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Many measures of soil health

GRAZING LANDS 

• are extensive
• low value, compared with cropping land
• have spatially variable soils

AND

• monitoring is expensive 
• chemicals are expensive 
• expertise and laboratories are limited

THEREFORE

• proxies and surrogates are important

New Zealand State of the Environment soil quality indicators



Generalized effects of herbivores



Many ways to study ecosystem effects of grazing



Modelling a grazing system using expert knowledge



Grazing suppresses soil health



Attribute

Health index

Surface integrity

Soil roughness

Surface resistance

Biocrust cover

Litter cover

Litter incorporation

Litter depth

Lag material

Crust stability

Surface cracking

Soil N

Soil C

Soil P

% ground litter

Grazing and soil health

Eldridge et al. (2016)  
J. Appl. Ecol.



Source:  Tongway (1991)

Using a landscape functional approach to soil health

Healthy (functional) Unhealthy (dysfunctional)



Measuring landscape function

• primary landscape pattern: (patch size, width and separation)

• related to the flow or resources (soil, seeds, water, organic matter)



Landscape function: functional cf. dysfunctional

Attribute Functional              Dysfunctional

No. of patches (/10m) 6.20 1.30

Total patch width (m/10m) 2.66 1.16

Average fetch length (m) 1.31 6.53

Source:  Tongway (1991)



Attribute Functional              Dysfunctional

Available nitrogen (ppm) 75.4a 22.4b

Available phosphorus (ppm) 14.4a 9.5a

Organic carbon (%) 1.5a 0.8b

Infiltration rate (mm/hr) 49.2a 7.8b

Plant production (g/m2) 231.2a 13.6b   

Source:  Tongway (1991)

Using a landscape functional approach to soil health



• soil roughness
• soil resistance
• crust cracking
• crust stability
• biocrust cover 
• erosion cover
• depositional material
• plant foliage and basal cover
• litter cover, origin and incorporation
• soil texture

Three soil health 
indices

• Stability Index
• Nutrient index
• Infiltration index

Soil surface condition: 13 surface attributes

Source: Tongway (1994)



Soil surface condition: 13 surface attributes

• soil roughness
• soil resistance
• crust cracking
• crust stability
• biocrust cover
• erosion cover
• depositional material
• plant foliage and basal cover
• litter cover, origin and incorporation
• soil texture

Source: Tongway (1994)

Nutrient 
Index



Nutrient index vs mineralisable nitrogen

Source: http://www.uq.edu.au/cmlr/a_grigg.html
Source: Seaborn (2005) 

Gregory Mine – Emerald, Qld

R2 = 0.55



Infiltration index vs steady-state infiltration

Kellerberrin woodland – Western Australia



Bauxite mine, Gove - Northern Territory

Nutrient cycling index
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Nutrient index vs total soil nitrogen



Global studies using landscape function analysis



SOIL STABILITY

LITTER INCORPORATION

Stability and litter incorporation drive multifunction

Soil multifunctionality



Predictive power depends 
on where you are



Some final thoughts

1. LFA transect method 

• informative in water-limited systems (drylands)
• useful for assessing patch contribution

2. Soil surface condition assessment

• effective proxy of soil function (but context dependent)
• simple and intuitive
• low cost
• BUT, requires training

Source: Tongway (1994)


