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Outline
Soil Food Web (BW Ch 11)

The organisms- Soil Biology Primer
(.http;//soils.usda.gov/sqi/concepts/soil_biology)
The processes they perform
Effect of management on the organisms and their 
functions: The WICST Trials

For further information on earthworms, see posted 
lecture on masu



Food web concept

”Everything eats, everything excretes, and 
everything is food for something"  

Elaine Ingham, 2001

A great resource: 
SWCS/NRCS, 
Soil Biology Primer



From: Soil Biology Primer



Food Web of the Compost Pile

Dindal, D. SUNY



BW Figure 11.1



Efficiency of soil food web vs. 
the above ground

10% of one trophic level passed on to next 
in above ground
30 (40-50)% of one trophic level passed on 
in below ground food web



Functional Groups of Soil Biota
Ecosystem engineers, e.g. macrofauna such as termites 
and earthworms, have major impact on soil physical and 
nutrient properties
Decomposers, e.g. microorganisms that have cellulose-
degrading enzymes and are responsible for most of energy 
flow through decomposer food web
Micro-regulators, e.g. microfauna such as nematodes, 
protozoa that regulate nutrient cycles through microbial 
grazing an nutrient release
Micro-symbiont, e.g. Rhizobium and mycorrhizae
associated with plant roots and enhance nutrient uptake
Soil-borne pests and disease, e.g. plant pathogens, 
invertebrate pests
Bacterial transformers, e.g. nitrifying bacteria, perform 
specific transformations of C, N, S

Mike Swift, TBSFH



Function of Soil Organisms
Decomposition of organic matter

mixing and turnover of soil, increase macropores
mineralization - from organic to inorganic state
formation of humus

Breakdown of toxic compounds
Inorganic transformations

solubilization of P from Iron and Al compounds
• Bacillus meganthurium increased yields 50-70% in USSR

oxidation of iron and manganese
Nitrogen fixation

bacteria (cyanobacteria), actinomycetes



Classification
according to
size



Orders of magnitude
difference in sizes of 
organisms



The soil is a
heterogeneous
environment
for soil organisms



Microflora: cannot be seen 
without the aid 
of a microscope

Bacteria
Primary Consumers

Biomass: 400-500 kg/ha

No. individuals: 1013-1014/g

Metabolic activity



Metabolism

Extremely resistant resting stages
Rapid reproduction potential in response to food 
and environment
In decomposition colonize easy to degrade 
substrates, especially with tillage
Ability to use diverse substrates

some only catalyzed by bacteria, e.g. nitrifying
Heterotrophic (parasitic or saprophytic) or 
Autotrophic 

Photoautotrophic- energy from sunlight
Chemoautotrophic- energy from oxidation of inorganic 
substrates



Microbes are ancient!

Responsible for all major processes on 
earth, including decomposition and 
photosysnthesis and nutrient cycling
Major cycles of Earth could continue 
without plants and animals
Most are beneficial!



Bacteria can be beneficial to plant growth:
Often sold as plant inoculants-- appears to be due to production
of plant hormones

Cyanobacteria (blue-green algae) can photsynthesize and fix N



Most bacteria (99%) cannot be cultured
How do we know?

Direct counts and genetic diversity (DNA 
assessment

A ton of microscopic bacteria may
be active in each acre of soil.

Bacteria dot the surface of strands 
of fungal hyphae.

From: Soil Biology Primer



Actinomycetes: Filamentous bacteria

Actinomycetes, such as this Streptomyces, give soil and compost
its "earthy" smell from geosmins a type of terpene.
Soil Microbiology and Biochemistry Slide Set. 1976. J.P. Martin,
et al., eds. SSSA, Madison, WI From: Soil Biology Primer



Actinomycetes
Filamentous bacteria- filaments like fungi 
but finer.  No nuclear membrane like 
bacteria (prokaryote) and spores resemble 
bacteria
Decomposition of OM
Some produce antibiotics- streptomycin, 
actinomycin and neomycin
Some fix N, e.g. Frankia in red alder
More drought tolerant than bacteria and 
fungi, acid sensitive



Actinomycetes

Biomass 5000 kg/ha
In numbers exceed all except bacteria
Can degrade most resistant compounds such 
as cellulose, chitin and phospholipids
Important later on in decay and therefore in 
“curing” process of compost
Numerous in humus in old meadows and 
pastures



Fungi

Fungus beginning to decompose leaf veins in grass clippings.
Soil Microbiology and Biochemistry Slide Set. 
1976. J.P. Martin, et al.,eds. SSSA, Madison WI. From: Soil Biology Primer



Fungi
Diverse group: 1 million await discovery?
Numbers smaller than bacteria 
Dominate biomass at 1000 to 15,000 kg/ha in 
upper 15 cm
Efficient- 50% of the substance decomposed can 
become fungal biomass
Eukaryote with nuclear membrane and cell wall
Yeasts- single celled, but rest are filamentous and 
some seen with naked eye
Molds vs. mushrooms



BW  Figure 11.19

Fungal hyphae are often twisted together to form what appears
like woven ropes forming the body of the fungus or mycelium.  



Decomposers of organic matter in soil
Can decompose the difficult cellulose and lignins
as well as proteins and sugars
Important in humus formation and aggregate 
formation 
Form mycotoxins (aflatoxin by Aspergillus
flavus– peanuts and corn, humanly toxic)
Synthesize complex compounds: Antibiotic 
Penicillin from Penicillium
Dominate in acid and sandy soils
Appear to dominate in forest and no-tillage ag
systems

Fungal activities



Mycorrhizal fungus
stained blue

Non mycorrhizal

Roots of Common Bean (Phaseolus vulgaris)
from Costa Rica 

Photo: Rosemeyer

Mycorrhizae: association
between fungi and plant root



Predatory: Nematode trapping fungi

Dindal, SUNY From: Soil Biology Primer



Ring three cells that swell and 
contract around the nematode

BW Ch 11 Fig 11.22



Fungi can be pathogens of insect and 
mite pests, and used as biocontrol
e.g. Beauvaria bassiana on chinch 
bug, turf pest

George Barron
.www.versicolor. ca



Note relative fungal vs. 
bacterial biomass in 
no-till vs. conventional



Algae
1 to 10 billion per m2

or 10,000 to 100,000/g
10 - 500 kg/ha
Are eukarotes (nuclear membrane)
Photosynthesize, so found on surface of soil
Produce OM, polysaccharides
Important form mat on soil surface, 
microbiotic crusts in desert and lichens 
(with fungi)

Diatoms, one type 
of soil algae



Algae found on surface

BW Figure 11.18



Roots of higher plants 

May be size of meso or microorganisms
Roots grow and die and in text are soil orgs.
Primary producers of organic matter
About 1% of soil volume and 25-30% of 
respiration
50-60% of NPP in roots in grassland
40-70% of NPP in tree roots in forest



Rhizophere: zone of soil influenced 
significantly by the root, usually 2mm

In this photo, sand grains are bound to a root by hyphae from endophytes (fungi 
similar to mycorrhizae), and by polysaccharides secreted by the plant and the fungi, 
demonstrating the rhizosphere.
From: Soil Biology PrimerJerry Barrow, USDA-ARS Jornada Experimental Range, Las Cruces, NM.   



Figure 11.17

Rhizosphere soil adheres as a ‘sheath’.



BW 11.16



11.16
Carbon compounds exhuded from root

relatively simple sugars, proteins etc.
mucilage
roots cap cells themselves

Nutrients taken up
[H+] can be 10x different (one pH unit)
Populations of organisms much higher in 
rhizosphere

Rhizosphere to soil or R/S ratio



Microfauna: nematodes, rotifers 
and protozoa



Nematodes Predatory in general
bacteria, fungi algae, 
protozoa, other 
nematodes and insect 
larvae (biological 
control of corn 
rootworm)

Release nutrients from 
feeding on bacteria 
and fungi 

bacteria contain more 
N than nematodes need
can account for 30-
40% of N released

Beneficial but some 
plant parasiticRKN of bean



Nematode head structures indicate 
trophic group



Bacterial feeding nematode



Characteristic nematode head 
structures

Pratylenchus, plant feeder

Trichodorus
plant feeder

Fungal feeder
Elaphonema,
bacteria feeder



Marigolds planted previous year controlled plant parasitic nematodes
of tobacco grown with rye cover crop equal or better than fumigants, 
and effect lasted 2 years 

Figure 11.14



Nematode predation of bacteria 
increases plant growth via nutrients

Soil Primer



bacteria

Protozoa

Protozoa: Flagellates have one or two flagella which 
they use to propel or pull their way through soil. A
flagellum can be seen extending from the protozoan 
on the left. The tiny specks are bacteria. 
Credit: Elaine R. Ingham, Oregon State University

From: Soil Biology Primer



Protozoa: Ciliates are the largest of the protozoa and the least 
numerous. They consume up to ten thousand bacteria per day, 
and release plant available nitrogen. Ciliates use the fine cilia along 
their bodies like oars to move rapidly through soil 
Credit: E. Ingham, Oregon State University, Corvallis   From: Soil Biology Primer



Protozoa
Single celled that capture and engulf their 
food
Larger than bacteria
Three groups: Amoebas, ciliates, flagellates
10,000-100,000 individual per gram
20-200 kg.ha
Most prey on bacteria and can influence ppn
like nematodes
Found in rhizosphere



Interaction

Vampyrellidae amoebae 
attack fungus “take 
all” of wheat

cysts

From: Soil Biology Primer



Rotifers

Multicellular
Live in soil water

http;//vivo.cornell.library.edu/entity

.www.emc.maricopa.edu/faculty/farabee



Mesofauna: mites, collembola, 
enchytraids and protura

Collembola
Or spring tails

Orabatid mite



Collembola (Springtails) 

•Regulatory role of fungal 
and bacterial populations
•Springtail grazing can 
cause major changes in 
fungal species
•Use tail to jump
•Detritivores- breakup 
detritus stimulating bact.
and fungal decomposition



Figure 11.2

A predatory mite dining on a nematode, keeping various 
populations under control and releases nutrients tied up in prey. 



Macrofauna
Ground beetles
Arthropods
Earthworms

Carabid
ground beetles

EarthwormsCicada forms macropores



B.  Earthworms: Ecosystem Engineers

Effect the substrate for 
many other organisms
Indicators of soil 
quality
-25/ft3 excellent
Zimmer, G. 2000.  The        
Biological Farmer: A        
Complete Guide to the        
Sustainable and Profitable 
System of Farming.



Three “Lifestyles” of Earthworms

Epigeic or litter (compost) dwellers
e.g. CA red worm (worm bins)

Endogeic horizontal burrowers
often grey or blue-ish

Anecic vertical burrowers
e.g. nightcrawlers



Anecic earthworms (nightcrawlers)
Middens Vertical burrows





Reduces understory because loss of 
litter, plants can’t get established

Without worms in MN With worms in MN
Native habitats may not have worms due to glaciation
Native worms can be more vulnerable to habitat disturbance 
and invasion by exotics through moving of plants and soil,
bait industries. 
Change species composition, reproduction of forests 
and ecosystem function.



Arthropods (Insects and Spiders)

Break up organic 
matter 
Feed on fungi 
(Springtails 
(Collembola)
Predators (spiders)
Make macropores in 
soil
Can be pests



Spiders 

Wolf spider, D. Dindal



Macrofauna and mesofauna speed 
decomposition

Mesofauna > 0.1mm: mites, springtails,
potworms, protura

Macrofauna > 2mm: beetles,
earthworms, ants

BW Figure 11.4



Conditions that affect soil 
organisms

Presence of organic matter
Oxygen content of soil
Moisture and temperature
Calcium and pH
Pesticides



Microbial activity dependent on 
temperature and moisture



System effect on
soil biology is
a composite of 
many manage-
ment actions







Biodiversity: Case study of the
Wisconsin Integrated Cropping 
System Trials  (WICST) 1990-2001

Department of Agronomy
University Wisconsin-Madison



Acknowledgements:
J. Posner (UW- Madison), J. Hall (MFAI), J. 
Baldock (Agstat)
Microbial:  V. Gollwitzer, B. Hickey, P. Selbach, 
A. Yuroff
Nematode:  A. MacGuidwin, T. Lim
Insect/Spider: E. Rebek, D. Young, D. Hogg, T. 
Lim
Earthworm: J. Simonsen
Nitrate: J. Stute (MFAI), S. Kung 



WICST Sites
Arlington Research Station Lakeland Agricultural Complex
Columbia Co. Walworth Co.



WICST Cropping Systems

Cash Grain Forage
High input C-C-C-C C-A-A-A

Medium input    C-Sb-C-Sb C-O/A-A

Low input C-Sb-W/RC           Rotational grazing



WICST cropping systems with low/medium 
input management

Corn-soybean-wheat/red clover Corn-oat/alfalfa-alfalfa



Agroecological Questions: Are 
conventionally-managed soils dead?

Are soil organisms more abundant in low 
input systems?
Are soil organisms more diverse in low 
input systems?
How does does abundance and diversity of 
soil organisms affect agroecological
processes? 



Microbial biomass at Arlington 
Research Station 1993-1997



Microbial community structure 
in WICST soils
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Nematode functional group community 
structure in WICST, ARS, 1997

0

5

10

15

20

25

30

35

40

C-C-C-C C-S-W/RC C-O/A-A Rot. Graz.

%
 to

ta
l bactivores

fungivores
pl. parasites

A
A A

B
a

ab b
c

C

B
BC

A

From: MacGuidwin, Rosemeyer and Lim
msc in preparation



Diversity of Collembola (Springtails) in 
the WICST

Twenty range extensions 
of Collembola species 
found in Wisconsin

One species new to 
science found in a 
Wisconsin cornfield!!!

-Rebek, Young and Hogg 1999



Wisconsin WICST arthropod taxa species 
richness (diversity) in soil cores 

over 2 sites, 1997 
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Spiders caught in pitfall traps in corn 
phase at ARS and LAC, 1996
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Earthworm functional groups respond to 
different cropping systems
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Soil Biodiversity Summary
In WICST, microbial biomass diverging over time 
between system extremes
Microbes, nematodes, arthropods, earthworms 
exhibit changed community structure under 
different cropping systems, though abundance and 
diversity variable
Response appears to tillage, manure and legumes--
could be different with heavy biocide use and on 
less fertile soils 
Does the change in belowground community 
structure alter soil processes?



Do we see differences in soil processes 
in the different cropping systems?
Diversity effects on soil processes?

Drilling shallow wells 
at LAC to test 
leaching
nitrates
atrazine



Nitrate and nitrate concentration in 
shallow wells LAC, 1991-98
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In moderate rainfall event, tracer reached 
tile drainage in 16 minutes!

-S. Kung et al., unpublished 
data



Nightcrawlers causing nitrate 
leaching?

No correlation between high nightcrawler
populations and high nitrate in shallow 
wells in WICST data



Context

There may be restrictions in nutrient use by 
farmers in Midwest
Farmers have limited financial means for 
inputs
Sustainable agriculture relies on soil 
biological processes to release plant 
available nutrients more slowly



Importance of biodiversity in soil function



WICST Summary and Conclusion

Soil biota community structure different 
under different cropping systems
Ecological processes are different under low 
input treatments, e.g. nitrate leaching
Linking belowground community structure 
to agroecosystem process is a current 
research challenge



Final comments and summary
The decomposer = detritus=soil  food chain 
appears to be longer and more complex due to 
efficiency of conversion between trophic levels
Tendency for redundancy
Soil microfauna, though account for 5-10% of  
respiration can have important regulatory role, 
esp. nematodes and protozoa
Soil management (cropping systems) affect 
organism populations
Soil ecology is young as a discipline, potential 
for pest, pathogen control restoration enormous



Study questions

Soil Ecology Worksheet of glossary terms 
sheet with questions (on Masu in Winter 
Handouts folder)
BW Ch 11 #1, 2, 3 (also change mesofauna
to microfauna and answer the question), 8
This lecture is in Winter Lectures folder
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