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ABSTRACT 

This project aimed to explore the effects that combination harvest and baling machinery have 

on the compaction of a high clay soil common of the cotton industry in Australia and to 

investigate the effects it may have on overall cotton yield. 

The project was comprised of two field trips to a research field at the Australian Cotton 

Research Institute near Narrabri, NSW: one before the 2022 harvest and one after. Soil samples 

were taking using a soil corer to depths of 80cm to create eight 10cm subsamples. These 

subsamples were analysed for bulk density and moisture content. Individual cores were also 

taken to record pH and electrical conductivity across the field to isolate them as variables. 

Penetration resistance was also recorded to depths across the field after the 2022 harvest to 

examine the difference in soil strength. 

Cotton yield data was provided by the Australian Cotton Research Institute, which showed that 

the field that had been trafficked by the combination harvest and bale harvester did in fact have 

a lower overall cotton yield that the control section of the field. It was also observed that before 

harvest the field being trafficked by the combination harvester also had higher compaction 

indices, as well as having higher penetration resistance immediately after harvest. 

No overall statistical significance was observed in the difference in bulk density and moisture 

content between the two fields. As such, no concrete conclusions could be made as to the 

compaction effect of the combination harvest. 
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1 INTRODUCTION 

1.1 BACKGROUND 

The cotton industry in Australia has both immense contemporary importance and deep 

historical roots, with cotton seed arriving onboard the first fleet in 1788 (Cotton Australia, 

n.d.). The industry was plagued with turbulence from its inception but hit its stride in the 

1960’s with the establishment of large-scale dam fed irrigation, increases in commercial 

cotton crops and the establishment of government-corporate industry bodies (Cotton 

Australia, n.d.). Today, the Australian cotton market operates with an average value of AUD 

$2 billion per annum (Cotton Australia, 2022b) and employs an estimated 12,000 workers 

(Cotton Australia, 2022). A significant advance in modern cotton agricultural machinery 

came in the form of the John Deere 7760 (JD7760), a combination harvest and baling cotton 

picker that debuted in 2009 (Bennet 2020) and offered land managers the prospect of 

significant efficiency increases at harvest time. The JD7760 quickly became popular in 

Australian cotton systems, being used to pick a reported 82% of Australian cotton in the 2013 

picking season (Bennet et al 2014). This advance came with the caveat of a 50% increase in 

mass compared to previous cotton harvesting system, with the JD7760 weighing as much as 

36.5 Mg when fully loaded during harvest (Bennet et al. 2019) and exerting up to 500 kPa of 

pressure on the soil surface at the rear wheels (Bennet 2018). A JD7760 is considered fully 

loaded when it is holding a ‘module’, also known as bale, of cotton externally, as well as 

‘building’ a module of cotton internally. 

 

Figure 1-1: John Deere 7760 with module on back (Ag-Accessories) 

 

The process of building modules within the harvester is in contrast to earlier methods, which 

generally consist of harvesters with internal reservoirs that collect a load before transferring 
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the load to an off-field module builder for compaction/baling. Most older harvesters do not 

have internal reservoirs and require a specialised tractor pulled trailer to collect the harvested 

material. Either of the earlier methods require extra equipment and labour to perform the 

process when compared to the combination harvest and baling machines like the JD7760. 

Importantly, all past research has been conducted on the JD7760 specifically, though a newer 

model of the JD7760, the CP690 is now in use. The CP690 is virtually identical to the 

JD7760, with modifications to the internal computing and a slightly larger engine. Within this 

work the term CP690 will be used to avoid confusion. 

 

Figure 1-2: Cotton module builder being loaded by a tractor pulled cotton trailer (USDA NRCS Texas, 2010) 

 

The dominant soil type in the cotton industry is a Vertosol (McKenzie 2001), a soil 

characterised by high clay content (> 35%) that exhibits strong shrinkage and cracking when 

dry and swelling when saturated (Isbell, 2021).  Kirby (1991) states that Australian Vertosols 

have an average pre-compaction stress of 99.4 kPa, with pre-compaction stress being a proxy 

measure of the pressure that can be exerted on a soil before possible occurrence of 

compaction (Mosaddeghi et al. 2003).  

 

Soil compaction is regarded as one of the “most serious environmental problem[s] caused by 

conventional agriculture”(McGarry et al. 2003), as well as the most costly and difficult to 

solve (McGarry et al. 2003). Research does currently exist that investigates the effect that 

compaction has on cotton system yields, for example, McGarry (1990) found that poor crop 

growth and yield, and distorted root systems were related to changes in measured indices of 

soil structure related to compaction. However, most research involves the comparison of 

different fields in different locations to assess the effects on yield and this research is an 

opportunity to limit the variables these differences produce. These variables will be limited 
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by the study of a single field that has only historically used ‘module builder’ processes before 

the use of a CP690 in the 2020 season. 

 

In determining the degree of compaction in soil, common methods include measuring the 

bulk density and penetration resistance of a soil (Alaoui et al, 2018). Bulk density is simply a 

measure of the dry material mass in a given volume of soil, generally expressed as kg/m3. 

When soil is compacted the physical particles are pushed closer together, resulting in an 

increase in the amount and mass of dry matter in each unit of volume. This process makes 

bulk density a key indicator of compaction, while also being a simple measurement to take. 

Penetration resistance is an objective measure of the force required to penetrate a soil mass. It 

involves the use of a cone penetrometer which is plunged into the soil normal to the surface, 

measuring the soil strength as the cone descends. Soil strength is the ability of a soil to resist 

deformation and is a measure of a soil’s susceptibility to compaction as well as magnitude of 

compaction. It is heavily dependent on soil moisture, with strength generally increasing as 

soil moisture content decreases (Agriculture Victoria 2020). 

 

Typical methods of mitigating compaction involve physical tillage, or ripping, with tractor 

driven implements to physically disturb soil. This practice adds expense to farm operations as 

well possibly degrading soil structure and decreasing soil fauna (Loch, R 2022, pers. comm. 

12 Feb) when done at greater depths, such as up to 500mm (Pagliai, et al., 2004). Delaying 

cotton defoliation has been shown to mitigate compaction through a reduction in soil 

moisture from extra evapotranspiration demand compared to standard defoliation practices 

(Bennet et al 2017). While this process is not physically disruptive to the soil resource there 

are agronomic considerations that may make it incompatible with land management 

strategies. Bio ripping, the use of deeper rooting crops such as wheat, to draw extra water 

from the surface profile has been shown to have some success in mitigating compaction 

(Bennet et al 2014). However, the degree of mitigation is limited, and again agronomic 

considerations may limit the viability of bio ripping as an option for land managers. Letting a 

field remain uncultivated and allow for the ‘shrink swell’ nature of Vertosols to naturally re-

consolidate the soil to a pre compaction level of structure is another option to combat 

compaction. McHugh et al (2009) and Radford et al (2001) demonstrated that a timespan of 

18-22 months is necessary for natural amelioration of compaction. As this time span is far 

greater than growing seasons permit there is a risk that ongoing use of heavy machinery such 
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as a CP690 may accumulate structural degradation, namely the constriction of soil pores, 

through compaction over time in the absence of reasonable compaction mitigation processes. 

 

Due to the risk of accumulation of compaction through cotton harvesting by use of a John 

Deere 7760, and the industry response indicating that the JD7760 systems “costs as much to 

run as previous basket systems” (Bennet et al 2014) it is important to fully understand the 

impacts of the harvesting technique on the soil resource to avoid the structural degradation of 

cotton systems without appreciable benefits. 

1.2 AIMS AND OBJECTIVES 

The aim of this thesis is to design and execute a field trial to provide a quality set of data that 

is useful in examining the effect that the John Deere 7760 has on cotton yield in cotton 

systems on Vertisols typical of Eastern Australia. This thesis, the associated field work, and 

literature review also aims to enhance the writers’ skills in sample analysis, sample planning 

and use of graphical and numerical analysis techniques relevant to soil science and laboratory 

testing. 

 

These aims will be achieved through the design of a sampling plan to study the physical 

properties of the study field that relate to compaction; that is bulk density and soil strength, 

before and after harvest by a CP690. The study field was segmented into a section that has 

been trafficked by a 2-row trial picker and a section that has had a single traffic by a CP690. 

Transects were made spanning two ‘frontages’ of each picking machinery through which soil 

cores were taken on every furrow. 

 

The hypothesis to be tested is that traffic by a JD7760/CP690 has immediate and significant 

compaction effects that limit the growth of future cotton crops in the field, to the magnitude 

of causing economic losses for the land manager. 

1.3 CONSEQUENCES OF THIS RESEARCH 

This research will provide a data point demonstrating the effects of the JD7760/CP690 on soil 

compaction and its relation to cotton crop yield. In addition to related research this data will 

aid decision making for farmers/land managers by enabling a better understanding of the 

negative consequences of utilising combination harvest and bale equipment on high clay 
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content soils. Through increasing land managers ability to make more informed decisions this 

research will lead to better outcomes in terms of cotton yield and soil health. 

1.4 ETHICS 

The consequences of poor or incorrect information can have large ramifications for land 

managers if information from this work is used to make decisions. Due to this, it is 

imperative that the work is carried out to the highest degree of scientific rigor to avoid 

potentially drawing incorrect conclusions as to the effect on yield. 

 

2 LITERATURE REVIEW 

This section will outline the current state of scientific knowledge regarding compaction and 

the effect it has on cotton growth. It will disseminate information on the mechanisms 

involved in compaction and the specific effects they have on soil structure. 

2.1 INVESTIGATION DEPTH 

Investigations in past research has generally been limited to 0.8m – 1.0m, with Bennet et al 

(2019) suggesting an effective rooting depth of cotton of 0.9m. This also corresponds with 

practical limits of investigation with handheld implements. As such, an investigation depth of 

0.8m will be adopted. 

2.2 IMPACT OF THE JOHN DEERE 7760/CP690  

The John Deere 7760, when fully loaded, has a back wheel pressure of 500 kPa (Bennet et al 

2019) exceeding the precompression stress of Australia Vertosols of 99.4 kPa proposed by 

Kirby (1991). Past research has shown that traffic by a JD7760 increases bulk density by an 

average of 11.1 % (Bennet et al 2019). The past research clearly demonstrates the hazard of 

JD7760 causing compaction during harvest. Newer models of the JD7760 are referred to as 

CP690 and include more advanced GPS and on-board computational abilities. A slightly 

larger engine is also equipped onto the CP690’s compared the JD7760, however there is not 

a significant difference in weight across the two models and therefore the findings still 

apply. 
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2.3 COMPACTION MECHANICS 

Compaction of soil effectively decreases soil porosity, the connected void space, within the 

soil matrix (Kim et al 2010) as well as being destructive to pore connections (Antille et al 

2016). Pores within soil are generally defined as macropore (> 1000 μm in diameter) and 

micropores (200 – 1000 μm in diameter).  Kim et al (2010) found that under uniform loading 

the proportion of macropores and micropores decreased at the same magnitude (~70%). 

These decreases in pore space result in decreases in hydraulic conductivity, lower the plant 

available water and availability of mobile nutrients to the plant. 

Compaction has been shown to decrease nitrification in soil, decreasing the available nitrogen 

for plant growth (CRDC 2018). Compaction also increases soil strength (Shar et al 2017), 

making it harder for plants to root, with 1490 kPa being the critical threshold at which plant 

roots cease exploration (McKenzie and McBratney 2001). 

2.3.1 Compaction and Hydraulic Conductivity 

As soil is compacted the pore space within is constricted, reducing the ability for water to 

flow through the soil matrix, with a non-linear relationship between compaction as measured 

by a change in bulk density and the effect on hydraulic conductivity. This non-linear 

relationship is show by Kim et al (2010) as a n 8% increase in bulk density reduced hydraulic 

conductivity by 69%. Further work by Awedat et al (2012) in which a 20% increase in bulk 

density corresponded to an 84% decrease in hydraulic conductivity. In both studies the soil 

had a clay content around 25%. 

2.3.2 Soil Moisture and Compaction 

A strong correlation (R2=0.85) between soil moisture pre harvest and bulk density after traffic 

was shown by Roberton & Bennet (2017), who also demonstrated that soil moisture was 

found to be more impactful in compaction then contact pressure/wheel load, with clay content 

also being a significant factor in compaction. 

2.4 COMPACTION’S EFFECT ON YIELD 

A literature review by Antille et al (2016) shows that compaction can cause a 5% reduction in 

nutrient uptake by cotton crops and that traffic induced compaction in Vertosols can take over 

5 years to ‘self-ameliorate’. This review also notes multiple studies examining yield penalties 

of traffic induced compaction on Australian clay soils, which may be broadly comparable to 

Vertosols. Within these studies it was found that non trafficked fields produced 100 - 175% 
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compared to trafficked fields. Furthermore, McGarry (1990) observed a 73% reduction in 

cotton yield in Australian Vertosols that had compaction occur in the 0.2m – 0.4m depth 

range. 

 

While research into the effects of compaction on yield of cotton, as well as other crops, is 

mature and widespread very rarely is the comparison made on the same field. The 

overwhelming majority of research makes comparisons of yield between compacted and non-

compacted fields do so across different fields, introducing cultivation history as a variable 

that affects the field performance. This research is unique in that it will be assessing the 

effects on compaction on yield in which the ‘control’ and ‘experimental’ sections of the field 

have the same cultivation history, thus making it a more direct comparison. 

2.5 CURRENT METHODS OF MITIGATION AND AMELIORATION 

Current literature points to 4 methods suitable to mitigate or ameliorate effects of JD7760 and 

other heavy machinery traffic on compaction: 

- Bio-ripping 

- Controlled traffic farming 

- Delayed defoliation  

- Organic matter sequestration 

2.5.1 Bio-ripping 

Bio-ripping is the name given to the practice of crop rotation in which the sacrificial, or 

secondary, crop is deeper rooting to instigate deep drainage, lowering the soil moisture 

content and mitigating compaction. The most common rotation crop is wheat. There is little 

data cataloguing this phenomenon and its effect on soil compaction outside of multiple 

mentions by soil researcher John McLean Bennet (Bennet et al 2014 & Bennet et al 2017). It 

is apparent that bio-ripping is a practice that is somewhat known to the industry and better 

quantifying its effect on compaction amelioration may be a field of further research. 

2.5.2 Controlled Traffic Farming 

Controlled traffic farming (CTF) is a farming system in which row spacings are designed 

such that the same rows are being ‘trafficked’ by the wheels of machinery each year. This 

process often involves modification of wheel tracks of certain farm machinery such that all 

equipment share a common wheel spacing.  
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CTF has been shown by McKenzie et al (1998) to be an effective strategy of maintaining 

yield from a cotton system, and in turn the gross margin. Bennet et al (2017) demonstrated no 

significant difference in levels of compaction between a 1m spacing system and a 1.5m 

spacing system. This research did note a 60% increase in wheat rotation crop yield, indicating 

possible enhancement of the bio-ripping provided by the rotation crop under this CTF 

configuration. 

2.5.3 Delayed Defoliation 

Cotton defoliation is the application of chemicals to force cotton plants to drop its leaves, 

allowing for harvest of the cotton bolls (Edmisten & Collins 2022). This effectively kills the 

plant, resulting in a cease of evapotranspiration. 

 

Due to the high proportion of meso- and micropores in many Vertosols deep drainage is not a 

reliable source of soil moisture reduction. Thus, a delay in defoliation of the cotton crop may 

be used to reduce soil moisture due to an increase in overall evapotranspiration (Roberton & 

Bennett 2017). It was found by Roberton & Bennett (2017) that by delaying the defoliation 

by 21 days the soil moisture content down to 0.4m reduced by 2%. While this may seem 

insignificant, it has been shown that small effect on soil moisture can result in significant 

effects to the compaction under traffic, up until the optimum moisture content (Hamza & 

Anderson, 2005). 

 

Timing of defoliation  is governed mainly by the ‘crop boll maturity and accumulated heat 

units over the season in order to maximise yield’ (Roberton & Bennett 2017). Thus, it is 

apparent that defoliation may not be a suitable option in every case. 

2.5.4 Organic Matter Sequestration 

Chamen (2015) noted several studies showing positive effects of adding organic matter to 

soils to mitigate soil compaction. Organic matter sequestration functions primarily by 

improving drainage conditions allowing for soil moisture levels to decrease. It is noted that a 

study by Leskiw et al. (2012) found that fields which had been subsoiled (tillage to at least 

35cm) and injected with pelletised organic matter had almost 20% lower density after 5 

months compared to a field that was subsoiled only. This method has additional benefits, in 
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that it increases available carbon in the soil, in turn encouraging bacterial activity (Chamen 

2015). 

3 METHODOLOGY 

This methodology aims to outline and explain the actions undertaken in the field, in the 

laboratory and in technical analysis of the data. Resources were planned with Mr. David West 

(USQ). 

3.1 FIELD METHODS 

Field methods for this research include information on the field being studied and the 

methods for obtaining moisture content, bulk density and soil penetration resistance 

measurements. 

3.1.1 Study Field 

The field being studied was field B2 at the Australian Cotton Research Institute (ACRI) near 

Narrabri, NSW. At the time of study, the field was undergoing a comparative analysis of 

different cotton cultivars and nitrogen application rates. Plots were selected based on having 

no nitrogen application and of being the same cultivar. A detailed view of the field plan is 

included in Appendix D. 

3.1.1.1 Location 

The field is located just over 14km North-West of Narrabri in Northern NSW. The field had 

an area of 74,000 m2, or 7.4 ha. 
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Figure 3-1: Aerial image of study field 

 

Figure 3-2: Relative position of the study field to Narrabri, NSW 

3.1.1.2 Vertosol Soil Classification 

The study field has been classified as a Vertosol by State of the Environment (2016) and the 

associated mapping database: 
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Figure 3-3: National Map showing Vertosol classification based on State of The Environment (2016) 

 

In Australia, the preferred standard of soil classification is the Australian Soil Classification 

(Isbell 2021). This classification system broadly classifies soil into orders, based upon 

physical and chemical characteristics. The Australian Soil Classification (ASC) defines 

Vertosols as being ‘clay soils with shrink-swell properties that exhibits strong cracking when 

dry’. This cracking phenomenon creates large deep drainage channels when a dry surface is 

subject to rainfall. A clay content of > 35% is a necessary physical quality of a soil to be 

classified as a Vertosol. Further sub classification by colour is common, e.g., red/grey/black. 

To verify the clay content of the study field 4 random samples of topsoil were taken. Particle 

size analyses were done using the settling column method (Loch, 2001) to estimate the clay 

content within the samples. This method uses the falling velocity of suspended soil particles 

to estimate the equivalent spherical diameter. The method employs the settling velocity 

equation developed by Gibbs et al (1971): 

𝑉 =
−3𝜂 + [9𝜂2 + 𝑔𝑟2𝑃𝑓(𝑃𝑠 − 𝑃𝑓)(0.015476 + 0.19481𝑟)]

2

𝑃𝑓(0.016607 + 0.14881𝑟)
 

 

Where: 

- V : settling velocity (cm/s) 

- η : dynamic viscosity of the fluid (poises) [assume 0.01 

- g : acceleration due to gravity (m/s2) [assume 9.81] 
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It is important to note that as moisture content varies within a Vertosol, so does bulk density 

(Bennet et al 2019), as the ‘shrink-swell’ mechanics transport soil particles closer and further 

apart. With this knowledge it is imperative that moisture content is determined before and 

after harvest in order to control for moisture content as a variable. 

 

3.1.1.3 Planting History 

The study field follows a typical pattern of fallows and wheat crops between the cotton crops. 

The most recent cropping history of the field is: 

- 2018-29 Season: Cotton 

- 2019 Winter: Fallow 

- 2019-20 Season: Fallow 

- 2020 Winter: Fallow 

- 2020-21 Season: Cotton (first traffic by CP690) 

- 2021 Winter: Wheat 

- 2021-22 Season: Cotton (second traffic by CP690) 

3.1.2 Methods for Estimating Cotton Yield 

Current scientific literature reference methods of estimating cotton yield by using high 

resolution cameras and multispectral analysis with varying levels of success. Huang et al 

(2013) used multispectral imagery to create a ‘ratio of vegetable index’ (RVI) to estimate 

cotton yield with a correlation factor R2 of 0.47 between RVI and cotton yield. 

 

Feng et al (2019) created a model of estimating cotton yield using unmanned aerial vehicles 

(UAV, aka drones) and photomosaic techniques. This technique involves creating a 

photomosaic and digital elevation model (DEM), in other words a ‘panorama’ with the view 

facing the ground from above and a 3D model of the field. This information set was then used 

to estimate plant height throughout the crop and relate this to an estimated yield, with a range 

of Pearson correlation coefficients of 0.54 – 0.95.  

 

Yang et al (2006) used a combination of the two above techniques using satellite imagery and 

multispectral sensing from a satellite with an effective pixel size of 8.4m. A model to 

estimate cotton yield utilizing this data was created and compared to actual cotton yield with 

R2 values of 0.432 – 0.621. 
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Due to uncertainties in the above methods and the inherent complexities of the data 

acquisition these methods are not considered adequate or possible for this project. Yield data 

instead was captured from the CP690’s internal systems and the trial picker internals systems 

for the control field. 

Picked cotton is constituted by three components: 

- Lint 

- Trash 

- Seed 

In order to sell the cotton, it must be processed by a cotton gin to remove the trash and 

seed from the lint (fibre) before being packed in 227kg ‘bales’ (Cotton Australia, n.d.). The 

economically important element thus is lint. The recorded yield values of lint/ha will be 

compared across the test and control field to determine the effective difference that the 

compaction may have on land managers. Notably, the lint content of the control field was 

derived from average proportions determined by handpicking assessments, with a lint 

content of 47-51%, and an average of 49%. The average value was used to derive the kg 

lint/ha value for the control field. 

3.1.3 Soil Sampling 

The methodology of this research aimed to employ similar techniques as those  

adopted in the aforementioned research of Bennet and Roberton (2019). Soil sampling occurred 

before harvesting in the 2012-22 Season and again post harvest, for a total of 2 sampling sets. 

The study field is delineated into two sections; one which has only been trafficked by a 

converted 2 row trial picker (referred to as the control field), and one which has had 2 traffics 

by a CP690 (referred to as the test field), 1 traffic before sampling occurred and 1 in between 

the sampling. 

 

Transects were made across the study field to provide 3 sets of measurements for the control 

field and the test field. The transects within the test field spanned along 2 frontages of a JD7760 

with soil cores taken in each furrow. The transects within the control field were inherently 

limited by proximity to sections of differing cultivars and nitrogen applications. As such, 2 

rows of soil cores were taken within the 3 interior furrows, for a total of 6 cores in each section. 

Refer to Appendix B for the locations of the sampling. 
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Soil cores were taken using a Christies Engineering CHPD78 Post Driver and a 1m soil scoring 

sleeve with 47mm cutting tip internal diameter. Soil cores were split into 0.1m sections using 

a purpose built core ruler and a paint scraper before being stored in foil-lined bags to reduce 

moisture loss. 

 

Figure 3-6: Converted Christie CHPD78 post driver with soil core attached 
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Figure 3-7: Soil core immediately after sampling 

 

Figure 3-8: Soil core after being sub-sampled into 10cm sections 
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The depth of the holes created by the soil corer were measured in three randomly selected cores 

to ensure that the length of extracted core matched the depth of the respective hole. This was 

done to ensure no compaction was being imparted on the samples by the action of the soil 

corer/post driver. It was found across the three measurements that variations were < 2% and as 

such it was considered that it did not represent a significant source of error. 

 

Along with soil cores at each sample point, soil strength measurements were made by a soil 

penetrometer along the transects every 0.2m down to a depth of 0.7m. The soil penetrometer 

logs the soil strength with depth every 0.01m. The crop hills were dug flat to ensure an even 

surface for the penetrometer to travel across, and to ensure the surface level was consistent 

across all readings. Care was taken such that the penetrometer testing was not near the void 

space created by soil coring to avoid inaccurate soil strength readings. Soil strength 

measurements were taken across 6 rows in the test field, corresponding to a single frontage of 

a CP690, and across 3 rows in the control field. Due to equipment failure penetrometer 

readings were not completed on the first sampling trip. 

 

 

Figure 3-9: Layout of sample points relative to furrow spacing for test field 

 

Figure 3-10: Layout of sample points relative to furrow spacing for control field 
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Figure 3-11: Aerial depiction of sample layout 

Using the soil corer method to take multiple bulk density measurements has been shown in 

past research to be accurate to ± < 1% compared to singular bulk density measurements using 

bulk density rings (Roberton & Bennet 2017). Along with bulk density this method also 

allows for concurrent derivation of moisture content, a property that has significant impact on 

compaction. Collection of this data allowed for the control of moisture content as a variable 

of compaction. In total, 432 soil core subsamples were taken per trip for a total of 864 

subsamples, and a total of 10,150 electronic measurements of soil strength. 

3.2 LABORATORY METHODS 

The laboratory work to analyse these samples included work to determine: 

i) Average weight of subsample bag, g 

ii) Gravimetric water content, % 

iii) Bulk density, g.cm-3 

iv) Volumetric water content, % 

v) Topsoil particle size distribution 
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3.2.1 Average Weight of Sample Bag 

A collection of 20 standard foil lined sample bags with labels were weighed to determine a 

mean weight. This weight was found to be 6.42g with a coefficient of variance (CV) of 0.8%. 

As the CV was low it was determined that using the mean weight to determine the weight of 

the actual sample was valid across all samples. 

3.2.2 Gravimetric Water Content 

Gravimetric water content is a measure of the weight of water in a unit of soil per weight of 

soil. To determine this in the laboratory the weight of water was found as the difference in the 

subsample weight pre and post oven drying at 105° C for 72 hours: 

𝑊𝑎𝑡𝑒𝑟 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒)

= 𝑃𝑟𝑒 𝑂𝑣𝑒𝑛 𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒 + 𝐵𝑎𝑔)

− 𝑃𝑜𝑠𝑡 𝑂𝑣𝑒𝑛 𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒 + 𝐵𝑎𝑔) 

The weight of the soil was determined by as the average weight of sample bag taken from the 

oven dry weight of subsample in bag: 

𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒) = 𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒 + 𝐵𝑎𝑔) − 𝐴𝑣𝑒. 𝑊𝑒𝑖𝑔ℎ𝑡 (𝐵𝑎𝑔) 

Thus, to determine the gravimetric water content (GWC): 

𝐺𝑊𝐶 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒), % =
𝑊𝑎𝑡𝑒𝑟 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒)

𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒)
 

3.2.3 Bulk Density 

Bulk density is a measure of the dry soil mass per unit volume, with the most common 

reporting units of g.cm-1 in the field of soil science. This research will use the common 

method described by Soil Quality Australia (Brown, K & Wherrett, A 2022). 

 

In order to determine the bulk density for each subsample the weight of dry soil must be 

known as well as the contributing volume of each subsample. To derive the dry weight of soil 

in each subsample the average weight of sample bag is taken from the oven dry weight of 

subsample in bag: 

𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒) = 𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒 + 𝐵𝑎𝑔) − 𝐴𝑣𝑒. 𝑊𝑒𝑖𝑔ℎ𝑡 (𝐵𝑎𝑔) 

Having the dry weight, the density is simply this divided by the known volume of the sample: 

𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒), 𝑔. 𝑐𝑚−3

=
𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒), 𝑔

𝑆𝑜𝑖𝑙 𝐶𝑜𝑟𝑒𝑟 𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟2, 𝑐𝑚2 ∗
1
4

∗ 𝜋 ∗ 𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒 𝐿𝑒𝑛𝑔𝑡ℎ, 𝑐𝑚
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𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒), 𝑔. 𝑐𝑚−3 =
𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒), 𝑔

4.272 ∗
1
4 ∗ 𝜋 ∗ 10

 

 

3.2.4 Volumetric Water Content 

Volumetric water content (VWC) is the volume of water per volume of soil and is simply the 

product of the gravimetric water content and the bulk density (Gravimetric & Volumetric Soil 

Water Content n.d.). This relationship relies on the assumption that the density of the soil 

water is 1g/cm3. 

𝑉𝑊𝐶 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒)% = 𝐺𝑊𝐶 (𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒)% ∗ 𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦(𝑆𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒) 

3.3 TECHNICAL ANALYSIS 

In order to derive technical insights and to understand and display data multiple software 

packages were used to understand and display the data. 

3.3.1 WebODM 

WebODM is an open-source photogrammetry tool used to create 3D and 2D models of a 

landscape or object from a collection of photos. On both trips a DJI Air 2S was used to 

collect a set of photos from 40m above the field looking down to create georeferenced 

photomosaics of the field with a spatial resolution of 2.5cm/pixel.  

3.3.2 QGIS 

QGIS is an open-source geographic interpretation software that can easily ingest and display 

geo-tagged data overlayed on satellite imagery. QGIS was used to create figures using the 

derived photomosaics and GPS locations taken during field testing. QGIS was also used to 

ingest and analyse the spatial data given by the John Deere CP690. 

 

The data output of the John Deere CP690 consisted of singular GPS points with attached 

values of kg lint/ha for each frontage with a resolution of 1 point/1.5m. The trial layout was 

mapped, and the corresponding plots were found using figures provided by ACRI. The data 

points for each of the test plots were clipped and each plot had the data points within its area 

averaged to derive a value of kg lint/ha for the corresponding plots. Data point density within 

the plot are represented in figure 3-11: 
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Figure 3-12: Individual data points output by CP690 

4 RESULTS 

This section aims to outline the key results obtained through testing. It will disseminate 

information obtained on soil constraints, compaction indices and cotton yield value. 

4.1 SOIL CONSTRAINTS 

To ensure that growth differences are not a result of differences in the chemical properties of 

the soil a single core was taken for each of the 3 control and test plots (refer to Appendix C). 

These chemical property cores were tested for pH using soil testing methods 4A1 & 4B2 

(Rayment & Lyons, 2011) and for electrical conductivity [EC] using soil testing method 3A1 

(Rayment & Lyons, 2011). The results have been compared across the different plots: 
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Figure 4-1: pH results in a 0.01M CaCl2 solution 
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Figure 4-3: EC results in a DI solution 

Figure 4-3 shows the results of EC1 5 of the soil samples, with the methodology being 

described in section 3. As the texture of soil can have a large impact on the it is standard to 

convert the EC1 5 to an ECe (equivalent EC) value for better comparison across different soil 

textures. This conversion is common in literature on soil salinity and crop growth, and is 

computed as: 

𝐸𝐶𝑒 = 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 (𝑆𝑜𝑖𝑙 𝑇𝑒𝑥𝑡𝑢𝑟𝑒) ∗ 𝐸𝐶1.5 

 

 





 

35 

 

soils, with growth limitations beginning at approximately 2,400 dS/cm ECe (Tenison & Wild, 

2014) and the tolerance threshold regarded as 7,700 dS/cm ECe (Chinnusamy, et al., 2005). 

The growth limitation threshold is crossed at 60cm depth in the control field and 65cm depth 

in the test field, in both cases only occurring the east and middle plot. 

4.2 COMPACTION ACROSS CONTROL AND TEST FIELD 
To determine the difference in levels of compaction across the control and test fields before 

the 2021-22 season harvest the bulk density measurements will be used as a proxy for 

compaction. The moisture content was also examined, with testing for statistical significance 

of moisture differences in later sections. 
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The average of the density and moisture content values shows a concise version of the above 

results: 

 

Figure 4-8: Average bulk density before harvest 

 

Figure 4-9: Average gravimetric moisture content before harvest 

Figure 4-8 clearly shows a trend of the test field having a higher bulk density throughout the 

profile, with the notable distinction of having lower bulk densities in the top 25cm. This is in 

line with the results seen in previous research (Bennett et al 2017). It also shows two  distinct 

elements of increased bulk density, occurring at 25cm and 65cm. It is unclear what has 

caused this behaviour. Figure 4-9 however demonstrates a generally more saturated condition 

throughout the profiles within the test field. As mentioned before, a soil with a higher 

moisture content is prone to higher levels of compaction under the same load compared to a 

soil with a lower moisture content. The statistical significance of this difference is explored in 

the next section. 
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4.3 COMPACTION DUE TO HARVEST 
The instantaneous compaction will be determined by examining the results outlined in section 

4.2, as well comparing the increases in bulk density as a percentage of the original value: 
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significance value must be chosen. Largely, scientific research uses a value of 5%, or a p-

value of 0.05 (Shrestha, 2019). Some studies in agricultural research however have used a 

significance value of 20%, or 0.2 (Bennett et al, 2017). 

It is observed in tables 5 – 14 through 5 – 17 that neither of the selected levels of significance 

were consistently observed in any of the statistical testing. 

 

4.5 PENETRATION RESISTANCE 

On the second trip, after the harvesting of cotton, a penetrometer was used to determine the 

penetration resistance of the control and test fields. As stated in the literature review, the soil 

strength at which crop roots tend to cease exploration is 1490 kPa. As such, this was the main 

point of investigation, i.e., that soil penetrometer data was analysed to determine where and 

how often the soil strength of the plots approached or exceeded this soil strength limit. 

 

Figure 4-17: Penetration resistance for Test East 

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

0 20 40 60 80

So
il 

St
re

n
gt

h
 (

kP
a)

Depth (cm)

Test East Exploration Limit
Point 1
Point 2
Point 3
Point 4
Point 5
Point 6
Point 7
Point 8
Point 9
Point 10
Point 11
Point 12
Point 13
Point 14
Point 15
Point 16
Point 17
Point 18
Point 19
Point 20
Point 21
Point 22
Point 23
Point 24
Point 25
Point 26
Point 27
Point 28
Point 29
Point 30
Point 31



 

56 

 

 

Figure 4-18: Penetration resistance for Test Middle 

 

Figure 4-19: Penetration resistance for Test West 
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Figure 4-20: Penetration resistance for Control East 

 

Figure 4-21: Penetration resistance for Control Middle 

 

Figure 4-22: Penetration resistance for Control West 
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A difference in penetration resistance post-harvest was recorded and conflicts with the lack of 

difference in bulk density values. It is unclear why these indices do not correlate in these 

circumstances, though it is likely due to the different moisture levels observed in post-harvest 

conditions. 

 

A difference in yield was observed based upon the data provided by the Australian Cotton 

Research Institute. This difference was reported in figures 5-24 and 5-25 and constituted an 

18% increase in average lint yield within the test field compared to the control yield. This 

increase related to an extra 248 kg of lint per hectare of cropped land. A singular cotton yield 

result, East-Control, as seen in figure 5-24 was exceedingly higher than the other control field 

plots. The East-Control value was 40% higher than the next highest control value, West-

Control. It is possible that this measurement constitutes an outlier, either in the quality of the 

plants within this section or in a fault in the measurement of lint yield for this plot. When the 

data was re-examined without the East-Control figure the difference in lint yield dropped to 

6%, or an extra 70kg of lint per hectare of cropped land. It is likely that this is a more 

accurate representation of the difference in yield in a field that has had no traffics by a 

CP690/JD7760 or another similar machine compared to a field that has. 

 

Under the assumption that these results are accurate the economics of what this difference 

would mean for land managers will be invested. In the 2019-2020 cotton season the cost of 

cotton lint was an average of $597/bale, with 227kg/bale (AgEcon, 2019). This constitutes an 

average cost of $2.63/kg of lint. Under a scenario in which the yield difference of 6% is seen 

in a real-world scenario this would constitute an extra $184/ha of value extracted from the 

extra lint yield in a field that has not been trafficked by a CP690. Comparing this to an 

average cotton field, which is reportedly 467 ha (Cotton Australia, 2012) this would 

constitute a difference of $85,928 difference in the value of lint yield in a field that hasn’t 

been trafficked by a CP690 compared to a field that has. It should be noted that the economic 

consideration of cotton is much more complicated, with spraying costs, licencing costs for 

cotton seeds and cost of labour at planting and harvest all being large factors. 

 

Ultimately, while the trial showed a measured decrease in cotton yield in the field trafficked 

by the CP690 it was not able to be confirmed that differences in compaction indices were the 

result of the different machine weights alone. If further research was to be undertaken in this 

field, it is recommended that a larger data set is tested using the same methodology. This is 
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recommended to increase the effectiveness of statistical testing as well as decreasing the 

effect of natural variability in cotton growth. 

6 CONCLUSIONS 

In this study bulk density and penetration resistance were used as proxy measures for the 

compaction of a clay soil cotton field near Narrabri, NSW. Compaction values and cotton lint 

yields were compared to determine if traffic by combination harvest and bale cotton 

harvesters, such as the CP690/JD7760 had a measurable impact on the level of compaction in 

the soil, and if this compaction relates to a decrease in cotton lint yield. It was found that 

some measurable increase in compaction in a field trafficked by a CP690 compared to a field 

trafficked by a 2-row trial picker existed in pre-harvest conditions. This increase was negated 

in the investigations of post-harvest conditions. The observed differences in density 

measurements, and the associated moisture content measurements did not satisfy statistical 

significance values of p = 0.05 or =p = 0.2. This results in a lack of sufficient evidence to 

conclude that the compaction difference observed is solely the response of the increased 

machinery weight, and it is likely that differences in moisture content throughout the fields 

were indeed the primary factor. 

 

A measurable decrease in cotton yield was observed in the field trafficked by the CP690 

compared to the trail picker field. However, with a relatively small sample size of 3 field 

sections in the test field (CP690 field) and the control field (trial picker field) it is not 

possible to conclude that this yield reduction can be expected in other cropping systems. This 

research does represent a point of data that suggests yield deficits can be expected in fields 

trafficked by JD7760’s/CP690’s however further research must be conducted before concrete 

conclusions can be made and data confidently used for economic evaluation of the 

cost/benefits of this machinery. 
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8 APPENDIX 

8.1 PROJECT SPECIFICATION 
ENG4111/ENG4112 Research Project 

Project Specification 

For:  Adam Henderson 

Title: Combination Harvest and Baling Machinery’s Impact on Soil Health and 

Productivity in High Clay Content Cotton Fields of Northern NSW 

Major:  Environmental Engineering 

Supervisor(s): Stirling Roberton 

Sponsorship:  Cotton Research and Development Corporation 

Enrolment: ENG4111 – ONC S1, 2022                                                                                                                                            

  ENG4112 – ONC S2, 2022 

Project Aim: To use soil sampling/analysis techniques to determine the changes in bulk 

density/water holding capacity of high clay percent cotton fields after having 

much higher loads placed on it soil surface during  harvest; to analyse the 

effect these changes have on cotton productivity and to represent the pertinent 

data using modern GIS and programming solutions. 

 

Programme: Version 1, 14th March 2022 

1. Review existing literature on soil compaction regarding its causes, effects and what 

metrics can be used to best represent these extents. 

2. Review current best methods for determining these metrics in a field environment, 

including sampling techniques for later laboratory analysis and use this information to 

create a ‘sampling analysis plan’ or similar. 

3. Co-ordinate with farming co-operator representative to determine field access 

availability and possible times. 

4. Attend field site. 

5. Use the P13 and P12 laboratory facilities at the discretion of staff i.e. Alla Marchuk to 

obtain necessary laboratory results. 

6. Develop numerical and graphical analysis of complete data set using R and QGIS 

respectively. 

7. Conclude findings based on analysis. 

If time and resources permit: 

8. Develop and install a row-by-row cotton yield monitor in commercial cotton picker 

and analyse diff 

Alternatively, if field access is unavailable: 

9. Supervisor (Sterling Roberton) has noted that some data already exists for ______. In 

the case of the field access falling through obtain this data for analysis. 

10. Create mapping and analysis based on data. This depends on data type. 
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Project Plan 

 

 

 

 

 

Submission Note: Due to uncertainty of field access times this chart is only indicative for the initial revision and will become more detailed. 

 

 

 

 

 

Elapsed Time at Writing

Submission

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Literature Review

Analysis/Sampling Review

Field Trip (unkown at writing)

Laboratory Work

Programming Study

GIS Study

Dissertation Drafting

Dissertation Finalisation

Brk.

Semester 1

Week
Actitivity

Break Semester 2

Break



Project Resources 

Field Access 

- This is currently under coordination by Dr. Stirling Roberton and is slated to 

be sometime in April/May. 

- Lodging and food need to be sorted for this trip/ 

- Most likely to be in company of David West and possibly Stirling for field 

trip. 

 

Field Equipment 

- University equipment is to be used for data collection in field and as such the 

coordinating of availability of pertinent equipment is necessary. 

 

Laboratory Access 

- I’m already fully inducted into P12, P13 with security access. This allows for 

the initialization of lab data collection as soon as possible. 

 

Study Material for R/GIS 

- Textbook for R has already been acquired. 

- Possible use of ‘non-academic’ resources such as skillshare, youtube, forums 

are likely to be helpful for the learning of these and I should begin cultivating 

an information network. 

 

Study Time 

- Coordinate with work to allow for extra time when nearing completion and to 

allow for field trip. 

 

Contingency 

- Due to field access being a linchpin of this thesis it will be wise to begin 

planning for contingency as the field access dates get closer. 





































































 

                          

 












