in presemina, e riducendo lxim@azione in
copertura a 100 e 75 kg N faCC-PSNT130 e CC-PSNT80, che
prevedono la coltivazione di una coltura di copertfioglio italico,
Lolium multiflorum Lam.) nel periodo autunno-vernino, interrata in
marzo prima della semina del mais (anche in quesiso la
fertilizzazione del mais viene gestita con il PSNOC-F75, che
prevede la coltura di copertura e la concimaziaglendhis con una dose
fissa di azoto di 75 kg N ha

Risultati
Lo scenario ORD (Tab. 1) é caratterizzato da eéepatrdite di nitrati,
che avvengono principalmente nel periodo agostoarzen (83% del
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Tab. 1 - Media e deviazione standard (ds) delle prcipali variabili simulate
per i diversi scenari posti a confronto.

Scenario Rese N di sintesi N Variazioni Variaz. C
(granella mais) distribuito lisciviato  di org. suolo
ricavo (30 cm)
media ds media ds media ds media media
tss ha kg N ha' € ha' kg C ha' a*
ORD 109 1.1 210 0 120 58 0 9
LPR 109 1.1 210 0O 120 59 -2 26
PSNT190 109 1.1 126 15 37 19 55 26
PSNT160 109 1.1 86 14 3 5 80 26
PSNT130 10.8 1.0 52 14 1 1 96 18
PSNT100 10.0 0.8 17 12 0 0 -10 -17
FERT100 109 1.1 100 0 9 9 71 26
FERT75 109 1.1 75 0 1 1 88 24
CCI-P130 10.7 1.0 67 13 0 0 -37 105
CCI-P80 85 0.6 9 8 0 0 -341 0
CCI-F75 108 1.0 75 0O O 0 -30 111

totale); il mese in cui le perdite sono maggioagosto, a causa degli
alti residui di azoto minerale presenti nel profilta maturazione
della coltura. La distribuzione primaverile deileefLPR) non consente
di conseguire vantaggi produttivi o ambientali. &lenari PSNT
dimostrano che é possibile conseguire rese simijualle ORD
diminuendo la concimazione fino a mediamente 52 Mgha
(PSNT130); questo corrisponde a un risparmio diaci®6 € hd. |l
costo economico da sostenere per l'applicazione B&NT
(campionamento + analisi + spedizione del campistimabili in circa
20 € ha' per un appezzamento di 5 ha) e l'onere orgamizzatittavia,
ci hanno spinto a valutare anche l'efficacia di coacimazione uguale
tutti gli anni, applicabile senza esecuzione ddiP$scenari FERT100
e FERT75): in tali casi 'azoto mediamente applioatle perdite sono
lievemente maggiori, ma gli scenari sono econom@dmremunerativi
(risparmio di 71 e 88 € hY. Gli scenari con le colture di copertura
consentono di ridurre la lisciviazione rispetto Rma non rispetto a
PSNT e quindi non appaiono interessanti per i naggosti (semente e
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gasolio), anche se consentono un incremento defézidne di sostanza
organica del suolo.

Conclusioni

La riduzione delle concimazioni minerali azotatejdgata attraverso le
simulazioni effettuate con un modello dinamico sistemi colturali, &
possibile nell'azienda studiata; il risparmio dncione conseguibile non
€ costante ma varia a seconda dellannata e armdrgbéantificato
attraverso un apposito test da effettuarsi suketerrimmediatamente
prima dell'esecuzione della concimazione di copartDiversi fattori
influiscono sulla bonta delle previsioni presentatequesto lavoro: i)
I'incertezza nella simulazionedella mineralizzagiondei reflui
zootecnici: l'immobilizzazione di N, frequentemerdecumentata in
letteratura nei casi di utilizzo di reflui zootechinon & simulabile con
la versione di CropSyst qui utilizzata; sarebbe geesto necessario
I'utilizzo di un modello a piu pool (es. Probert &t, 2005); ii)
l'incertezza nella simulazione della mineralizzaeiodella sostanza
organica stabile nel lungo periodo; iii) l'importandelle dinamiche di
falda locali, difficili da conoscere nel contest dostro progetto, ma di
fatto evidenti dall'osservazione dei profili pedygito in molte aree del
Parco. Allo scopo di migliorare la conoscenza delieamiche del
sistema stiamo eseguendo misure dirette di alodi¢atori utili per una
gestione operativa: contenuto in  azoto minerale gebfilo
allemergenza e alla raccolta; Pre Sidedress Hitiiast; late-stalk
nitrate test.
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Appendix E.

CROPPING SYSTEMS SUSTAINABILITY EVALUATION
WITH AGRO-ECOLOGICAL AND ECONOMIC
INDICATORS IN NORTHERN ITALY

Nicola Castoldi, and Luca Bechini

Farming Systems Design 2007, Int. Symposium on ddelbgies on
Integrated Analysis on Farm Production Systems, DMnatelli, J.

Hatfield, A. Rizzoli Eds., Catania (Italy), 10-12pS 2007, book 2 -
Field-farm scale design and improvement, pp. 148-14

Introduction

The objective of this work is to evaluate the eowimental and
economic sustainability of crop management in sdaems of the Sud
Milano Agricultural Park (Italy; 45°N, 9°E), one d¢iie most intensive
and lucrative agricultural areas in Italy, with @ommental concerns
derived by the intensive use of resources (nusjeminergy, and
pesticides). One of the most suitable tools whigh be applied in this
context are agro-ecological indicators based omédas’ interviews
(Castoldi and Bechini, 2006; Castoldi et al., 200/)e present the
preliminary results of two years (2005-2006).

Methodology

We used information derived by interviewing the mgers of seven
farms of different types (DAI-INT = dairy intensivBAI-EXT = dairy
extensive; SWI-INT = swine intensive; SWI-EXT = swi extensive;
RIC-POU = rice and poultry; MIX = mixed; CER-RIC cereals with
rice; Table 1). A set of indicators was been seld@nd calculated at
field level (for a total of 131 fields), by aggreing the observations of
a 2-year period. The indicators are divided in fil@sses: i) economic
indicators: gross income (Gl), variable costs (\6Gm of the costs for
gasoline, lubricants, pesticides, fertilizers, ardds), economic balance
(GI-VC) and economic efficiency (GI/VC); ii) nutne indicators: NPK
soil surface balances; iii) energy indicators: ggeinput (EIl: sum of
energy in the gasoline, lubricants, pesticidedilifmrs, seeds, and
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Table 1 — Characteristics of the seven farms monited

Farm DAI- DAI- SWI- SWI- RIC- MIX CER-

INT EXT INT EXT POU RIC
Total area (ha) 58 134 35 81 115 48 55
Crop type (%)

Corn 58 19 75 90 13 41 31
Rice 85 42
Wheat 4 18 17
Barley 4 3 23
Meadows 29 79 9
Others crops 9 9 4
Trees 25
Set-Aside (%) 5 2 10 3 9 5
Livestock 188 086 569 122 016 031 0.0
(Mg l.w. ha?)

machinery), energy output (EO: energy content @ldyi energy
balance (EO-EI), and energy efficiency (EO/EI);$@jl indicators: crop
sequence indicator (it evaluates the average gasdrfeeach previous-
successive crop combination), soil cover index (tkecentage of soil
cover by crops or residues in one year), and sgdric matter indicator
(it evaluates if the management on a specificteoills to accumulate or
deplete soil organic matter); v) pesticide indicstdoad index (the ratio
between the application rate and the toxicity dfvacingredient, a.i.),
calculated separately for rats, birds, earthwornbges, fishes,
crustaceans, and algae, environmental exposured-bgmsticide

Si

OO T T 1
0 500 1000 1500 -20 0 20 40 60 80 100 120

gross income N balance

Figure 1 — Sustainability function for the gross imome (€ ha') and the soil
surface N balance (kg N hd).
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indicators (calculated using physical-chemical props of each a.i.
characterizing its fate in air, soil, and groundavat

Optimum and unsustainable ranges for each indicatme been
taken from literature, expert knowledge, or frormsiation models
(meta-models); a sustainability function providesuatainability index
(Si), which equals 1 if the indicator value is im @ptimum range and O
if it is in an unsustainable range. In order toidva sharp boundary,
values between 0 and 1 are assumed in between rheges, with a
user-defined linear (Fig. 1a), or non-linear (Figp) function. The Sis
were averaged by indicator class (Sc), field (8 &arm.

Results

Table 2 — Farm-level sustainability indexes: averagvalues &) for each
indicator class, and statistics of field-level indees &)

DAI- DAI- SWI- SWI- RIC- MIX CER-

INT EXT INT EXT POU RIC

%’; Economic 1.00 058 1.00 0.97 090 0.81 0.90
§ Nutrients 051 0.77 033 036 051 051 0.70
® uf Energy 098 0.73 1.00 0.88 0.84 0.95 0.64
% Soil 062 0.89 052 056 032 069 051
o Pesticides 094 097 098 0.84 0.38 0.92 0.48
Farm-average 0.81 0.79 0.77 0.72 059 0.78 0.65

or Minimum 066 061 0.75 062 047 044 0.34
Maximum 095 0.83 0.80 0.77 0.69 0.92 0.78

St. dev. 0.10 0.08 0.02 0.03 0.07 0.12 0.11

The aggregated indexes at farm level are showralileT2. TheS.
for the economic indicators shows a complete susiality (1.00) for
the intensive livestock farms, and is lower (0.&8)the DAI-EXT. One
reason is that, by partially accounting the nutrieontent of manure,
intensive farms save mineral fertilizers and themefreduce VC;
furthermore their yields are usually high, incregsihe Gl. On the other
hand the hay has a low price, penalizing partitpile DAI-EXT farm.
Sustainability of nutrient management is generpthpr, especially for
the swine farms. Th& for energy is normally high, due to the good
energy performance of corn, present in all farmise Towest value
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(0.64) is in the CER-RIC, due to the relatively lgwelds of rice and
wheat. Soil management is correct (0.89) in DAI-EKiBe of animal
manure and crop residues to maintain soil orgaratten continuous
soil cover) and unsatisfactory in the other farheg o not have enough
manure for all fields and where in some cases ttavsis harvested.
The intensive use of pesticides in rice croppirduges a very lovi. for
the rice farms (0.38 and 0.48); the opposite siinabccurs in the
meadows, where no pesticides are used and in tteyband wheat,
where herbicides are occasionally used. Overalinfaverage$S is
satisfactory for the dairy farms (0.81-0.79). Maderaveragess are
obtained by swine (0.77-0.72) and MIX (0.78) farmbe minimumS

is not very low in the dairy and swine farms (>0,8@hile in the others
there are fields with low (0.47-0.44) or very lot34) Ss. None of the
fields is completely sustainabl&£1), and in many cases the maximum
Ss are lower than 0.90. The variability & among farm types is
relatively limited, as, due to the large humbeinaficators used, a bad
rate for a given indicator may be compensated bygthod performance
of another.

Conclusions

According to this framework, dairy farms are amdhg best farming
systems of the area. This is partly due to the mfepermanent
meadows, which appear to be very sustainable.dny faeadows have
low inputs of nutrients, pesticides and energy, amgobd soil
management, even if they have limited economiceallne mixed and
the intensive swine farms are also good. The saddity of rice
cropping systems is much lower, due to intensive afsherbicides and
fungicides. Maize cultivation is also critical, dte intensive use of
nutrients, particularly in animal farms. A criticstiep in this approach is
the definition of the sustainability functions thatovide theS index
based on the value of the indicators. Another &tion is that we have
given the same weight to each indicator class anéach indicator
within each class. This choice, apparently simigliss partly justified
by less restrictive ranges assigned to less impbiitedicators. The
calculation can be improved by differentiating theights assigned to
indicators or to classes, basing the choice orewifft stakeholders’
interests. Finally, this approach takes into actouty crop cultivation;
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further work is needed to evaluate the economic awdlogical

sustainability of animal production systems. Thidghh change

substantially the overall farm sustainability: fxample, it is expected
that the inclusion of the income due to milk pratue will improve the

economic balance for the dairy farms.
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Appendix F.

SUSTAINABILITY SOLUTION SPACE USING AGRO-
ECOLOGICAL INDICATORS AT FIELD LEVEL

Nicola Castoldi, Luca Bechini, Julia Steinberger, Claudia Rebecca

Binder
1 Dep. of Crop Science, Univ. of Milano, Italy.
2Dep. of Geography, Univ. of Zurich, Zurich, Switizerd.

Farming Systems Design 2007, Int. Symposium on ddelbgies on
Integrated Analysis on Farm Production Systems, Ddnatelli, J.

Hatfield, A. Rizzoli Eds., Catania (Italy), 10-12pS 2007, book 2 -
Field-farm scale design and improvement, pp. 99--100

Introduction

The objective of this work is to evaluate the ecunimo and
environmental sustainability of cropping and farghgystems in the Sud
Milano Agricultural Park (Italy), applying the Sastability Solution
Space for Decision-Making (SSP; Wiek and Bindef)30We base our
analysis on the results of 2-year interviews cdradat in seven farms of
different types (Castoldi and Bechini, 200Wjith this methodology, we
are evaluating which kinds of cropping systemsisile or outside the
sustainability space.

Methodology
We have selected a sub-set (14) of the 24 indisatalculated at field
level (131 fields analyzed) (Castoldi and Bech2diQ7). They describe:
i) economic performance (gross income, variablé poS]), economic
efficiency [ECE]), ii) soil management (crop seqoenndicator [CSI],
soil cover index, soil organic matter indicator [@p, iii) nutrient
management (N and P balances [NB, PB]), iv) enasgy(energy input
[El], output and efficiency), and v) pesticide dapation (load index for
crustaceans [LIc], fish [LIf] and rats).

To consider the interactions and trade-offs amdmege indicators,
we applied the SSP method, where a solution sgacgustainability is
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indicator 2

: N 7 calculated based on the
sustainability ranges of the

I N\
selected indicators and on
/1 > their functional

15

relationships. This solution

10

, // : space guides decision-
FoE S AT s s sy making by providing a
o ! P realistic set of possible
A system states.
b After the selection of
- . : : crucial system indicators,
® 10 ® 2 upper and/or lower bounds
testort for sustainability are then
Fig. 1 — Example of SSP method. defined for each indicator
Solid line: regression line between (dashed line, Fig. 1). The
indicators; dashed line: initial range initial sustainability space
(sustainability thresholds); dotted line: a+p, Fig. 1) thus
intersect range; area o +: initial resembles an N-
sustainability range; area a: final dimensional rectangle.

sustainability range. However, the functional

relationships between the
indicators in fact limit this space. The next sigpthus to take into
account the functional relationship between thecatdrs, which could
be a linear correlation, as shown in Fig. 2a, omare complex
relationship as in Fig. 2b and 2c.

Based on these relationships (correlations andeicdid), a
sustainability solution space is found ,(Fig. 1). A linear correlation
can serve to determine new sustainability uppdower bounds, as in
Fig. 1, whereas a more complex relationship wikuie in a more
complex, non-rectangular space. This space can ltkensed to find
optimum system states, taking into account indicatade-offs and
correlations.

We have developed an optimization software thas tise functional
relationships between indicators, providing the Splce. For each
indicator, we defined thresholds identifying contplsustainability and
unsustainability values. It is not possible to defan intermediate range
with partial sustainability, because the actuakiar of the software is
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not able to use this information. To study Table 1 — Regression
the functional relationships within the coefficients between
cropping systems, we have calculated thd@irs of indicators
linear regression equation between 91 pairdndicator Indicator o,

of indicators. For each pair, if the’ Rvas 2
bigger than 0.7, the relation between the ve El 0.76
VvC CSlI 0.78

two indicators was the regression equation
(Fig. 2a). If the Rwas between 0.5 and 0.7, ECE SOM  0.75

the relationship was not defined with a line NB PB 0.72

but with the area delimited by the parallels Llc Lift 0.70

of the regression equation. The distance

between the parallels was equal to the maximunerdiffce between the
regression function and the confidential interyet99.9999%; Fig. 2b).

In the cases with R0.5, we delimited a squared area defined by the
tangent to the ellipse that included 90% of theigal(Fig. 2c).

Results
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Fig. 2 — Examples of relationships between indicators, witlR*>>0.7 (a), from
0.5 to 0.7 (b), and <0.5 (c). Solid line: regressiofa and b), or ellipse that
include the 90% of the indicator value pairs (c). @shed line: empirical
probable area between pairs of values. Bullet lineconfidential interval.

Only five indicator pairs have a’® 0.7 (Table 1) and four haveé’ R
from 0.5 to 0.7. The reason is that in general nuisthe selected
indicators are independent from the others. Indéleely are able to
describe different aspects of field sustainabiliipm different

compartments. The information provided by differemdicators has a
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small replication of information, because the bétragf each indicator
is generally independent from the others.

Conclusions

We are currently working on the integration of #neslationships with
the ranges of sustainability, to identify sustaleabombinations of
indicators for cropping systems management, i.enahdicator values
are inside the sustainability area, (Fig. 1). In addition, it will be
possible to understand in which direction it is essary to drive the
farmers’ management in order to improve sustaiitgbiThis will be
done while respecting the functional relationshgesscribed by the
realistic range between pairs of indicators.
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