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the natural hydrology. A large portion of the nitrate-containing
water that would otherwise continue to the groundwater is
instead directed to buried drainage pipes and flows to surface
water.

Soil Moisture

Nitrate leaching only occurs when water is passing through
the soil, so the extent of nitrate leaching is related to the amount
of water percolation. Any water management practice that
limits percolation can limit nitrate loss.

In much of the western U.S., water loss through evaporation
and plant transpiration (ET) far exceeds the amount of rainfall
on an annual basis (Figure 3). But there are times of the year
when rainfall exceeds ET and leaching will occur
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Figure 3. Yearly evapotranspiration greatly exceeds average annual
precipitation in most of California. Adding supplemental
irrigation water raises the risk for nitrate leaching.

Irrigated lands receive water in addition to rainfall so the
potential for nitrate leaching is increased. When careful irriga-
tion practices are followed, the risk of nitrate leaching can be
minimized. These practices include:

Irrigation uniformity: The appropriate amount of water is
distributed across the field, without areas in the field of excess
or deficit water application.

Irrigation scheduling: Water is not added until the crop
has used the available moisture previously in the root zone.

Water placement: Water is added where plant roots can
access it. Drip irrigation and micro sprinklers are good examples
of targeted placement of water.

Irrigation quantity: Water is added only until the water-

holding capacity is achieved. Water added in excess of the
holding capacity may result in leaching or surface runoff.

Irrigated fields require periodic leaching to remove accu-
mulated soluble salts. Some leaching takes place as a result of
seasonal rains, but additional irrigation water is often needed
to reduce the soil salinity. This salt management technique will
leach any nitrate present in the soil.

Nitrogen Management Practices

Appropriate nutrient management can greatly reduce the
risk of nitrate leaching loss. This includes consideration of:

Source: Using an ammonium source of N fertilizer can
temporarily limit initial N movement. Nitrification inhibitors
can temporarily delay the appearance of nitrate. Controlled-
release fertilizers are also effective at limiting nitrate loss.

Rate: Growing crops need a constant supply of N nutrition,
but this must be balanced with the goal of minimizing nitrate
losses. This requires an understanding of the plant N require-
ment for maximum yield or economic return. Nitrate leaching
losses substantially increase when fertilizer applications are in
excess of the crop need (Figure 4). Nitrate present in the soil
and the irrigation water should be accounted for.
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Figure 4. Nitrogen fertilizer added beyond the capacity of crops to
recover it increases the risk for nitrate leaching. Broadbent
and Rauschkolb, 1977.

Time: Understanding the N demand of growing crops al-
lows farmers to synchronize fertilizer application with nutrient
uptake (Figure 5). Increasing fertilizer recovery results in less
nitrate that is vulnerable to leaching loss.

Place: Nitrogen needs to remain in the root zone to be use-
ful as a nutrient. Nitrogen added through fertigation also needs
careful management to avoid losses through deep percolation
or surface runoff.

Concentration vs. Load
Discussions of nitrate leaching loss generally assume that
lower nitrate concentrations are always desirable for ground-
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Figure 5. The daily N uptake of drip-irrigated processing tomatoes
changes through the growing season, declining after fruit set
has occurred. (Hartz and Bottomns, 2009)

water quality. Excessive amounts of irrigation water will dilute
the nitrate concentration, but may increase the total pounds
of N lost to leaching.

For example Broadbent and Rauschkolb (1977) mea-
sured nitrate losses from an irrigated cornfield in Da-
vis, CA that received three rates of irrigation water.

* In the water-deficit treatment (1/3 ET), crop yields were
depressed and the stressed plants recovered less of the N
fertilizer, compared with the fully irrigated treatment.
Not enough water was applied to leach nitrate below
the root zone, but there was a large accumulation of
nitrate remaining in the root zone due to the poor plant
growth.

* In the intermediate irrigation treatment (1-ET), there
was some nitrate loss due to leaching or denitrification,
especially at the high rate of applied N, but crop yields
were maximized

*  With the excess irrigation treatment (5/3 ET), water
moved a large quantity of the N below the root zone
and there was minimal nitrate remaining in the root
zone following crop harvest.

If only the soil nitrate concentrations had been measured
in this study, misleading conclusions could have been reached.
Higher nitrate concentrations were measured in the root zone
of the 1-ET irrigation treatment than the 5/3 ET treatment.
But the 5/3 ET treatment received additional irrigation water
that diluted the “concentration” (ppm), but had a larger total
loss of nitrate (pounds leached).

Summary

There are a variety of management options that should be
implemented for improved nitrate management, depending
on local conditions.

Nutrient Management
*  Useappropriate N sources (including soluble fertilizers,

controlled-release fertilizers and inhibitor additives).

* Properly use organic materials, know their N content,
and the expected rate of N release.

e Adjust the N application rate to meet realistic crop yield
goals.

* Analyze soils and irrigation water for the presence of
nitrate.

e Place N as near to plant roots as feasible.

*  Synchronize N applications with periods of peak plant
demand.

* Calibrate fertilizer application equipment to deliver the
desired N rate.

Water Management

* Consider soil properties in the delivery of water.

e Add irrigation water to match plant demand, as mea-
sured by evapotranspiration.

* Apply the appropriate quantity of irrigation water to
minimize nitrate leaching.

* Target irrigation water delivery to the plant roots as
much as practical.

Crop and Soil Management

* Consider how tillage and crop residue influence water
penetration and leaching.

e Use non-legume cover crops to recover residual nitrate
following harvest.

e Use soil and tissue testing to guide the need for ad-
ditional N fertilizer.

* Adopt crop rotation where deep-rooted crops can be
used to recover nitrate from deeper in the soil.

*  Give close attention to crops that require high N fertil-
izer application rates and frequent irrigation since they
may be vulnerable to nitrate loss.

e Consider that for many high-value crops, the cost of N
fertilizer may be relatively small compared to potential
revenue. However there are “environmental costs” of
nitrate lost to groundwater that may not be apparent
for many years.

The goal of minimizing nitrate leaching requires maintain-
ing only enough nitrate in the root zone to meet the nutrient
demands of the crop and applying the lowest volume of water
to meet crop transpiration demands. These goals are generally
achieved by (1) using high-yielding crops that remove a sig-
nificant amount of N in the harvested portion; (2) using the
right source of fertilizer, applied at the right rate, at the right
time, and added at the right place; (3) careful water manage-
ment to retain nitrate in the root zone during the growing
season; (4) crop protection from weeds, pest, and disease; and
(5) eliminating any other factors that might limit crop growth
and nutrient removal in the harvest.

References
Broadbent, FE. and R.S. Rauschkolb. 1977. Calif Agric. 31(5): 24-25.

Hartz, T.K. and T.G. Bottoms. 2009. HortSci 44: 1988-1993

NITROGEN NOTES 4



