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Introduction 
Several nitrogen (N) models have been developed to assess the effects of management 
practices on N losses from agricultural systems. These N tools range from very complex N 
models useful in research to simple N index tools that can be use for a quick assessment of 
management practices on N losses to the environment (De Paz et al. 2009). It is well-known 
that measuring the amount of leaching and atmospheric N losses across all landscape-
cropping system combinations is difficult, so calibration and validation of models are used to 
obtain estimations of N losses. Some N models can help us to identify hot spots across fields, 
facilitating the implementation of precise conservation practices in crop production. These 
models in combination with Geographical Information Systems (GIS) help us to upscale the 
assessment from plot research to a regional scale.  
Intensive irrigated agriculture with traditionally high N fertilization dominates the 
Mediterranean region of Valencian Community. Most of this region was declared a Nitrogen 
Vulnerable Zone (NVZ) following European directives. The goal of this paper was to use the 
Nitrogen Losses and Environmental Assessment Package, which has GIS integration 
capabilities (NLEAP-GIS v4.2) to assess the effects of management on regional N losses. 
We select a study area located within a NVZ, to evaluate the management practices with 
NLEAP-GIS. This area, covers 6300 ha, with citrus and vegetables being the main crops 
grown under drip and surface irrigation. Although soil texture ranges from sandy loam to 
clayey soil, the area has predominantly heavy-textured clayey soils. Annual rainfall averages 
500 mm, is non-uniform and has intensive rain events during autumn. Evapotranspiration 
(ETo) measured with the Penman-Monteith method is 960 mm.  
 
Materials and methods 
The new version of NLEAP-GIS 4.2 has been developed using Visual Basic to run within an 
MS Excel® worksheet, and the core algorithms have been updated from the older DOS 
version (Delgado and Shaffer, 2008). For additional details about the model capabilities 
review Delgado and Shaffer, 2008. This new framework was designed to make the tool more 
user-friendly, simulate complex crop rotations, and to run in “batch” mode using a GIS 
attribute table, which upscales the analysis from the field scale to the regional scale. Input 
data are stored in three tables in MS Access format: the climatic daily data (CLIMLONG), 
soil layer properties (SOILLAYER), and crop management data (EVENTS). The Events 
table includes all management scenarios given within the study area: irrigation, fertilization, 
crop yield, etc. 
We used NLEAP-GIS 4.2 to simulate crop management scenarios for the region to assess the 
effects of management on N losses via leaching and denitrification. Crop management 
practices are shown in Tab. 1. Several scenarios considering age of citrus orchards and 
irrigation system were conducted. Management systems using citrus were evaluated 
assuming fertigation with drip and furrow irrigation. 
Average rainfall of 500 mm was used. We performed a 150-points-survey in the region to 
build the soil database and to help develop a map based on the water content at field capacity. 
The range of nitrate (NO3) in irrigation water used across the region is 25 to 200 mg NO3 L-1. 
Background NO3 concentrations in irrigation water was accounted for by delineating several 
maps with different ranges of nitrate in irrigation water (0-50, 50-150, >150 NO3 L-1). 
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Results 
NLEAP was previously calibrated and validated with data from experimental plots with 
several crops and N management. The upscaled NO3 leaching assessment, based on 
calibration and validation results, was used to assess the effects of management practices 
spatially across the region. We found that the areas closer to the shoreline where the 
vegetables are grown have the highest risk of NO3 leaching and denitrification. The main 
NO3 leaching events were predicted during the intensive rainfall of October-November, when 
56% of nitrate leaching losses occur. We also found that the  soils close to a wetland area 
have high concentrations of organic matter, clayey textures, and a shallow water-table. This 
area showed the highest denitrification rates with losses as high as 166 kg N ha-1 y-1. We 
found that nearly 50% of the total denitrification was predicted during the summer time when 
soil temperatures were the highest. 
 
 Tab. 1. Crop management practices. 

  
MELON 
annual 

CITRUS 
------------- age of citrus orchards ------------- 

   0 - 5 years 5 - 15 years > 15 years 
 ¥SIr ¥SIr ¶-DIr ¥SIr ¶-DIr ¥SIr ¶-DIr 

Total Irrigation (mm) 310 122 107 420 312 434 384 
Number irrigation events 7 5 80 8 136 8 136 
N fertilizer (kg N ha-1) 230 120 120 250 250 350 350 
N fertilization events 3 4 43 4 52 4 52 

 ¥Sir, Surface irrigation; ¶-Dir, drip irrigation 
 

Drip irrigation practices reduce NO3 leaching under citrus systems by 45% when compared to 
surface irrigation (Tab. 2). Denitrification losses with drip irrigation were also lower than 
those observed under surface irrigation. The N losses due to volatilization of ammonia were 
slightly higher in the drip irrigation system. 
 
Tab. 2. Assessment of cropping and irrigation systems’ effects on annual N balance using NLEAP-GIS 4.2. 

Crop   Nitrogen (kg N ha-1) 
 Age (years) Irrigation Leaching Denitrified Uptake Volatilized 

Drip 17 43 63 6 0 - 5 
Surface 19 63 63 4 
Drip 35 60 146 8 

5 - 15 
Surface 84 73 146 8 
Drip 51 66 198 9 

Citrus 

> 15 
Surface 84 88 198 11 

Melon Annual Surface 82 107 124 21 
 
Conclusions 
This assessment of N practices across the NVZ of the Mediterranean region found that use of 
fertigation, or splitting N applications in several events, in addition to adjusting the N 
fertilizer rates to those recommended by the Code of Good Management Practices, reduces 
the risk of NO3 leaching.  It also avoids leaving high N residues on the soil during winter that 
can be leached by intensive rainfall. 
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