
1 
 

Environment, Planning and Sustainable Development Directorate  

 

  

Better Land 
Management 
Final Results 

ACT liming trials and demonstrations 



2 
 

Environment, Planning and Sustainable Development Directorate  

 

                                                                                              

 

Project funders: National Landcare Program 2 (NLP2) and ACT NRM in the ACT 

Government 

Project Collaborators: ACT NRM and NSW Department of Primary Industries 

NLP-funded Better Land Management project 2018-2023: 

Increasing soil acidity and declining soil carbon are an issue under ACT and region 

grazing and cropping systems, constraining farm productivity. The NLP2 prioritised 

addressing soil acidity, declining soil carbon and groundcover under its 2018-2023 

program. ACT NRM, the ACT’s regional natural resource management body, received 

funding under NLP 2 Regional Land Partnerships program, 2018-2023 to establish 

trials and demonstration sites on ACT farms to demonstrate approaches to 

addressing soil acidity and hence improving other important soil measures and soil 

and pasture health. 

Project goal: By 2023, there is an increase in the awareness and adoption of land 

management practices that improve and protect the condition of soil, biodiversity 

and vegetation.  

Specifically ACT NRM’s Better Land Management project aims to: 

1. Promote understanding and demonstrate the most up-to-date scientific 

approaches to addressing soil acidity and hence improving other important soil 

measures and soil and pasture health on ACT farms. 

2. Assist in reversing the soil acidification trajectory on ACT farms by demonstrating, 

using data coming out of the project, that liming increases soil pH and reduces soil 

acidity but also impacts positively on other soil nutrients leading over time to 

improvements in soil and plant health and farm productivity.  

3. Emphasise the importance of regular farm soil testing on both crops and 

permanent pasture paddocks to monitor and manage soil pH and other soil 

attributes both in surface soils (0-5cm and 5-10cm) but also below this depth to 

30cm to inform sound farm decision-making and investments on liming. 

Better Land Management 2018-2023 
Background 
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Introduction 

This report presents results coming out of the five-year National Landcare Program 2 

project Better Land Management, rolled out by ACT NRM in collaboration with and 

with the support of staff from the NSW Department of Primary Industries and ACT 

farmers from 2018-2023.  

ACT NRM’s Better Land Management project aimed to: 

1. Promote understanding and demonstrate the most up-to-date scientific approaches to 

reducing soil acidity and hence improving other important soil measures and soil and 

pasture health on ACT farms. 

2. Assist in reversing the soil acidification trajectory on ACT farms by demonstrating, using 

data coming out of the project, that liming increases soil pH and reduces soil acidity but 

also impacts positively on other soil nutrients leading over time to improvements in soil 

and plant health and farm productivity.  

3. Emphasise the importance of regular farm soil testing on both crops and permanent 

pasture paddocks to monitor and manage soil pH and other soil attributes both in 

surface soils (0-5cm and 5-10cm) but also below this depth to inform sound farm 

decision-making and investments on liming. 
 

The ACT NRM trials and demonstrations have been informed by the findings coming out of 

the FutureSOILS project – more information about this project and its findings are provided 

below and can be found at this link:  FutureSoilsLinkArticle.pdf (squarespace.com).   

Collaborator and advisor on this project, NSW Department of Primary Industries provided 

guidance, technical advice and support and travelled to the ACT to help ACT NRM establish 

and monitor the two trials established under Better Land Management: 

• the liming trial on a Pasture Paddock 

• the liming trial on a Cropped Paddock  

The aim of the ACT NRM trials was to measure the impact of lime spread at different rates, 
on acidic/low pH soils on a modified native pasture site and a cropped site.  
 
ACT NRM, under advice from NSW DPI also established: 

• 14 liming demonstrations across 12 ACT farms  

The goal of the ACT NRM liming demonstrations was to reduce soil acidity at each of the 14 

demonstration sites by increasing soil pH at each site to greater than pH 5.5 at 0-10cm soil 

depth. Lime was surface spread at appropriate rates recommended for each site based on 

baseline soil pH.  

https://static1.squarespace.com/static/611c40312565b92cccbaa3ab/t/63f812a62ab7902e943b39e1/1677202139491/FutureSoilsLinkArticle.pdf
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Report structure 

The report is divided into four sections: 

Section 1 provides background and a context for understanding soil acidity in the ACT. This 

section covers: 

o What is soil acidity and soil pH.  

o Causes of soil acidity within farming systems. 

o The impact of soil acidity on crops and pastures. 

o What is known about soil acidity in the ACT and broader region. 

o How to reduce soil acidity and increase soil pH in crops and pastures.  

o The role of lime in addressing soil acidity. 

o Results from research by NSW DPI that is changing how we manage soil acidity 

under farming systems. 

o Understanding the graphs in the report. 

o Understanding the different soil chemical results (pH, Cation Exchange Capacity, 

Aluminium and Sodium, Colwell P). 

o Preferred and critical values for soil parameters tested in the project. 

Under Better Land Management, ACT NRM in collaboration with NSW DPI established two 

liming trials aimed at understanding the impact of lime on: 

•  a cropped paddock with low soil pH and  

• a pasture paddock with low soil pH.   

ACT NRM also established 14 Demonstration sites across 12 ACT farms aimed at 

understanding the impact of liming on paddocks with varying land management and soil pH. 

Section 2 covers the results coming out of the liming trial on the modified native pasture 

paddock at Tidbinbilla and includes the following: 

o The methodology used to establish the liming trials on the pasture paddock. 

o Recent history/landuse of the pasture paddock. 

o Soil sampling on the pasture paddock – what was measured. 

o How soils were collected in the field. 

o Layout of the liming trial on the pasture paddock. 

o Key results of baseline soil testing in 2020 prior to spreading lime on the pasture 

trial site in particular:  

▪ Soil pH and Exchangeable Aluminium % 

▪ Cation Exchange Capacity 

▪ Organic Carbon 
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o Key results from soil testing on the pasture trial site in 2022 – 14 months after lime 

was spread and 2023 - 27 months after lime was spread, in particular:  

▪ Soil pH and Exchangeable Aluminium % 

▪ Cation Exchange Capacity 

▪ Organic Carbon 

Section 3 covers the results coming out of the liming trial on the Tharwa cropping 

paddock.  Explanations about what soil parameters were tested, depths etc. are provided in 

Section 1 but apply to both liming trials on the cropped and pastured paddocks.  

Section 3 includes: 

o Landuse/recent history of the cropped paddock. 

o Design of the liming trial on the cropped paddock.k 

o What was measured on the cropped paddock. 

o Layout of the liming trial on the cropped paddock. 

o Key results of baseline soil testing in 2020 prior to spreading lime on the cropped 

paddock in particular results for:  

▪ Soil pH and Exchangeable Aluminium % 

▪ Cation Exchange Capacity 

▪ Organic Carbon 

o Key results from soil testing on the cropped trial site in 2022 and 2023 after lime 

was spread, in particular results for:  

▪ Soil pH and Exchangeable Aluminium % 

▪ Cation Exchange Capacity 

▪ Organic Carbon  

o Possible Molybdenum issue on one plot. 

Section 4:  

ACT NRM established 14 paddock-scale demonstration sites across 12 farms, under guidance 

from the NSW Department of Primary Industries. These sites were established quite 

differently to the Cropping and Pasture Trials.  Section 4 covers how the sites were set up, 

what was monitored and results from baseline (pre-liming) soil testing and results from soil 

testing one and two years after liming, including: 

• How the Demonstration paddocks were established. 

• Soil monitoring on Demonstration Paddocks. 

• Soil chemical and physical parameters measured at demonstrations sites. 

• The results of baseline soil testing on each Demonstration site, prior to liming 

• Liming rates recommended for each demonstration site, based on baseline soil 
testing. 

• Vegetation Monitoring on the Demonstration Paddocks. 

• Rainfall over the life of the project. 
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Section 1 – Background and context for understanding soil 

acidity in the ACT 

What is soil pH and soil acidity? Quick facts about soil acidity: 

• Soil pH is a measure of the acidity or alkalinity of soil. It is measured in pH units – and 

is a measure of the concentration of hydrogen ions in the soil solution. The lower the 

soil pH the more acidic the soil, the greater the number of hydrogen ions in the soil 

solution.  

• pH is measured on a logarithmic scale from 1 to 14 which means that as pH 

decreases and acidity increases, measures of soil pH can be orders of magnitude 

different between different pH measures. For example a soil with a pH of 5 is ten 

times more acidic that a soil with a pH of 6.  

• A pH of 7 is considered neutral, above 7 is considered alkaline and below 7 is acid.  

• pH above 5.5 and below 8 is considered optimal for supporting plant growth, making 

key nutrients available including magnesium, potassium, calcium and phosphorus, 

for uptake by plants and promoting nitrogen fixation by legumes such as 

subterranean clover.  

Under the Better Land Management project, soil pH has been measured in calcium chloride 

(pHCaCl2). Soil acidity occurs in surface soils (0-5cm and 5-10cm) but also occurs below these 

depths in sub surface soils, impacting on crop and pasture roots and growth. Hence under 

Better Land Management, soils were measured to 30cm depth to see what was happening 

to soil pH to this depth and hence what could be happening to plant roots and legume 

nodules (such as sub clover). 

Causes of soil acidity  

ACT soils are naturally acidic due to our old, leached soils, but can become more acidic due 

to: 

• removal of product from the farm or paddock (for example harvesting and export of 

crops ); 

• leaching of nitrate below the plant root zone (for example in cropping systems when 

more nitrate is applied to the soil than can be used by plants);  

• use of nitrogenous fertilisers such as MAP or DAP which if not taken up by plants, can 

leach through the soil, decreasing soil pH; 

• build up in organic matter in the soil. 

More information about causes of soil acidity can be found here: 

https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0009/167175/acidity-causes.pdf 

 

 

https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0009/167175/acidity-causes.pdf
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Impact of low soil pH/soil acidity 

An acidic soil is generally considered to be one with a soil pH (CaCl2) below 4.8 in the root 

zone (between zero and 20cm below the soil surface). Acidity has the following effects on 

soil and plants: 

• It decreases the availability of plant nutrients, such as phosphorus, magnesium, 

potassium and calcium and increases the availability of some elements to toxic 

levels, particularly of aluminium and manganese, and hence reduces plant growth. 

• Essential plant nutrients can also be leached below the rooting zone. 

• Acidity can degrade the favourable environment for bacteria, earthworms and other 

soil  organisms, and make plants vulnerable to pest and disease attack. 

• Highly acidic soils can inhibit the survival of useful bacteria, such as the rhizobia 

bacteria associated with legumes that fix nitrogen, including pasture legumes such as 

sub clover. Often the nitrogen made available to plant roots is the major or only 

source of nitrogen in pastures. 

Table 1 shows the impact of different rates of soil pH on soils, nutrients, and plant growth.  

 
Table 1: Soil pH (CaCl2)) impact on plants and soils 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Soil pH  How acidic is 
the soil 

Impact on soils, nutrients, and plant growth 

6.5  Near neutral Good for acid sensitive plants 

5.5   Slightly acid Optimal balance of major nutrients and trace elements 
available for plant use. Rhizobia associated with clovers and 
other pasture legumes performs optimally in fixing nitrogen 
and making it available for plant use when pH is above 5.5. 

5.0  Moderately acid When pH falls below 5, beneficial elements such as 
molybdenum, phosphorus, magnesium and calcium can 
start to become less available to plants. Populations of 
rhizobia associated with some clover species and other 
pasture legumes, decline, reducing nitrogen fixation by 
these legumes and available soil nitrogen.  
 

4.8 and 
below  

 Moving to 
strongly acidic 

Soil pH below 4.8 decreases the availability of plant 
nutrients noted above. This impacts on plant growth and 
productivity, reduces the effectiveness of nitrogen fixing by 
pasture legumes, such as clovers and can cause some 
plants to drop out of pasture systems. Below pH 4.8 
aluminium can become toxic to plant roots. 

4.5  Strongly acid Beneficial elements such as molybdenum, phosphorus, 
magnesium and calcium are increasingly less available to 
plants. Aluminium becomes soluble and available to plant 
roots in toxic quantities; Manganese becomes soluble and 
toxic to plants in some soils. 

4.0   Extremely acid Irreversible soil structure breakdown occurs. 
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More information on soil acidity can be found at the following websites: 
https://agriculture.vic.gov.au/farm-management/soil/soil-acidity 
https://www.lls.nsw.gov.au/__data/assets/pdf_file/0007/1247623/Nodulation-Fact-Sheet.pdf 
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/167187/soil-ph.pdf 
https://www.dpi.nsw.gov.au/agriculture/soils/guides/soil-acidity/soil-acidity-and-liming-2021-ac.19 

What we know about soil acidification in the ACT 

ACT NRM’s current understanding of the status of ACT soils has been derived from a number 

of sources that have underpinned design and development of the Better Land Management 

Project. These sources include: 

• “Priorities for improving soil condition across Australia’s agricultural landscapes” 

(2017), which provides an overview of trends in soil condition across Australia’s 

agricultural landscapes. It was prepared to assist the Australian Government design the 

next phase of the National Landcare Program (NLP 2) by some of Australia’s leading soil 

scientists. The report identified soil acidification, unsustainable rates of soil erosion, loss 

of soil organic carbon and nutrient imbalances (deficiencies and excesses) as the key 

threats to soil function: “If left unchecked, these problems will constrain Australia’s 

ability to take advantage of agricultural opportunities created by a growing population 

and demand for exports. The threats have the potential to impose significant costs 

because ecosystem services provided by soils will be impaired”.   

 

National maps provided in the report show: 

o the ACT has severe acidification on rural lands.  

o high levels of lime are required to address the issue in the ACT  

o the ACT rates of soil testing are in the lowest 20% in Australia 

o locally significant acidification is likely to affect production and ACT farm businesses. 

The full report can be found here: 

https://publications.csiro.au/rpr/download?pid=csiro:EP177962&dsid=DS3 

• ACT Clover Nodules project which generated data on the state of ACT farming soils 

collected under this project in 2017.  17 ACT farmers participated in a pilot soil and 

legume testing program, to understand how soil conditions, including soil acidification, 

constrain legume health (for example clovers such as subterranean clover) and hence 

can impact on farm production.  Results from the project, undertaken by EPSDD and the 

NSW Department of Primary Industries indicate that nearly 40% of soils in the 35 

paddocks tested across ACT farming land were strongly acidic (had pH CaCl2 less than 

4.8), and that the average soil pH across the 35 paddocks was 4.8 (strongly acidic). 

Management surveys undertaken as part of this project, indicate landholders rely on 

pasture legumes (such as clovers) as nitrogen fixers in their pastures, often the only 

source of introduced soil nutrients on their paddocks. In addition, a number of 

landholders didn’t know that soil acidification reduces legume nodulation effectiveness, 

and therefore nitrogen fixation in these pastures; with few landholders applying lime to 

their most acidic paddocks to increase soil pH and reduce soil acidification.  

https://agriculture.vic.gov.au/farm-management/soil/soil-acidity
https://www.lls.nsw.gov.au/__data/assets/pdf_file/0007/1247623/Nodulation-Fact-Sheet.pdf
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/167187/soil-ph.pdf
https://www.dpi.nsw.gov.au/agriculture/soils/guides/soil-acidity/soil-acidity-and-liming-2021-ac.19
https://publications.csiro.au/rpr/download?pid=csiro:EP177962&dsid=DS3
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For more information on this work go to Appendix A: Pasture hero or nitrogen thief? 

Page 91, Proceedings of the National Soil Conference  and: 

https://www.researchgate.net/publication/329584235_Rhizobia_efficacy_and_cohabita

tion_in_ACT_sub-clover_nodules 

 

• Healthy Soils Healthy Landscapes project, 2005-2008 undertaken in NSW/ACT by NSW 

Department of Primary Industries in partnership with the ACT Government, which found 

that the ACT’s 45 participating farms had soil pH below 4.5, or between 4.5 and 5, 

measured in Calcium Chloride. Soil pH of less than 4.8 is considered strongly acidic. ACT 

NRM followed up these results from 2008 by developing a soil testing program in 2018 

to try and determine the pH of farms that participated in the Healthy Soils Healthy 

Landscapes project, 2005-2008. Under this project very similar rates of low pH and 

elevated soil acidity were found. 

  

• The ACT Soil Landscape mapping and Hydrogeological Landscape mapping and reports 

ACT Soil Landscapes provides detailed information on soil condition and vulnerabilities in 

the ACT and was developed for the ACT by the NSW Government and released in 2016. 

This information guides the development of an ongoing program for monitoring soil 

condition and advising on best practice management for different soil landscapes and 

land uses. The soil landscape mapping helped ensure that all significant agricultural 

landscapes were included/considered in the development of the Better Land 

Management and confirmed that ACT soils are highly acidic. 

 

Figure 1 below shows the extent of soil acidity across NSW and the ACT, with soil pH 

averaging 4 to 5.5 (measured in calcium chloride) at 0-30cm depth in the ACT  

 

 

 

 

 

 

 

 

 

 

https://www.researchgate.net/publication/329584235_Rhizobia_efficacy_and_cohabitation_in_ACT_sub-clover_nodules
https://www.researchgate.net/publication/329584235_Rhizobia_efficacy_and_cohabitation_in_ACT_sub-clover_nodules
https://actmapi-actgov.opendata.arcgis.com/datasets/act-soil-landscapes#:~:text=Summary%20Soil%20Landscapes%20of%20the%20Australian%20Capital%20Territory,and%20landscape%20qualities%20and%20constraints%20to%20be%20identified.
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Figure 1: Soil pH (CaCl2) in NSW and the ACT 

 

Maps:  Environment, Energy and Science | Department of Planning, Industry and Environment 

OEH 2018. Digital soil mapping of key soil properties over NSW, version 1.2. Technical Report, NSW Office of 

Environment and Heritage, Sydney. (prepared by J. Gray) 

Liming to address soil acidity 

Lime is comprised primarily of calcium carbonate. It is alkaline and neutralises acid soils and 
raises soil pH, reducing acidity and improving the soil environment for plant growth for 
crops and pastures. By reducing soil acidity and increasing soil pH:  

• key nutrients such as phosphorus, calcium, potassium and magnesium are more 
available,  

• aluminium and other toxic cations are less available or completely unavailable 

• crop and pasture production are improved. 
Incorporating lime into the soil addresses soil acidity quicker than just surface applying lime. 
Surface soil needs to be at least above pH 5 to make lime available to move down the soil 
profile and address soil acidity at depth in the soil.  

https://www.dpi.nsw.gov.au/agriculture/soils/guides/soil-acidity/soil-acidity-and-liming-2021-ac.19/references-and-glossary


13 
 

Environment, Planning and Sustainable Development Directorate  

 

Changing understanding and approaches to managing soil acidification 

NSW DPI has done extensive trials/analysis in collaboration with FarmLink, the Grasslands 
Society of NSW, Holbrook Landcare Network, Central West Farming Systems, K-Line Ag, 
Westlime and the Australian National University aimed at updating acid soil management 
practices based on evidence from field trials and historic data. They are finding that long 
established acid soil management practices and recommendations are not preventing the 
formation of acid layers in the soil and the continued acidification of soils in NSW.  
 

The research is collated in a National Landcare Program Smart Farming Partnership project, 
supported by the Australian Government, called FutureSOILS. It aims to update acid soil 
management practices based on evidence from field trials and historic data.  
 
Typically and historically farmers lime their paddocks when soil pH measured in Calcium 
Chloride reaches 4.8, and aim to raise pH to 5.2 in surface soil (0-10cm) but it often only 
changes in the 0-5cm depth.  The 5-15cm soil layer is commonly the most acidic of the soil 
profile – which means only addressing soil acidity at the soil surface does not address 
subsurface soil acidity.  
 

Key finding/recommendations coming out of the FutureSOILS project include 
recommendations for farmers and farm advisors to: 

• In the first instance, use a soil pH field test kit (easily purchased from Bunnings) to check 
and compare soil pH profiles from areas of good and poor growth.  

• Collect soil samples in five-centimetre increments to a depth of at least 20cm if 
subsurface acidity is suspected.  

• Send the samples to an accredited laboratory for testing for pH, aluminium percentage 
and cation exchange capacity. The test results will confirm the depth and severity of 
acidic layers.  

• Use the test results to develop a targeted acid soil management program. 

• Incorporate lime to the depth of acid layers, if practical and if no risk of erosion.  

• Where acidity is deeper than the depth of lime incorporation or if incorporation is not 
possible, maintain a soil pH in Calcium Chloride of more than 5.5 in soil overlying the acid 
subsurface layers to allow the lime effect to move downwards 

• If soil pH CaCl2 falls below 5.5 in the zero to 10cm layer, apply lime to move soil pH back 
to a pH CaCl2 of 5.8, noting that lime will not move down the soil profile unless soil pH is 
above 5.8. 
 

The ACT NRM trials and demonstrations have been informed by the findings coming out of 

the FutureSOILS project.  

Under the two trials (results provided in Section 2 and 3), ACT NRM’s aim was to measure 

the impact of lime on soil acidity/low soil pH, when spread at different liming rates across 

the two different trial sites under different land management practices (cropping and 

modified native pastures).  

The goal of the ACT NRM liming demonstrations (results provided in Section 4) was to 

spread lime at rates aimed at raising soil pH at each site to pH 5.5 at 0-10cm depth. Liming 

rates were determined by baseline soil pH on each site and the lime required to achieve this 
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pH change on every site. For more information about the FutureSOILS project go to: 

FutureSoilsLinkArticle.pdf (squarespace.com) 

Collecting soils in the field – Trials 

ACT NRM and NSW DPI used petrol powered soil corers (modified post hole drivers) to 

collect individual soil cores to a depth of 30cm. This soil was then carefully extracted from 

the metal coring tubes and laid out on a corrugated iron sheet and cut into the different 

depths (See Table 2) and packaged and sent for testing to Nutrient Advantage (previously 

known as Incitec Pivot). See photo below. 

 

 

 

 

 

 

What was measured? 

Prior to spreading lime, baseline soil tests were done on the pasture site in August 2020.  

• Table 2 shows the eight depths at which soil was sampled.  

• Table 3 shows the tests done on soil samples from the 16 pasture trial plots.  

• Table 4 shows the soil chemistry critical values – values we are trying to achieve over 

time for a number of soil parameters in the trial and demonstration paddocks by 

spreading lime.  

 

Table 2: Depth at which soil was sampled at trial sites below the soil surface  

0-2.5cm 2.5-5cm 5-7.5cm  7.5-10cm 

10-12.5cm  12.5-15cm  15-20cm  20-30cm 

 

Photo: The soil cores are 
gently pushed out of the 
metal coring tube.  They are 
then layed out ready for 
cutting up and bagging at the 
required depths, ready for 
sending for testing to 
Nutrient Advantage 
(previously known as Incitec 
Pivot) 

https://static1.squarespace.com/static/611c40312565b92cccbaa3ab/t/63f812a62ab7902e943b39e1/1677202139491/FutureSoilsLinkArticle.pdf
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Table 3: Soil tests done on soil samples at 8 depths from 0 to 30cm below the soil surface on the 
Pasture site 

pH (1:5 Water) Aluminium (BaCl/NH4Cl) 

pH (1:5 CaCl2) Phosphorus Colwell 

Electrical Conductivity Calcium (BaCl/NH4Cl) 

CEC (BaCl/NH4Cl) Potassium (BaCl/NH4Cl) 

Aluminium % of Cations Magnesium (BaCl/NH4Cl) 

Sodium % of Cations (BaCl/NH4Cl) Sodium (BaCl/NH4Cl) 

Total Organic Carbon (Heanes)  

 

Table 4: Preferred and critical values for soil chemical parameters measured at ACT NRM Pasture 
and Cropping sites 

Soil parameter Preferred or critical value 

pH (CaCl2) pH 5.5 at 0-10cm 

Cation Exchange Capacity (CEC)  above 10 

Aluminium % of cations 0 

Critical value of Colwell P at 0-10cm 35 

Organic Carbon At a minimum above 2% in the surface layers 

 

Understanding the graphs in this report 

This report presents all soil test results from zero to 30cm below the surface in graphs like 

the two graphs shown below. 

     or  

 

Figure 3 below shows how to interpret graphs of soil pH (and other chemical attributes) at 

different soil depths.   
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Figure 3: Interpreting pre-liming graphs of baseline soil test results – in this case soil pH is 

measured down the soil profile.  
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Figure 4: below shows how to interpret post-liming graphs of soil test results – in this case 

soil pH and Aluminium % down the soil profile. 
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Soil chemical results – explaining different soil parameters referred to in this 

report 

Below are descriptions of key soil chemical parameters that have been measured and 
referred to in this report. 

pH (CaCl2) 

Soil pH is a measure of the acidity or alkalinity of soil. It is measured in pH units – and is a 

measure of the concentration of hydrogen ions in the soil solution. The lower the soil pH the 

more acidic the soil. pH is measured on a logarithmic scale from 1 to 14 which means that as 

pH decreases and acidity increases, a soil with a pH of 5, for example, is ten times more acid 

that a soil with a pH of 6. A pH of 7 is considered neutral, above 7 is considered alkaline and 

below 7 is acid. pH above 5.5 and below 8 is considered optimal for supporting plant growth, 

making key nutrients available including magnesium, potassium, calcium and phosphorus, 

for uptake by plants and promoting nitrogen fixation by legumes such as subterranean 

clover.  Under the Better Land Management project, soil pH has been measured in calcium 

chloride (CaCl2). Soil acidity does not just occur in surface soils (0-5cm and 5-10cm) but also 

occurs below these depths in sub surface soils, impacting on crop and pasture roots and 

plant growth and health. Hence under Better Land Management soils were measured to 

30cm depth to see what was happening to soil pH to 30cm.  

The following is taken from NSW DPI’s Soil Management guides on its website. For more 
information go to: https://www.dpi.nsw.gov.au/agriculture/soils/guides/soil-nutrients-and-
fertilisers/cec 

Cation Exchange Capacity (CEC) 

NSW DPI describes Cation Exchange Capacity in detail at this website: 
https://www.dpi.nsw.gov.au/agriculture/soils/guides/soil-nutrients-and-fertilisers/cec 
and: https://www.dpi.nsw.gov.au/about-us/services/laboratory-services/soil-
health/interpret 
 
The following is from the above websites. 
 
Cation exchange capacity 
Cation exchange capacity (CEC) is a useful indicator of soil fertility because it shows the soil's 
ability to supply three important plant nutrients/cations: calcium, magnesium and potassium 
as well as cations such aluminium and sodium which have a detrimental impact on soils and 
plant growth. 
 
CEC measurement 
Concentrations of cations are expressed in centimoles of positive charge per kilogram of soil 
(cmol(+)/kg). This measurement is equivalent to the previously used unit me/100 g.  
Adding the concentrations of each cation (calcium, magnesium, potassium, aluminium and 
sodium) gives you an estimate of the CEC figure. A figure above 10 cmol(+)/kg is preferred 
for plant production. Soils with high levels of swelling clay and organic matter can have a 
CEC of 30 cmol(+)/kg or more. 

https://www.dpi.nsw.gov.au/agriculture/soils/guides/soil-nutrients-and-fertilisers/cec
https://www.dpi.nsw.gov.au/agriculture/soils/guides/soil-nutrients-and-fertilisers/cec
https://www.dpi.nsw.gov.au/agriculture/soils/guides/soil-nutrients-and-fertilisers/cec
https://www.dpi.nsw.gov.au/about-us/services/laboratory-services/soil-health/interpret
https://www.dpi.nsw.gov.au/about-us/services/laboratory-services/soil-health/interpret
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pH and CEC 
Soil pH is important for CEC because as pH increases (becomes less acid), the number of 
negative charges on the colloids increase, thereby increasing CEC (and hence availability of 
the good cations calcium, magnesium and potassium). 
 
Improving CEC 
You can improve CEC in weathered soils by adding lime and raising the pH. Otherwise, 
adding organic matter is the most effective way of improving the CEC of your soil.  
This can be done with permanent pasture, regular slashing, green manure crops, leaving 
crop stubbles to rot, rotating crops or pasture, and the addition of mulch and manure. 

Aluminium and sodium 
Aluminium and sodium cations are not plant nutrients, so are not wanted by the plant. 
Aluminium is not present as a cation when soil pH (CaCl2) is over 5 because it is precipitated 
out of the soil solution. It is only at pH (CaCl2) levels below 5 that it may become available as 
a cation, and under pH 4.5 may become available in toxic levels, displacing other cations 
from the clay or humus colloids. This is one reason why it is important to maintain pH levels 
at 5.0 or more. 
 
Table 5 shows the preferred levels of cations that we are aiming for in this project on trial 
and demonstration sites 
 

Table 5: Preferred levels of Exchangeable cations 

Cation Preferred percentage % Suggested quantity 
(meq/100g) 

Calcium -  >5 

Magnesium -  >1.6 

Potassium 2-6 >0.5 

Sodium 0-1 <1.0 

Aluminium 0 0 

Colwell P 
Colwell P is a measure of the phosphorus in the soil that is available for plants. Typically 
under our soils and conditions we have critical Colwell P levels of 35 in the 0-10cm growing 
zone. Because phosphorus tends to tie up with aluminium and iron and become unavailable 
to plants in acid soils – addressing soil acidity is very important in ensuring that Phosphorus 
is available for plants. 

Total Organic carbon 
Total organic carbon is a measure of the carbon contained within soil organic matter. It 
includes undecomposed plant litter, soil organisms and humus. Total organic carbon (or soil 
organic carbon as it is known as) stores important nutrients, stabilises soil structure and 
feeds soil microbes. If soil organic carbon is declining over time, then practices such as green 
manure crops, minimum tillage, mulching or strategic grazing will help raise soil organic 
carbon.  
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More information/links are provided below. 
 
https://www.soilquality.org.au/factsheets/organic-carbon and 
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0014/321422/A-farmers-guide-to-
increasing-Soil-Organic-Carbon-under-pastures.pdf 
  

https://www.soilquality.org.au/factsheets/organic-carbon
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0014/321422/A-farmers-guide-to-increasing-Soil-Organic-Carbon-under-pastures.pdf
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0014/321422/A-farmers-guide-to-increasing-Soil-Organic-Carbon-under-pastures.pdf
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Section 2:  Establishment and results from liming trial on 

Tidbinbilla pasture paddock 

 

Photo: DPI staff spreading lime on a trial site 

Pasture paddock – site history 

The liming trial on the Tidbinbilla pasture paddock was established on a modified native 
pasture with the following history: 

• Paddock has not been sown with crop or pasture species for 50 years. 

• Fertiliser – on average 100kg/ha every two years. 

• No lime spread for many years. 

• Single Super spread April/May 2021.  

• Superphosphate spread April/May 2022 – 100kg/ha. 

• Limited weed control on the paddock due to previous impact of MCPA on pasture 
species. 

Design of liming trial on pasture paddock  

The liming trial on the pasture paddock was comprised of 16 plots – each plot was 9m x 60m 
or 5402 in area. Four liming treatments were randomly replicated four times across the 16 
plots and lime was surface applied at the following liming rates:  

• 0 t/ha;  

• 2 t/ha; 

• 3 t/ha and  

• 6 t/ha 
 
Hence there were four plots that were spread at the rate of 2 tonnes/ha; four plots spread 
at 3 tonnes/ha; four plots spread at 6 tonnes/ha; and four plots that weren’t spread with 
lime at all. 
 

Prior to spreading lime, baseline soil tests were done on the pasture trial site in August 

2020. Tables are provided in Section 1 of this report which are useful for this section. 
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• Table 2 shows the eight depths at which soil was sampled  

• Table 3shows the tests done on soil samples from the 16 pasture trial plots. .  

• Table 4 shows the soil chemistry critical values –minimum values we are trying to 

achieve in this paddock by spreading lime 

• Table 5 shows critical or desired values for cations such as calcium, potassium etc. 

 

Figure 2 shows the layout of the Tidbinbilla Pasture Trial, including the pH goal that was 

being targeted/aimed for in each plot; and the rate that lime was spread (red text) on each 

plot to achieve the target pH at the appropriate soil depth.   

 

Figure 2 – layout of Tidbinbilla Pasture Trial 
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Tidbinbilla Pasture Trial – Baseline Soil Testing (prior to liming) – August 2020 

Figure 5 shows results of baseline soil testing (soil testing done before lime was spread) on 

the Tidbinbilla pasture liming trial sites for five key soil chemical parameters from zero to 

30cm down the soil profile. These soil parameters are: 

• soil pH 

• Organic Carbon 

• Exchangeable Aluminium% 

• Cation Exchange Capacity  

• Colwell P  

Figure 5: Results of baseline soil testing (prior to liming) Tidbinbilla Pasture Trial 
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2020 results from baseline soil testing – Tidbinbilla pasture site prior to liming  

• Soil pH at the soil surface is good, ranging from 5-5.6 pH; but decreases significantly from 

0-2.5cm onwards down the soil profile. Below 0-2.5cm the soil is strongly acidic with low 

soil pH – as low as pH 4.2 from 2.5cm to 10cm below the soil surface. 

• Exchangeable Aluminium % is zero at the soil surface; but increases below 2.5cm down 

the soil profile at levels which can be toxic to plant roots (Al Ex % of 20), particularly 

when pH is below 4.8. 

• Cation Exchange Capacity is reasonable at the soil surface but decreases significantly 

below 2.5-5cm – suggesting that low soil pH could be limiting availability of calcium, 

potassium, magnesium below 2.5-5cm. 

• Colwell P (Phosphorus) does not appear to be limited at 0-5cm but decreases below a 

critical value 5cm below the soil surface. 

• Between 2.5cm and 5cm below the soil surface, organic carbon is high, but decreases 

significantly below 10cm in depth. 

In Summary 

 The Tidbinbilla pasture trial site is showing low pH and severe soil acidity 2.5cm below the 

soil surface down to at least 30cm below the soil surface which could be impacting on 

Exchangeable Aluminium %, making soil nutrients including phosphorus, calcium, potassium, 

and magnesium less available and limiting plant root growth due to Aluminium toxicity. 

Results from Tidbinbilla Pasture trial site post-liming in 2022 and 2023  

The liming trial established on the Pasture trial site was comprised of 16 plots – each plot 

was 9m x 60m in area. Four liming treatments were randomly replicated (repeated) four 

times across the 16 plots and surface applied at the following liming rates:  

• 0 t/ha;  

• 2 t/ha; 

• 3 t/ha  

• 6 t/ha.  

Table 6 shows the four different treatments in tonnes/ha that were replicated (repeated) 

four times each on the pasture site; and the pH that was being targeted for each treatment 

(i.e the minimum pH that the project was aiming to achieve under each treatment (liming 

rate)). 

Table 6: Liming rates and target pH for each treatment - Tidbinbilla Pasture Trial  
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The following describes the impact of the different liming treatments 14 months after liming 

(sampled in February 2022) and 27 months after liming (sampled in March 2023) on: 

• Soil pH (measured in Calcium Chloride),  

• Exchangeable Aluminium%,  

• Cation Exchange Capacity (CEC)  

• Total Organic Carbon.  

Graphs and interpretation are provided below for each of these soil parameters. 

Results of post-liming soil sampling on Tidbinbilla pasture site 

Figure 6: February 2022 - Soil pH and Alumimium % Tidbinbilla Pasture site – 14 months 

after liming 

 

February 2022 soil sampling results - Soil pH and Exchangeable Aluminium – pasture site  

Lime was applied to this trial site in December 2020. Soils were sampled across the trial site 

post-liming in February 2022. 

• All liming treatments have significantly increased soil pH at the soil surface (0-2.5cm) 

with pH ranging from 6.2 to 7 – with the largest increase on the plots spread with lime at 

6t/ha. 

• At 5cm soil depth the pH has decreased across all plots: the 6 t/ha treatment plots has a 

pH of 6; the 3 t/ha treatment had a pH of 5.1; and the 2 t/ha treatment had a pH of 

around 5. 

• At 7.5cm soil depth, the 6 t/ha treatment was pH 5.25; and the 3 t/ha and 2 t/ha 

treatments were below pH 4.6. All limed treatments have higher pH than the control 

plots. 
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• At 2.5cm and 5cm below the soil surface, Aluminium appears to be insignificant across 

all treatments including no lime; but below this depth Aluminium reaches 5% for the 3 

t/ha and 2 t/ha at 7.5cm below the soil surface; and 10% and at 12.5cm depth, with the 

control reaching 20% exchangeable aluminium at 17.5cm below the surface. 

In summary  

To date all liming treatments are reducing soil acidity to a depth of 7.5cm. Below this depth 

the 2 t/ha and 3 t/ha treatments have pH of nearly 4.5 (but still higher pH than the control 

(no lime) treatment and Aluminium is a concern from 7.5cm and deeper.  

Figure 7: Soil pH and Alumimium % Tidbinbilla Pasture site March 2023 – 27 months after liming 

 

March 2023 soil sampling results - Soil pH and Exchangeable Aluminium 

• Soils at this trial site were tested again in March 2023, 27 months after liming. 

• Soil pH continues the trend established in 2022, with soil pH increasing from the 2022 

baseline by 0.5 pH units across most soil depths below 5cm. Exchangeable Aluminium 

also decreases significantly below 7.5cm in soil depth with the highest Aluminium results 

around 10% - so still a concern, but less of a concern that in 2022. Lime causing increases 

in soil pH appears to be reducing Aluminium availability in the soil at depth. 
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Figure 8: Cation Exchange Capacity Tidbinbilla Pasture Trial February 2022 – 14 months after liming 

 

February 2022 soil sampling results – Cation Exchange Capacity  

• A desirable cation exchange capacity is at least 10 cmol+/kg.  

• In 2022, CEC for all treatments on the Tidbinbilla Pasture Trial at 0-2.5cm below the soil 

surface was 18. This decreased to a CEC of 6-10 at 2.5-5cm below the soil surface and 

continued to decrease at lower soil depths so that by a depth of 7.5-10cm below the soil 

surface, CEC was below 5 for both treatments and control plots. 

Figure 9: Cation Exchange Capacity Tidbinbilla Pasture Trial March 2023 – 27 months after 

liming 
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March 2023 soil sampling results – Cation Exchange Capacity – 27 months after 

liming                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

• The trends established in 2022 are still very strongly evident in the surface layer, with 

CEC increasing to 22 in the 0-2.5cm layer in 2023, and the CEC increasing to 8-12 at the 

2.5-5cm depth. Lower layers in the soil profile did no show significant changes in CEC. 

This increase in CEC suggests that by increasing soil pH CEC nutrients are more available 

for take-up by plants. 

In Summary: addition of lime to the pasture paddock is raising Cation Exchange Capacity of 

soils. CEC increased to 22 in the surface layers and 8-12 at 2.5-5cm depths, 27 months after 

liming was undertaken. It is possible, as CEC increases, phosphorus, calcium, magnesium and 

potassium are more available for plant uptake. 

Figure 10: Organic Carbon (%) Tidbinbilla Pasture Trial-  February 2022 and March 2024  

 

             February 2022 
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 March 2023 

 

February 2022 and March 2023 soil sampling results – organic carbon 

• In 2022 all treatments and control have 6% organic carbon at 0-2.5cm soil depth, in 2023 

this increased to almost 8% at soil depth 0- 2.5cm.  Soil carbon increased slightly from 

2022 depths at levels 2.5-5cm and below and dropped to 2% and below at 7.5-10 cm soil 

depth in 2022 and 2023.The fact that Control (no lime) treatments showed significant 

increases in carbon may point to other causes of high soil carbon, other than lime – 

including the extensive rainfall in 2022-2023 causing significant pasture growth. 
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Section 3:  Establishment and results from liming trial on 

Tharwa cropped paddock 

Liming trial on a cropped paddock – landuse/recent history 

The liming trial was established on a paddock that is sown annually with multi-disc 

tillage/seeding combine machinery in February/March with a crop, for winter feed and 

fattening lambs in the spring. 

Cropping species since 2012:  

• 2012 – 2020 Blackbutt Oats at 90-100kg/ha,  

• 2020 – 2022 Manning Wheat at 90-100kg/ha and  

• 2023 Canola at 3kg/ha.  
 
Crop establishment: 
Each crop establishment includes alternating 125kg/ha of DAP (di-ammonium phosphate) 
and MAP (mono-ammonium phosphate) each year. 

Paddock preparation before sowing includes: 

• Boom spraying with Glyphosate and broadleaf herbicide (Dicamba/MCPA) at the end 
of spring the previous year. 

• Paddock is left fallow throughout summer for moisture retention, a follow up spray 
of Glyphosate and broadleaf may be required. 

• January/February the paddock is multidisced to a depth of 75mm followed by a 
boom spray of Glyphosate and pre-emergent Sakura herbicide. 

• Then sown/limed and spread with gypsum in Spring/Summer 2020 under advice 
from a private agronomist.  

 
Multi-discing history – establishment of trials 

• Trial plots (Plot 6 incorporated) were multi-disced to a depth of 75mm in December 
after lime spread on Trial Site 

• Whole Paddock multi-disced to 75mm in February 2021 – to incorporate lime and 
gypsum and address weeds. 

• No lime or gypsum had been applied before 2020 (in 2020 lime was applied to the 
trial site) and 2021 (when lime/gypsum was applied across the rest of the paddock – 
excluding the trial site). 
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Trial design – liming trial on a cropped paddock  

 

The trial is comprised of 20 plots – each plot was 7.2m x 50m or 360m2 in area. Five 
treatments were randomly replicated four times across the 20 plots.  These treatments 
were: 

• Zero lime 

• 2.5 t/ha lime surface applied  

• 3 t/ha lime surface applied 

• 6 t/ha lime surface applied 

• 6 t/ha applied and incorporated to 7.5cm with a multi disc. 
 

Hence four plots were surface spread at the rate of 2.5 tonnes/ha; four plots were surface 
spread at 3 tonnes/ha; four plots were surface spread at 6 tonnes/ha; four plots were 
spread at 6 tonnes/ha – but this lime was incorporated into the soil; four plots weren’t 
spread with lime at all. 
 

What was measured? 

As with the liming trial on a pasture paddock, prior to spreading lime, baseline soil tests 

were done on the cropping trial site in September 2020. The same nutrients/soil parameters 

were tested on both the pasture site and the cropping site.  

• Preferred or critical values of these parameters are exactly the same as those provided 

for the pasture site trial and can be found at Section1, Table 4.  

• Section 1, Table 2 shows the depths at which soil was sampled.  

• Section 1, Table 3 shows the tests done on soil samples from the 20 cropping trial plots. 
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Figure 11 shows the layout of the Tharwa Cropping Trial – including the pH goal that was 

being targeted/aimed for in each plot; and the rate lime was spread on each plot (shown in 

red text to achieve the target pH at the appropriate soil depth. 

 

Figure 11 – layout of Tharwa Cropping Trial 
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Figure 12 shows the results of baseline soil sampling (prior to liming) for 5 key soil 

parameters (Soil pH, Organic Carbon, Exchangeable Aluminium, Cation Exchange Capacity 

and Colwell P) 

Figure 12:  Baseline soil sampling results Tharwa Cropping Trial prior to spreading lime 

2020 
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Baseline soil test results at the cropping site – prior to liming – September 

2020 

Figure 12 shows the results of baseline soil testing, prior to spreading lime on the Cropped 

trial site. The Figures show how five key soil chemical parameters/measures (soil pH, 

Organic Carbon, Exchangeable Aluminium%, Cation Exchange Capacity and Colwell P) 

change down the soil profile.  

Results from baseline soil testing – Cropping site in 2020, before spreading of lime 

• Soil pH at 0-2.5cm ranges from pH 4.7 to pH 4.9 – tipping subsurface soil to strongly 

acidic. pH continues to decrease down the soil profile so that 2.5-5cm below the soil 

surface, pH is between 4.4 and 4.5; and 7.5cm and 15 cm below the soil profile ranges 

from 4.2-4.4 – which indicates it is strongly acidic. Soil pH is significantly lower in the 

cropping paddock compared to the pasture paddock – which is not unexpected. 

• Organic carbon is not as high as the cropping paddock, ranging from 2.5-3.1 % in the 0-

2.5cm layer, and 2-2.5 % in the 2.5-5cm layer, and dropping significantly below 1% 

carbon from 10cm below the soil surface. 

• Exchangeable Aluminium % ranges from 2.5-7.5% in the 0-2.5cm layer of the soil; 

steadily increasing down the soil profile to 35% at 7.5cm-10cm down the soil profile. It is 

possible that this level of available Aluminium is having a detrimental impact on plant 

roots and growth. 

• Cation Exchange Capacity ranges from 3.5-4.5 (low) in the top 0-2.5cm layer of the soil 

and continuing to decrease down most of the soil profile. 

• Colwell P ranges from 50 – 65mg/kg (high) at the soil surface but steadily declines to 

around 20 mg/kg at 7.5-10cm below the soil surface. These high Colwell P results 

confirm that the paddock has been fertilised over the last few years. 

In Summary  

The cropping paddock is strongly acidic with soil pH, Cation Exchange Capacity and 

Exchangeable Aluminium results possibly reflecting the impact of low pH on these soil 

parameters, reducing availability of soil nutrients such as Calcium, Magnesium, Potassium, 

and making Aluminium more available, impacting on plant root health. 

 

Results - Cropping Trial site February 2022, 14 months following liming and 

March 2023, 27 months following liming 

The following section summarises key findings coming out of results of soil sampling in 2022 

and 2023 on the Tharwa liming trial on a cropped paddock, following liming in 2020.  

Table 7 shows the liming rate (t/ha) and target pH for the five different treatments in 

tonnes/ha that were replicated on the cropped site; and the pH that was being targeted for 

each for each treatment (i.e the minimum pH that the project was aiming to achieve under 

each treatment (liming rate)). 
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Table 7:  Liming rates and target pH for each treatment Tharwa liming trial on cropping site 

 

 

Figure 13: February 2022 soil sampling results - Soil pH and Exchangeable Aluminium – 14 

months following liming 

 

February 2022 soil sampling results - Soil pH and Exchangeable Aluminium – 14 months 

following liming of Cropping Trial 

• Soil pH at 0-2.5cm soil depth on the Cropping Trial site ranges from almost pH 6 on plots 

where lime was spread at 2.5 t/ha lime, to almost pH 7 where lime was spread at 6 t/ha 

lime and incorporated with the multidisc to 75mm. pH progressively decreases for each 

treatment at increasing soil depths. At 12.5-15cm below the soil surface soil pH has 

dropped to critical levels, ranging from 4.25-4.75 pH – levels that are strongly acidic and 

can impact on plant growth. 

• Mirroring increasing soil pH and decreasing soil acidity, Exchangeable Aluminium % is 

almost negligible in the soil surface layers on plots treated with lime, regardless of liming 

rate, to a soil depth of 2.5-5cm.  Below this depth, Aluminium is more available and 

hence is picked up in sampling at 5-7.5cm below the soil surface. At 10-12.5cm below 

the soil surface Aluminium ranges from 5% to 20% across the different liming treatments 

– the more lime on a plot, the lower the Aluminium %. Aluminium % at the maximum 

levels recorded on the trial (almost 30%) site can be toxic to plant roots 
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Figure 14: March 2023 soil sampling results - Soil pH and Exchangeable Aluminium – 27 

months following liming – Tharwa Cropping Trial site 

 

March 2023 soil sampling results - Soil pH and Exchangeable Aluminium – 27 months 

following liming – liming trial on Tharwa cropped paddock 

• Interestingly soil pH decreases by 0.5 - 1 pH units across virtually all treatments and 

across virtually all soil depths compared to February 2022 results. When pH shows an 

increase across the trial plots – it is a modest increase. 

• This reversal (and increase in acidity) in soil pH may be a product of the very heavy 

flooding rain in 2022-2023 which may have leached some lime through the soil profile; it 

may also be a product of preparations by the farmer to crop the paddock  

• Never-the-less all the treatments (other than control) have pH that has significantly 

exceeded baseline soil pH prior to liming – particularly at 0-2.5cm, 2.5-5cm and 5cm-

7.5cm depths. 

• Exchangeable Aluminium % continues to decrease due to the liming, with all treatments 

at 0-2.5cm, 2.5-5cm and 5cm-7.5cm testing virtually 0%, and below this the 6 t/ha 

treatments (both incorporated and unincorporated) testing 0%. Interestingly, reflecting 

declines in soil pH (and increases in soil acidity), aluminium % increases at most depths 

in the control plots. 
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Figure 15: February 2022 soil sampling results – Cation Exchange Capacity – 14 months 

following liming on cropping site 

 

February 2022 soil sampling results – Cation Exchange Capacity – 14 months after liming 

on Tharwa cropped paddock 

• All treatments show an increase in Cation Exchange Capacity (CEC) in 2022 compared to 

the control CEC – but CEC for all treatments is at or below 10 – the critical rate. The more 

lime on the treatment, the higher the CEC, but the incorporated lime at 6t/ha has a 

lower CEC than the unincorporated lime at 6 t/ha – but this may just reflect variability 

across the plots rather than a real treatment effect. 
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Figure 16: March 2023 soil sampling results – Cation Exchange Capacity – 27 months 

following liming – Tharwa Cropping Trial

 

March 2023 soil sampling results – Cation Exchange Capacity – 27 months after liming 

• CEC of the two 6t/ha treatments (surface spread and incorporated) increased by almost 

0.5-1.0 CEC units (cmol+/kg) most at 0-2.5 cm, 2.5-5cm and 5-7.5cm in 2023 compared 

to 2022; the two 6 t/ha treatments were the only treatments to reach the critical value 

for CEC – 10 cmol+/kg in the surface layers. 

• CEC decreased on plots spread with lime at the lower rates at 0-2.5cm and 2.5-5cm 

depths (2.5 t/ha and 3t/ha) in 2023, except for two anomalous results: 

o The 2.5 t/ha treatment more than doubled CEC in 2022 at 15-20cm soil depth; and  

o 3 t/ha treatment increased by 4 CEC units at 12.5-15cm and 20-30cm. 
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Figure 17: February 2022 soil sampling results – Organic Carbon – 14 and 27 months 

following liming on cropped site 
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February 2022 

 

March 2023 

February 2022 and March 23 soil sampling results – Organic Carbon % – 14 and 27 months 

after liming on cropped site 

Soil carbon does not appear to have responded to lime 14 months after liming. Carbon 

levels across all treatments and control to 10-12.5cm down the soil profile are relatively 

similar and range from 1.75% to 2.1% at 0-2.5cm soil depths; 1.6-2% at 2.5-5cm depth and 

generally steadily decrease down the soil profile.  In 2023 soil carbon measures across all 

treatments and control have increased by 0.3% and 0.5% at most depths compared to soil 

carbon results in 2022. It is only at 20-30cm that soil carbon % decreases compared to 2022 

results.  
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Molybdenum toxicity 

 
In mid 2022 it was observed that one of the plots in the cropping trial – Plot 15 – which had 

been spread with lime at 6 tonnes/ha incorporated was showing yellowing of leaves in the 

crop. The crop was in its second year of a Manning wheat crop. The landholder intended 

resowing the wheat but saturated soils made it difficult to access the paddock. Ryegrass was 

starting to take over the plot. Tissue tests confirmed Molybdenum toxicity as the reason for 

poor growth in 2022 season– a legacy of previous historic spreading and accumulation of 

Molybdenum in the soil profile. It is suspected the wet weather compounded the problem. 

This issue has not appeared on other plots or sites spread with lime under the project in the 

ACT. 

Photo of plot 15 on cropping trial impacted by yellowing leaves on rye grass 
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Section 4: Results for 14 paddock-scale liming demonstrations 

on ACT farms 

ACT NRM under guidance from NSW DPI established 14 demonstration paddocks on 12 ACT 

farms. The aim of the demonstration program was to:  

• Do baseline soil testing on each paddock to measure soil pH and a range of other soil 

parameters at five depths below the soil surface to 30cm, to gain a good 

understanding of soil health and soil acidity/soil pH in these paddocks. 

• Use data gathered from baseline soil testing to help set liming rates for each paddock 

aimed at raising soil pH to 5.5 in surface soils (0-5cm and 5-10cm). 

• Measure the impact of liming on all sites, for six soil parameters: soil pH, Colwell P, 

Sulfur, Exchangeable Aluminium %, Total Carbon and Cation Exchange Capacity. 

 
Note: Increasing soil pH to 5.5 at 0cm-5cm and 5-10cm below the soil surface improves the 
efficacy of lime in increasing soil pH and reducing soil acidity down the soil profile, noting 
that lime will not move down the soil profile unless soil pH is above 5. 
 

Establishing Demonstration paddocks 

Each demonstration paddock was established in the following way: 

• A 40m x 40m control site (not spread with lime) and a 40m x 40m treatment site 

(spread with lime) was established in each paddock.  

• ACT NRM did comprehensive baseline soil testing on both the control and treatment 

sites in each paddock. 

• Soil was tested at the following depths: 0-5cm, 5-10cm, 10-15cm, 15 20 cm and 20-

30cm. 

• The results of this soil testing was used by NSW DPI to calculate paddock liming 

rates. 

• The goal of all liming under this demonstration program was to raise surface pH 

•  (0-5cm and 5-10cm) to at least pH 5.5 on each paddock. 

• Lime was spread on farms 1-9 by Fertspread in December 2020; and farms 12-14 in 

August 2021.  The landholder who owns farm 10 organised his own spreading of 

lime/gypsum.   

• The lime was spread on the treatment site on each paddock at the rate 

recommended by NSW DPI; control sites were not spread with lime in order to 

compare control and treatment sites responses to no lime and lime in each paddock 

over the three years of the project.  
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Table 8 shows soil parameters tested at different soil depths on Demonstration sites  

Table 8: Soil Parameters tested at different soil depths on each Demonstration site 

 

 

 

 

 

 

 

 

 

 

 

Soil depth Soil parameters tested Soil depth Soil parameters tested 

0-5cm 
5-10cm 

pH (1:5 Water)/ pH (1:5 CaCl2) 
Electrical Conductivity 
Phosphorus Buffer Index – 
Colwell (0-5cm; 5-10cm) 
Sulfur (KCl40) 
Soil Colour and Texture  (0-
5cm; 5-10cm) 
Phosphorus – Colwell (0-5cm; 
5-10cm) 
Potassium_Colwell - (0-5cm; 5-
10cm) 
Aluminium (BaCl/NH4Cl) 
Calcium (BaCl/NH4Cl) 
Potassium (BaCl/NH4Cl) 
Magnesium (BaCl/NH4Cl) 
Sodium (BaCl/NH4Cl) 
CEC (BaCl/NH4Cl) 
Aluminium % of Cations 
Sodium % of Cations 
(BaCl/NH4Cl) 
Carbon:Nitrogen Ratio  
Total Carbon (Combustion) 
Total Nitrogen (Combustion) 

10-15cm 
15-20cm 
20-30cm 
 

pH (1:5 Water) 
pH (1:5 CaCl2) 
Electrical Conductivity 
Sulfur (KCl40) 
Aluminium (BaCl/NH4Cl) 
Calcium (BaCl/NH4Cl) 
Potassium (BaCl/NH4Cl) 
Magnesium (BaCl/NH4Cl) 
Sodium (BaCl/NH4Cl) 
CEC (BaCl/NH4Cl) 
Aluminium % of Cations 
Sodium % of Cations 
(BaCl/NH4Cl) 
Total Carbon (Combustion) 
Total Nitrogen (Combustion) 
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Table 9 shows soil pH at each Demonstration Paddock, at 5 depths, prior to treatment with 

lime. Liming rates recommended on each paddock are provided in the table also. 

Table 9: Soil pH prior to liming and DPI recommended liming rates on Demonstration sites  

Yellow cells are those results which are strongly acidic 

* paddock limed by landholder in last 5-10 years 

 

 

 

 

 

 

 

 

 

Farm/Paddock 
number 
 

Soil pH 
0-5cm 
soil depth 
below 
surface 

Soil pH       
5-10cm 
soil depth 
below 
surface 

Soil pH 
pH 5-
10cm soil 
depth 
below 
surface 

Soil pH 
pH 5-
10cm soil 
depth 
below 
surface 

Soil pH 
pH 5-
10cm soil 
depth 
below 
surface 

Paddock liming 
rate to raise soil 
pH to 5.5 at the 
soil surface 
 0-5cm depth 

1* 6.75 4.75 4.75 5.2 5.25 1 t/ha 
(maintenance 
rate) 

2 4.9 4.8 4.8 4.9 5.5 2 t/ha 

3 4.6 4.6 4.75 4.8 4.8 4 t/ha 

4 4.7 4.8 5 5.1 5.2 4 t/ha 

5 4.6 4.25 4.4 4.5 4.5 5 t/ha 

6 4.75 4.7 4.7 4.7 4.75 4 t/ha 

7 5 4.7 5 5.1 5.2 2 t/ha 

8 4.7 4.7 4.75 5.0 5.5 4 t/ha 

9 4.5 4.4 4.3 4.4 4.6 4 t/ha 

10 4.6 4.3 4.3 4.4 4.75 2.5t/ha lime;         
1.25 t/ha 
gypsum 

11 5 4.75 4.75 4.8 5 2.5 t/ha 

12* 6 5 5 5 4.9 1 t/ha 
(maintenance 
rate) 

13 5.1 4.75 4.75 4.8 4.8 2 t/ha 

14 4.7 4.3 4.7 4.7 4.7 3 t/ha 
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Table 10  below provides the following information on the 14 demonstration paddocks: 

• Farm Number/locality 

• Paddock liming rate and when lime was spread 

• Land management history 

• Most predominant vegetation on each paddock 

• Results of soil sampling and testing for Colwell P, Sulfate, Soil pH, Exchangeable 

Aluminium, Cation Exchange Capacity and Total Carbon. 

This should be read in conjunction with Appendix B – which presents graphs showing results 

of soil tests for Colwell P, Sulfate, Soil pH, Exchangeable Aluminium, Cation Exchange 

Capacity and Total Organic Carbon on control and treatment sites on each demonstration 

paddock over the life of the project.  Some paddocks were only tested twice - once prior to 

liming and once after liming. Most paddocks were tested three times – once prior to liming 

and twice after liming to measure the impact of the liming. 

Table 10: all the results from Demonstration Paddocks 

Farm Land Management History Dominant 
Vegetation 

Results coming out of liming 
Demonstrations 

Farm 1:  
Majura  
 
 
 
Paddock 
liming rate:  
1 t/ha spread 
December 
2020 

• Paddock mostly sown to oats but has 
sown Brassica in the past. 

• Has direct drilled for last 5 years to 
establish crops using Duncan Drill 

Typically has: 

• Sprays out the paddock with Roundup 
mid-October the year before sowing 

• Fallows the paddock right through 
Summer until March the following year 
to allow for moisture retention leading 
into sowing the new crop. 

• Prior to sowing he sprays Roundup to 
control weeds; sprays pre-emergent 
herbicide trifluran 1 week prior to sowing 
as well as Le-Mat to control red legged 
earth mites. 

• He has sown oats since at least 2020, 
sowing in March each year with 125 
kg/ha of Di-ammonium Phosphate (DAP).  

• He also uses Butress to control 
broadleafed weeds in legume crops such 
as Lucerne and Clovers. 

• Last year landholder sowed oats was 
2022 – too wet to get into paddock. 

• Paddock spread with lime: 2.5 tonne/ha 
in 2014 

 
 
 
 
 
 

14 species – 
dominant 
species (88%): 
Oats, 
subclover, 
cluster ball 
clover 

• Already good surface pH, 
Phosphorus and Sulfur – 
reflects previous 
management and liming  

• Acid sub-surface layer 

• Carbon increase first year 
after liming 
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Farm 2  
 
Majura 
 
 
 
Paddock 
Liming Rate: 
2 t/ha 

• 2014/15 Oats 

• 2015 – permanent pasture sown after 
oats 

• Drought 2017-2020 – paddock 
deteriorated. 

• March/April 2020 – after drought broke – 
sown to oats Sprayed with Roundup prior 
to sowing and spread 5 t/ha pig manure 
across paddock 

Fertiliser:  

• Applies MAP and DAP at typical rates for 
the district (125kg/ha)  in establishing 
crops or pasture but not during drought 
(2017-2020) – used as a sacrifice paddock 
during drought. 

Weed control – over last 3-5 years 

• Control of broad-leafed weeds, Bathurst 
Burr, Saffron Thistle, Scotch Thistle 
Serrated Tussock using MCPA and (24-d) 

• Spot Spraying of weeds 
No lime has been applied on this paddock 
prior to liming trial  

 
 

Oats sown in 
paddock prior 
to baseline soil 
testing and 
growing 
strongly. At 
time of 
establishment 
of 
Demonstratio
n 14 species: 
Dominant 
species (75%): 
Cultivated 
Oats, 
Ryegrass, 
Subclover 
 

• Low surface pH, 
Phosphorus and Sulfur 

• Lime is working – it is has 
significantly shifted pH 
from less than 5 to over 6 
in the 0-5cm depth; with 
pH at lower depths also 
increasing slightly in the 
second year after limimg 

• Cation Exchange Capacity 
has doubled from 5 CEC 
to 10 CEC at 0-5cm and 
increased at 5-10cm 

 

Farm 3  
 
 
Paddys River 
 
 
 
Paddock 
liming rate: 
4 t/has 
 
 
 
 
 
 
 
 
 

Dominated by native pastures with 
introduced grazing species encouraged, 
hilltops are largely dominated by Phalaris. No 
supplementary seeding has been undertaken. 

• 125t/ha of single super is applied every 
2-3 years, 

• paddocks were last fertilized in 2017. 

• Spot spraying annually with Grazon and 
Brushoff is used in the control of 
Blackberry, St Johns Wart and African 
Lovegrass. 

 
No lime applied on this paddock prior to 
liming trial  
 

13 species. 
Dominant 
species (77%) 
Oats, Fescues 
(Silver 
grass/vulpia), 
Phalaris, 
Subclover 
 

• Sulfur is OK 

• Phosphorus is marginal 

• Soil is acid – baseline 
acidity at surface layer is 
4.6 – strongly acid 

• Liming had had a 
significant impact on soil 
pH and is future proofing 
the paddock – moving 
from pH of 5 to pH of 
almost 6.5 at 0-5cm. 

• Aluminium reduced to 
zero in top layer of soil 
following liming but still 
at concerning levels from 
5-10cm below the soil 
surface.  

• CEC improved in Year 1 
(doubling from 5-10 at 0-
5cm) but fell back in Year 
2 
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Farm 4  
 
 
Paddys River 
 
 
Paddock 
liming rate: 
4 t/ha 
 
 
 
 
 
 
 
 

 

• Sites 4 was comprosed of two adjacent 
paddocks – on which was Treatment site 
and one which was a control site - both 
were impacted by a wet spring.  

• At the time of initial monitoring the 
paddock with treatment had a large area 
of bare soil which looked like a salt scald, 
however over the last three years wet 
grass species and weeds have colonised 
the area with no bare ground visible in 
the final year of soil testing. 

• Both the control and treatment paddocks 
have received the following treatment, 
125t/ha of single super is applied every 
2-3 years, paddocks were last fertilized in 
2017. 

• Spot spraying annually with Grazon and 
Brushoff is used in the control of 
Blackberry, St Johns Wort and African 
Lovegrass.  

 
No lime applied on this paddock prior to 
liming trial 
 
 
 
 
 
 
 
 

Modified 
native 
pastures with 
varying 
proportions of 
introduced 
pastures. 
23 species. 
Dominant 
species (62%): 
Cluster Ball 
Clove, Fescue 
(Vulpia), Rye 
Grass, Soft 
Brome, Sub 
Clover. Lots of 
small numbers 
of native 
grasses. Native 
grasses came 
back strongly 
in Year 2 and 3 
of the project 

• Good Phosphorus and 
Sulfur 

• Acidity a limitation to 
production in the 
paddock 

• Lime is working on pH 
and Al3+ 

• Ph has increased in the 
surface layer to from pH 
4.75 to pH 5.75 

• CEC also increased 
significantly from 7 % 
prior to liming to 14 % 
CEC one year after liming. 

Farm 5 –  
 
Tidbinbilla 
 
Paddock 
liming rate: 
5 t/has 
 

Dominated by native pastures with 
introduced grazing species encouraged, 
hilltops are largely dominated by Phalaris. No 
supplementary seeding has been undertaken. 

• 125t/ha of single super is applied every 
2-3 years 

• paddocks were last fertilized in 2017. 

• Spot spraying annually with Grazon and 
Brushoff for control of Blackberry, St 
Johns Wart and African Lovegrass. 

 
No lime applied on this paddock for a 
number of years. 

At time of 
establishment 
of 
Demonstratio
n site there 
were 11 
species 
identified. 
Dominant 
species (77%): 
Cocksfoot, 
Phalaris, 
Ryegrass, sub 
clover. 
 
 
 
 
 
 

• Good Phosphorus 

• Acidity is a limitation – 
baseline soil pH prior to 
liming, was 4.2-4.6 

• Lime is having an impact 
on soil pH and Aluminium 
(Al3+) 

• Post liming pH increased 
to over 6.5 one and two 
years after liming 
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Farm 6  
 
Tharwa 
 
Paddock 
liming rate: 
4 t/ha 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Paddock had no history of pasture 
improvement, fertiliser or lime 
application for at least 20 years prior to 
2021. 

• March 2021 paddock sprayed with 
Roundup CT (4 litres/ha) to kill weeds 
and pasture 

• Autumn 2021 sown with oats and 
100kg/ha DAP fertiliser and with 4 litres 
ha Round up diluted in 100 litres 
water/ha. 

• Had planned to set in train establishment 
of new pasture, starting with spraying 
out oats crop in Spring 2021 - but too 
wet and paddock saturated. 

• Oats crop self-reseeded in Spring 2021. 
Too wet to go on paddock and do weed 
control in 2022 so paddock retained as 
self-seeded oats. 

• Did some weed control late 2022 – but 
not totally effective. Used sheep to 
control biomass. 

• Oats sown in March 2023 
 
No history of lime application for at least 20 
years. 

Paddock was a 
degraded 
improved 
pasture with 
extensive 
weeds at time 
of baseline soil 
testing and 
establishment 
of 
demonstration 
site. Farmer 
has been 
working 
through 
paddocks to 
improve 
pastures – this 
is one of his 
last paddocks 
intended for 
improvement. 
 
Species: 10 
species 
identified: 
dominant 
species (83%): 
African 
Lovegrass; 
fescues (Silver 
Grass/Vulpia), 
cluster ball 
clover, sub 
clover. 
 

• This site has low 
Phosphorus and Sulfur 
with low pH likely to be 
constraining these two 
measures.  

• Baseline soil testing (prior 
to liming) shows that soil 
pH ranges from 4.6-4.8 
(treatment) to 4.6-5 
(control). 

• In 2021 when soils were 
tested 15 months after 
lime spreading – Control 
was pH 5.5 while 
treatment was pH 6.5 at 
0-5cm below the soil 
surface.  

• From 5-10cm, 10-5 and 
15-20cm, soil pH for 
control and treatment 
converge – suggesting 
lime has been spread on 
both control and 
treatment. In 2022 a 
similar pattern emerges 
with soil pH converging at 
treatment and control. 

• Exchangeable Aluminium 
% ranges from 5 to 
almost 20 across pre-
liming control and 
treatment; declines to 
zero Exchangeable 
Aluminium on the 
Treatment site from zero 
to 30cm below the soil 
surface 15 months after 
liming.  

• Exchangeable Aluminium 
increases again across 
treatment and control 
sites, 23 months after 
liming. 

• Cation Exchange Capacity 
– the treatment shows 
improvements at 0-5cm 
15 months after liming 
and maintains this at 23 
months after liming.  

• No discernible patterns in 
Total Carbon  
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Farm 7   
 
Naas/ 
Gudgenby 
 
Paddock 
Liming rate      
2 t/ha 

Phalaris/Clover with a “bit of everything” 

No lime, fertiliser applications for 50 years. 

Paddock slashed in 2021. 

Weed control mainly to deal with thistles. 
 

No lime applications for 50 years. 

 

Dominant 
Species at 
time of 
establishing 
Site – 6 
species (95%) 
Clovers, Sub 
Clover, 
Fescues and 
Rye grass 

The results from this paddock 
are confounding. 

• Pre-liming Colwell P is 70 
at 0-5cm soil depth and 
nearly 40 at 5-10cm 
depth. This significantly 
decreases 13 months 
after liming and 23 
months after liming. 

• Pre-liming pH is between 
4.75 to 5.25 between 0-
15cm soil depth.  

• 13 months after liming, 
control is pH 5.2 and 
treatment increases to 
pH 6. By 23 months after 
liming treatment pH and 
control pH converge. 
May be impacted by 
rain. 

Farm 8 –  
Naas/ 
Gudgenby 
 
 
 
Paddock 
liming rate     4 
t/ha 
 
 
 
 
 
 
 
 
 
 

 

Phalaris/Clover with a “bit of everything” 

No lime, fertiliser applications for 50 years. 

Paddock lashed in 2021. 

Weed control mainly to deal with thistles. 
 

No lime applications for 50 years. 

 

 

 

 

 

 

Dominant 
Species at 
time of 
establishing 
baseline: 12 
species – 73% 
Sub Clover 

• Lime is working on pH 
and Al3+  , Phosphorus 
and Sulfur.  

• Soil pH prior to liming at 
0-5cm, 5-10cm and 10-
15cm is pH 4.7 – strongly 
acidic. 

• Treatment soil pH 
increases to almost 6.5 
at the soil surface (0-
5cm) 13 months and 23 
months after liming.  

• The control site pH 
increases 13 months and 
23 months after liming 
to pH 5.5.  

• Exchangeable Aluminium 
decreases to zero down 
the soil profile by 23 
months after liming.  

• CEC and organic carbon 
don’t change much with 
liming. 
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Farm 9 
 
 Naas/ 
Gudgenby 
 
 
 
Paddock 
liming rate      
4 t/ha  

Phalaris sowed in the 1960s/70s; two 

paddocks strongly Phalaris/clover based “but 

with a bit if everything in it” (i.e. 

Ryegrass/Fescue).  

Not regularly fertilised – 3 times in the last 9 

years – 250kg/ha – the most recent time was 

likely 1-2 years prior to establishment of trial 

(landholder can’t recall exactly). Mo Super, 

followed by standard single super, followed 

by standard single super over last 9 years.  

Sprayed out with (MCPA and Agritone) to deal 

with Thistles.  

No lime spread by landholder on or adjacent 
to the two Demonstration paddocks for 
many years 

At time of 
establishment 
of 
demonstration
s 10 species 
observed – 
85% of species 
Cluster Ball 
Clover, Sub 
Clover, other 
clovers or 
Fescues 

• This site was established 
in October 2020 and 
spread with lime in 
December 2020, but was 
only retested in 
December 2022 – due to 
extensive rainfall and 
flooding in 2021-2022.  

• 24 months after liming – 
liming is having a positive 
impact on soil pH. Prior to 
liming soil pH ranged 
from 4.3 to 4.6 down the 
soil profile – strongly 
acidic.  

• After liming – soil pH 
increased to pH 5.5. 

• Exchangeable Aluminium 
% reduced significantly 
from pre-liming, where 
Al3+ was 30 at 10-15cm 
below the soil surface and 
35 a 15-20cm below the 
soil surface.  

• Al3+ on the treatment 
site decreased 
significantly to zero at 0-
5cm depth and a 
maximum of 20 at 10-
15cm below the soil 
surface, while this is rate 
could still be highly toxic 
to plant roots, the 
trajectory is good. 

• CEC virtually doubled at 
the surface following 
liming. 
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Farm 10  
Tharwa 
 
Control - Lime 
on its own (2.5 
t/ha) –  
 
Treatment - 
Lime (2.5 t/ha) 
and Gypsum 
(1.25 t/ha) 
 
 

This paddock hosts both the cropped paddock 
liming; and a liming demonstration. 
 
The demonstration site was developed by the 
landholder and his advisor and tests: 

• Control - Lime on its own (2.5 t/ha) –  

• Treatment - Lime (2.5 t/ha) and Gypsum 
(1.25 t/ha) 

This demonstration was spread in late 2020 
 
Paddock history: 
This paddock sown annually with multi-disc 

tillage/seeding combine machinery in 

February/March with a crop, for winter feed 

and fattening lambs in the spring. 

Cropping species since 2012:  

• 2012 – 2020 Blackbutt Oats at 90-
100kg/ha,  

• 2020 – 2022 Manning Wheat at 90-
100kg/ha and  

• 2023 Canola at 3kg/ha.  
Paddock preparation before sowing is 
generally: 

• Boom spray with Glyphosate and 
broadleaf herbicide (Dicamba/MCPA) at 
the end of spring the previous year 

• Paddock is left fallow throughout 
summer for moisture retention, a follow 
up spray of Glyphosate and broadleaf 
may be required 

• January/February the paddock is 
multidisc to a depth of 75mm followed 
by a boom spray of Glyphosate and pre-
emergent Sakura herbicide 

• Then sown/limed and spread with 
gypsum in Spring/Summer 2020 under 
advice from a private agronomist.  

• Each crop establishment includes 
alternating 125kg/ha of DAP (di-
ammonium phosphate) and MAP 
(mono-ammonium phosphate) each 
year. 

Multi-discing history: 
• Whole Paddock multi-disced to 75mm in 

February 2021 – to incorporate lime and 
gypsum and address weeds. 

• No lime or gypsum had been applied 
before 2020 (on the trial site) and 2021 

Has been 
cropped with 
oats for last 6 
years including 
2020 when 
Trial and 
Demonstratio
n established.  
Oats in 2020; 
Winter wheat 
2021. 

Control and treatment both 
reflect that they received the 
same liming rate; the 
treatment plot has also been 
treated with gypsum (1.25 
t/ha). 
 
Prior to spreading of 
lime/gypsum this 
demonstration site has: 

• Reasonable Colwell P 

• Low sulfate (desirable is 
above 8) 

• Low soil pH (4.5-4.6 at 0-
5cm) and (4.2 at 10-
15cm) 

• Soil pH increased at all 
depths in the first year 
after liming across 
Treatment and Control 
plots, but then decreased 
in the second year after 
liming at most soil depths 
(this was particularly 
noticeable for the 
lime/zero gypsum plot). 

• Colwell P increased for 
both Treatment and 
Control in year 2 and 3 – 
but may be partly a result 
of phosphorus spreading 
in establishing crop – but 
may also reflect impact of 
lime on making 
Phosphorus available;  

• Sulfate increased 
significantly – particularly 
at 0-5cm depth for both 
Treatment and Control, 

• The treatment block (lime 
+ gypsum) showed a 
significant increase in CEC 
and decrease in 
Exchangeable Aluminium 
%. 

• CEC showed a modest 
increase in second year 
after liming. 
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(application of lime/gypsum across the 
rest of the paddock) 

Farm 11 – 
Naas/ 
Gudgenby 
 
 
Lime spread at 
2.5 t/ha 
December 
2020 
 
 
 
 

No pasture improvement, cropping, fertiliser 
or lime application over last 20-40 years.  
Single Super applied 125 t/ha in 2010. No 
fertiliser spread since then. 
Spot spraying Roundup for controlling African 
Lovegrass 
Spot spraying woody weeds such as sweet 
briar and blackberry with Grazon and 
Brushoff annually  
 

Mainly native 
pasture – 
hasn’t been 
sown to 
pasture for at 
least 20 years 
(since Steve 
bought the 
property); has 
been 
improved at 
some stage 
over last 50-
60 years – 
evidence of 
clover. Was 
baled for 
clover hay in 
early 60’s. 

At least 33 
species. 
Dominant 
species (33%): 
Red Grass; Sub 
Clover 

• Phosphorus low – needs 
addressing 

• Sulfate low – needs 
addressing 

• pH prior to liming – 5pH 5 
at 0-5cm and pH 4.7 at 5-
10cm. 

• pH increases to 6.5 at soil 
surface and lesser 
amounts down the soil 
profile and continues this 
trend in second year after 
liming – future proofing 
the soils into the future.  

• Exchangeable Aluminium 
% shows a gradual decline 
below the soil surface 
across post-liming years. 

• Control shows no change 
in Cation Exchange 
Capacity one and two 
years after spreading lime 

• Treatment shows 
increases in Cation 
Exchange Capacity 

Farm 12  
 
Paddys River 
 
 
 
1 t/ha spread 
July 2022 
 
 
 
 

The sample paddock is a standard grazing 

paddock dominated by native pastures in 

particular microlaena, the paddock was over 

sown with a clove mix 10+ years ago. African 

Lovegrass is present at roughly 20% coverage. 

No pasture establishment has been 

conducted in the past 5 years. 

Single Superphosphate has been applied to 

the paddock annually at 2.5t/ha. 

Spot spraying of MCPA for broad-leaf weeds, 

flupropanate for African lovegrass, Grazon 

Extra and Metsulfuron for Blackberry control 

have all been used annually.  

 
 
 
 
 
 
 
 
 
Lime has been spread annually at 2.5t/ha 
until 2017. 

Vegetation at 
time of 
establishing of 
demonstration
. 20 species. 
Dominant 
species (60% 
of samples): 
African 
Lovegrass, 
Brome 
grasses, Cats 
Ears, Fescues, 
Kangaroo 
Grass. 

Site only tested once nine 
months after liming – in April 
2023. Paddock inaccessible 
due to rainfall – hence 
paddock establishment and 
liming delayed. 
 

• Baseline pH prior to 
liming is high – at almost 
pH 6 at soil surface – this i 
likely to reflect the long 
history of liming on this 
paddock  

• Treatment pH increases 
to 6.2-6.3 at 0-5cm below 
the soil surface 

• Can’t explain why 
treatment has much 
lower pH than control at 
5-10cm and deeper below 
the soil surface – perhaps 
reflecting variability 
across the paddock. 

• Phosphorus and Sulfur 
need monitoring 
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• Cation Exchange Capacity 
treatment increases from 
9 (baseline measure) to 
12 after liming.  

Farm 13  
 
 
 
Hall 
 
2 t/ha spread 
July 2022 
 
 
 
 

While paddock had a history of cropping and 

pasture establishment 40 years ago, no 

activity on the paddock since new lease 

issued 13 years ago. Paddock showed 

evidence that was modified, but native 

grasses returning. No fertiliser over last 13 

years; and weeds spot sprayed – very little 

weed seed blown onto paddock (parts of 

paddock protected by pine trees).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
No liming for many years. 

Modified 
native pasture 
- 23 species. 
Dominant 
species at time 
of 
establishment 
(comprising 
60% of 
vegetation) 
Common big 
sedge, Cats 
Ears, Soft 
Brome, 
Clovers, 
Weeping 
Grass, 
Yorkshire Fog 

Site only tested once nine 
months after liming – in April 
2023. Paddock inaccessible 
due to rainfall – hence 
paddock establishment and 
liming delayed. 
 
This paddock demonstrates 
impact of lime on the 
following: 

• Phosphorus and sulfur are 
low and need attention. 

• Treatment pH increases 
from a baseline of 5 to 
5.25 

• Treatment Exchangeable 
Aluminium % has 
decreased to zero at soil 
surface and decreased 
significantly down the soil 
profile compared to 
baseline soil test results - 
indicating that lime is 
reducing aluminium 
toxicity potential.  

• CEC has also increased at 
the soil surface by 
approximately 3.3 
cmol+/kg 

• Treatment carbon shows 
a slight increase post-
liming. 
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Farm 14  
 
 
Paddys River 
 
 
3 t/ha spread 
July 2022 

• This is a standard grazing paddock 

dominated by native pastures, in 

particular, Microlaena (Weeping 

Grass) at certain times of the year.  

African Lovegrass is present. The 

paddock was oversown with a 

clover mix and superphosphate 

(rate unknown) 10+ years ago. No 

pasture establishment has been 

conducted in the past 5 years. 

• Agri-ash (rate unknown) was spread 

in 2004, no other fertiliser or 

ameliorants have been applied 

since. 

• Annual spot spraying of 

flupropanate for the control of 

African Lovegrass has been 

undertaken across the paddock. 

2021 boom spray of flupropanate 

was used across entire paddock and 

sample sites. Grazon or Brushoff for 

the control of Blackberry is used 

annually in the adjoining gullies and 

creeks, however these areas are 

greater than 100m from sample 

sites. 

 

 
 
 
 
 
 
 
 
 
No lime has been applied before project 
liming  

Modified 
pasture. At 
time of 
establishment 
of demo: 16 
Species. 
Dominant 
Species (93%): 
Barley grass, 
Brome. Cats 
Ear, Fescues, 
Goose grass, 
Sheep sorrel, 
Sub clover, 
Chickweed. 

Site only tested once nine 
months after liming – in April 
2023. Paddock inaccessible 
due to rainfall – hence 
paddock establishment and 
liming delayed. 
 
Although post-liming soil 
testing was done nine months 
after lime spread, this site 
shows a classic response to 
liming across a range of 
parameters: 

• Baseline soil pH 4.7 at 0-
5cm soil depth  – strongly 
acidic 

• Post liming Treatment soil 
pH increases to more 
than pH 6 at 0-5cm soil 
depth.  

• Below 0-5cm treatment 
soil pH shows modest 
increases 

• Sulfate increases to 
almost 10 at the 0-5cm 
soil depth from a baseline 
of 6. Sulphate levels 
increase modestly below 
the soil surface. 

• Exchangeable Aluminium 
% is on a positive 
trajectory with Treatment 
Aluminium at zero after 
liming decreasing 10-50% 
at various depths below 
5cm.  

• CEC increases by 6 
cmol+/kg at 0-5cm soil 
depth 

• Phosphorus is low and 
needs attention 
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Vegetation monitoring on demonstration paddocks  

As part of establishing a baseline and to monitor ongoing impact of the liming, ACT NRM 

collected the groundcover, plant biomass and species diversity data from the control and 

treatment sites on each demonstration paddock each time soil was sampled. 

Each 40m x 40m treatment and control area on each Demonstration Block was monitored in 

the following way: 

• 5 X groundcover measures each 0.1m2 

• Recording of 80 species based on random sampling across both treatment and 

control sites when soil testing undertaken. 

• Collection of 5 x 0.1m2 biomass samples (samples of pasture and cropped species, 

forbs, legumes and weeds) which were dried in a dehydrator. 

 

Groundcover monitoring was based on approaches recommended in the Meat and Livestock 

Australia More Beef From Pastures Program: Assessing groundcover | MBFP | More Beef 

from Pastures (mla.com.au) and by NSW DPI. 

The data on species diversity at each site is provided in Table 10. 

Groundcover was generally excellent, except when landholders were in the process of 

establishing crops. Under these circumstances paddocks were either chemically fallowing, or 

direct drilled to establish a new crop, or being grazed heavily prior to crop establishment. 

All demonstration paddocks were managed as ‘business as usual’ – farmers continued to run 

stock in the demonstration paddocks, and crop paddocks. ACT NRM was not able to return 

to paddocks for soil testing at the same time each year as rainfall causing saturated soils 

made many paddocks inaccessible after 2020 when most of the paddocks were established. 

Results from plant biomass assessments across all the demonstration paddocks did not fully 

capture how liming impacted on growth of paddock plants (pastures, forbs, legumes, weeds 

and more).  

The results from collection and drying of plant biomass from each control and treatment site 

was inconclusive and did not show a pattern of increase or decrease of plant biomass across 

all farms when control sites (not limed) were compared to treatment site (which were 

limed). More often than not – they were very similar. 

Rainfall over the life of the project 

As the two Figures below show – there were periods of very high rainfall over the life of the 

project which delayed some sampling and prevented access to some demonstration sites, 

particularly in the first year after lime was spread.  This included almost 180mm in March 

2021 and almost 200mm in November 2021; as well as 139 mm, 130mm and 160mm 

respectively in August, September and November 2022.  It is possible this rainfall may have 

also impacted on biomass -with very high rainfall promoting extraordinary pasture and crop 

growth on both treatment and control sites across most demonstration sites. It is possible 

that drier seasons may provide a better opportunity to compare the impact of liming on 

pasture and crop plant growth on control and treatment sites. 

https://mbfp.mla.com.au/pasture-growth/tool-22-assessing-groundcover/
https://mbfp.mla.com.au/pasture-growth/tool-22-assessing-groundcover/
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Figure 18 shows monthly rainfall recorded at Canberra Airport from January 2020 to June 

2023 compared to mean monthly rainfall at that site. 

Figure 18: Rainfall Canberra Airport 2020-2023 

 

Figure 19 Shows monthly rainfall January 2021 to July 2023 at the Tidbinbilla Soil Moisture 
Probe 

Figure 19: Monthly rainfall Tidbinbilla Soil Moisture Probe 
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APPENDIX A: “Pasture hero or nitrogen thief”, Proceedings of the National Soil 

Science Conference, Canberra 2018 

.  
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https://www.soilscienceaustralia.org.au/wp-content/uploads/2019/10/Proceedings-Natl.-Soil-Sci-

Conf-Canberra-18-23-Nov-2018-FINAL_reduced-size-1.pdf 

https://www.soilscienceaustralia.org.au/wp-content/uploads/2019/10/Proceedings-Natl.-Soil-Sci-Conf-Canberra-18-23-Nov-2018-FINAL_reduced-size-1.pdf
https://www.soilscienceaustralia.org.au/wp-content/uploads/2019/10/Proceedings-Natl.-Soil-Sci-Conf-Canberra-18-23-Nov-2018-FINAL_reduced-size-1.pdf

