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Urea is one of the most widely used nitrogen fertilizers 
worldwide. More than 90% of the world’s production of urea is 
used as fertilizer [1a]. Soil bacteria containing urease enzyme, 
catalyze the conversion of urea to ammonia and carbon dioxide 
via ammonium carbonate formation and decomposition. 
Nitrogen from urea can be lost to the atmosphere as a gas if 
fertilizer urea remains on the soil surface for an extended time 
period during warm weather. Urea breakdown can begin as 
soon as it is applied to the soil. In the presence of the urease 
enzyme and a small amount of soil moisture, urea hydrolysis 
occurs and nitrogen is lost due to ammonia volatilization [1-5].

Several techniques have been applied to prevent the loss 
of nitrogen from urea due to ammonia volatilization. One 
approach is to add additives such as urease and nitrifi cation 
chemicals or inhibitors to the urea containing fertilizers to 
prevent and/or slow down the hydrolysis of urea [6] Figure 1.

Sulfur coated urea and polymer coated urea have been 
used to prevent hydrolysis of urea and to slow the release of 
nitrogen from urea to the soil. Since different coating materials 
and thicknesses can “control” the release of nitrogen, the term 
Controlled-Release N (CRN) fertilizer has been introduced. 

Slow-Release Nitrogen (SRN) is a measurable quantity and 
is defi ned as that portion of nitrogen in a fertilizer that slowly 
releases to the soil. SRN is dependent upon one or more factors 
including soil pH, soil moisture and soil temperature. 

Many SRN fertilizers are formed by incorporating urea into 
chemical reactions forming bonded urea products that slowly 
breakdown in the soil releasing its nitrogen content. These 
fertilizers can be either solid or liquid products. Triazone Slow-
Release Nitrogen Fertilizer is an example of a liquid fertilizer 
formed by the chemical reaction and modifi cation of urea. 

Reaction of aldehydes, including formaldehyde, 
acetaldehyde, and crotonaldehyde, is well established in 
organic chemistry. Condensation products of urea and different 
aldehydes (formaldehyde, isobutyraldehyde, crotonaldehyde) 
are used in large amounts (more than 300,000 tons per year) 
in controlled-release and slow-release nitrogen fertilizer for 
many crops, lawns, trees or shrubs [6].

Urea and formaldehyde react together under acidic or basic 
conditions to form ureaform products, including Dimethylolurea 
(DMU), methylenediurea (DMU), and Dimethyltriurea (DMTU). 
Figure 2 demonstrates a based catalyzed reaction of urea and 
formaldehyde is shown in the following reaction.

Under acidic conditions, urea and formaldehyde react 
according to the following chemical reaction as demonstrated 
in Figure 3.

Ureaforms have been used as Slow-Release Nitrogen 
Fertilizers, typically as solid products.

A controlled reaction of urea, formaldehyde, and ammonia 

Figure 1: Example of how urea can be lost as ammonia and carbon dioxide gasses 
from the soil under adverse conditions.
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N-protected urea from urea formaldehyde (UF) products is 
released slowly up to 90 days. 

Release of nitrogen from Triazone as compared with that of 
urea is shown in Figure 8.

The six-membered ring triazone slow-release N fertilizer 
takes up to 90 days for the nitrogen to release in the soil as 
compared to 14 to 30-days for the banded urea [9,10].

Triazone slow-release fertilizer is a clear, water-soluble 

forms a six-member ring-slow- release nitrogen fertilizer that 
contains a high percentage of SRN. The reaction is shown in 
Figure 4.

According to the defi nition accepted by the Association of 
American Plant Food Controlled Offi cials (AAPFCO, Offi cial 
Publication, No. 74, 2021), “Urea-Triazone Solution is a stable 
solution resulting from controlled reaction in aqueous medium 
of urea, formaldehyde, and ammonia which contains at least 
25% total nitrogen. The solution shall contain no more than 
40% nor less than 5% of total nitrogen from unreacted urea 
and not less than 40% from triazone. All other nitrogen shall 
be derived from water-soluble, dissolved reaction products of 
the above reactants. It is a source of slowly available nitrogen 
(Offi cial 1990). The following graph shows the nitrogen release 
pattern from urea and Triazone.”

The structure of the six-membered ring triazone has been 
established by well known laboratory tools such as NMR, and 
X-Ray. The X-Ray crystal structure of this moiety is shown 
below Figure 5.

The composition of this liquid fertilizer has been established 
by High Performance Liquid Chromatography (HPLC), and 
the use of known and available standards of urea, biuret, 
and methylene urea products (7-8) . The analyses show the 
presence of 72-76% triazone as a six-membered ring, 8-12% 
free urea, and 4-5% methylene urea components, and about 
0.3-0.5% biuret. This low level of biuret makes these fertilizers 
non-burning, with no appreciable phytotoxicity with respect 
to agricultural and industrial grade urea. No free formaldehyde 
has been detected in these solutions using chemical analyses 
and formaldehyde sensors. A HPLC chromatogram of a 
Triazone solution is provided in Figure 6 showing the presence 
of the major component triazone (the largest peak):

Numerous research projects including both laboratory and 
fi eld work have shown the effectiveness of Triazone products 
as slow-release nitrogen fertilizers [9-12]. These fertilizer 
products help protect the environment from the release of 
ammonia and carbon dioxide to the atmosphere, while saving 
farmers money as compared with nitrate and banded urea on 
one hand and feeding the crops and plants with the necessary 
nitrogen nutrient for better yields on the other. Release curves 
for various methylene urea chains and their comparisons 
with surface applied urea is shown in Figure 7. When surface 
applied, urea nitrogen is released within two weeks while the 
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Figure 2: Base catalyzed urea reaction products with formaldehyde.
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Figure 3: Urea reaction products with formaldehyde formed under acidic conditions.
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Figure 5: X-ray crystal structure of Triazone.
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Figure 6: An example of a Triazone chromatogram.

Figure 7: Relative release times of urea as compared with various UF products.
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Figure 8: Release of Ammonium.
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fertilizer which can be made in different grades ranging from 
19% to 32% N of which 72-76% of the nitrogen content is 
contained as slow release. It is a unique fertilizer product that 
does not separate, does not settle, and has excellent storage 
life and a low salt out temperature of less than zero-degree 
F. Whether it is cold or hot outside, Triazone fertilizers stay 
clear inside the farmer’s storage tanks. In early spring, late 
fall and in winter, liquid fertilizers made with urea will salt 
out when the temperature dips below 65o F. But even at sub-
zero temperatures, Triazone fertilizers and their custom 
blends will not separate, settle out or salt out. They remain 
in a true solution, easy to handle and convenient to apply 
all season long. It saves time and money for the farmers. 
Furthermore, because of its low phytotoxicity and low burning 
characteristics, they allow for less water usage and low-
volume application. Because of the high concentration of non-
burning slow release ‘triazone” nitrogen, it can be applied at 
the standard N rates and spray volumes, without any risk of 
foliar burn. Moreover, in comparisons with nitrate fertilizers 
such as Urea Ammonium Nitrate (UAN), Triazone fertilizers 
reduce the potential of leaching and contamination of surface 
and ground water.

Leaching occurs when irrigation or rainwater moves 
nitrogen out of the root zone and down further into the soil 
profi le. This places the N beyond the reach of the roots so that 
it is never used by the plants, crops, or turf. A large portion of 
the leached N can fi nd its way into surface water and ground 
water supplies. The effect this contamination some fertilizers 
have on the environment has generated a great deal of concern 
worldwide. In fact, Untied States and European countries have 
passed laws designed to prevent nitrate contamination by 
controlling when, how and how much nitrogen fertilizers are 
applied.

Triazone N fertilizer delivers excellent stability of slow-
release nitrogen to a variety of fi eld crops such as corn, 
soybeans, alfalfa, cotton, hops, sugar beets, rice, peanuts, 
sunfl owers, potatoes and vegetables such asparagus, carrots, 
beans, celery, sweet corn, lettuce, peas, and pepper. These 
fertilizers can be used safely on shrubs, trees, and fruit trees. 
They are also excellent slow-release nitrogen sources for 
turf grass and lawns. These fertilizers may be soil applied as 
a band or side-dress, or they can be injected into sprinkler, 
drip, or center pivot irrigation systems or they can be applied 
as concentrated or diluted solutions using aerial or ground 
application. These fertilizers contain three pounds of nitrogen 
per gallon and are compatible with many other NPK fertilizers 
and insecticides. 

Field research results has shown that these fertilizers 
improve yields and increase net profi ts [9-14]. Conversion 
rates from the Triazone fertilizer to plant available inorganic 
nitrogen were 30.0%, 52.2%, and 60.0% at 7, 24, and 40 
days, respectively [12]. Using the soluble, slow-release 
nitrogen fertilizer effectively increased yields and nitrogen use 
effi ciency, and reduced the fertilizer production costs; hence, it 
has great potential for widespread use in agriculture.

Several fi eld studies have shown that Triazone fertilizers 
are mainly degraded in the soil by microbes, and it decomposes 

to urea and formaldehyde [12-15]. Urea is used as a nitrogen 
source via the mineralization of urea to ammonium as the 
initial plant nutrient source, while formaldehyde is generally 
incorporated immediately into the microbial C1 metabolic 
pathways in soil [9]. Initial release of nitrogen from ureaform 
fertilizers under fi eld conditions has been studied by Hadas, 
et al. [12]. An increase in soil microbial population was also 
observed. This degradation pathways and the incorporation of 
formaldehyde into soil microbe metabolites has been confi rmed 
by many other scientists. No formaldehyde was released into 
the environment and no adverse effects were observed in 
the soil microbe populations. In fact, the soil microbes were 
increased. The impact of these urea-based fertilizers on 
bacterial diversity in onion bulbs and the main roots of sugar 
beets were examined by S. Ikeda, et al. [13]. These fertilizers 
markedly increased bacterial diversity in both plants. 

Guo, et.al. have shown that although these liquid fertilizers 
compared to unreacted urea increased the cost per unit of 
nitrogen provided to plants, when combined with urea, the 
fertilizers improved the yields of rape plants and increased net 
profi ts [14].

Foliar application of urea-formaldehyde/triazone, showed 
a signifi cant increase in yield in soybean [15].

In conclusion, slow-release fertilizers have been gaining 
strong attention and have been thoroughly evaluated due to 
the recognition of their benefi cial and pleiotropic properties. 
The use of a slow-release fertilizer offers economic and 
environmental benefi ts to farmers by saving time and reducing 
the labor involved with handling fertilizers, reduction of water 
usage, and prevents the loss of nitrogen volatilization and 
leaching. 
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