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EXECUTIVE SUMMARY 
Kalbar Operations Limited (Kalbar) propose to operate a mineral sand mine (the project) 
in Glenaladale, Victoria.  

The project area is approximately 1,675 ha, of which approximately 1,350 ha will be 
disturbed. Kalbar anticipates an average volume of 21 million cubic metres of material 
excavated every year. This includes topsoil, overburden, sand tailing and fine tailings. 

Overburden and tailings (non-economic sand, silts and clay) will be returned to mine 
voids as part of the rehabilitation process. These will be covered with topsoil to establish 
a post mining soil profile. 

The purpose of this study was to assess potential for use of overburden as a subsoil layer 
in rehabilitated areas, and to identify the management inputs required to ensure 
acceptable outcomes in terms of water movement and plant growth.  It follows an initial 
study of the use of fine and coarse (sand) tailings as subsoil materials (Landloch 2020b). 

Landloch tested two Haunted Hills Formation (HHF) overburdens for use as subsoils:  

• Gravelly HHF, containing gravel ranging from fine to cobbles up to 200 mm in 
diameter.  

• Sandy HHF. 

Overburdens were assessed for key soil chemical and physical properties, to enable 
calculation of amendment and fertiliser requirements.  

The topsoil used had previously been analysed in the initial profile reconstruction study 
(Landloch 2020b). 

Several overburden and coarse tailings blends were selected for testing on the basis of 
hydraulic conductivity measurements. 

Soil profiles were constructed from 70 cm of subsoil (overburden blends) overlain by 20 
cm of topsoil. Two treatments, unfertilised and fertilised, were applied to each profile 
blend. 

As this experiment was carried out during summer, the soil profiles were planted with 
summer-active species - Lucerne and Tall Fescue. Three successive water regimes were 
applied. The first of which was the equivalent of 30 mm of rain per week. This proved 
not enough water for plants due to a particularly hot Toowoomba summer, and after five 
weeks water application was increased. The second simulated a prolonged wet period 
with the equivalent of 60 mm rain weekly for 4 weeks. The third simulated storm events 
of 100 mm occurring twice during a 7 week period (at the beginning, and again after 
3 weeks).  

Plants were harvested for biomass determination following the second and third watering 
sequences. 

Results from this study showed that: 

• Fertilised subsoils produced greater biomass than their non-fertilised 
counterparts.  

• Subsoils with higher clay contents had higher soil water holding and nutrient 
holding capacity.  



 

 

Profile reconstruction HHF overburden | 2 

• All fertilised and amended subsoils had lower exchangeable sodium percent 
following final harvest, which can be attributed to the inclusion of gypsum in the 
fertiliser/amendment treatment.  

Recommendations made from results are: 

• Fertiliser rates for topsoil and subsoils should be based on appropriate chemical 
analysis carried out during soil profile establishment. For topsoil consideration 
should be given to: 

o Including a slow release N fertiliser for example coated urea. 
o Options for increasing soil potassium to sustainable levels. 
o Managing boron levels to avoid both deficiency and toxicity. 

• An increase in the rate of lime is required to maintain appropriate pH levels in 
topsoils. 

• Further investigation into the apparent lack of response to subsoil water holding 
capacity of the HHF. 

• Changing gypsum application method and rate to avoid hard setting of HHF 
subsoils. 

• Compost inclusion in both topsoil and subsoil. 
• The size of the site means variability in topsoil and overburden physical and 

chemical properties will be high.  
o Topsoil samples should be taken at a frequency of one sample per 10 

ha.  
o When intended to be used in rehabilitation, overburden should be 

sampled and analysed at an initial frequency of one sample per 15,000 
m3 of overburden. 

 
It was noted that across the two profile reconstruction studies, a number of subsoil 
blends achieved growth consistent with a “fertilised naturally occurring sandy profile”. 
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1 INTRODUCTION  

1.1 Background to mining project   
The Fingerboards Mineral Sands Project (the project) is located in East Gippsland, 
Victoria and involves mining of mineral sands from the Fingerboards resource, which 
lies within the more extensive Glenaladale deposit. Kalbar Operations Limited (Kalbar) 
proposes to mine areas of enriched grades of mineral sands occurring close to the 
ground surface within the project area. Kalbar proposes to construct, operate, 
rehabilitate and (ultimately) close the mineral sands mine and associated infrastructure 
that form the project. 

The proposed project area is approximately 1,675 hectares (ha), of which about 1,350 
ha is proposed to be directly disturbed by mining and infrastructure over the life of the 
project.  The mine life includes approximately two years for construction and 
commissioning and 15 years of production at full capacity (12 Mt/year) followed by 
closure activities (decommissioning, rehabilitation and post-closure). Final closure may 
require an additional five years of management.  

At closure, the current intent is for approximately 62% of the mined land (largely 
occupying the Fingerboards plateau) to be returned to its pre-mining land use (grazing) 
and to a similar or greater level of productivity.  The remainder of the mined area will 
be returned to other (largely native) ecosystems.   

Anticipated average volumes of materials excavated/moved per year (Table 1) show 
that overburden is the dominant material, with a significant volume of coarse (sand) 
tailings. 

 

Table 1:  Anticipated volumes of materials to be excavated annually 

Material Thickness (m)  Average Volume 
Moved (m3) per 

annum  
Topsoil  0.2-0.3  312,651  
Overburden  Up to 30  14,324,594  
Sand tailings  Not Applicable  5,598,538  
Fine tailings  Not Applicable  1,560,222  

 

Overburden is largely composed of material from the Haunted Hills Formation (HHF), 
which largely consists of two layers: 

• An upper sandy clay unit; and 
• A basal gravel deposit. 

 

1.2 Soil management for rehabilitation 
Soil currently present on the Fingerboards project site have a number of limitations to 
their ability to support productive pastures or other ecosystems.   
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Landloch (2020a) found that topsoils are generally sandy and acidic with deficiencies 
in phosphorous (P), potassium (K) and trace elements.   

Current physical limitations associated with subsoils were noted by Landloch (2020a) to 
be so severe that, for site rehabilitation, it would be more effective to replace the existing 
subsoils with a layer of alternative material that will be more physically and chemically 
productive.   

It was noted that research was needed to identify appropriate materials for subsoil 
replacement, and to identify amelioration requirements and practices to ensure suitable 
“subsoil” performance.  A study has been completed assessing the potential productivity 
and management of subsoils composed of mixtures of coarse (sand) and fine tailings 
(Landloch 2020b), but information on performance and management of soil profiles with 
“subsoils” composed of overburden materials is still required. 

1.3 Aims of this study 
This study was carried out to assess the potential for use of overburden materials as a 
subsoil layer underlying topsoil, and to demonstrate methods for material amendment 
and management on the basis of material properties.  Obviously, as mining moves 
across the project area, properties of both topsoils and overburdens will vary 
significantly, so the methods developed for profile preparation need to be able to take 
those variations into account.   

This study: 

• Assessed/measured chemical and physical properties of the various overburden 
materials trialled; 

• Developed “best bet” blends or materials for trialling; 
• Measured impacts of subsoil type on plant growth; and  
• Measured impacts of fertilisation and amendment of both topsoil and subsoil on 

plant growth and some soil properties. 

The results obtained provide initial guidance on options for forming subsoils in 
rehabilitated areas, and on strategies (materials, mixtures, and amendments) for 
developing effective “subsoils”, though further trials of rehabilitation methods are 
advisable.  As well, it should be expected that there will be continuing improvement in 
rehabilitation methods throughout the life of the project. 

2 MATERIALS USED FOR SOIL PROFILE RECONSTRUCTION 
This study used profiles formed with topsoil overlying “subsoils” formed of various 
materials or mixtures thereof. 

The topsoil is a loamy sand taken from one location on the north east of the McMahon 
property (within the Kalbar mining lease area) and considered to be typical of what is 
found at the site.  (Study of soils present on the project area (Landloch 2020a) found 
only slight spatial variation in topsoil properties.)  

Two Haunted Hills Formation (HHF) overburden samples were provided to Landloch and 
used in the study:   
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• gravelly HHF, with gravel within the sample provided ranging from fine to 
cobbles up to 200 mm in diameter.  This was a bulk composite from sonic drill 
holes from the 2017 sonic program (Figure 1). The Gravelly Sand of the HHF is 
the dominant overburden in the north and east of the project, where the 2017 
sonic program was focused. 

• sandy HHF.  This was a composite of core from the 2016 and 2017 air core 
program (Figure 1). The Silty Clay of the HHF is the dominant overburden in the 
south and west of the project area. 

Coarse (sand) tailings was also used in the study, as mixtures with overburden in an 
attempt to increase hydraulic conductivity.   

The sample of sand tailings used had been produced as part of processing during a 
2017 metallurgical test.  Bulk sample was taken from 7 inch diameter sonic cores from 
an area which will be mined during the first 5 years of production.   

Clay HHF was not used in this study, as its fine texture and unstable clay would clearly 
make this material’s permeability so low that it would be unsuitable for placement close 
to the soil surface. 

2.1 Agronomic and physical properties 

2.1.1 Particle size distributions 
Measured particle size distributions (Table 2) show key differences between the four 
materials: 

• Low clay content in the topsoil; 
• Extremely low clay and silt content in the coarse tailings; 
• High proportion of gravel and sand sized particles in the gravelly HHF; and 
• Higher proportion of sand and clay sized particles in the sandy HHF.   

These quite large differences in particle size distribution can be expected to have 
similarly large effects on the physical attributes of the materials studied.   

 

Table 2: Particle size distributions for the materials studied.   

Analyte Unit Topsoil Coarse 
Tailings (T200) 

Gravelly 
HHF 

Sandy 
HHF 

Gravel (>2.0mm) % 7.7 0.0 22.2 4.2 
Coarse Sand (0.2-
2.0mm) % 19.5 0.3 39.2 31.9 

Fine Sand (0.02-
0.2mm) % 49.5 95.4 22.3 24.3 

Silt (0.002-
0.02mm) % 11.9 1.1 4.7 7.8 

Clay (<0.002mm) % 6.7 0.9 11.6 31.8 
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2.1.2 Chemical fertility 
Samples of gravelly and sandy HHF overburdens were sent to Eastwest1 laboratory for 
a range of analyses.  Key analytical values are shown in Table 3, and include data for 
topsoil and coarse (sand) tails, which were analysed during the initial soil profile 
reconstruction study (Landloch 2020b).  Full analytical results are given in Appendix 1.  

Within Table 3, values that would be considered “of concern” for soil stability or 
productivity are highlighted yellow.   

 

Table 3: Chemical properties of topsoil, coarse tailings, and HHF overburdens used to 
construct soil profiles. 

Analyte Unit Topsoil 
Coarse 
Tailings 
(T200) 

Gravelly 
HHF 

Sandy 
HHF 

pH - 5.08 7.38 6.48 6.30 
Electrical 
Conductivity (EC) dS/m 0.05 0.03 0.04 0.19 

Chloride mg/kg 23.7 19.3 6.0 185.0 
Total Kjeldahl 
Nitrogen mg/kg 2033 218 510 235 

Colwell 
Phosphorus mg/kg 37.6 4.9 12.5 27.1 

Colwell Potassium mg/kg 88.8 14.8 82.90 41.1 
Sulphur mg/kg 5.4 3.0 12.6 7.7 
Organic Carbon mg/kg 3.85 <0.05 0.96 0.87 
Copper mg/kg 0.50 <0.2 0.27 0.37 
Iron mg/kg 163 2.2 <0.5 <0.5 
Manganese mg/kg 44.4 <0.5 2.65 <0.5 
Zinc mg/kg 0.62 0.23 0.27 4.62 
Boron mg/kg 0.39 <0.2 1.14 <0.4 
Cation Exchange 
Capacity (CEC) meq/100g 4.3 0.8 5.1 7.9 

Exch. Calcium  % 64.2 41.5 25.74 2.64 
Exch. Magnesium  % 19.2 20.8 57.48 73.77 
Exch. Potassium  % 7.7 25.5 5.33 2.23 
Exch. Sodium  % 4.9 10.8 11.2 21.2 
Exch. Aluminium % 4.0 1.41 0.22 0.14 

 

Broadly, the data show some clear deficiencies with respect to macro and micronutrients 
for both topsoil and “subsoil” materials that can be addressed by fertilisation.   

The high proportion of exchangeable cations sodium and magnesium2 are an issue that 
needs to be addressed for the overburdens, as those materials have sufficient clay 
content for clay dispersion to be of potential importance.  In contrast, for the sandy 

 
1 EastWest is a NATA accredited soils laboratory 
2 High proportions of exchangeable sodium and magnesium typically result in soil clay being 
dispersive when wet. 
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topsoil to some degree, and particularly for the sand tails, exchangeable cations will 
have little impact due to the low content of clay. 

2.1.3 Hydraulic conductivity of tailings mixtures 
The previous profile reconstruction study (Landloch 2020b) found that low hydraulic 
conductivities of “subsoil” blends could result in prolonged waterlogging under some 
conditions, and reduce plant growth.  That study identified a hydraulic conductivity 
consistent with that of a 50:50 mix of fine and sand tailings that appeared to be the 
minimum below which plant growth may be initially depressed.  (Continued root growth 
can result in higher rates of subsoil hydraulic conductivity being developed over time.) 

Consequently, hydraulic conductivities were measured in this study on a range of 
mixtures of gravelly HHF and coarse tailings, and sandy HHF and coarse tailings, and 
the results compared with the “acceptable minimum” conductivity value derived in the 
previous study (Figures 2 and 3).  Fine tailings was not used in any mixtures as – based 
on previous data – it was expected that resultant hydraulic conductivities would be 
extremely low and unacceptable.  Additional detail on methodology and data can be 
found in Appendix 2. 

Two treatments were used, with and without gypsum.  Specific mixtures prepared for 
assessment of hydraulic conductivity were: 

Gravelly HHF 

• G –    100% Gravelly HHF 
• G + Gyp -   100% Gravelly HHF, gypsum added 
• G 75% CT -   75% Gravelly HHF, 25% sand tailings 
• G 50% CT -   50% Gravelly HHF, 50% sand tailings 
• G 75% CT + Gyp -  75% Gravelly HHF, 25% sand tailings, gypsum added 
• G 50% CT + Gyp -  50% Gravelly HHF, 50% sand tailings, gypsum added 

 
Sandy HHF 

• S  –    100% Sandy HHF 
• S + Gyp -   100% Sandy HHF, gypsum added 
• S 75% CT -   75% Sandy HHF, 25% sand tailings 
• S 50% CT -   50% Sandy HHF, 50% sand tailings 
• S 75% CT + Gyp -  75% Sandy HHF, 25% sand tailings, gypsum added 
• S 50% CT + Gyp -  50% Sandy HHF, 50% sand tailings, gypsum added 

Gravelly HHF (Figure 2) 

The data show that addition of sand tailings to gravelly HHF overburden provided 
increases in hydraulic conductivity for some mixtures only, and that there was an 
interaction with gypsum.  

Addition of 25% sand tails to the gravelly HHF caused the hydraulic conductivity of the 
untreated sample to decrease, whereas it resulted in a large increase in hydraulic 
conductivity when gypsum was applied as well. 

For the mixture containing 50% coarse tailings, the hydraulic conductivity of the blend 
increased relative to that of the gravelly HHF, but gypsum had little effect on hydraulic 
conductivity of this mixture.  The lack of gypsum response is likely to be due to clay 
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content of the blend being too low for impacts of gypsum on clay dispersion to affect 
water movement.   

 

 
Figure 2: Hydraulic conductivity of gravelly HHF blends with and without gypsum. The 

red line on the graph represents the target hydraulic conductivity which is the 
conductivity of the 50% Coarse Tailings, 50% Fine Tailings blend (Landloch 
2018).  

 

Sandy HHF (Figure 3) 

Overall, hydraulic conductivity of the sandy HHF overburden is much lower than that of 
the gravelly HHF, and largely falls below the minimum value suggested by the previous 
profile reconstruction study (Landloch 2020a). 

The data show that hydraulic conductivity of sandy HHF increases both with the 
proportion of coarse tailings added, and with gypsum addition.   
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Figure 3: Hydraulic conductivity of sandy HHF blends with and without gypsum. The red 

line on the graph represents the target hydraulic conductivity which is the 
conductivity of the 50% Coarse Tailings, 50% Fine Tailings blend (Landloch 
2020a).  

 

2.1.4 Water holding capacity 
Plant available water capacity (PAWC)3 was measured for the gravelly HHF, sandy HHF 
and sandy HHF blends used for hydraulic conductivity testing. Data from an external 
laboratory (Appendix 3) showed that the sandy HHF – due to its higher clay content - 
has approximately double the PAWC of the gravelly HHF (Figure 4). 

For a 700 mm deep subsoil layer with bulk density of 1.3 g/cc, likely volumetric PAWC 
(based on data in Figure 4) would be: 

Gravelly HHF     50 mm 

Sandy HHF     95.6 mm 

Sandy HHF 50% with sand tailings  63.7 mm 

Sand tailings     27.3 

The data illustrate the quite large range in available water storage that can be achieved 
with differing “subsoil” materials.  It should be noted that water storage capacity of the 
sand tailings is similar (though probably slightly higher) to that of the sandy subsoils of 
the podosol soils currently present on the project site.  Gravel in the existing podosol 
soils probably reduces water storage capacity to some degree, but results from 

 
3 PAWC (gravimetric) is calculated as the difference between soil gravimetric water contents at 
lower limit (wilting point) and drained upper limit (field capacity). 
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treatments with a sand tailings “subsoil” could be regarded as an approximate 
indication of likely performance of the podosol soils present in the project area.  
(Productivity of the naturally-occurring sodosol soils would be expected to be much 
lower, due to their impermeable and hard-setting subsoils.) 

 

 
Figure 4: Plant available water capacity (PAWC) for subsoils and subsoil blend being 

used in the current trial.  

 

3 PROFILE COMPARISON – METHODOLOGY 

3.1 Soil profile reconstruction  
Soil columns of the various subsoil blends and treatments were established to quantify 
the difference in performance of the soil profiles. Detail on the setup is provided below. 

3.1.1 Column setup 
Columns were made from 1 m lengths of 210 mm internal diameter PVC pipe.  

Geotextile was used to cap the base of the columns, supported by a layer of mesh netting 
that was secured to the columns using tie wire.  The combination of the geotextile and 
mesh netting formed a base cap that would retain soil while allowing free drainage from 
the column. 

Soil profiles were formed with a 70 cm depth of “subsoil” overlain by 20 cm of topsoil, 
with an overall profile depth of 90 cm. 

During construction, columns were numbered and marked at 3 depths (illustrated in 
Figure 5). The depths were designated as:  
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• 0 cm (top of the topsoil layer) – 10 cm below the top of the PVC column; 
• 20 cm (base of the topsoil layer and top of the subsoil layer) – 30 cm below the 

top of the PVC column; and  
• 80 cm (base of subsoil layer) – 90 cm below the top of the PVC column. 

 

 
Figure 5: Soil column. 

 

Establishment of treatments without amendment or fertiliser 

For a soil profile with no fertiliser treatment, the subsoil blends were placed in the column 
first.  This was done incrementally, with compaction between small lifts until the depth of 
subsoil below the top of the soil profile was 20 cm. A 20 cm deep topsoil layer was 
then placed over the subsoil to complete the construction of a soil profile with no fertiliser 
treatment. 

Establishment of treatments with amendment and fertiliser application 

Subsoil fertilisation strategy 

For subsoils, amendments and fertilisers were incorporated into the upper 60cm of the 
subsoil, rather than the entire 70cm depth of ‘subsoil’. This was done to encourage root 
growth throughout the soil profile. The 10cm deep layer of unfertilised/amended soil at 
the base of the columns could be analysed to assess presence/absence of nutrient 
leaching if required.  

Subsoil placement 

For soil profiles that received fertiliser treatment, once subsoil had been placed to a 
depth of 10 cm, filling ceased.  The subsoil fertiliser and amendment treatment (detailed 
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below) was then added to an appropriate volume of the subsoil blend and thoroughly 
mixed.  The treated subsoil was then added to the column, filling it to a 20 cm depth 
below the final surface.  

Topsoil placement 

Fertiliser was then added to the topsoil and thoroughly mixed, and the 20 cm depth of 
topsoil was added to the column to complete construction of the soil profile.  

Watering 

Before planting, columns were irrigated using rainwater.  Water was added to each 
column until the base of the column felt damp and a small volume of water was observed 
to drain from the base. This was done to ensure that the soil profile had sufficient 
available water for seed germination and so that there was some dissolution of fertiliser 
treatments and some movement of amendment and fertiliser throughout the soil profile. 

 

3.2 Treatments 
Treatments applied consisted of a number of differing subsoil materials or blends, with 
or without fertiliser and amendment addition to topsoil and subsoil.  Duplicates of each 
treatment were prepared, and placed in two small greenhouses (designated east and 
west).  A complete set of treatments was placed in each greenhouse, representing a 
“block” for purposes of statistical analysis. 

3.2.1 Subsoils and subsoil blend 
From the results of hydraulic conductivity measurements, the following materials and 
mixtures were selected to form subsoils for testing of plant growth performance: 

• 100% Coarse tailings 
• 100% Gravelly HHF 
• 100% Sandy HHF 
• 50% Sandy HHF, 50% coarse tailings 

The 100% coarse tailings subsoil was used as a baseline treatment.  It is not greatly 
different in its physical properties to a deep podosol soil (similar to the deeper sandy 
soils currently present in the project area).  As well, this treatment enables comparison 
of results with the previous experiment (Landloch 2020a) in which it was also tested.     

3.2.1.1 Amendments and fertiliser applications 

Each subsoil or subsoil blend received two treatments: plus and minus fertiliser and 
amendment. The basis for the fertiliser and amendment additions is as follows: 

Topsoil 

• Lime was applied to topsoil to increase pH.   
• Composted manure (full properties shown in Appendix 4) was applied to 

improve soil structure, to provide a slow-release source of nutrients, and 
(possibly) to provide some short-term tie-up of soluble nutrients and reduce their 
loss by leaching.  The rate applied is, however, relatively low, because it is 
anticipated that sourcing larger quantities for rehabilitation works will be difficult, 
albeit desirable. 
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• Sulphate of ammonia (SOA) was applied to give a starter “kick” to the 
establishing vegetation by increasing soluble (available) soil N and S.  

• Potassium sulphate was applied to address the identified deficiencies in both K 
and S.   

• Trace elements were applied at a relatively high rate because (a) subsoil levels 
(in particular) were very low, (b) the applied trace elements were being mixed 
into a relatively deep (20cm) layer, and (c) there would be some immobilisation 
of trace elements by the applied lime. 

• Sodium Borate (Borax) was applied to address (a) boron deficiency in the 
topsoil, and (b) balance the Ca:B ratio which was very high in unfertilised topsoil. 

 

Subsoils 

Addition of fertiliser and amendment for the subsoil varied from the topsoil and between 
the different subsoils. All subsoils had di-ammonium phosphate (DAP), potassium 
sulphate (potash), gypsum, manure and borax applied.  Gypsum was added to the 
subsoils based on the clay content and sodicity of each of the materials. 

3.2.1.2 Rate of application 

Fertiliser and amendment were applied to both the topsoil (top 20 cm of soil profile) and 
subsoil (between 20 cm and 80 cm). Fertiliser treatment rates were as follows.  

Topsoil (20 cm deep layer): 

• Sulphate of ammonia (SOA)  238 kg/ha  0.95 g/col. 
• Potassium sulphate (Potash)  100 kg/ha  0.4 g/col. 
• Trace element blend    100 kg/ha  0.4 g/col. 
• Sodium borate (Borax)   111 kg/ha  0.44 g/col. 
• Composted manure   10 t/ha  40.0 g/col. 
• Calcium carbonate (Lime)  5 t/ha   19.9 g/col. 

Subsoil, coarse tailings (20 cm to 80 cm layer): 

• Di-ammonium phosphate (DAP) 278 kg/ha  1.1 g/col. 
• Potassium sulphate (Potash)  100 kg/ha  0.4 g/col. 
• Sodium borate (Borax)   44 kg/ha  0.2 g/col. 
• Composted manure   10 t/ha  40.0 g/col. 
• Calcium sulphate (Gypsum)  2.5 t/ha  9.9 g/col. 

Subsoil, gravelly HHF (20 cm to 80 cm layer): 

• Di-ammonium phosphate (DAP) 278 kg/ha  1.1 g/col. 
• Potassium sulphate (Potash)  100 kg/ha  0.4 g/col. 
• Sodium borate (Borax)   65 kg/ha  0.3 g/col. 
• Calcium sulphate (Gypsum)  15 t/ha  59.6 g/col. 
• Composted manure   10 t/ha  40.0 g/col. 

Subsoil, sandy HHF (20 cm to 80 cm layer): 

• Di-ammonium phosphate (DAP) 278 kg/ha  1.1 g/col. 
• Potassium sulphate (Potash)  100 kg/ha  0.4 g/col. 
• Sodium borate (Borax)   145 kg/ha  0.6 g/col. 
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• Composted manure   10 t/ha  40.0 g/col. 
• Calcium sulphate (Gypsum)  35 t/ha  139 g/col. 

Subsoil, sandy HHF 50% coarse tailings 50% (20 cm to 80 cm layer): 

• Di-ammonium phosphate (DAP) 278 kg/ha  1.1 g/col. 
• Potassium sulphate (Potash)  100 kg/ha  0.4 g/col. 
• Sodium borate (Borax)   145 kg/ha  0.6 g/col. 
• Composted manure   10 t/ha  40.0 g/col. 
• Calcium sulphate (Gypsum)  18.7 t/ha  74.5 g/col. 

 

3.2.2 Vegetation 
Plant species chosen for the study were Lucerne and Tall Fescue, which are summer-
growing fodder and pasture species common in East Gippsland (Lucerne and fescue 
varieties were sourced from Queensland Agricultural Seeds Toowoomba).  A sowing 
rate of 15 kg/ha was adopted for both species, which is equivalent to 0.06 g/col. 

Each column surface was split in half, with Lucerne planted on one side and Tall Fescue 
planted on the other. Seed was spread by hand. Once seed was spread, a very shallow 
layer of topsoil was applied to the soil surface to protect seed when irrigating. 

Before spreading, Lucerne seed was inoculated with rhizobium (NoduleN, Queensland 
Agricultural Seeds).  Remaining inoculant was added to topsoil, with the intent that if the 
seed treatment did not achieve inoculation, then the correct rhizobium would be present 
in the topsoil and would colonise emerging Lucerne roots. 

3.2.3 Watering 
Prior to planting grass and legume, all columns were wet to their drained upper limit, 
with water added until drainage out of the base of the columns was observed. 

Due to textural difference, some columns drained more slowly than others.  The columns 
with sandy HHF subsoils were the slowest to drain as they had the highest clay content 
of all the subsoils.  Unlike the previous study, none of the columns exhibited standing 
water above the topsoil surface for prolonged periods during this initial wetting.   

Following planting, columns were watered (5 mm depth) to ensure topsoil was moist.  
Regular watering was maintained with 15 mm depth (0.6 L per column) being applied 
twice weekly.   

Five weeks after planting, most columns did not have particularly strong plant 
establishment, and it was clear that the initial watering schedule and volume was not 
providing enough water for plants due to the particularly hot summer and very high 
evaporation rates being experienced in Toowoomba.  To combat this extreme heat and 
evaporative stress, watering was increased to 30 mm (1.2 L per column) twice weekly.  

Following initial harvesting, two watering events were applied to simulate storm 
dominated rainfall events separated by drought conditions.  Columns received the 
equivalent of 100 mm of rainfall (4.0 L per column) immediately following harvesting, 
with no further watering until a similar application three weeks later.  No further water 
was applied to the columns until after the second harvest. 
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The second (final) harvest was carried out 7 weeks after the initial harvest and 4-weeks 
after the second post-harvest watering, with the harvest being scheduled at a time such 
that almost all treatments were showing severe water stress (Figure 6).   

 

 
Figure 6:  View of plant growth 5 days prior to harvest, showing significant water stress 

in some treatments. 

 

3.2.4 Harvesting 
Both harvests were conducted by hand, removing all plant material above a height of 
25mm.  Samples were dried at 45oC until stable masses were obtained.  

3.2.5 Sampling soil in columns 
Following the final harvest, soil samples were taken from columns numbered 9 to 16.  
The following depths were sampled: 

• 0 – 20 cm, topsoil 
• 20 – 30 cm, surface of subsoil. 

For each subsoil treatment, samples of subsoil (20-30 cm, surface of subsoil) were sent 
for laboratory analysis of pH, electrical conductivity, chloride, and exchangeable 
cations (Na, K, Mg, Ca, Al).   

Topsoil samples from columns 9 to 16 were bulked and represented treated and 
untreated topsoils.  These samples were sent for analysis of soil fertility parameters as 
well as those measured on subsoils. 
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Samples were also taken from the following depth layers and stored for reference and 
for subsequent analysis if necessary: 

• 0 – 20 cm, topsoil 
• 20 – 30 cm, subsoil 
• 30 – 40 cm, subsoil 
• 40 – 50 cm, subsoil 
• 80 – 90 cm, subsoil (base of column) 

Bulk densities were measured at the following depths: 

• 0 cm, topsoil 
• 20 cm, surface of subsoil 
• 40 cm, subsoil 
• 85 cm, subsoil (base of column) 

Bulk density and moisture content were measured in Landloch’s Toowoomba laboratory. 

4 PLANT GROWTH 

4.1 Biomass production first harvest  
Data for the first harvest represent plant performance under conditions of regular 
watering and variation in water stress due to position, with growth occurring during 
extremely hot summer conditions (Figure 7). 

The data show that: 

a) Plant growth varied considerably between the two greenhouses with the eastern 
(left) greenhouse producing 34% more biomass than the western (right) 
greenhouse which was exposed to considerably greater heat and evaporative 
stress. 

b) Tall fescue produced more biomass than the Lucerne overall. 

Due to a hot summer period, some columns in the western-facing greenhouse (that 
received longer and greater exposure to sun) visibly struggled to establish.  From Figure 
7, it is clear that the subsoil treatments in the western greenhouse that were strongly 
affected by the greater evaporative stress were those lowest in clay, and therefore lowest 
in soil water holding capacity.  The subsoil treatments with higher clay contents – sandy 
HHF or sandy HHF with 50% sand tails – gave similar growth in both greenhouses. 
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Some treatments showed a clear increase in biomass production in response to fertiliser 
and amendment, with increased growth due to fertiliser being most pronounced for the 
coarser subsoil treatments in the western greenhouse.  Seemingly, there was a greater 
response to higher fertility under the greater soil water stress applied in the western 
greenhouse.  However, across the complete data set, Analysis of Variance (ANOVA) 
statistical analysis did not show a consistent and statistically significant response to 
fertiliser and amendment4. 

 

 
Figure 7: Comparison of total biomass production between treatments and greenhouses 

for the first harvest.  

 

 
4 Lack of a statistically significant response can be due to a number of reasons, including: 

• Response being either non-existent or too small to be apparent in the data; 
• High variability in data obscuring a response; and/or 
• The number of replicates used being insufficient for the level of precision required to 

enable identification of a response (which may not be known until the experiment is 
completed). 

0

5

10

15

20

25

30

Coarse
Tails

Coarse
Tails +

Fert

Gravelly
HHF

Gravelly
HHF + Fert

Sandy
HHF

Sandy
HHF + Fert

Sandy
HHF 50%
Coarse

Tails 50%

Sandy
HHF 50%
Coarse

Tails 50%
+ Fert

To
ta

l b
io

m
as

s 
(g

)

First Harvest

Eastern (Left) Greenhouse
Western (Right) Greenhouse



 

 

Profile reconstruction HHF overburden | 18 

Although differences between greenhouses in growth appeared to have caused a block 
effect, Analysis of Variance showed that the block effect is small, and not statistically 
significant.  

Raw plant biomass data are given in Appendix 5 and results of statistical analysis in 
Appendix 6.   

 

4.2 Biomass production second harvest 
The data for the second harvest represent plant growth during a period with two heavy 
watering events applied at large intervals to simulate large storm events and subsequent 
water stress (Figure 8).  This growth period covered late summer in Toowoomba, which 
was a much cooler period than the period preceding the first harvest.  

 
Figure 8: Comparison of total biomass production between treatments and greenhouses 

for the second harvest.  

 

The data show: 

a) No statistically significant block effect caused by the location of the eastern and 
western greenhouses. 
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b) Fertiliser amended treatments had significantly (P<0.05) higher biomass 
production than non-fertilised and amended treatments. 

c) No statistically significant differences between subsoil treatments in terms of total 
biomass production. 

d) Overall, total biomass production had decreased since the first harvest, which is 
not surprising, given the soil water stress imposed. 

ANOVA analysis conducted to compare results between the greenhouses showed no 
statistical difference between total biomass production of the eastern and western 
greenhouses (Appendix 6).  

 

4.3 Combined Yield 
The combined yield data represent the total biomass produced for each of the treatments 
over the duration of experiment (Figure 9).   

 
Figure 9: Comparison of total biomass production of treatment over both harvests.  

 

The data show: 

a) Gravelly HHF and Sandy HHF 50% (both not fertilised) had the lowest biomass 
yield. 

b) Fertilised treatments produced statistically higher biomass than their non-fertilised 
analogues. 

Statistical analysis conducted to compare results between the individual treatments 
showed several differences which are shown in Appendix 6. 
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4.4 Root Growth 
Following the second harvest, root growth was assessed while sampling the columns.   

Columns in which roots had penetrated to 90 cm depth were subsoils of:  

• coarse tails (with and without fertiliser),  
• gravelly HHF (with and without fertiliser); and  
• sandy HHF 50% coarse tails 50% with fertiliser.    

Columns with sandy HHF and sandy HHF + fertiliser had roots to 50 cm and 80 cm 
respectively.   

The column containing the untreated sandy HHF 50% coarse tails 50% subsoil had roots 
to 75 cm depth.   

Columns with reduced rooting depth all had noticeable compaction or hard setting of 
the subsoil immediately below the topsoil.  The sandy HHF column had a compacted 
layer between 20 cm and 50 cm depth, sandy HHF +fertiliser had a compacted layer 
between 20 cm and 60 cm depth with sandy HHF 50% and coarse tails 50% having a 
compacted layer between 20 cm and 50 cm depth. 

5 SOIL ASSESSMENT AFTER GROWING SEASON 

5.1 Soil water content 
Soil water content measurements (Figure 10) showed that columns with the greater 
component of fine materials had the highest subsoil water content following the 2nd 
harvest.  This is consistent with plants showing greater water stress in the columns which 
had subsoils with lower concentrations of fine soil particles.  Generally, fertilised 
treatments had lower subsoil water contents than unfertilised treatments, reflecting 
greater plant growth and water use. 

Topsoil water content was fairly consistent for all treatments and did not appear to be 
affected by subsoil texture.   

Soil moisture content and bulk density measurements are given in Appendix 7. 
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Figure 10: Effects of treatment on soil water profiles following the 2nd harvest.  

 

5.2 Topsoil structure 
Topsoil layers of all columns were very hard and appeared compacted.  Bulk density of 
the topsoil ranged between 1.11 g/cm3 and 1.29 g/cm3.  Variation in topsoil bulk 
density is likely to be caused during experimental setup and differential compaction 
between the columns.  Watering will have aided in compacting the topsoil with regular 
watering occurring before the first harvest.  

5.3 Subsoil structure  
Subsoil bulk densities ranged from 1.26 g/cm3 to 1.85 g/cm3 and did not appear to 
follow a clear trend.  Gravelly HHF had the highest subsoil bulk densities, due to the 
higher proportion of rock materials in the subsoil.  Some rock material was present in 
the sandy HHF subsoil but as a lower proportion.  

Subsoil structure varied between subsoils and - in one case - treatments.  The coarse 
tailings subsoil was loose following the final harvest.  Gravelly HHF had compacted at 
the interface of the topsoil and subsoil, with the compaction of the subsoil being to a 
greater depth in the fertilised column (Figure 11).  Sandy HHF had a highly compacted 
zone beneath the topsoils, as did the mixture of sandy HHF 50% coarse tails 50%.  For 
all subsoils and treatments, the lower part of the columns was not compacted and 
remained loose. 
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Figure 11: Soils from columns following 2nd (final) harvest. From left to right, coarse 
tailings, gravelly HHF, sandy HHF, and sandy HHF 50% coarse tails 50%. 

 

A large proportion (22%) of the gravelly HHF subsoil was made up of rocks larger than 
gravel (>2mm).  Large particles in the gravelly HHF can been seen clearly in Figure 11.  
During experimental setup there were large rocks found in the gravelly HHF that would 
not fit in the columns. 

 

5.4 Topsoil chemical properties at end of the growing period – key 
changes 

Topsoil responses to fertiliser and amendment are presented in Table 4 below (full 
analytical data for topsoil are provided in Appendix 1).  Measurements show soil 
chemical properties prior to amendment and treatment compared with results obtained 
following final harvesting.  
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Table 4: Comparison of topsoil chemistry following final harvest. 

Analyte Unit Original With Fertiliser No Fertiliser 
pH (H2O) - 5.08 5.53 5.64 
Electrical 
Conductivity (EC) dS/m 0.05 0.19 0.03 

Total Kjeldahl 
Nitrogen mg/kg 2033 1506 1567 

Colwell Phosphorus mg/kg 37.6 29.2 19.6 
Colwell Potassium mg/kg 88.8 <85* <85* 
Sulphur mg/kg 5.4 76.3 4.8 
Exch. Sodium  % 4.9 5.9 11.0 

*analytical results were below detection limits 

 

5.4.1 pH 
Topsoil pH had increased following the final harvest for both amended and non-
amended treatments and is quite similar for both treatments.  The apparent lack of effect 
of lime on pH of the amended topsoil is surprising, but it appears that any increase in 
pH achieved by addition of lime was at least balanced by a reduction in pH due to 
application of fertiliser.  Consequently, some increase in rates of lime addition may be 
warranted for future studies or field works.  

5.4.2 Electrical conductivity 
Electrical conductivity (EC) of fertilised and amended topsoil had increased to 0.19 
dS/m, compared to an EC of 0.05 dS/m for the topsoil prior to the study, and 0.03 
dS/m for non-fertilised topsoil after the second harvest.  The increase in EC in the 
fertilised topsoil can be directly attributed to addition of soluble fertiliser and lime. 

5.4.3 Total nitrogen 
Following final harvest, total Kjeldahl nitrogen (TKN) of the fertilised and non-fertilised 
topsoil had decreased to a similar value when compared with the original topsoil 
nitrogen concentration.  As the fertilised treatment had received approximately 45 kg/ha 
of additional N, it appears that additional N had either been used in the increased 
biomass production, or lost by leaching or denitrification.  The measured reductions in 
total N clearly illustrate the need for legumes to be part of the vegetation established to 
ensure that N use by plants is at least partly replenished by N-fixation by the legumes.  
Maintenance of soil N levels will be essential for sustainability of grass productivity. 

The data also indicate that inclusion of a slow-release source of additional N should be 
considered in future testing of fertiliser strategies for rehabilitation works. 

5.4.4 Available phosphorous 
Colwell (available) phosphorus (P) had decreased for both the fertilised and non-fertilised 
topsoil samples when compared with the original topsoil analysis, though with a higher 
level in the fertilised treatment, which could be attributed to P added in the composted 
manure.   
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5.4.5 Available potassium 
Colwell (available) potassium (K) concentration in the original topsoil was low and 
following final harvest has decreased in the fertilised and non-fertilised topsoil.  
Analytical results for potassium in topsoil following final harvest were below the detection 
limit, indicating that potassium levels in these soils may have been a limiting factor for 
plant growth. 

The fertilised treatment received approximately 40 kg/ha of K as fertiliser, which 
appears to have been either taken up by plants or leached to depth.  Leaching of K 
through the sandy topsoil layer could well have been considerable, illustrating the need 
for the soils to have a subsoil layer that could be more effective in retaining plant 
nutrients. 

5.4.6 Sulfur 
Following the final harvest, sulfur (S) concentration had increased in fertilised topsoil and 
decreased in non-fertilised topsoil had when compared with the original topsoil.  There 
appears to be scope for fertiliser formulations could be adjusted to reduce the amount 
of S applied to topsoil (for example, use of urea rather than SOA as a source of N).   

5.4.7 Sodium 
Exchangeable sodium percent (ESP) had increased in both the fertilised and non-fertilised 
topsoil when compared with the original topsoil following the final harvest.  The fertilised 
topsoil is borderline sodic with 5.9% exchangeable sodium and the non-fertilised topsoil 
is sodic with 11% exchangeable sodium (sodic soil is defined as having >6% 
exchangeable sodium).  It can be concluded that the addition of lime did reduce 
exchangeable sodium, though not by as much as might have been expected. 

Although the clay content of the topsoil is sufficiently low that clay dispersion is of 
doubtful importance, the observed hard-setting behaviour may be due to the relatively 
high ESP, and topsoil amendment with additional lime or some inclusion of gypsum in 
the amendment application could be considered.  

 

5.5 Subsoil chemical properties at end of growing period 
Following the 2nd harvest, soil samples from the top of the subsoil layer were analysed 
for pH, EC, and exchangeable cations.   

5.5.1 Subsoil pH 
All subsoil pH values (Figure 12), both original and post final harvest, were between 
5.5 and 7.5.  This is within the pH range of 5 to 9 which is considered reasonable for 
most pasture species (Hazelton & Murphy 2016). 

The changes in pH shown in Figure 12 could be attributed to: 

• Heavy leaching of the coarse tailings subsoil; and 
• Possibly some reduction in pH due to fertilisation in the two less permeable 

subsoils, where fertiliser may have been more effectively retained. 
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Figure 12: Comparison of soil pH for original, non-fertilised and fertilised “subsoils” 
following final harvest. 

 

5.5.2 Subsoil electrical conductivity 
Following final harvest, EC (salinity) was generally higher in fertilised subsoils (Figure 
13), reflecting the additional soluble nutrients that were added.   

The only exception is the coarse (sand) tailings subsoil, which was clearly heavily 
leached and retained few soluble salts or nutrients. 
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Figure 13: Comparison of soil electrical conductivity for original, non-fertilised and 
fertilised “subsoils” following final harvest. 

 

5.5.3 Subsoil exchangeable sodium percent (ESP) 
The very low Cation Exchange Capacity (CEC) of the coarse tailings subsoil means that 
quite small changes in quantities of exchangeable sodium can appear large (for this 
material) when reported as a percentage of CEC.  Consequently, data for that treatment 
represent only very slight changes in actual quantities of sodium present. 

For clay rich subsoils including gravelly HHF, sandy HHF and sandy HHF 50% coarse 
tails 50%, the amendment and fertiliser treatment greatly reduced ESP when compared 
to the corresponding original soil and non-amended soil analysis values (Figure 14).  
With time, further dissolution of gypsum and further reductions in ESP could be expected 
to occur. 

This result not only confirms the effectiveness of the treatments applied, but also clearly 
demonstrates that gypsum can be effective in reducing ESP to acceptable levels. 
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Figure 14: Comparison of soil exchangeable sodium percent for original, non-fertilised 
and fertilised “subsoils” following final harvest. 

 

6 DISCUSSION  

6.1 Overview  
In general, this study did not show large differences between subsoil options with respect 
to plant growth.  But equally, none of the “subsoils” tested performed particularly poorly. 

There were clear indications that – under conditions of severe water stress – the profiles 
with higher water holding capacity sustained plant growth for longer.  

Equally, the data show a strong response to added fertiliser, which is a consequence of 
the initially low chemical fertility of both the topsoil used, and the various materials used 
to form subsoils.  Data on soil nutrient levels before and after plant growth point to some 
potential for further improvements in fertiliser practice for future rehabilitation 
works/investigations. 

Equally, observations of soil structure and its development identify some potential longer-
term issues that will need to be addressed. 

6.2 Subsoil water holding capacity and permeability 

6.2.1 Impacts of water holding capacity on plant growth 
The data show potentially large differences in water storage capacity between the 
various subsoil options tested (Figure 4).  
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Water holding capacity of the coarse sand tailings is quite low – as would be the water 
holding capacity of deep podosol (sandy) soil currently present in the project area.  
Nonetheless, although plants in some of the “subsoils” with higher water holding 
capacity were observed to remain vigorous for longer when treatments were water 
stressed (Figure 5), the data did not show any major benefits from that higher storage 
capacity in terms of plant growth, even when water stress was deliberately applied (prior 
to the second harvest).  One possibility is that the duration of the experiment was too 
short for plant roots to fully expand through the “subsoils” and to be able to fully exploit 
the higher levels of stored water in some treatments. 

Further investigation of the reasons for that apparent lack of response to subsoil 
water holding capacity is recommended. 

6.2.2 Potential impacts of high permeability on sustainability of plant growth 
The high permeability of the subsoil composed of coarse (sand) tailings clearly has some 
advantages during early growth of vegetation, with: 

• Absence of waterlogging; and 
• Free root penetration to depth. 

However, it is highly unlikely that profiles with a deep sand subsoil would continue to 
support high levels of biomass production over the longer term. 

The high leaching rates occurring in the coarse sandy subsoil are clearly illustrated by 
the very much lower EC of the surface layer of subsoil (Figure 13).  As well, the apparent 
loss of potassium from the sandy surface soil (Table 4), probably by leaching, indicates 
likely difficulties in retaining sufficient levels of K within rehabilitated soils to sustain plant 
growth if both topsoil and subsoil are largely composed of sand with little capacity to 
retain nutrients. 

Consequently, soils with a coarse sandy subsoil could be expected to show a more rapid 
and larger decline in productivity following initial revegetation time than would profiles 
with less permeable subsoil. 

6.3 Amendments – lime, gypsum, and compost 

6.3.1 Lime 
Soil analytical data for the topsoil confirm that lime application and resultant release of 
calcium reduced soil exchangeable sodium levels.  However, the net impact of lime on 
pH did not appear to be great (Table 4), possibly due to some reduction in pH by the 
soluble fertiliser applied.  Consequently, some slight increase in lime application rates 
may be justified to balance the acidifying effects of chemical fertilisers and to further 
reduce exchangeable sodium.   

6.3.2 Gypsum 
Both hydraulic conductivity measurements (Figures 2 and 3) and subsoil analytical data 
(Figure 14) confirm impacts of gypsum addition on both chemistry and stability/structure 
of the subsoil materials tested.  Nonetheless, given the observation of some hard-set 
areas at the top of the subsoil layer for treatments involving HHF materials, there appears 
to be a need for modification of the amendment method applied in this study. 
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It is likely that the hard-set areas developed as a result of clay dispersion during initial 
wetting, before the applied gypsum had time to dissolve and become effective.  The only 
option to reduce that initial dispersion appears to be to ensure that water percolating 
through the topsoil and entering the subsoil layer carries dissolved gypsum.  That would 
ensure that the initial wetting of the potentially-dispersive HHF materials is done by a 
saturated gypsum solution. 

The most practical option to achieve this is to include 5 t/ha of gypsum with the other 
amendments added to the topsoil layer, so that water percolating through the topsoil 
would carry dissolved gypsum.  That would provide additional benefits in terms of 
applying additional Calcium to the topsoil (further reducing ESP) and providing an 
alternative source of sulfur. 

6.3.3 Compost 
For future (field) trials, inclusion of compost in the amendments placed and increasing 
the amount spread for both topsoil and subsoil appears highly desirable to: 

• Potentially reduce hard-setting of the topsoil layer; 
• Provide better retention of nutrients in the topsoil layer (particularly K, but also N 

and P); 
• Reduce hard-setting within the subsoil layer; and 
• Achieve better retention of nutrients in the upper subsoil layer. 

6.4 Response to fertilisation 
Biomass production of the fertilised and amended treatments was 35% higher than the 
that of unfertilised and unamended treatments over the two harvesting events.    

Fertilisation will be an essential part of the rehabilitation works, the aim being to: 

• Promote strong early root growth and achieve full surface cover as quickly as 
possible; 

• Maximise biomass production; 
• Improve soil structure and permeability; and 
• Increase organic matter and organic nutrient pools in soils, thereby increasing 

the sustainability of vegetation growth.  

Clearly, the challenge will be to optimise fertiliser strategies, with key issues including: 

• Nutrient elements applied; 
• Rates of application; 
• Formulations; and  
• Delivery. 

Chemical analyses of topsoil and subsoil materials can be used to identify deficiencies 
and issues such as high ESP and low pH. 

Based on data from this study and the preceding one (Landloch 2020b), consideration 
should be given to: 

• Including additional N fertiliser in a slow release form such as polymer 
coated urea (9-month formulation) so that soil N levels are not rapidly 
depleted by initial plant growth; 
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• Considering options for achieving sustainable increases in soil potassium 
levels; and 

• Managing boron levels so that both deficiency and toxicity are avoided. 

At all times, separate (but complementary) fertilisation and amendment programmes 
should be prepared for topsoil and subsoil for each area to be rehabilitated.   

6.5 Legumes in established vegetation 
Legumes are important in pasture ecosystems as they fix N from the atmosphere, thereby 
maintaining soil N levels.  McDonald et al. (2003) report that “A good lucerne stand 
can add in excess of 140 kg N/ha to the soil in one year.”  When mixed with grass, 
the level of N fixation will clearly be lower, but can still be expected to have a significant 
impact on grass productivity. 

In the rehabilitation situation, lucerne’s deep-rooted growth habit also makes it valuable 
for its potential to increase pore space in the subsoil layers and increase subsoil 
permeability and drainage.   

 

7 CONCLUSIONS AND RECOMMENDATIONS 

7.1 Subsoil options and issues 

7.1.1 Mixtures, materials 
Viewed across the two soil profile reconstruction studies carried out to date, it appears 
that a number of subsoil options can deliver vegetation growth consistent with a 
“fertilised naturally-occurring sandy profile”.  (Such profiles are currently not fertilised.) 

In attempting to identify “best” options, there are questions of when, and for how long, 
will particular options perform well? There are also other aspects of profile performance 
that should be considered. 

Not preferred - coarse sandy subsoil 

Both studies showed that a profile with a coarse, sandy, subsoil gives good initial plant 
growth when fertilised, but that such profiles are relatively less productive when under 
moisture stress.  The data also show that the rate of leaching of nutrient from such profiles 
is high, indicating that their fertiliser response would be quite short lived and their long-
term productivity much lower, even if water is not limiting.  Associated with high leaching 
would be relatively high rates of deep drainage, as shown by water balance modelling 
for several profile options (Landloch 2020a).  Given concerns with respect to tunnel 
erosion in the general Fingerboards area, it would be preferable to avoid creating areas 
with high rates of deep drainage on the rehabilitated plateau.  Consequently, this profile 
option is not recommended. 

Preferred subsoil options – increased clay content 

Subsoils with increased clay content were shown to have greater ability to store both 
water and nutrient, and are therefore more likely to produce consistent and sustainable 
biomass production.  They offer the added benefit of reduced deep drainage. 
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From the initial trials, several options appear to be able to produce acceptable levels of 
plant growth, including: 

• the 50:50 mix of fine and coarse (sand) tailings trialled in the first study (Landloch 
2020b); 

• gravelly HHF; 
• sandy HHF; and; 
• sandy HHF 50% coarse tailings (50%). 

(All HHF options will require amendment with appropriate amounts of gypsum – 
calculated on the basis of measured exchangeable cations.) 

 Key attributes of the 50:50 fine:coarse tailings mixture are: 

• High yield relative to coarse tailings when growth is subjected to water stress;  
• Apparent improvement in subsoil structure with time due to penetration by plant 

roots; and  
• Absence of hard-setting in the subsoil layer. 

In contrast, the various HHF “subsoils” showed some development of hard-set layers that 
could be of concern if they developed too strongly over time.  It is likely that the methods 
recommended for managing the initial instability of HHF materials may be able to 
overcome that issue, but further research is needed.   

The use of all of the above subsoil options for different areas of rehabilitation will be 
inevitable and should not be of concern.  From the point of view of re-constituting a 
pasture area, some spatial variation in subsoil properties would generally assist with 
grazing animal management, with: 

• Areas with more permeable subsoils performing well during wetter months; and 
• Areas with higher water storage in subsoils providing an extension of feed 

availability into the hotter summer months. 

Consequently, some variation in the subsoil material placed should be acceptable, 
provided all subsoils are well managed and deliver suitable growth. 

7.1.2 Development through time 
The first profile reconstruction study (Landloch 2020b) noted that there appeared to be 
increases in subsoil permeability with time, as plant roots extended through the subsoil 
layer.  That was particularly important for the 50:50 and 75:25 fine:coarse tailings 
mixtures, which initially showed some waterlogging due to low profile permeability. 

The full range of soil changes that can result from vegetation establishment are discussed 
in Loch (2016), but in this case, key considerations for subsoil development and 
sustainability of plant growth are:  

• Bulk density, hardness, and root penetration; 
• Ability to store and retain nutrients; and 
• Water entry and storage. 

At one extreme, profiles with a coarse sand “subsoil” will not hard set, but will store little 
water, and most applied nutrients will rapidly leach through the profile and be lost.  At 
the other extreme, subsoils high in unstable clay will become hard set, impermeable, 
and not able to be penetrated by plant roots. 
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Consequently, not only is it important to select appropriate mixtures to be placed as 
subsoils, but the management of those mixtures through the initial years of vegetation 
establishment will also be a key component of rehabilitation planning. 

It is highly likely that the relatively short testing period used in the two studies carried out 
to date has not allowed time for potential long-term changes in subsoil and topsoil 
properties to fully develop.  Although such changes are fairly predictable, it would, 
nonetheless, be desirable to have more definitive assessment of longer-term soil and 
ecosystem trends. 

Consequently, establishment of longer-term trialling of subsoil management options is 
strongly recommended. 

7.2 Fertiliser strategies and investigations 
Both studies of profile reconstruction have shown large responses to fertiliser addition.   

Short-term, rapid responses in terms of vigorous plant growth and rapid establishment 
of surface cover are an essential component of the rehabilitation and surface stabilisation 
process.  However, it will also be important to establish sustainable 
soil/nutrient/vegetation systems that deliver the required levels of biomass production. 

From the studies to date, it is concluded that the following recommendations should be 
addressed/considered in future rehabilitation studies or works: 

a. At all times, separate (but complementary) fertilisation and amendment 
programmes should be prepared for topsoil and subsoil for each area to be 
rehabilitated, based on appropriate chemical analyses of topsoil and subsoil 
materials. 

b. For topsoil, consideration should be given to: 
o Including additional N fertiliser in a slow release form such as coated 

urea so that soil N levels are not rapidly depleted by initial plant growth; 
o Options for achieving sustainable increases in soil potassium levels; and 
o Managing boron levels so that both deficiency and toxicity are avoided. 

c. A slight increase in lime application rates to topsoil may be justified to balance 
the acidifying effects of chemical fertilisers and to further reduce exchangeable 
sodium. 

d. Further investigation of the reasons for the apparent lack of response to subsoil 
water holding capacity of the HHF materials is recommended. 

e. A change in gypsum application methods for HHF subsoils as outlined in section 
6.3.2 should be assessed for potential to minimise hardsetting at the surface of 
the HHF subsoil layer. 

f. Compost inclusion in both topsoil and subsoil appears highly desirable and 
investigation of the use of higher rates is recommended. 

 

7.3 Managing material variability 

7.3.1 Topsoil 
Measurements on topsoils across the site show some broad similarity, but there is, 
nonetheless, some spatial variability (Landloch 2020a).  Consequently, prior to stripping 
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topsoil for use in rehabilitation works, samples should be taken of the 0 – 300 mm layer 
for analysis of fertility and other parameters consistent with analyses reported in 
Landloch (2020a).  A sample frequency of approximately one sample per 10 hectares 
should be trialled initially. 

Fertiliser and other amendments would then be estimated on the basis of measured 
topsoil properties. 

7.3.2 Overburden 
Overall, use of HHF overburdens to form subsoils for rehabilitated areas will mean 
working with a more variable material than, for example, a mix of fine and sand tailings 
as investigated by Landloch (2020b).  Nonetheless, there will be areas where HHF 
overburden is preferred (for example, gravelly or rocky material on some sloping areas). 

In those cases, the HHF material to be placed as a “subsoil” should be sampled for 
analysis of key chemical properties (pH, Electrical conductivity, Chloride, and 
Exchangeable Cations).  Some samples should also be taken for measurement of 
hydraulic conductivity, both with and without gypsum amendment, and some 
identification of suitable mixtures may be necessary if permeability is unacceptably low. 

An appropriate sampling frequency will need to be assessed, but an initial frequency of 
approximately one sample per 15,000 cubic metres of overburden should be trialled. 

Decisions with respect to amendment, mixing, and any other management requirements 
should be made on the basis of the analytical data collected. 
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APPENDIX 1: SOIL LABORATORY RESULTS 
 

 

 

 

 

  



ANALYSIS REPORT

Project Number: EW181453

Location: Kalbar soil profile reconstruction/1325.18a/Haunted Hills

Sample Collection Date: 13/04/18, 30/08/18

Sample Receival Date: 16/04/18, 9/04/18

Sample Analysis Date: 24/04/18, 13/09/18

Project Contact Person: Riki Lewis

East West Enviroag Lab No 180949-1 180949-3 181453-1 181453-2

82 Plain St Tamworth NSW 2340 Order

ph:02 67621733 Sample ID 83258 

T200 tail
Topsoil

Gravelly 

HHF

Sandy 

HHF

Sample Depth

Analyses Unit - - - -

pH - Water pH units 7.38 Neutral 5.08 VH.Acid 6.48 L.Acid 6.30 L.Acid

Electrical Conductivity dS/m 0.03 VL.Sal 0.05 VL.Sal 0.04 VL.Sal 0.19 M.Sal

Chloride mg/kg 19.3 VL.Sal 23.7 VL.Sal 6.0 VL.Sal 185.0 L.Sal

Total Nitrogen - Kjeldahl mg/kg 218.0 VL 2033.0 M 510.0 L 235.0 VL

Total Phosphorus - Nitric/Perchloric mg/kg <40 * 279.0 * <50 <50

Phosphorus - Colwell extr mg/kg 4.9 L 37.6 H 12.5 L 27.1 M

Potassium - Colwell ext mg/kg 14.80 VL 88.80 L 82.90 L 41.10 VL

Sulphur - KCI mg/kg 3.0 VL 5.4 L 12.6 H 7.7 L

Organic Carbon % <0.05 EL 3.85 VH 0.96 L 0.87 L

Copper mg/kg <0.2 VL 0.50 M 0.27 L 0.37 M

Iron mg/kg 2.21 * 163.00 * <0.5 * <0.5 *

Manganese mg/kg <0.5 VL 44.40 M 2.65 M <0.5 VL

Zinc mg/kg 0.23 VL 0.62 M 0.27 L 4.62 M

Boron mg/kg <0.2 VL 0.39 VL 1.14 M <0.4 VL

Cation Extraction Method Rayment& Lyons 15A1 * 15A1 * 15A1 * 15A1 *

Cation Exchange Capacity meq/100g 1.1 * 4.3 VL 5.1 VL 7.9 L

Ex Calcium Percent % 31.70 * 64.18 L 25.74 L 2.64 L

Ex Magnesium Percent % 22.26 * 19.22 H 57.48 H 73.77 H

Ex Potassium Percent % 26.79 * 7.71 H 5.33 H 2.23 Normal

Ex Sodium Percent % 18.2 * 4.9 N.Sodic 11.2 Sodic 21.2 H.Sodic

Ex Aluminium Percent % 1.01 * 3.99 VL 0.22 VL 0.14 VL

Exchangeable Calcium mg/kg 69.8 * 551 * 265 * 41.8 *

Exchangeable Magnesium mg/kg 29.4 * 99 * 355 * 700 *

Exchangeable Potassium mg/kg 115 * 129 * 107 * 68.7 *

Exchangeable Sodium mg/kg 46.2 * 48.4 * 133 * 386 *

Exchangeable Aluminium mg/kg 1.00 * 15.40 * 1.00 * 1.00 *

Exchangeable Calcium meq/100g 0.35 * 2.76 * 1.33 VL 0.21 VL

Exchangeable Magnesium meq/100g 0.25 * 0.83 * 2.96 M 5.83 H

Exchangeable Potassium meq/100g 0.29 * 0.33 * 0.27 L 0.18 VL

Exchangeable Sodium meq/100g 0.20 * 0.21 * 0.58 M 1.68 H

Exchangeable Aluminium meq/100g 0.01 * 0.17 * 0.01 H 0.01 H

Calcium/Magnesium Ratio -
1.4 Low Ca 3.3 Low Ca 0.4

Ca 

Deficient
0.0

Ca 

Deficient

Cation Extraction Method Rayment& Lyons 15C1 * * * * * * *

Cation Exchange Capacity meq/100g 0.8 VL * * * * * *

Ex Calcium Percent % 41.49 L * * * * * *

Ex Magnesium Percent % 20.79 H * * * * * *

Ex Potassium Percent % 25.46 H * * * * * *

Ex Sodium Percent % 10.85 Sodic * * * * * *

Ex Aluminium Percent % 1.41 VL * * * * * *

Exchangeable Calcium mg/kg 65.2 * * * * * * *

Exchangeable Magnesium mg/kg 19.6 * * * * * * *

Exchangeable Potassium mg/kg 78 * * * * * * *

Exchangeable Sodium mg/kg 19.6 * * * * * * *

Exchangeable Aluminium mg/kg 1.0 * * * * * * *

Exchangeable Calcium meq/100g 0.33 * * * * * * *

Exchangeable Magnesium meq/100g 0.16 * * * * * * *

Exchangeable Potassium meq/100g 0.20 * * * * * * *

Exchangeable Sodium meq/100g 0.09 * * * * * * *

Exchangeable Aluminium meq/100g 0.01 * * * * * * *

Calcium/Magnesium Ratio - 2.0 Low Ca * * * * * *

Gravel >2.0mm % 0.0 * 7.7 * 22.2 * 4.2 *

Coarse Sand 0.2-2.0mm % 0.3 * 19.5 * 39.2 * 31.9 *

Fine Sand 0.02-0.2mm % 95.4 * 49.5 * 22.3 * 24.3 *

Silt 0.002-0.02mm % 1.1 * 11.9 * 4.7 * 7.8 *
Clay <0.002mm % 0.9 * 6.7 * 11.6 * 31.8 *
ADMC % 0.2 * 1.8 * 14.7 * 17.0 *
Emerson Aggregate Class * * * * * * * *
Phosphorus Buffer Index mg/kg * * * * * * * *
Field Texture - * * * * * * * *



ANALYSIS REPORT

Project Number: EW190837

Location: HHf Overburden 1325.18d Kalbar

Sample Collection Date: 4/09/2019

Sample Receival Date: 17/04/2019

Sample Analysis Date: 26/04/2019

Project Contact Person: Riki Lewis

East West Enviroag Lab No 190837-1 190837-2 190837-3 190837-4 190837-5 190837-6 190837-7 190837-8 190837-9 190837-10

82 Plain St Tamworth NSW 2340 Order

ph:02 67621733 Sample ID
Topsoil 

Bulk

Topsoil 

Bulk + 

Fert

Col. 9 

Coarse 

Tails

Col.10 

Coarse 

Tails + 

Fert

Col.11 

Gravelly 

HHF

Col.12 

Gravelly 

HHF + 

Fert

Col.13 

Sandy 

HHF

Col.14 

Sandy 

HHF + 

Fert

Col.15 

S50%

Col.16 

S50% + 

Fert

Sample Depth 0-20cm 0-20cm 0-10cm 0-10cm 0-10cm 0-10cm 0-10cm 0-10cm 0-10cm 0-10cm

Analyses Unit - - - - - - - - - -

pH - Water pH units 5.64 M.acid 5.53 H.Acid 5.86 M.acid 5.92 M.acid 7.24 Neutral 6.54 L.Acid 7.30 Neutral 5.76 M.acid 7.06 Neutral 6.98 Neutral

Electrical Conductivity dS/m 0.03 VL.Sal 0.19 M.Sal 0.07 L.Sal 0.01 VL.Sal 0.10 L.Sal 0.32 M.Sal 0.08 VL.Sal 0.47 H.Sal 0.01 VL.Sal 0.18 M.Sal

Chloride mg/kg 8.2 VL.Sal 18.6 VL.Sal 7.6 VL.Sal 4.0 VL.Sal 6.1 VL.Sal 11.4 VL.Sal 44.3 VL.Sal 82.6 VL.Sal 4.2 VL.Sal 5.8 VL.Sal

Total Nitrogen - Kjeldahl mg/kg 1506.0 M 1567.0 M * * * * * * * * * * * * * * * *

Total Phosphorus - Nitric/Perchloric mg/kg 168.0 * 196.0 * * * * * * * * * * * * * * * * *

Phosphorus - Colwell extr mg/kg 19.6 M 29.2 H * * * * * * * * * * * * * * * *

Potassium - Colwell ext mg/kg <85.0 L <85.0 L * * * * * * * * * * * * * * * *

Sulphur - KCI mg/kg 4.8 L 76.3 VH * * * * * * * * * * * * * * * *

Organic Carbon % 1.71 M 2.09 H * * * * * * * * * * * * * * * *

Copper mg/kg 0.38 M 0.56 M * * * * * * * * * * * * * * * *

Iron mg/kg 166.00 * 130.00 * * * * * * * * * * * * * * * * *

Manganese mg/kg 31.10 M 15.00 M * * * * * * * * * * * * * * * *

Zinc mg/kg <0.20 VL 0.73 M * * * * * * * * * * * * * * * *

Boron mg/kg 0.31 VL 1.00 M * * * * * * * * * * * * * * * *

Cation Extraction Method Rayment& Lyons 15A1 15A1 15A1 15A1 15A1 15A1 15A1 15A1 15A1 15A1

Cation Exchange Capacity meq/100g 3.6 VL 7.2 L 1.3 VL 1.2 VL 6.6 L 5.7 * 7.7 L 9.3 * 2.7 VL 5.7 VL

Ex Calcium Percent % 61.37 L 75.71 Normal 41.17 L 43.64 L 22.70 L 49.78 * 12.43 L 38.89 * 19.55 L 59.30 L

Ex Magnesium Percent % 23.19 H 14.74 Normal 32.68 H 33.99 H 63.10 H 38.94 * 65.04 H 46.60 * 64.86 H 34.07 H

Ex Potassium Percent % 3.96 Normal 3.24 Normal 4.02 Normal 4.18 Normal 4.33 Normal 4.56 * 2.35 Normal 1.62 * 2.38 Normal 2.92 Normal

Ex Sodium Percent % 11.0 Sodic 5.9 N.Sodic 20.9 H.Sodic 15.7 H.Sodic 9.7 Sodic 6.5 * 20.0 H.Sodic 12.8 * 12.5 Sodic 3.5 N.Sodic

Ex Aluminium Percent % 0.48 VL 0.42 VL 1.26 VL 2.45 VL 0.17 VL 0.19 * 0.14 VL 0.12 * 0.72 VL 0.20 VL

Exchangeable Calcium mg/kg 441 * 1087 * 105 * 107 * 301 * 571 * 192 * 726 * 105 * 673 *

Exchangeable Magnesium mg/kg 100 * 127 * 50 * 50 * 502 * 268 * 603 * 522 * 209 * 232 *

Exchangeable Potassium mg/kg 55.5 * 90.6 * 20 * 20 * 112 * 102 * 70.8 * 59.1 * 24.9 * 64.7 *

Exchangeable Sodium mg/kg 90.9 * 97.4 * 61.2 * 44.4 * 148 * 86.2 * 356 * 274 * 77.1 * 45.9 *

Exchangeable Aluminium mg/kg 1.54 * 2.69 * 1.45 * 2.70 * 1.00 * 1.00 * 1.00 * 1.00 * 1.75 * 1.00 *

Exchangeable Calcium meq/100g 2.21 * 5.44 * 0.53 * 0.54 * 1.51 * 2.86 * 0.96 * 3.63 * 0.53 * 3.37 *

Exchangeable Magnesium meq/100g 0.83 * 1.06 * 0.42 * 0.42 * 4.18 * 2.23 * 5.03 * 4.35 * 1.74 * 1.93 *

Exchangeable Potassium meq/100g 0.14 * 0.23 * 0.05 * 0.05 * 0.29 * 0.26 * 0.18 * 0.15 * 0.06 * 0.17 *

Exchangeable Sodium meq/100g 0.40 * 0.42 * 0.27 * 0.19 * 0.64 * 0.37 * 1.55 * 1.19 * 0.34 * 0.20 *

Exchangeable Aluminium meq/100g 0.02 * 0.03 * 0.02 * 0.03 * 0.01 * 0.01 * 0.01 * 0.01 * 0.02 * 0.01 *

Calcium/Magnesium Ratio - 2.6 * 5.1 * 1.3 * 1.3 * 0.4 * 1.3 * 0.2 * 0.8 * 0.3 * 1.7 *

Cation Extraction Method Rayment& Lyons * * * * * * * * * * 15A2 * * * 15A2 * * * * *

Cation Exchange Capacity meq/100g * * * * * * * * * * 4.7 VL * * 6.6 L * * * *

Ex Calcium Percent % * * * * * * * * * * 48.04 L * * 37.40 L * * * *

Ex Magnesium Percent % * * * * * * * * * * 45.58 H * * 55.02 H * * * *

Ex Potassium Percent % * * * * * * * * * * 3.40 Normal * * 1.16 Normal * * * *

Ex Sodium Percent % * * * * * * * * * * 2.75 N.Sodic * * 6.25 Sodic * * * *

Ex Aluminium Percent % * * * * * * * * * * 0.23 VL * * 0.17 VL * * * *

Exchangeable Calcium mg/kg * * * * * * * * * * 455 * * * 494 * * * * *

Exchangeable Magnesium mg/kg * * * * * * * * * * 259 * * * 436 * * * * *

Exchangeable Potassium mg/kg * * * * * * * * * * 62.7 * * * 29.8 * * * * *

Exchangeable Sodium mg/kg * * * * * * * * * * 29.9 * * * 94.9 * * * * *

Exchangeable Aluminium mg/kg * * * * * * * * * * 1.0 * * * 1.0 * * * * *

Exchangeable Calcium meq/100g * * * * * * * * * * 2.28 * * * 2.47 * * * * *

Exchangeable Magnesium meq/100g * * * * * * * * * * 2.16 * * * 3.63 * * * * *

Exchangeable Potassium meq/100g * * * * * * * * * * 0.16 * * * 0.08 * * * * *

Exchangeable Sodium meq/100g * * * * * * * * * * 0.13 * * * 0.41 * * * * *

Exchangeable Aluminium meq/100g * * * * * * * * * * 0.01 * * * 0.01 * * * * *

Calcium/Magnesium Ratio - * * * * * * * * * * 1.1 * * * 0.7 * * * * *

Gravel >2.0mm % * * * * * * * * * * * * * * * * * * * *

Coarse Sand 0.2-2.0mm % * * * * * * * * * * * * * * * * * * * *

Fine Sand 0.02-0.2mm % * * * * * * * * * * * * * * * * * * * *

Silt 0.002-0.02mm % * * * * * * * * * * * * * * * * * * * *

Clay <0.002mm % * * * * * * * * * * * * * * * * * * * *

ADMC % * * * * * * * * * * * * * * * * * * * *

Emerson Aggregate Class * * * * * * * * * * * * * * * * * * * *

Phosphorus Buffer Index mg/kg * * * * * * * * * * * * * * * * * * * *

Field Texture - * * * * * * * * * * * * * * * * * * * *
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APPENDIX 2: HYDRAULIC CONDUCTIVITY MEASUREMENTS 
 

 

 

 

  



 

 

Measurements of hydraulic conductivity and water storage in Haunted Hills 

Formation (HHF) overburden 

 

1. Background 

Kalbar Resources has commissioned Landloch to test the performance of constructed soil 

profile options using subsoils composed of mixtures of Haunted Hills Formation (HHF) 

overburden and (Coarse) sand tailings, to determine whether (and which) blends of these 

materials will be suitable as a growth medium for mine rehabilitation. In preparation for 

establishing the constructed soil profiles, Landloch has assessed the drainage characteristics of 

the two types of HHF overburden (Sandy HHF and Gravelly HHF). This was done to narrow 

down the range of subsoil blends considered for use in the soil profile trial. 

At the same time, measurements were made of the water holding capacity and Plant Available 

Water Capacity of HHF overburden. 

This appendix reports results of Landloch’s hydraulic conductivity testing on HHF overburden 

and Coarse tailings mixes expected to be used in the soil profile construction trial.  

It also reports data from samples of Sandy HHF and Gravelly HHF sent to Agricultural Chemistry 

for plant available water determination. 

 

2. Methods 

2.1 Hydraulic Conductivity 

Hydraulic conductivity was determined using the constant head method.  The constant head 

method requires that a known volume of water (Q) is passed through a known length (L) and 

area (A) of sample, while a constant head (h) of water is maintained.  Once a known volume of 

water has passed through the sample, testing ceases and the time (t) for the known volume of 

water to pass through the sample is recorded.   

Hydraulic conductivity is determined by the following equation 

K = QL / Aht 

K – hydraulic conductivity in cm/s. 

Q – volume of water discharged from sample in cm3. 

L – length of soil sample in cm. 

A – area of the sample cm2. 
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h – depth of water above top of soil in cm. 

t – time taken for known volume of water to discharge in s. 

For this testing, Buchner funnels (area of funnel, A) were packed with sample to a depth of 10 

cm (L).  The sample blends for the Gravelly HHF (on weight basis) were tested in triplicate and 

are as follows: 

 100% Gravelly HHF 

 100% Gravelly HHF + Gypsum 

 75% Gravelly HHF, 25% Coarse Tails 

 75% Gravelly HHF, 25% Coarse Tails + Gypsum 

 50% Gravelly HHF, 50% Coarse Tails 

 50% Gravelly HHF, 50% Coarse Tails + Gypsum 

Sample blends for the Sandy HHF (on weight basis) were tested in triplicate and are as follows: 

 100% Sandy HHF 

 100% Sandy HHF + Gypsum 

 75% Sandy HHF, 25% Coarse Tails 

 75% Sandy HHF, 25% Coarse Tails + Gypsum 

 50% Sandy HHF, 50% Coarse Tails 

 50% Sandy HHF, 50% Coarse Tails + Gypsum 

Water was added to the top of each packed funnel to a depth of 2 cm (h) (Gravelly HHF) or 

130 cm (h) (Sandy HHF) above the sample surface.  For the duration of testing, water was 

added to the top of the funnels to maintain a 2 cm or 130 cm water depth.  Once a known 

volume (Q in cm3) of water had passed though the funnel, the time (s) taken for that volume 

to pass was recorded.   

Gypsum treatments were used in hydraulic conductivity testing, because both HHF materials 

are highly sodic and magnesic, and highly dispersive.  Typical consequences of high levels of 

dispersion in subsoils are extremely low hydraulic conductivity when wet, and hard setting (to 

the point of preventing root extension) when dry.   

Rates of gypsum to be applied were calculated on the basis of treating a 1 ha area of soil to 

10 cm soil depth with sufficient gypsum to result in a residual exchangeable sodium 

percentage of 4%. The estimated rates are 5 t/ha for Gravelly HHF and 5.5 t/ha for the Sandy 

HHF.  This equates to 4.2 g and 4.6 g per column respectively. Gypsum was applied to each 

soil/soil blend, mixed and left overnight before being packed into funnels and hydraulic 

conductivity measurements taken. 

The experimental setup is shown in Figure 1.  The figure shows the tall funnels (h of 130 cm) 

on the support rack.  Sample containers are placed under each funnel before experimentation 

begins.  The setup was similar for the shorter funnels, which were also used during testing. 
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Figure 1: Hydraulic conductivity setup. 

 

2.2 Bulk density 

Part of experimental setup was to measure bulk density.  Bulk density measurements are 

repacked bulk densities; based on the mass of the sample used to fill the column to 10 cm 

depth (L).  The soil used in filling columns was in an air dried condition.   

The following equation was used to calculate the repacked bulk density, 

Ƿb = Ms / Vt 

Ƿb – bulk density in g/cm3 

Ms – Mass of soil in g 

Vt – total volume of soil in column in cm3 

 

Volume of the column was calculated using the following calculation, 

Vt = πr2 
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Vt – total volume of column in cm3 

π – Pi  

r – radius of column in cm (r = 10.45 cm) 

 

2.3 Plant available water 

Samples were placed on ceramic pressure plates and exposed to pressures such that water 

retained on the plates was held at matric potentials of -0.1 and -15 bars, consistent with soil 

water contents of field capacity (drained upper limit) and permanent wilting point (lower limit). 

 

3. Results 

3.1 Values of K 

Calculated hydraulic conductivity results are presented in Figures 2 and 3.  Both graphs show 

large increases in hydraulic conductivity in response to gypsum treatment, and also some 

significant impacts of addition of coarse sand tailings.   

3.1.1 Gravelly HHF 

The addition of 25% Coarse Tails to the Gravelly HHF caused a decrease in the hydraulic 

conductivity of the resulting mixture. This is thought to have been caused by Coarse Tails filling 

in large pores in the matrix of rock, sand, and clay, and consequently decreasing the hydraulic 

conductivity of the blend. The addition of 50% Coarse Tails increased hydraulic conductivity 

of the blend, probably because the proportion of particles coarser than silt and clay became 

sufficiently dominant to control rates of water movement.   

For most mixtures, gypsum addition caused a large increase in hydraulic conductivity, though 

there was little effect for the mixture with 50% Coarse tails, probably because the proportion 

of dispersive clay in that blend was too low for a reduction in dispersion to affect the rate of 

water movement.   
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Figure 2: Hydraulic conductivity (K) for Gravelly HHF mixtures. G, Gravelly HHF; CT, Coarse 

Tails; Gyp, Gypsum 

 

3.1.2 Sandy HHF 

Sandy HHF samples showed a large response to the addition of Coarse Tails.  The addition of 

25% Coarse Tails to the Sandy HHF increased hydraulic conductivity from 1.8 x10-6 m/s for 

Sandy HHF to 2.6x10-6 m/s for the 25% Coarse Tails Blend.  Addition of 50% Coarse Tails 

increased hydraulic conductivity dramatically to 1.3x10-4 m/s, effectively increasing hydraulic 

conductivity of the Sandy HHF blend by a factor of 75 times relative to that of Sandy HHF.   

This material also showed a significant increase in hydraulic conductivity with application of 

gypsum, particularly for the blend with 50% Coarse Tails added. 

It should be noted that the highest hydraulic conductivity measured for this material (for S 

50% + gypsum) is slightly less than that measured for a 1:1 fine:coarse tailings blend, and 

which – in a previous study of plant growth on constructed profiles – appeared to be close to 

the lower limit of acceptability for plant establishment. 

Further testing is clearly desirable, but it appears that the low hydraulic conductivity of this 

material will need to be managed carefully in rehabilitation works. 
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Figure 3: Hydraulic conductivity (K) for Sandy HHF mixtures. S, Sandy HHF; CT, Coarse Tails; 

Gyp, Gypsum 

 

3.2 Bulk density 

3.2.1 Gravelly HHF 

Bulk densities of the various Gravelly HHF mixtures are shown in Figure 4. 

Consistent with observed impacts of addition of coarse (sand) tailings on hydraulic 

conductivity, addition of 25% coarse tails increased bulk density, whereas addition of 50% 

coarse tails reduced bulk density. 
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Figure 4: Bulk density values for Gravelly HHF mixtures. G, Gravelly HHF; CT, Coarse Tails; Gyp, 

Gypsum 

 

3.2.2 Sandy HHF 

Bulk densities of the various Sandy HHF mixtures are shown in Figure 5. 

Impacts of addition of coarse (sand) tailings on bulk density were similar to those noted for 

Gravelly HHF, with addition of 25% coarse tails increasing bulk density, whereas addition of 

50% coarse tails reduced bulk density.   

Correlations between bulk density and hydraulic conductivity were less clear for this material. 
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Figure 5: Bulk density values for Sandy HHF mixtures. S, Sandy HHF; CT, Coarse Tails; Gyp, 

Gypsum 

 

3.3 Plant available water capacity 

Laboratory results for drained upper limit, lower limit (permanent wilting point) and plant 

available water capacity (PAWC) for the Gravelly HHF, Sandy HHF, and Coarse Tails are 

presented in Table 1.  For the Fingerboards site, topsoil can be expected to have approximately 

the same upper and lower storage limits and PAWC as the Coarse Tails.  

The data show very much higher storage and water availability for the Sandy HHF material. 

 

Table 1: Upper and lower storage limits and plant available water capacity for Gravelly HHF, 

Sandy HHF and Coarse Tails.  All data given as gravimetric percentages. 

Material Drained Upper Limit 

(%) 

Lower Storage Limit 

(%) 

PAWC (%) 

Gravelly HHF 12 6.5 5.5 

Sandy HHF 22.5 12 10.5 

Coarse Tails 4 1 3 

 

4. Observations 

During experimentation, Sandy HHF samples were initially set up in the short funnels with 2 

cm head (h). Drainage through the soil profile either did not occur or occurred overnight, 
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resulting in concerns with the accuracy of any data recorded. Consequently, new Sandy HHF 

samples were packed into the tall funnels which provide greater hydraulic head (h, 130 cm) 

allowing hydraulic conductivity measurements to be conducted within a standard working day.   

Minor variation in bulk density between gypsum treated and non-treated samples are due to 

packing and the unpredictable size of the gravel fraction found in both the Gravelly HHF and 

Sandy HHF samples.  Due to particle size distributions, some samples may have had larger 

pore spaces (macropores) which would have caused decreases in the bulk density of a sample. 

Both the 75% Gravelly HHF 25% Coarse tails and the 75% Sandy HHF 25% Coarse Tails had 

the highest recorded bulk densities for both types of HHF overburden mixes.  The increase in 

bulk density can be attributed to the coarse tails filling the larger pore spaces (macropores) 

leading to better (tighter) packing of the hydraulic conductivity columns. For both the Gravelly 

HHF and Sandy HHF samples, once you reach a 50% Coarse Tails rate sand texture becomes 

dominant and in this case lead to samples with 50% Coarse Tails having a lower bulk density 

than samples with 25% coarse tails. 

 

5. Considerations for rehabilitation methods 

5.1 Materials and hydraulic conductivity 

Measurements showed that gypsum significantly increased hydraulic conductivity of both 

Gravelly HHF and Sandy HHF overburdens, as would be expected given the high potential of 

those materials for clay to disperse.  Clearly, gypsum will be an essential component of 

rehabilitation works using HHF overburden. 

The Gravelly HHF recorded higher hydraulic conductivity values, consistent with its higher 

component of rock.  

Sandy HHF will require both addition of Coarse Tails and gypsum to ensure its hydraulic 

conductivity is increased to the point where surface ponding and waterlogging will not be an 

issue for vegetation establishment. 

5.2 Optimising drainage and PAWC 

It appears that the Gravelly HHF overburden (suitably amended with gypsum) could be used 

without any addition of Coarse Tails.  This would give a subsoil PAWC of (approximately) 5.5% 

gravimetric, which is likely to be double that of the Podosols with subsoil gravel that are 

currently present on the site.  This would give – potentially - a significant increase in the 

resilience of vegetation established with this material as a subsoil compared to vegetation on 

the deep podosols currently present on a significant proportion of the area. 

However, for the Sandy HHF overburden, it may be necessary to use a 1:1 mix of this material 

with Coarse Tailings to achieve the required level of hydraulic conductivity and drainage.  That 

would reduce PAWC to being probably similar to that of the Gravelly HHF, and, again, likely to 

give benefits in terms of vegetation resilience and productivity.   
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APPENDIX 3: PLANT AVAILABLE WATER CAPACITY 
 

 

 

  



Agricultural Chemistry Pty Ltd

Soil Analysis Report

Client: Landloch Pty Ltd

Lab No Site Sample ID 1/10 Bar 15 Bar PAWC

Average 

PAWC Depth in 700 mm profile

% % % %

2230 Gravelly Clay 12 6 6

2230 Gravelly Clay 12 7 5 6 50.05

2231 Sandy Clay 23 12 11

2231 Sandy Clay 22 12 10 11 95.55

355 50%sandy clay 50% 13 6 7

355 50%sandy clay 50% 13 6 7 7 63.70

975 83258 T200 4 1 3 3 27.30

Gravelly HHF 6

Sandy HHF 11

S50% CT50% 7

T200 (Coarse Tails) 3.0

Date Received: 5/9/2018

Date Completed: 19/9/2018

Batch Number: 18/56
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APPENDIX 4: ANALYSIS RESULTS – COMPOST APPLIED 
 

 

 

  



PROJECT NO: EW180989 Date of Issue: 07/05/2018

Customer: LANDLOCH PTY. LTD. (QLD)

Address: PO BOX 57 HARLAXTON QLD 4350

Attention: Riki Lewis

Phone: 0458 728 649

Fax: 07 4613 1826

Email: lewis@landloch.com.au

Report No: 1

Date Received: 26/04/2018

Matrix: Faecal/Manure

Location: 1325.18a

Sampler ID: client

Date of Sampling: 23/04/2018

Sample Condition: Acceptable

Results apply to the samples as submitted. All pages of this report have been checked and approved for 
release.

Signed:

Page 1 of 3

This report must not be reproduced except in full and EWEA takes no 
responsibility of the end use of the results within this report. 

This analysis relates to the sample submitted and it is the client's responsibility 
to make certain the sample is representative of the matrix to be tested.

Samples will be discarded one month after the date of this report. Please 
advise if you wish to have your sample/s returned.

Document ID: REP-08

Issue No: 1

Issued By: S. Cameron

Date of Issue: 21/01/2013

ANALYSIS REPORT FAECAL/MANURE



Test Parameter 180989-1

CLIENT SAMPLE ID

SOURCE

Manure 

1325.18a

composted/scre

ened

ANALYSIS REPORT

PROJECT NO: EW180989 Location: 1325.18a

Units
Method 

Description

Moisture Content (Oven Dry) % 21.6Oven-Dry

pH (1:5 in H20) pH units 8.48Electrode

Electrical Conductivity dS/m 5.83Electrode

Organic Carbon (LECO) % 11.2LECO

Total Nitrogen % 1.08LECO

Chloride Soluble % 1.14Electrode

Organic Matter % 19.6Calc

C/N Ratio % 10.4Calc

Total Phosphorus % 0.72HNO3/HCLO4 ICP

Total Sulphur % 0.51HNO3/HCLO4 ICP

Total Copper mg/kg 39.2HNO3/HCLO4 ICP

Total Zinc mg/kg 255HNO3/HCLO4 ICP

Total Manganese mg/kg 272HNO3/HCLO4 ICP

Total Iron mg/kg 20360HNO3/HCLO4 ICP

Page 2 of 3

Document ID: REP-08

Issue No: 1

Issued By: S. Cameron

Date of Issue: 21/01/2013



Test Parameter 180989-1

CLIENT SAMPLE ID

SOURCE

Manure 

1325.18a

composted/scre

ened

ANALYSIS REPORT

PROJECT NO: EW180989 Location: 1325.18a

Units
Method 

Description

Total Boron mg/kg 43.6HNO3/HCLO4 ICP

Total Potassium % 1.72Water soluble

Total Calcium % 2.43HNO3/HCLO4 ICP

Total Magnesium % 0.86HNO3/HCLO4 ICP

Total Sodium % 0.43HNO3/HCLO4 ICP

This Analysis Report shall not be reproduced except in full without the written approval of the laboratory.

Results are on an "As Received" basis.

DOCUMENT END

Page 3 of 3

Document ID: REP-08

Issue No: 1

Issued By: S. Cameron

Date of Issue: 21/01/2013
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APPENDIX 5: RAW PLANT HARVEST DATA 
 

 

 

 

  



Plant harvesting weights 1st Harvest

Soil Fertiliser Column No. Species

Dry bag 

weight (g) Sample+bag wet (g) Sample+bag dry (g) Dry weight sample (g)

Combined yield 

Ryegrass + Clover (g)

Coarse Tails - 1 Tall Fescue 5.586 79.248 26.876 21.29 26.756

Coarse Tails - 1 Lucerne 5.628 24.759 11.094 5.466

Coarse Tails + Fert Yes 2 Tall Fescue 5.717 23.939 14.509 8.792 24.532

Coarse Tails + Fert Yes 2 Lucerne 5.636 36.784 21.376 15.74

Gravelly HHF - 3 Tall Fescue 5.68 39.599 16.978 11.298 15.415

Gravelly HHF - 3 Lucerne 5.648 16.562 9.765 4.117

Gravelly HHF + Fert Yes 4 Tall Fescue 5.711 27.794 14.797 9.086 16.56

Gravelly HHF + Fert Yes 4 Lucerne 5.709 25.205 13.183 7.474

Sandy HHF - 5 Tall Fescue 5.691 34.273 17.445 11.754 15.06

Sandy HHF - 5 Lucerne 5.605 13.424 8.911 3.306

Sandy HHF + Fert Yes 6 Tall Fescue 5.623 28.646 16.281 10.658 19.417

Sandy HHF + Fert Yes 6 Lucerne 5.616 25.466 14.375 8.759

Sandy HHF 50% Coarse Tails 50% - 7 Tall Fescue 5.671 20.827 10.125 4.454 12.422

Sandy HHF 50% Coarse Tails 50% - 7 Lucerne 5.643 29.961 13.611 7.968

Sandy HHF 50% Coarse Tails 50% + Fert Yes 8 Tall Fescue 5.657 26.313 14.643 8.986 19.845

Sandy HHF 50% Coarse Tails 50% + Fert Yes 8 Lucerne 5.681 32.8 16.54 10.859

Coarse Tails - 9 Tall Fescue 5.577 24.01 9.071 3.494 5.45

Coarse Tails - 9 Lucerne 5.634 14.102 7.59 1.956

Coarse Tails + Fert Yes 10 Tall Fescue 5.598 38.874 13.465 7.867 14.032

Coarse Tails + Fert Yes 10 Lucerne 5.61 32.146 11.775 6.165

Gravelly HHF - 11 Tall Fescue 5.628 7.662 6.029 0.401 4.95

Gravelly HHF - 11 Lucerne 5.61 25.949 10.159 4.549

Gravelly HHF + Fert Yes 12 Tall Fescue 5.654 21.684 11.911 6.257 15.828

Gravelly HHF + Fert Yes 12 Lucerne 5.682 30.423 15.253 9.571

Sandy HHF - 13 Tall Fescue 5.62 62.42 27.764 22.144 22.144

Sandy HHF - 13 Lucerne 5.633 10.657 7.282 1.649

Sandy HHF + Fert Yes 14 Tall Fescue 5.645 22.871 13.729 8.084 19.84

Sandy HHF + Fert Yes 14 Lucerne 5.614 32.904 17.37 11.756

Sandy HHF 50% Coarse Tails 50% - 15 Tall Fescue 5.565 17.144 9.149 3.584 8.609

Sandy HHF 50% Coarse Tails 50% - 15 Lucerne 5.604 23.727 10.629 5.025

Sandy HHF 50% Coarse Tails 50% + Fert Yes 16 Tall Fescue 5.606 22.954 13.967 8.361 20.73

Sandy HHF 50% Coarse Tails 50% + Fert Yes 16 Lucerne 5.59 33.548 17.959 12.369



Plant harvesting weights 2nd (final) Harvest

Soil Fertiliser

Column 

No. Species

Dry bag 

weight (g) Sample+bag wet (g) Sample+bag dry (g) Dry weight sample (g)

Combined yield 

Ryegrass + Clover (g)

Coarse Tails - 1 Tall Fescue 7.555 16.64 14.129 6.574 11.11

Coarse Tails - 1 Lucerne 7.537 13.606 12.073 4.536

Coarse Tails + Fert Yes 2 Tall Fescue 7.631 16.889 15.382 7.751 17.051

Coarse Tails + Fert Yes 2 Lucerne 7.597 16.561 16.897 9.3

Gravelly HHF - 3 Tall Fescue 7.622 19.425 13.181 5.559 9.933

Gravelly HHF - 3 Lucerne 7.623 17.215 11.997 4.374

Gravelly HHF + Fert Yes 4 Tall Fescue 7.718 16.115 13.467 5.749 16.821

Gravelly HHF + Fert Yes 4 Lucerne 7.651 27.316 18.723 11.072

Sandy HHF - 5 Tall Fescue 7.612 27.432 17.693 10.081 14.514

Sandy HHF - 5 Lucerne 7.61 16.403 12.043 4.433

Sandy HHF + Fert Yes 6 Tall Fescue 7.858 16.609 13.738 5.88 17.963

Sandy HHF + Fert Yes 6 Lucerne 7.609 30.364 19.692 12.083

Sandy HHF 50% Coarse Tails 50% - 7 Tall Fescue 7.579 11.229 9.534 1.955 10.553

Sandy HHF 50% Coarse Tails 50% - 7 Lucerne 7.577 27.304 16.175 8.598

Sandy HHF 50% Coarse Tails 50% + Fert Yes 8 Tall Fescue 7.575 12.927 11.319 3.744 15.559

Sandy HHF 50% Coarse Tails 50% + Fert Yes 8 Lucerne 7.584 30.485 19.399 11.815

Coarse Tails - 9 Tall Fescue 7.594 22.471 15.529 7.935 14.913

Coarse Tails - 9 Lucerne 7.626 22.794 14.604 6.978

Coarse Tails + Fert Yes 10 Tall Fescue 7.547 14.303 13.114 5.567 19.856

Coarse Tails + Fert Yes 10 Lucerne 7.592 24.875 21.881 14.289

Gravelly HHF - 11 Tall Fescue 7.59 11.737 9.252 1.662 10.408

Gravelly HHF - 11 Lucerne 7.635 27.181 16.381 8.746

Gravelly HHF + Fert Yes 12 Tall Fescue 7.57 11.222 9.912 2.342 13.475

Gravelly HHF + Fert Yes 12 Lucerne 7.458 28.798 18.591 11.133

Sandy HHF - 13 Tall Fescue 7.641 32.231 19.054 11.413 11.413

Sandy HHF - 13 Lucerne 7.801 10.3 8.782 0.981

Sandy HHF + Fert Yes 14 Tall Fescue 7.607 12.075 10.546 2.939 15.448

Sandy HHF + Fert Yes 14 Lucerne 7.606 32.885 20.115 12.509

Sandy HHF 50% Coarse Tails 50% - 15 Tall Fescue 7.578 26.967 17.363 9.785 17.036

Sandy HHF 50% Coarse Tails 50% - 15 Lucerne 7.598 23.049 14.849 7.251

Sandy HHF 50% Coarse Tails 50% + Fert Yes 16 Tall Fescue 7.637 14.759 12.15 4.513 17.714

Sandy HHF 50% Coarse Tails 50% + Fert Yes 16 Lucerne 7.576 31.357 20.777 13.201
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APPENDIX 6: ANOVA ANALYSIS RESULTS 
 

 

  



T.Test results

Comparing, fertilised and non fertilised treatments and subsoil composition of the harvest weights of the First Harvest.

T.Test values of ≤0.05 are considered to be statistically different from one another. For this experiment that means one of the treatments

and subsoil combinations had greater crop biomass harvested than did the treatment and subsoil combination it is being compared to. 

Subsoil materials and 

treatment
Coarse Tails

Coarse Tails 

+ Fert
Gravelly HHF

Gravelly HHF 

+ Fert
Sandy HHF

Sandy HHF + 

Fert

Sandy HHF 50% 

Coarse Tails 50%

Sandy HHF 50% Coarse 

Tails 50% + Fert

Coarse Tails x 0.41 0.33 0.50 0.42 0.39 0.33 0.37

Coarse Tails + Fert x x 0.17 0.31 0.46 0.48 0.13 0.43

Gravelly HHF x x x 0.19 0.16 0.11 0.48 0.10

Gravelly HHF + Fert x x x x 0.28 0.01 (S+F>G+F) 0.05 (G+F>S50) 0.01 (S50+F>G+F)

Sandy HHF x x x x x 0.40 0.09 0.16

Sandy HHF + Fert x x x x x x 0.02 (S+F>S50) 0.16

Sandy HHF 50% Coarse 

Tails 50%
x x x x x x x 0.02 (S50+F>S50)

Sandy HHF 50% Coarse 

Tails 50% + Fert
x x x x x x x x



T.Test results

Comparing, fertilised and non fertilised treatments and subsoil composition of the harvest weights of the Second (Final) Harvest.

T.Test values of ≤0.05 are considered to be statistically different from one another. For this experiment that means one of the treatments

and subsoil combinations o had greater crop biomass harvested than did the treatment and subsoil combination it is being compared to.

Subsoil materials and 

treatment
Coarse Tails

Coarse Tails 

+ Fert
Gravelly HHF

Gravelly HHF 

+ Fert
Sandy HHF

Sandy HHF + 

Fert

Sandy HHF 50% 

Coarse Tails 50%

Sandy HHF 50% Coarse 

Tails 50% + Fert

Coarse Tails x
0.03 

(CT+F>CT)
0.14 0.24 0.49 0.12 0.43 0.12

Coarse Tails + Fert x x
0.01 

(CT+F>G)
0.13 0.06 0.23 0.16 0.21

Gravelly HHF x x x 0.05 (G+F>G) 0.11 0.02 (S+F>G) 0.37 0.02 (S50+F>G)

Gravelly HHF + Fert x x x x 0.22 0.27 0.37 0.27

Sandy HHF x x x x x 0.10 0.42 0.49

Sandy HHF + Fert x x x x x x 0.25 0.49

Sandy HHF 50% Coarse 

Tails 50%
x x x x x x x 0.25

Sandy HHF 50% Coarse 

Tails 50% + Fert
x x x x x x x x



T.Test results

Comparing, fertilised and non fertilised treatments and subsoil composition of the harvested weights of both harvests combined.

T.Test values of ≤0.05 are considered to be statistically different from one another. For this experiment that means one of the treatments

and subsoil combinations out performed, had greater crop biomass harvested, than the treatment and subsoil combination it is being compared 

to.

Subsoil materials and 

treatment
Coarse Tails

Coarse Tails 

+ Fert
Gravelly HHF

Gravelly HHF 

+ Fert
Sandy HHF

Sandy HHF + 

Fert

Sandy HHF 50% 

Coarse Tails 50%

Sandy HHF 50% Coarse 

Tails 50% + Fert

Coarse Tails x 0.16 0.24 0.41 0.41 0.25 0.32 0.24

Coarse Tails + Fert x x 0.06 0.14 0.15 0.38 0.04 (CT+F>S50) 0.43

Gravelly HHF x x x 0.09 0.09 0.04 (S+F>G) 0.26 0.04 (G<S50)

Gravelly HHF + Fert x x x x 0.47 0.08 0.05 (G+F>S50) 0.08

Sandy HHF x x x x x 0.08 0.05 (S>S50) 0.39

Sandy HHF + Fert x x x x x x 0.01 (S+F>S50) 0.39

Sandy HHF 50% Coarse 

Tails 50%
x x x x x x x 0.01 (S50+F>S50)

Sandy HHF 50% Coarse 

Tails 50% + Fert
x x x x x x x x



Anova: Single Factor, 1st Harvest, Greenhouses

Comparison of the the eastern greenhouse to the western greenhouse to examine if there 

is a block effect.

High F values produced by the ANOVA analysis indicate high variability within a sample

group, in this case harvested weights varied considerably within a greenhouse. High F values 

coupled with a P-value  >0.05 mean there is no statistically significant difference between   

overall harvested weights between greenhouses and little to no block effect follwing the first

 harvest.

SUMMARY 1

Groups Count Sum Average Variance

Eastern Greenhouse 8 150.007 18.75088 24.10707

Western Greenhouse 8 111.583 13.94788 47.58743

ANOVA 1

Source of Variation SS df MS F P-value F crit

Between Groups 92.27524 1 92.27524 2.574123 0.130938 4.60011

Within Groups 501.8615 14 35.84725

Total 594.1367 15

Anova: Single Factor, 2nd (Final) Harvest, Greenhouses

Comparison of the the eastern greenhouse to the western greenhouse to examine if there 

is a block effect.

A low F value indicates high variability within a sample, in this case harvested weights varied 

considerably within a greenhouse. A low F value couplde with a high P-value >0.05 means 

there is no difference between overall harvested weights between greenhouses and no 

apparent block effect.

SUMMARY 2

Groups Count Sum Average Variance

Column 1 8 113.504 14.188 10.30833

Column 2 8 120.263 15.03288 10.2243

ANOVA 2

Source of Variation SS df MS F P-value F crit

Between Groups 2.855255 1 2.855255 0.278119 0.606194 4.60011

Within Groups 143.7284 14 10.26632

Total 146.5837 15

Anova: Single Factor, 1st Harvest, Fertiliser

Comparison of non-fertilised and fertilised crop yield to examine if there is a fertiliser effect

following the first harvest.

High F values produced by the ANOVA anlaysis means there is considerable variability 



between harvested weights within a sample group, in this case non-fertilised or fertilised  

samples. A high F crit value coupled with a P-value >0.05 indicates there is no statistically

significant difference between non-fertilised and fertilised harvested weight following the 

first harvest. For this experiment there was no appreciable difference between non-fertilised 

and fertilised crop yield of sample weights collected for the first harvest. 

SUMMARY

Groups Count Sum Average Variance

Column 1 8 150.784 18.848 10.8144

Column 2 8 110.806 13.85075 59.79227

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 99.89003 1 99.89003 2.829479 0.114709 4.60011

Within Groups 494.2467 14 35.30333

Total 594.1367 15

Anova: Single Factor, 2nd (Final) Harvest, Fertiliser

Comparison of non-fertilised and fertilised crop yield to examine if there is a fertiliser effect

following the second (final) harvest.

High F value produced by the ANOVA indicates there considerable varuiability between

harvested weights within a sample group, in this case non-fertilised or fertilised samples.

A P-value <0.05 indicates that there is a significant difference between non-fertilised and 

fertilised harvested weights follwing the second harvest. For this experiment fertilised soil 

generated significantly higher crop yield when comparing sample weights of the second 

(final) harvest.

SUMMARY

Groups Count Sum Average Variance

Column 1 8 133.887 16.73588 3.711608

Column 2 8 99.88 12.485 6.903242

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 72.27975 1 72.27975 13.61861 0.002423 4.60011

Within Groups 74.30395 14 5.307425

Total 146.5837 15

Anova: Single Factor, Both Harvests Combined, Fertiliser

This analysis examines combined harvest weights (1st harvest + 2nd Harvest) to determine 

if thee is a difference in overall crop yield between non-fertilised and fertilised samples.

High F values indicate there is high variability between harvested weights within sample



groups, in this case non-fertilised and fertilised. A low P-value of <0.05 indicates that there is

a statistically significant difference between overall crop yield of non-fertilised and fertilised 

samples. For this experiment the overall biomass produced from fertilised soil was  

significantly higher than that from non-fertilised soil. 

SUMMARY

Groups Count Sum Average Variance

Column 1 8 284.671 35.58388 13.52769

Column 2 8 210.686 26.33575 52.07308

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 342.1113 1 342.1113 10.4301 0.006054 4.60011

Within Groups 459.2054 14 32.80038

Total 801.3166 15
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APPENDIX 7: BULK DENSITY AND MOISTURE CONTENT 
MEASUREMENTS 

 

 

 

  



Bulk Density Ring

Dimeter 

(cm)

Radius 

(cm)

Area BD 

ring (cm)

Length BD 

ring (cm)

Vol. BD 

ring 

(cm3)

7.3 3.65 41.9 5 209.3

Treatment

Column 

number Depth

Tin 

Number Tin (g)

Wet 

weight (g)

Dry 

weight (g)

Dry soil 

(g)

Moisure 

Content 

(g)

Moisture content 

(dry weight basis) 

(%)

Bulk 

Density

Coarse Tails 9 Topsoil 13B 12.9 288.8 279 266.1 9.8 3.68 1.27

Coarse Tails Surface subsoil (SS) 1(T) 12.9 312.7 312.1 299.2 0.6 0.20 1.43

Coarse Tails SS 20 cm 9C 12.5 308 307.5 295 0.5 0.17 1.41

Coarse Tails SS 60 cm 14b 13 310.2 309.5 296.5 0.7 0.24 1.42

Coarse Tails + Fert 10 Topsoil 10a 12.6 286 279.4 266.8 6.6 2.47 1.27

Coarse Tails + Fert Surface subsoil (SS) 11d 12.6 320.2 319.6 307 0.6 0.20 1.47

Coarse Tails + Fert SS 20 cm MC1 12.7 302.9 302.5 289.8 0.4 0.14 1.38

Coarse Tails + Fert SS 60 cm F2 12.7 319.8 319.4 306.7 0.4 0.13 1.47

Gravelly HHF 11 Topsoil 3(T) 12.7 290.9 282.4 269.7 8.5 3.15 1.29

Gravelly HHF Surface subsoil (SS) 4C 12.7 357.6 347.1 334.4 10.5 3.14 1.60

Gravelly HHF SS 20 cm 2(T) 12.7 397.8 384.3 371.6 13.5 3.63 1.78

Gravelly HHF SS 60 cm 3a 12.8 370.4 346.3 333.5 24.1 7.23 1.59

Gravelly HHF + Fert 12 Topsoil 3(B) 12.7 273.2 264.3 251.6 8.9 3.54 1.20

Gravelly HHF + Fert Surface subsoil (SS) 4b 12.7 372.3 361.1 348.4 11.2 3.21 1.66

Gravelly HHF + Fert SS 20 cm F1 12.7 410.9 384.7 372 26.2 7.04 1.78

Gravelly HHF + Fert SS 60 cm 1(B) 12.5 394.5 398.7 386.2 -4.2 -1.09 1.85

Sandy HHF 13 Topsoil 4_1 12.6 262.4 252.5 239.9 9.9 4.13 1.15

Sandy HHF Surface subsoil (SS) 1_1 12.8 396.1 351.5 338.7 44.6 13.17 1.62

Sandy HHF SS 20 cm RT30 7.7 406.4 336.7 329 69.7 21.19 1.57

Sandy HHF SS 60 cm RT50 7.7 404.6 336.1 328.4 68.5 20.86 1.57

Sandy HHF + Fert 14 Topsoil RT60 7.6 247 239.5 231.9 7.5 3.23 1.11

Sandy HHF + Fert Surface subsoil (SS) RT22 7.6 311.7 291 283.4 20.7 7.30 1.35

Sandy HHF + Fert SS 20 cm RT23 7.7 312.8 290.9 283.2 21.9 7.73 1.35

Sandy HHF + Fert SS 60 cm RT24 7.7 342.5 324.5 316.8 18 5.68 1.51

S50% CT50% 15 Topsoil RT25 7.8 256.1 246.9 239.1 9.2 3.85 1.14

S50% CT50% Surface subsoil (SS) RT26 7.7 338.8 326 318.3 12.8 4.02 1.52

S50% CT50% SS 20 cm RT27 7.8 293.3 279.4 271.6 13.9 5.12 1.30

S50% CT50% SS 60 cm RT28 7.7 304 270.8 263.1 33.2 12.62 1.26

S50% CT50% + Fert 16 Topsoil RT08 8.3 258.8 250.3 242 8.5 3.51 1.16

S50% CT50% + Fert Surface subsoil (SS) RT10 7.3 312.4 303 295.7 9.4 3.18 1.41

S50% CT50% + Fert SS 20 cm RT02 8.3 314.1 304.8 296.5 9.3 3.14 1.42

S50% CT50% + Fert SS 60 cm RT04 8.6 324.4 310.9 302.3 13.5 4.47 1.44
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APPENDIX 8: SUBSOIL PROPERTY CALCULATIONS 
 

 

 

 

 



Initial analysis

Soil pH EC (dS/m) TKN (mg/kg) Colwell P (mg/kg) Colwell K (mg/kg) S (mg/kg) B (mg/kg) CEC (meq/100g) Ca (meq/100g) Mg (meq/100g) K (meq/100g) Na (meq/100g) Exch Na (%)

Topsoil 5.08 0.05 2033 37.6 88.8 5.4 0.39 4.29 2.76 0.83 0.33 0.21 4.9

Coarse Tails 7.38 0.03 218 4.9 14.8 3 0.20 0.79 0.33 0.16 0.20 0.09 10.8

Gravelly HHF 6.48 0.04 510 12.5 82.9 12.6 1.14 5.15 1.33 2.96 0.27 0.58 11.2

Sandy HHF 6.30 0.19 235 27.1 41.1 7.7 0.40 7.91 0.21 5.83 0.18 1.68 21.2

S50% CT50%* 6.84 0.11 227 16 28.0 5.4 0.30 4.35 0.27 3.00 0.19 0.88 20.3

* concentrations are calculated based on proportion of sandy clay and coarse tails, SC50% CT50% is sandy clay 50% coarse tails 50%

Post Final harvest

Soil pH EC (dS/m) TKN (mg/kg) Colwell P (mg/kg) Colwell K (mg/kg) S (mg/kg) B (mg/kg) CEC (meq/100g) Ca (meq/100g) Mg (meq/100g) K (meq/100g) Na (meq/100g) Exch Na (%)

Topsoil 5.64 0.03 1506.0 19.6 <85.0 4.8 0.3 3.6 2.21 0.83 0.14 0.40 11.0

Coarse Tails 5.86 0.07 - - - - - 1.3 0.53 0.42 0.05 0.27 20.9

Gravelly HHF 7.24 0.10 - - - - - 6.6 1.51 4.18 0.29 0.64 9.7

Sandy HHF 7.30 0.08 - - - - - 7.7 0.96 5.03 0.18 1.55 20.0

S50% CT50% 7.06 0.01 - - - - - 2.7 0.53 1.74 0.06 0.34 12.5

Topsoil + Fert 5.53 0.19 1567.0 29.2 <85.0 76.3 1.0 7.2 5.44 1.06 0.23 0.42 5.9

Coarse Tails + Fert 5.92 0.01 - - - - - 1.2 0.54 0.42 0.05 0.19 15.7

Gravelly HHF + Fert 6.54 0.32 - - - - - 4.7 2.28 2.16 0.16 0.13 2.7

Sandy HHF + Fert 5.76 0.47 - - - - - 6.6 2.47 3.63 0.08 0.41 6.2

S50% CT50% + Fert 6.98 0.18 - - - - - 5.7 3.37 1.93 0.17 0.20 3.5
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