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Group Organisms Size Tools

Microbiota Bacteria + Archaea
Fungi

0.02–5 µm
1–4 µm

100 X 
magnification

Microfauna Protozoa
Nematodes

5–200 µm
10 µm–2 mm

100 X
magnification

Mesofauna Collembola
Mites

250 µm–2 mm
100 µm–2 mm

> 40 X magnification

Macrofauna Earthworms
Beetles
Ants
Termites

2 mm–1.5 m 
(visible)

10 X magnification

Adapted from G. Vadakattu 
‘Under the microscope’ 3

Who lives in our soils?



0.5mm

Biota live in pores

Bacteria <3 µm 

Nematodes >30 µm

Protozoa 5-20 µm

Fungi (no pore size restriction)
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Soil as a physical habitat



Biological activity hotspots

Kuzyakov & Blagodatskaya 
2015
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Soil biology ecosystem functions

Ecosystem function Group Biology active in function
Carbon transformation Decomposers Fungi, bacteria, microbivores, 

detritivores

Nutrient cycling Nutrient 
transformers

N-fixers, mycorrhizae, decomposers, 
element transformers

Soil structure 
maintenance

Ecosystem 
engineers

Megafauna, macrofauna, fungi, 
bacteria 

Biological population 
regulation

Biocontrollers Predators, microbivores, 
hyperparasitism 

Kibblewhite, Ritz and Swift 2008 6



Soil biology ecosystem functions

• Suppress soilborne diseases & pests
• Plant growth promotion
• Degrade pesticides and herbicides
• Regulate water quality e.g. filter nutrients
• Capture and release of greenhouse gases 
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Source:agpath.com.au 8



Innovation

Definition

1) A new idea, method, device

2) Introduction of something 
new

• New or improved product, 
updated methods, new 
business model,  new or 
improved services

9



Soil biology tests
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Physical Properties
• Soil texture
• Bulk density
• Infiltration
• Aggregates

Chemical Properties
• Organic matter 

(colour/residues) 
• pH
• CEC
• Salinity

Biological Properties
• Root material, ground cover
• Species abundance/richness 

(earthworms, dung beetles)
• Biomass
• Respiration
• Enzyme Activities

Soil Health

11

Photo: Richard Doyle



Considerations for soil biology

Will need to test >1 sample to gain useful information

Ask for an example of the interpretation provided 
with the test results

Target ranges for healthy & unhealthy soils are yet to be 
established for biology tests

12

How will the test help you make management decisions? 
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• Lists all the different tests and limitations
• Suggestions for where to start e.g things that can’t be covered by cheap, easy 

tests
• Start by doing, but don’t overpromise



Soil testing rules of thumb

• Test every 3-5 years depending on intensity of system

• Test at the same time each year

• Use the same lab and tests for consistency

• Be aware of landscape, soil type (clay, loam, sandy) when collecting cores

• Use a grid, transect or zig zag to collect 20-30 cores for 1 sample (record pattern + GPS so you can 
repeat next time)

• Avoid stock camps, fence lines, headlands, dung pads

• Wait if lime or fertiliser applied (depends on soil moisture)

14



Soil biology test options + case study examples
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Visual assessment of soil on farm • Ground cover
• Earthworms, mites, springtails, spiders etc 
• Depth of topsoil, healthy or damaged roots

Soil test at accredited 
commercial lab (ASPAC, NATA)

• Soil organic carbon, labile carbon
• Potentially mineralizable N (PMN)

Specialised biology tests from 
commercial lab

• CO2 respiration
• Microbial Biomass C and N
• Enzyme assays e.g. cellulose
• Sensitive species/groups eg. mycorrhizae, nematodes
• DNA tests - bacteria & fungi, functional genes, soil microbiome
• Soilborne pathogens e.g. Predicta B



Accredited lab test – Soil chemistry
• Soil chemical measures e.g. soil organic carbon as an indirect measure of soil biology 
• Benchmark for soil type and monitor over time
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Depth water mg/kg mg/kg mg/kg % mg/kg mg/kg % % %
Ferrosol 0-10 6 46 6.8 26 5.83 1130 120 28.2 24.5 47.3 Silty Loam

10-20 6 19 12 11 3.51 788 54 28.5 34.7 36.8 Silty Clay Loam
20-30 5.9 12 4 8.3 2.21 658 49 23.4 44.3 32.3 Clay

Kurosol 0-10 6.4 43 6.7 23 5.62 1380 150 33.6 10 56.4 Silty Loam
10-20 6.2 3.3 0.95 <5.0 1.61 469 26 35.9 21 43.1 Silty Loam
20-30 5.5 <0.50 1.7 <5.0 0.94 332 19 33.7 37.4 28.9 Silty Clay Loam

Forest 0-10 4.5 <0.50 12 12 13.5 4050 220 22.4 3.7 73.9 Loamy Sand
10-20 4.6 <0.50 1.6 <5.0 1.86 607 21 31 3.7 65.3 Silty Loam

💡💡
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PreDicta – soil monitoring for pathogens

• DNA-based soil testing service for growers to identify soilborne pathogens
• Cereal cyst nematode
• Root lesion nematode 
• Stem nematode 
• Crown rot
• Take-all
• Rhizoctonia barepatch
• Blackspot of peas 
• Pythium
• Sclerotinia
• Aphanomyces

• Grower can gauge risk level use to inform management e.g crop rotation, 
resistant variety, non-host crop, improve crop nutrition, adjust tillage, 
improve drainage



Soil microbiome for disease risk 
Pattern Ag: soil microbiome analysis & recommendations for input optimization on farm. 

• Focused on specific pest and disease pressures faced by corn and soybean farmers in USA

• Add-ons bio-fertility  & chemistry nutrient analyses

• Recommends management options

18

💡💡

https://www.pattern.ag/


Soil biology test – low resolution information
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Depth
mg 

CO2/kg/day mg/kg mg/kg mg/kg
Ferrosol 0-10 45.7 407 2430 791 60
Ferrosol 10-20 32.8 299 1838 567 43
Kurosol 0-10 45.5 405 2418 787 60
Kurosol 10-20 22.9 214 1387 397 30
Forest 0-10 54 474 2810 935 71
Forest 10-20 28.2 260 1626 488 37
Guide 80 668 4000 1384 106

General soil biology tests – case study #1

• other soil data for same samples can support interpretation (pH, org C, CEC, bulk density) 20


Sheet1

						Microbial Activity Indicator		Respiration		Microbial biomass carbon		Potentially mineralisable N		Phosphorus potential

				Depth				mg CO2/kg/day		mg/kg		mg/kg		mg/kg

		Ferrosol 		0-10		45.7		407		2430		791		60

		Ferrosol		10-20		32.8		299		1838		567		43

		Kurosol		0-10		45.5		405		2418		787		60

		Kurosol		10-20		22.9		214		1387		397		30

		Forest		0-10		54		474		2810		935		71

		Forest		10-20		28.2		260		1626		488		37

		Guide				80		668		4000		1384		106







Tests for specific organisms
Microscopic inspection 

• identification of bacteria, fungi, protozoa
• mycorrhizal colonisation of roots
• nematodes diversity

Stirling et al 2016

21

Culturing on agar plates 
• colony counts



Biology case study test #2

Microscope counting of nematode groups 

– great expertise needed for test 
– provides information about soil food web

22



Specialised organism test – soil nematodes

23

Moderately pathogenic
but not at these numbers



Specialised organism test – Free-living nematodes

24

Native veg had lots 
of omnivores and 
predators = very 
healthy

💡💡
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New approaches to measuring soil 
biology with monitoring potential

• Soil fauna (beneficial nematodes)

 Quantitative PCR (qPCR) DNA test replace microscopy 

 Nematode-based  indices for soil health based on DNA (QPCR/sequencing)

• Microbial community composition (fungi, bacteria, archaea, protists) 

 16S ribosomal RNA and Internal transcribed spacer (ITS) amplicon sequencing

 Abundance measured by qPCR test or high throughput sequencing

• Microbial functional gene composition

 Specific genes e.g. N cycle genes amoA, nifH

 Abundance measured by qPCR or high-throughput shotgun metagenomic sequencing

• BUT…. Better interpretation services needed or specific frameworks for use

💡💡



Biology case study test #3

Soil DNA sequencing – Bacterial and Eukaryote 
microbiomes 

– high resolution test, too much info?

26

All animals, plants, fungi, 
protists, and most algae 
are Eukaryotes. They can 
be single- celled or 
multicellular.

Hey, what is a Eukaryote?
Never heard of them!

💡💡



Soil microbiome – diversity interpretation
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Theory

Greater diversity = 
greater resilience of 
ecosystem functions



Soil microbiome – diversity interpretation
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Soil microbiome – diversity interpretation

Plant parasitic 
nematodes missing 
from this analysis, but 
trophic groups 
detected
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More useful to target known beneficial groups?
 - strains of rhizobia

31

Ferrosol % Kurosol % Native Veg % Order Genus
0.49 0.00 0.00 Rhizobiales Mesorhizobium
0.29 0.00 0.00 Rhizobiales NA
0.24 0.00 0.00 Rhizobiales Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium
0.12 0.00 0.03 Rhizobiales NA
0.08 0.24 0.00 Rhizobiales Mesorhizobium
0.05 0.00 0.00 Rhizobiales NA
0.03 0.05 0.00 Rhizobiales Mesorhizobium
0.00 0.20 0.00 Rhizobiales Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium
0.00 0.00 0.30 Rhizobiales Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium
0.00 0.00 0.28 Rhizobiales Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium

💡💡



Case study #4 DNA-based nematode assessments for 
soil health

Fungal feeders

Bacterial Feeders

Omnivores

• Requires experienced and patient morphological specialist, not many 
labs can do this analysis

Microscope identification
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Source: Stirling et al 2016

DNA tests by SARDI

Source:  Katherine Linsell SARDI (DAS001111, BWD00245)

• Soil DNA extracted and groups identified with 15 qPCR 
assays

• Quicker way to count groups and calculate nematode-
based indices for soil health

💡💡



Nematode-based indices for soil health
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• Indices based on 
• A healthy soil requires a balance of the different nematode trophic groups to regulate organisms 

in the soil food web. Omnivores sensitive to disturbance, take longer to recover.

Healthy soil – 4 trophic 
groups present (= structured 
soil food web)

Poor soil – 1 trophic 
group dominates (= 
enriched group)

💡💡



Biological products
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Regenerative Agriculture

Giller et al 2021 Regenerative Agriculture: An agronomic perspective. Outlook on Agriculture  



Biological amendments – Abbott et al 2018

• biostimulants 
(Chitosan, humic 
substances, seaweed 
extracts, amino acids)

• organic amendments 
(manures, composts, 
vermicompost, 
compost tea, biochar, 
biochar-enhanced 
products)

• microbial inocula

• pelletised formulations 
and extracts e.g. 
compost teas

36



1. Scientific evidence of field-scale benefits of most biological amendments with potential for use in rain-
fed agriculture is not widely available, except in specific cases such as legume inoculant industry

2. Quantities of organic amendments required to make a significant contribution in rain-fed agriculture are 
often not available

3. Good evidence that long-term use of a number of these materials can be more beneficial than retention 
of stubble alone in cropping systems

4. Evidence of benefits of specific biostimulants in agriculture need to include field studies as well as 
glasshouse studies

5. Tools are needed for comparison of soil biological amendments based on their composition and likely 
impact of key soil biological, chemical, and physical functions, then develop a framework to guide 
decision-making by farmers, consultants and policy makers

37

Biological amendment conclusions



Roles of microbes in sustainable agriculture

Naturally occurring functions of soil microbes, how can we manipulate them for 
increased crop production, reduced disease or environmental protection/rehabilitation?
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Microbial inoculants: enhanced nutrient 
assimilation

N-Fixation* 
(rhizobia)

P-assimilation 
Arbuscular mycorrhizal fungi

Source: INOCULATING LEGUMES: A 
PRACTICAL GUIDE
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Mycorrhizal fungi – two types

• These fungi live in a mutual symbiotic association with a plants
• Arbuscular Mycorrhizal fungi (AMF) are endomycorrhizae, always in 

phylum Glomeromycota

Ectomycorrhizae: 
More common in 
trees e.g. beech, 
fir, birch

Endomycorrhizae: 
Common in 
wheat, rice, 

grasses
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Phosphorus and microbes

pasture lupincanolawheat

1. Enhanced P uptake – AMF + plant
2. P-mineralisation

• soil microbes transform and cycle organic P in soil organic matter 
(plant litter, dead microorganisms). 

• mineralised by phosphatase and phytase enzymes
3. P solubilisation- acid production

• organic acid metabolites reduce soil pH & release inorganic forms 
of P (hydroxylapatite and calcium hydrogen phosphate dihydrate )

*Illmer, P., and Schinner, F. (1992) Solubilization of inorganic phosphates by microorganisms isolated from 
forest soils. Soil Biology and Biochemistry 24: 389-395.



Biotech targets

• Combinations of microbes with 
different functions “stacking”

• Indigenous microbes – local soil 
or centre of origin of crop

• Synthetic communities for 
product formulation

💡💡



Plant-microbe 
interactions

Plant disease 
suppression (PDS)

Plant growth 
promotion (PGP)

Palaniyandi, S.A., Yang, 
S.H., Zhang, L. et al. Appl 
Microbiol Biotechnol 
(2013) 97: 9621. 



Guideline for the regulation of biological agricultural 
products - APVMA

• Defn: A biological chemical product is an agricultural chemical product where the 
active constituent comprises or is derived from a living organism (plant, animal, 
micro-organism, etc), with or without modification. 

• Group 3: microbial agents (bacteria, fungi, viruses, protozoa)

• Registered products are known as ‘Biological Crop Protection’ products i.e. used as 
a biopesticide, registered for use in the crop and situation it is applied in. 

• Regulations skewed to microbial pesticides.

• Exempted products include soil ameliorants, fertilisers, .….. legume inoculants 
based on bacteria or enzymes



Products register for Hort Industry

https://www.soilwealth.com.au/resources/global-scan-and-reviews/biological-products-database/

💡💡
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Salomon et al 2022

💡💡
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Microbiome engineering for agriculture

Zhang et al 2021 Phytobiomes Journal 

Step 2: Move 
beyond DNA analysis 
and association 
studies (shown in 
red)

These are commonly 
done but need to 
move to more 
difficult experiments

💡💡



Microbiome approach for bioproducts
• Current biostimulants/biofertilisers contain a few microbes
• New idea: identify all microbes in root area, make synthetic microbial consortia (Syn-com) to 

potentially replace and/or reshape the structure and function of plant microbiome

Kong et al 2018
Front. Plant Sci 9: 1467

💡💡



Applications: Rhizobium + AMF in mungbeans

49

Gough et al 2021

Conclusions 
• inoculate legumes with optimal strain
• adoption of agricultural practices that encourage 

the proliferation of AMF in vertisols
• Improved biological N fixation, plant nutrient 

acquisition, biomass production, and grain yield, 
reduced fertilisers

• Monitor AMF+Rhizobium interaction with 
Pratylenchus

💡💡



Nematode trapping fungi – Bioworma for 
livestock

50

Nematode-trapping fungi growing from 
parasitized nematodes in soil extract.
Jaffee et al., 1992

💡💡

Duddingtonia flagrans (the active ingredient in 
BioWorma®) reduces the number of gastrointestinal 
nematodes larvae on pasture



Where to next for tests & products?
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Sustainable soil management needs indicators
• United Nations’ 2015 Transforming our World: the 2030 Agenda for Sustainable Development

• 17 Sustainable Development Goals, 169 targets for action in critical areas for humanity and the planet 
until 2030

• Sustainable management of soils relevant to half goals

52

scientists, soil 
practitioners 
and policy 
people selected 
indicators

Jónsson et 2016



Product development oversight

https://phytobiomesalliance.org/

53



Conclusions

• Soil biology are diverse, live throughout our soils and perform 
important ecosystem functions

• Improving soil health will lead to an active soil biological community

• Biology tests can provide a baseline for monitoring or be used to 
measure practice change effects on biology

• Biological products are a largely unregulated space so in-field trials 
recommended

54
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https://www.publish.csiro.au/



Advertisement – seeking collaborators

• Precision agriculture

• Satellite/NVDI/drones

• Variable rate spreading

• EM38 soil surveys

• Yield data analyses

Work with us or host a student excursion!

Contact Dr Alexis Pang 

alexisp@unimelb.edu.au 

56

• Soil fauna research on farm and remnant 
vegetation

• Biology tests/indices for soil 
health/sustainability

• Rhizoctonia in broadacre crops

Contact Dr Helen Hayden

hhayden@unimelb.edu.au 

mailto:alexisp@unimelb.edu.au
mailto:hhayden@unimelb.edu.au


Thank you
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