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Summary

One of the main concerns of the environmental scientists and policy makers is related to the environmental com-
patibility of current agricultural systems and, in particular, to the losses of chemical fertilizers and manure in sur-
face and ground-waters, as a consequence of run-off and leaching phenomena. In most cases European recent agri-
environmental schemes envisaged specific measures for the reduction of fertilizer rates and the control of manure ap-
plications, in order to limit the releases of nutrients in surface and ground-waters. Substantial financial resources are
invested in those measures and therefore the issue raises interest in monitoring and evaluating their effectiveness. Nu-
trient balance indicators are often used for quantitative assessment of the effectiveness of the measures in limiting the
environmental impact of farming activities. N-surplus is one of the most commonly used indicators. The paper refers
the results of a research project aimed at assessing the outcomes of agri-environmental measures implemented in the
Venice Lagoon Watershed with an approach based upon the gross nitrogen balance, called “Nboxes”.

The results of applying the Nboxes procedure to a sample of 550 farms set are presented, evidencing the expecta-
tions of greater effectiveness in terms of nitrogen surplus reduction from the measure C.5.1.3a and C.5.1.3b (low
input farming and buffer strips). Measures supporting improved irrigation systems, controlled drainage and more
rational livestock nutritional programmes and technologies, showed instead only limited potential for tangible con-
tributions to the reduction of nitrogen surplus in cultivated soils.

Key-words: nitrogen balance, surplus indicator, agri-environmental measures, assessment, policy support.

1. Introduction Community to ask for a series of measures. Ini-
tially, proposed measures concerned with water
for human consumptions and human activities

(i.e. bathing waters, fish and shellfish waters),

Over the years the growing awareness of citi-
zens and environmental organisations about wa-

ter resources raised the demand for cleaner
rivers and lakes, groundwater and coastal beach-
es pushed the European Commission to insert
water protection as a priority of policy and leg-
islative agendas. Water quality has been a cru-
cial environmental issue for the FEuropean
Union for decades, since, for instance the Com-
munity Water Policy Ministerial Seminar of
Frankfurt in 1988, which brought the European

with the adoption of several directives, such as
the Urban Waste Water Treatment Directive
(91/271/EEC) and of the Nitrate Directive
(1991/676/EEC), and culminating with the Wa-
ter Framework Directive (WFD, 2000/60/EC)
and its related directives, which provided a com-
prehensive legislative reference and policy tool,
to introduce in the whole European Union a
more global, holistic, approach to water policy
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aimed at the very ambitious objective of reach-
ing a “good status” of European water bodies,
by 2015.

One of the main concerns of both the sci-
entists and the policy makers related to the is-
sue of reaching the ambitious objectives of the
WEFD is related to the environmental compati-
bility of current agricultural systems and, in par-
ticular, to the use of chemical fertilizers and ma-
nure in crop production and their losses in sur-
face and ground-waters, as a consequence of
run-off and leaching phenomena.

In many developed countries, the shift towards
specialised and intensive farming systems deter-
mined evident unbalances between the input of
nutrients in feed and fertilizers, with respect to
the outputs in agricultural productions, thus sig-
nificantly contributing to diffuse nutrient losses in
leaching and runoff water, polluting ground and
surface water resources (Heathwaite, 2003).

In parallel to the development and imple-
mentation of environmental policies targeting
the preservation and enhancement of water
quality, great efforts have been devoted to the
re-orientation of agricultural systems towards
more sustainable ones, these being matters of
the Common Agricultural Policy (CAP).

The CAP is a complex and continuously
evolving legislation, in which the primary ob-
jectives of increasing agricultural productivity,
stabilising markets, and ensuring a fair standard
of living for the agricultural community, have
been implemented through a long sequence of
regulations. Since the late 1980’s, and in partic-
ular with the Mac Sharry Reform of the CAP
in 1992, European regulations have focused
more and more on environment, by introducing
a specific set of agri-environmental measures.
Worth to be cited at this regard is the recent
Reg. n. 1698/2005 (EC, 2005), in which the prin-
ciples and rules of Rural Development Plans for
the period 2007-2013 are provided along four
axes, of which, the second is about “Improving
the environment and the countryside”. Accord-
ing to the regulation, Member Sates and regions
design and apply agri-environmental measures
providing financial support for those farming
practices helping to protect the environment
and maintain the countryside, going beyond the
baseline level of so-called “good farming prac-
tices” (GFP), and the minimum level of envi-
ronmental standards (“cross-compliance”).
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Farmers can thus opt for signing commit-
ments (voluntary agreements) for a 5-year min-
imum period, to adopt specific environmental-
ly-friendly techniques indicated in the local agri-
environmental measures, and receive in return
payments that compensate for additional costs
and loss of incomes. In most cases European re-
cent agri-environmental schemes envisaged spe-
cific measures for the reduction of the use of
fertilizers and control of manure application, in
order to limit the releases of nutrients in sur-
face and ground-waters.

Given the amount of financial resources in-
vested in those measures, the issue raises inter-
est in monitoring and evaluating their effec-
tiveness. Indicators are needed for providing
specific and quantitative assessment of the ef-
fectiveness of the measures, but the complexity
of the phenomena to be analysed — spatio-tem-
poral nutrient balances are affected by varying
environments and farmers’ practices — makes
their identification to be a challenging issue.

Many different methods and operational
tools are available, for carrying out agri-envi-
ronmental assessments in order to support pol-
icy and decision making. An analysis of the re-
cent literature focused on the different scales
and approaches clearly shows that simulation
models are commonly used at detailed scales
while indicators are preferred in broader geo-
graphical contexts (Giupponi and Carpani,
2006). Various modelling approaches provide
descriptions of the inputs, outputs and process-
es of the agro-ecosystems under study, and al-
low for simulations of present, past or future
states of the system, according to previously de-
fined policy scenarios, thus providing support to,
respectively, in itinere, ex post and ex ante as-
sessment. In turn models can provide quantita-
tive values for significant assessment indicators.

The effects of nutrient losses (nitrogen and
phosphorous in particular) on ground and sur-
face water quality are approached by the scien-
tific literature at various levels. Nutrient bal-
ances are commonly considered as powerful
tools for the analysis of environmental impacts
and later for the optimisation of nutrient use ef-
ficiency and controlling nutrient losses. In par-
ticular, the nitrogen balance can be defined as
the physical difference (surplus/deficit) between
nitrogen input into and output from an agricul-
tural system per hectare of agricultural land,
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over a year (OECD, 2001). A positive difference
indicates a surplus accumulated in the system or
lost outside it, a negative one, indicates a deficit
that would deplete the system stock.

In general, nutrient balances indicators
(Oborn et al., 2003) can be calculated with da-
ta available at different scales (from field to na-
tion) and results are easy to communicate to
farmers and policy makers. Most commonly nu-
trient balances are elaborated at the “farm gate”
or at the “soil surface” level to calculate nutri-
ent surpluses as a proxy of risk potential over
various nutrient loss pathways (van Beek et al.,
2003). A soil surface balance lists all ingoing and
outgoing flows at the field level and is orien-
tated towards an assessment of the N input in-
to the soil. Available N in manure and mineral
fertilizers represent two important inputs while
N removed by crop products is a major output.
In the farm gate balance, instead, manure (un-
less imported to the farm) and crop products
(unless exported to other farms) are considered
as internal flows and are hence not included.
Fertilizers, feed imports and agricultural pro-
duce exports are the main balance terms in this
case.

If the surplus is to be used to express total
N loss to the environment, gaseous losses should
be included within the calculation. If, however,
the surplus is intended as an indicator only for
N leaching risk, all gaseous losses and tempo-
rary net accumulation of inputs (e.g. in systems
that have recently resumed manuring) should
be considered as outputs (Schroder et al., 2003).
Changes in soil organic N should also be con-
sidered over the long-term.

Gross nutrient balances are suggested as
monitoring and evaluation indicators by the
Handbook on common monitoring and evalua-
tion framework, provided by EU-DG-Agri in
September 2006'. In particular Annex 3 selects
the “Changes in gross nutrient balance (GNB)”
as the measurement to be carried out in order
to quantify the Impact indicator “Improvement
in water quality”, and the surpluses of nitrogen
and phosphorus as measurements for the base-
line indicator “Water quality: Gross Nutrient
Balances”. According to the Handbook, the
“GNB indicates potential nutrient losses to the
water bodies likely to be detrimental for the
quality of water” and from GNB, “an estimate
of the potential surplus of nitrogen [and phos-

phorus] on agricultural land” can be derived
from “the amounts of mineral fertilizer applied,
organic fertilizer production, nitrogen fixed in
the soil, atmospheric deposition of nitrogen
compounds, seeds and planting material, and
amounts of harvested crops and forage”.

Examples of the use of nutrient balances can
be found in Parris (1998) or in the Dutch Min-
eral Accounting System (MINAS) that was in-
troduced in 1998 to reduce nitrogen and phos-
phorus losses through a farm gate balance sheet
(Oenema et al., 1998; Ondersteijn et al., 2002;
Schroder et al., 2003). Whole-farm nutrient bal-
ances have played an important role in the as-
sessment of environmental performances of
agricultural activities and in some cases have al-
so been implemented in legislation, such as the
case of nitrogen management in the Nether-
lands (Schroder et al., 2003).

Balance calculations — in particular those at
the farm gate level — are primarily intended to
provide information on the environmental im-
pact of a farm expressed on an areal basis. Re-
sults are also used for comparison between
farms and to evaluate a farmer’s ‘environmen-
tal performance’, or as a screening model to
provide estimation of significant indicators, such
as the N-surplus, for the assessment of the ef-
fectiveness of agri-environmental measures.

When gross balances are used for orienting
farmers’ choices, they serve as tools to identify
the best combinations of inputs and outputs in
such a way that the annual surplus does not ex-
ceed certain thresholds, or a permitted value,
which could be specified as a function of farm
typology and soil type.

The nutrient surplus as determined by a bal-
ance of inputs and outputs represents an indi-
cator providing an intermediate assessment be-
tween the goal-oriented indicators, such as “ni-
trate concentration in groundwater” and the
means-oriented indicators, such as “N input via
manure” or “livestock density” (Jansen et al.,
1999; Van Noordwijk, 2001).

Whole-farm N balances are considered rela-
tively responsive and moderately goal-oriented
indicators for nitrate losses to groundwater, thus

! See http://ec.europa.eu/agriculture/rurdev/eval/guid-

ance/document_en.pdf and related annexes.
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representing a possible solution for the assess-
ment of the impacts of measures, by comparing
ex post vs. ex ante balances, as proposed by the
EU Dg-Agri Handbook cited above. Neverthe-
less, nutrient surpluses and related indices should
be interpreted with caution when used as indica-
tors for the environmental impact of agriculture,
management quality and resource utilisation, and
to orient farmers choices. At this regard, it should
be remembered that, in contrast to the past when
recycling of by-products (e.g. crop residues, ma-
nure) was an ordinary farm activity, these by-
products are now often considered ‘wastes’
((Schiere et al., 2002; Van Noordwijk, 2001). Such
strategies may improve the NUE (Nitrogen Use
Efficiency) of individual farms, but at the expense
of the average surplus of the population of farms,
when livestock farmers prefer to use highly di-
gestible concentrates rather than crop residues,
and arable farmers use more mineral fertilizers
rather than manure. Consequently, manure may
be applied at rates exceeding crop demand at the
livestock farm and crop residues may be left in
the fields on the arable farm.

Currently, most scientists and authorities fo-
cus on surpluses per unit area (S) as an indica-
tor for environmental impact, but it would be
also worth to evaluate farming systems in terms
of their surplus per unit output (S/O) and their
utilisation of resources other than N.

The present paper refers preliminary and over-
all results of a research project aimed at as-
sessing the outcomes of agri-environmental
measures implemented in the Venice Lagoon
Watershed. It represents a side effort of the
work reported in Giupponi et al. (2008) in this
issue, in which, the assessment techniques based
upon expert knowledge elicitation are here par-
alleled by the evaluation of measures’ perfor-
mance with an approach based upon the gross
nitrogen balance, called “Nboxes”.

In the following section we present material
and methods, starting with the description of the
screening model developed for the accounting
of the nitrogen balance at the soil surface and
farm gate levels, ad a presentation of the set of
indicators provided by Nboxes as outputs. In the
same section we introduce the case study, the
specific agri-environmental measures examined,
and the data set of farms used to test the eval-
uation procedure.
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In the third section the results of applying
the Nboxes procedure to the farm data set are
presented, and some conclusions are driven in
the last section of the paper.

2. Materials and methods

2.1 Nboxes

The nitrogen balance implemented in Nboxes
was developed upon the scheme of nitrogen bal-
ance presented in Schroder et al. (2003), thus
processing data collected with farm surveys to
produce a farm gate nitrogen balance, described
by a set of input and output indicators. Such ni-
trogen balance permits to highlight the fluctua-
tion of nitrogen loads generated at farm level
through the ‘nitrogen surplus’ indicator calcu-
lated as the difference between inputs (mineral
and organic fertilizers, purchased products, at-
mospheric deposition, etc.) and outputs (animal
and crop yield sold, and losses).

Nboxes differs from the approach proposed
by Schroder et al. (2003) first of all because the
flows between different compartments are not
expressed in terms of conversion coefficients,
but they are represented by stock-and-flow re-
lationships, with stocks determined by absolute
values describing production processes as de-
scribed in the farm survey, and flows regulated
by rate variables listed in reference tables de-
rived from the literature, thus permitting also a
dynamic calculation of balances over time.
Moreover, Nboxes calculates the farm gate bal-
ance from the combination of soil surface bal-
ances of the various fields of the farm, thus re-
quiring a rather intensive collection of data
through an ad hoc farm survey and pre-existing
data bases. By means of this evolved approach
towards nitrogen balance calculations, some of
the limitations typical of the farm gate balances
could be overcome, thanks in particular to the
possibility of disaggregating the contributions of
the various farm production units and evidenc-
ing their compensatory effects.

Both the results of the farm surveys and pre-
existing data bases about the characteristics of
the study area (soils and climate) and of the
production processes (characteristics of the cul-
tivated crops, machineries utilised, fertilizers,
etc.) were preliminarily stored in the on-line da-
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ta base of the AGeNDA Project’ (Giupponi,
2002). The Nboxes software thus operates as a
post-processor of AGeNDA that elaborates
farm data by extracting all the relevant infor-
mation for nitrogen balance calculation and
providing as outputs a series of indicator values
(e.g. surplus per hectare).

Information stored in the AGeNDA data-
base are highly disaggregated, providing Nbox-
es with information allocated to homogeneous
cultivation units called Farm Land Units (FLU),
i.e. a field-by-field description of crop rotations
and their cultivation techniques. Similarly, the
various livestock productions and the fate of
manure are described, when present in the farm.

Data extracted from AGeNDA are elabo-
rated by the Nboxes stock-and-flow model of
nitrogen balance, as depicted in Figure 1. The
nitrogen stocks considered are:

— Imported feed (IF)

— Feed available to livestock (FL)

— Exported livestock products (P)

— Harvested crops (H)

- Exported crops (EC)

— Crop residues (CR)

— Manure (M)

— Manure losses during housing, stoking and

application (ML)

— Mineral fertilizers applied to crops (F)

— Nitrogen atmospheric deposition and fixa-
tion (FD)

- Denitrification (D)

— Soil surplus (S).

F Fertilisers
S
5 Figure 1. Flow chart of
DS methodology to calcu-

FD flxation
and deposition

late nitrogen balance
at farm and field scale.

Regarding the flows connecting the various
stocks of the nitrogen balance, SH expresses the
ability of crops to convert nitrogen in the soil
stock into harvestable crop nitrogen; HF rates
the conversion of harvestable crop nitrogen N
into nitrogen available in animal feed, while FM
expresses the flow of nitrogen from animal rear-
ing to manure; FP describes the ability to con-
vert feed-N into nitrogen contents of animal
productions (milk, eggs, etc.); MS represents the
effective transfer of manure-N to soil-N, by lim-
iting the gaseous losses from stables, manure
storages and manure applications (MA)?. In-
fluxes in soil stocks are also represented by FS
(fertilizers), nitrogen content of residues (RE),
and nitrogen fixation and deposition (DS). A
detailed presentation of the nitrogen balance al-
gorithms is reported in Annex 1.

2 The project AGeNDA provided a web based software
for storing and manipulating farm data related to crops,
soils, animals, buildings, machinery, irrigation water,
chemical and manure inputs, designed for supporting
farming systems’ assessments before (ex ante) and after
(ex post) the implementation of the agri-enviornmental
measures in the Venice Lagoon Watershed. It collects
data of 550 farms surveyed by officials of the regional
environmental protection agency, as an obligation in-
cluded in the agri-environmental schemes. AGeNDA
provided also the link between the information provid-
ed by farmers and the available geographical data bases
(soils, climate, cultivation techniques, etc.).

3 Naming of rate variables is kept consistent with the
balance presented in Schroder et al. (2003).
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Various indicators are calculated by Nboxes
and six of them are of particular interest for the
present application, with the aim of assessing
the effectiveness of agri-environmental mea-
sures of the case study:

— Soil surplus (S; kg, ha™)

— Surplus per unit agricultural output (S/O;
kg, ha'/ kg, ha')

— Agricultural output per unit of input (O/I;
kg, ha'/ kg, ha')

— Delta soil surplus as a consequence of the
Agri-Environmental Scheme (AES) overall
(AS; kgy ha')

— Delta soil surplus provided by low-input cul-
tivation systems (ASc; kg, ha™)

— Delta soil surplus provided by buffer strip
plantation (ASb; kg, ha')

— Delta soil surplus provided by higher effi-
ciency irrigation systems (ASi; kg, ha™)

— Delta soil surplus provided by controlled
drainage (ASd; kg, ha').

As previously stated, the stock named “Soil
surplus” is utilised as a proxi of potential envi-
ronmental impact of agricultural activities, based
on the consideration that this stock can be de-
pleted through water losses as a consequence of
both runoff and leaching phenomena. Therefore,
the effectiveness of measures is calculated as the
difference between the balances after and before
the implementation of the measures, through the
“Delta soil surplus” indicators, calculated as mul-
ti-annual averages of crop rotations.

The assumption that a relationships exists
between the nitrogen available in the soil and
its losses in water bodies, is rather coarse in the
light of the knowledge of the phenomena that
regulate nutrient losses from cultivated fields,
but it was deem acceptable, for the purposes of
this work, since it is the indicator suggested by
the common monitoring and evaluation frame-
work of the EU Dg-Agri. Nevertheless, care
should be placed especially avoiding to interpret
the “Delta” indicators as absolute estimation of
the benefits, in particular when referring to
farms that have recently adopted low-input
management, like in the present case.

2.2 The Venice Lagoon Watershed case study

The Venice Lagoon Watershed (VLW; approxi-
mately 1,850 km?) is the portion of the alluvial
plain of the Veneto Region (north-eastern
Italy), characterised by an almost entirely flat
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morphology, a very complex hydrography, with
short spring rivers and artificial canals dis-
charging into the Venice Lagoon.

Regarding agricultural land use (approxi-
mately two thirds of the VLW surface), the most
important crop is maize (see Tab. 1), with sig-
nificant portions of the area covered by winter
wheat, sugar beet, vineyards, and meadows. Ac-
cording to census data, about 210,000 bovines
and 130,000 swine are reared in the VLW, with
intensive livestock production systems and
scarcely integrated with crop production.

According to the outcomes of the participa-
tory work reported in Giupponi et al. (2008) the
present work focused on four measures within
the broader menu of schemes financed by the
Veneto Regional Government since 2002
(DGR, 2002), with the aim of contributing to
the assessment of the effectiveness of the agri-
environmental policy, all together with parallel
efforts carried out with different methodologi-
cal approaches.

Relevant for the present work is the fact that
the Regional Administration included in the
agri-environmental schemes the activity for the
collection of data needed for the current appli-
cation, within the above mentioned project
AGeNDA. Farmers were thus receiving specif-
ic compensations for their availability to pro-
vide the information required and participated
in the related farm agri-environmental audit ac-
tivities.

The four measures selected for the present
assessment are:

— Measure C.5.1.3a, “Low-input agriculture”,

Table 1. Agricultural land use of the VLW.

Crop ha
Winter wheat and other small grains 11249
Maize (grain) 92393
Maize (forage) 5626
Sugar beet 9294
Soybean 22228
Rice 89
Other 2256
Market gardens 4868
Protected crops 630
Lucerne 4967
Other forage crops 474
Vineyard 9874
Fruit trees 3484
Meadows 8879
Set aside 5749
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including a mandatory programme of farm
extension service, limitations to the rota-
tional choices, imposing longer crop rota-
tions (5 years), reduction of fertilizers rates
by 50% as compared to those of the Code
of Good Agricultural Practices (CGAP), and
irrigation scheduling based upon a simplified
soil water balance.

— Measure C5.1.3b, “Buffer strip plantation or
maintenance and set aside”: a 10-year set
aside programme, or a S-year obligation to
convert cultivated land to buffer strips (5 to
30 m wide), to be maintained or planted ex
novo, all together with the obligation to
adopt the provisions of the CGAP.

— Measure C5.1.3c “Irrigation management
and controlled drainage”, providing financial
support for the adoption of higher efficien-
cy irrigation systems (sprinklers instead than
gravitational systems), or for the implanta-
tions of controlled tile drainage systems.

— Measure C5.1.4 “Management of livestock
effluents and improved rearing structures
and equipments”, providing financial sup-
port for implementing new farm structures
for the treatment of liquid manures, new nu-
tritional programmes and feeding technolo-
gies, machinery improvement for soil appli-
cation of effluents and advanced machiner-
ies for soil tillage.

Table 2 reports the number of farms that
adopted the various schemes proposed by the
regional administration and Figure 2 shows their
geographical distribution. Worth to be men-
tioned is the fact that the number of farms
adopting the various measures was limited by
the financial provisions allocated by the admin-
istration to the various AES’s. Subsequent calls
were opened to allow for further participation
of farmers to the programme and the allocation

Table 2. Number of farms adopting the measures provided
by the Agri-Environmental Schemes (AESs) for the VLW.

AES
C5.1.3a
C5.1.3b

Number of farms adopting the measure

Low-input agriculture: 391 farms

Buffer strips: 397 farms (712 km); Set aside:
16 farms

C5.1.3c
C5.1.4

Drainage: 31 farms; Irrigation: 208 farms

New technologies for livestock rearing plants
and effluent management: 373 farms

Figure 2. Map of the Venice Lagoon Watershed (pale grey),
with the boundaries of the farms participating to the AES’s.

of funds was guided by the success, in terms of
applications submitted, for the different mea-
sures. Therefore, the number of farms joining
the schemes can be considered directly propor-
tional to the success of the various measures
proposed, while, on the other hand, the avail-
ability of funds could not match farmers’ re-
quests, thus limiting the overall adoption of the
measures. In total 550 farms were involved in
the AGeNDA project and thus provided the da-
ta for the present work. Some of them adopted
more than one measure, thus totalling 730
records in the AGeNDA database.

An ad hoc procedure was developed for the
extraction of data required as input by the
Nboxes model from the AGeNDA data base.
That procedure included the selection of re-
quired information from 27 different tables out
of the 66 utilised by the AGeNDA data base,
associated to the same farm record (e.g. ma-
chinery operations, commercial fertilizers and
their dosage, crop characteristics, etc.) and data
pre-processing for allowing detailed nitrogen
budget computation at the soil surface and lat-
er at the farm gate (e.g. allocation of informa-
tion to the pertinent farm units, called Farm
Landscape Unit and quantification of the mul-
ti-temporal values to be included in the nitro-
gen budget). Data extracted from the online
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AGeNDA data base were stored locally in a sin-

gle MS-Excel® spreadsheet.

Data analysis in Nboxes is possible on a farm
by farm basis, by selecting the farm code from
a catalogue, or in a single run, by processing the
whole database and producing a new spread-
sheet as output file.

In both cases, the procedure applies three
parallel calculation of the nitrogen budget at the
farm gate, resulting from the combination of soil
surface balances per FLU:

1. Scenario 0: budget before the adoption of
agri-environmental measure(s) (ex ante).

2. Scenario 1: ex post budget after the adoption
of those measures having directs effects on
the nitrogen balance:

— low-input farming;

— set aside;

— buffer strip effects in terms of nitrogen up-
take by planted trees and of reduced over-
all applications;

— irrigation (with reduction of fertilizer in-
puts);

— livestock (with changes in effluent man-
agement: stocking, treatment, or soil ap-
plication systems).

3. Scenario 2: ex post budget, after the adop-
tion of those measures having indirect or un-

certain effects on the nitrogen balance:

— irrigation (with variation of the water vol-
umes, without reduction of fertilizers’
rates);

— set aside with phyto-remediation plants;

— buffer strips effects in terms of denitrifi-
cation,;

— controlled drainage in terms of reduced
the water losses and denitrification;

— livestock (with change in the animal feed
and/or soil tillage).

The Delta surplus indicator is thus calculated
from the surplus calculated, for Scenario 1 minus
Scenario 0 (benefits from direct changes in the
nutrient balance), and Scenario 2 minus Scenario
0 (additional benefit deriving from the combined
indirect effects on water and nitrogen balances).

3. Results

3.1 Agricultural land use

The access to the AGeNDA data base provid-
ed a great wealth of information about the cul-
tivation systems of the VLW, but at the same
time raised the issue of the quality of data ac-
quired through interviews with farmers. Figure
3 shows the frequency distribution of fertiliza-

Expected yiealds Expected yields
= f
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s 75 1 g_ 50 N
S 60 1 © 40 —_—
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Figure 3. Frequency distribution of yields and fertilization rates in ex ante situation related to the most important crops in

the VLW (Winter Wheat and Maize).

174



Ital. J. Agron. / Riv. Agron., 2008, 3:167-181

tions and yields in the ex ante situation for the
two most important crops of the area: winter
wheat and maize. It is clear that chemical fer-
tilizer rates below 150 kg ha'! of nitrogen for
maize are not realistic. There are cases of very
low rates in case of important applications of
manure, but checks of input data executed ran-
domly on the data base confirmed the existence
of problems typical of data collected with farm-
ers’ interviews: a limited capability of small
farmers to provide adequate records of the cul-
tivation practices, problems in the conversion
between metric units and local ones (e.g. re-
garding the unitary cultivated surface area, the
“field”, varying in size in different areas of the
VLW), recording and transcription errors, etc.

Given the availability of several hundreds
farm records, a preliminary screening out of ev-
idently inconsistent records was performed,
while further verifications of doubtful question-
naire was left to the possibility of returning to
the farms within the activities related to the au-
diting service to be carried out by the Region-
al Environmental Protection Agency. As a re-
sult a subset of farm data was obtained with av-
erage values recorded in the farm survey con-
sistent with rates suggested by extension ser-
vices and local technicians, and thus considered
adequate for the exploratory purposes of the
present work (Table 3 show average values of
input and outputs and reference values for the
most important crops of the VLW).

Table 3 shows that the fertilization rates im-
posed by the measure for low input agriculture
are in general below the estimated uptake of ni-
trogen for the most important crops, thus show-
ing evidence of likely reduced yields that should
be expected in the coming years in the farms
which adopted the measure. In the short term
residual positive effects could be provided by
nutrient stocks available in soils, but very accu-
rate fertilization techniques will be needed to
increase the effectiveness of fertilizers.

The comparison between the current alloca-
tion of land to the various crops and the allo-
cation after having implemented the rotational
limits imposed by the measure C.5.1.3a shows a
remarkable effect in terms of increased acreage
of leguminous crops, from 16 to more than 20%
of the UAA (Utilised Agricultural Area). Simi-
larly winter wheat and other small grains are
expected to raise from 15.3 to 17.7%, while
maize currently quite often cultivate as a mono-
culture in the area should decrease from 41.5 to
36.7%. Such a more balanced and diversified
land use can be considered as a first positive re-
sult of the implementation of the measures.

3.2 Nitrogen surplus

The primary objective of environmental policies
for the preservation of water quality in the
Venice Lagoon and its watershed is the abate-
ment of nitrogen concentrations in water dis-
charged into the lagoon. Therefore, nitrogen
surpluses of the cultivated soils can be consid-
ered only as good proxy indicator of the con-
tribution of the agricultural sector to water pol-
lution. Similarly, the variation of surpluses de-
termined by the implementation of agri-envi-
ronmental measures is a good relative indicator
for the assessment of the effectiveness of those
policies.

On purpose in the present work we do not
present any calculation of the overall benefit in
terms of reduced surplus of the measures, be-
cause the data base requires further consolida-
tion, but also because the main interest of this
preliminary application of the Nboxes tool is de-
voted to the analysis of the potentials of the dif-
ferent measures in relative terms.

An overall preliminary picture of the ex-
pected effectiveness of the measure can be de-
rived from the histograms reported in Figure 4.

Grey histograms show the estimated varia-
tions of the farm surpluses as a consequence of
the implementation of the whole package of

Table 3. Average nitrogen inputs and outputs and reference limits for the VLW.

Maize  W. wheat S.beet Soybean
Average yields according to the questionnaires (t ha') 10.5 5.6 63.2 4.2
Average nitrogen fertilization according to the questionnaires (kgN ha') 218 101 98 17
Average expected plant uptakes (kgN ha') 147 112 126.4 210
Fertilization rates according to the CGAP (kgN ha') 280 180 150 20
Fertilization rates according to measure C.5.1.3a (kgN ha) 140 90 75 0
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Figure 4. Variations of nitrogen surplus per hectare as a con-
sequence of the application of agri-environmental measures,
according to the Nboxes budgets: direct effects (Scenario 1
vs. Scenario 0) and indirect or uncertain effects (Scenario 2
vs. Scenario 0).

measures in the farms assessed by means of
Agenda-Nboxes according to Scenario 1, com-
pared with the situation ex ante (Scen. 0). Black
bars in the histogram show the variation of sur-
plus in all the farms adopting the specific mea-
sures considered by Scenario 2 (see above):
Scen. 2 vs. Scen. 0. The graphs clearly show that
evident positive effects (i.e. negative values of
Delta surplus per hectare) are calculated for the
vast majority of farms, when comparing Scen.1
with Scen.0, while the benefits of those mea-
sures that are not directly affecting inputs and
outputs of the nitrogen balance (besides being
more uncertain) are much less evident, with
many cases of possible negative effects (i.e. in-
creases of nitrogen surpluses).

According to the results of the calculation of
surpluses with Nboxes, the overall reduction of
the nitrogen surplus in the farms joining the
AES’s is estimated to be around 1100 t. This is
in theory a remarkable contribution to the re-
duction of diffuse pollution of agricultural ori-
gin, since the target of the Lagoon Master Plan
(Veneto, 2000) is to reduce the nitrogen loads
from a total of 9,000 t discharged in the aver-
age hydrologic year to a maximum of 3,000 t,
with an estimated contribution from agricultur-
al and animal farming sources of about 65%.
Nevertheless, it should be remembered that the
variations of surpluses at the farms gates are on-
ly indirectly related to the final discharges of ni-
trogen in the lagoon. The latter require the im-
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plementation of complex distributed hydrologic
and chemical models, whose application is pos-
sible only in situations of very good data avail-
ability.

Very interesting is the analysis of the esti-
mated benefits of the measure identified as the
most promising in terms of effectiveness by the
experts involved in the participatory workshop
reported in Giupponi et al. (2008). The graph
reported in Figure 5 clearly shows that, when
considering only the measure C.5.1.3a (low-in-
put agriculture) the cases with limited or negli-
gible improvements in the nitrogen budget tend
to disappear, with reductions of the surplus
most frequently in the classes between 10 and
50 kg ha! or between 50 and 100 kg ha'. Still,
around 30 cases show opposite effects which
should be carefully assessed case by case.
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Figure 5. Variations of nitrogen surplus per hectare as a con-
sequence of the application of measure C.5.1.3a (low-input
farming), according to the Nboxes budgets (Scenario 1 vs.
Scenario 0).
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Figure 6. Variations of nitrogen surpluses per hectare as a
consequence of the application of measure C.5.1.3b (buffer
strips), according to the Nboxes budgets.
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Similarly, and again in accordance with the
outcomes of the participatory expert workshop,
the plantation or maintenance of buffer strips
(measure C.5.1.3.b) show general positive effects,
but when considering only direct contributions to
the nitrogen balance (i.e. the reduction of inputs
at the farm level and the uptake by the non-fer-
tilized vegetation of the buffer) most frequently
the reduction of surplus is between 1 and 50 kg
ha' with many cases of negligible effects (e.g.
large farms with limited surfaces converted into
buffer strips). More evident are the effects when
considering the potential positive effects of den-
itrification as reported in Figure 6 (black bars
showing potential additional benefits).
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Figure 7. Variations of nitrogen surpluses per hectare as a
consequence of the application of measure C.5.1.3c1 (irri-
gation management), according to the Nboxes budgets.
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Figure 8. Variations of nitrogen surpluses per hectare as a

consequence of the application of measure C.5.1.c2 (con-
trolled drainage), according to the Nboxes budgets.

Histograms reported in Figures 7-8 clearly
show first of all that, compared to the measure
C.5.1.3a (low-input agriculture, Figure 5) the
farms that chose the C.5.1.3c measure (irriga-
tion management and controlled drainage) are
few.

Figure 7 in particular shows that in general
only marginal effects could be attributed to the
irrigation management measure (C.5.1.3.c1) since
the most frequent class shows a delta soil between
-1 and 1 kg ha'!, with the remaining farms even-
ly distributed throughout all the classes of surplus
reduction. The other measure considered is the
controlled drainage (C.5.1.3.c2; Figure 8) and sim-
ilarly the largest group of farms show a delta
soil between -1 and 1 kg ha! for Scenario 1. The
other farms show a measure effectiveness with
just one exception. On the contrary in the Sce-
nario 2 the higher number of farms (8 farms)
show a negative effect of the measure since are
grouped in the classes of surplus between 1 and
50 kg ha'! and over 100 kg ha'.

Similarly, few farms adopting the C.5.1.4
measure (livestock management) were included
in the AGeNDA data base. Those adopting mea-
sure C.5.1.401 and C.5.1.404 (improved nutri-
tional programmes and feeding technologies)
are examined in Figure 9. Results show again
limited evidences of positive effects of these
measure on the surplus of nitrogen. Once more
the most frequent case of Delta surplus is be-
tween -1 and 1 kg ha'l.
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Figure 9. Variations of nitrogen surpluses per hectare as a
consequence of the application of both measure C.5.1.401
and C.5.1.404 (new nutritional programmes and feeding
technologies), according to the Nboxes budgets.
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4. Discussion and conclusions

Gross nutrient budgets and the nitrogen surplus
indicator are recommended by several interna-
tional institutions such as the OECD and the
EU as effective means for assessing the impacts
of agricultural activities on the quality of water
resources. They are suggested in particular for
the assessment of the effectiveness of agri-envi-
ronmental measures. The scientific literature is
broad at this regard and many drawbacks have
been identified so far, first of al the excessive
simplification of nitrogen balances and their on-
ly indirect relationships with the releases of nu-
trients from cultivated fields and discharges in
water bodies.

The present work has developed an algo-
rithm and a tool aimed at overcoming some of
the limitations cited above, in particular for
what concerns the simplifications of farm gate
balances.

The preliminary results presented above,
demonstrated that the approach proposed has
reached an operational stage in assessing the ef-
fectiveness of a diversified set of measures im-
plemented in the VLW, in accordance with the
official evaluation criteria. The Nboxes tool al-
lowed for clearly identifying differentiated ef-
fectiveness levels of the various measures, thus
providing non doubtful indications in terms of
consolidating and reorienting future agri-envi-
ronmental policies.

At this regard the measures aimed at the im-
plementation of lower input agricultural sys-
tems, with changes of land use in terms of crop
rotations and plantation buffer strip present not
only undoubtful effects on nutrient balances, but
also evident simplification in the control phase.

The following aspects have to be carefully
considered in view of further application of
Nboxes in assessment of AESs (after the nec-
essary efforts for consolidating the databases):

Data quality

1) doubts were raised about the information
provided by farmers about farming systems
before the implementation of the measures;

2) problems were found in the data base due
to errors in the phases of data registration
on paper during the interviews and of data
transcription in the on-line data base.
There is an evident trade-off between the
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possible use of — relatively reliable and stable
and easy to acquire — “reference” values (e.g.
regarding fertilization rates) that could be ac-
quired in the official statistics or from local ex-
perts, and “punctual” data acquired with farm-
ers’ interviews, that are less reliable, but much
closer to the diversity of situations that charac-
terises farming practices farm-by-farm. In order
to control the data quality problem, interview-
ers should be carefully trained, data collected
should be accurately screened and data verifi-
cation should be allowed through second round
interviews. The number of interviews should be
high enough to allow discarding those farm
records that do not pass the quality control pro-
cedure, which should include checks of incon-
sistent data also at the stage of nitrogen balance
calculation.

Relationship between nitrogen balance indicators
and environmental targets

The objectives of the regional environmental
plan for the preservation of the Venice Lagoon
ecosystem are expressed in terms of tons of ni-
trogen discharged. Farm gate balances provide
only a very indirect and approximated estima-
tion of the possible benefits of the agri-envi-
ronmental measures. Delta surpluses are indi-
cators describing the generation of nitrogen
loads, which do not consider the fate of nutri-
ents from the cultivated fields down to the la-
goon. In order to have an estimation of the ben-
efits in terms of discharges an accurate and cal-
ibrated distributed hydrologic and chemical sim-
ulation model would be required. But the effort
in terms of data needs and research effort would
be dramatically increased.

In the present case the concordance of the
overall results with the outcomes of participa-
tory modelling techniques with the involvement
of reference experts of the area support the po-
tential positive contribution of the Nboxes ap-
proach applied in parallel with other method-
ologies.

Future efforts should be targeted towards the
identification of a set of representative farms to
be used for extrapolations to the level of the
whole VLW. This could be done by integrating
the AGeNDA-Nboxes data bases with the avail-
able GIS data layers (e.g. farm cadastre).

Worth to explore is the progressive integra-
tion of scientific evidences in the farm survey



Ital. J. Agron. / Riv. Agron., 2008, 3:167-181

data base. For instance response curves acquired
in controlled field experiment could be inte-
grated in the system, in parallel to the informa-
tion about fertilizer rates and yields provided by
farmers.

As planned in the regional regulation pro-
viding resources for the implementation of the
AES’s, auditing activities could be implemented
with the farmers involved in data collection and
the results of the Nboxes software could be used
for discussions with farmers about possible al-
ternative low impact practices. This could be
done also in connection with the activities re-
lated to the implementation of the Nitrate Di-
rective and the Water Framework Directive.
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Annex 1. Nitrogen budget calculations
implemented in Nboxes (see Figure 1)

H: Nitrogen in havestable crops

H is represented in Nboxes as a stock of nitrogen de-
riving from the ability of crops to uptake nitrogen
available in the soil stock S. H is calculated for every
FLU (Farm Land Unit) from the annual rotational
average of the uptakes of the crops cutivated in the
rotation (CUy), multiplied by the surface area (ha)
of the FLU (UAAg )

H (kg N) = 3 (CUg - UAAL )

CUy is given by the average of the unitary amount
of nitrogen per type of harvestable products, CU;
(Crop Uptake):

CU, (kg N ha') = EY, - TU,

where:

EY, = expecetd yield per crop i (t ha')

TU, = total nitrogen uptake per crop i per unit of
yield (kg N t1), deducted of the quota returned to
the soil with residues (CR).

As outputs, the stock H has: Nitrogen in Crop
Residues (CR), Nitrogen in Exported Crops (EC),
and Nitrogen in Feed available to livestock (FL).

CR: Nitrogen in Crop Residues

The nitrogen in crop residues is expressed by the rate
variable NH (see Figure 1), expressing the quota of
crop nitrogen returning to the soil stock (S) through
the decomposition of residues (RE) incorporated in
the soil.

CR (kg N) = [EY - (1 - HH) - RH - RC -
(1/CN)] - UAA,

where:

HH = humidty ratio of harvested crop (fraction of 1)
RH = Residues / harvest ratio (t t™)

RC = Carbon content of residues (%)

CN = Carbon / Nitrogen ratio of residues (fraction
of 1).

CR is calculated only for those crops whose residues
are returned to soil.

EC: Nitrogen in exported crop products

Nitrogen in exported crop products (EC; kg N) is cal-
culated like H, but including only the nitrogen con-
tents of crops that are exported, i.e. sold by the
farmer.
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FL: Nitrogen in feed available to livestock

The amount of nitrogen available to livestock in the
proteins is rated through the conversion of both har-
vestable crop nitrogen H and the Imported Feed (IF)
through the specifics rates assessing nitrogen avail-
able in animal feed (HF, IM respectively), according
to the unitary amount of nitrogen in the protein of
the daily ration per head, per animal category (UF):

UF (kg head! d') = 3 [FQ - DM - (RP / 6.25)]

FQ = foodstuff quantity used per livestock typology
(kg d)

DM = dry matter (%)

RP = raw protein content (% on DM).

Inputs to FL (i.e. FI) are calculated by summing up
the contents of nitrogen in the various feeds of the
diet, by considering the average length of breeding
period (BP), including both internal (H) and exter-
nal (IF) sources.

FI (kg) = 3 [HN, - 3 (UF - BP - 30)]

HN; = number of heads per animal category
BP = breeeding period (months).

Two types of outputs from the FL stocks are consid-
ered: the nitrogen content in exported livestock prod-
ucts (P), expressed by the rate FP, and the N content
of the effluents produced by reared animals (M), ex-
pressed by the rate FM.

P: Nitrogen in exported livestock products
P (kg) = 3 [HN, - 3 (UF - FP - BP - 30)]

where:

FP = coefficient expressing the residual nitrogen pro-
portion of N excreta per unit of N in feeds, per ani-
mal category.

M: Nitrogen in livestock waste
The amount of nitrogen in livestock wastes is calcu-
lated acording to:

M (kg) = 3 [HN, - T (MC - BP - 30)]

where:

MC (kg head! d') = average daily amount of nitro-
gen in the effluents per animal category.

Nitrogen content of the effluents is later applied to
soil according to the fertilization rates defined in the
crop cultivation practices. The original amount of N
is reduced by considering the losses during stocking,
treatement (if any) and soil application (ML). In case
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not all the nitrogen available for soil application is
used according to the fertilization rates defined in
crop cultivation itineraries, the remaining surplus of
N is added to the farm surplus and highlighted by a
specific indicator named LWU (Live Weight Units).

ML: Nitrogen losses from manure

As previously stated three possible forms of losses
are considered and summed up to obtain the net
amount of N from livestock wastes available in the
soil, MS.

MS (kg) = LE - SL — AL

where:

LE = nitrogen content in livestock excreta

SL (kg) = LE - SLC = nitrogen losses during stock-
ing and treatment according to the coefficient SLC
(%), specific of the technology implemented in the
farm (not considered for pasture)

AL (kg) = (LE -SL) - (L < 7d + L > 7d) = nitro-
gen losses at the soil application, depending on two co-
efficients L < 7d and L > 7d (%) expressing the per-
centages of losses within and after 7 day from appli-
cation, respectively, which depends on the machinery
utilized for manure spreading or incorporation.

F: Nitrogen in fertilizer inputs

Records of commercial fertilizers rates per crops
(FS) are derived from crop cultivation practices.
The F stock summed up with the net nitrogen con-
tents of the manures (MS), when they are applied,
on a FLU by FLU basis. Annual averages are ob-
tained by considering the sequence of crops in the
FLU rotation.

FD: Nitrogen fixation and atmospheric deposition
Nitrogen deriving from symbiontic N-fixation is not
accounted in the budget, because it is considered
equal to the uptake of those crops, while atmospheric
deposition is added to the budget, according to an
averaged value for the whole VLW.

D: Nitrogen lost through deitrification

A denitrification component is added only in Sce-
nario 2 calculation in case of measures supporting the
implementation of buffer strip plantation or mainte-
nance, controlled drainage, or set aside with phyto-
remediation plants.

Calculation of N surplus indicators
N surplus in soil (per farm or per hectare):
SS=F+(M-ML) + FD - H + CR
— Delta N surplus in soil (per farm or per hectare)
DSS = 8S_ - S§,

where x indicate analyzed scenario, and thus SS;
is the nitrogen surplus in the ex ante situation.

— Delta buffer strips (per farm or per hectare):

DBS = FT - S§,

where:
FT is the denitrification coefficient that depends
on drainage situation of the field and the ratio be-
tween the extent of the buffer strip plantation and
the the surface area of the farm

— Delta phytoremediation (per farm or per hectare):

DP = FD - S§,

where:
FD is the denitrification coefficient that depends
on the ratio between the extent of the area con-
verted to phytoremediation and the the surface
area of the farm

— Delta irrigation (per farm or per hectare):

DI =1R - SS,- [IV, - 1V,] / 1V,

where:
IR is an empiric coefficient to determine soil ni-
trogen balance variations due to irrigation volume
(IV) changes in scenario 0 and 2.

— Delta drainage (per farm or per hectare):

DD = DR - S§,

where:
DR is an empiric coefficient to determine soil ni-
trogen balance variations due to drainage type
(controlled drainage vs. other drainage types).
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