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Learning Objectives
• How nitrogen affects plant growth (excess vs. deficient)
• The nitrogen cycle (mineralization, immobilization)

• Ammonification – production of plant-useful N
• Ammonia volatilization – loss of plant-useful N
• Nitrification – production of plant-useful N
• Denitrification – loss of plant-useful N
• Anammox – loss of plant-useful N
• Biological nitrogen fixation – production of plant-useful N

• A practical example of nitrogen management in turfgrass
• Global reactive nitrogen production and human population
• Nitrogen pollution



Nitrogen effects on plant growth
• Deficiency and oversupply are two 

ways that nutrient concentrations 
can damage plants

• (a) not enough nitrogen (chlorosis)
• (b) nitrogen is transferred to the 

newest leaves (chlorosis in older 
leaves)

• (c) oldest leaves are yellowed
• (d) lodging (fallen over) in the left field 

with too much N

• The nitrogen cycle revolves around 
mineralization and immobilization



The nitrogen cycle

• The N cycle is 
complicated because N 
is present in gas, liquid, 
and solid phases

• N also has many 
oxidation states

• Green arrows represent 
aerobic processes

• Blue arrows represent 
anaerobic processes

• “SO” = soil organisms



The nitrogen cycle
• Non-reactive nitrogen (N2, N triple bonded to N, 𝑁 ≡ 𝑁, ≈80% of atmosphere)

• Inert and not usable by plants or animals

• Reactive nitrogen (used in biological and chemical reactions)
• NH4

+, NO3
-, N2O, amino acids R-C-NH2

• Formed by ammonification or by nitrogen fixation (primarily via microbes)
• Ammonification is the breakdown of organic nitrogen by soil (micro)organisms

• In amino acids (R-C-NH2), the R is a generalized way to state the “rest” of the molecule

• Mineralization: amino compounds (organic nitrogen) are broken down
• Immobilization: conversion of inorganic nitrogen to organic forms



Ammonia volatilization

• Ammonium (NH4
+) is in equilibrium 

with ammonia (NH3)
• How to keep them straight?
• At high pH, which way will the reaction 

go?

• How do we keep ammonium in the 
soil?



Ammonia volatilization
• Irrigation or rainwater decrease 

ammonia loss
• With no irrigation, 60% of 

ammonia can be lost
• With irrigation, ammonia is 

transported deeper into the soil
• With a small amount of irrigation, 

only 17% is lost (green line)

• Ammonium conversion to nitrate 
(nitrification)



Nitrification
• Nitrification is ammonium oxidation

• Both steps are biological

• Will the pH increase or decrease during nitrification?



Nitrification
• Transformation of ammonium 

into nitrite and nitrate through 
nitrification (a two step, 
biological process)

• The increase in nitrate is 
almost opposite the decrease 
of ammonium

• Like many other reactions, this 
is sensitive to water content

Changes in N chemistry over time for a silt 
loam soil amended with ammonium sulfate

ammonium

nitrite

nitrate



Effect of soil water content on nitrogen chemistry

• Rates of nitrification, 
ammonification, and 
denitrification are 
closely related to 
oxygen and water 
content

• Nitrous oxide (N2O) 
is mainly produced 
in denitrification, but 
can also be produce 
during nitrification



Denitrification
• Changes in nitrogen during 

soil incubation without oxygen

• Nitrate is converted to 
gaseous forms of nitrogen 
during biochemical reduction 
reactions 

• Production of nitric oxide, 
nitrous oxide and dinitrogen 
gas

nitrous 
oxide

nitrite

nitrate



Denitrification and anammox
• Denitrification: nitrate is converted to gaseous forms of nitrogen
• Denitrification is a very common process carried out by microorganisms

• Anammox is anaerobic oxidation of ammonium 
• Conversion of ammonium to dinitrogen (N2)

• Many ways to lose active nitrogen, but how to make active nitrogen from inert 
(non-reactive) N2 gas?



Biological nitrogen fixation
• One of the most important 

biochemical reaction for life
• Carried out by specific bacteria, 

actinomycetes, and cyanobacteria
• Converts N2 to ammonia, which is 

directly taken up by the plant
• Nitrogenase is the key enzyme

• E.g., can be located in root nodules of 
legumes

Soybean with nodule sliced open



Turfgrass influenced by nitrogen fertilizer
• To remove or to leave grass clippings?
• Leaving grass clippings on the lawn 

enables recycling of nitrogen
• Same benefit as adding 100 kg/ha of 

fertilizer
• Mowers cut leaves into small pieces 

which decompose easily
• If clippings are not removed after 

mowing, little or no nitrogen will be 
removed, and little fertilizer is needed

• Decreases nitrogen runoff from urban 
and suburban watersheds



Changes in global reactive nitrogen production
• More reactive nitrogen (nitrate, 

ammonium) now than ever 
before

• Haber-Bosch process produces 
ammonia gas
• Important for inorganic fertilizers
• Transformed the global nitrogen 

cycle

• Nitrification of ammonium yields 
nitrate, leached from the soil 
causing environmental problems



Nitrogen pollution
• Excess nitrate causes 

methemoglobinemia (blue baby 
syndrom)
• A lack of oxgen carried in the blood
• Critical for children and pregnant 

women to not consume water with 
excess nitrate

• Dead zone in Gulf of Mexico
• More than 400 esturaries globally suffer 

from excess nutrients and eutrofication
• No or low oxygen in the water kills fish, 

crustaceans, animals that live in 
sediments



Gulf of Mexico ‘dead zone’ larger than average (2024)
• 4 million acres of habitat unavailable to fish and seabed animals, an area 

roughly the size of New Jersey



Thank you! Questions?
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