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Figure 1. Survey sites in red 
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https://youtu.be/Nb2F3UVpa8E
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Figure 2. Classification used for soil water repellency, taken from Carter (2002). 

https://youtu.be/Nb2F3UVpa8E
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https://extension.psu.edu/diagnosing-soil-compaction-using-a-penetrometer-soil-compaction-tester
https://extension.psu.edu/diagnosing-soil-compaction-using-a-penetrometer-soil-compaction-tester
https://extension.psu.edu/diagnosing-soil-compaction-using-a-penetrometer-soil-compaction-tester#:~:text=As%20you%20push%20the%20penetrometer,penetration%20falls%20below%20300%20psi.
https://extension.psu.edu/diagnosing-soil-compaction-using-a-penetrometer-soil-compaction-tester#:~:text=As%20you%20push%20the%20penetrometer,penetration%20falls%20below%20300%20psi.
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  Location Busselton Busselton Vasse Vasse 

 Depth cm 10-20 20-30 10-20 20-30 

 
Texture Sand 

Sandy 
loam 

Sand Sand 

Organic Carbon % 2.0 0.9 0.9 0.5 

pH Level (CaCl2)  4 4 4.4 4.2 

Aluminium (CaCl2) mg/kg 3.6 3.7 5.1 4.2 

Ex Aluminium % 
Jan 2020  8.5 25.1 14.7 21.9 

Ex Aluminium % 
April 2019  n/a* 60 39 55 
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Rating\soil 
type 

Sand Sandy loam Loam Clay loam Clay Total 

Very severe 0 2 0 0 0 2 

Severe 4 9 1 0 0 14 

Moderate 0 2 1 2 2 7 

Low 0 2 0 6 6 14 

Not apparent 0 0 0 1 2 3 

Total 4 15 2 9 10 40 
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Ineffective
2% Rare

12%

Scarce
28%

Moderate
38%

Adequate
20%

https://www.fao.org/3/i0007e/i0007e00.htm
https://www.fao.org/3/i0007e/i0007e00.htm
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PBI Category Rating Colour code 

<5 Extremely low  

5-10 Very low  

10-15 Low  

15-35 Moderately low  

35-70 Medium  

70-140 Moderately high  

140-280 High  

280-840 Very High  
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Location Soil type 
Relative 

Production 

AMF 
colonisation % colonisation Intensity Comments 

PBI 
Category**  

+ - 

Ferguson* 

Loam 

n/a 

86 2 98 VH 

Replicates High 
Clay 

88 4 96 VH 

85 5 94 H 

Kirup 1 
 

 
Clay 

better 88 10 90 VH  Very High 

lower 65 3 96 VH  High 

Pemberton  

Loam – clay 
loam 

n/a 
62 5 93 VH  

Very High 
Loam + 5% 

gravel 
88 11 89 VH  

Cowaramup 
 

Loam - clay n/a 
90 11 89 VH  

Very High 
84 14 86 VH  

 
Wilga 

Gravelly 
Sandy loam 

better 50 9 85 VH Gravelly 

High 
lower 

49 5 91 VH Replicates. 
Gravelly 40 6 87 VH 

Anniebrook  

Sandy loam 
better 

53 23 70 VH  Very High 

Clay 93 10 90 VH  High 

Clay loam 
lower 

83 11 88 VH  
Very High 

Clay 80 18 82 VH  

Upper Capel 
1 
  

Clay n/a 

58 25 70 L  

High 69 16 81 VH 

High 
colonisation 

but low 
intensity 

81 7 92 H  

Upper Capel 
2 

Loam – clay 
loam 

better 53 29 65 H Irrigated High 

Sandy loam lower 
74 14 84 VH replicate Medium 

69 16 81 H replicate High 

Capel 

Sandy loam 
better 

 
 

74 8 90 L 
Antas clover Moderately 

high 
 

58 17 77 L 

84 27 76 M  

Sand- Sandy 
loam 

poor 90 18 83 VH  Moderately 
low 

Kirup 2 
Clay better 79 20 80 M  

Very high Sandy loam 
– clay loam 

lower 74 21 78 H  

* Focus farm where samples were taken from three adjacent 10x30m plots. Two soil types separated by a hyphen (-) indicate 
where legume roots were taken from two transects 30m apart with different soil types. 
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** PBI was measured from 15 bulked cores along each transect, whereas AMF was only sampled from plants at 2 points along 
each transect. Focus farms showed significant variation in PBI between three transects within a 30x30m plot (29-37; 193-
236; 333-427). 

 

 

Location 
Soil 
type 

Relative 
Production 

AMF 
colonisation 

% 
colonisation 

Intensity Comments PBI Category  

+ - 

Uduc 

Clay 
loam - 

clay 
good 13 63 17 L 

Healthy, thick 
uncut roots 

High 
 

Clay 
poor 

59 19 76 L Thin roots 

55 14 80 M Peas 

Middlesex   

loam better 80 23 78 VH 

Rotated with 
potatoes  

High 

Sandy 
loam -
loam 

lower 69 27 72 VH Very high 

Kirup 3  

clay better 
51 20 72 L 

High 
colonisation but 

low intensity 
Very high 

66 27 71 M 

Clay 
loam-
clay 

lower 60 20 75 L 

Yallingup 
Sand-
sandy 
loam 

better 46 31 60 M  Very low 

lower 48 15 76 H  Extreme. low 

Collins  
 

Sandy 
loam 

n/a 
 

54 37 59 M  
Moderately 

high 64 26 71 VH 
Rotated with 

potatoes 

Yoongarillup   

 
Sand 

better 
 

70 45 61 H 
 

Lots of vesicles. 
Replicates 

 
 

Moderately 
low 

54 37 59 L 

 
Sand-
sandy 
loam 

lower 
 

78 40 66 VH 

66 17 80 VH 

Manjimup  
 

Sandy 
loam 

better 48 41 54 M  Moderately 
low lower 45 34 57 M  

Nannup* 

Clay n/a 43 40 52 M  

Very high Loam n/a 48 32 60 M  

Clay n/a 71 64 53 H  

Scott River 1  
 

Sandy 
loam 

better 79 41 66 L 
Brown grey 

sand 
High 

lower 23 53 30 L Grey sand Extreme. low 

Vasse*   

 
Sandy 
loam 

n/a 
 
 

37 46 45 L  

Moderately 
low 

28 70 29 H  

27 52 34 L  
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Location 
Soil 
type 

Relative 
Production 

AMF 
colonisation 

% 
colonisation 

Intensity Comments PBI Category  

+ - 

Scott River 2  
 

Sandy 
loam 

better 16 82 16 VL 
Roots look 

healthy. Highest 
tissue P 

(>0.43mg/kg) 

Extreme. low - 
low 

lower 20 82 20 VL Extreme. low 

* Focus farm where samples were taken from three adjacent 10x30m plots. Two soil types separated by a hyphen (-) indicate 
where legume roots were taken from two transects 30m apart with different soil types. 

** PBI was measured from 15 bulked cores along each transect, whereas AMF was only sampled from plants at 2 points along 
each transect. Focus farms showed significant variation in PBI between three transects within a 30x30m plot (29-37; 193-
236; 333-427). 
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 Possible Likely definitely 

Nitrogen 2 2 0 

Phosphorus 7 1 0 

Potassium 3 0 1 

Sulfur 2 3 0 

Copper 2 1 0 

Zinc 1 1 0 

Molybdenum 12 11 0 

Nitrogen/Sulfur ratio 0 5 0 

Grass Tetany (low 
magnesium) 

0 0 4 

 

 Low Marginal Sufficient High 

Total Nitrogen 0 5 32 0 

Phosphorus 8 18 11 0 

Potassium 4 19 13 1 

Sulphur 0 9 25 3 

Copper 1 6 19 11 

Zinc 0 2 26 9 

Manganese 0 7 27 3 

Calcium 0 1 6 30 

Iron 0 1 24 12 

 

 Below 0.1 0.1-0.2 0.2-0.5 0.5-1.5 Above 1.5 

Site Count 8 6 9 7 7 

Percent 22 16 24 19 19 
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Location  
Date 
2019 

Replicate 
Crop 
Type 

Tot 
N 

P K B S Na Ca Mg Cu Zn Mn Fe Cl NO3N Mo 

Ferguson  24/07 Rep 1 Clover 4.28 0.26 2.53 18.98 0.28 0.28 0.85 0.22 11.86 24 40.13 315.31 0.54 < 40.00 244.08 

Ferguson 14/10 Rep 1 Clover 4.15 0.19 2.07 18.14 0.22 0.49 1.79 0.28 10.57 15.09 57.31 97.01 0.71 < 40.00 36.77 

Ferguson 24/07 Rep 2 Clover 4.33 0.25 2.31 20.11 0.27 0.42 0.79 0.21 13.2 28.74 47.87 534.32 0.5 < 40.00 296.77 

Ferguson 29/08 Rep 2 Clover 4.36 0.23 2.91 21.02 0.25 0.26 1.09 0.22 13.03 17.1 53.01 199.01 0.58 < 40.00 73.2 

Ferguson 14/10 Rep 2 Clover 4.62 0.18 1.94 16.79 0.26 0.33 1.9 0.26 12.51 21.75 82.62 88.67 0.38 < 40.00 11.84 

Ferguson 24/07 Rep 3 Clover 4.28 0.25 2.57 18.62 0.31 0.29 0.85 0.21 11.95 31.84 47.51 349.74 0.74 51.51 330.91 

Ferguson 14/10 Rep 3 Clover 3.76 0.2 1.93 21.05 0.27 0.81 2.02 0.33 13.05 16.67 66.31 76.02 0.79 < 40.00 18.1 

                                      

Vasse 26/08 Rep 1 Clover 4 0.28 1.25 23.88 0.23 0.93 1.15 0.22 6.3 43.79 50.56 176 0.51 < 40.00 754.29 

Vasse 08/10 Rep 1 Clover 2.92 0.18 0.54 24.81 0.23 1.42 1.86 0.26 7.54 46.08 62.14 61.55 1.1 < 40.00 891.99 

Vasse 26/08 Rep 2 Clover 3.97 0.3 1.17 25.15 0.23 0.73 1.28 0.25 7.35 40.65 49.88 129.3 0.45 < 40.00 943.48 

Vasse 08/10 Rep 2 Clover 3.24 0.17 0.63 23.34 0.26 1.34 1.8 0.26 7.65 50.78 77.27 69 1.01 < 40.00 791.34 

                                      

Nannup 12/08 Nil N Rye 4.03 0.46 4.18 4.08 0.42 0.16 0.34 0.18 9.35 21.29 132.8 120.51 1.53 550.65 650.07 

Nannup 19/09 Nil N Rye 3.38 0.51 4.41 4.14 0.41 0.17 0.48 0.19 8.9 18.34 150.3 92.66 1.63 237.46 702.63 

Nannup 12/08 Intense N Rye 5.92 0.34 3.65 4.69 0.47 0.36 0.33 0.18 10.24 23.32 97.88 123.94 1.13 2520.3 532.49 

Nannup 19/09 Intense N Rye 3.85 0.46 3.86 5.11 0.46 0.41 0.59 0.2 9.93 23.4 144.8 118.98 0.99 122.49 583.94 

                                      

Stratham  31/07 Time 1 Rye 5.15 0.51 3.99 4.29 0.38 0.06 0.59 0.17 5.86 23.31 38.68 323.77 0.7 910.71 3282.07 

Stratham 31/07 Time 1 Rye 5.28 0.48 4.11 4.89 0.37 0.07 0.66 0.19 8.19 31.34 51.95 625.7 0.63 1338.5 2473.67 

Stratham 04/09 Time 2 Rye 2.07 0.38 2.48 5.11 0.21 0.11 0.56 0.16 3.5 11.6 50.4 389.55 0.57 < 40.00 2867.83 

Stratham 04/09 Time 2 Rye 1.77 0.3 1.98 4.95 0.18 0.11 0.53 0.13 3.78 15.27 70.04 826.11 0.57 < 40.00 2222.11 
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 Soil constraints to high rainfall beef pastures 

 

 

 
  

 

 

 

https://www.agric.wa.gov.au/soil-acidity/effects-soil-acidity
https://www.agric.wa.gov.au/soil-acidity/effects-soil-acidity
https://extension.psu.edu/diagnosing-soil-compaction-using-a-penetrometer-soil-compaction-tester
https://extension.psu.edu/diagnosing-soil-compaction-using-a-penetrometer-soil-compaction-tester
https://www.fao.org/3/i0007e/i0007e06.pdf
https://www.soilquality.org.au/au/wa/examine/land_use/wa-permanent-pasture/ph-cacl-10-20
https://www.soilquality.org.au/au/wa/examine/land_use/wa-permanent-pasture/ph-cacl-10-20
https://www.mla.com.au/contentassets/ab149219e552408ab48ba9cc9eab833e/how-do-i-better-manage.pdf
https://www.mla.com.au/contentassets/ab149219e552408ab48ba9cc9eab833e/how-do-i-better-manage.pdf

