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2  Executive summary 

In 2018, testing of slaking in water of soil samples from the Gawler River trial site demonstrated the 

positive impact of Aqua-Sil in reduced slaking on hardsetting and poorly structured soil – with 

statistically significant results.  (See Hall 2019 and Section 3.2 below). 

 

In 2019, soil strength was tested using a penetrometer – with automatic logging of soil resistance with 

depth at every 2.5 cm interval – at the Gawler River trial site (see Section 3.3 below) at 120 locations 

(30 in each plot).  This was performed in August in soil supporting a non-irrigated oat crop. 

 

It is notable that reduced soil strength was measured at all depths in the critical depth range of 17.5 to 

27.5 cm on plots that had been treated with Aqua-Sil in 2018 – with statistically significant results.  See 

results in Sections 3.3.3, 3.3.4 and 3.3.6. 

 

There is a significant difference between treated and untreated soils for all measurements taken in this 

depth range at the 95% confidence level.  In fact the possibility of obtaining the result by chance alone 

is less than one in one thousand.  (See Section 3.3.3). 

 

The most significant treatment effects were measured at 22.5 cm (see Section 3.3.6.3) and 27.5 cm 

depths (see Section 3.3.6.5). 

 

At 22.5 cm, the treatment mean soil strength was 650 kPa less than the mean soil strength in untreated 

plots.  This difference could have a considerable impact on root penetration and exploration at this 

critical depth, as well as facilitate better drainage and plant-soil-water relationships.  The treatment 

mean soil strength is well below 3000 kPa, while the mean soil strength of untreated soils is well over 

3000 kPa, with soil resistance over this level significantly impeding many plant roots. 

 

At 27.5 cm, treated soils have a mean soil strength almost 600 kPa lower than untreated soils, with 

mean levels being well below and well above the 3000 kPa level, respectively.  Of note is that 13 of the 

60 tested locations in treated plots had an impenetrable soil layer above this depth (and so no reading 
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at 27.5 cm), while 22 of the 60 tested locations in untreated plots had the same.  This signifies an 

ameliorating effect of the Aqua-Sil on these maximum strength (~6000 kPa) layers.   

 

Also of note is that the reduction in slaking measured in 2018 was at 20 cm depth, and the reduction 

in soil strength measured in 2019 was around the same depth range (17.5–27.5 cm).  This is also 

around the depth range where high soil strength is caused by soil disturbance and traffic (particularly 

via potato cultivation) – see Section 3.3.2.  This high soil strength reduces water infiltration, soil 

waterholding capacity, as well as crop root penetration and proliferation.  

 

It seems the Aqua-Sil that was applied in 2018 has accumulated and impacted in the subsurface zone 

from 17.5–27.5 cm.  This could be the result of soil inversion post application, but is more likely to be 

through movement of the Aqua-Sil through the soil with irrigation and rain water, and its 

accumulation in the zone of high soil compaction and lower permeability. 

 

As indicated above, an additional intriguing result is that less tested soil profiles in treated plots had a 

layer of maximum soil resistance (~6000 kPa) where the penetrometer could no longer penetrate the 

soil.  It seems that the Aqua-Sil treatment has had a positive impact from the surface soil through to a 

depth of 27.5 cm in this way.  See Section 3.3.5. 

 

Penetrometer results are shown for every depth interval in Appendix B as box plots and histograms, 

and graphically in Section 3.3.7. 

 

2.1  Recommendations 

A range of recommendations is given based on the results of the 2018 and 2019 testing of soils 

treated with Aqua-Sil in the field. 

• Controlled experiments under laboratory conditions on soil samples with known concentrations of 

Aqua-Sil could be useful to more comprehensively measure the behaviour of treated soils in terms 

of water and structural characteristics, including waterholding capacity testing and further 

structural stability testing. 

• The results reported upon in this document lend more weight to the likely usefulness of image 

analysis to test for differences in soil adhesion on potatoes between treatment and control plots 

from the Gawler River site – using images taken during the 2018 harvest period. 

• Infiltration testing using large rings was part of the initial trial planning and recommendations but 

were not proceeded with.  It may be useful to proceed with such tests in light of the results 

presented herein. 

• It is recommended that there be ongoing NDVI (greenness index) assessment – along with field 

based assessment – of all field sites treated with Aqua-Sil to test for plant growth responses.   
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3  Methods and key results 

3.1  Background 

Juliet Creek Consulting established three field trials on behalf of CHT Australia on the Northern 

Adelaide Plains region of South Australia in 2018 to test the impact on soil structural characteristics 

and crop growth of applications of the soil conditioner ‘Aqua-Sil’ – an emulsion containing specially 

modified polymers – on poorly-structured and hardsetting clay loamy to light clayey soils with clayey 

subsoils. 

 

The aim of the trials is to test if Aqua-Sil can – when applied to soil – improve soil structure and 

soil/plant water characteristics on hardsetting and poorly structured soils.  Soil structure improvement 

on such soils should improve drainage and moisture characteristics, as well as plant growth. 

 

In 2018, one trial was established on alluvial floodplain soil beside the Gawler River with an irrigated 

potato crop (Gawler River trial site).  Another was established on hard red-brown earth soil on the 

plains in the Korunye district on a broadacre cropping site with a barley crop (Halls75 Paddock trial 

site).  The third was established on a poorly structured and powdery grey soil beside the Light River, 

also on the plains of the Korunye district with a lentil crop (Rogers Paddock trial site).  In addition, a 

paddock-length test strip of Aqua-Sil was applied to the Halls75 Paddock as a demonstration. 

 

Where possible, randomised block design replicated trials have been established so that – as far as 

possible – real treatment effects can be measured and verified statistically. 

 

 
Figure 1  Aerial image showing the locations of the three trials.  [Annotation: Juliet Creek Consulting | 

Imagery: Google Earth] 
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Figure 2  Aqua-Sil treatment application via sprinkler system to Bay B (between the sprinkler pipelines) and 

Plot 2 (the wider treatment area) at the Gawler River trial site (16 May 2018).  [Image: Juliet Creek 

Consulting] 

 

 

3.2  Key results 2018 

The Gawler River site (see Figure 5) was established on horticultural land, where potatoes were grown 

in the first year of application in 2018.  [Non-irrigated oats were grown in 2019.] 

 

A range of soil physical testing was conducted on soil samples from treated and untreated bays, and 

statistical analyses were performed on the data.  See the report, ‘Preliminary in-field testing of Aqua-

Sil’s effectiveness in improving condition of poorly structured & hardsetting soils’ (Hall 2019) – 

available from CHT Australia or Juliet Creek Consulting – for details. 

 

Positive results in terms of reduced soil slaking – a key measure of soil structural stability and water 

infiltration capacity – were found at Gawler River in the subsurface soil (at 20 cm depth) in potato 

mounds in bays where Aqua-Sil treatment had been applied (see Figures 3 & 4). 

 

This result was statistically significant at the 95% confidence level.  The result was especially notable 

given that inherently worse soil structural characteristics are known to occur in Bay D (a treatment 

area) compared to other bays (see Figure 6). 

 

The effect of Aqua-Sil on dispersive soil, however, could not be determined at the Gawler river site, as 

soil samples from the surface and 20 cm depth were non-dispersive. 
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Figure 3  Box plots of subsurface soil slaking proportion after 10 min from each bay at the Gawler River trial 

site, clearly showing the positive effect of the Aqua-Sil treatment on soil stability upon wetting.  (Bays B & D 

had treatment applied). 

 

 

Figure 4  Histogram of subsurface soil slaking proportion after 10 min from treatment and control bays at 

the Gawler River trial site, clearly showing the benefit of the Aqua-Sil treatment. 

 

See Appendix A for information and images about slaking proportion (as shown in Figures 3 & 4). 
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Figure 5  Gawler River trial site overview.  [Annotation: Juliet Creek Consulting | Imagery: Google Earth] 

 

 

Figure 6  Trial design at Gawler River site.  Plots and treatments – which extend from the top of the paddock 

(where the numbered irrigation header pipes are shown) to the pink line.  Bays between sprinkler pipelines 

are shown in yellow – these areas are away from edge effects and are the areas that have been sampled and 

tested.  [Annotation: Juliet Creek Consulting | Imagery: Google Earth] 
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In 2018 there was also an interesting outcome on a paddock length test-strip of Aqua-Sil at Korunye 

where grazing livestock (sheep) quite clearly preferred the barley growing on treated soil compared to 

untreated soil.  (See Figure 7) 

 

 

Figure 7  The paddock-length Aqua-Sil treatment test strip can clearly be seen on the left side of this image 

(taken 4 Oct 2018) as it differs to the untreated crop on the right side.  Preferable grazing by livestock (sheep) is 

the reason for the shorter plants in the treated section.  [Image: Juliet Creek Consulting] 

 

 

3.3  Key results 2019 

3.3.1  Background 

In August 2019 the trial site at Gawler River was revisited – with each bay tested for soil strength in 

moist soil using a Rimik penetrometer with automatic logging of soil strength readings and a 130 mm2 

cone size.  30 locations were tested within each of the 4 bays – 120 locations in all.  A location was 

tested approximately every 7 m, with a total distance of about 210 m tested within each bay.  (See 

Figure 6). 

 

Readings at each location were logged every 2.5 cm until a resistance pressure was reached where the 

penetrometer could no longer be forced into the soil (around 6000 KPa) or a maximum depth was 

reached (>70 cm). 

 

Quite strikingly, positive soil strength test results were achieved on treatment bays in the depth range 

from 17.5 cm to 27.5 cm.  It was within the same depth range (at 20 cm) where positive treatment 

results for slaking were also revealed in samples tested in 2018. 

 

The 2019 penetrometer testing showed that soil strength is significantly lower on treated bays 

compared to untreated bays at depths from 17.5 cm to 27.5 cm.  These results are either statistically 

significant or else there is an obvious trend favouring the Aqua-Sil treatment. 
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3.3.2  Soil resistance testing 

Soil compaction is often tested using a penetrometer, which measures penetration resistance.  This is a 

measure of soil strength (or ‘resistance to deformation’).  Penetration resistance has been defined as 

“the capacity of the soil in its confined state (in situ) to resist penetration by a rigid object” (Soil Survey 

Division Staff 2017).  Penetration resistance is affected by the shape, size and orientation of the axis of 

the penetrating object. 

 

 
Figure 8  In-field use of the penetrometer at the Gawler River trial site (August 2019)  [Image:  Juliet Creek 

Consulting] 

 

Soil bulk density – which corresponds to soil strength – is typically increased by heavy wheeled traffic, 

especially when soils are wet (Hamza & Anderson 2005), and this is usually apparent at about 15 cm 

deep in most soils (Holloway & Dexter 1991;  Materechera et al. 1992), or somewhat deeper in sandy 

soils (Sadras et al. 2005).  Practices such as rotary hoeing and full soil cultivation using tyned or disc 

implements also result in poorer soil structure, higher bulk density, and higher soil strength over time. 

 

High soil strength and bulk density also reduce water infiltration into soils, together with reducing soil 

permeability.  Moreover, soil water holding capacity is reduced along with plant available water. 

 

Root growth is typically impeded at least to some extent at resistances of 1000 kPa or more, and 

ceases altogether at around 5000 kPa (Passioura 2002).  The USDA (Soil Survey Division Staff 2017) 

suggest – based on several studies – that in wet to very moist soil a penetrometer (6.4 mm flat-end 

rod) resistance of 2000 kPa indicates a strong root restriction for several important annual crops;  while 

from a resistance of 1000 to 2000 kPa root growth is assumed to decrease in a linear fashion;  and 

below a resistance of 1000 kPa root restriction is considered to be small.    
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The following penetration resistance classes have been developed by the USDA (Soil Survey Division 

Staff 2017): 

• small  (<100 kPa) 

o extremely low  (<10 kPa) 

o very low  (10–100 kPa) 

• intermediate  (100–2000 kPa) 

o low  (100–1000 kPa) 

o moderate  (1000–2000 kPa) 

• large  (>2000 kPa) 

o high  (2000–4000 kPa) 

o very high  (4000−8000 kPa) 

o extremely high  (>8000 kPa). 

 

 
Figure 9  A surface view of soil at the Gawler River trial site following extreme disturbance and then 

compaction by wheeled traffic at potato harvest (15 November 2018).  [Image: Juliet Creek Consulting] 
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3.3.3  All penetrometer readings from 17.5–27.5 cm 

The following data pertains to all penetrometer readings from the depth range of 17.5 to 27.5 cm from 

all bays of the Gawler River trial site. 

 

 
Figure 10  Box plots of soil resistance (pressure kPa) from all penetrometer readings in the depth range 

from 17.5–27.5 cm, showing a clear advantage in soils treated with Aqua-Sil. 

 



 

  Page 14 of 52 

 
Figure 11  Box plots of soil resistance (pressure kPa) from all penetrometer readings in the depth range 

from 17.5–27.5 cm, showing a clear advantage in soils treated with Aqua-Sil.  (Bays B & D had treatment 

applied.  Both have mean and median resistance values lower than untreated bays.  In particular, the treated 

Bay B has significantly lower resistance than the adjacent untreated Bay A, while treated Bay D also has 

significantly lower resistance than the adjacent untreated Bay.) 

 

It can be seen from the box plots above, and the histogram below, that the Aqua-Sil treatment has had 

an obvious impact on soil strength in the 17.5 to 27.5 cm depth range.  The results are significant at 

the 95% confidence level.  In fact the statistical analysis below shows that the chance of getting these 

results by chance alone is very low indeed – less than one in one thousand. 

 

t-Test: Two-Sample Assuming Unequal Variances 

All Bays | 17.5 - 27.5 cm depth | 0.05 probability  

  Cntrl Tmt  
Mean 3253.675676 2860.273077  
Variance 1747633.424 1414830.755  
Observations 222 260  
Hypothesized 
Mean Difference 0   

df 449   

t Stat 3.409454629  t-value calculated from the data. 

P(T<=t) one-tail 0.000354843   

t Critical one-tail 1.648254378   

P(T<=t) two-tail 0.000709685  

Probability of getting calculated t-
value by chance alone. 

t Critical two-tail 1.965261468   
Tabulated t-value we need to exceed 
for sig diff in means. 
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Of great interest also is that in the depth range from 17.5–27.5 cm, there were 260 readings overall in 

treated bays, but only 222 in untreated bays (including maximum resistance readings, deemed to be 

6000 kPa).  This indicates that at many more locations in untreated bays, a soil strength great enough 

to limit penetration of the penetrometer was reached by a depth of 27.5 cm (see Figures 14 & 15). 

 

This signifies that the Aqua-Sil treatment has had an ameliorating effect on very high strength soil 

layers. 

 

 
Figure 12  Histogram of soil resistance (pressure kPa) from all penetrometer readings in the depth range 

from 17.5–27.5 cm – showing a clear advantage in soils treated with Aqua-Sil.  Resistance is shown as soil 

strength ranges, viz: 0–500, 500–1000, 1000–1500, 1500–2000, 2000–2500, 2500–3000, 3000–3500, 3500–

4000, 4000–4500, 4500–5000, 5000–5500 and 5500–6000 kPa.  (Note that where a soil resistance was 

reached where the penetrometer could no longer penetrate the soil, a resistance of 6000 kPa was given to 

that depth – as the penetrometer returned no reading in these instances).  
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3.3.4  All penetrometer readings to 70 cm 

The following data pertains to all penetrometer readings to 70 cm depth from all bays of the Gawler 

River trial site. 

 

 
Figure 13  Graphs of mean soil strength (mean pressure in kPa) for each penetrometer reading depth for all 

bays.  Bays B & D are the treatment bays.  The impact of the Aqua-Sil treatment can be generally discerned 

from 17.5 to 27.5 cm depth. 

 

 
Figure 14  Graphs of mean soil strength (mean pressure in kPa) for each penetrometer reading depth for all 

bays, showing means for treated and untreated soils.  The impact of the Aqua-Sil treatment can clearly be 

seen from 17.5 to 27.5 cm depth. 

 

The above graphs (Figures 13 & 14) show the positive impact of the Aqua-Sil treatment from depths 

17.5 to 27.5 cm, with soil resistance results in this depth range generally well above 3000 kPa on 

untreated soils (overall mean 3250 kPa), but well below 3000 kPa on treated soils (overall mean 2860 

kPa). 
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3.3.5  Depth to maximum resistance (to 27.5 cm) 

The data given below show the depth reached in centimetres at which maximum resistance was 

encountered, for all bays – i.e. where the penetrometer could no longer penetrate the soil (a resistance 

of approx. 6000 kPa) to a depth of 27.5 cm.  Those data for 30 cm in the box plots below indicate 

locations with either a layer of maximum resistance below 27.5 cm or no layer of maximum resistance 

within 70 cm. 

 

 
Figure 15  Box plots of the depth reached in cm where maximum resistance (an impenetrable layer) was 

encountered up to a depth of 27.5 cm for all tested locations in all bays.  Where no maximum resistance 

was encountered by 27.5 cm, a depth of 30 cm is shown 

 

The data clearly show a difference between treated and untreated soils, with many more locations 

within untreated bays having soil a maximum resistance or soil strength at 27.5 cm or less. 

 

These data seem to indicate that not only is the Aqua-Sil treatment having a positive impact by 

decreasing soil strength (in the 17.5 to 27.5 cm depth range, e.g. see Figure 14), but that the treatment 

has ameliorated very high strength soil layers to the depth of the demonstrated treatment effect (i.e. 

27.5 cm). 
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t-Test: Two-Sample Assuming Unequal Variances  

Depth to Max. Resistance to 27.5 cm | All bays | 0.05 probability  

  Cntrl Tmt  

Mean 25.29166667 27.75  

Variance 45.14653955 20.69915254  

Observations 60 60  

Hypothesized Mean Difference 0   

df 104   

t Stat -2.346673731  t-value calculated from the data. 

P(T<=t) one-tail 0.010418307   

t Critical one-tail 1.659637437   

P(T<=t) two-tail 0.020836613  

Probability of getting calculated t-value 
by chance alone. 

t Critical two-tail 1.983037526   
Tabulated t-value we need to exceed (in 
absolute terms) for sig diff in means. 

 

The table above shows that the frequency of depth to maximum resistance data (to 27.5 cm depth) for 

all bays is significantly different between treated and untreated bays at the 95% confidence level. 

 

 
Figure 16  Histogram showing frequency of depth to maximum soil strength (an impenetrable layer) for all 

bays to a depth of 27.5 cm (120 locations).  Significantly less locations in treatment bays than in untreated 

bays (14 locations compared to 26) had a maximum soil strength at 27.5 cm or less. 
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3.3.6  Individual penetrometer readings from 17.5–27.5 cm 

3.3.6.1  Penetrometer readings at 17.5 cm depth 

  
 

This is the first depth at which we see a positive difference in soil strength between treated & 

untreated bays (as shown in the box plots above), but only between untreated Bay A and all other 

bays.  The difference, however, in soil strength readings between Bay A (untreated) and the adjacent 

Bay B (treated) is significant at the 95% confidence level for a one-tailed test (see Appendix B1 1.7 for 

more details). 
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3.3.6.2  Penetrometer readings at 20 cm depth 

 
 

The box plots above show a positive difference between treated & untreated bays, especially between 

Bay A (untreated) & Bay B (treated), as well as between Bay C (untreated) & Bay D (treated).  The 

differences, however, are not significant at the 95% confidence level.  What is also noticeable is that 

more readings are evident in the treated bays at this depth (55 vs 46), meaning less tested locations on 

treated soil had impenetrable layers above this depth.  (See Appendix B1 1.8 for more details). 
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3.3.6.3  Penetrometer readings at 22.5 cm depth 

 
 

The box plots above show considerable difference in soil strength between treated and untreated 

bays, especially between Bay A (untreated) & Bay B (treated), as well as between Bay C (untreated) & 

Bay D (treated).  Moreover, the mean & median soil strength is lower in each treated bay compared to 

the untreated bays.  The overall results are significant at the 95% confidence level.  In fact there is less 

than 1% likelihood of achieving these results by chance alone for the one-tailed test.  (See Appendix 

B1 1.9 for more details). 
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3.3.6.4  Penetrometer readings at 25 cm depth 

 
 

The box plots above show discernible difference in soil strength between treated & untreated bays.  

The mean & median soil strength is lower in each treated bay compared to the untreated bays.  The 

overall results, however, are not significant at the 95% confidence level.  (See Appendix B1 1.10 for 

more details). 
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3.3.6.5  Penetrometer readings at 27.5 cm depth 

 
 

The box plots above show discernible difference in soil strength between treated & untreated bays, 

especially between Bay C (untreated) & Bay D (treated).  The mean & median soil strength is lower in 

each treated bay compared to the untreated bays.  The overall results are significant at the 95% 

confidence level.  (See Appendix B1 1.11 for more details). 
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3.3.7  Penetrometer readings for every location in every bay 

Penetrometer readings are shown graphically below for every location and every bay.  Each numbered 

insertion shows the penetrometer readings at each location (e.g. insertion 1 = location 1 in a particular bay) 

with depth.  Penetrometer readings were taken at 30 locations within each bay (see Figure 6), with readings 

logged automatically every 2.5 cm.   

 

Note:  penetrometer readings fall to zero in the graphs below when maximum resistance or zero penetration 

(~6000 kPa) is encountered. 

 

 

Figure 17  Graphically showing penetrometer readings with depth at every location in Bay A (untreated).  

The median graph is shown in black.  The median graph shows its high resistance (~3600 kPa) at about 23 

cm, and maximum resistance or zero penetration (~6000 kPa) is reached at 60 cm. 
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Figure 18  Graphically showing penetrometer readings with depth at every location in Bay B (treated).  The 

median graph is shown in black.  The median graph shows a high resistance (~2700 kPa) at about 23 cm, 

with another high of the same magnitude at about 45 cm, and maximum resistance or zero penetration 

(~6000 kPa) is reached at 57 cm. 
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Figure 19  Graphically showing penetrometer readings with depth at every location in Bay C (untreated).  

The median graph is shown in black.  The median graph shows a high resistance (~2400 kPa) at about 13 

cm, and maximum resistance or zero penetration (~6000 kPa) is reached at 25 cm. 
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Figure 20  Graphically showing penetrometer readings with depth at every location in Bay D (treated).  The 

median graph is shown in black.  The median graph shows a high resistance (~2800 kPa) at about 12 cm, 

and maximum resistance or zero penetration (~6000 kPa) is reached at 45 cm. 
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Appendix A 

A1  Slaking and dispersion test methods 

A1.1  Slaking 

Slaking is a qualitative measure of soil aggregate stability.  Pea-size soil aggregate samples were 

immersed in distilled water and assessed for degree of slaking.  A five-class scoring system of slaking 

was employed, as documented in Chapter D4 of ‘SOILpak for Vegetable Growers’ (NSW Agriculture 

2000), which is based on the original Emerson Dispersion Test (Emerson 1967). 

 

Samples were air-dried prior to testing.  Assessment of slaking was after 10 min and then again after 2 

hours. 

 

A fresh subsample from each sample was then remoulded with distilled water until a small ball of soil 

approximately at field capacity water content was formed.  This was then assessed for slaking after 

immersion in distilled water after 10 min and 2 hours.  It is not part of the usual ‘Emerson Dispersion 

Test’ to assess slaking after remoulding; however, after this was thought to produce useful results, an 

assessment of slaking after remoulding was made on samples from the Halls75 Paddock and Rogers 

Paddock trial sites.  

 

 
Figure 21  Representative images of slaking classes 1 to 4 – with class 4 being complete aggregate break-

down to micro-aggregates and sand particles.  Class 0 (no slaking) is not shown.  [From NSW Agriculture 

2000] 

 

A1.1.1  Slaking Score: 

0 none 

1 lump collapses around edges but remains mainly intact 

2 lump collapses into angular pieces (fragments) 

3 lump collapses into very small rounded pieces – forming a cone shape 

4 lump collapses into single grains (particles) – sand grains can be seen 
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A1.1.2  Examples of Slaking 

Table 1  Examples of slaking ratings and proportions 

 

Figure 22  An example of slaking rating 0 – where 

there is no slaking 

 

Figure 23  An example of slaking rating 1 (slaking 

proportion 0.08) – where the sample collapses 

around the edges, but remains mainly intact 

 

Figure 24  An example of slaking rating 2 (slaking 

proportion 0.42) – where the sample collapses into 

angular pieces (fragments) 

 

Figure 25  An example of slaking rating 3 (slaking 

proportion 0.78) – where the sample collapses into 

very small rounded pieces 

 

Figure 26  An example of slaking rating 4 (slaking proportion 0.98) – where the sample collapses into 

single grains (particles).  The sample is also exhibiting moderate dispersion. 
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A1.2  Dispersion 

Dispersion is caused by excessive sodium attached to clay exchange surfaces.  It is a key qualitative 

determinant of unstable soil structure, as well as poor soil structure leading to restricted drainage and 

root growth.  Dispersion testing followed the five class scoring system also given in Chapter D4 of 

‘SOILpak for Vegetable Growers’ (NSW Agriculture 2000). 

 

The pea-size soil aggregates immersed in distilled water that were assessed for slaking, were also 

assessed for dispersion after 10 minutes and again after 2 hours. 

 

A fresh subsample from each sample was then remoulded with distilled water until a small ball of soil 

approximately at field capacity water content was formed.  This was then also assessed for dispersion 

after immersion in distilled water after 10 min and 2 hours. 

 

 
Figure 27  Representative examples of dispersion classes 0 to 4.  [From NSW Agriculture 2000] 
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A1.2.1  Dispersion Score: 

0 none 

1 slight – slight milkiness adjacent to soil aggregate 

2 moderate – moderate dispersion with obvious milkiness 

3 strong – considerable milkiness with about ½ original aggregate volume displaced outwards 

4 complete – leaving only sand grains in a cloud of clay milkiness 

 

 

A2  Slaking and dispersion data transformations 

A2.1  Slaking 

Slaking ratings (from 0–4) include all rating possibilities (such as 1–2 and 2–1).  For data presentations slaking 

ratings have been converted to numerical ratings, which in turn have been converted to slaking proportions. 

 

Table 2  The relationship between slaking ratings, numerical ratings and slaking proportion.  Descriptive 

names are also shown for key slaking points. 

Slaking Numeral Slaking Descriptive 

Rating Rating Proportion 

 (x) (y)  
0 0.00 0.02 none 

0-1 0.40 0.04  

1-0 0.80 0.06  

1 1.00 0.08 low 

1-2 1.33 0.16  

2-1 1.66 0.30  

2 2.00 0.42 moderate 

2-3 2.33 0.56  

3-2 2.66 0.68  

3 3.00 0.78 high 

3-4 3.33 0.86  

4-3 3.66 0.94  

4 4.00 0.98 very high 

4-5 4.33 1.00  
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Figure 28  The formulated relationship between slaking numerical rating and slaking proportion is shown in 

this graph.  A 3rd order polynomial equation describes the best fit graph. 

 

 
Figure 29  Histogram showing the formulated relationship between slaking numerical rating and slaking 

proportion 
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A2.2  Dispersion 

Dispersion ratings (from 0–4) include all rating possibilities (such as 1–2 and 2–1).  For data 

presentations dispersion ratings have been converted to numerical ratings, which in turn have been 

converted to dispersion proportions. 

 

Table 3  The relationship between dispersion ratings, numerical ratings and dispersion proportion.  

Descriptive names are also shown for key dispersion points. 

Slaking Numeral Slaking  Description 

Rating Rating Proportion  

 (x) (y)   
0 0.00 0.00  none 

0-1 0.33 0.01   

1-0 0.66 0.03   

1 1.00 0.05  slight 

1-2 1.33 0.08   

2-1 1.66 0.13   

2 2.00 0.20  moderate 

2-3 2.33 0.29   

3-2 2.66 0.40   

3 3.00 0.50  strong 

3-4 3.33 0.66   

4-3 3.66 0.81   

4 4.00 1.00  complete 
 

 
Figure 30  The formulated relationship between dispersion numerical rating and dispersion proportion is 

shown in this graph.  A 2nd order polynomial equation describes the best fit graph. 

 

 

  



 

  Page 35 of 52 

Appendix B 

B1  Penetrometer field test results 

In August 2019 the trial site at Gawler River was revisited, with each bay tested for soil strength using a 

Rimik penetrometer with automatic logging of soil strength readings.  30 locations were tested within 

each of the 4 bays (120 locations in all).  A locations was tested approximately every 7 m, with a total 

distance of approximately 210 m tested within each bay.  (See Figure 6). 

 

Readings at each location were logged every 2.5 cm until a resistance pressure was reached where the 

penetrometer could no longer be forced into the soil (around 6000 KPa) or a maximum depth was 

reached (70 cm). 

 

Note that with increasing depth, fewer penetrometer readings are recorded, as at many locations a soil 

strength great enough to stop penetration already occurred at a shallower depth.  This is especially the 

case with untreated soils.   

 

B1.1  Penetrometer readings at each depth interval for all bays 

B1.1.1  Penetrometer readings at 2.5 cm depth 

 

The box plots above demonstrate the known poorer soil structure & higher soil strength of Bay D, but 

show no discernible treatment effects. 
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B1.1.2  Penetrometer readings at 5 cm depth 

 

The box plots above show generally poorer soil structure & higher soil strength in Bay C and especially 

Bay D, but show no discernible treatment effects. 

 

B1.1.3  Penetrometer readings at 7.5 cm depth 

 

The box plots above show somewhat poorer soil structure & higher soil strength in Bay C and 

especially Bay D, but show no discernible treatment effects. 
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B1.1.4  Penetrometer readings at 10 cm depth 

 

The box plots above show somewhat poorer soil structure & higher soil strength in Bay D, but show no 

discernible treatment effects. 

 

B1.1.5  Penetrometer readings at 12.5 cm depth 

 

The box plots above show little difference between mean soil strength measures from each bay, but 

show wide variation around those means, and also show no discernible treatment effects. 
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B1.1.6  Penetrometer readings at 15 cm depth 

 

The box plots above show little difference between mean & median soil strength measures from each 

bay, and also show no discernible treatment effects. 

 

B1.1.7  Penetrometer readings at 17.5 cm depth 
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For the first time the box plots show a difference between treated & untreated bays, but only between 

untreated Bay A and all other bays.  The difference, however, in soil strength readings between Bay A 

and the adjacent Bay B is significant at the 95% confidence level for a one-tailed test (see below). 

 

t-Test: Two-Sample Assuming Unequal Variances 

All Bays | 17.5 cm depth | 0.05 probability 

  Cntrl Tmt 

Mean 3260.627451 2950.964912 

Variance 2030259.798 1535963.713 

Observations 51 57 
Hypothesized Mean 
Difference 0  
df 100  
t Stat 1.198517386  
P(T<=t) one-tail 0.116774144  
t Critical one-tail 1.660234326  
P(T<=t) two-tail 0.233548288  
t Critical two-tail 1.983971519   

 

t-Test: Two-Sample Assuming Unequal Variances 

BayA v BayB | 17.5 cm depth | 0.05 probability 

  Cntrl Tmt 

Mean 3536.793103 2880.344828 

Variance 1880594.813 1594852.591 

Observations 29 29 
Hypothesized Mean 
Difference 0  
df 56  
t Stat 1.896243699  
P(T<=t) one-tail 0.031545628  
t Critical one-tail 1.672522303  
P(T<=t) two-tail 0.063091257  
t Critical two-tail 2.003240719   
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B1.1.8  Penetrometer readings at 20 cm depth 

 
 

The box plots above show a difference between treated & untreated bays, especially between Bay A 

(untreated) & Bay B (treated), as well as between Bay C (untreated) & Bay D (treated).  The differences, 

however, are not significant at the 95% confidence level (see below).  What is also noticeable is that 

more readings are evident in the treated bays at this depth (55 vs 46), meaning less of the treated 

locations had impenetrable layers above this depth. 

 

t-Test: Two-Sample Assuming Unequal Variances 

All Bays | 20 cm depth | 0.05 probability 

  Cntrl Tmt 

Mean 3113.326087 2965.27273 

Variance 1582076.047 1578025.98 

Observations 46 55 
Hypothesized Mean 
Difference 0  
df 96  
t Stat 0.589464274  
P(T<=t) one-tail 0.278467298  
t Critical one-tail 1.66088144  
P(T<=t) two-tail 0.556934597  
t Critical two-tail 1.984984312   
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B1.1.9  Penetrometer readings at 22.5 cm depth 

 
 

The box plots above show considerable difference in soil strength between treated and untreated 

bays, especially between Bay A (untreated) & Bay B (treated), as well as between Bay C (untreated) & 

Bay D (treated).  Moreover, the mean & median soil strength is lower in each treated bay compared to 

the untreated bays.  The overall results are significant at the 95% confidence level (see below).  In fact 

there is less than 1% likelihood of achieving these results by chance alone for the one-tailed test. 

 

t-Test: Two-Sample Assuming Unequal Variances 

All Bays | 22.5 cm depth | 0.05 probability 

  Cntrl Tmt 

Mean 3402.377778 2752.1765 

Variance 2013885.877 1315272.1 

Observations 45 51 
Hypothesized Mean 
Difference 0  
df 85  
t Stat 2.448059072  
P(T<=t) one-tail 0.008209747  
t Critical one-tail 1.6629785  
P(T<=t) two-tail 0.016419494  
t Critical two-tail 1.988267907   
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B1.1.10  Penetrometer readings at 25 cm depth 

 
 

The box plots above show discernible difference in soil strength between treated & untreated bays.  

The mean & median soil strength is lower in each treated bay compared to the untreated bays.  The 

overall results, however, are not significant at the 95% confidence level (see below). 

 

t-Test: Two-Sample Assuming Unequal Variances 

All Bays | 25 cm depth | 0.05 probability 

  Cntrl Tmt 

Mean 3260.619048 2927.66 

Variance 1514701.949 1513862.923 

Observations 42 50 
Hypothesized Mean 
Difference 0  
df 87  
t Stat 1.292700393  
P(T<=t) one-tail 0.099768646  
t Critical one-tail 1.662557349  
P(T<=t) two-tail 0.199537292  
t Critical two-tail 1.987608282   
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B1.1.11  Penetrometer readings at 27.5 cm depth 

 
 

The box plots above show discernible difference in soil strength between treated & untreated bays, 

especially between Bay C (untreated) & Bay D (treated).  The mean & median soil strength is lower in 

each treated bay compared to the untreated bays.  The overall results are significant at the 95% 

confidence level (see below). 

 

t-Test: Two-Sample Assuming Unequal Variances 

All Bays | 27.5 cm depth | 0.05 probability 

  Cntrl Tmt 

Mean 3230.47368 2673.02128 

Variance 1645424.53 1124451.24 

Observations 38 47 
Hypothesized Mean 
Difference 0  
df 72  
t Stat 2.15001722  
P(T<=t) one-tail 0.01745674  
t Critical one-tail 1.6662937  
P(T<=t) two-tail 0.03491348  
t Critical two-tail 1.99346357   
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B1.1.12  Penetrometer readings at 30 cm depth 

 

The box plots above show somewhat poorer soil structure & higher soil strength in Bay D, but show no 

discernible treatment effects. 

 

B1.1.13  Penetrometer readings at 32.5 cm depth 

 

The box plots above show no discernible treatment effects. 
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B1.1.14  Penetrometer readings at 35 cm depth 

 

The box plots above show no discernible treatment effects. 

 

B1.1.16  Penetrometer readings at 37.5 cm depth 

 

The box plots above show no obvious treatment effects. 
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B1.1.17  Penetrometer readings at 40 cm depth 

 

The box plots above show somewhat poorer soil structure & higher soil strength in Bay D, but show no 

obvious treatment effects. 

 

B1.1.18  Penetrometer readings at 42.5 cm depth 

 

The box plots above show somewhat poorer soil structure & higher soil strength in Bay C and 

especially Bay D, but show no obvious treatment effects. 
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B1.1.19  Penetrometer readings at 45 cm depth 

 

The box plots above show no obvious treatment effects. 

 

B1.1.20  Penetrometer readings at 47.5 cm depth 

 

The box plots above show no discernible treatment effects. 
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B1.1.21  Penetrometer readings at 50 cm depth 

 

The box plots above show no discernible treatment effects. 

 

B1.1.22  Penetrometer readings at 52.5 cm depth 

 

The box plots above show no discernible treatment effects. 
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B1.1.22  Penetrometer readings at 55 cm depth 

 

The box plots above show no discernible treatment effects. 

 

B1.1.22  Penetrometer readings at 57.5 cm depth 

 

The box plots above show considerable variation, but no discernible treatment effects. 
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B1.1.23  Penetrometer readings at 60 cm depth 

 

The box plots above show considerable variation but no discernible treatment effects. 

 

B1.1.23  Penetrometer readings at 62.5 cm depth 

 

The box plots above show no discernible treatment effects. 
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B1.1.24  Penetrometer readings at 65 cm depth 

 
The box plots above show somewhat higher soil strength in Bay B, but show no discernible treatment 

effects. 

 

B1.1.25  Penetrometer readings at 67.5 cm depth 

 

The box plots above show somewhat higher soil strength in Bay B, but show no discernible treatment 

effects. 
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B1.1.26  Penetrometer readings at 70 cm depth 

 

The box plots above show somewhat higher soil strength in Bay B as well as wide general variation, but 

show no discernible treatment effects. 

 


