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Abstract

Over the past 17-years soil amelioration approaches have developed to include one-off (strategic) deep soil
mixing or inversion tillage in Western Australian (WA) cropping systems. Deep ripping developments
include increased ripping depth to 50-80cm, and topsoil inclusion or subsurface delving capability. Strategic
deep tillage (i.e. mechanical amelioration) is applicable to ~13 M hectares of WA’s south-west agricultural
soil consisting of deep sands, sandy earths, deep sandy duplex and ironstone gravel. Subsoil acidity, subsoil
hardpans, topsoil water repellence, sodicity, poor fertility and low water holding capacity often constrain
these soils. DPIRD researchers maintain a database of amelioration responses which contains more than 220
site-year inversion and deep mixing comparisons. Cereal grain yield increases range from 0.14-0.91 t/ha for
inversion and 0.21-0.73 t/ha for deep mixing across a range of soil types and seasons after amelioration.
Narrow-leafed lupin yield responses to deep mixing or inversion range from 0.19-0.54 t/ha and canola from
0.21-0.49 t/ha. Comprehensive grower surveys in 2020 and 2024 showed an increase in from 52 to 66 % of
grower respondents undertaking strategic deep tillage, with 51 % ripping, 24 % mixing and 17 % inverting
their soils in 2023-24. For growers using mechanical amelioration 97 %, regularly applied lime to manage
soil acidity. A DPIRD-commissioned study by consulting firms Planfarm and Farmanco utilised de-
identified client financial data to show growers who over the past 10-years had adopted ‘complete’
amelioration packages increased farm operating profit by $100 /ha/year and had 2.6 kg/ha.mm higher wheat
water use efficiency than those who hadn’t. Increased value and resilience of WA cropping will come with
improved spatial management of refined soil amelioration and profile reengineering practices.
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Introduction

Western Australian cropping soils are often impacted by a range of physicochemical constraints including
subsurface hardpans, soil acidity, topsoil water repellence and sodicity etc. (van Gool 2016). Amelioration of
these soil constraints has been a particular focus for WA researchers and the grains industry for the past 15-
years (Davies et al. 2019). Soil amelioration has developed into a package of practices, depending on the
constraints being targeted. For the ~13 M hectares of arable ‘sandplain soils’ in the WA grainbelt,
predominantly comprising of deep sands and sandy earths, deep sandy duplex and sandy gravel soils, a
combination of liming, strategic deep mixing or inversion, followed by deeper ripping all undertaken in the
context of a controlled traffic farming system has shown substantial improvements in grain yield and a
reduction in soil constraints (Davies et al. 2019). These practices are not without risk with short-term
increases in soil erosion risk, difficulties with establishing crops in disturbed unconsolidated soils, potential
to bring up toxic or hard setting subsurface soils, rocks and stumps, and potential reductions in soil organic
carbon and rundown of soil fertility (Davies et al. 2019). This paper summarises the productivity benefits
arising from mechanical soil amelioration while also highlighting the remarkable adoption of these practices
by the grains industry and ‘real-world” impact this is having on farm profitability.

Methods

Crop Grain Yield Response to Strategic Deep Tillage

The WA Department of Primary Industries and Regional Development (DPIRD) soil science and crop
nutrition research group maintain a database of crop yield responses to soil amelioration practices from
replicated small plot experiments and grower-scale paddock strip trials. At the time the data was summarised
for this publication the database contained more than 220 site-year comparisons between 2007-2022 where
mechanical deep soil mixing and/or soil inversion were treatments.
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Grower Surveys

Grower phone surveys were commissioned to assess adoption and implementation of mechanical soil
amelioration practices in 2019 and repeated in 2024 season (DPIRD 2020; DPIRD 2024). Growers
distributed across Albany, Esperance, Geraldton, and Kwinana port zones, were interviewed with the
numbers from each reflecting the total arable farm area in each zone. Where necessary a small weighting was
applied to ensure the sample was representative. A total of 214 growers in 2020 and 215 growers in 2024
were interviewed, where possible the same growers were interviewed in both surveys. The response rate of
growers recontacted from the 2020 survey in 2024 was 62 %. Questions included type of mechanical
amelioration used, timing of use, area treated, constraints targeted, amendments applied and post
amelioration management. There was limited cross-analysis by type of mechanical amelioration due to
sample size. Differences between groups and when comparing the 2020 and 2024 samples have only been
reported where they are statistically significant at 95 % level of confidence. Comparisons were undertaken
within the sample of growers who answered both the 2020 and 2024 survey as differences identified are real.
The weighting of the sample was undertaken in SPSS and data was analysed in SPSS and Q.

Whole-farm Financial Impact of Soil Amelioration

Two agricultural consulting firms operating in WA, Farmanco (https://www.farmanco.com.au/) and
Planfarm (https://planfarm.com.au/) were commissioned to undertake an analysis and survey of de-identified
clients comparing those who had adopted mechanical soil amelioration practices over an extended time
period with a control group which hadn’t (Newman et al. 2024). The amelioration group had adopted a soil
amelioration package, typically a combination of amendment, mostly lime or gypsum, application coupled
with mechanical deep mixing or soil inversion and then further deep ripping, typically to 50 cm or deeper.
The control group typically hadn’t undertaken any deep mixing or inversion though they may have applied
amendments to the soil surface and undertaken some standard deep ripping to 30-40 cm depth. Amelioration
and control group growers were compared from within the same rainfall region and agroecological zone but
we will present select summary data combined for the whole WA grain belt. Key metrics were determined
for each group, based on those used by the consulting firms and reported in annual benchmarks (Newman et
al. 2024) and included: 1) Estimated plant available water (calculated as 30 % of January to March rainfall
and 70 % of April to September rainfall); 2) Average crop yields for wheat, barley and canola (determined
over 5-years from 2018-2022); 3) Water use efficiency (WUE; average crop yield over estimated plant
available water); 4) Operating profit (total farm income less operating costs); 5) Operating profit per mm
effective rainfall; 6) Total operating costs per hectare; 7) Total machinery value per hectare; 8) Total plant
ownership, maintenance and labour (TPML); 9) Return on assets managed (ROAM %, calculated by profit,
before finance and tax divided by farm assets, including the value of leased land). Most metrics were
assessed over a 10-year period from 2013 to 2022. Results are reported on a per hectare basis but average
WA arable farm size (4652 ha in 2022) and crop area (3765 ha in 2022; Newman et al. 2024) was used to
demonstrate the impact of amelioration on average whole farm profitability.

Results

Crop Grain Yield Response to Strategic Deep Tillage

Average crop grain yield responses to strategic deep tillage provide indicative value of these practices across
soil types over time. Average cereal grain yield increase in 1-2 years following soil inversion compared to
non-ameliorated ranged from 0.57-0.89 t/ha (Table 1). For pale deep sands cereal yield response to soil
inversion declines to only 0.14 t/ha on average after 3+ years compared to 0.57 t/ha for 1-2 years (Table 1).
This contrasts with coloured deep sands, which include sandy earths, which maintain average cereal yield
increases for 3+ years and forest gravel soils where the cereal yield response is higher after 3+ years (Table
1). The probability of having a significant yield increase is high for deep sandy duplex soils and coloured
deep sands/sandy earths, 3+ years after inversion (Table 1). Average canola yield increase to inversion,
across all soil types, was maintained over time but the likelihood of having a positive yield response
improved 3+ years after inversion (Table 1), once the seedbed was more settled. For Iupin both yield
response and the likelihood of having a positive yield response declined after 3+ years, but a greater than
50% chance of a positive yield response and an average yield increase of 0.39 t/ha remained (Table 1).

Responses to deep soil mixing (Table 1) were similar to those for soil inversion (Table 1). Pale deep sand
still showed a more dramatic reduction in cereal yield response 3+ years after deep mixing than the coloured
deep sands and sandy duplex soils which had much smaller declines in average yield response (Table 1). The
likelihood of a positive cereal yield response to deep soil mixing was very high for deep sandy duplex soils,
regardless of the time after amelioration while for coloured deep sands the reliability of yield response
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improved 3+ years after deep mixing (Table 1) in the same way it did for soil inversion (Table 1). Canola
grain yield response to deep mixing (Table 1) tends to be less than for soil inversion, and both size and
reliability of the yield response decline after 3+ years (Table 1). It should be noted that the data for soil
inversion includes canola growing on the repellent forest gravels in the south-west where yield responses can
be high, thereby increasing the average. Lupins responded much better and more reliably 3+ years after deep
soil mixing in the first 1-2 years (Table 1).

Table 1. Impact of soil inversion on average crop grain yield response (t/ha and %) and proportion of
significantly positive responses by soil and crop type and years (1-2 or 3+) after strategic mechanical
amelioration by soil inversion or deep soil mixing. Summarised from a DPIRD soil amelioration database of field
experimental data collected from 2007-2022.

Crop Soil Grain yield Grain yield % significant positive
Type Type response t/ha response % comparisons
1-2 years 3+ years 1-2 years 3+ years 1-2 years 3+ years
Soil Inversion

Cereal  Pale deep sand 0.57 0.14 66 17 78 60
Coloured deep sand 0.57 0.56 42 25 64 100
Deep sandy duplex 0.89 0.57 43 19 90 73
Forest gravel 0.72 0.91 22 31 86 67
All 0.66 0.65 41 30 77 81

Canola  All 0.43 0.49 27 43 57 83

Lupin All 0.54 0.39 58 60 67 55

Deep Soil Mixing

Cereal  Pale deep sand 0.61 0.21 60 14 82 60
Coloured deep sand 0.73 0.69 42 39 79 91
Deep sandy duplex 0.69 0.54 54 25 100 91
All 0.72 0.53 49 29 82 85

Canola  All 0.36 0.21 33 37 67 55

Lupin All 0.19 0.48 7 30 33 71

Grower Surveys of Strategic Mechanical Soil Amelioration

Mechanical soil amelioration has been widely adopted in WA (Table 2). Nearly two-thirds of growers had
undertaken mechanical amelioration in WA in 2023, up from just over half the growers surveyed in 2019
(Table 2). A further 20%, or 1-in-5, growers were undertaking soil amelioration but without the use of
mechanical strategic tillage. This would primarily take the form of application of soil amendments such as
lime, gypsum or forms of organic matter. Significant increases in mechanical soil amelioration were seen in
the Albany, Esperance and Geraldton port zones. For Geraldton 9 out of 10 growers are undertaking
mechanical soil amelioration. For these three port zones there was a corresponding decline in the proportion
of growers not undertaking any soil amelioration in 2023 with every grower undertaking some form of soil
amelioration in the Geraldton and Esperance port zones (Table 2).

Table 2. Proportion of Western Australian growers who do or don’t undertake soil amelioration either by
mechanical or non-mechanical means. For 2019, n=214, for 2023, n= 215 (DPIRD 2020; DPIRD 2024).
Ameliorated by Ameliorated by non-

No soil amelioration

Port mechanical means mechanical means o
Zone % only % undertaken %
2019 2023 2019 2023 2019 2023
Albany 29.3 53.4 36.2 37.9 34.5 8.6
Esperance 58.8 74.3 14.7 25.7 26.5 0
Kwinana 56.5 59.5 22.4 13.1 21.2 27.4
Geraldton 67.6 92.1 13.5 7.9 18.9 0
Total WA 51.8 65.8 23.2 20.3 24.9 13.9

Deep ripping was the most common mechanical amelioration practice, used by just over half the respondents
in 2023, followed by deep mixing with 24 % and soil inversion with 17 % of respondents (DPIRD 2024).
The most common reasons given for undertaking soil amelioration were to manage compaction, 65 % of
respondents; soil water repellence, 56 % of respondents and to increase crop yield, 49 % of respondents
(DPIRD 2024). Almost all growers, 97 %, who undertook mechanical amelioration also applied lime as part
of their normal farming practice (DPIRD 2024). The average area under crop ranged from 4,654 ha for
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growers undertaking mechanical amelioration compared to 2,400 ha for those undertaking non-mechanical
amelioration and 2,823 ha for those not ameliorating their soils (DPIRD 2024).

Financial Impact of Soil Amelioration

The average arable farm size for the amelioration group growers was 4174 hectares, compared to 2814
hectares for the standard (non- amelioration) group. On average, the amelioration group received less rainfall
so had lower estimated plant available water, 228 mm, compared with the standard group with 260 mm
(Newman et al. 2024). Mechanical amelioration with inversion or deep mixing started to be more widely
adopted in 2012. Wheat WUE was similar for both groups in 2013 but increased more for the amelioration
group (Fig. 1) such that they had an average 10-year wheat WUE of 14.8 kg/ha.mm compared to 12.2
kg/ha.mm for the standard group. Averaging operating profit was $100 /ha higher over 10-years for the
amelioration group over the standard group (Fig. 1). In the poor 2019 season operating profit was similar for
both groups. Operating profit per mm of estimated plant available water was $1.36 /mm for the amelioration
group compared to $0.86 /mm for the standard group (data not shown). The amelioration group had
operating costs of $509 /ha, $59 /ha more than the standard group with $450 /ha. Machinery value and
TPML was similar across both groups (data not shown; Newman et al. 2024).
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Figure 1. Average wheat water use efficiency (kg/ha.mm; left) and farm operating profit per hectare (right) over
10-years for Western Australian grain growers who practice soil amelioration (Amelioration) compared with
those who haven’t (Standard). Redrawn from Newman et al. 2024.

Conclusion

Mechanical soil amelioration (strategic deep tillage), coupled with the use of required soil amendments and
practices such as controlled traffic farming has provided sustained improvements in crop grain yields, crop
WUE and profitability. Challenges such as soil erosion risk, poor crop establishment and implementation
across variable landscapes and soil types remain but widespread adoption in WA indicates that most growers
implementing soil amelioration have done so successfully to the benefit of their farm business.
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