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Introduction Healthy soil is the foundation for profitable, productive, 
and environmentally sound agricultural systems. By understanding how 

the soil processes that support plant growth and regulate environmental 

quality are affected by management practices, it is possible to design a 
crop and soil management system that improves and maintains soil 

health over time. This information is for farmers and gardeners who 

want to understand the physical, chemical, and biological components 
of healthy soil and how to manage them.  

Nutrient Cycling Nutrient cycling refers to the many pathways 

through which nutrients are added to, removed from, and changed 
within the soil. Nutrients are found in two basic forms in the soil: 

organic and inorganic (sometimes called “mineral”). Organic forms of 

nutrients contain carbon in the structure of the molecule, while 
inorganic forms do not. Nutrients are stored in several pools within the 

soil: as inorganic forms in soil particles, as organic forms in soil organic 

matter, as inorganic forms on cation exchange sites, and as organic and 
inorganic forms dissolved in the water surrounding soil particles, 

known as the soil solution. 

Where Are Nutrients Stored in the Soil? 

Soil solution: Inorganic and a few types of organic nutrients dissolved 

in the soil pore water are immediately available to plants.  

Cation exchange sites: Nutrients with a positive charge are known as 

cations. Macronutrient cations are needed by plants in large quantities 

and include calcium, magnesium, and potassium. Negatively charged 

sites on clay and organic matter retain these positively charged plant 



nutrients. Nutrients on cation exchange sites are available to plants in 

the near term. The quantity of cation exchange sites in a given soil is 

termed cation exchange capacity (CEC). 

Organic matter: Organic matter is composed of living and once-living 

material (e.g., plant residues, manure) in various stages of 

decomposition. The availability of nutrients to plants in the near to long 

term depends on the type of organic matter and the activity of soil 

organisms. 

Decomposition is the breakdown of organic matter into simpler 

organic and inorganic compounds through processes carried out by soil 

organisms. 

Mineralization is the release of plant-available forms of nutrients that 

occurs when soil organisms decompose organic matter.  

Soil minerals: Nutrients in the mineral component of soils become 

available to plants in the very long term. 

The management goal for a healthy agricultural soil is to supply the 

nutrients needed for optimal plant growth in the right quantity and at 

the right time while minimizing nutrient losses to the surrounding 

environment. 

The Soil Food Web 

Soil is home to a complex assemblage of organisms that interact to 

significantly impact both aboveground and belowground processes 

(Hooper et al. 2000). The soil food web is the community of organisms 

living all or part of their lives in the soil. Soil-dwelling organisms play 

key roles in soil function, providing the foundation for such critical 

processes as soil structure development, decomposition and nutrient 

cycling, bioremediation, and promotion of plant health and diversity 

(Coleman et al. 2004). Soil organic matter is the base resource that 

supplies energy and nutrients used by plants and other organisms. Soil 

organic matter includes all the organic substances in or on the soil, 

including plant- and animal-derived material, in various stages of 

decay. 



Larger organisms—for example, small arthropods—some barely visible 

to the unaided eye, help mediate the decomposition of plant and other 

organic residues. Some common insects and related organisms that play 

an active role in decomposition in agricultural systems are millipedes, 

springtails, mites, fly larvae, and burying beetles. In addition to helping 

break down organic matter, decomposers are often eaten by other 

arthropods (e.g., spiders) and can contribute to supporting populations 

of beneficial predatory arthropods. 

 

Biological Control of Pest Organisms 

One ecosystem service provided by soil organisms that is of particular 

interest in agricultural systems is biological control of arthropod pests. 

Biological control is the term for reduction of pest organisms by natural 

enemies, which include predators, parasites, and pathogens (disease-

causing organisms). Healthy agricultural soil communities typically 

include a wide range of predators, parasites, and pathogens that 

contribute to the suppression of agricultural pests. Spiders, harvestmen, 

and ground (carabid) beetles are important ground-dwelling natural 

enemies of insect pests. Ground beetles play a major role in 

agroecosystems by contributing to the mortality of insects, weed seeds, 

and slugs. 

Arbuscular Mycorrhizal Fungi 

Arbuscular mycorrhizal fungi are beneficial soil organisms that 

contribute to many aspects of soil health. Mycorrhizal fungi form a 

symbiotic association with plant roots. Symbiosis is a close association 

between different species. This association provides the fungus with 

relatively constant and direct access to sugars supplied by the plant. In 

return, the plant benefits from the ability of the fungus to grow out into 

the soil, creating a threadlike network of fungal biomass known as 

hyphae or mycelium, thus effectively increasing root volume. 



Mycorrhizal fungi are dependent on the host plant for an energy source 

and cannot survive for long periods of time without a plant host. 

Approximately 80 percent of land plants form the symbiotic 

relationship with mycorrhizal fungi. A few notable crops and weeds that 

are nonmycorrhizal include brassicas (broccoli, cabbage, radish, canola, 

etc.) and chenopods (spinach, chard, lambsquarters, etc.).  

 
The hyphae of mycorrhizal fungi are seen as dark blue, threadlike 

structures in the photo above. In the background is a corn root 

colonized by mycorrhizal fungi. 

Regulation of Air and Water in Soil 

Plants require both oxygen and water in the root zone for optimum 

growth. In soil, water and air are held in the pore space between soil 

particles and soil aggregates. The sizes of the pores that occur between 

and within soil aggregates determine how water and gases move in and 

are held by the soil. Larger pores, known as macropores, are important 

to promote good aeration and rapid infiltration of rainfall. Smaller 

pores, known as micropores, are important for absorbing and holding 

water. 

Macropores are often visible to the naked eye, while micropores 

between and within microaggregates are not. To maintain both 

adequate aeration and water supply for optimum plant growth, it is 

necessary to have both macro- and micropores in the soil. 

https://extension.psu.edu/media/wysiwyg/extensions/catalog_product/a/4/e1789f67b546a097768b3b849db56f/page_7_image-jp5e8d4b3016558.jpeg


Soil Organic Matter 

Soil organic matter plays an important role in integrating many aspects 

of soil health. Soil organic matter can be divided into labile and stable 

pools, each of which has different characteristics and functions in the 

soil. In agricultural soils, organic matter can range from 1 to 8 percent 

depending on climate, soil type, and soil management practices. 

The labile pool of organic matter, which accounts for 5–20 percent of 

the total pool of soil organic matter, includes the living biomass of soil 

organisms and plant roots, fine particles of organic detritus, and 

relatively simple organic compounds such as polysaccharides, organic 

acids, and other compounds that are synthesized by microbial activity 

or are by-products of decomposition processes. Labile organic matter is 

readily decomposed by microbes and is the principal energy source that 

fuels the soil food web. It is the principal reservoir of organic nitrogen 

that can be readily mineralized and made available for plant use.  
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