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Foreword 
The Australian chicken meat industry is continually improving management practices in poultry sheds 
to ensure the best possible animal health and welfare, product quality and industry sustainability 
outcomes. This project focused on litter management, especially practices that disturb litter. Litter 
tilling is a management practice used by most Australian meat chicken growers to ensure chickens 
have access to friable litter that provides them with cushioning and insulation, and allows them to 
‘work’ droppings into the litter.  

Australian growers have been tilling litter for years and, through practical application and experience, 
have refined their methods and improved their understanding of best practice application. However, 
the practice of litter tilling is not common in the global context and there is very little reported 
knowledge on how litter tilling influences litter conditions and affects environmental outcomes, 
including the release of ammonia and odour.  

The purpose of this research was to record the experiences of chicken meat growers with managing 
litter, with a focus on litter tilling. The effects of litter disturbance, including tilling, were then 
quantified in terms of litter conditions, ammonia and odour. Successful litter management requires a 
whole-of-system approach and a variety of tools and strategies that growers can use and adapt in the 
highly variable and dynamic environment in which they operate. 

This project was completed as part of the AgriFutures Chicken Meat Program, which aims to improve 
environmental outcomes and sustainability; enhance chicken biosecurity, health and welfare; 
contribute to efficient and secure production systems; ensure the food safety of Australian chicken 
meat; and build people capability and a skilled, diverse and sustainable workforce. For more 
information and resources, visit agrifutures.com.au/chicken-meat. 

 

John Smith 
General Manager, Levied and Emerging Industries 
AgriFutures Australia 
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Executive summary 

Background  

The Australian chicken meat industry uses modern husbandry, technology and production methods to 
efficiently produce Australia’s favourite and most affordable meat. Per-capita consumption of chicken 
continues to increase, which fuels the need for industry growth but also requires refinement of on-
farm practices to ensure efficient, safe and ethical production. The industry is in most Australian 
states, with production occurring in vertically integrated businesses that coordinate all aspects of 
production in breeding farms, hatcheries, feed mills, abattoirs, transport and grow-out farms. 
Production is concentrated in regions that experience a range of climatic conditions, which influence 
management and husbandry practices. 

This project focused on litter management in grow-out sheds, where day-old chickens grow for five to 
eight weeks until they are loaded up and transported to an abattoir for processing. Grow-out sheds 
have an open-plan layout and the floor is covered with soft, insulating and absorbent bedding material 
known as litter. During the grow-out period, chicken droppings are added to the litter and are ‘worked’ 
in by chicken activity. A substantial amount of water is added to the litter via the droppings but also 
comes from other sources, such as the drinkers.  

One of the most important aspects of litter management is regulating moisture content to ensure 
chickens have access to litter that is dry and friable. Dry and friable litter tends to have favourable 
physical properties and provides better air quality in grow-out sheds, although excessively dry litter 
can increase the amount of dust. Providing litter that is mostly dry and friable helps to reduce 
potential risks relating to chicken health and welfare, worker safety, odour impacts and food safety 
pathogens. 

Developing resources for litter management practices 

When this project was conceived, the chicken meat industry had few resources that outlined best 
management practices (BMPs) for litter and litter re-use. The Best practice litter management manual 
for Australian meat chicken farms was later published by AgriFutures Australia. It outlined many 
practices but there was a need for more information about the practical, industry-proven options to 
keep litter drier, improve friability, reduce water spilled from drinkers and generally reduce risks 
associated with wet litter.  

With such a complex and dynamic production environment that has many variables, and where timing 
is of the essence, growers need a variety of practices that suit their specific situation rather than a 
limited number of prescriptive BMPs. This project aimed to provide complementary research to the 
practices that growers have developed and refined over the years, and improve understanding of the 
physical and chemical processes associated with litter management practices. 

To get a snapshot of current litter management practices and challenges, an industry survey was sent 
out and growers were asked to share their experiences. Combined with guidance from an industry 
committee, some litter management themes were prioritised and a series of fact sheets, case studies 
and procedures were produced, including: 

• Drinker management 

o Adjusting height and pressure to reduce spillage, cleaning and flushing to reduce 
leaks, replacing worn drinkers and installing medium-flow drinkers 

o Procedures to measure drinker flow rate and adjusting pressure based on conditions 
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• Keeping litter friable and ‘working’ 

o Litter assessment (using the Litter Guide – Daily litter condition assessment). 

o Litter tilling methods and experiences of tilling different litter materials 

• Dry litter and ventilation 

o Elements of drying litter (heat, air speed, water available to evaporate) 

o Shed pre-heating and drying litter prior to placing day-old chickens 

o Circulation fans. 

The fact sheets were intended to be a resource for growers, stakeholders and those who are new to the 
industry. It is important for this information to be readily available because growers generally have 
limited opportunities to see techniques and practices being used on other farms. During this project, a 
litter-focused webpage known as Litterpedia, to be managed by AgriFutures Australia, was developed 
and will be a repository for information relating to litter. In addition to these fact sheets, a ‘trouble-
shooting guide’ was also prepared that can be incorporated into Litterpedia to help users find the 
information they need, including links to relevant resources. 

Effect of litter management on odour, ammonia and carbon dioxide 

Litter tilling (also known as litter turning, stirring, or conditioning) is a litter management practice 
commonly used in Australia. The industry survey showed nearly 90% of growers perform litter tilling 
on a scheduled basis or in response to the litter surface becoming crusted/caked with manure. Tilling 
is not as common in other countries due to concerns about the potential for it to increase ammonia 
concentration in the shed or contribute to injuries if not managed in an appropriate way. 

Litter tilling mechanically loosens compacted litter, improves friability and reduces the occurrence of 
wet litter in the short term by mixing it with surrounding dry litter. Litter tilling needs to be combined 
with effective ventilation and drinker management to deliver longer-term benefits. Risks associated 
with litter tilling relate to operating machinery within the shed and the accelerated release of ammonia 
and other aerosols, which may cause a ‘spike’ in concentration that can impact chicken welfare if not 
managed appropriately. Growers already understand ammonia is a challenge during tilling, and they 
increase ventilation to reduce the concentration that chickens are exposed to; however, there is limited 
understanding about ammonia strength, how long the ‘spike’ lasts, and the effects of litter moisture, 
caking, re-used litter and litter age (based on the number of days in the grow-out).  

Ammonia concentrations 

Observational experiments were undertaken in commercial meat chicken sheds in South East 
Queensland to measure ammonia (NH3) concentrations during and after litter tilling. Additionally, 
ammonia emission rates were measured directly from the litter surface to isolate the effects of litter 
conditions and ventilation. Ammonia ‘spiked’ after litter tilling but rapidly subsided within a few 
hours, although some longer-term, low-level increase in ammonia concentration occasionally 
persisted for up to 24 hours. Ammonia concentration related to daily trends in ventilation rate and the 
age of the chickens and could be managed with additional ventilation. Any longer-term effect of litter 
tilling on ammonia concentrations could not be determined due to many other influencing factors.  

Carbon dioxide 

While tilling the litter caused the ammonia concentration to increase in the shed, there was no effect 
on the concentration of carbon dioxide (CO2). 
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Odour emission rates 

Prior to this research, some development applications for proposed meat chicken farms were being 
hampered by concerns that high odour emission rates (OERs) may occur during routine activities, 
such as tilling, pick-ups and shed clean-out. There was an absence of OER data during these events 
and therefore a need for OER to be measured. 

Odour samples were collected from 16 meat chicken farms during litter tilling (n=8 events), chicken 
catching/pick-up (n=4) and litter heaping/cleanout events (n=2, where litter was removed from the 
shed at the end of the grow-out). They were collected before, during and after each event to 
investigate OER trends. Samples were collected from a treatment shed where the event was taking 
place, and a neighbouring shed that was undisturbed. OERs were calculated on a ‘per 1,000 birds 
placed’ basis. The OERs measured before, during and after event were statistically analysed with the 
means of each time point being compared. 

During litter tilling, pick-ups and cleanout events, odour emissions from the treatment shed increased 
relative to the control shed, although the increase was difficult to quantify due to normal changes in 
the OER during each day and due to multiple influencing factors that differed between the control and 
treatment sheds. Due to this being an observational study conducted at commercial farms, control and 
treatment sheds were matched as closely as possible but there were often differences in chicken age, 
stocking density and litter conditions.  

The OER increased significantly in both the control and treatment sheds when the litter disturbance 
event was occurring in the treatment shed (even though there was no disturbance in the control shed). 
The main finding from the OER measurements was that they only increased by approximately 20% in 
the treatment sheds, relative to the control sheds, as a result of the litter disturbance. Also, any 
increase in the OER dissipated quickly and there were no numerical or statistical differences between 
the treatment and control sheds three hours after the tilling, pick-up or clean-out were finished.  

Caution needs to be exercised when measuring or interpreting OERs when substantial changes are 
occurring in the sheds, such as a reduction in chicken numbers during a pick-up, or growers manually 
controlling ventilation in a shed during litter cleanout. These situations cannot simply be compared to 
a neighbouring shed where the changes are not occurring and cannot be compared to the situation 
‘before’ the litter disturbance occurred. Due to the difficulties in controlling on-farm conditions, 
accounting for daily fluctuations in the OER, and finding sheds that are truly comparable for odour 
measurements, we recommend that OER measurements during short-term shed management activities 
should not be repeated in the future. 

Simulating litter moisture conditions 

Managing litter moisture content is important because it affects the insulating, cushioning and 
water/manure absorbing properties of litter. Moisture content also affects the potential for ammonia, 
odour and dust emissions. Water additions, evaporation and the resulting changes to moisture content 
are dynamic, complex and inter-related processes that are affected by multiple factors. It would be 
beneficial to model the litter management practices and their effect on littler moisture content. 
Computational models allow the assessment of different practices and technologies on litter 
conditions under a variety of production, climatic and weather conditions. In this project, theoretical 
and empirical calculations were combined with meat chicken production data and on-farm 
environmental and ventilation data to develop two computational models, including a pre-placement 
litter drying model and a litter moisture content simulation model. 

We used the pre-placement litter drying model to demonstrate the effects of different heating, 
ventilation and litter tilling strategies on reducing litter drying times. The model showed that using a 
combination of all three strategies was the most effective. In comparison, applying only one strategy 
required extreme levels of heat, ventilation or tilling frequency to make even a moderate difference to 
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drying time. Translating these findings to real-world situations, the combined approach would increase 
water availability, evaporation rate and removal of the water from the shed to maximise evaporation. 
Calculations in the pre-placement drying model were programmed into a mobile app called ‘Litter 
drying time calculator’ by the University of Georgia, which can be freely downloaded. The app 
allows users to change shed heating temperature and ventilation rate to estimate how long it will take 
wet bedding to dry.  

The Litter moisture content simulation model commenced development during this project and 
requires further development and validation. It has been used to predict the litter moisture content at 
two farms, where actual litter samples confirmed that the model predictions reflected reality. The 
model was used to predict the effect of different litter tilling intervals and the addition of circulation 
fans on litter moisture content. It showed that increasing air circulation and air speed helps to keep 
litter drier, especially in the first three to four weeks of a grow-out.  

The model also showed that judicious use of litter tilling may reduce litter moisture content. We 
recommend that the Litter moisture content simulation model continue to be developed and validated 
using on-farm litter moisture assessment and downloaded shed ventilation data. The modelled 
predictions of the effect of circulation fans on litter moisture content aligned with previous overseas 
research. It is therefore recommended that circulation fan systems (especially those that produce air 
speeds of approximately 0.8–1.0 m/s at the litter surface) are researched and developed to support 
industry awareness of the technology and address any challenges that might arise with their use. 

Implications and recommendations 

The industry survey captured a snapshot of litter management practices being used by Australia 
growers, with a focus on litter re-use and litter tilling. The survey showed that only about a third of 
growers have any experience with re-using litter. Growers shared their experiences about litter tilling, 
reporting that it does not achieve dry and friable litter on its own and that proactive ventilation and 
heater and drinker management are essential. Growers also explained that litter tilling is not without 
its challenges, and can potentially contribute to spikes of dust, ammonia and/or odour, as well as 
being difficult to conduct when there is high live-weight density.  

Based on these responses, it was recommended that more resources and training be developed on 
ventilation and other management practices aimed towards achieving dry and friable litter. It was also 
recommended that the industry focus on the current barriers to litter re-use and provide support and 
training for growers wanting to adopt the practice, so that they can improve their farm’s sustainability, 
litter management, resource use efficiency and profitability, while also minimising risks. 

A comparison of litter moisture content to condition scores described in the Litter Guide – Daily litter 
condition assessment has shown that this method allowed litter conditions and moisture to be quickly 
assessed on commercial farms. We recommend that future research continues to use this assessment 
method. Research that relates litter condition scores to quantifiable chicken health, welfare and 
production-related outcomes should also be considered. 

Ammonia concentrations during and after litter tilling events can exceed the target value of 15 parts 
per million (ppm). Growers already use additional ventilation to mitigate the ‘spike’, but our 
measurements suggested that even more ventilation was sometimes required. The need for extra 
ventilation was greater later in the grow-out after more manure had accumulated in the litter. We 
recommend that growers consider further increasing ventilation during tilling, if safe to do so, and not 
reducing it for two to six hours after tilling. Some additional ventilation may even be required for 
twenty-four hours to keep ammonia below 15 ppm, especially in the first evening after tilling. The 
actual amount of extra ventilation cannot be prescribed as there are many influencing factors. We 
recommend that growers be made aware of post-tilling ventilation requirements. 

OERs were found to increase during tilling, pick-ups and litter clean-out activities. OERs increased by 
about 20% compared to untilled sheds but returned to normal levels within three hours. We recommend 
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that growers consider this when scheduling tilling or litter cleanout to ensure they undertake these 
activities at times when they are less likely to contribute to odour impacts. Following the above 
recommendations for mitigating ammonia concentrations, by managing the timing of tilling and 
ventilation, will likely mitigate odour risks at the same time. 

Many different tilling techniques and practices were used by growers. Their preferences, type and size 
of machinery, litter conditions (especially moisture and caking), chicken age and liveweight density 
influenced tilling practices. Some tilling machines did not thoroughly mix litter across the full width 
of the machine, leaving strips of litter under drinkers that was still quite moist, but friable, after tilling. 
Growers provided some options to shift wet litter away from under the drinkers, and these were 
described in relevant fact sheets, but we recommend that research and development be focused on 
improving the functionality of tilling machines to improve sideways mixing.  

Also, regarding tilling operations, there were times when the chickens did not readily move around 
tilling machinery. We recommend that the industry consider whether chicken behavioural research 
may provide options for getting chickens to move more easily using ways that are aligned with their 
instinctive behaviours. Doing so may reduce the risk of injuries, fear and stress and make tilling easier 
for operators. 

Computational models to simulate litter moisture content and drying processes enabled desktop 
evaluations on a selection of litter management practices. One of the models has been applied in a 
mobile app by University of Georgia and is freely accessible by Australian growers. The other model 
is more complex and is currently only suitable for limited RD&E applications. We recommend that 
the models continue to be developed and expanded to make them more applicable to all of Australia’s 
chicken producing regions and to include more litter management strategies. 

Growers will continue to strive to provide chickens with access to dry and friable litter. Fact sheets on 
topics relating to litter management practice were produced in this project, including case studies of 
industry-tested solutions. The fact sheets will be hosted on a litter-focused webpage called Litterpedia, 
along with a troubleshooting guide to help readers find information relating to the issue or problem 
they are searching for. We recommend that AgriFutures Australia provides ongoing support with 
hosting Litterpedia and that the information, fact sheets and other resources be reviewed regularly and 
updated as necessary in consultation with industry. 
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Introduction 
When this project was conceived, the chicken meat industry had few resources that outlined best 
management practices (BMPs) for litter management and litter re-use. Formalising BMPs provides a 
sound basis for training materials and demonstrates to regulators and other stakeholders that high 
levels of litter conditions are being achieved. The Best practice litter management manual for 
Australian meat chicken farms (McGahan et al., 2021) was produced and includes a compilation of 
litter management practices. This project aimed to expand on the information included in that 
document by bringing together previous research findings along with practical industry solutions and 
case studies to serve as an information resource for growers, integrators and industry newcomers. 
There was a further aim to create a compendium of information about litter management, which has 
eventually evolved into an online webpage called Litterpedia. 

During an industry survey, poultry growers described practices being used to achieve high litter 
standards and to reduce risks associated with poor litter conditions. With such a complex and dynamic 
production environment that has many variables, it was clear that growers needed a variety of 
practices that suit their specific situation, rather than a limited number of prescriptive BMPs. While 
growers have developed and refined practices over many years, research was needed in some areas to 
improve understanding of the underlying processes associated with the management practices. This 
was to support refinement of practices, development of new technologies, risk reduction and 
improved sustainability relating to litter management and chicken meat production. 

Many of the management practices already used by poultry growers are aimed at keeping litter as dry 
as possible. This is because dry litter tends to be friable, which enables the chickens to ‘work’ the 
litter to break down and incorporate their droppings. Additionally, wet litter is associated with 
increased ammonia, odour and risks to chicken health and welfare. Water is added to litter by chicken 
droppings, drinker spillage, water leaks and condensation, and is removed by evaporation. The 
perceived wetness and deterioration of litter qualities is also affected by the properties of specific litter 
materials. Previous investigations have focused on understanding the water holding capacity of 
different litter materials as well as quantifying water additions and evaporation.  

In this investigation, we have begun developing a computer-based model to simulate the effects of 
ventilation, weather and production conditions on litter moisture content. This litter moisture model 
was applied at two farms during this investigation and underwent limited testing by comparing 
predicted value to the moisture content of collected litter samples. 

Litter tilling, also known as conditioning, stirring or turning, involves the use of machinery to improve 
litter friability by reducing clumps and caking with a cutting or pulverizing action. It exchanges litter 
particles at the litter surface and increases surface area and porosity to increase the exchange of water 
vapour and other gaseous molecules from the litter to the air inside the poultry shed. This aids litter 
drying but may also increase the concentration of ammonia within the poultry shed. In Australia, poultry 
growers need to take corrective action if the ammonia concentration exceeds 15 ppm. For short-term 
increases, such as those occurring during and after litter tilling, growers have found that an effective 
way to reduce the concentration of ammonia is to increase ventilation. The effects of litter tilling on 
in-shed ammonia concentrations and the emission rate of ammonia from litter were investigated. 

In the past, some development applications for proposed chicken meat farms were hampered by 
concerns that high odour emission rates (OERs) may occur during routine activities, including litter 
tilling, pick-ups and shed clean-out. There was an absence of OER data during these events and 
therefore a need for new OER data to be collected. It was important that industry collect data for these 
events to quantify emission rates (and enable mitigation strategies to be developed, if necessary) to 
support new developments and industry growth. Collection of baseline OER data during litter 
disturbance events was undertaken to support approval of new farms and reduce the risks of odour 
impacts in the future. 
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Objectives 
The project has the following objectives: 

• Develop resources and tools that support growers to use effective practices for managing 
litter. 

• Conduct an industry survey about litter management practices and related challenges 
experienced by growers. The survey will also include current and potential barriers to re-use 
of chicken litter and options for overcoming these. 

• Develop baseline odour emissions at chicken grow-out farms to support the assessment of 
new or expanding farm developments. Odour emissions measurements will focus on events 
including litter conditioning, pick-ups, clean-outs and peak emissions prior to pick-ups. 

• Determine the effect of management options such as tilling on bird welfare relating to 
atmospheric gasses – ammonia (NH3) and carbon dioxide (C02). 

 

Report overview 
This project addressed a number of RD&E objectives relating to litter, litter management, litter re-use, 
odour emissions, litter tilling and in-shed air quality (ammonia and carbon dioxide). Many of these 
topics are inter-related and it was therefore logical to group these objectives together so they may be 
addressed holistically. 

Project activities included undertaking industry consultation, on-farm measurements/experiments, 
data collection, literature reviews, and producing fact sheets and case studies relating to litter 
management practices (such as tilling) and litter re-use. The development of fact sheets and case 
studies on a range of management practices will form a knowledge foundation, supporting industry to 
continue to provide the best possible environmental conditions in poultry sheds. 

Research activities in this project were divided into five streams, with each activity given a chapter in 
this report: 

• Conducting an industry survey of litter management practices and the current and potential 
barriers to re-use of chicken litter as well as options for overcoming these barriers. 

• Investigating litter best management practices (BMPs), including litter re-use, and developing 
resources and a troubleshooting guide for poultry growers.  

• Developing tools or models that assist with quantifying the potential benefits of different 
practices.  

• Evaluating the effect of various litter management practices (including tilling) on bird welfare 
relating to atmospheric gasses; specifically, ammonia (NH3) and carbon dioxide (CO2). 

• Measuring odour emissions during events including litter conditioning, pick-ups, clean-outs 
and peak emissions prior to pick-ups.  
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Industry survey  

Background  

Information provided in this section has been adapted from the research paper An industry survey on 
litter management and re-use practices of Australian meat chicken growers, authored by Pepper and 
Dunlop (2022). This paper is freely available (https://doi.org/10.1071/AN21222). The intent of the 
paper was to share knowledge of growers’ experiences and current opinions on litter management 
based on the survey data.  

Good litter conditions are one of the key requirements in meat chicken rearing to ensure optimal 
production outcomes. In recent years, expectations for litter conditions have increased, with the 
minimum standard requiring litter to be of good quality, have minimal risk of being contaminated 
with toxic agents, and managed to avoid excessive caking, dustiness, wetness or ammonia 
concentrations that may affect the welfare of the chickens (AHA, 2017; CSIRO, 2002; DAFF, 2022; 
FREPA, 2020; Gerber et al., 2020; RSPCA Australia, 2020).  

To achieve the required litter conditions, Australian meat chicken growers have been refining their 
litter, ventilation and drinker management practices. Some Australian meat chicken growers perform 
mechanical litter tilling (otherwise known as litter turning, stirring or conditioning) during the grow-
out period to break up cake and maintain litter in a friable state. Litter tilling may be defined as ‘using 
machinery to break up caked litter, reduce the size of litter clumps with a cutting or pulverising action, 
mix wet with drier litter, and redistribute it at the back of the machine in a friable and homogenous 
surface layer’. Tilling creates favourable litter conditions by simultaneously reducing dust levels and 
minimising peak moisture content. This in turn reduces susceptibility to caking.  

In addition to managing litter during the grow-out, there has also been increasing interest in re-using 
litter for multiple grow-outs (Cockerill et al., 2020), as opposed to using new bedding for every growth 
cycle (McGahan et al., 2021). There has also been interest in sourcing alternative bedding materials 
because of localised shortages in supplies of traditional bedding materials (wood shavings, sawdust, 
rice hulls and straw) due to events including bushfires and drought (Watson and Wiedemann, 2019).  

In this investigation, meat chicken farm owners, managers and staff (collectively known as ‘growers’) 
and poultry integrator company representatives were surveyed about their experiences regarding litter 
management practices and re-use. This was to gain a deeper understanding and improve the focus of 
research, development and extension activities (RD&E) on these topics. Industry surveys are very 
useful for informing researchers, policy makers and other stakeholders about industry-specific practices. 
A similar survey was undertaken in France by the Chambre d’Agriculture de Bretagne (The Chamber 
of Agriculture, Brittany), which gathered information about their poultry growers’ litter management 
practices, to understand the progression of these practices over the years, and to identify ways for 
researchers and extension staff to better assist their farmers (Dezat and Gohier-Austerlitz, 2000).  

These survey results will be utilised in future RD&E activities to ensure research is informed by 
current industry practices, especially odour, ammonia and carbon dioxide measurements during litter 
tilling and other litter disturbance events. The survey results will aid in prioritising case studies that 
demonstrate industry-proven management practices concerning litter. 

Objectives  

Litter management is important when rearing meat chickens because litter conditions can affect 
production as well as chicken health and wellbeing. The objective of conducting this industry survey 
was to gather information from Australian meat chicken growers and integrators about their litter 
management practices, providing an opportunity to share their knowledge, experiences and 

https://doi.org/10.1071/AN21222
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perceptions about litter re-use and litter tilling. This information was essential for this project because 
it provided a better understanding of litter preparation, timing of litter management practices and 
shed/ventilation configuration to ensure that representative data could be collected. 

Another objective was to identify key topics that growers want further resources and information on. 
The steering committee assisted with prioritising these topics. The intention was to develop fact 
sheets, procedures and other informational resources.  

Methods  

The Litter Management Survey (Appendix 1) was an online survey consisting of 37 questions with a 
variety of open ended, multiple choice and ranking scale questions. Some questions were grouped, 
and respondents were directed through different paths in the survey based on one or multiple answers 
given (Figure 1). This enabled the project team to focus questions on specific topics, depending on 
how they answered the previous questions. It avoided the need for respondents to answer questions 
about specific topics (for example, litter re-use) if they answered an earlier question stating that they 
had no experience with the practice. 

 
Figure 1. ‘Skip logic’ feature used in the survey, enabling questions to be automatically 
skipped if not relevant 

The survey was distributed to growers and integrators staff via industry representatives and grower 
networks, with all responses collected anonymously. The provision of contact details was voluntary.  

The survey had three sections:  

1. Farm location and characteristics 

2. Litter re-use 

3. Litter management, with a focus on litter tilling.  

 

Answer: YES Answer: NO 
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Results and discussion  

Overall, a total of 84 responses were received from six states, with 98% from growers and 2% from 
integrator representatives. 

Farm location and characteristics 

Farm location – growing regions 

Information about farm location and characteristics were collected to improve our understanding 
about the possible effects of farm location, size and shed design on litter management strategies. 
Regional differences were anticipated relating to climate and litter supplies, which could affect litter 
management practices, and allowed investigation of individual responses to reflect national or region-
specific experiences and trends. These regions were North Queensland, South East Queensland, New 
South Wales Central Coast, inland New South Wales, southern coastal Victoria, inland Victoria, 
Western Australia, South Australia and Tasmania (Figure 2). 

 
Figure 2. Distribution of survey responses from different regions. 

The most responses were received from the southern coast of Victoria, while the least were received 
from the New South Wales Central Coast, potentially reflecting the number of growers and meat 
chicken farms in those regions (Figure 2). The nation-wide responses received provided an insight to 
practices across the whole of the chicken meat industry.  
 
Combining regions for data analysis 

When the survey data was analysed, small response numbers in some regions required the responses 
to be pooled with other regions (Table 1) to analyse and gain the best results out of the data. Once 
grouped, the data was able to be analysed through statistical analyses such as regression analysis, chi-
square, fishers’ test and others that were considered appropriate. These tests were performed to gain 
the best representation and understanding of the data as well as to demonstrate any significant 
differences between the results.  

 

Southern coastal 
Victoria, 40%

Inland Victoria, 10%Western Australia, 5%

South Australia, 20%
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North Queensland, 2%
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Table 1. Distribution of survey responses from different regions. Shading indicates regions 
with similar climates. 

Regions 
Number of 
responses 

Combined regions 
for data analysis 

North Queensland 2 
14 South East Queensland 11 

NSW Central Coast (e.g. Hunter Valley, Mangrove Mountain, Goulburn) 1 
Inland NSW (e.g. Griffith, Tamworth) 4 

12 
Inland Victoria (e.g. Bendigo) 8 
Southern coastal Victoria (e.g. Geelong, Mornington Peninsula) 34 

37 
Tasmania 3 
Western Australia 4 

21 
South Australia 17 
Total number of responses 84  

Farm size and production systems 

The survey showed that there was a relatively even distribution of different farm sizes ranging from 
20,000–100,000 chickens to farms with more than 400,000 chickens (Figure 3). The responses 
showed that South Australia and inland New South Wales have a greater proportion of >400,000 
capacity farms, whereas Tasmania and the New South Wales Central Coast have a greater proportion 
of <100,000 capacity farms.  

Furthermore, conventional farms were the most common type of farm, followed by free-range farms. 
Some respondents had both conventional and free-range production systems, with the southern coast 
region of Victoria responding with the most free-range farms.  

 
Figure 3. Distribution of farms stocking capacities (n=84). 
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Building design, construction, ventilation and environmental control equipment  

Each respondent’s building design was expected to influence their management practices and the 
challenges they experience. Most farms had tunnel ventilated sheds, while others had cross ventilation 
or natural ventilation. Some respondents indicated that they have a combination of multiple ventilation 
types (Figure 4). Nearly a quarter of farms had in-shed air circulation or destratification fans. Some 
growers located in the southern coast region of Victoria reported having both tunnel and cross-
ventilation in their sheds. 

 
Figure 4. Type of ventilation used in meat chicken sheds (n=84). Note: Respondents could 
provide multiple answers. 

Regarding the type of heaters used within a shed, most respondents had hot air/forced air/space 
heaters, with a small number of respondents using brooder or tube/radiant heaters (Table 2). 

Table 2. Types of heaters used in sheds. Note: Respondents could provide multiple answers. 

Types of heaters used on farms Responses 
Hot air/forced air/space heaters 94% 79 
Small brood heaters 4% 3 
Tube/radiant heaters 6% 5 
Underfloor heating 0% 0 
Hot water/radiator/fin tube heaters 1% 1 
Electric heaters 1% 1 
Other (please specify) 0% 0 
Total number of respondents  84 
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Roof extraction fans

Natural ventilation

Cross-ventilation

Tunnel ventilation
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Respondents had the following building design elements in their sheds (Figure 5): 

• Insulated solid walls were more common than curtain or concrete walls. 

• More than half of the respondents use plastic mini vents rather than metal mini vents. 

• Tilt panel tunnel inlets were more common than curtain tunnel inlets.  

• More than half have exposed purlins in their sheds and nearly half have exposed roof trusses.  

• Compacted earth floors were the main floor type, with a small proportion of respondents using 
concrete floors. Another type of shed floor reported was cement-treated road base.  

 

Figure 5. Shed building designs elements including wall and floor type. 

 

 

  

Take home messages – shed characteristics and heating 
Most growers have tunnel-ventilated sheds and use area/space heaters. Some growers also have 
less common ventilation equipment such as circulation fans and/or roof extraction fans. BMPs and 
industry training should consider different combinations of ventilation systems to highlight potential 
benefits or challenges that these may have for growers. 
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Regular and alternative bedding materials  

The most common type of bedding material used was softwood shavings, followed by hardwood 
shavings (Figure 6). Straw was the primary bedding material used in South Australia, but was also 
used in inland New South Wales, Victoria and Western Australia. Paper and peanut shells have been 
identified as an uncommon type of bedding material; however, may be considered as an alternative 
material. Alternative bedding materials refer to those that are not a grower’s first preference/primary 
option, perhaps due to supply difficulties or price.  

 
Figure 6. Distribution of different types of bedding materials being used (n=84). Note: 
Respondents could provide multiple answers. 

Despite some bedding material shortages in recent years due to external influences such as drought 
and bushfires, only a few respondents stated that they regularly need to source alternative materials 
for their operation (Figure 7). Sourcing alternative bedding materials was applicable to less than half 
the respondents; however, those who used rice hulls (13%, primarily located in the inland New South 
Wales region) commented that they were having difficulty sourcing the material. Other material types 
that respondents have used when supplies were limited included almond hulls, wood chips and re-used 
litter. 

 
Figure 7. How often growers/integrators need to use alternative bedding materials (n=84). 
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As a result of bedding material supply constraints, more than half of growers would consider re-using 
litter to assist with prospective supply difficulties, while the remainder indicated they would never re-
use litter (Table 3).  

Table 3. Consideration of re-using litter when litter sources become difficult. 

Would you consider re-using litter if your normal litter sources 
became difficult and/or as an alternative practice? Responses 
 Yes 58% 49 

 No 42% 35 

Total responses 84 

 

Experiences with litter re-use  

Many participants have never re-used litter in the past (Table 4). Out of the 32% who have, most have 
practiced partial re-use, with only a small proportion having experience with full re-use of litter. 
Partial re-use involves using new bedding in the brooding section and the re-used litter in the other 
non-brooding areas of the shed. In comparison, full re-use involves re-used litter being used 
throughout the entire shed. About half of the growers who have re-used litter only did so when 
required, while the rest were regular re-users.  

Table 4. Litter re-use experience, including whether partial or full re-use. 

Have you re-used litter? Responses 
Yes  32% 27 

 If yes – full re-use (32% of yes responses)#   
 If yes – partial re-use (81% of yes responses)#   
No  68% 57 

Total responses  84 
#four growers had re-used previously with both partial and full re-use  

 

  

Take home messages – bedding materials and re-use 
BMPs and industry training need to take into consideration the use of different bedding materials 
and their impact on litter management practices, because there are regional trends in the type of 
bedding materials that are available and commonly used. For example, straw is commonly used in 
South Australia and rice hulls are used in New South Wales. Nearly 60% of growers would 
consider re-using litter. 
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For those who responded “no”, they were asked which factors limit them from reusing litter. The 
main factor limiting respondents was integrator or company policy, followed by the turn-around time 
between grow-outs (Figure 8).  

 
Figure 8. Factors limiting the uptake of litter re-use as a management practice. Note: 
Respondents could provide multiple answers. 
 
The other dominant responses received around the limitations to re-using litter had similar themes:  

• Lacking knowledge and/or the need to train staff – 37% 

• Lacking the required machinery and labour – 49%  

• Integrator policy or insufficient time between grow-outs due to placement scheduling – 96% 

• Some respondents have never considered re-using litter – 30%.  

There is an opportunity for an education and training program to support uptake of litter re-use where 
required due to operational or bedding supply issues, especially with the growers who had simply 
never considered re-using litter or said that they lacked the knowledge or experience to confidently 
start re-using litter or training their staff to do so.  

South East Queensland had the highest rate of litter re-use, with all growers responding that they have 
re-used litter and 80% re-using litter during at least 3–4 grow-outs per year (Table 5). South Australia 
had the second-highest rate of re-using litter (with 35% of the growers having re-use experience), but 
these growers only re-used litter when required. 
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Not practical in my operation
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Turn-around time between grow-outs

Requires more labour
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Table 5. Regional summary of litter re-use frequency (based on data from respondents who  
re-used litter, n=27). 

Region distribution of 
litter re-use 

Inland NSW 
and VIC 

QLD and  
NSW coast SA and WA 

VIC coast  
and TAS 

Never 32 2 15 8 
1-2 flocks per year 0 0 1 0 
3-4 flocks per year  1 3 0 0 
All flocks  1 6 0 0 
Only as required  2 3 6 5 

The most influential factors for re-using litter were the integrator or company policy (Figure 9) 
followed by the availability and cost of new bedding. Some provided additional comments describing 
their high level of concerns about higher ammonia concentrations, and one grower indicated that their 
previous litter re-use experience was only for trial purposes.  

 

Figure 9. Factors influencing the decision of practicing litter re-use (for those who re-use litter, 
n=27 respondents). Note: Respondents could provide multiple answers. 

Techniques used for reliable, safe and dependable litter re-use 

Growers who re-use litter have developed and refined their practices to ensure they have safe, reliable 
and repeatable outcomes from re-using litter. The aim is to release water and ammonia and to reduce 
pathogen loads before the next grow-out starts. The most common practice to ensure litter re-use was 
successful was by windrowing or heaping litter between batches (Table 6). Spreading and drying re-
used litter before batches was also practiced, with some respondents commenting that they allow at 
least 2–4 days (the longer the better) after breaking down heaps or windrows for the re-used litter to 
dry and release ammonia before day-old chicks are placed in the brooding section.  

Subsequent discussions with growers provided additional details, including the need to till the litter 5–6 
times before setting up the shed for the next batch to ensure that as much water and ammonia was 
released as possible.  

Common practices used during the grow-out included using extra ventilation and using a brood curtain 
with ventilation configured to draw ammonia and any other aerial contaminants away from the brood 
area. Additional details provided by growers described that they achieve this by latching closed side-
wall vents in the non-brooding section and operating a fan at the end of the shed furthest from brooding.  
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Table 6. Techniques practiced to ensuring litter re-use is successful. 

Management practice used to ensure success of litter re-use Responses 
De-caking or removing wet or heavily soiled litter 38% 10 
Windrowing or heaping between batches 70% 19 
Spreading and drying before placing chicks  37% 10 
Extra pre-heating 11% 3 
Using a brood curtain with ventilation away from the brood 52% 14 
Extra ventilation during brooding 56% 15 
Using sensors to monitor ammonia concentration in the brooder section 30% 8 
Other (responses provided in comments): 

22% 6 - Extra ventilation in re-used litter area and place chicks on fresh bedding 
- Allowing extra time to spread out and dry litter- longer the better 

Total number of responses (only those who have re-used litter) 53 responses from  
27 respondents 

Benefits vs challenges found when reusing litter  

Most growers who re-used litter explained that the biggest benefits were the reduction in bedding 
costs and having increased litter depth (Figure 10), which contributes to better insulation and warmth 
in the shed, especially during brooding. Only a small proportion of respondents found no benefits. 
The greatest challenge experienced by participants was the risk of increased ammonia levels, which is 
likely related to concerns for work health and safety, which also received a strong response (Figure 
11). Some growers also reported challenges with controlling darkling beetles, increased dust and the 
requirement for additional labour. 

 

Figure 10. Benefits experienced with re-used litter (n=27 respondents) (PEF = production 
efficiency factor). Note: Respondents could provide multiple answers. 
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Figure 11. Challenges experienced with re-used litter (n=27 respondents). Note: Respondents 
could provide multiple answers. 

Survey respondents were asked to describe their level of concern about some potential issues relating 
to litter re-use (Figure 12). Many respondents indicated that they were extremely concerned about 
increased ammonia concentration, followed by concerns about increased odour. Integrator 
requirements, worker safety, short turn-around times, increased risk of disease and increase presence 
of pathogens were other leading concerns. 

 
Figure 12. The level of concerns for issues relating to re-used litter (n=84). 
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Other comments and points raised about litter re-use included:  

• Turnarounds are too short and inconsistent (10%) 

• Knowledge required of the best operational practices when reusing litter (5%) 

• Difficulty complying with regulations and standards such as RSPCA (23%) 

• Concern for disease (5%) 

• Lack of knowledge and negative perception of the practice (14%) 

• Litter re-use could affect footpad and hock burn scoring (5%). 

 

 

Litter tilling and other practices for maintaining friable litter  

Out of the 84 respondents, 89% indicated they use litter tilling and 9% stated they only use ‘other’ 
management practices. A greater proportion of conventional farms reported that they practice litter 
tilling than free range farms. Respondents who practice litter tilling were then asked additional 
questions about the types of machinery used, the triggers for a litter tilling practice, cake occurrence, 
time relative factors and more.  

Litter management practices to maintain friable litter 

Management practices used to manage litter and achieve dry and friable conditions included:  

• Ensuring adequate ventilation 

• Monitoring and managing humidity in the shed 

• Using circulation fans 

• Top-dressing with new, dry bedding, which may or may not include removing the wet litter 

• Hand ranking or using a small mechanical rotary hoe to break up caked or susceptible areas, 
e.g. under drinker lines 

• Tilling the whole shed with tractor-powered implements 

• Monitoring and maintaining effective drinker heights and pressure. 

Take home messages – litter re-use 
Growers reported that re-using litter was cost effective and had other benefits relating to litter 
properties and litter management. However, there were some challenges relating to ammonia, 
litter beetles, resourcing (machinery, labour) and staff training.  

Despite only 32% of growers having any experience with litter re-use, nearly 60% were prepared 
to consider the practice. Therefore, BMPs and industry training should focus on litter re-use to 
support growers successfully adopt this practice at their discretion. 

Perceptions and concerns were raised about litter re-use including ammonia concentrations 
affecting bird health, odour, disease and pest risks, integrator requirements, council and licencing 
requirements, and turn-around times. 
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Machinery used for litter tilling 

The most common type of machinery used to conduct litter tilling was a rotary hoe, followed by 
purpose-built litter tilling implements and then power harrows (Figure 13). Relating to size, most of 
these were small tractors (up to 1.5–1.8 metres wide), followed by larger tractors (wider than 1.5–1.8 
metres) or walk-behind machines (Figure 14).  

 

Figure 13. The type of litter tilling machinery used (n=74).  

Figure 14. Sizes of the litter tilling machinery (n=74). 

Frequency, scheduling and duration of litter tilling 

Growers were asked if they performed litter tilling on a scheduled, regular basis or in response to 
caking. Over half (55%) responded that they perform litter tilling in response to caking and the 
remainder responded that it is a scheduled, regular activity (45%). A few additional comments were 
also provided including: 

• In response to wet litter 

• Prior to caking  

• Before an inspection. 

For those who scheduled tilling, the most common frequency was weekly (64%). The majority of 
growers till litter in the mid-morning (80%) and some reported tilling around noon (46%).  

Growers reported that tilling takes an average of 30 minutes to one hour (52%) per shed, but some 
responded that it takes longer (1–2 hours, 40%). The length of time taken to till the litter in the shed 
was influenced by the size of machinery (Figure 15). Those who used a walk-behind machine (n=5) 
reportedly took 12 hours and only one respondent reported taking more than two hours per shed. Most 
growers with a small tractor (n=48) took 30 minutes to two hours per shed. Growers with a large 
machine (n=22) all took less than two hours, with the majority (68%) taking 30–60 minutes.  
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Figure 15. Time taken to complete litter tilling a shed for different sized machines. 

Perceived concerns and limitations with litter tilling 

The survey showed that there were times of the grow-out when growers were either unable or 
unwilling to till the litter. The main reason was concern for chicken welfare, especially while 
operating machinery in the shed when the chickens were very young or when the shed had high 
density. The density of chickens in the shed (kg liveweight per m² floor area) increases as the 
chickens grow. It usually peaks before the small-bird thin-out on day 31-35 and again before the large 
bird pick-up at the end of the grow-out (ranges between day 50 and 56).  

The periods of highest concern were days 1 to 7, days 27–34 and days 48–58 (Figure 16). Trends 
were observed between the size of machinery and the days when growers reported being unable to 
perform tilling. Growers with small tractor-mounted machinery (64%) and larger machinery (30%) 
said that they were less able to till on day 27–34 than those with walk-behind machines. Some 
growers said they would be able to till on any day of the grow-out. 

 
Figure 16. Days of the grow-out when growers reported that they are unable to till the litter, 
categorised by the size of their tilling machinery. 
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Locations in the shed that litter tilling occurs 

Most respondents indicated that caking occurs mostly under drinker lines (84%) but even so, most 
respondents prefer to till the entire shed floor (Figure 17). Other litter tilling strategies provided by 
respondents included:  

• Focus efforts under the drinker lines 

• Using a walk-behind tilling machine to target specific areas, sometime between whole-shed 
tilling events 

• Preventative tilling before caking 

• Tilling the pick-up area after pick-up is completed, while that section of the shed is still empty 
and free of obstructions 

• Targeting cool cell end only if the quality in the rest of the shed is acceptable 

• Tilling across the most susceptible areas to mix wet and dry litter together. 

 

Figure 17. Areas within a shed that are the primary focus of tilling activities. Note: 
Respondents could provide multiple answers. 

Additional comments on the management of litter  

Additional comments were provided about strategies used by growers to keep litter friable, including:  

• Using circulation fans 

• Appropriate and effective ventilation 

• Regularly adjusting drinker height and performance maintenance 

• Hand raking or using a small rotary hoe to target specific areas, e.g. under drinker lines 

• Top-dressing: removing wet litter and replacing with fresh material 
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• Correctly using migration barriers to prevent density at a particular area of the shed 

• Managing and monitoring humidity within the shed 

• Maintaining the quality of sheds and keeping equipment in good condition 

Growers also commented that having good-quality feed was essential for managing litter conditions 

 

Implications and recommendations from the industry survey  

This industry survey has captured a snapshot of how meat chicken growers across Australia currently 
manage litter, with a focus on litter re-use and litter tilling. Eighty-four survey responses were 
received from all major growing regions across Australia, representing free-range and conventional 
production systems. The survey showed that litter re-use is limited, but litter tilling is a widespread 
practice. Litter tilling is used to reduce the occurrence of caked litter and to keep litter ‘working’ so 
that fresh excreta can be incorporated into the litter by chicken activity. 

Comments from the survey indicated that litter tilling alone does not achieve dry and friable litter, and 
that proactive ventilation, heater and drinker management are essential. Growers also explained that 
litter tilling is not without its challenges, and can potentially contribute to spikes of dust, ammonia 
and/or odour, as well as being potentially risky to carry out when there is high live-weight density.  

The growers’ comments and responses were used in producing resources and information to support 
their management. A survey like this hadn’t been conducted in Australia before and it provided 
valuable understanding of the challenges that growers have faced as well as where research, 
development and extension was required to support existing practices or encourage uptake of 
improved practices if needed. 

  

Take home messages – litter tilling 
Litter tilling is widely practised. 

Growers suggested that larger equipment is more effective for maintaining friable litter than small, 
walk behind machines, and is also quicker. Walk-behind machines still have their uses, including 
being able to till without needing to lift drinker and feeder lines, and being able to till the litter on 
more days of the grow-out. 

Bird density during litter tilling is the greatest concern expressed by growers. This relates to the 
potential impact the equipment could have on the welfare of the birds. Many growers indicated that 
they are unable and unwilling to till litter at the start of a grow out, and just before pick-ups, when 
bird density is highest (1-7 days, 27-35 days, and after day 44). 

Growers were also concerned about ammonia concentrations during and after litter tilling. 

BMPs and industry training need to prioritise ventilation, heater, animal husbandry and drinker 
management practices before focusing on litter tilling techniques. Litter tilling is a complimentary 
practice to these and not the leading solution. 
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Fact sheets, case studies and Litterpedia 

Background  
The Best practice litter management manual for Australian meat chicken farms (McGahan et al., 
2021) is a compilation of litter management practices. Plans were made for the document to be 
converted into a web page to increase accessibility for growers and stakeholders, and to add a search 
function so that users could quickly find the information that they were after.  

Using feedback and topics highlighted in the industry survey, priority topics were identified where 
more detailed information was needed. Following grower and industry consultation, a decision was 
made to produce fact sheets and case studies that could communicate practical information on these 
topics. An internet-based webpage called Litterpedia was created to be a compendium of any 
information relating to litter, starting with information that was already published in the litter 
management manual, but also linking to new information, such as the fact sheets and case studies that 
were created during this project. 

The term ‘best management practice’ is widely used. Commercially rearing meat chickens is a very 
complex activity, and there are many variables between farms, seasonally and regionally. It must be 
stated that there is no single best practice, and that growers need to have a variety of practices and 
tools available so that they can choose the most appropriate one for their situation. It was hoped that 
the fact sheets and case studies created during this project would provide practical information about a 
range of practices, for the benefit of both experienced growers and newcomers to the industry. 

Objectives  
The objectives of this part of the project were: 

• Compile, prepare and publish information to complement and enhance the information in the 
Best practice litter management manual for Australian meat chicken farms. 

• Prepare case studies of good practices currently used by growers. 

• Support the litter management information provided by growers with science-based principles 
(when relevant) to discuss the underlying fundamental processes. 

• Develop resources that are ready to host on the Litterpedia webpage. 

Results and discussion 
Litterpedia has been created as a compendium of information relating to litter management. At the 
time of writing this report, it was a live website (but under construction) that will be a long-term 
solution for hosting contemporary information about litter management. A list of priority headings, 
‘tags’ and information topics were prepared along with supporting fact sheets and resources.  

A troubleshooting guide was also conceived to link growers and stakeholders to resources and 
information relating to problems or issues that they are experiencing (Appendix 2 shows the main 
categories included in the troubleshooting guide). With the assistance of web managers, guidelines 
were developed about who will upload information and what quality checks and approvals were 
required before information was uploaded. 

Fact sheets and case studies were developed to focus on the following topics: (1) drinker management; 
(2) keeping litter dry and ‘working’, including reducing risks associated with ammonia; (3) ventilation; 
and (4) litter condition assessment. All were reviewed and approved by an industry committee. 



 

21 

Drinker management 

This topic consisted of four fact sheets, three procedures and two case studies (Figure 18). Drinker 
management was viewed as one of the leading practices for managing litter moisture. The litter 
underneath drinkers is frequently wetter than the rest of the shed and is often where surface caking 
starts to form. There are many reasons for more water being added to the litter underneath drinkers, 
including water leaks or spillage while chickens are drinking. Having clean, well-maintained and 
properly adjusted drinkers will reduce the amount of excess water being added to the litter by the 
drinkers. The fact sheets provided practical information about how to assess, adjust and clean drinker 
lines, including how to identify when drinkers are worn or damaged and need replacement. The fact 
sheets also provided information on using medium flow drinkers, which some growers have found 
useful in preventing excessively wet litter. 

 
Figure 18. Topic 1 – drinker management fact sheets and resources. 

Keeping litter dry and ‘working’  

This topic consists of fact sheets and case studies 
about litter tilling and the management required 
to keep different bedding materials friable and 
‘working’, which is the process by which 
chicken activity incorporates fresh excreta into 
the litter (Figure 19). The associations between 
litter tilling and ammonia concentration were 
also included in the fact sheet, with this 
information derived from measurements of 
ammonia during this project. Litter tilling is a 
practice developed by growers and as such there 
is minimal published information about it. The 
case studies shared the experiences of several 
growers to inform others about techniques that 
contribute to maintaining friable litter. It is 
hoped additional growers will share their litter 
tilling experiences in the future and that these 
will be added to Litterpedia.  

Figure 19. Topic 2 – keeping litter dry and 
‘working’ fact sheets and resources. 
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Appendix 4 – In-shed carbon dioxide concentration data 

Farm A1 

 
Figure 89. Carbon dioxide concentration (ppm) measured in the poultry shed at Farm A1 when 
litter was tilled on day 14 of the grow-out (July 2021). 

 
Figure 90. Carbon dioxide concentration (ppm) measured in the poultry shed at Farm A1 when 
litter was tilled on day 21 of the grow-out (July 2021). 
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Figure 91. Carbon dioxide concentration (ppm) measured in the poultry shed at Farm A1 when 
litter was tilled on day 28 of the grow-out (July 2021). 

Farm A2 

 
Figure 92. Carbon dioxide concentration (ppm) measured in the poultry shed at Farm A2 when 
litter was tilled on day 14 of the grow-out (September 2021). 
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Figure 93. Carbon dioxide concentration (ppm) measured in the poultry shed at Farm A2 when 
litter was tilled on day 21 of the grow-out (September 2021). 

 
Figure 94. Carbon dioxide concentration (ppm) measured in the poultry shed at Farm A2 when 
litter was tilled on day 28 of the grow-out (September 2021). 
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Farm B 

 

Figure 95. Carbon dioxide concentration (ppm) measured in the poultry shed at Farm B when 
litter was tilled on day 19 of the grow-out (October 2021). 

 
Figure 96. Carbon dioxide concentration (ppm) measured in the poultry shed at Farm B when 
litter was tilled on day 28 of the grow-out (October 2021). 
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Figure 97. Ammonia concentration (ppm) measured in the poultry shed at Farm B when litter 
was tilled on day 33 of the grow-out (November 2021). 

Farm C 

 
Figure 98. Carbon dioxide concentration (ppm) measured in the poultry shed at Farm C when 
litter was tilled on day 12 of the grow-out (April 2022). 
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Farm B 

Modelling based on collected data 

 
 
 
 

Simulated: Circulation fans 

 

 
 Simulated: Weekly tilling 

 
 
 
 

 
Simulated: Weekly tilling plus circulation fans 

 

 
Simulated: Twice weekly tilling 

 
 

 
Simulated: Twice weekly tilling plus circulation fans 
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