
FarmLink    S O I L S

TOWARDS BEST PRACTICE SITE-SPECIFIC MAPPING, PREVENTION AND TREATMENT OF SUBSURFACE ACIDITY IN SOUTHERN NSW (SAV19)

Measuring and Managing 
Subsurface Acidity Variability

Methodology
18 growers each nominated ~150 ha, totalling 42 individual 
paddocks and 2,692 ha (Figure 1). Paddocks covered a wide 
range of soil types and management histories.  
Most had received reasonable lime applications dating  
from the 1990s in line with industry recommendations.  
The majority of recent lime applications had been  
top-dressed only (not incorporated).

Data collection was undertaken in two rounds over  
summer 2019/20. The initial round consisted of surface  
soil (0-10 cm) grid mapping at a 2 hectare resolution  
(pHCa, CEC, MIR texture) and EM38 surveying. From these 
results, roughly 20 grid sites were selected per grower  
for follow up strategic segmented sampling  
(0-5 cm, 5-10 cm, 10-15 cm, 15-20 cm), analysed for  
pHCa, CEC, Exchangeable Aluminium, Organic Carbon  
and MIR texture (sand/silt/clay particle size analysis).

Key Actions

DO
 9 Be aware that without consistent historic 
lime incorporation, subsurface acidity is 
highly likely on low to medium buffering 
capacity soils (sands–loams), even with 
good liming histories

 9 Use soil type zones to guide the 
placement of segmented deeper  
soil tests (e.g. 0-5 cm, 5-10 cm,  
10-15 cm, 15-20 cm)

 9 Consider using 0-10 cm grid pH and  
CEC testing to objectively develop soil 
type zones and map surface pH patterns 

 9 Target at least 5.5 pHCa at 0-10 cm PLUS 
add additional lime to treat subsurface 
acidity (blanket or VR if warranted)

 9 Incorporate lime to ensure mixing with 
acidic soil 

DON’T
 8 Base lime rates on 0-10 cm data alone

 8 Assume subsurface pH will be OK if  
0-10 cm testing is > 5.5

 8 Assume surface soil pH patterns  
(e.g. 0-10 cm grid sampling) will always 
correlate with subsurface pH patterns

Figure 1: Location of the 18 grower participants and 42 paddocks.
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Across all paddocks the average grid mapped  
0-10 cm pHCa was 5.16, with individual paddock  
averages ranging from 4.60 to 6.48. When sampled in 
finer intervals however, substantial pH stratification and 
subsurface acidity was observed across many sites.  
As a whole dataset, the most acidic layer was at  
10-15 cm (average 4.83 pHCa), where 33% of samples  
were < 4.5 pHCa and 29% had > 5% Exchangeable  
Aluminium (Figure 2).

Figure 2: Strategic segmented (0-5 cm, 5-10 cm, 10-15 cm, 15-20 cm) pHCa 
results across all sites (n = 359). Red line with labels are averages at each 
depth. Box area represents 50% of data (Q2 and Q3). Grey dots are outliers 
beyond 1.5 IQR.

Of particular note, results demonstrated that severely acidic 
subsurface layers can be present even when surface pH is 
neutral or high. By comparison, 0-10 cm CEC correlated 
much more strongly with 10-15 cm pH (r2 = 0.47; Figure 3b). 

Results

Figure 3: 10-15 cm (blue) and 15-20 cm (grey) pHCa for all strategic soil samples 
(n = 359), plotted against the corresponding 0-10 cm grid sample result (black 
line) for (a) pHCa and (b) CEC (sorted in ascending order). Red line is pHCa 4.8.

Case Study 1

‘Wagga Wagga’ paddock (117 ha) has of a loamy sand 
texture with a low CEC, averaging 4.16 cmol/kg.  
This paddock has received 4.7 t/ha lime in its history,  
with the most recent application in 2015 and no 
incorporation since 2001. Despite reasonable pH variability 
in the 0-10 cm layer, the subsurface is highly acidic 
throughout, with no correlation observed between the 
two depths. A high level of stratification between 0-5 cm 

pHCa (5.37) and 5-10 cm pHCa (4.33) suggests that previous 
lime applications have had little impact below the top few 
centimetres. Targeting a pHCa of 5.5 at 0-10 cm  
would require between nil and 2000 kg/ha of lime,  
which would be ineffective in ameliorating subsurface 
layers. An additional 2500+ kg/ha would be required 
to also address acidity at 10-20 cm, assuming effective 
incorporation could be achieved.

Across all samples, a weak correlation was found between 
surface (0-10 cm) and subsurface (10-15 cm) soil pH  
(r2 = 0.18; Figure 3a).
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Results

Overall, results show that regardless of surface soil pH;

 ⊲ Soils or soil zones with 0-10 cm CEC levels greater than 
~12-14 cmol/kg (i.e. clays, clay loams) are unlikely to have 
severe subsurface acidity at this point. This can be seen 
in individual site results (e.g. Quandialla, Figure 4a) which 
has had low/no historic lime inputs but still has a relatively 
neutral/high subsurface pH.

 ⊲ Soils or soil zones with 0-10 cm CEC levels less than  
~10-12 cmol/kg (i.e. sands, loamy sands, loams) are  
more likely to have more pronounced pH stratification 
and subsurface acidity. However, this depends on the 
liming and cultivation history. For example, at the Marrar 
site (Figure 4b; loam) the average 10-15 cm pHCa was 
4.29 despite 6.7 t/ha lime being top-dressed from  
1991-2014. In contrast, at the Cowra site (Figure 4c; 
loamy sand-silty loam and similar lime inputs to Marrar), 
the average 10-15 cm pHCa was 5.30 in response to the 
incorporation of lime.

These overall effects were also observed on an  
individual paddock basis, where 0-10 cm CEC correlated 
more strongly with subsurface pH more often than  
0-10 cm pHCa, 0-10 cm sand%, 0-10 cm clay% or EM38. 
Correlations were strongest in paddocks with a genuine 
level of soil type variability (e.g., a 0-10 cm CEC range of 
greater than 5 cmol/kg). In paddocks with more consistent 
soil types (particularly on lighter soils), subsurface pH levels 
could still be quite variable, however often did not appear  
to follow any obvious spatial patterns.

Figure 4: Averaged pH profiles to 20 cm depth for each of the 18 grower 
participants, coded by location (n = 17 – 23). Legend is in order of increasing 
pH at 10-15 cm. Arrows point to a) Quandialla, b) Marrar, and c) Cowra sites.

Figure 5: Averaged pH profiles to 20 cm depth (all sites) grouped by 0-10 cm 
CEC. Note, there is considerable variability around these averages which is 
not shown.

Case Study 2

‘Lockhart’ paddock (143 ha) has a high degree of natural 

variability in CEC and soil texture (red loam to grey clay). 

The paddock has never been limed owing to a relatively 

neutral/alkaline starting pH which is typical of the area. 

Subsurface acidity (10-15 cm pH) correlates reasonably  

well with both surface CEC (r2 = 0.62) and pH (r2 = 0.56)  

as mapped by 0-10 cm grid sampling. A zone based 

variable rate strategy could be considered to provide 

enough lime to raise the subsurface pHCa to 5.2 in areas 

where the 0-10 cm CEC is less than ~10-12 cmol/kg. 

This would be applied in addition to the lime required 

to raise the topsoil pHCa to 5.5, which would need to be 

incorporated to be effective.

When data is averaged across individual sites (Figure 4) or 
surface CEC levels (Figure 5), a clearer picture regarding 
the combined effects of soil type and management history 
effects can be seen.
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Management Implications 

The results of this survey strongly echo other recent studies 
which have highlighted that standard 0-10 cm sampling 
is not identifying pH stratification and the widespread 
acidification of subsurface layers in our region. In addition, 
the poor correlation between surface and subsurface soil 
pH suggests that unincorporated lime applications are 
having very little impact below 5 to 10 cm depth. 

The relationship observed between surface soil CEC and 
subsurface pH can be used to improve data collection and 
interpretation for site-specific (variable rate) liming. This 
may consist of using 0-10 cm grid mapping as an initial 
step to ascertain patterns of surface pH and CEC variability, 
followed by strategic segmented sampling (0-5 cm, 5-10 
cm, 10-15 cm, 15-20 cm) within each of the main CEC 
zones. The approach for calculating lime rates would vary 
based on results: 

 ⊲ Where lime is being well incorporated, variable rate 
lime could be calculated for 0-10 cm targeting a pHCa 
of 5.5, plus additional requirements for the 10-20 cm 
layer. If subsurface pH varied in a predictable manner 
corresponding with CEC/soil type zones, 10-20 cm lime 
inputs could be adjusted accordingly.

 ⊲ Alternatively, a simpler approach of targeting a higher 
0-10 cm pHCa (e.g. 5.8 – 6.0) may be more suitable in 
certain situations. 

While the resultant lime rates for either approach are likely 
to be much higher than traditional maintenance rates, it is 
important that additional product is added on top of that 
which will be ‘used up’ neutralising the surface soil. Given 
the expense of cultivation and preference for minimum 
tillage management, it is also logical to use higher rates to 
prolong the period between strategic tillage events.

Full report can be accessed at 
http://www.farmlink.com.au/

Eva Moffitt  
(eva.moffitt@outlook.com)
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