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Introduction 
This report presents a desktop review of existing soil information and a field and laboratory 
assessment of two soil profiles on the Colodan property to complement the Colodan Ecological 
Report. The purpose of undertaking the soil assessments was to collect and interpret soil data 
and information to increase our knowledge and understanding of the soil in relation to land 
management practices implemented on the property. 

Geology
The Redbank and Little Well soils have formed in situ (in place) from the weathering of acid intrusive rocks 
associated with the Auburn Complex (Carboniferous to Triassic), which includes adamellite, granodiorite 
and gabbro (Dear 1971) and associated Quaternary alluvium including gravels, sands and muds typically 
associated with present day drainage systems (Donnellan and Searle 1999). Detailed (1:100K scale) surface 
geology accessed through the Queensland Globe (NRME 2020) shows the Redbank site occurs on the 
Colodan Granodiorite and the Little Well site occurs on the Tecoma Granodiorite.

Soils
As presented in the Colodan Ecological 
Report, three indicative land types1  

were identified on Colodan using the 
Queensland Government’s FORAGE tool 
(Zhang and Carter 2018):

1. Mountains and ranges with shallow  
 rocky soils  
 (approximately 50% of the property).

2. Alluvial plains with structured clay soils  
 (approximately 20% of the property). 

3. Non-alluvial plains with sodic  
 and non-sodic texture-contrast soils  
 (approximately 25% of the property).

A small area of Colodan is characterised 
by undulating low hills and plateaus 
(approximately 5% of the property).

1 Land types are generated from a GIS shapefile which is developed based on regional ecosystems mapping and Grazing Land Management (GLM) information (State 
of Queensland 2019).
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This soil report is based on the best available existing soil mapping for the region and focuses on the 
Redbank and Little Well sites located within Colodan’s Redbank and Little Well paddocks. Both sites occur on 
the Wingfield 1 Land System2  (Donnellan and Searle 1999), the concept of which is described as undulating 
to rolling low hills on acid intrusive rocks associated with:

• Shallow to moderately deep, red and brown, non-sodic texture-contrast soils

• Moderately deep to deep, grey and brown, sodic texture-contrast soils

• Uniform, coarse-textured soils.

The adjacent Land System to the north-east of the Redbank and Little Well sites is Harrami. The concept 
of the Harrami Land System is described as undulating and minor rolling low hills on sedimentary rocks, 
metasediments and intermediate volcanic rocks associated with:

• Shallow to moderately deep, red and brown gradational soils and non-cracking clays

• Red, brown and black cracking clays.

Soil development in general is a result of at least five (major) soil-forming factors: climate, organisms, relief, 
parent material and time. These factors interact to give soils their unique, inherent characteristics that 
determine how well a soil functions as a storer, supplier and cycler of nutrients, carbon and water, and as a 
habitat. 

At Colodan, soil productivity may be defined as the capacity of the soils to produce a certain pasture 
yield to support the grazing of cattle or the capacity of the soils to sustain a carbon forestry program 
while maintaining or improving landscape resilience. An understanding of soil function is fundamental to 
maximising soil productivity while avoiding all forms of soil and land degradation. 

Methods
Above-ground observations and measurements such as groundcover and yield are considered useful 
indicators of productivity. However, below-ground soil observations and measurements better reflect soil 
capability3 and soil condition4, two of the four factors that determine the productive potential of land. The 
remaining two factors, seasonal temperatures and water availability, are discussed further in the Colodan 
Ecological Report). 

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).

Site selection
Two sites were selected for soil observation at Colodan based on “The Site Concept” of Speight and 
McDonald (NCST 2009). Sites were selected for further investigation based on whether they were considered 
representative of landform, vegetation, land surface and other land features at Colodan. The Redbank and 
Little Well sites (Figure 1 and Figure 2) are considered representative of approximately 25% of the Colodan 
land area.

2 A land system is a recurring pattern of geology, topography, soils and vegetation.
3 Soil (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).
4 Key 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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Soil observation
The location of the soil observation at each of the sites 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 6).

The Colodan soils were sampled by push tube resulting in two intact cores of 50 mm diameter. The soil 
profiles (Figure 3 and Figure 4) were 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 2 The Little 
Well site selected as 
representative of the 
typical landform, 
vegetation (regrowth) 
and land features at 
Colodan.

Figure 1 The Redbank site 
selected as representative 
of the typical landform, 
vegetation (mature) and land 
features at Colodan.
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Soil sampling
REDBANK
One individual soil sample was collected from 0-19 cm, 19-35 cm and 35-56 cm depths in the excavated 
Redbank soil profile (three individual samples in total) for soil chemical analyses. These depths represent 
the observed (to be confirmed following laboratory analysis) soil horizons (layers of soil displaying different 
characteristics) 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. The sample taken for fertility analysis represents the typical 
soil testing that is performed on farming properties to determine the nutrient status of the topsoil. A fifth 
and final individual sample was collected from 0-10 cm depth for soil microbial analyses.

Figure 3 The Redbank soil profile (Galloway 2020). Figure 4 The Little Well soil profile (Galloway 2020).
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LITTLE WELL
One individual soil sample was collected from 0-22 cm, 22-38 cm and 38-55 cm depths in the excavated 
Little Well soil profile (three individual samples in total) for soil chemical analyses. These depths represent 
the observed (to be confirmed following laboratory analysis) soil horizons (layers of soil displaying different 
characteristics) deduced from the profile description data. 

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

A total of three individual samples and one composite sample for the Redbank and Little Well soils 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 individual samples 
collected at 0-10 cm were submitted to Microbiology Laboratories Australia for analysis of soil microbial 
functional groups.

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

Results and Interpretation
One objective of assessing soils in the field and the laboratory is to confirm and/or update historical 
information and existing soil mapping. Historical soil mapping shows the dominant soil types at Colodan 
include Rudosols, Chromosols, Sodosols, Dermosols and Vertosols. The land systems mapping of Donnellan 
and Searle (1999) and the concept of the soil orders of Australian Soil Classification (Isbell et al. 1997) 
relative to Colodan are summarised in Table 1.

Table 1 Landforms, land types, land systems, the ASC Soil Order and the concept of the ASC soil orders (Isbell and NCST 2016) on the Colodan property identified 
from previous mapping and/ or observation.

1 State of Queensland (2019); 2 Donnellan and Searle (1999); 3 Isbell and NCST (2016); 4 Isbell et al. (1997). 

Landform 
(Land type1) Land System2 Soil Order3 Concept of the Spil Order4

Mountains and 
ranges (F20)

Wingfield 1 Rudosol Soils that have been little affected by soil forming 
processes and show negligible development

Plains 
(FT28)

Wingfield 1 Chromosol Soils that have an abrupt increase in texture 
between the topsoil and subsoil and are not 
strongly acid or sodic

Plains  
(FT28)

Wingfield 1 Sodosol Soil that have an abrupt increase in texture 
between the topsoil that are sodic

Alluvial Plains 
(FT2)

Harrami Dermosol Moderately well structured, non-cracking clay soils 
lacking an abrupt increase in texture between the 
topsoil and subsoil

Alluvial Plains 
(FT2)

Harrami Vertosol Well-structured, cracking clay (>35% clay) soils 
lacking an abrupt increase in texture between the 
topsoil and subsoil
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Site and soil description
The Redbank and Little Well sites and soils were interpreted and described according to the Australian Soil 
and Land Survey Field Handbook (NCST 2009). The interpretation and description of the Redbank site and 
soil observation is summarised in Figure 5 and Figure 6. The interpretation and description of the Little Well 
site and soil observation is summarised in Figure 7 and Figure 8. Based on the soil description in the field 
and the chemical analyses by the laboratory, the Redbank and Little Well soils were classified as Brown 
Chromosols (Isbell and NCST 2016).

SITE INFORMATION Site Information

Project (Property)
Colodan

Date
9 October 2020

Scribe  
J. Galloway

Location (Paddock)
 Redbank

Observation Type 
(e.g. auger boring)

Map Sheet No. ASC (existing 
mapping)

Chromosols 
and Sodosols

Woody 
Ground Cover % Sparse 

(10-30%)
Aspect

North
Map Scale ASC Ground 

Truth Brown Chromosol

Non-woody 
Ground Cover % Dense 

(>70%) 
Slope %

4
Rock Outcrop

No rock outcrop
Erosion Type

Drainage (site)

Moderately well-drained

Erosion Extent

Landform Land Use
Grazing

Erosion State

Microrelief 

Type

Vertical (m)

Horizontal (m)

Sampled

Dominant Vegetation Form GPS Longitude (Decimal Degrees to 5 places) 
150.714268°

Secondary Vegetation Form  
Water (sheet)

Relatively undisturbed 
core

GPS Latitude (Decimal Degrees to 5 places) -
24.992579°

Minor or present

Landscape Photo (Facing North) Landscape Photo (Facing East) Soil Surface Condition Site Type (check site, described site, 
described + sampled site)

Vegetation (list all species) Narrow leaved ironbark (Eucalyptus crebra ) woodland wth Black Spear grass (Heteropogon contortus ) and 
Red Natal (Melinis repens ). Associated species include Bloodwood (Corymbia erythrophloia ) and Moreton Bay ash (Corymbia 
tessellaris ).

Other Information

Upper slope
Soil Surface Condition 

Loose Active

Dominant Vegetation 1 Dominant Vegetation 2 Other Photo

Landscape Photo (Facing South) Landscape Photo (Facing West) Soil Surface Condition

Figure 5 Redbank site information.
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Soil Description

Clear 
(20-50 mm)

Many 
(25-200)

Smooth Fine 
(1-2 mm)

Abrupt 
(5-20 mm) 2-10 %

Many 
(25-200)

Smooth 2-6 mm
Fine 

(1-2 mm)

Gradual 
(50-100 mm)

20-50 % Many 
(25-200)

Smooth 2-6 mm Fine 
(1-2 mm)

Gradual 
(50-100 mm)

20-50 % Common 
(10-25)

Irregular 2-6 mm Very fine 
(<1 mm)

Other information (including observed aggregate stability)
Soil profile also contained mica flecks. Classified as a Haplic [CD], Eutrophic [AH], Brown [AB), Chromosol [CH] (Isbell and NCST 2016).

C 120

Moderate
Very strong 

(dry) 7 0.054

Moderate
Very strong 

(dry) 7 0.053 35-56

Angular 
blocky

Angular 
blocky

A2j 35

B22 88
Medium Clay 

(coarse 
sandy)

10YR3/3 
(10YR4/3)

B21 56
Light Clay 

(coarse 
sandy)

10YR4/3 
(10YR5/4)

6.5 0.055 0-19
Sandy Loam 

(coarse)
10YR3/2 

(10YR4/2)
Subangular 

blocky Weak 

Sandy Loam 
(coarse)

10YR4/2 
(10YR5/2)

Subangular 
blocky Weak 

Weak 
(dry) 6.5 0.038 19-35

A1 19

Structure 
(grade)

Consistence 
(soil water 

status)

Roots 
(abundance, 

size)

Horizon Depth of 
Horizon  

(cm)

Profile Photo Boundary 
(distinctness, 

shape)

Weak 
(dry)

Field pH Field EC 
(dS/m)

Depth of 
Sample for 

Lab (cm)

Field Texture 
(grade)

Moist Colour
(Dry Colour)

Mottle 
(colour, 

abundance)

Segregations 
(abundance, 

nature)

Coarse 
Fragments 

(abundance, 
size)

Structure 
(type)

SOIL DESCRIPTION

Figure 6 Redbank soil description.
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Site Information

Project (Property)
Colodan

Date
9 October 2020

Scribe  
J. Galloway

Location (Paddock)
 Little Well

Observation Type 
(e.g. auger boring)

Map Sheet No. 
NA

ASC (existing 
mapping)

Chromosols and
Sodosols 

Woody 
Ground Cover % Sparse 

(10-30%)
Aspect

East 
Map Scale 
NA

ASC Ground 
Truth Brown Chromosol

Non-woody 
Ground Cover % Dense 

(>70%) 
Slope %

9
Rock Outcrop

No rock outcrop
Erosion Type

Drainage (site)

Moderately well-drained

Erosion Extent

Landform Land Use
Grazing

Erosion State

Microrelief 

Type

Vertical (m)

Horizontal (m)

Sampled

Dominant Vegetation Photo 1 Dominant Vegetation Photo 2 Other Photo

Other Information

Landscape Photo (Facing South) Landscape Photo (Facing West) Soil Surface Condition Photo

Landscape Photo (Facing North) Landscape Photo (Facing East) Soil Surface Condition Photo Site Type (check site, described site, 
described + sampled site)

Relatively undisturbed core GPS Latitude (Decimal Degrees to 5 places) -
24.987615°

Minor or present

Upper slope
Soil Surface Condition 

Loose Active

Vegetation (list all species) Juvenile Narrow-leaved ironbark (Eucalyptus crebra ) woodland wth Black Spear grass (Heteropogon 
contortus ), Kangaroo grass (Themeda triandra ), Forest Blue grass (Bothriochloa bladhii ) and Wire grass (Aristida spp .). Associated 
species include Bloodwood (Corymbia erythrophloia ) and Broad leaved ironbark (Eucalyptus melanophloia )

Dominant Vegetation Form GPS Longitude (Decimal Degrees to 5 places) 
150.733772°

Secondary Vegetation Form  
Water (sheet)

SITE INFORMATION

Figure 7 Little Well site information.
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Soil Description

Clear 
(20-50 mm)

<2 % Many 
(25-200)

Smooth 2-6 mm Fine 
(1-2 mm)

Abrupt 
(5-20 mm)

2-10 % Many 
(25-200)

Smooth 2-6 mm Fine 
(1-2 mm)

Gradual 
(50-100 mm)

20-50 % Many 
(25-200)

Smooth 2-6 mm Fine 
(1-2 mm)

Gradual 
(50-100 mm)

<2 % 20-50 % Common 
(10-25)

Smooth Manganese 2-6 mm Very fine 
(<1 mm)

2-10 % 50-90 % Few 
(1-10)

Manganese 2-6 mm Very fine 
(<1 mm)

22-38

Field pH Field EC 
(dS/m)

Depth of 
Sample for 

Lab (cm)

Mottle 
(colour, 

abundance)

Segregations 
(abundance, 

nature)

Coarse 
Fragments 

(abundance, 
size)

6.5 0.029

Structure 
(type)

6.5 0.054 0-22

Consistence 
(soil water 

status)

Roots 
(abundance, 

size)

Structure 
(grade)

Sandy Loam 
(coarse)

10YR4/3 
(10YR5/3)

Weak 
(dry)

Weak 
Weak 
(dry)

Weak 
Subangular 

blocky

Subangular 
blocky

Field Texture 
(grade)

Moist Colour
(Dry Colour)

Sandy Loam 
(coarse)

10YR3/2 
(10YR4/2)

Horizon Depth of 
Horizon  

(cm)

Profile Photo Boundary 
(distinctness, 

shape)

A2j 38

A1 22

Very strong 
(dry) 7 0.051B22 78

Medium Clay 
(coarse 
sandy)

10YR3/3 
(10YR4/3)

Angular 
blocky Moderate

Very strong 
(dry) 7 0.043 38-55B21 55

Light Clay 
(coarse 
sandy)

10YR4/3 
(10YR5/3)

Angular 
blocky Moderate

7 0.45

Other information (including observed aggregate stability)
Soil profile  also contained mica flecks. Classified as a Haplic [CD], Mesotrophic [AG], Brown [AB), Chromosol [CH] (Isbell and NCST 2016).

Very strong 
(dry)Apedal MassiveB23 120

Medium 
Heavy Clay 

(coarse 
sandy)

10YR4/3 
(10YR4/3)

SOIL DESCRIPTION

Figure 8 Little Well soil description. 
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TABLE 2 REDBANK SOIL CHEMISTRY
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TABLE 3 LITTLE WELL SOIL CHEMISTRY
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Soil chemistry
The laboratory results (soil chemical properties) for the Redbank and Little Well soils are summarised 
in Table 2 and Table 3 respectively 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 (Peverill et al. 1999; Horneck et al. 
2011; Hazelton & Murphy 2016). A “traffic light” approach representing good, fair, poor (or low, moderate, 
high) allows the status of each of the soil properties to be assessed at a glance. 

Soil biology
The soil biological properties assessed for the Colodan soils serve as an indicator of the general health and 
resilience of the soil system. The results of the microbial analyses for the Redbank soil are presented in 
Figure 9 and Figure 10. The results of the microbial analyses for the Little Well soil are presented in Figure 11 
and Figure 12. Both soil samples were analysed by Microbiology Laboratories Australia (2020).

Figure 9 Microbial indicators of an individual topsoil (0-10 cm) sample from the Redbank soil.
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Figure 10 Key microbial functional groups of an individual topsoil (0-10 cm) sample from the Redbank soil.
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Figure 11 Microbial indicators of an individual topsoil (0-10 cm) sample from the Redbank soil.



1 6

Colodan Soil Report

C A S E  S T U D YC O L O D A N

Figure 12 Key microbial functional groups of an individual topsoil (0-10 cm) sample from the Redbank soil.
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Discussion
The soil physical properties assessed for the Redbank and Little Well soils are useful indicators of the soil 
physical condition and potential to resist degradation. Soil physical properties such as texture and structure 
govern soil water relations and can restrict plant root elongation and shoot emergence.

The coarse, sandy loam topsoils of the soils indicates nutrient and water holding capacity may be limited. 
The coarse sandy component of the subsoils (B horizon) and gradual increase in texture from a light to 
medium clay to approximately 80 cm in both profiles will result in improved nutrient and water retention. 

Neither profile portrays obvious physical limitations, however the land manager confirmed these soils can 
become saturated. Given there is no evidence of mottling (indicating infrequent wetting and drying of the 
soil over time), the abrupt increase in clay at approximately 40 cm depth in both soils, and the bulk density 
of the subsoils is the likely cause of short-term soil saturation after heavy or prolonged rainfall.

While the increase in clay in the subsoils provides for long term water storage, under typical weather 
conditions the moderate, blocky structure of the Redbank subsoil (Figure 6) and the Little Well subsoil (Figure 
8) allows for the movement of water and nutrients and will not limit the growth of plant roots (very fine roots 
are common at approximately 80 cm depth in both profiles).

The soil chemical properties assessed for the Redbank and Little Well soils are useful indicators of the soil 
chemical condition, including the potential to retain nutrients. The pH of both the Redbank and Little Well 
soils is in the neutral range (pHCaCl 5.0-6.5) and will not constrain the availability of plant nutrients, the 
survival of soil biology, or pasture production. 

The electrical conductivity (EC) is very low indicating salinity is not an issue, and the exchangeable sodium 
percentage (ESP) is also low (<3%) indicating both soils are stable.

The common macro-nutrients of calcium (Ca2+), magnesium (Mg2+), sodium (Na+) and potassium (K+) 
are key chemical elements influencing the characteristics of the agricultural and native ecosystems (Gray 
and Bishop 2018). In the Redbank and Little Well soils, these basic cations are all at the lower end of their 
respective desirable ranges resulting in a low to moderate to cation exchange capacity (CEC). 

The soil chemistry results, when considered alongside the soils’ physical properties (coarse sandy texture 
component and moderate to well-developed structure), suggest that the Redbank and Little Well soils have a 
low to moderate capacity to retain nutrients.

In comparison to the Redbank and Little Well soils’ average CEC of 5.5 meq/100 g, organic matter has a 
very high CEC ranging from 250 to 400 meq/100 g (Moore 1998). Building soil organic matter will therefore 
increase the capacity of the Colodan soils to supply and retain both water and nutrients. 

Total soil nitrogen and total soil carbon are at the lower end of their respective desirable ranges. The total 
carbon levels in both the Redbank and Little Well soil profiles are moderate however, the topsoil (0-10 cm) 
samples have desirable levels of carbon. The labile carbon (representing more recent additions of organic 
matter) component of the total soil carbon in both soils is low (below the desirable range). 

Because labile soil carbon is a food source for the soil microbes that recycle nutrients, the nutrient supply 
to pastures may be less than optimal. The good C:N is somewhat deceiving and is a result of the very low 
levels of total nitrogen in both soils. Regardless of the C:N, the addition of an appropriate form (or forms) of 
organic matter will contribute to further improvements in the health and condition of the Colodan soils. 

The soil biological indicators of total soil biomass and key functional groups are rated good for both the 
Redbank and Little Well soils. The exception being nutrient accessibility in the Redbank soil, which rates as 
fair. The level of microbial diversity is also rated fair. True anaerobes in both soils were elevated. This is likely 
due to either waterlogging or compaction. The  fungi:bacteria is also elevated in both soils indicating an 
imbalance in both groups. 
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Conclusions
• Until the year 2000, Colodan was under what would typically be considered conventional management of  
 set stocking with pasture productivity promoted through the killing of native trees. Active soil erosion was  
 evident.

• The first step towards changing land management practice involved fencing and the installation of water  
 supply infrastructure which resulted in gradual improvements in groundcover.

• Pasture productivity was further improved following the introduction of rotational grazing and a reduction  
 in stock numbers and the introduction of cool burns.

• The Redbank and Little Well soils are classified as Chromosols, however the sodic versions of these  
 soils (Sodosols) also occur on Colodan. Sodosols (texture-contrast soils with high sodium percentage)  
 are dispersive and highly susceptible to erosion and their disturbance should be avoided.

• The increased focus on managing grazing and groundcover and the reintroduction of trees through carbon  
 farming projects is contributing to the protection of the land areas susceptible to erosion.

• The Redbank and Little Well soils display favourable physical conditions however, their coarse sandy loam  
 topsoils may be prone to nutrient deficiency.    

• The low labile carbon levels suggest the Colodan soils would benefit from the addition of organic matter  
 to increase the capacity to retain and supply both water and nutrients to plants.

• While total soil biomass is good in both soils, microbial diversity is considered fair. Both microbial diversity  
 and microbial balance could be improved.

• Ongoing implementation of land management practices that regenerate the landscape, such as tree  
 planting, rotational grazing to improve perennial pasture productivity, and groundcover retention will  
 contribute to improved soil condition across the property.
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