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FARM ADVISORS

N
itrogen management is a 
critical crop production 
issue and growers are under 

increasing pressure to improve 
nitrogen use e2ciency and reduce 
losses of nitrate in surface runo5 and 
leaching to groundwater. Regulations 
implemented by Central Coast and 
Central Valley (Regions 3 and 5, 
respectively) Regional Water Quality 
Control Boards are prompting growers 
to evaluate ways to bring nitrogen 
application rates closer to the nitrogen 
uptake of their crops. E2cient water 
management is a key practice that 
can help maintain soil nitrate in 
the root zone and reduce leaching 
losses. In addition, adjusting fertilizer 
application rates by accounting for 
the nitrogen contribution to the crop 
of residual soil nitrate and nitrate 
in irrigation can help improve the 
e2ciency of applied nitrogen. These 
practices provide the majority of 
improvements that growers are 
able to make in improving nitrogen 

use e2ciency. However, fertilizer 
technologies are available that can 
help growers manage nitrogen 
fertility of their crops. In this article 
I will discuss research that we have 
conducted over the past several 

losses via volatilization of urea 
and ammonical fertilizers, as well 
as nitrate leaching. NitriLcation 
inhibitors slow the transformation of 
ammonium to nitrate by disrupting 
the action of Nitrosomonas and 
Nitrobacter bacteria that carry out 
this transformation. In so doing, 
a greater portion of the fertilizer 
nitrogen stays as the positively 
charged ammonium molecule 
which binds to negatively charged 
clay particles and organic matter. 
Ideally, the nitrogen would have a 
longer residence time in the root zone 
giving the crop a greater opportunity 
to take it up before it is leached 
by excess rainfall or irrigation. 
Examples of nitriLcation inhibitors 
include nitrapyrin, dicyandiamide 
(DCD) and dimethlpyrazolphosphate 
(DMPP). Nitrapyrin and DCD are used 
extensively in the Midwest, and DMPP 
is used in Europe. The nitriLcation 
inhibitors eventually biologically 
degrade and lose their e5ect. Under 
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years evaluating various nitrogen 
technologies in spinach and lettuce 
production in the Salinas Valley.

In the corn belt of the US and 
in Europe “nitrogen stabilizers” are 
commonly used to reduce nitrogen 
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cold soil conditions they last longer 
than during warmer conditions in 
the summer. Given the action of 
nitri6cation inhibitors on the bacteria 
in the soil, some are classi6ed as 
pesticides and must go through the 
EPA registration process. Others such 
as DCD are not classi6ed as pesticides 
and do not require registration. In 
addition to these products, there are 
other chemicals such as thiosulfates 
that also show some ability to inhibit 
nitri6cation. There are also products 
that blend urease inhibitors with 
nitri6cation inhibitors to slow the 
breakdown to urea to ammonium 
(e.g. DCD + urease inhibitor).

In addition to nitri6cation 
inhibitors, there are other nitrogen 
technologies. Products range from 
polyurethane coated urea prills to 
chain and ring formulations of urea 
that slow the release of ammonium 
from urea and give it more residence 
time in the soil. The polymer coated 
urea products are rated by the average 
number of days it takes to achieve 
maximum release of N from the prill. 
This is typically regulated by the 
thickness of the plastic coating with 
thinner coatings providing more 
rapid release.

All of these nitrogen technology 
materials operate in the soil which 
is a complex biological system with 
changing temperatures and moisture 

conditions. These factors aIect the 
performance of the materials and 
make absolute prediction of how 
well they will perform diJcult. To 
add to this complexity the crops 
that we were working with in these 
studies were spinach and lettuce. 
Both of these crops have particular 
nitrogen uptake characteristics 
that make nitrogen management 
challenging. Clipped spinach is 
produced on densely planted 80-
inch wide beds that are exclusively 
sprinkler irrigated. Spinach typically 
matures in 30 days in summer, and 
takes up from 80 – 100 lbs nitrogen/A, 
the majority of which is absorbed 
in the last 2 weeks of crop cycle. In 
addition, the crop has strict quality 
requirements necessitating deep 
green leaf color and no tolerance for 
yellowed nitrogen de6cient plants. 
Romaine lettuce takes up 60-65 days 
to mature during the summer. Six-
seedline romaine grown on 80-inch 
wide beds takes up from 140 to 170 
lbs nitrogen/A. It takes up very little 
nitrogen during the 6rst 30 days 
following seeding, but takes up the 
majority of nitrogen in the 6nal 30-35 
days of the crop cycle.

Given the potential of nitrogen 
technology materials to help 
maintain nitrogen in the root zone 
by reducing nitrate leaching during 
irrigations, we were interested in 

testing if nitrogen technologies could 
improve nitrogen use eJciency on 
spinach and lettuce. We conducted 
trials with a wide spectrum of 
nitrogen technologies over the past 
several years. The spinach trials 
were all conducted in cooperating 
grower’s 6elds and the lettuce trials 
at the USDA research station south of 
Salinas.

A standard nitrogen fertilizer 
treatment was included in all trials 
as well as a moderate N fertilizer 
rate that was 25 to 35% less than 
the standard treatment. All of 
the nitrogen technology fertilizer 
treatments were applied at the same 
seasonal N rate as the moderate 
treatment; this was done to detect 
if the nitrogen technologies gave 
an increase in the yield over the 
unamended moderate rate. This 
approach worked for the most part, 
but the results from individual trials 
varied depending on residual soil 
nitrate at the site and/or other factors.

Table 1 summarizes 7 spinach 
trials and 4 lettuce trials conducted 
from 2012 to 2015 (Photos 1 and 2). 
The data show that for both crops 
the nitrogen technology treatments 
modestly improved yield compared 
to the moderate treatment (which 
received the same seasonal N rate). 
The exceptions were urea triazone on 
spinach (which may have had an N 

(left) Photo 1. Spinach nitrogen technology trial (Photo: R. Smith)

Table 1. Performance of nitrogen technology treatments relative to standard and moderate N treatments.  

Treatments

Spinach Lettuce

Yield relative to Standard Yield relative to 
Moderate

Yield relative to Standard Yield relative to 
Moderate

Untreated 61.3 69.0 66.1 77.6

Standard1 100.0 112.8 100.0 111.1

Moderate2 89.0 100.0 83.1 100.0

DCD + urease inhibitor 
fertilizer additive

--- --- 84.2 101.0

Polymer coated urea prill 95.0 107.4 89.1 95.6

DCD + urease inhibitor 
impregnated urea prill

93.4 103.7 --- ---

Urea triazone 66.8 76.7 97.1 107.5

Nitrapyrin 93.5 103.8 94.4 104.8

DMPP 95.4 104.7 93.7 105.3

1 – Used a typical rate to achieve maximum yield; 2 – 25-35% less than the standard rate
(all nitrogen technologies were also applied at the moderate rate).
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release rate too slow for such a quick 
crop), and polymer coated urea in 
lettuce. While none of the nitrogen 
technology treatments quite matched 
the yield of the standard N treatment 
in either crop, some technology 
treatments showed minimal yield 
loss, given that their seasonal N rates 
were at least 25% lower than the 
standard treatment.

The take home message 
from these studies is that with 
the observed exceptions, nitrogen 
technologies appear to provide a 
modest improvement in nitrogen 
use eBciency. Some of the materials 
work better on some crops than on 
others (e.g. urea triazone on lettuce vs 
spinach). The issue that we observed 
is that in any given Feld it may not be 
readily apparent that you obtained 
a beneFt from the use of a speciFc 
nitrogen technology. This may be due 
to high residual levels of soil nitrate, 
but other factors such as the longevity 
of the material in warm summer 
soils may aGect performance as well. 

Nitrogen technologies may have 
speciFc beneFts to growers who are 
cutting fertilizer application rates to 
the minimum by buGering the risk. In 
addition, they may also oGer beneFts 
to spinach (as well as baby lettuce) 
production where all irrigation 
water is applied by sprinklers and 
water management may be more 
challenging, especially on sandy 
soils. The cost of nitrogen fertilizer 
technologies is another factor that 
growers will weigh as they consider 
their use.

The ultimate goal of these 
materials is to be able to put on 
less than the standard amount of 
fertilizer and still achieve maximum 
yield. These studies showed that 
overall, with the use of nitrogen 
technologies, cutting back on 
fertilizer would have to be modest to 
rely on these technologies to make 
up the diGerence. In addition, we did 
not include measurements of nitrate 
leaching in these studies, however, 
other researchers have examined the 
environmental beneFt of nitrogen 
technologies and have shown 
beneFts that parallel the modest 
improvements in yields.

In summary, nitrogen fertilizer 
technologies are part of a long-term 
set of strategies to improve nitrogen 
use eBciency in vegetable operations. 
Careful irrigation management and 
use of fertilizer rates that account 
for residual nitrate levels are key 
nitrogen management practices. 
Nitrogen technologies enhance good 
basic agronomic practices. T

The ultimate 
goal of these 

materials is to be 
able to put on less than 
the standard amount 
of fertilizer and still 
achieve maximum 

yield.

Photo 2. Romaine nitrogen technology trial (Photo: R. Smith)


