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Components of  

Soil Organic Matter 

Decomposing 

organic matter 

(active  

      fraction)  

33% - 50% 

Stabilized 

organic  

matter  

(humus)  

33% - 50% 

Fresh  

residue  

<10% 

Living 

organisms 

<5% 

(Mites on leaf) 
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FUNGI 



Fungi and Soil Quality 

• Decompose carbon compounds 

• Improve OM accumulation 

• Retain nutrients in the soil 

• Bind soil particles 

• Food for the rest of the food web 
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BACTERIA 



Bacteria vs. fungi 

Fungi 

dominate 

in Forests 

Bacteria 

dominate 

in Grasslands 

& Ag Lands 
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Protozoa 

Nematodes or roundworms 

Major groups of Soil Fauna 

 

The Microfauna  < 0.1 mm 
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Major groups of Soil Fauna 

 

The Mesofauna  0.1 - 2 mm 

Diplura 

Featherwing beetle 

Springtails 

Mites 

Protura  
Pseudoscorpions 
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Major groups of Soil Fauna 

The Macrofauna > 2 mm 

Ants 

Ground beetles 

Millipedes 

Earthworms 

Termites 
Isopods 
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The Earthmovers!! 

Ants 

Termites 

Earthworms 

Invertebrate Effects on Soil Productivity 
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http://www.a-corp.com/types/termites.gif


Earthworms 

- earthworms  + earthworms  
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Termites: Termitidae 

Queen 

Workers and Soldiers 12 

http://www.synaptic.bc.ca/ejournal/topend.htm


Leaf Cutter Ants:  Atta sp. 13 



Leaf-cutter Ant Trail 

Photos by Bob Gara 
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Excavated  

fungus garden  

Vertical distribution of colony 15 



►  regulating decomposition and nutrient mineralization 

 processes 

►  stimulate the activity of microbial organisms,  

►  altering physical properties such as soil structure 

 and porosity  

►  increase moisture holding capacity of soil. 

 

Their effects are generally greater in tropical 

ecosystems than temperate because of the more 

optimum climate. 

 

Their effects are generally greater in deciduous forests 

than coniferous because of higher substrate quality.  

Invertebrates contribute to soil productivity by: 
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Site and Soil Productivity 

Comminution  - increases surface to volume ratios of  

 litter 

Inoculation  - transport microbial propagules to new  

 substrates 

Grazing - pruning response increases fungal 

 metabolism 

 - releases nutrients contained in 

 microbial  biomass 

 - alters competitive interactions and 

 species composition 

Mutualism  - coevolved interaction in which both 

 microbes  and invertebrates benefit 

Microbial / Invertebrate Interactions in Soil 
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North 

Carolina 
Puerto Rico 

 

Costa Rica   

Litterbag Study 

Comparison of 

Tropical and 

Temperate Forests 

(Heneghan et al. 

2000) 

Naphthalene 
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Less decomp w  

fewer invertebrates 



 

Soil Fauna research can be divided into successive periods:  

(1)‘‘From Darwin to Satchell’’, covering the ‘‘pre-experimental’’ decades 

dealing with the functions of earthworms,  

(2) ‘‘Litterbag Studies’’, characterized by field experiments on the faunal 

influence on litter decomposition,  

(3) ‘‘The Time of IBP’’,concentrating on community energetics, 

(4) ‘‘The Microcosm Era’’, laboratory studies that started with simple systems, 

followed by increasing complexity of experimental setup and community of 

organisms, including living plants, and ending in laboratory-scale ‘‘ecosystems’’,  

(5) the recent ‘‘Biodiversity Boom’’, analysing the relations between soil 

biodiversity and ecosystem functions, and  

(6) the current ‘‘Holistic View’’ that tends to link the diversity and functions of 

aboveground and belowground communities.  

The current knowledge on the role of soil biota, their diversity and 

various components has accumulated mainly during the last 30 years, resulting in 

the modern view of soil fauna as a part of the ecosystem. 

 

Huhta, V. 2007. The role of soil fauna in ecosystems: A historical review. 

Pedobiologia 50: 489—495 

 



Where are the soil organisms? 

• Rhizosphere 

• Litter 

• Humus 

• On & around 

 soil 

 aggregates 
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Typical Numbers of Soil 

Organisms in Healthy Ecosystems 

Ag Land Prairie  Forest 

Organisms per gram (teaspoon) of soil 

Bacteria 100 mil. -1 bil. 100 mil. -1 bil. 100 mil. -1 bil. 

Fungi Several yards 10s – 100’s of yds 1-40 miles  

(in conifers) 

Protozoa 1000’s 1000’s 100,000’s 

Nematodes 10-20 10’s – 100’s 100’s 

Organisms per square foot 

Arthropods < 100 500-2000 10,000-25,000 

Earthworms 5-30 10-50 10-50 

(0 in conifers) 
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Microbial Biomass with Depth 

And other soil organisms! 22 



FOOD WEB & SOIL HEALTH 

Mite feeding 

on 

springtail 

 

INTERACTIONS!!! 
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The Soil Food Web 
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Biomass of 

Soil Organisms  

in Four 

Ecosystems 

How do Food Webs Differ? 
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Related to the: 

• soil, 

• vegetation,  and 

• climate, as well as 

• land management 

Unique combinations 

and complexities 

Till may decrease 

all microbes in 

the long term 



Heterotrophic Respiration 
(Energy Flow) 

Deciduous Forest 

Net Primary 

Production 

 

 

Decomposers 

95% 

 

 

Herbivores 

5% 

Invertebrates 

10% 

Microbes 

Bacteria & Fungi 

90% 

(Richle 1981) 

(Chemoheterotrophs) 

Now much research today is focused on  

regulation of nutrient cycling  

as well as ‘energy flows’ thus revealing  

organism/environment interaction! 26 



Distance                      NPP    Infiltration rate   Moisture Bulk Density 

to mound (m)         (g m-2 yr-1)    (cm h-1)        (%)                     (g cm-3) 

     

1-3              728           12.0       29.2               1.28 

26-28          280            8.0       20.5     1.39 

Productivity and soil properties in relation to distance to 

termite mounds.  

(Arshad 1982) 
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Do soil organisms control plant productivity or 

do plant control the soil organisms? It all 

depends 
 

Wardle, et al. 2004. Ecological linkages between aboveground and 

belowground biota. Science 304: 1631-1633 

 

One major ecological driver is the difference in fundamental plant 

traits between species that dominate (A) fertile systems that support 

high herbivory and (B) infertile habitats that support low herbivory. 

Plant traits serve as determinants of the quality and quantity of 

resources that enter the soil and the key ecological processes in the 

decomposer subsystem driven by the soil biota. 

These linkages between belowground and aboveground systems feed 

back to the plant community positively in fertile conditions and 

negatively in infertile ecosystems 



A. FERTILE, PRODUCTIVE   B. INFERTILE, UNPRODUCTIVE 

ECOSYSTEMS    ECOSYSTEMS 

                

          HERBIVORES 

High % of NPP consumed   Low % of NPP consumed 

High return of labile fecal material to soil Low return of fecal material to soil, high 

     litter return 

Cause retardation of succession,  Cause acceleration of succession, 

leading to domination by plants with   leading to domination by plants with 

high litter quality     low litter quality 

         

               PLANTS 

Fast growing, short lived   Slow growing, long-lived 

High allocation of C to growth  High C allocation to secondary 

      metabolites 

High specific leaf area    Low specific leaf area 

Short leaf life span     Long leaf life span 

High forage quality     Low forage quality 

     

               LITTER 

High % N     Low % N     

Low phenolics     High phenolics     

Low lignin and structural carbohydrates  High lignin and structural carbohydrates 

  

 



 

 

Fig. 1. One major ecological driver is the difference in fundamental plant traits between species 

that dominate (A) fertile systems that support high herbivory and (B) infertile habitats that 

support low herbivory. Plant traits serve as determinants of the quality and quantity of resources that 

enter the soil and the key ecological processes in the decomposer subsystem driven by the soil biota. 

These linkages between belowground and aboveground systems feed back (dotted line) to the plant 

community positively in fertile conditions (A) and negatively in infertile ecosystems (B). 

 

S O I L S—TH E F I N A L F R O N T I E R 

1630 11 JUNE 2004 VOL 304 SCIENCE www.sciencemag 

   SOIL FOOD WEB 
Bacterial-based energy channel  Fungal-based energy channel 

High density earthworms   High density enchytraeid worms 

Relatively low density microarthropods High density macro- and  

     microarthropods 

 

   SOIL PROCESSES 

High bioturbation of soil   Low soil mixing 

Rapid decomposition and nutrient  Slow decomposition and nutrient 

mineralization    mineralization 

Low soil C sequestration   High soil C sequestration 

High nutrient supply rates   Low nutrient supply rates 

 



     Influence of soil microbes on various ecosystem processes. 
 

Ecosystem process   Microbes involved     Estimated  microbial 

       contribution to 

        ecosystem process (%) 

Carbon cycle 

Plant productivity   Nitrogen-fixing bacteria, mycorrhizal fungi  0–50 

   microbial pathogens    50–0 

Decomposition   Bacteria, fungi    Up to 100 

    

Nitrogen cycle 

Plant nitrogen acquisition 

    Nitrogen fixation   Rhizobia, actinomycetes, free-living bacteria  0–20 (sometimes higher) 

    Soil uptake   Mycorrhizal fungi    0–80 

Nitrogen loss 

    Denitrification   Denitrifying bacteria and some fungi  Up to 60 

    Enhanced leaching because of 

    nitrification   Nitrifying bacteria, Archaea  ?? 

Phosphorus cycle 

Plant phosphorus acquisition  Mycorrhizal fungi; P-solubilizing bacteria  0–90 

Phosphorus loss because of  

  leaching after mineralization      ?? 

     

Regulation of plant diversity 

Stimulation of plant diversity  Arbuscular mycorrhizal fungi, rhizobia  0–50 

Reduction of plant diversity  Arbuscular mycorrhizal fungi   20–0 
 

van der Heijden et al. 2008.  The unseen majority: soil microbes as drivers of plant diversity and productivity in 

terrestrial ecosystems. Ecology Letters 11: 296–310 

 



Effects of insects and  

diseases on forest  

productivity  

  

Positive or negative? 

 

32 



33 



Mountain pine beetle attacks of lodgepole pine in 

BC.  These pictures were taken 25 miles east of 

Quesnel in summer 2005.   34 



Impact of diseases and insects – good or bad 

a. Mortality 

b. Reduced growth 

c. Destruction of merchantable wood (decay) 

d. Reduction in pulp yield  

e. Reduced wood quality - stain 

f. Delayed regeneration; inadequate stocking (trees/acre) 

g. Site deterioration - build up of pathogens 

h. Changes in species succession 

i. Creation of biodiversity 

j. Strongly influence decomposition and nutrient cycling 
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• We know that land management practices change the 

soil community. The link between specific changes and 

soil function is less clear. 

• Logging and Farming can reduce organic matter in the 

soil 

 Reducing tillage tends to result in increased growth of fungi, 

including mycorrhizal fungi. 

 Decrease in OM may decrease nutrients, CEC, porosity and 

water infiltration, ??? 

• Fire may also decrease OM, affect soil organisms, etc 

(direct, indirect, long & short term) 

Management affects  

soil organisms 
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• Soil biological crusts are very sensitive to 

 trampling.  

• Biosolids – OM, nutrients, water, … 

• Soil compaction, lack of vegetation, or lack 

of plant litter covering the soil surface tends 

to reduce the number of soil arthropods, 

fungi, bacteria, etc as well as affecting root 

growth, aeration and water infiltration 

(EROSION!). 

Management affects  

soil organisms 
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Can we manipulate soil 

organisms to increase plant 

productivity? 



 

       Can we manipulate mycorrhizal fungi? 
 

Karst et al. 2011. Parsing the roles of abiotic and biotic factors in Douglas-fir seedling growth. 

Pedobiologia 54: 273– 280 
 

How does the effect of mycorrhizas compares with other environmental factors present in soil that  

 may affect plant growth.? 

In a greenhouse, Douglas-fir seedlings were grown in soil collected from 6 sites in a dry region in 

 British Columbia, Canada, predicting that these soils would vary in the ectomycorrhizal 

 fungi present, and in several physical characteristics. In addition, a gradient of soil 

 moisture was imposed.  

We ranked the relative importance of several abiotic (watering level, pH, C:N) and biotic 

 (ectomycorrhizal richness and % colonization by ectomycorrhizal fungi) variables in 

 models predicting seedling biomass.  

Variation in abiotic factors, namely watering level and pH, tempered by the effects of 

 ectomycorrhizal richness, contributed most to variation in seedling growth. 

For young Douglas-fir seedlings growing in disturbed environments, small shifts in the species 

 richness of ectomycorrhizal fungi bear importance, yet overall remain subordinate to 

 abiotic gradients.  

By utilizing natural variability in soil abiotic properties and mycorrhizal community 

 composition along with experimental manipulations of additional factors, the 

 experimental approach utilized here helps to move us beyond simply testing for the 

 significance of mycorrhizas for plants to understanding the relative importance of 

 mycorrhizas in comparison with other influential ecological factors. 



Bacillus thuringiensis                        1.00 billion/g 

US Patent No. 4,952,229, Aug 28, 1990 

Plant supplement and method for increasing plant productivity and 

Quality.  Added fungi, bacteria and actinomycetes plus organic acid  


