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Introduction 
Producer and advisor surveys indicate that current approaches to managing soil acidity are based on 
research and guidelines from the 1990s, and were therefore developed under very different and less 
productive farming systems. Most fertiliser, lime and crop selection decisions are guided by soil 
sample analyses collected at traditional depths of 0–10 cm. Depending on the crop or pasture 
sequence, the common trigger to apply lime is when soil pHCa is around 4.5–4.8. It is applied at 
minimal rates to remove toxic aluminium (target pHCa 5–5.2). 

These traditionally reactive approaches and a failure to monitor the effectiveness of acid soil 
management programs are responsible for widespread, undetected subsurface acidification in 
marginally acidic soils, as well as those with a long history of soil testing and lime application (Burns 
and Norton 2018). Recent studies challenge the short-term focus of current acid soil management 
programs: 

Li et al. (2019) recommended revising pH targets and re-liming intervals in order to address 
subsurface acidification, proposing soil maintenance pHCa above 5.5 in the 0–10 cm surface layer to 
gradually increase subsurface pH. 

Condon et al. (2020) highlighted inadequacies of current acid soil management programs and 
reinforced the need for a shift from mitigating soil acidity to prevention, particularly in zero tillage 
farming systems. 

Conyers et al. (2020) concluded that ongoing 
reaction of limestone and reacidification processes 
influenced soil pH and that ‘the slow but measurable 
improvement in subsurface acidity, and the 
sustained residual value to grain yield’ required a 
long-term approach to amelioration efforts to 
manage and prevent subsurface acidification. 

This article reports preliminary results from the first 
year after liming treatments were implemented 
from the paddock scale site at Trundle in 2020. This 
site is one of five designed to monitor long-term changes in soil chemical properties as influenced by 
various liming rates and management to develop a predictive model to improve decision-making 
around optimum lime rates and incorporation strategies. 

Site details 
• Location: approx. 25 km north of Trundle NSW 
• Soil type: sandy loam; soil pHCa range of 4.3-5.6 down to 30 cm 

 
Figure 1: Checking the soil pH (water) using a Dig Stick and 
pH indicator kit at Trundle 2020 

 



• Farming system: continuous cropping with pulses and canola included in the rotation 
• Treatments applied: March 2020 
• Growing season rainfall (April-October): 430 mm 

Soil sampling 
Soil samples were collected prior to lime application for 
comprehensive chemical analysis. Soil cores were divided 
into 2.5 cm increments within depths of 0–15 cm, 5 cm 
increments from 15-20 cm and 10 cm increments from 20-
30 cm to detect change in soil pH and movement of alkali 
down the soil profile. The effectiveness of each lime 
treatment is gauged by the increase in soil pH and decrease 
in exchangeable aluminium percent (Alex%) compared with 
the control (nil lime). 

Treatments 
Large-scale, replicated treatments were established in early 2020 to monitor changes in soil 
chemical properties to 30 cm deep. A range of lime and incorporation treatments (Table 1) were 
applied in March 2020. Treatments were applied across three sets of tram lines, with sampling 
occurring across the middle set to reduce contamination.  Treatments were replicated four times. 

Table 1: Treatments for Trundle farmer site 
Treatment 
No. 

Treatment Rate of lime 
applied (t/ha) 

1 Control (nil lime) 0 
2 Surface lime (pH 5, 0-10 cm rate) no incorporation: target pHCa 5 in 0–10 

cm layer, with trigger to relime when pHCa decreases to <5.0. 1 

3 Surface lime (pH 5.5, 0-10cm rate) no incorporation: maintain pHCa of the 
0–10 cm layer above 5.5, with pHCa of 5.5 as the trigger to relime. 2 

4 Surface lime (pH 5.5, 0-5cm rate) no incorporation: maintain pHCa of the 
0–5 cm layer above 5.5, with pHCa of 5.5 as the trigger to relime. 1 

5 Surface lime (pH 5.5, 0-10cm) incorporate with Speedtiller®: maintain 
pHCa of the 0–10 cm layer above 5.5, with pHCa of 5.5 as the trigger to 
relime and incorporate the lime 

2 

6 Control, incorporate with Speedtiller® 0 
 
Results and discussion 
Starting soil pHCa and aluminium percent (Alex%) are presented in Figure 3 and Figure 4. This paddock 
is quite acidic with pHCa below 5 until between 20 and 30cm deep (Figure 2). In acidic soils (pHCa 
<4.7) Al is no longer bound to the soil minerals and is released into the soil solution where it can be 
toxic to plant roots (Hazelton and Murphy, 2016).  

  

 
Figure 2: Post lime application at Trundle. Left of 
arrow has been limed, right of arrow has not 

 



 
Figure 3: Average starting soil acidity of the paddock 
before treatments were applied. 
 

 
Figure 4: Average aluminium percent (Alex%) of the 
paddock before treatments were applied.  

The paddock was sown to Scepter wheat late April 2020. Plant counts were undertaken early June to 
assess crop germination and determine if there were any treatment effects. There appeared to be 
very little difference in plant population between treatments (Table 2). 

Table 2: Plant population at Trundle grower site (average plants per linear m) 

Treatment Plant population 
Control (no lime) 22.4 
Control, incorporate 21.9 
Surface lime (pH 5.5, 0-10cm) incorporate 22.0 
Surface lime (pH 5.5, 0-10cm rate) 23.2 
Surface lime (pH 5, 0-10 cm rate) 22.0 
Surface lime (pH 5.5, 0-5cm rate) 21.5 

 
Harvest index (HI) cuts were completed in mid-November, prior to the crop being harvested. HI is 
the ratio of grain to total above ground dry matter and is a measure of reproductive efficiency 
(Porker et al 2020). HI helps give an indication of how the plants genetics interacted with the 
environment and crop management (Porker et al 2020) and this trial shows the impact that soil 
acidity and amelioration had on the crop, even though the yield doesn’t reflect this (Table 3). Note 
that yields from HI cuts will be higher than header yield as all grain is retained. Yield ranged from 6 
t/ha in the Control to almost 6.7 t/ha in the Control + incorporate, however the differences were not 
significant (Table 3). Protein ranged from 11.6 % (Control) to 9.7 (Surface lime (pH 5.5, 0-10cm rate)) 
and screenings were all below 5% apart from the Control (Table 3). Whilst the variation in harvest 
index was very small it did vary significantly (p<0.05) between the highest on 44 (Surface lime (pH 
5.5, 0-10cm) incorporate) and the lowest on 41.1 (Control) (Table 3). Seed weight did also vary 
significantly between lime treatments, with the highest seed weight being achieved by Surface lime 
(pH 5.5, 0-10cm rate) (39.6 g) and the lowest again being the Control on 33 g per 1000 seeds (Table 
3).  

Table 3: Wheat (var. Scepter) harvest data at Trundle 2020. Values within columns that are statistically different (P<0.05) 
are with marked with different letters 

Treatment 
Yield 
(t/ha) 

Protein 
(%) 

Screening 
(%) 

Harvest 
Index 
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Control 6.02 11.6c 5.1c 41.1a 121.3 33.0a 
Control, incorporate 6.67 11.4bc 4.0bc 42.9ab 124.6 35.0ab 
Surface lime (pH 5.5, 0-10cm) 
incorporate 6.50 10.2ab 2.6ab 44.0b 116.4 38.2bc 
Surface lime (pH 5.5, 0-10cm rate) 6.56 9.7a 2.0a 43.8b 116.1 39.6c 
Surface lime (pH 5, 0-10 cm rate) 6.05 11.3bc 4.1bc 41.2a 118.4 34.3ab 
Surface lime (pH 5.5, 0-5cm rate) 6.34 10.6a 3.4ab 42.5ab 119.9 36.1b 
                        lsd ns 1.22 1.61 1.98 ns 3.09 

 

Even though the lime was only applied at the start of 2020, 
we still saw small changes in the grain quality between liming 
treatments, specifically in the screenings and 1000 seed 
weight of the Control. These low numbers indicate that the 
plants in the unlimed plots were suffering stress during grain 
fill: a potential consequence from the soil acidity and high 
Alex, relative to the limed plots, affecting root development 
and therefore limiting access to subsoil moisture. This was 
also observed by Tang et al. (2002) who found that yield was 
reduced in wheat grown in acidic soils with high levels of 
extractable Al, reducing the plants ability to absorb water 
and nutrients. 

2021- a sneak peak 

 

Figure 6: Trundle pH and Alex% from 2021 pre-sowing soil coring 

Soil samples were collected 12 months after lime application to monitor the impact of lime rate and 
application treatment on change in pH and Al to depth. These are presented in Figure 6 and show 
the improvement in soil pHCa and reduction in Alex% under the Surface lime (pH 5.5, 0-10cm) 
incorporate treatment (blue diamond).  
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