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Photo: Stephanie Frischie/The Xerces Society

Our Living Soil: An Introduction
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Soil’s Magnificence
Functions

A medium for 
plant growth 
and habitat 
for wildlife

Water-supply 
regulation and 
filtration

Recycling and 
storage of 
organic 
matter

Construction

Photos: ground beetle: Sarah Foltz-Jordan/The Xerces Society; filtration demonstration: Logan 
Jackson/Curators of the University of Missouri; organic soil: Luke McGuff/flickr; construction and soil: 
Virginia National Guard/flickr
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Soil Characteristics and Classification

Physical: texture, aggregate stability, density

Chemical: pH, cation exchange capacity, fertility

Biological: respiration, microbial diversity and abundance

Other: color, age, Orders
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Soil Health Basics

Soil health is the continued capacity of 
a soil to function as a vital, living 
ecosystem that sustains plants, 

animals, and humans.

Protect the soil
 Minimize disturbance
 Maximize soil cover

Feed the life in soil
 Maximize continuous living roots
 Maximize biodiversity
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Soil is Full of Life

Photo: Jennifer Hopwood

One teaspoon of soil 
contains more living 
organisms than there 
are people in the 
world!
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Fungi and Bacteria

Bacteria
• Most abundant soil organism 

(biomass)
• Feed on carbon, contribute to 

decomposition, are eaten by 
micro- and mesofauna

• Transform atmospheric N2 to 
forms that are available to 
plants

Fungi
• Very abundant
• Decompose plant residue
• Regulate pathogens
• Multiply the capacity of roots to 

absorb water, nutrients and 
tolerate drought

Background image: FAO, ITPS, GSBI, SCBD, and EC. 2020. State of knowledge of soil biodiversity - Status, challenges and potentialities, Report 2020. Rome, FAO.



© The Xerces Society, Inc. All rights reserved.

Fungi 
and 
Bacteria
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Relative Abundance of Soil Life
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Soil is Full of Life

Illustration: Life in the Soil, Dr. Jim Nardi

Soil animals 
represent nearly 25% 
of the total diversity 
of all known living 
organisms. 

Source: Decaëns et al. 2006
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Ecological Roles of Soil Animals
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Decomposers 
• Break down plant and animal matter into 

pieces bacteria and fungi can use
Enrich soil

• Integrate nutrients
Soil engineers

• Tunnel into soil, bring subsoil to surface, help 
hydrate and aerate soil

Roles in food webs:
• Herbivores, fungivores, bacterivores, 

predators, parasitoids, pollinators



© The Xerces Society, Inc. All rights reserved.

Protozoa

Photos: Candy Thomas

Amoebae                 Ciliate Testate amoebae Flagellate

Where they live:
In water films, shallow and deep soil

Agricultural / Ecological role:
Important in nutrient cycling:    
predators, decomposers

What they eat:
Bacteria, algae, fungus

What to look for:
Amoebae: cytoplasm extensions

Testate amoebae: shell-like test

Ciliates: use cilia to sense or move

Flagellates: use whiplike organs to propel 
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Rotifers and Tardigrades

What to look for:
• Rotifers: crowns of cilia for vortex feeding
• Tardigrades: eight stubby legs with claws, piercing 

mouthparts

Where they live:
In water films within the soil, leaf litter

Agricultural / Ecological role:
Predators, scavengers

What they eat:
Bacteria, protozoa, nematodes, fungi, plants, algae
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Nematodes
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What to look for:
• Unsegmented transparent worms with tapered ends
• Specialized mouthparts for food sources

Where they live:
In water films or pores within soil

Agricultural / Ecological role:
Predators, omnivores, plant parasites
Move bacteria through soil layers

What they eat:
Protozoa, tardigrades, rotifers, other nematodes; 
bacteria; fungi; plants
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Potworms
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What to look for:
White segmented worms, smaller than earthworms

Where they live:
In upper soil layer

Agricultural / Ecological role:
Ecosystem engineers, integrating organic matter and 
minerals; decomposers, consumers

What they eat:
Fungi, bacteria, decaying organic material; also ingest 
soil particles
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Earthworms
What to look for:
• Tubelike segmented bodies
• Clitellum closer to the head

Where they live:
Soil surface and leaf litter; within soil layers, and in 
deep soil

Agricultural / Ecological role:
• Impact soil structure through burrowing and mixing; 

make some nutrients accessible to plants
• Some introduced species deplete leaf litter and do not 

mix nutrients within soil layers

What they eat:
Leaf litter and soil (organic matter as well as minerals)
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Arthropods, Metamorphosis and Diet
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Mites
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What to look for:
• Pear shaped, dark bodies
• Adults with eight legs

Where they live:
Soil surface, within soil layers, and in deep soil

Agricultural / Ecological role:
Critical decomposers; some are predatory
Help disperse bacteria and fungi

What they eat:
Bacteria, decaying organic material, fungi; springtails, 
nematodes, insect eggs and larvae
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Springtails (Collembola)
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What to look for:
• Some are elongate, others are globular
• Furcula that propels like a spring

Where they live:
Leaf litter, decaying logs, fungi, soil surface; within soil 
layers

Agricultural / Ecological role:
Decomposers; some are predatory

What they eat:
Decaying plants, fungi, bacteria, pollen; rotifers, 
nematodes, other springtails
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Millipedes

What to look for:
• Elongated, segmented body with two pairs of legs 

per segment
• One pair of antennae, chewing mouthparts

Where they live:
Leaf litter, upper soil layer; under logs, stones; a 
few in deep soil layers

Agricultural / Ecological role:
Decomposers, scavengers; particularly important 
in plant decomposition

What they eat:
Decaying vegetation, fungi
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Centipedes

What to look for:
• Segmented bodies, often flattened, with one pair 

of legs per segment
• First pair of legs modified to inject venom

Where they live:
Soil layers shallow and deep; under logs, bark, 
stones

Agricultural / Ecological role:
Predators; some are detritivores

What they eat:
Earthworms, arthropods; may also eat small 
reptiles or mammals
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Spiders
What to look for:
• Two body regions, eight legs, multiple eyes
• Chelicerae for injecting or digging

Where they live: 
Soil surface, leaf litter; in webs

Agricultural / Ecological role: 
Predators; move and work the soil

What they eat:
Other arthropods
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Jumping spider

Wolf spider

Ground spider Wolf spider
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OPEN QUESTION #1, please reply in the CHAT

Have you thought or wondered about 
soil invertebrates before today?
If yes, how?
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Soil Insects

Barbara Thurlow; Daniel R. Suiter University of Georgia_Bugwood; Even Dankowicz, Jessica Louque-Smithers/Bugwood; David 
Cappaert/Bugwood; David Jones,Univ of Georgia/Bugwood
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Flies as Decomposers
A number of flies are important decomposers of plant material

Whitney Cranshaw, Colorado State Univ,  Bugwood.org; K. Schiender; David Cappeart, bugwood.org; Susan Eillis, bugwood.org  
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Flower Flies

What to look for:
• Adults have coloration that mimic bees or wasps
• Larvae are gray-green, are legless

Where they live:
Larvae live within leaf litter or rotting wood, or on 
plants.

Agricultural / Ecological role:
Decomposers, predators, pollinators

What they eat:
Larvae eat decaying vegetation or soil insects; 
Adults eat nectar, sometimes pollen
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Soldier Beetles

What to look for:
• Adults with leathery wing covers
• Larvae are dark with sickle-shaped jaws

Where they live:
Soil, leaf litter, under stones; adults on flowers

Agricultural / Ecological role:
Predators important in biocontrol, pollinators

What they eat:
Insect eggs, larvae; aphids, snails, slugs
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Fireflies

What to look for:
• Adults with leathery wing covers
• Luminous segments in adults and larvae

Where they live:
Leaf litter, under bark; adults in tall grass

Agricultural / Ecological role:
Predators

What they eat:
Snails, slugs, earthworms, caterpillars
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Ground Beetles

What to look for:
• Adults with brown, black color and ridged wing 

covers
• Larvae with sickle-like jaws

Where they live:
Soil, leaf litter

Agricultural / Ecological role:
Predators important in biocontrol; some also 
decomposers or eat weed seeds

What they eat:
Snails, slugs, caterpillars, grasshoppers, beetles, 
flies, more
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Rove Beetles

What to look for:
• Adults with short wing covers
• Elevated tip of abdomen

Where they live:
Soil (some in deeper layers), leaf litter, mulch, 
nests

Agricultural / Ecological role:
Predators, decomposers, mix soil

What they eat:
Insect eggs or larvae, slugs, mites; dead plant or 
animal matter
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Burying Beetles

What to look for:
• Burying beetles: red, orange and black
• Carrion beetles: oval bodies, black with yellow or 

orange

Where they live:
Within or below carrion

Agricultural / Ecological role:
Decomposition of animal carcasses

What they eat:
Carrion
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Burying beetle

Carrion beetle
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Dung Beetles

What to look for:
• Adults have oval bodies, clubbed antennae and 

scalloped legs
• Larvae are c-shaped

Where they live:
Larvae are within dung or within nests with dung; 
adults in many habitats

Agricultural / Ecological role:
Decomposers; critical to grazing operations, 
worth more than $380 million/yr; diggers; seed 
dispersers.

What they eat:
Dung, particularly herbivorous mammals
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Ants

What they look like:
• Red, brown, black
• Constricted “waist” with lobes
• Elbowed antennae

Where they live:
Underground in nests; leaf litter

Agricultural / Ecological role:
Ecosystem engineers, predators, decomposers, 
seed dispersers

What they eat:
Small arthropods; dead animals; plants, fungi, sap
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Ground nesting bees
What to look for:
• Adults with constricted waist, often hairy, pollen-

carrying structures

Where they live:
Larvae in nests in the soil, adults are found on 
flowers

Agricultural / Ecological role:
Pollinators of crops, wild plants; diggers

What they eat:
Pollen, nectar
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Ground Nesting Predatory Wasps
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Great golden 
digger wasp

Cicada-killer wasp

What to look for:
• Constricted waist
• No pollen-carrying structures, not hairy

Where they live:
Larvae in nests in the soil, adults on flowers

Agricultural / Ecological role:
Predators important in biocontrol; pollinators, 
diggers

What they eat:
Arthropods,
Nectar

Sand wasp
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Soil Life: Pests

Where they live:
Soil among plant roots

Agricultural / Ecological role:
Herbivores, decomposers; some are crop pests or ornamental plant pests

What they eat:
Roots, decaying plants and wood

Photos: J. Obermeyer/Purdue University; Jennifer Hopwood; Whitney Cranshaw/Bugwood; Paolo Mazzei/Bugwood

Wireworms

Scarab grubs

Scarab beetle grubs Wireworms Soil-dwelling caterpillars Adult moths
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What Soil Animals Do for Us
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Soil animals have a huge influence on life above 
ground:
• Nutrient cycling

• Maintain soil structure
• Improve water infiltration and storage
• Enhance plant productivity

• Supporting the provision of food, shelter, and fuel for 
people

• Climate regulation

• Biocontrol of other organisms
• Pollination
• Food source for wildlife 

Sources: Lavelle et al. 2006; Daecens et al. 
2006; Culliney 2013; FAO et al. 2020.
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More soil life Less soil life 

Tillage no-till minimal conventional
Fertilizers organic inorganic
Pesticides lower higher

Above-ground diversity higher lower

Farming practices and soil life

Photo: Nick Sloff/Penn State University
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Some Effects of Tillage, Fertilizer and Pesticides

Desiccation; breakage of fungal 
hyphae; destruction of tunnels, 
burrows or nest sites

Spikes and 
loss

Direct and 
indirect 
effects

Photos: United Soybean Board, Thirteen of Clubs/flickr, Kevin Wood/flickr



20 September 2020
West Lafayette IN

Springtails, 
a few ants

Fewer 
crickets

More 
crickets
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Soil Animal Resource Concerns 

Soil organism habitat loss or degradation
Objective: Improve habitat for beneficial soil 

organisms.

Terrestrial habitat for wildlife and invertebrates

Objective: Improve quantity and quality of habitat to 
meet requirements of identified terrestrial wildlife or 

invertebrate species.
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Farming with Soil Life handbook
lists 35 NRCS practices that 

support soil organisms

Table of Practices
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USDA-NRCS Conservation Practices for Soil Invertebrates
Residue and Tillage Management, Reduced Tillage (345)

Residue and Tillage Management, No Till (329)
CSP Enhancement (E329106Z)

Photo: Tim McCabe, Arkansas NRCS
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USDA-NRCS Conservation Practices for Soil Invertebrates

Conservation Cover (327)

Photo: Don Keirstead, New Hamshire NRCS



NRCS practices

Wildlife Habitat Planting 
(420)

Establishing wildlife habitat 
by planting herbaceous 

vegetation or shrubs

Photo: Sarah Foltz Jordan/The Xerces Society. 
Wisconsin.



Cover Crop (340)
Grasses, legumes, and forbs 

planted for seasonal vegetative 
cover

NRCS practices

Photo: Tracy Robillard/NRCS Oregon
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USDA-NRCS Conservation Practices for Soil Invertebrates

Field Border (386)

Photo: Jennifer Hopwood/Xerces Society
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Photos: David Biddinger, Penn State University; John Pearson

Pest Management Conservation System (595), CSP Enhancement 595137Z 

USDA-NRCS Conservation Practices for Soil Invertebrates
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Other Associated Practices

• Forest Stand Improvement (666)
• Tree and Shrub Planting (612)

• Windbreak / Shelterbelt Establishment (380)
• Alley Cropping (311)
• Prescribed Burning (338)

• Prescribed Grazing (528)
• Forage Harvest Management (511)
• Restoration and Management of Rare and Declining 

Habitats (643)
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Additional NRCS practices that support soil 
invertebrates:
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Photo: Sogn Valley Farm / Dana and Karin Jokela

Case Study: Sogn Valley Farm, Cannon Falls, MN
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Cover crop mulch system Interseeded cover crops

Photos: Sogn Valley Farm / Dana and Karin Jokela

Case Study: Sogn Valley Farm
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Case Study: Sogn Valley Farm
Perennial native plant field borders on the farm 

Photo: Sogn Valley Farm / Dana and Karin Jokela
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Flowering Cover Crop Trials
Agua Gorda Cooperative, Central Minnesota

Oats, Peas, 
Med. Red Clover

Oats, Peas, 
Diverse Clovers

Oats, Peas, Clovers, 
Buckwheat, Sunflower, 
Phacelia



Pasture

Oats (Year 6)

Barley with alfalfa in understory (Year 1) 

Alfalfa (Years 2, 3, 4)

Alfalfa (Years 2, 3, 4) 

Casey Bailey Farm, Fort Benton, MT   8,000 acres dryland grains & range Photos:  Sarah Foltz Jordan

Flowering cover crops integrated into crop rotation
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• 6 crop system / plus 1
• 1200 acres certified organic,  remainder of acres 

in transition
• No starter fertilizer
• No fungicide, no seed treatment, no insecticide
• No P, K or ag lime applied in 7 years
• No Nitrogen applied in 2 years (that includes 

manure)
• Everything is done naturally
• Organic with no tillage

Clark Land and Cattle
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West Central Indiana
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Other resources

Orgiazzi, A. et al. 2016. Global Soil Biodiversity Atlas. European Commission, Publications Office of the European Union, 
Luxembourg. 

​FAO, ITPS, GSBI, SCBD, and EC. 2020. State of knowledge of soil biodiversity - Status, challenges and potentialities, 
Report 2020. Rome, FAO.

James B. Nardi, Life in the Soil : A Guide for Naturalists and Gardeners. Chicago : University of Chicago Press, 2007. 
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The Xerces Society for Invertebrate Conservation

Photos: 2018 Xerces staff by Matthew Shepherd/Xerces Society. Blue butterfly by Dana Ross.

The Xerces Society is a science-based nonprofit 
organization that engages in education, outreach, 
applied research, policy, and restoration to protect 
invertebrates and their habitats.

Xerces blue butterfly (Glaucopsyche xerces), the 
first U.S. butterfly to go extinct due to human 
activities

Main Office: Portland, Oregon
Regional Offices: California, 
Connecticut, Idaho, Indiana, Iowa, 
Maine, Minnesota, Nebraska, New 
Hampshire, New Jersey, New Mexico, 
North Carolina, North Dakota, 
Oklahoma, Washington, Wisconsin
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• Pollinator 
conservation   

• Agricultural 
biodiversity   

• Endangered 
species   

• Aquatic 
invertebrates   

• Pesticide 
management   

• Urban 
conservation

• Policy & 
advocacy

Xerces Society - Protecting the Life that Sustains Us



© The Xerces Society, Inc. All rights reserved.

Resources from Xerces Society
www.xerces.org

http://www.xerces.org/
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Resources from Xerces Society
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Beneficial insect scouting guides
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Farming with Soil Life

Handbook
https://xerces.org/publications/guidelines/farming-

with-soil-life

Online short courses starting in
April 2021

https://www.xerces.org/events

soils@xerces.org
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Donors make all this possible!

We are a donor-supported nonprofit.

Become a member today!

xerces.org/donate

Xerces is 501(c)(3) nonprofit and contributions are tax-deductible.
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Final Thoughts
Photo: Jennifer Hopwood

Photo: Scarab-hunting wasp, Jennifer Hopwood

“Essentially, all life depends on the soil ... There can be no life without soil and no soil without 
life; they have evolved together. ”— Charles E. Kellogg, USDA Yearbook of Agriculture, 1938 
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OPEN QUESTION #2, please reply in the CHAT

What particular practices have you 
implemented or seen implemented to 
support soil life?
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Spotlight on Soil Life

Photo: Andy Murray

“The soils of our yards, gardens, and fields 
swarm with thousands of kinds of minute 
animals and plants of which we know little or 
nothing. We depend on the soil for our very 
existence, yet…this soil we daily tread under 
foot is almost a veritable terra incognita.”

NA Cobb, 1914 Yearbook of Department of 
Agriculture
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