
Nitrogen (N) is a macronutrient essential for 
plant growth. Potassium (K) and 
phosphorus (P) are also essential 

macronutrients. Fertilizer that is listed as 15-15-15 
contains N-P2O5-K2O in the ratio of 15-15-15 on a 
percentage basis and this blend contains 15 percent 
elemental nitrogen, or N.  

Potato varieties vary, but a crop of 300 
hundredweight of potato tubers and associated vines 
needs around 200 pounds of N per acre. The 
University of Maine soil test reports give P and K test 
levels and recommendations, but a basic soil test 
provides only an N recommendation owing to the 
changing status of N in soils.  

The Role of N in Plants  
N has an integral role in plant protein.  
It is also an essential component of amino acids, 
which form proteins. N increases 
the protein content of plants. N is 
needed for chlorophyll synthesis, a 
component in plant energy systems.  

N Deficiency in Plants  
N deficiency is characterized by 
yellowing of the leaves. This is a 
result of inadequate chlorophyll. 
The yellowing symptoms start on 
the oldest leaves and develop on 
younger leaves as the deficiency 
continues. This is quickly reversed 

with the application of N.  
N-deficient plants will have reduced growth, delayed 
maturity, and reduced yields when compared to 
adequately fertilized plants. 

Plant-Available N 
Unavailable N 
The unavailable portion of the N in soils is called 
organic N. This constitutes over 95% of the total N in 
soils. Organic N is not immediately available for 
plant growth through the mineralization process 
mentioned below.  

Available N 
The plant-available portion of the N in soils is called 
inorganic N. Plant-available N forms include 
ammonium (NH4+) and nitrate (NO3-). 
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N Fixation 
Symbiotic N fixation occurs with Rhizobium bacteria. 
These bacteria are associated with the roots of 
legumes such as alfalfa, clover, and soybean. These 
bacteria convert atmospheric N gas (N2) to 
ammonium (NH4+).  

N Transformations 
Mineralization and Immobilization 
Mineralization is the process through which 
microbial activity breaks down organic N, such as 
from decaying plant material, making some of it 
available for plant growth. 

Immobilization is the process of inorganic N in soil 
being converted to organic N, making it unavailable 
for plant growth. Effectively, the N is temporarily 
tied up by microorganisms in the soil. This effectively 
moves the N from available to unavailable status in 
the soil. Immobilization occurs when high carbon-to-
nitrogen ratio crop residue, such as straw or sawdust, 
is incorporated into the soil.  

The rates of mineralization and denitrification are 
affected by typical factors influencing biological 
activity, such as temperature, moisture, oxygen, and 
pH. If immobilization exceeds mineralization, there 
may be almost no N available for plant growth from 
the soil. If this occurs, there is a N depression period. 
Avoiding this is a main reason to have some starter 
fertilizer available near the plant roots. Incorporating 
plant residues well in advance to allow adequate 
decomposition will reduce the N depression period. 

Ammonification 
An early breakdown product during mineralization 
is ammonium (NH4+). This process is called 
ammonification. NH4+ is readily absorbed on cation 
exchange capacity (CEC) sites on clay and organic 
matter and is stable in the soil. It is also not subject to 
denitrification.  

Nitrification 
Nitrification is a two-step process accomplished by 
nitrifying soil bacteria that converts ammonium to 
nitrate (NO3-). In the first step, nitrite (NO2-) is 
formed from NH4+. This step is carried out by soil 
bacteria frequently in the Nitrosomonas genus. This 
process requires oxygen and decreases the soil pH by 
the release of hydrogen ions (H+). The second step is 
the transformation of NO2- to NO3-. Soil bacteria, 
frequently in the genus Nitrobacter, perform this last 
step. Nitrate is released in the soil, but being very 
mobile, does not accumulate to any great degree in soil. 

N Loss Mechanisms 
Denitrification 
Denitrification is one way N is lost from soils. Under 
anaerobic conditions, which occur with waterlogged 
soils, some microorganisms use NO3- after the 
oxygen (O2) is depleted. Nitrous oxide (N2O) and N 
gas (N2) are released as a result of the anaerobic 
microorganism activity. 

Source Analysis (N-P-K)

Ammonium sulfate (NH4SO4) 21-0-0

Ammonium nitrate (NH4NO3) 34-0-0

Urea (CO(NH2)2 46-0-0

Urea ammonium nitrate (CO(NH2)2+ 
NH4NO3)

28-0-0 to 32-0-0

Calcium nitrate (Ca(NO3) 2) 15.5-0-0

Calcium ammonium nitrate 25-0-0



Volatilization 
Volatilization is another means of N loss from soils. 
This occurs from the conversion of NH4+ to 
ammonia gas (NH3-). This also decreases the soil pH 
by the release of H+. This loss can be as much as 50% 
if urea fertilizers are not incorporated or watered in. 
Losses can occur in the range of 20% in a week. 

Leaching 
Leaching is a major loss mechanism for soil N. Much 
of the applied fertilizer has the potential to leach 
when in the NO3- form. NO3- is highly soluble and 
readily leached and has contaminated subsurface 
water systems. Cropping removes N from the soil, 
but this is not leaching.  

N Reaction 
The conversion of NH4+ to NO3- releases H+ into 
the soil solution. This increases soil acidity. The NO3- 
ion is a factor associated with leaching of basic 
cations from the soil. As NO3- ions and calcium 
(Ca+2), magnesium (Mg+2), and potassium (K+) 
move out together, the cations are replaced with H+, 
leading to increased acidity. 
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