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Soils limit productivity; an overview  
Farmers in the Starborough Flaxbourne district accept they have a serious soil loss problem and recognise the 
need to adopt more sustainable land management and land use options.  The first step is improving 
understanding of soils on their properties and erosion risks as - unlike the Wairau Valley - the Awatere  Valley and 
land to the south has no history of catchment board involvement. 
Soils here are reasonably robust if vegetation groundcover is maintained, although a hard clay pan typically limits 
plants from developing deep roots.  In recent years, increasingly intensified land use and long-term drought have 
threatened soils’ ability to support farm production and provide ecosystem services. 
The Starborough Flaxbourne Soil Conservation Project (SFSCP) identified a need for both surface and 
sub-surface assessment of soils.  With this information, it would be possible to develop management options for 
dealing with localised challenges such as sodic soils and to design grazing practices to promote rather than limit 
the persistence of groundcover.    
 

Aims and objectives of the Starborough Flaxbourne Soil Conservation Project 
• To build on limited knowledge of soils in the Starborough-Flaxbourne district;  
• To better understand physical soil properties that constrain land use options and create erosion risk;  
• To support and assist farming families in the development of sustainable land use options. 
 

Scope of the project 
The project investigated possible consequences of exceeding soil capacity limits at Bonavaree, and other farms in 
the Starborough Flaxbourne district.  Knowledge gained about soils was then linked with farm management 
systems.   
Analysis has investigated the identity of soils’ physical and mechanical structures, nutrient characteristics, and 
landscape relationships.   
Three properties were selected within the Starborough Flaxbourne district; reduced to one (Bonavaree) in 
2007-08 to provide a whole farm focus. 
 
 
 

Dashwood soils are predominantly windblown 
loess, susceptible to loss when cultivating. 

 
 
 
 
 
 
Flaxbourne Hills clay loams are saline and lack 
organic content. They are problematic for 
farming, being extremely erosion-prone especially 
on steep, north-facing slopes. 

 
 
 

Soils of the Starborough-Flaxbourne District; a description 
Richard Hunter and Heather Collins 

Flaxbourne Hill Soils, Waterfalls Road, easy 
to moderately steep 

Dashwood soils at Bonavaree, easy to flat 
terrace 
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Soils of the Starborough Flaxbourne District - source Marlborough District Council. 
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Soils in the Starborough-Flaxbourne district are predominantly clay loam based, covered with a thin layer of fertile 
loess.  They are relatively young, but developed from older parent material of sub-oceanic origin.  The clay type 
along with high sodium content is probably the greatest impediment to pastoral farming in the area. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Nutrient values 
Soil nutrient values were sampled at 150mm and 500-650mm within three separate landscape environments (flat 
land, easy hill and steep hill).  
Nutrient levels vary significantly, property to property and within site locations.  Tables 1 and 2 (see        
Appendices) show that Bonavaree’s nutrient values (pH, phosphate, potassium, calcium) at 0-150mm sample 
depths are accepted as favourable for hill country pastoral farming activities. Magnesium and sodium levels were 
higher than desirable.   
Soil samples collected at the deeper profile (500mm) showed significant elevation in nutrient values, especially for 
pH, calcium, magnesium and sodium.  

 
Soil limitations 
The main soil limitations in the Starborough Flaxbourne district are: 
 Clay minerology 
 Soil salinity 
 Soil sodicity 
 Erosion 
Clays 
Clays are probably the most important type of mineral particle found in a soil.  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.     

A  - dark, grey nutty granular 
clay loam 
 
 
 
B - olive brown blocky clay 
loam: firm, pale olive brown 
prismatic/blocky clay loam.  
Very hard when dry. 
 
 
 
 
 
C -  gravels in silty matrix and 
yellow brown prismatic/blocky 
clay loam.  Very hard when 
dry.  On yellow massive silt 
clay loam; very hard. 
 
Parent material includes 
siltstone and sandstone, 
greywacke gravels and some 
loess. 

Loess over clay; a typical soil type in the Starborough Flaxbourne district. 

Clay soils shrink and expand, in response to wet and dry conditions. 



13 Starborough Flaxbourne Soil Conservation Project 

 
Clay particles are somewhat flexible and plastic because of their lattice-like design.  This feature allows the 
absorption of water and other substances into their structure. 
There are three main groups of clay minerals: kaolinites, illites, and montmorillonites.  Illite is the most   common of 
the clays found in the Starborough Flaxbourne Soil Conservation area, while montmorillonites and vermiculite are 
the two clay types that have the greatest impact on soil management.  
Of the two main clay types found in Marlborough, montmorillonite tends to have a finer particle size when dry, but 
becomes colloidal (glue-like) when wet. When dried, sodium-clay particles settle out in dense layers that are 
impenetrable to plant roots and restrict seedling emergence. 
The second clay type - vermiculite - tends to have slightly better water holding and aeration capacity due to its 
different layered structure.  It swells less when wet and compacts when dry, making it difficult for new seed to 
establish. 
 
Loess 
Loess tends to overlay soils that have excessive drainage and are prone to drought.  Fine, silty and pale yellow in 
colour, loess is fertile, but has a relatively low (4-6%) organic matter content.  Wind-blown unconsolidated loess 
deposits are, in dry conditions, highly susceptible to winds.  
Generally, loess contains high levels of nutrients derived from the breakdown of quartz, feldspar and mica. This 
fertility is not due to organic matter content, which at 4-6%, tends to be low.  One explanation is a high cation 
exchange capacity (which enables ready absorption of nutrients) and large pore space (providing aeration).   
 
Salinity and sodicity 
Due to land upheaval, soils in the Starborough Flaxbourne district are calcareous, being derived from sedimentary 
marine composites.  Saline and sodic conditions developed some 25 million years ago.  
Soil salinity 
Soil salinity is the presence of soluble salts in soil or in water. Elevated salinity values can have a negative impact 
on plant growth, either by direct toxicity from ions (e.g. sodium or chloride) or by the reduction in water availability. 
Soil sodicity 
Soil sodicity is caused by the presence of high proportions of sodium attached to the soil clay fraction.  This 
weakens the bonds between soil particles when wet, causing the clay to swell and the particle to become detached 
in a process called dispersion.  The dispersion of clay particles has a negative effect on soil structure and can result 
in i) reduced water infiltration ii) reduced hydraulic conductivity and iii) surface crusting.  All can have a negative 
effect on plant growth. 
Soils in the Starborough Flaxbourne area are often sodic.  Dry conditions exacerbate the upward movement of salts 
through the soil, killing vegetation so increasing the likelihood of surface erosion.  But the main damage occurs 
when it rains, and water penetrates the soil profile along openings left by dead roots, animal and insect holes and 
the like.   
In wet conditions, sodium’s adsorption - a form of ionic attraction - to clay is significantly reduced.  Once the sodium 
is mobilised, clay particles no longer cling together and the soil starts to slake away.  Deep penetration starts with 
rills and subsurface holes until tunnels eventually occur, usually starting near the bottom of slopes and working 
underground back up the hill until eventually they collapse.  
  
Soil erosion 
A combination of many factors causes erosion to be severe in some areas of the Starborough Flaxbourne district 
and minor elsewhere.  These include the amount and intensity of precipitation, soil texture, slope gradient, ground 
cover and land use. A significant influence is the sodic nature of clay soils in many locations.   

Wind erosion on an exposed north-face ridge site, accelerated by limited resident vegetation due to 
over-grazing by animals during drought.  
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Overgrazing by sheep has also contributed to extensive areas of erosion that have recently developed on many 
farms.   
Evidence has been collected suggesting that dry northerly aspects are the most prone to soil erosion. This is 
accelerated by limited vegetation, over-grazing by livestock (warm dry sites), wind (loss of top soils), and slopes 
with a gradient greater than 15o.  
Sheet erosion; generally caused by the effects of wind and especially rain on bare soil where water flows as a 
sheet down a gradient, carrying with it soil particles. Where precipitation exceeds soil filtration rates, runoff 
occurs. Surface runoff turbulence can exacerbate erosion, as the slope is extended. 
Tunnel erosion; generally involves the removal of subsurface soil layers by water. Water moves through the 
profiles until it reaches a less permeable layer where it concentrates to form a down-slope channel. As the tunnel 
widens, the risk of collapse increases.  This can often continue to become gully erosion. 
 
 
 

 
 
Gully erosion results 
where water flows along 
a linear depression, 
eroding/collapsing into 
a trench or gully. 

Sequence of tunnel erosion 

1. When clays become wet they swell, stick  together 
(cohere), and feel “sticky”. As wet clay dries, it shrinks and 
cracks allowing moisture to penetrate into the soil profile.  
Clays also become dense, hard, and brittle, making it 
difficult for plant roots to penetrate. 
 

2.  The soil profile collapses developing 10-100cm holes, 
their size depending on age and hill slope. The tunnel 
effect progresses down the slope, with no or limited 
visible evidence that this is occurring.   

3. A tunnel “blow-out” onto an exposed hill face or hill 
face-foot. 
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Soils at Bonavaree - a summary 
The soils of the Starborough Flaxbourne district present a number of challenges and opportunities for pastoral 
farming. The SFSCP documented the soil issues at Bonavaree then used this information to develop farm 
management and dryland plant systems to mitigate further problems (see Chapters 3, 4 and 5, Moot and Avery, 
Ogle and Wills). 
The soils at Bonavaree are representative of the Starborough Flaxbourne area and show the following 
characteristics: 

• Nutrient values at a sample depth of 150mm are favourable 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 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. 
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 APPENDICES 

Table 1: Saltbush sites at Bonavaree - soil sample nutrient values collected at various depths and  slope locations. 

TOP MIDDLE BOTTOM 
Depth 150mm 500mm 150mm 500mm 150mm 
pH   5.3 7.7 5.6 6.5 5.4 6.1 
P me/100g 38 3 12 3 15 19 
K me/100g 2.13 (37) 0.5   (12) 0.92 (19) 0.5     (11) 1.17 (22) 0.95 (21) 
Ca me/100g 8.7   (9) 30.8 (45) 10    (13) 16.9   (22) 8.8   (10) 8.7   (12) 
Mg me/100g 2.62 (50) 2.7   (71) 4.14 (93) 14.12 (97) 4.13 (85) 2.58 (63) 
Na me/100g 0.23 (9) 0.84 (45) 0.49 (22) 0.84   (51) 0.3   (13) 0.32 (16) 
S me/100g     (8)       
                
CEC me/100g 23 35 20 24 21 17 
BS % 59 100 78 94 69 75 
Vol wt g/ml 0.84 1.17 10.0 1.05 0.91 1.09 
Sol. Salts % 0.08 0.11 0.11 0.1 0.07 0.05 
              

K % 9.2 1.5 4.6 2.1 5.6 5.7 
Ca % 37 88 50 7.1 42 52 
Mg % 11.3 7.8 20.7 17.3 19.7 15.5 
Na % 1.0 2.4 2.4 3.6 1.5 1.9 
                

Fe mg/kg 539 15 216 123 336 386 
Mn mg/kg 88 50 52 57 85 142 
Zn mg/kg 7.3 <0.4 2.0 <0.4 4.0 6.2 
Cu mg/kg 1.7 0.9 1.3 1.0 1.6 4.0 
Bo mg/kg 1.4 <0.2 1.6 2.7 2.3 2.2 
Al me/100g   <0.1   <0.1   <0.1 

Slope location   
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Table 2: Soil analysis of three soil types at Bonavaree. 

Location Flat (Dashwood soil) Hill (Flaxbourne soil) Steep 
(Saltbush planting) 

Depth 150mm 500mm 150mm 500mm 150mm 500mm 

pH   5.8 7.3 5.4 6.5 5.8 6.9 
P me/100g 12 5 8 3 8 4 
K me/100g 0.53 (9) 0.38 (8) 0.9 (16) 0.19 (5) 1.68 (29) 0.41 (10) 
Ca me/100g 13.7 (15) 18.9 (25) 6.4 (7) 4  (6) 9 (10) 14.9 (22) 
Mg me/100g 5.99 (116) 6.67 (231) 3.14 (62) 3.5 (94) 3.5 (67) 3.77 (99) 
Na me/100g 0.79 (31) 1.62 (79) 0.3 (14) 0.87 (48) 0.31 (12) 0.73 (39) 
                

CEC me/100g 27 32 19 12 20 22 
BS % 78 94 58 74 73 92 
Vol wt g/ml 0.86 1.06 0.88 1.19 0.85 1.17 
Sol. Salts % <0.05 <0.05 <0.05 <0.05 <0.05 0.09 
                

OM % 6.9   9.1   6.6   
N avail. kg/ha  224   229   161   
S mg/kg 4   8   11   

                

Mn mg/kg 54   318   114   
Zn mg/kg 4.4   11.1   4.9   
Cu mg/kg 3.5   3.0   1.7   
Co mg/kg 1.3   3.8   2.4   
Al me/100g   <0.1   0.2   <0.1 
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