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Dr Katharine Brown 
“The Winona soils are naturally fragile, low fertility soils that are resilient, protected, and productive 
under a no-till pasture-cropping regime.” (Katharine Brown pers. comm. Soils For Life, 2020). 

Introduction  
This report presents a desktop review of existing soil information and a field and laboratory 
assessment of a Winona soil to complement the ‘Winona The Ecological Journey’ (Soils For Life 
2020). The purpose of undertaking the soil assessment was to collect and interpret soil data and 
information to increase our knowledge and understanding of the soil in relation to land management.  

The Winona soils have formed in situ (in place) from the weathering of igneous or sedimentary parent 
materials, or from the alluvium and/or colluvium derived from these parent materials. Soil 
development in general is a result of at least five (major) soil-forming factors: climate, organisms, 
relief, parent material and time. These soil-forming factors interact to give the soils their unique, 
inherent characteristics that determine soil function. 

Soil function refers to the many and varied roles of soil, including as a storer, supplier and cycler of 
nutrients, carbon and water, and as a habitat. An understanding of soil function is fundamental to 
maximising soil productivity while ensuring sustainable (avoiding all forms of degradation) soil and 
land use. At Winona, soil productivity may be defined as the capacity of the soils to produce a certain 
crop and pasture yield under regenerative land management practices.  

Methods 
Site selection was based on “The Site Concept” of Speight and McDonald (NCST 2009). That is, the 
SFL field team pre-selected a small area of land considered representative of the landform, 
vegetation, land surface and other land features at Winona following a review of existing information 
including soil mapping (Figure 1). 

The site, and the location of the soil observation within the site, was then confirmed in the field in 
consultation with the land manager, Colin Seis. The location of the soil observation was recorded 
using a GPS, effectively creating a ‘benchmark location’ or reference site for the future assessment 
and/or monitoring of improvements in soil condition at the property (Figure 2). 

Above-ground observations and measurements such as ground cover and yield are considered useful 
indicators of productivity. However, below-ground soil observations and measurements better reflect 
soil capability1 and soil condition2, two of the four factors that determine the productive potential of 
land (the remaining two being seasonal temperatures and water availability). In addition, soil 
observations and measurements allow for the naming of the soil. Describing and naming the soil (both 
local and formal classifications are recommended) enables the simple communication of soil 
information in a standard way (Stuart-Street et al. 2020). 

 
1Soil (or land) capability is the inherent physical capacity of the soil (or land) to sustain a range of land uses and management 
practices in the long term without degradation to soil, land, air and water resources (OEH 2012). 
2Key soil attributes in relation to known or perceived target or threshold values measured by long-term monitoring. Soil 
condition is often considered a measure of soil health or quality (Bennett et al. 2019) 
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Figure 1 Lees Pinch (background) and Turill (foreground) soil landscapes (Murphy and Lawrie (1998).  

 

Figure 2 The site selected as representative of the typical landform, vegetation and land features at Winona. 
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The Winona soil was excavated using a general purpose hand auger fitted with a 100 mm diameter 
Jarrett auger head. The soil profile (Figure 3) was described in the field according to the nationally 
endorsed standards described in the Australian Soil and Land Survey Field Handbook (NCST 2009). 
Some soil characteristics such as drainage were inferred from other soil features, including rooting 
depth and soil colour and mottling.  

 

Figure 3 The Winona soil (SFL 2020).  

One individual soil sample was collected from 0-10 cm, 20-30 cm, 30-40 cm and 70-80 cm depths in 
the excavated soil profile (4 individual samples in total) for soil chemical analyses. These depths 
represented the soil horizons (layers of soil with different properties) deduced from the profile 
description data.  

A composite sample (a subsample of 20 individual samples randomly collected from 0-10 cm depth 
across the site) was collected for soil ‘fertility’ analyses (representing the typical soil testing that is 
performed on farming properties to determine the nutrient status of the topsoil). A sixth and final 
individual sample was collected from 0-10 cm depth for soil microbial analyses. 

Soil laboratory analyses were undertaken to determine the chemical and biological status of the 
Winona soil. The resulting dataset also provided an insight into current soil condition, potential 
productivity and allowed the soil to be classified according to the Australian Soil Classification (Isbell 
and NCST 2016) for the purposes of communication and land use management. 

Four individual samples and one composite sample were submitted to Environmental Analysis 
Laboratories (EAL), a National Association of Testing Authorities (NATA) and Australian Soil and 
Plant Analysis Council (ASPAC) accredited laboratory. The sixth individual sample was submitted to 
Microbiology Laboratories Australia for analysis of soil microbial functional groups. 
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Results and Interpretation 
A desktop review of the Australian Soil Classification Soil Type map of NSW (OEH 2012) suggested 
the Winona soil belonged to the Turill soil landscape (Murphy and Lawrie 1998) and is likely to be 
either a Rudosol or Tenosol (known locally as light, granitic soils). Based on existing soil landscape 
mapping, the third dominant soil type at Winona is Sodosols (OEH 2012). 

One objective of assessing soils in the field and the laboratory is to confirm existing soil mapping. 
Based on the description of the soil observation in the field and the chemical analyses by the 
laboratory, the Winona soil was classified as a Brown Chromosol according to the Australian Soil 
Classification (Isbell and NCST 2016). The existing mapping of the Winona soil orders (OEH 2012) 
and the concept of the soil orders according to Isbell et al. (1997) are summarised in Table 1. 

Table 1 Mapped Winona soil orders and concept (Isbell & NCST 2016). 

Soil Order Concept 

Chromosols1 Soils with an abrupt increase in texture between the topsoil and subsoil 
which are not strongly acid or sodic 

Rudosols2 Soils with negligible (rudimentary) pedologic organisation (soil 
development) 

Sodosols2 Soils with an abrupt increase in texture between the topsoil and subsoil 
which are sodic (high in exchangeable sodium) but not strongly acid 

Tenosols2 Soils with weak (tenuous) pedological organisation (soil development) 
in the subsoil 

1 Winona soil assessment (Soils For Life 2020). 
2 Australian Soil Classification Soil Type map of NSW (OEH 2012). 
 

The interpretation and description of the Winona site and the Winona soil observation according to the 
Australian Soil and Land Survey Field Handbook (NCST 2009) is summarised in Figure 4 and Figure 
5. 

The laboratory results (soil chemical properties) are summarised in Table 2 and were interpreted 
following research into the existing literature to determine the desirable ranges for soil chemical 
properties and by applying expert knowledge.  

The desirable ranges serve as a general indication for the grazing of pastures in NSW (Peverill et al. 
1999; Horneck et al. 2011; Hazelton and Murphy 2016). A “traffic light” approach representing good, 
moderate or poor allows the status of each of the soil properties to be assessed at a glance.  

The soil biological properties assessed for the Winona soil serve as an indicator of the general health 
and resilience of the soil system. The results of the analyses conducted by Microbiology Laboratories 
Australia (2020) are presented in Figure 6 and Figure 7. 
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Figure 4 Winona site information. 

 

 
Figure 5 Winona soil description.    
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Figure 6 Microbial indicators of an individual topsoil (0-10 cm) sample from the Winona soil. 
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Results and Interpretation 
A desktop review of the Australian Soil Classification Soil Type map of NSW (OEH 2012) suggested 
the Winona soil belonged to the Turill soil landscape (Murphy and Lawrie 1998) and is likely to be 
either a Rudosol or Tenosol (known locally as light, granitic soils). Based on existing soil landscape 
mapping, the third dominant soil type at Winona is Sodosols (OEH 2012). 

One objective of assessing soils in the field and the laboratory is to confirm existing soil mapping. 
Based on the description of the soil observation in the field and the chemical analyses by the 
laboratory, the Winona soil was classified as a Brown Chromosol according to the Australian Soil 
Classification (Isbell and NCST 2016). The existing mapping of the Winona soil orders (OEH 2012) 
and the concept of the soil orders according to Isbell et al. (1997) are summarised in Table 1. 

Table 1 Mapped Winona soil orders and concept (Isbell & NCST 2016). 

Soil Order Concept 

Chromosols1 Soils with an abrupt increase in texture between the topsoil and subsoil 
which are not strongly acid or sodic 

Rudosols2 Soils with negligible (rudimentary) pedologic organisation (soil 
development) 

Sodosols2 Soils with an abrupt increase in texture between the topsoil and subsoil 
which are sodic (high in exchangeable sodium) but not strongly acid 

Tenosols2 Soils with weak (tenuous) pedological organisation (soil development) 
in the subsoil 

1 Winona soil assessment (Soils For Life 2020). 
2 Australian Soil Classification Soil Type map of NSW (OEH 2012). 
 

The interpretation and description of the Winona site and the Winona soil observation according to the 
Australian Soil and Land Survey Field Handbook (NCST 2009) is summarised in Figure 4 and Figure 
5. 

The laboratory results (soil chemical properties) are summarised in Table 2 and were interpreted 
following research into the existing literature to determine the desirable ranges for soil chemical 
properties and by applying expert knowledge.  

The desirable ranges serve as a general indication for the grazing of pastures in NSW (Peverill et al. 
1999; Horneck et al. 2011; Hazelton and Murphy 2016). A “traffic light” approach representing good, 
moderate or poor allows the status of each of the soil properties to be assessed at a glance.  

The soil biological properties assessed for the Winona soil serve as an indicator of the general health 
and resilience of the soil system. The results of the analyses conducted by Microbiology Laboratories 
Australia (2020) are presented in Figure 6 and Figure 7. 
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Figure 8 Pasture cropping and sheep grazing, the two dominant land uses supported by the Winona soils. 

Conclusions 
• The Winona soils are inherently low in fertility and susceptible to degradation due (primarily) 

to the parent material from which they have formed. 

• The moderate C:N and labile carbon levels as a result of three years of drought suggest the 
Winona soil may benefit from the addition of organic matter to increase the capacity to retain 
and supply nutrients to plants. 

• Although total soil biomass is good, microbial diversity is considered moderate and the 
balance of fungi and bacteria could be improved by building the bacterial biomass. 

• Maintaining the nutrient status and neutral pH in soils with a low capacity to retain nutrients 
indicates land use and management is appropriate to the soil and landscape. 

• Regenerative land management practices have greatly decreased the reliance on fertilisers, 
herbicides and pesticides. 

• Abundant ground cover across the majority of Winona has increased soil resilience and 
minimised the risk of soil loss and land degradation.  
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