
Travelling a different path for soil 
health

This project is supported by Wheatbelt NRM through funding from the Australian Government’s Caring for Our Country program.

Land Manager’s Name: Scott Mclean
Property Size: 1011 ha
Location: Beverley
Annual rainfall (mm): 400mm
Enterprise mix: 50% cropping / 50% sheep
Soil types/vegetation types: heavy red and grey clays to loam over clay

The role soil organisms play in contributing to soil health in a Wheatbelt farming system is not fully 
understood.  It is known that the diversity of soil organisms is far greater than the diversity of plant 
communities anywhere on Earth. A square metre of soil contains millions of bacteria, kilometres of fungal 
hyphae and thousands of mites and springtails.

It is recognised that soil organisms have roles in soil that include the cycling and transforming of nutrients.  
They help aggregate soil particles and improve the soil structure. They also assist plants to obtain nutrients 
from the soil and help with water penetration into the soil.  

Soil is a complex and dynamic habitat for soil organisms. Soil meso-fauna and mycorrhizal fungi respond to 
their surroundings, and many factors can influence them locally.

Scott is a 100% biological crop and holistic livestock producer, who is already using biological stimulants 
on his soils.  The McLeans no longer use any synthetic fertilisers and use only base rates of knockdown 
chemicals.  Fertiliser that are added include Nutra-soil, a vermiculture extract, a compost extract and when 
needed a foliar spray.

Scott farms on soils that range from heavy red and grey clays to loam over clay.

Soil Sampling 

Two soil samples were taken from two paddocks at Scott McLean’s property as part of a study that analysed 
50 sites across the Wheatbelt.

The soil samples were sent to the University of Western Australia where soil meso-fauna and mycorrhiza 
fungi were assessed using glasshouse and laboratory conditions with standard methodologies.  These 
methodologies can be replicated by farmers and further information can be found in the On Farm Soil 
Monitoring Handbook (www.wheatbeltnrm.org.au).

The soil samples were also sent to CSBP for standard chemical analysis.



Soil Analysis

Soil Sample 1 was taken from a paddock that was sown to 
barley for the previous two years. Sample 2 grew barley in 
2012 and had pasture in 2011. These soils were collected 
prior to seeding in 2013 in dry conditions.  

The chemical analysis (Table 1) for these two samples varied 
in some characteristics but not all of their characteristics. 
The differences found with the soil fauna and mycorrhizas 
don’t appear to be strongly related to the soil chemistry.

Table 1: Chemical characteristics for the two soil samples 
collected from different paddocks on this farm

Soil Characteristics 
 

Soil Sample 1 Soil Sample 2

NH4 (mg/kg) 4 3
NO3 (mg/kg) 4 29
P (mg/kg) 42 52
PBI 29 125
%C 1.53 3.65
pH (CaCl2) 5.1 5
EC (dS/m) 0.06 0.14
K (mg/kg) 302 1450
S (mg/kg) 5 6

Mites and springtails are indicator species of soil biological 
activity.  They reflect the diverse biological community 
within the soil.  Mycorrhizal fungi reflect processes 
associated with the efficiency of access of soil phosphorus, 
soil aggregation and protection of soil carbon.

Although both soil samples had a history of barley in 
2012, they differed in the number of mites at the time of 
sampling (Table 2). The number of mites in soil sample 1 
was very high. Both soil samples had a similar number of 
springtails at this time (Table 2). The ratio of the number of 
mites to the number of springtails was very much higher in 
soil sample 1 than in soil sample 2. 

Table 2: Soil fauna and mycorrhizal fungi measured in a 
bioassay for the two soil samples collected from different 
paddocks on this farm.

Soil Organisms Soil Sample 
1

Soil Sample 
2

Mites (number per 
kg soil)

1460 210

Springtails (number 
per kg soil) 60 50

Ratio Mites / 
Springtails 24 4

Mycorrhizas 
- proportion of roots 
colonised

23% 28%

Table 2 Soil fauna and mycorrhizal fungi measured in a 
One t One theory given by http://ecoplexity.org/files//
Coopete2009.pdf is that the ratio of mites to springtails 
is an indication of the amount of disturbance at the site.  
It has been suggested that springtails are opportunists 
that can take advantage of changed conditions and mites 
indicate a more stable, less disturbed environment.  In 
theory a lower mite to springtail ratio would indicate 
less disturbance of the soil. However there is a lack of 
understanding of exactly how these ratios respond to 
different farm management practices in the Wheatbelt 
and it is important to monitor these over time to build this 
knowledge.

Based on the theory, these results might indicate that 
the soil from sample 1 has been more disturbed. This is 
not the case with these samples and demonstrates the 
need to better understand the relationship between soil 
biology and land management. At this site, soil sample 1 
was taken from beneath a native perennial grass that has 
been planted as a trial on the farm, while soil sample 2 has 
come from a paddock that had an annual pasture growing.

Scott has been taking a different path over the last 5 
years using no synthetic fertilisers and only a base line 
of knockdown spray.  He is not surprised that the rates 
of mites/springtails is so high but is happy that the 
differences that he can see in the groundcover and crop 
yield, is shown in the results. 

One theory given by http://ecoplexity.org/files//
Coopete2009.pdf is that the ratio of mites to springtails 
is an indication of the amount of disturbance at 
the site.  It has been suggested that springtails are 
opportunists that can take advantage of changed 
conditions and mites indicate a more stable, less 
disturbed environment.  In theory a higher mite to 
springtail ratio would indicate less disturbance of the 
soil. However there is a lack of understanding of exactly 
how these ratios respond to different farm management 
practices in the Wheatbelt and it is important to 
monitor these over time to build this knowledge.

Based on the theory, these results might indicate that 
the soil from sample 1 comes from an area that is less 
disturbed and more stable. This demonstrates the need 
to better understand the relationship between soil 
biology and land management. At this site, soil sample 
1 was taken from beneath a native perennial grass that 
has been planted as a trial on the farm, while soil sample 
2 came from a paddock with an annual pasture growing.

Scott has been taking a different path over the last 
5 years using no synthetic fertilisers and only a 
base line of knockdown spray.  He is not surprised 
that the rates of mites/springtails is so high but is 
happy that the differences that he can see in the 
groundcover and crop yield, is shown in the results. 



The mycorrhiza bioassay measurement was slightly higher in roots grown in soil sample 1 than in roots grown in soil 
sample 2 (Table 2). The association between plants and mycorrhizal fungi are generally beneficial to both the plant 
and the fungus with nutrient exchange occurring between the partners. Other benefits include improvement in soil 
structure, protection of soil carbon and enhancing access to moisture in dry soil.  

With ongoing monitoring, patterns in the occurrence and abundance of groups of meso-fauna in soil and mycorrhi-
zal fungi in roots will emerge. The patterns in abundance and activity of soil organisms can be site-specific and may 
potentially be used to support land management decision making for the site.

Comparison with other soil samples 

The abundance of mites and springtails (Figure 1) and of mycorrhizas (Figure 3) were compared across 50 sites in the 
Wheatbelt. The location of the two soil samples from this farm with respect to other farms is indicated below. The 
graph below shows the ratio of mites to springtails from the Mclean’s property is above the average, with sample 1 
showing the highest ratio over the 50 sites. The mycorrhizal colonisation in both samples is also above the average. 
The differences found in the soil fauna were not strongly related to the soil chemistry (Figures 2 and 4).
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Figure 1: Ratio of Mites to Springtails for 50 sites across the Wheatbelt

A.         B.
Figure 2: Plot of the ratio of mites to springtails against soil nitrate (A) and % soil organic carbon (B) for 50 sites in the 
Wheatbelt. Soil samples 1 and 2 from this farm are indicated in red. 



Figure 3: Percentage of mycorrhizal colonization for 50 sites across the Wheatbelt
    

    

 A.        B.
Figure 4: Plot of mycorrhizal colonisation (%) against soil phosphorus (A) and % soil organic carbon (B) for 50 sites in 
the Wheatbelt. Soil samples 1 and 2 from this farm are indicated in red. 

Summary
It is expected that the abundance of mites and springtails will differ during the growing season in parallel with the 
degradation of soil organic matter. 

Mycorrhizal fungi depend on living roots and their abundance in soil will be reduced over time in the absence of 
plants. In addition, canola and lupins do not form mycorrhizas, so the presence of these crops in the rotation will 
decrease the capacity of the community of mycorrhizal fungi to colonise roots of subsequent crop and pasture plants. 
Nitrogen and phosphorus interactions in soil can also affect the level of colonisation of roots by mycorrhizal fungi.

By monitoring both meso-fauna and mycorrhizal fungi, their dynamics will become better known in relation to local 
soil conditions, rainfall events and specific agricultural practices used within and between seasons at a paddock level.  
When this information is combined with local knowledge of the farmer, patterns will emerge which can be combined 
with other information for a more complete analysis of the soil conditions for plant growth.
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