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Nitrogen Reactions in Soil 

The amount of nitrogen (N) that is in an available or soluble form at any one time is 
small. Very little is found in the rocks or minerals from which soils are formed. Most of the N 
in the environment is located in the atmosphere. About 80% of the air is made up of nitrogen 
gas. The largest "pool" of N in the soil is found in the organic matter. This organically bound N 
must undergo several transformations to become plant available or soluble in water. Plants take 
up this available or soluble N in their process of growing. At the end of the growing season dead 
or discarded plant material returns to the soil surface or is incorporated into the soil. This dead 
plant residue replenishes the soil organic matter pool. 

Various methods are used to get N from the air to the plant. Legume plants have the 
ability to "fix" N from the air in rhizobia containing root nodules, which is then translocated and 
used by the plant for growth. Man has invented a process that manufactures N containing 
fertilizers by capturing nitrogen from the air. This fertilizer N supplements organic matter N in 
growing plants. This entire process is cyclic in nature and involves a recycling of N in the 
environment. 

Soil organic nitrogen 
The largest "pool" of N in the soil is contained in the soil's organic matter. This 

represents about 97 to 98% of the total N. In Kentucky, the average soil has about 3% organic 
matter in the surface 6-7 inches, or about 60,000 lbs in a one acre slice of 2,000,000 lbs soil. 
With about 5 % of the organic matter being N, the total N in this "pool" is about 3000 lbs. This 
unavailable and insoluble form must be converted by soil microbes to more available or soluble 
forms. 

Nitrogen Mineralization 
Mineralization involves the process of microbially converting unavailable organic N to 

inorganic N. Inorganic forms of N make up only about 2 to 3 % of the total N in soils. The first 
step in this process is that fungi, actinomycetes, and bacteria break down the larger residue pieces 
into very small pieces, releasing carbon dioxide in the process. A small amount of available or 
soluble N is required for these microbes to begin this process. Usually about 1 part of N is 
required for 30 to 40 parts of carbon. 

The second step is for bacteria to further decompose these very small pieces of organic 
matter (proteins, amino acids, etc.) into their basic chemical compounds, one of which is 
ammonium N (inorganic form). This process is often called ammonification. The ammonium 
exists in a cation form that is rapidly attached to clays or other organic matter by the exchange 
process in soils. 

Organic N = — = > Ammonium (NITrf) 

Nitrification 
The third step in mineralization is called nitrification. The source of ammonium ions 

could either be from organic matter mineralization, supplementation from ammonium containing 
N fertilizers, or animal waste. This process uses bacteria to convert ammonium to soluble nitrate 
which is the major form taken up by growing plants. This process requires oxygen and it releases 
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hydrogen ions in the soil. 
.1 

Ammonium => Nitrate (NO3-) 

The nitrate form is soluble in water and can move with soil moisture deeper into the soil 
profile (leaching) or upward to the soil surface as water is evaporated. When a soil lacks 
sufficient oxygen to maintain normal bacteria growth, the oxygen can be separated from the N of 
a nitrate molecule in denitrification. 

Immobilization 
This term applies to any process that converts inorganic N in the available or soluble 

forms to plant unavailable or insoluble forms. This happens in several soil and plant processes: 
(1) when legume plants "fix" N from the atmosphere with rhizobia in root nodules that is 
converted to plant proteins; (2) when plant available or soluble forms are taken up by plants 
through the roots and metabolized into plant compounds; and (3) when soil microbes have 
insufficient available N, they will "grab" available or soluble N near their sites of growth to 
combine with carbon in plant residue during the early stages of mineralization. 

Depending on the process, immobilized N can be a significant amount, and the length of 
time N is immobilized can be from a few weeks to a few years. The amount contained in plant 
residues can be returned to the organic N "pool" of the soil while that portion of plant removed 
from the land is lost to the natural soil recycling of N. Listed below are amounts of N that are 
immobilized in a growing plant and amounts that can be returned to the soil in plant residue. 

) 
Nitrogen amounts taken up or fixed by plants, and amounts contained in residue 
or removed as usable feeds. 

N N N N 
Crop Uptake Fixed Removed in Residue 

150 bu Com 1501b 95 1b 551b 
50 bu Soybeans 2501b 1501b 1001b 
60 bu Wheat 921b 721b 201b 
5T Alfalfa 2501b 2501b 
4T Fescue 1401b 1401b 
7T Bermuda grass 280 lb 2801b 

NOs - - — = > ==>Removed 

PLANTS 
N2 = = — — = = > = > Residue 

Denitrification 
This process occurs when any part of the soil containing nitrate becomes deficient in 

oxygen (<5 % of soil air) so that bacteria metabolize the nitrate ion in order to get the oxygen for 
survival. The result is a release of gaseous forms of N into the atmosphere. Denitrification can 
begin within a few hours after the onset of oxygen deficiency and can proceed rather rapidly. 
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Losses ranging from 10 % to as high as 90 % of fertilizer nitrate have been reported within a few 
days under oxygen deficient conditions. 

Air 

I 
N 0 3 - -> NO2 - > NO 

Nitric 
Nitrate Nitrite oxide 

Fertilizer Nitrogen 
Several N fertilizer materials are manufactured that are used to supplement the release of 

N from organic matter for producing several crops. Most of the manufactured sources start with 
the production of ammonia (NH3). This is a gas made by combining hydrogen from natural gas 
with N from the air in the presence of a metal catalyst. 

N2 + CH4 > NH3 
Nitrogen Natural gas Anhydrous ammonia (82 % nitrogen) 

This basic product must be stored under pressure in sealed containers. It is used directly 
for soil application in many areas of the state, primarily for com production. From this basic 
product, several other N fertilizer materials are manufactured: 

NHs + HNO3 —> NH4NO3 
Nitric acid Ammonium nitrate (34 % nitrogen) 

NH3 + CO2 = = = = = = > CO(NH2)2 
Carbon dioxide Urea (46 % nitrogen) 

NH3 + H2SO4 — > (NH4)2S04 
Sulfuric acid Ammonium sulfate (21 % nitrogen) 

Nitrogen Fertilizer Reactions 
Anhydrous ammonia. When anhydrous ammonia is injected into the soil under pressure it 

reacts rapidly with soil moisture to form an ammonium ion. This ammonium attaches to the 
exchange complex of the soil. It then goes through the nitrification process (outlined above) to 
form nitrate. This process usually starts within a day or two and can be completed with a few 
weeks. 

Ammonium nitrate. This material is dissolved in the soil moisture giving rise to two 
separate ions: ammonium and nitrate. The ammonium ion attaches to the exchange complex and 
is converted to nitrate by the nitrification process. The fertilizer nitrate is directly available for 
plant uptake thus this material has one-half of its N available rather quickly. 

Urea. This material when applied to the surface with adequate moisture, soil temperature 
above 50 degrees F, and in the presence of urease enzyme will rapidly convert to ammonia. This 
ammonia can be lost to the atmosphere through volatilization if not incorporated or moved into 
the soil via rainfall within a few hours, or if the surface temperature is above 50 degrees. 

Air Air 
I I 

= > N 2 0 = = = > N 2 
Nitrous Nitrogen 

oxide gas 
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Ammonium sulfate. This material dissolves in soil moisture leaving two ammonium ions 
and a sulfate ion. As with the other materials, the ammonium goes through the nitrification 
process to produce nitrate. The sulfate is readily available to plants as a source of needed sulfur. 

Nitrogen from Animal Manure 
In recent years, more animal manure has been applied to the land as a source of N. Forms 

of N found in animal manure include organic N, ammonium and a small amount of nitrate. The 
ratio and amounts of organic N and ammonium N depends on the animal species and the storage 
or treatment prior to land application. 

The reactions of N from animal manure are essentially the same as discussed above for 
any other related N form. Organic N is mineralized to the ammonium form followed by 
nitrification. This process will delay release of some of the total N during the first year after 
application and will usually result in some N being carried over into the following 2 to 3 years 
(residual N). Ammonium N is available for nitrification to nitrate just as any source of 
ammonium, and any nitrate present with application will be immediately available for plant 
uptake or leaching. 

Storage methods like deep lagoons (> 8 ft) promote greater amounts of ammonium since 
oxygen diffusion to depths greater than 8 ft is low, favoring mineralization to ammonium but not 
any further to nitrate. In some cases, small amounts of nitrate will be formed above the 8 ft depth 
but become a small portion of the total N when the lagoons are stirred prior to land application. 
Shallow lagoons or holding ponds (< 8 ft) will have slightly higher amounts of the nitrate form. 
Both types of storage will have much larger portions as organic N. 

Stacks of manure solids will have primarily organic N but will tend to have some more 
ammonium if stacks remain in place for a long period and significant amounts of ammonia are 
trapped in the stack and not volatilized. Bacterial activity does take place as C:N ratios are most 
favorable. With C:N being below 20:1, volatilization of some N is quite likely as the bacteria 
release ammonia N. However, when bedding material such as straw, sawdust or wood shavings 
are part of the total mixture, the effective C:N ratio may be much higher and thus much less or no 
ammonia is volatilized during bacterial decomposition while piled. Research at UK with 
stacking poultry litter, after whole house clean out containing wood shavings, indicated that very 
little N as ammonia was lost. The C:N ratio of the stacked litter was about 12:1, which is about 
the same ratio as contained in soil organic matter. 

The collective availability of N in animal manure is less than N availability from fertilizer 
sources. First, research with animal manure N has compared its availability to N fertilizer 
sources, and secondly, the presence of significant amounts of organic N offers a natural delay in 
availability. First year N availability has ranged from as low as 30 % to as high as 75 % of the 
total N applied. Part of this wide range is attributed to potential volatilization of ammonia, part 
to species differences as it affects the proportions of organic and ammonium, and part to storage 
method prior to land application. 

Poultry manure (broiler, layer and turkey) has a much higher fraction in either the 
ammonium form or another form that is easily converted to ammonium. The organic N is often a 
lower percentage of the total nitrogen. This manure will have greater potential volatilization 
losses and higher first year availability to plants. 

Cattle (beef and dairy) manure will have higher organic N portions resulting from the 
dietary components (more forage based) and the digestion process (bacterial activity in a rumen). 
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This will be reflected in a reduced first year availability of N to plants. 
First year N availability from swine manure will be slightly higher than from cattle 

manure but usually less than from poultry manure. The dietary makeup is usually oriented to 
feedstuffs that are ground finer, have a higher energy content, and greater reduced forage 
makeup. When both feces and urine are collected, stored and handled together, the N availability 
is at its maximum. 

Residual nitrogen 
Residual N is a term used to define N that will remain in the soil for more than one 

cropping season, and become available following bacterial action in succeeding years. Sources 
of residual N include soil organic matter, undecomposed crop residue, active bacterial mass, and 
undecomposed animal manure. The overlying characteristic of these sources is that N is part of 
an active or undecomposed organic material. The length of potential residuality depends on the 
complexity of the organic material. The more complex the organic compounds containing the N, 
the longer the potential residuality. The more complex compounds take longer for natural 
bacterial breakdown. Therefore, there is really a built-in length of time for N carryover due to 
the amount of complex materials containing N. 

Soil organic matter is the largest pool in the soil of more complex N containing 
compounds. Some of the crop residue, especially those materials containing cellulose and lignin, 
are more complex. Some fraction of animal manures also contain these more complex 
compounds. In some soils receiving annual animal manure applications, the active bacterial 
mass will have significant N "tied up" (immobilized) in their bacterial bodies that will only be 
released when bacterial activity is reduced due to low amounts of readily available carbon. This 
is the reason that some soils receiving annual manure applications may have long-term (5-6 
years) availability of N after several annual applications (higher percentages of residual N for 
more years). 

In planning for crop growth, the amount of potential residual N should be taken into 
account. Current recommendations usually only account for residual N for up to two years but, 
as mentioned above, long-term annual manure applications can extend this residual nitrogen 
availability for several years. The best correction is to increase (by 2x) the amount of residual N 
available to crops in years 2 and 3 following 4-5 years of annual manure applications. 

5 


