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Fig. 2.  The University of California nitrate 
hazard index multiplicative matrix, with 
highly vulnerable situations highlighted 
in yellow (adapted from Wu et.al. 2005) 
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Introduction 
Irrigated cropland accounts for 96% of groundwater nitrate 

contamination in the southern San Joaquin and Salinas Valleys of 
California  (Harter et al., 2012). Reducing nitrate leaching is primarily 
achieved by improving crop nitrogen use efficiency (NUE) by better 
matching application rates and timing of irrigation water and fertilizer to 
crop requirements.   

The difficulty in limiting nitrate leaching from the root zone varies 
with the crop species, soil properties, and type of irrigation system. 
Under average management practices, the likelihood of high nitrate 
leaching loss is greater, e.g., for shallow-rooted and high-value crops 
that are sensitive to short-term N deficiencies; greater on highly 
permeable soils with low water-holding capacity; and greater under 
furrow irrigation compared  to drip or microsprinkler irrigation.   

Based on this concept, University of California scientists developed 
a Nitrate Groundwater Pollution Hazard Index (HI) for irrigated 
agriculture (Wu et al., 2005).  This tool is available online to the public 
(see Wu et al. for web address).  The HI assigns index values to crop 
species, soil series, and irrigation system type, which are multiplied 
together to produce a composite risk value.   

The method allows estimation of risk severity and identification of 
the major factors contributing to this risk without requiring the large 
data set needed for more complicated assessment methods (e.g., 
Delgado et al., 2008, Shaffer et al., 1991). However, the HI method does 
not consider depth to groundwater, amount of rainfall, or the 
management practices in actual use on fields, such as fertilizer N rate 
and irrigation water applied.  

In this study, we used the HI to map the risk of nitrate leaching from 
crop rootzones in a four-county area of the San Joaquin Valley of 
California.  The total area analyzed was 1,318,000 ha of irrigated 
cropland, devoted mainly to production of grapes, deciduous tree fruits 
and nuts, citrus, cotton, forages, grains, and vegetables (Fig. 1). 
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Methods 
• Crop species and irrigation type for agricultural parcels obtained from 

recent (1999-2006) California Department of Water Resources land 
use surveys for each of the four counties in the study area.  

• Crop species index based on rooting depth, amount of N required, 
crop value, and market/product quality sensitivity to N deficiencies.  
Examples: Lettuce=4, alfalfa=1. 

• Drip/microsprinkler with fertigation=1, without fertigation = 2, 
overhead sprinkler with fertigation= 2, without fertigation =3, all 
surface gravity systems = 4. For crops that we know are typically 
established with overhead sprinklers (HI=3), then switched to drip 
with fertigation (HI=1), we set the irrigation HI to 2. 

• Soil values based on predominant soil series in SSURGO polygons.  
Soil index values represent the consensus of three soil scientists who 
considered NRCS soil series drainage and permeability 
characteristics, including typical pedon texture, restrictive layers and  
mottles (indicators of poor drainage).  

• Multiply together index values for crop species, soil leaching 
potential, and irrigation system type to obtain composite HI value 
from 1 to 80 (low to high risk). Matrix is shown in Fig. 2. 

• Fields with composite HI above 20 (yellow highlight in Fig. 2) are 
considered to be at high risk of nitrate leaching when managed with 
typical agronomic practices (Wu et al. 2005).   

• Index values were compiled in a GIS using SSURGO polygons (soil 
HI values) and fields (agricultural parcels) in Department of Water 
Resources surveys (crop species/irrigation type HI values). 

Results and Discussion 
• One third (33%, 435,372 ha of 1,317,906 ha) of the basin 

has a composite HI > 20 and therefore is vulnerable to 
significant nitrate leaching if not properly managed (Fig. 
7). 

• Much of the study area is cropped to lower risk crop 
species (Fig. 3), but prevalence of higher risk surface 
irrigation (Fig. 4) and well-drained soils (Fig. 5) 
contribute to the overall 33% of area at risk (Fig. 6). 

• Corn (mainly for silage) and vegetable production, as 
well as surface irrigated trees and field crops grown on 
high-risk soils account for the majority of this area. 

• Conversion of fruit, nut, and vegetable crops to drip or 
microsprinkler irrigation from the earlier (1999-2006) 
adoption levels would decrease the area vulnerable from 
33% to 22% of the area analyzed (Figs. 8 and 9).   

• Significant conversion of cropland to drip/microsprinkler 
irrigation has occurred since the surveys used in this 
study were conducted in 1999-2006, and therefore the 
actual situation in 2012 falls between the two maps 
shown in Figs. 7 and 8.  

• A large proportion of the cropped area remaining at risk 
of nitrate leaching loss after such a conversion is used to 
produce silage corn and other forages, which typically 
receive applications of dairy manure and are irrigated by 
furrow or border methods. We note that in Tulare Co. 
(east-center of study area), dairy farmers milked 
approximately 500,000 cows (2010), which produced 
more milk than any other county in the US. 
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Fig. 1. Crop species in study area in southern 
San Joaquin Valley of California (Viers et 
al. 2012) 

Fig. 3. Crop species by HI value. (Fresno Co., 
2000; Tulare, 1999; Kings 2003; Kern 2006, 
Department of Water Resources  surveys 
during summer months) 

Fig. 7. Composite nitrate hazard index map.  Fig. 4. Irrigation system hazard index value. 
Source – see Fig. 3 caption.  

Fig. 8. Hazard index map assuming all orchards, 
vineyards, and vegetable crop fields 
converted to drip or microsprinkler 
irrigation with fertigation.  

Fig. 5. Soil hazard index value for soil series in 
irrigated agricultural land.  

Fig. 6. Component HI values- distribution by 
percent of total land area in study.  

Fig. 9. Decrease in land 
area with high nitrate 
leaching risk due to 
conversion to 
drip/microsprinkler 
irrigation (see caption 
Fig. 8) 
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