
Soils; the problems; 
Saline and sodic soils at Bonavaree 

Beyond Reasonable Drought – Starborough-Flaxbourne Soil Conservation Project field day, May, 2008 

At Bonavaree; 
• Nutrient values at a sample depth of 150mm, are favorable for hill country pastoral 

farming.  This is grasses’ rooting zone.  
• Generally, soils at deeper sample depths are high in magnesium, calcium and      

sodium and have high pH levels.   
• Erosion is severe in some areas and minor elsewhere.  This is due to a combination 

of  factors, including the amount and intensity of precipitation, soil, texture, slope 
gradient, ground cover, land use and 
the impact of  sodium on the erodibility 
of clays. 

• High sodium levels are detrimental to 
pasture health and conducive to soil    
erosion.   

• Water permeability of these soils is low 
and slow infiltration may cause ponding 
then crusting when dry (sheet erosion). 
These conditions inhibit seedling      
emergence and plant growth. 

• Soils are prone to swelling and 
shrinkage during periods of wetting and 
drying.   This further breaks down soil 
structures (wind erosion). 

• Dry, northerly aspects with slopes 
greater than 15o are especially prone to 
soil erosion. 

Exposed north facing slopes exceeding 
12o - 15o are prone to erosion, accelerated by 

wind, water run-off and animal camps. 
This slope is 22 o. 

Starborough-Flaxbourne soils 
Soils in the Starborough-Flaxbourne soil conservation project area are predominantly clay     
loam-based,  covered with a thin layer of fertile loess.  They are relatively young, but developed 
from older parent  material. 
In the Vietnam block, we find soils classified as Flaxbourne Hills clay loams, of sub-oceanic     
origin.   Because they experience regular drought events they are saline and lack organic     
content.  Similar soils (sub-lake or wetland) also exist in Central Otago.  These soils are       
problematic for farming, being extremely erosion-prone  especially on steep, north-facing slopes. 
Land instability in this block  – rills and tunnel gullies – is primarily due to the sodic (containing 
high levels of soluble sodium and magnesium, low levels of calcium) nature of the soil.  When 
wet, sodium-clay  aggregates become highly erodable. Conversely, during drying the sodium-clay 
particles can settle out in dense layers that can be impenetrable to plant roots and restrict     
seedling  emergence.   
Other dominant soils on the property are Dashwood (windblown loess, susceptible to loss when 
cultivating) and older, more established and fertile Hurunui soils. 

 



Soil origin 
Climate influences the formation of soil from parent materials, over time.   
Rainfall affects chemical weathering (the breakdown of parent material into chemical components); physical 
weathering (erosion); and organic soil content (species present, their productivity and decomposition rate).  
Winds accelerate erosion where vegetative cover is limited, especially on dry, northern faces.  
In the Starborough-Flaxbourne area, low rainfall thus low leaching has led to a build-up of calcareous1 salt, 
high pH and low  production leading to low soil organic matter. 
     1 formed from calcareous soils derived from sedimentary marine composites linked with clay 

Loess 
Loess tends to overlay soils that have excessive drainage and are prone to drought.  Loess is fertile, but 
has a relatively low (4-6%) organic matter content.  One theory for their fertility is high cation exchange 
capacity (which enables ready absorption of nutrients) and pore space (which provides aeration).  Loess 
soils have poor moisture retention and in dry conditions are extremely susceptible to winds and prone to 
drought.   

 

Tunnel gully erosion is a complex land  
management problem.  Locating the   
site(s) of tunnel initiation is difficult.   
Triggers are varied and the clays in 
which these channels form are often 
highly erodible.   

Sheet erosion, where only a sparse 
grass cover remains, is often a 
precursor to the onset of  tunnel 
erosion.   

Tunnel gully erosion 

Clay 
Soils at Bonavaree are clay-based, which along with high sodium content, is probably the greatest          
impediment to pastoral farming in the area. 

 
Despite their small size, clay particles have a very large surface area relative to their volume.  This large 
surface is highly reactive, and has the ability to attract and hold positively charged nutrient ions available to 
plant roots for nutrition. Clay particles are also flexible due to their lattice-like design. This feature allows 
absorption of water and other substances into their structure. 

Saline soils; These occur close to the sea and can be a problem when the water table rises after rain, 
bringing salt to the surface.  Sodium has a partner in crime, chlorine, with which it forms a salt.  The      
presence of salt in the soil reduces plants’ ability to take up water, leading to reduced growth rate.  If      
excessive salts enter the plant in the transpiration stream, leaf cells may be injured, further reducing 
growth. 

Sodic soils; much of the chlorine has been washed away over time, leaving behind sodium ions, attached 
to tiny clay particles in the soil. As a result, clay particles lose their tendency to stick together when wet, 
leading to unstable soils which may erode or become impermeable to both water and roots. 
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Interaction of soil forming factors 
Low rainfall: low leaching  calcareous salt build-up, high pH: low production low soil organic matter 


