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Abstract
Yield rates vary spatially and maps produced by the yield monitor systems are evidence of the degree of within-
field variability. The magnitude of this variability is a good indication of the suitability of implementing a spatially
variable management plan. Crop simulation models have the potential to integrate the effects of temporal and mul-
tiple stress interaction on crop growth under different environmental and management conditions. The strength of
these models is their ability to account for stress by simulating the temporal interaction of stress on plant growth
each day during the season.
The objective of paper is to present a procedure that allows for the selection of optimal nitrogen fertilizer rates to
be applied spatially on previously identified management zones through crop simulation modelling. The integration
of yield maps, remote sensing imagery, ground truth measurements, electrical resistivity imaging allowed for the
identifications of three distinct management zones based on their ability to produce yield and their stability over
time (Basso et al., 2009). After validating the model, we simulated 7 N rates from 0 to 180 kg N/ha with a 30 kg
N/ha increment. The model results illustrate the different N responses for each of the zone. The analysis allowed
us to identify the optimal N rate for each of the zone based on agronomic, economic and environmental sustain-
ability of N management.

Key-words: simulation models, wheat, variable rate nitrogen, management zones, precision agriculture.

Introduction

Appropriate nitrogen management is one of the
main challenges of agriculture production and
for the environment. Raun and Johnson (1999)
stated that Nitrogen Use Efficiency (NUE) de-
fined as the amount of N used for producing
grains, might be as low as 33% for cereals and
that an increase of 1% in NUE would lead to
a global savings of $234 million US dollars. Un-
der field conditions N losses are mainly due to

volatilization of NH3 from leaves of N-rich
plants, soil denitrification and nitrates leaching
(Raun and Johnson, 1999). Therefore to reduce
such losses a better and more efficient way of
applying N is necessary.

From an economic point of view the optimal
Nitrogen (N) fertilizer amount should be the
rate at which the farmer’s financial return is
maximized and it known as Economic Optimum
Rate (EOR). The optimal N amount (Nopt)
varies between cultivar, site location and be-
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tween years (Samborski et al., 2009), for the
same field cropped with the same cultivar the
Nopt is not constant across the field because of
the spatial variability of crop growing conditions
and soil properties (Pierce and Novak, 1999).

The determination of the Nopt is made by
subtracting the crop N uptake from the soil N
supply and N inputs. One way to quantify Nopt
is to base the estimation of final yield upon the
“expected yield”, which is function of known
crop average yield and its N content (Meisinger,
1984). However, long-term experiments have
showed that yield might be difficult to predict
because the yield potential can vary substan-
tially between years (Scharf et al., 2006) and the
N content will vary as function of cultivar, and
N supply. This is because of the unpredictabili-
ty of weather conditions, in fact a year with low-
er rainfall causes a reduction of biomass yield
and low crop N uptake (Ritchie and Basso
2008). Moreover, the spatial distribution of soil
properties interacts with weather conditions, de-
termining a within-field spatial variability of
crop growth even for the same growing season.
For example, the different distribution of clay
and sand content and their interaction with the
growing season rainfall can affect the soil water
holding capacity, which will affect crop growth
in the field and its N uptake (Lory and Scharf,
2003; Kyveryga et al., 2009).

Another method used to estimate N fertiliz-
er requirements is analyses of soil samples. This
method takes into account the soil N supply,
which influence crop N uptake throughout the
growing season. Soil N can be divided into two
components, the soil mineral N (SMN), which is
the N immediately available to crops; and the or-
ganic N (ON), that will be mineralized and be
available to crops through the growing season.
The test for SMN is made before planting, and
it is known as the pre-plant Nitrate test (PPNT)
and/or during the vegetation period (pre-side-
dress Nitrate test; PSNT) (Schmidt et al., 2009;
Bundy and Andraski, 2004). However, Everett
and Pierce (1996) suggested that the fertilization
based on PPNT or PSNT is viable compared to
a fixed N rate only if a significant SMN varia-
tion is found between fields or between years.

Along with soil N, the assessment includes
the estimation of soil N mineralization rates. N
mineralization rates can be estimated under
field conditions by using a reference plot with

no N applications. But several studies found that
the net N mineralization is site-specific and af-
fected by weather conditions and amount of N
applied in the fertilized plots (Blankenau et al.,
2000). Laboratory experiments such as incuba-
tion procedures, assessment of microbial bio-
mass activity, and chemical soil extractions
might estimate a potential N available to crops
but under field conditions such potential may
vary considerably and that is why those tests are
used only in research studies rather than for
practical agronomic decisions (Rice et al., 1995;
Kitchen and Goulding, 2001).

The estimation of crop N content is an al-
ternative method to estimate the N fertilization
rates, because the crop is also a good indicator
of the soil N at certain point during the grow-
ing season. In fact, the crop N content is func-
tion of soil N content, N mineralization rates,
crop residues, soil water content, root growth,
and N uptake efficiency (Rice et al., 1995).

There are several methods for assessing crop
N status such as the total crop N concentration,
and the plant petiole nitrate recommendation.
The former, is done in the laboratory but for
field application is time-consuming and few
plant samplings might be not representative of
the spatial variation of crop N. The latter, has
been developed to make decision on the time
and the rate of N fertilization directly into the
field. For example, on potato crop the petiole
test has been widely used for a quick assessment
of crop N status (Zhang et al., 1996; Phillips et
al., 2004). However, the nitrate concentration in
the petiole varies according the sampling dates,
position of the petiole on the plant, plant age,
cultivar, time of the day when samples are col-
lect, and weather condition prior to the test such
as drought or rainfall (Vitosh and Silva, 1996).

Another non-destructive method to deter-
mine crop N status is the use of the optical
transmission measurements with a hand-held
chlorophyll meter such as Minolta SPAD-502
(Minolta, Japan). The instrument measures the
leaf red transmittance at 690 nm and the near
infrared transmittance at 940 nm, which are
found to be a measure of chlorophyll level in
crops. The use of the hand-held chlorophyll me-
ter is time consuming, and its values are affect-
ed by the leaf water status, and the specific leaf
weight (Schlemmer et al., 2005). Moreover, the
instrument measures only one point of the last
fully developed leaf, but the nitrogen distribu-
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tion is not uniform within the leaf (Lemaire and
Gastal, 1997). At canopy level, the chlorophyll
meter does not give accurate values of nitrogen
content because the canopy nitrogen distribu-
tion follows a vertical gradient distribution with-
in the canopy. The nitrogen content decreases
in the lower leaf layers, and the decrease is lin-
early related with decreasing in light intensity
(Grindlay, 1997); moreover, it is also limited to
point measurements and cannot practically be
deployed spatially across a large field.

Remotely sensed vegetation indices can be
used for the estimation of crop N, and indices
such as the Normalized Difference Vegetation
Indices (NDVI; Rouse et al., 1973) has been ex-
tensively used in commercial sensors, such as
the Yara N-Sensor/FieldScan (Yara Internation-
al, ASA, Oslo, Norway), GreenSeeker (N Tech
Industries, Inc., Ukiah, CA) and the Crop Cir-
cle (Holland Scientific, Lincoln, NE). NDVI is
affected by the developmental stage, LAI and
canopy geometry can affect crop N content
(Penuelas et al., 1994). Also, NDVI saturates at
values of LAI between 3 and 6, causing low in-
dex sensitivity for detection of crop nutritional
status (Carlson and Ripley, 1997).

An indirect method to detect canopy N is by
estimating the canopy chlorophyll content (Gi-
telson et al., 1994), by using the red-edge posi-
tion of the electromagnetic spectrum, which is
the slope of the reflectance located between the
red wavelength and the maximum reflectance in
the Near-Infrared bands (NIR). It is a very nar-
row part of the spectrum, but its changes are
very sensitive to the chlorophyll content and it
can be thought as the boundary between chloro-
phyll absorption (Red) and leaf scattering (near
infrared) (Demetriades-Shah, 1990).

The time of season when those spectral read-
ings are made is an important parameter to con-
sider for both early prediction of nitrogen defi-
ciencies and its subsequent management. For ex-
ample, on wheat the targeted growth stage might
be around DC 31, which corresponds to the first
node detectable at stem elongation (Zadoks et
al., 1974), when quantify nitrogen stress on crops
is useful for the nitrogen fertilisation.

Raun et al. (2001) successfully used remote
sensing for developed an algorithm that adjusts
top-dress N application by integrating in-season
prediction of wheat yield, PPNT, within season
mineralisation rates and predicted crop N re-
moval.

The potential yield was estimated by two
NDVI readings, collected between January and
March, which were divided by the cumulative
Growing Degree Days between the two dates.
The determination of the potential yield in the
field is done by using well fertilised reference
crop. Sensors mounted directly on applicator
machines are used to adjust nitrogen fertilisa-
tion in real time; the sensors read canopy
colours of the field and apply the proper nitro-
gen rate based on the canopy colour of the well
fertilised reference crop (Blackmer and Schep-
ers, 1995). The use of well fertilised crops as a
reference has limited use in rainfed agriculture.
The reference crop is supposed to reflect the po-
tential growth of a canopy in that particular en-
vironment; provided no stresses are present.
Then, when the remote sensing is used elsewhere
in the field, the differences in growth rates are
quantified and the fertilisation is adjusted with
the aim of increase the final yield. However, in
rainfed agriculture, where water is the most lim-
iting factor, the reference plot might not reflect
the potential growth; water will limit it and an
additional fertilisation will not increase the final
yield (Loomis and Connor, 1991).

In rainfed environments there are two ma-
jor problems for the assessment of canopy ni-
trogen with remotely sensed vegetation indices,
namely the effects of soil reflectance and water
stress. In addition, in these environments the
presence of both water and nitrogen stress can
cause confounding effects on the estimation of
crop nutrient requirements because water defi-
ciency can mask the crop spectral response for
nitrogen stress through changes in reflectance
patterns in the Near-Infrared (NIR) and middle
infrared reflectance (Rodriguez et al., 2005).

The use of thermal images along with re-
flectance measurements might help to improve
the prediction for an in-season nitrogen appli-
cation even though they do not completely re-
move the soil effects (Tilling et al., 2007). Some
indices have been developed for this particular
purpose, such as the Canopy Chlorophyll Con-
tent Index (CCCI; Barnes et al., 2000), which is
based on a planar domain approach, where two
vegetation indices, the NDVI and the NDRE
(Normalised Difference Red Edge; Barnes et
al., 2000), were used as a surrogate for canopy
cover and leaf N. For instance, the combination
of this index and some classical vegetation in-
dices gave useful information regarding the de-
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gree of nitrogen stress (El-Shihka et al., 2007).
Understanding the N fertilization efficiency

might require the availability of long-term stud-
ies, because few years of field experiments
might not reflect the potential crop response,
due to variation in growing season rainfall.
Process-oriented crop growth models can be
useful to simulate the long-term effects of wa-
ter and N stresses and their temporal interac-
tions on daily crop growth and development
rates through the growing season (Batchelor et
al., 2002; Basso et al., 2007). They have been ex-
tensively validated and applied under a wide
range of environmental conditions (Singh, 1985;
Carberry et al., 1989; Jagtap et al., 1993; Kiniry
et al., 1997; Garrison et al., 1999; Miao, et al.,
2006; Basso et al., 2007, 2009; Senthilkumar et
al., 2009).

Crop simulation models have the potential
to integrate the effects of temporal and multi-
ple stresses interaction on crop growth under
different environmental and management con-
ditions (Basso et al., 2001). The strength of these
models is their ability to account for stress by
simulating the temporal interaction of stress on
plant growth each day during the season (Batch-
elor et al., 2002). However, crop simulation
models cannot simulate every position in the
field because of the costs associated with gath-
ering data and the availability of detailed inputs.
As a consequence, delineating zones within the
field of similar crop response may provide the
right amount of data to execute the model (Bas-
so et al., 2007). Various authors have proposed
criteria for the delineation of management
zones (Mulla, 1991; Fleming et al., 2001; Fergu-
son et al., 2004; Schepers et al., 2004; Chang et
al., 2004; Inman et al., 2005: Franzen et al., 2002;
Basso et al., 2009).

The objective of this paper is to present a
procedure that allows for the selection of opti-
mal nitrogen fertilizer rates to be applied spa-
tially on previously identified management
zones through crop simulation modelling.

Methodology

Site Description

The study was carried out on a 10 ha field with
rolling landscape, located in the S. Agata delle
Tremiti, Serracapriola (FG) (41° 48’ 46” N , 15°

93’ 99” E; 40 m a.s.l.), Foggia – Italy, during 7
crop seasons of wheat monoculture (from
2001/02 to 2008/09). The field is characterized
by 3 different yielding zones (Basso et al., 2009)
and soil type (Fig. 1):
1) a high yielding zone (High Yield Zone) with

silty loam soil, 1.3% organic carbon (OC),
150 mm m-1 of potential extractable soil wa-
ter (PESW);

2) a medium yielding zone (Medium Yield
Zone) with a sandy loam soil and 1.2%
(OC), 130 mm m-1 PESW;

3) a low yielding zone (Low Yield Zone) with
coarse and stony soil, 100 mm m-1 of PESW,
even though this area has a shallow soil (60 cm)
reducing further the PESW to only 60 mm.
The climate of the area was characterized by

an average annual rainfall of about 400 mm. The
annual average maximum temperature was 18
°C, with a minimum of 6 °C.

The sampling scheme was made by adopting
a 25m x 25m grid. There were 25 sampling
points, which were identified using of a DGPS
(Trimble AgGPS 114). The points were located
at the nodes of the grid and measurements were
taken on the point of sampling at three differ-
ent distances from the node (1, 3 and 5 m). A
Digital Elevation Model (DEM) was obtained
using the DGPS a resolution of 5 m2 and with
cm level DGPS accuracy.

Agronomic management

The crop planted was durum wheat (Triticum
Durum, Desf.) cultivar ‘Quadrato’ for the first
3 crop seasons, then Ciccio and Simeto for the
rest of the crop seasons. For all crop seasons the
seedbed was prepared in September with a
plough at a depth of 30 cm. The sowing was
made in December at depth of 5 cm and 17 cm
distance between the rows. The Nitrogen (N)
fertilization consisted in two split-applications,
one at sowing with 25 kg N ha-1 as Diammoni-
um Phosphate and another at tillering with 65
kg N ha-1 as Urea. Weed control was accom-
plished using RoundUp (Glifosate) and Topik +
Sound (2.4D+ CLODIFOP + Metosulan) for all
crop seasons. The crop was harvested always
around the first decade of June.

Soil Sampling

The soil samples were taken in November 2001
prior planting to determine the soil chemical
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properties to use as input in the simulation
model. Four depths were sampled with an in-
crement of 15 cm up to a total depth of 60 cm.
Soil texture was determined using the hydrom-
eter method (Klute, 1986), Organic Carbon (C)
was measured using the Walkley-Black method
(Walkley and Black, 1934), total N was deter-
mined using Kjedahl method, K exchangeable,
cation exchange capacity (CEC) and P ex-
changeable were determined with the Olsen
method. Soil water content was measured us-
ing the gravimetric method every three weeks
for the sampling points selected every 20 cm
increment to a total depth of 60 cm (where
possible). The sampling points located at the
top of the hill side did not allow reaching the
depth of 60 cm, therefore the total depth of
those sampling points reach a maximum of 40
cm.

Yield monitoring

Yield data were recorded by using a New Hol-
land TX 64 combine equipped with a yield mon-
itor system (grain mass flow and moisture sen-
sors). Site coordinates for each yield measure-
ment were determined with a differentially-cor-
rected (OMNISTAR signal) Trimble 132 receiv-
er. The SMS software version 3.0TM (AgLeader
Tecnology, Inc.) was used to read the row yield
data (expressed at 14% dried matter). Yield da-
ta semivariograms were created using GS+ soft-
ware version 5.3TM (Gamma Design Software,
1999).

Crop model description

Simulation runs were performed using the
CERES model for wheat (Ritchie and Otter,
1985); the model is part of the DSSAT 4.0.2
(Decision Support Systems for Agrotechnology
Transfer) (Hoogenboom et al., 1994). The mod-
el is process-oriented model that simulate plant
growth and development responses to environ-
mental conditions (soil and weather), genetics
and management strategies.

The weather data used by the model includ-
ed daily values of incoming solar radiation (MJ
m-2 day-1), maximum and minimum temperature
(° C) and rainfall (mm). The measured weather
was providing by the meteorological station lo-
cated near the experimental field. Soil input da-
ta (sand, silt, and clay content, bulk density, or-
ganic carbon and water limits) were determined
from soil samples collected at the 25 locations
(see paragraph 2.3). Soil water limits were cal-
culated using the procedure suggested by
Ritchie et al. (1999). The soil water limit used
to execute the model varied spatially using site-
specific input according to the observed data of
soil texture, soil depth, coarse fraction and ini-
tial soil water content. The model performance
was evaluated using the root mean square error
(RMSE). The simulated yields were compared
with the measured yield for the study site. An
additional validation was carried out using the
long term yield data collected at variety trails
experiment of the CRA Cereal Institute since
1976.
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Procedure for selecting optimal N fertilizer rates

We selected 7 nitrogen (N) fertilizer rates (0, 30,
60, 90, 120, 150, 180 kg N ha-1) to simulate the
impact of N fertilizer on yield, leaching, and net
economic return for 56 years of available weath-
er record. The model quantifies the effect of cli-
mate variability of temporal variation of yield,
and environmental impact. We simulated the se-
lected N rates for the previously identified man-
agement zones (Basso et al., 2009). We assessed
the spatial and temporal variability of yield,
leaching and nitrogen marginal values using the
simulated cumulative probability analysis. We
simulated the 7 N fertilizer rates for 56 years of
available weather record for the site. We then
chose the best N fertilizer rate for each of the
zone based on the yield response to N, margin-
al value and amount of nitrate leaching.

Results and discussion

The validation of measured and simulated yield
for the 56 years was shown in Figure 2. The
RMSE was 320 kg ha-1 demonstrating the reli-
ability of the model used for this study.

The cumulative probability of the simulated
yield clearly shows the different effect of N on
each of the zones (Fig. 3 a-c). The High Yield
Zone (HYZ) demonstrated to be more respon-
sive to the N fertilizer supply with a significant
increase in the 90 kg N/ha compared to greater
amount that did not increase yield substantial-

ly (Fig. 3a). The Medium Yield Zone (MYZ)
showed an increase from 30 to 60, demonstrat-
ing that from 60 onward the N addition does
not guarantee a greater yield (Fig 3b). Low
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Figure 2. Model validation for the study area (Basso et al.,
2007).
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Yield Zone (LYZ) does not show any difference
in yield increase after 30 kg N/ha.

Average Grain yield for the three manage-
ment zones at different N rates is showed in
Figure 4. The High Yield Zone (HYZ) showed
the highest yield for all the N rates; in the HYZ
the maximum yield was obtained with 150 N
(4100 kg/ha) even though the difference with
from 90 Kg N/ha are nearly insignificant. For
the Medium Yield Zone (MYZ) the highest yield
was obtained with 90 N (2800 kg/ha) while for
the Low Yield Zone (LYZ) the same yield of
1900 kg/ha was obtained with either 60 or 90 N.

The net revenue calculated as difference be-
tween the current grain price and the global
costs (operation plus materials), achieved at the
different N rates is showed in Figure 5. For the
HYZ the maximum economical return was

achieved at 150 N, but again the difference with
the lower rates are very small, suggesting that
the same income can be obtained with lower N
but at the same we save N fertilizer that is a
potential threat to the groundwater through the
leaching processes. For the MYZ and LYZ the
highest profit was obtained with 90 Kg N/ha and
60 Kg N/ha, respectively.
Figure 6 shows that the marginal return of N on
grain yield decreased as the N rates increased.
The additional 30 kg N/ha added from the 30 N
showed a diminishing marginal return for all the
three zones. The difference in output for the
HYZ was 13.6 € kg N-1for the first 30 kg N/ha,
2.2 € kg N-1 for the additional 30 kg N/ha, and
0.46 € kg N-1 for the last two N increases. For
the MYZ the marginal return was 5.6 € kg N-1

for the first 30 kg N/ha, 3.06 € kg N-1 for the 60
N, -1.2 and -0.4 € kg N-1 for the last two N in-
creases. For the LYZ the only positive margin-
al return was for the first 30 kg N/ha applied
(2.2 € kg N-1). It dropped to -0.4 and -1.26 € kg
N-1 for the subsequent N increases.

The N leaching for the three zones at dif-
ferent N rates showed that the leaching in-
creased as the N rate increased, with the high-
est values of N leached obtained for the 180 N
(Fig. 7). However, from the analysis of the 56
years long-term simulations for each area, the
cumulative probability function (Fig. 8 a-c)
showed that higher N leaching were obtained
for the LYZ and the MYZ, while lower N leach-
ing were observed for the HYZ. This might be
due to the best utilization of mineral N from
crop growing in the HYZ respect to the other
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Figure 4. Average yield as function of N rates for the three
management zones.

Figure 5. Net income as function of N rates for the three
management zones.

Figure 6. N Marginal value as function of N rates for the
three management zones.
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two management areas. In the LYZ highest N
value leached was obtained for the 120, 150 and
180 N, while for the MYZ the values of N
leached were close for all the N levels.

The Nitrogen Use Efficiency (NUE) for the
different N treatments and for the three man-
agement zones is showed in Figure 9. The HYZ
showed higher values of NUE at 30 N (53.3 kg
grain kg N-1 ha-1), decreasing to a minimum of -3.3
kg grain kg N-1 ha-1 for the 150 N. The MYZ
showed a NUE ranging between 23.3 for the 30
N to -3.3 kg grain kg N-1 ha-1 for the 150 N; while
the LYZ showed values of 10 for the 30 N to -
3.3 kg N-1 ha-1 for the 120 N (Fig. 9).

The increase of grain yield for each unit of N
applied as a function of changes in N leaching for
each unit of N applied showed that for the HYZ
the 150 kg N/ha maximized the yield increase as
function of N leached, while for MYZ and LYZ
was 90 and 60, respectively (Fig. 10).

When the net revenue is plotted against N
leaching the profitability and the environmen-
tal impact of the fertilization management for
HYZ respect to MYZ and LYZ is showed (Fig.
11). In fact, as supported by the marginal re-
turn, each increase of 30 N units does not in-
crease significantly the net revenue after 90, 60
and 90 for HYZ, MYZ and LYZ respectively.
To note that the LYZ showed a negative value
for 30 kg N/ha because it is necessary to in-
crease the N supply to have a marginal net re-
turn. After 60 kg N/ha, there is a negative im-
pact on the environment with no increase in net
marginal return. The MYZ showed a negative
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Figure 7. Nitrate leaching as function of N rates for the three
management zones.
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Figure 8a. Cumulative probability function of N rates and
Yield for the LYZ.
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Figure 8b. Cumulative probability function of N rates and
leaching for the MYZ.
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Figure 9. Yield increase as function of N rates for three man-
agement zone
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Figure 10. Yield and leaching as function of N rates for the
three management zones.
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profit at lower N rates, with increase in revenue
at higher N rates, but at a certain environmen-
tal costs, since it shows the highest N leaching
rates. The LYZ is the more sensitive zone for a
fertilizer management, because most of the N
rates will not increase the net revenue for that
area and only two N rates showed to be eco-
nomic viable solution, with 60 N the optimum
rate for such zone.

One of the most important issues arising
from the management of N fertilization for pre-
cision agriculture is environmental protection
(Pierce and Novak, 1999). The use of crop sim-
ulation models, which integrate the effects of
complex multiple stresses in a temporal way, al-
low for a complete understanding of the inter-
action of the climate and soil effects on crop
growth and yield. Sadler et al. (2000) conclud-
ed that the application of simulation models to
site-specific management is still limited, because
models are often not developed or tested for
application where there is a certain amount of
variability. However, Basso et al. (2007; 2009)
showed that crop models were able to simulate
yield in a spatial context in a field where a cer-
tain degree of variability existed.

Conclusions

This study has demonstrated that once the man-
agement zones have been well defined, crop
models can be useful tools in selecting the most
sustainable N management from the agronom-
ic, economic and environmental point of view.
Models help finding the best management op-
tion regarding the N rate that will maximize
farmer’s economical return and reducing the
risk of environmental pollution. In fact, the N
rates were different among the zone, with 90-
120 kg N/ha being the best rate for the HYZ,
90 kg N/ha for the MYZ and 60 kg N/ha for the
LYZ; further increase in N rates for the MYZ
and LYZ would have not cause any yield in-
crease (Fig. 9-11). The best rates for the zones
were not identified only by choosing the rate
that maximize yield, but the one that will de-
crease the cost and the environmental impact,
and from the analysis of the marginal net re-
turn, the net revenue vs. leaching and the NUE.
For example for the HYZ results might suggest
that 150 N would have been the optimal rate in

180



terms of yield, but the analysis accounting for en-
vironmental impact and marginal value of N sug-
gested that the rate between 90 and 120 kg N/ha
should be the quantity of fertilizer applied to this
area, versus 90 and 60 for the MYZ and LYZ.
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