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= O bJ ectives
1. List one key activity performed by each of the
three functional groups for soil organisms

2. List two soil organisms that represent each
functional group

3. Describe biological hotspots & how they relate to
key ecosystem functions

Remsberg, SARE
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Soils Host Vast Numbers, Mass,

and Diversity of Organisms

TEEMINGSOILS 1 3 yd3

Number of living organisms in 1 cubic metre of
topsoil in temperate climates, logarithmic scale
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Small annelids

Springtails Millipedes, centipedes

Nematodes

Source: http://globalsoilweek.org/soilatlas-2015
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One hectare of soil contains 15 tonnes of organisms, equivalent to the
weight of 20 cows. That is 1.5 kilograms of life per square metre of land.

Earthworms

Mites Fly larvae

Beetle larvae

Spiders

o
T

Lice

SOIL ATLAS 2015/LUA
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A simplified soil food web

MESO- AND MACROFAUNA
{e.g. arthropods)

o \ Predators

MICROFAUNA MESO- AND MACROFAUNA

{e.g. nematodes) (e.g. arthropods)
Root feeders Shredders

PLANTS
Shoots and roots

e
MICROFAUNA
& (e.g. nematodes)
Root feeders

; FUNGI
i Mycorrhizal fungi
Saprophytic fungi

Bacterial and Fungal feeder

MICROFAUNA

(e.g. nematodes)
I Predators
u,.f\ PROTISTS
ORGANIC MATTER

Dead plant and animal

tissues, organic compounds EARTHWORMS / ' N N 3
and metabolites from : e MAMMALS

organism activities

B.ACTERIA

Global Soil Biodiversity Atlas. 2016. Orgiazzi, Bardgett, Barrios et al. Luxembourg,
European Commission, Publications Office of the European Union: 176p. Slide 5
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Soil Organisms Key Ecosystem

3 Functional Groups Functions

Decomposition &

C Cycling \ Ecosystem

= Resiliency

Ecosystem

Englneers Building soil,
creating
aggregates &
pores
| Population
| | Regulation
IR RN
O 1= "? Nutrient Cycling
e Q‘. v
&5 Engineers ¥ X Plant
Gt 70 AL Productivity

Turbe et al., 2010; e 6
Global Soil Biodiversity Atlas. 2016. Orgiazzi, Bardgett, Barriosetal.  g.55 o



S Ecosystem Engineers

Functional Function Representative members
group
Build pore Plant roots, earthworms,
Ecosystem  networks, larger invertebrates (e.g.,
Engineers  aggregates, millipedes, centipedes,
soil mixing beetles)

Modified from Turbe et al., 2010; Images from: Orgiazzi, Bardgett, Barrios et al.

2016. Global Soil Biodiversity Atlas. Slide 7
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d— Chemical Engineers
Functional : Representative
Function
group NENEE

Regulate 90% of energy Soil microbes

Chemical flow in soil; Build soil (bacteria i.e.
Engineers organic matter & rhizobia, fungi,
aggregates protozoa, roots)

Modified from Turbe et al., 2010; Images
from: Orgiazzi, Bardgett, Barrios et al. 2016.
Global Soil Biodiversity Atlas.
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— Ft Biological Regulators

Functional

Function NI EN=I R uE o EE

group
Regulate Protozoa, nematodes, and

Biological populations  other small invertebrates

Regulators  of other soil (e.g., springtails, mites but
organisms also microbes)
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Modified from Turbe et al., 2010; Images from: Orgiazzi, Bardgett, Barrios et al. 2016. Global Soil Biodiversity Atlas.
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== == Knowledge check — poll question

Which soil organism functional
group is responsible and regulates
90% of the energy flow in soil?

Slide 10
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S ot
Systems Occurs When
Conditions are ‘Just Right’

> 90% bacteria in soil are inactive!

Near neutral pH
Moderate temps
Moist conditions
Aerated
Abundant food (C)

Adapted from Turbe et
al. 2010 Slide 11
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SRR T SeaSOﬂal MicrObial ACthlty

Microbes are impacted by temp and moisture

o
o
pi o

Seasonal Micobial civity

early
summer

. late
summer first

Bacterial and Fungal Activity
in a temperate grassland or cropland.

Month
Ingham et al.

2000
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== = S0oil Fauna Breakdown Biomass

15 week time lapse

Made by: Wim van Egmond Slide 13

NRCS | SHD | Soil Biology | v3.0 https://vimeo.com/222168889 9:55 AM




Captured with Snagit 13.1.3.7993  

Webcam - HP HD Webcam  

Microphone - Microphone (HD Pro Webcam C920)





https://vimeo.com/222168889
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Continuous Flow of C Drives System
b Atmospheric CO, Respiration CO,

“Active” organic matter C

Mineral Associated
Organic Matter

- Mo Slide 14
NRCS | SHD | Soil Biology | v3.0 Image courtesy of Dr. Chenhui Li 9:56 AM
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SN Organic Matter Pools
Soil Organic Matter
|
*
Labile Organic Matter Long Term Carbon
Rapid Turnover Protected or Slow Turnover
C
|

Detritus Particulate Free or P:”icu':tb? O':" Protected Char

Biomass Free oM dissolved rgr:r?tt?nat!tzo Mineral Black
Living ldentifiable || Free partially biomolecqles, microbial cell OASSQCIated aromatic

Organisms || dead plant ||  degraded degradation walls, aromatic (,\;‘j\agl'\j)'\’[')a;;%r products of

material plant material products rich Alkaline ; fire

extracts biomass

*Protected on clay surfaces, soil aggregates and in ultra-micropores

Adapted from: The Nature and Properties of Soils 15th Edition- Weil and Brady and Sokol et al. 2022
and Camenzind et al. 2023
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~ /Earthworm &
_Root.channels .
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"Rootzwne ‘50%?0 r Aggregate surfaces
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‘ Photo: Dr. Joao Carlos De M‘e§ Sa
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usa ...... HOT SpoOt for Ecosystem Engineers:
Litter Layer

Conserves soil temp & moisture

Carbon source for soil organisms SN A

Turbe et al 2010; Orgiazzi, Bardgett, Barrios et al. 2016. Global Soil Biodiversity Atlas. Slide 18
NRCS | SHD | Soil Biology | v3.0 9:56 AM
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= s Hot Spot for Ecosystem Engineers

Earthworm and Root Channels

Mixes and moves residues
Large pores
Nutrient rich

Microbially enriched
Air and water flow
Roots grow & take advantage

Beare et al. 1995. Plant & Soil 170:5-22; Kuzyakov

. Slide 19
NRCS | SHD | Soil Biology | v3.0 et al. 2015. Soil Biol Biochem 83:184-199 9:56 AM
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Hot Spots for Chemical Healthy Soil
Engineers & Regulatorsin o

Matter Biota

Pore Spaces

* Created via roots, organisms
& SH management

e “Lungs & circulatory system”

e Air flow Compacted
Organic SOiI
e Water flow, storage, & Matter~_ Biota

availability
Air

* Biological highways

9:56 AM



usDA ... AEEregate Surfaces and Pore
i o
Space

e Built with mineral, soil
biology and organic
materials

 Creates stability and
resists erosion

e Protects organic matter
and microbes

large pore
small pore

® P hyS | Cd | |y SU p p O rtS p ore ofoon | intermediate pore
Spaces T ONPOETIR] £ £ T nYe

* Created by microbial
glues, fungal hyphae,
dead cells, plant roots
and Earth worms
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— Soil Organisms Physically Form

& Stabilize Soil Aggregates

* Plant roots enmesh soil particles
e Earthworm casts

e Fungal and bacterial filaments
physically enmesh soil particles

......

Roth, NRCS !
k )

Stabilization of soil
structure by actinomycete
(bacterial) filaments

[ "‘:':_F. ".ﬁ oy Fe ) b
Netlike fungal mycelia
stabilize micro-aggregates

SEM photo source (accessed on 6/2/2016): Eickhorst, Thilo & Tippkoetter, Rolf. Micropedology — The hidden world of
soils. University of Bremen, Germany. http://www.microped.uni-bremen.de Slide 23
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http://www.microped.uni-bremen.de/
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