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Executive Summary 

Loss of sediment, particulate nitrogen and particulate phosphorus in runoff from the extensive 
grazing lands of the Fitzroy Basin, central Queensland, continue to contribute to the declining health 
of the Great Barrier Reef. Substantial investment has been made by the Australian and Queensland 
Governments to improve runoff water quality from grazing land; however, there is little data directly 
comparing the effect of grazing pressure on hydrology and water quality. This is further confounded 
by the difficulty of separating the impacts of climate variability from the anthropogenic impacts of 
changing land use from native vegetation to grazing. This study measured changes in hydrology and 
water quality from conservative and heavy cattle grazing pressures on rundown improved grass 
pastures. Conservative grazing pressure reflected the safe long-term carrying capacity for rundown 
buffel grass pastures, whereas heavy grazing pressure reflected stocking rates recommended for 
newly established pastures. This study also considered the anthropogenic effect of changing land use 
from brigalow scrub to an improved grass pasture with a conservative grazing pressure. 

After four below-average rainfall years from 2015 to 2018 (Appendix 1.1), heavy grazing resulted in 
3.6 times more total runoff and 3.3 times greater average peak runoff rate compared to 
conservative grazing. No runoff occurred from brigalow scrub in two of the four years, which means 
that no runoff would have occurred from the conservatively grazed pasture had it remained 
uncleared. Mean annual loads of total suspended solids, nitrogen and phosphorus (total and 
dissolved) in runoff were greater from the two grass pastures than from brigalow scrub, while loads 
from heavy grazing were greater than from conservative grazing. In contrast, event mean 
concentrations were lower from heavy than conservative grazing due to the dilution effect of 
increased runoff. In the two years with no runoff from brigalow scrub, total runoff and pollutant 
loads from conservatively grazed pasture were an absolute anthropogenic increase attributable to 
land use change.  

Hydrology and water quality monitoring continued for the first six months of the 2019 hydrological 
year. Mean annual rainfall for this period was also below the long-term average; however, rainfall in 
the month of October, when runoff occurred, was the second-highest October total on record. This 
resulted in both the highest mean annual and event based runoff from all three catchments 
compared to 2015 to 2018. During 2019, loads of total suspended solids, particulate nitrogen and all 
phosphorus parameters remained higher from heavily than conservatively grazed pasture. However, 
loads of total and dissolved nitrogen were lower from heavily than conservatively grazed pasture, 
which is in contrast to the 2015 to 2018 period where loads were greater from heavily grazed 
pasture. Event mean concentrations were consistently lower from heavily grazed pasture compared 
to conservatively grazed pasture for both reporting periods. 

Modelling of the long-term hydrology and water quality data from the Brigalow Catchment Study 
has shown that an unfertilised cropping system exports higher loads of total suspended solids, 
nitrogen and phosphorus (total and dissolved) compared to a conservatively grazed pasture 
(Appendix 1.2). Furthermore, grazed pasture exports higher loads of total suspended solids and 
phosphorus compared to brigalow scrub, but less total and dissolved inorganic nitrogen. One 
explanation for the variation in the magnitude and direction of pollutant differences between 
treatments is dilution. That is, increased runoff from either above average rainfall or a treatment 
effect, such as grazing pressure or a bare fallow, results in the dilution of pollutants in runoff which 
leads to lower event mean concentrations. This highlights the importance of reporting runoff data, 
as high loads are not necessarily related to high event mean concentrations. 
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Other research at the Brigalow Catchment Study (Appendix 1.3) investigated changes in soil fertility 
when changing land use from brigalow scrub to either an unfertilised cropping system or a 
conservatively grazed pasture. Increases in mineral nitrogen and both total and available 
phosphorus were found in surface soil due to ash deposition from clearing and burning native 
vegetation. However, total and available nitrogen and phosphorus under both agricultural systems 
declined over the subsequent 32 years since land use change. The effective depth of interaction for 
rainfall, runoff and soil is 0.1 to 4.0 cm (Sharpley 1985), so the cumulative loss of sediment and 
nutrients in runoff and the subsequent decline in surface soil fertility over time are interrelated. This 
highlights the importance of not just monitoring runoff pollutants, but also the fertility of the soil 
surface to improve understanding of agricultural land management impacts. 

Determination of particle size distribution in both runoff and deposited material was undertaken at 
the Brigalow Catchment Study for the first time during the 2019 hydrological year. Land uses with 
high cover and high biomass had the lowest proportion of fine particles less than 16 µm in runoff. No 
correlation was found between loads of total suspended solids and fine particles. The proportion of 
ultrasonically dispersed fine particles from land uses with low cover and low biomass was 94%, 
which is the same as that reported at the end of catchment scale for the Fitzroy Basin. A fine particle 
sediment enrichment ratio of 1.6 was observed from deposited material to runoff. Despite clear 
trends, this data only represents a single point in time and ongoing monitoring will be essential to 
improve confidence in these findings. 

Long-term data from the Brigalow Catchment Study has also been used to develop methods for 
estimation of peak runoff rate to improve erosion modelling activities in Great Barrier Reef 
catchments (Appendix 1.4). Four methods of estimating peak runoff rate were compared using data 
from three catchments, both prior to clearing brigalow scrub (1965 to 1982) and after conversion of 
two catchments to either cropping or grazing, while the third catchment was retained as brigalow 
scrub (1985 to 2004). Despite different data requirements and complexity, all four methods were 
easily applied with parameter values derived from widely available rainfall data, easily measured or 
estimated runoff volume data, and basic physical descriptors of the catchment.  

In summary, the long-term Brigalow Catchment Study dataset has been fundamental for addressing 
numerous knowledge gaps through: (1) the provision of empirical data to support the adoption of 
improved agricultural land management practices; and (2) collaboration with modellers funded by 
the Paddock to Reef Integrated Monitoring, Modelling and Reporting Program to further refine 
parameters used to report progress towards achieving the Reef 2050 Water Quality Improvement 
Plan 2017 to 2022 water quality targets. A conceptual model of the outputs from the Brigalow 
Catchment Study and how they have delivered on the objectives of the Paddock to Reef Integrated 
Monitoring, Modelling and Reporting Program highlights these achievements.
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1 Introduction 

The 2017 scientific consensus statement on Great Barrier Reef water quality identified the Fitzroy 
Basin as a high priority area for reducing fine sediment and particulate nutrients (Waterhouse et al. 
2017). Grazing is the dominant land use in this region, with more than 2.6 million cattle over 11.1 
Mha (Australian Bureau of Statistics 2009; Meat and Livestock Australia 2017). This is the largest 
cattle herd in any natural resource management region in both Queensland and Australia, 
accounting for 25% of the state herd and 11% of the national herd (Meat and Livestock Australia 
2017). Despite the extent of the grazing industry in this region, and throughout northern Australia, 
there is little data directly comparing the effect of grazing pressure on hydrology and water quality. 
This is further confounded by the difficulty of separating the impacts of climate variability from the 
anthropogenic impacts of changing land use from native vegetation to grazing.  

This study measured changes in hydrology, water quality, ground cover and pasture biomass from 
cattle grazing at conservative and heavy grazing pressures on rundown (>30 years old) improved 
grass pastures. Furthermore, it also considered the anthropogenic effect of changing land use from 
virgin brigalow scrub to an improved grass pasture with a conservative grazing pressure. Data 
collected from 2015 to 2018 was reported by Thornton and Elledge (2018) for the Paddock to Reef 
Integrated Monitoring, Modelling and Reporting Program (hereafter referred to as the Paddock to 
Reef program) (Appendix 1.1). Monitoring of hydrology and water quality continued for the first half 
of the 2019 hydrological year. The synthesis of both monitoring periods, from 2015 to 2019, is 
captured in the current report for the Queensland Reef Water Quality Program. In addition, the 
scope of the current report was broadened to include particle size distributions (PSD) of soil in runoff 
and in deposited material.  

Documenting the link between improved land management practices and improvements in water 
quality underpin the adaptive management approach of the Reef 2050 Water Quality Improvement 
Plan 2017 to 2022 (hereafter referred to as Reef Plan), which seeks to improve the quality of water 
flowing from catchments adjacent to the Great Barrier Reef. Monitoring and modelling activities 
from the Paddock to Reef and Queensland Reef Water Quality Programs are used to evaluate 
progress towards the Reef 2050 Water Quality Improvement Plan targets in the Great Barrier Reef 
Report Cards (The State of Queensland 2018; Waterhouse et al. 2019). A substantial body of 
evidence documents the anthropogenic effects of land use change on natural resources in the 
Brigalow Belt bioregion, particularly in the Fitzroy Basin. A doubling of runoff (Thornton et al. 2007) 
and similar increases in peak runoff rate (Thornton and Yu 2016) have been reported as a result of 
land use change, which implies that there has been a subsequent anthropogenic impact on water 
quality. An additional aim of this study was to use 25 years of runoff data and 10 years of water 
quality data to determine loads of total suspended solids, nitrogen and phosphorus in runoff from 
cropping and grazing compared to virgin brigalow scrub. The anthropogenic effect of changing land 
use from native vegetation to agriculture was published by Elledge and Thornton (2017) in the 
journal of Agriculture, Ecosystems and Environment (Appendix 1.2).  

During an independent review of the Paddock to Reef program in 2015, the methods used by 
paddock monitoring, paddock modelling and catchment modelling to calculate an event mean 
concentration (EMC) were rigorously debated. Similar comments were also reiterated to authors 
during the journal review process for Elledge and Thornton (2017). As the Great Barrier Reef Report 
Card is underpinned by these monitoring and modelling activities, it was necessary to validate the 
method used to derive EMCs. To address this knowledge gap, four methods were compared using 16 
years (2000 to 2015) of water quality data from five catchments of the long-term Brigalow 
Catchment Study (BCS). These results are reported in Appendix 1 of Thornton and Elledge (2018). 
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Validation of the EMC method was undertaken with data from catchments that had undergone land 
use change from virgin brigalow scrub to agriculture 18 years prior to the start of the dataset. 
However, soil fertility in these catchments has been shown to limit plant growth within 12 years of 
land use change (Radford et al. 2007), which had also occurred prior to the start of the dataset. 
Given water quality loads are a result of the interaction between runoff and surface soil (Lin et al. 
2006; Sharpley 1985), it is possible that changes in soil fertility as a result of land use change would 
also result in changes to water quality over time. Thus, surface soil fertility (0 to 10 cm) was 
investigated from 1981 (pre-clearing) to 2014 by Thornton and Shrestha (Unpublished). This is a 
draft manuscript that has received approval by the Queensland Government for external release to 
the journal Soil Research (Appendix 1.3). These results facilitate modelling by numerically describing 
the starting condition of the landscape and mathematically defining fertility trends over time. 
Discussion on the mechanisms of change further informs process based models, assisting in moving 
forward from traditional empirical black box (conceptual) models. 

In the future, long-term soil fertility and water quality data from the BCS can be integrated to 
investigate the hypothesis that changes in soil fertility, as a result of land use change, would also 
result in changes to water quality over time. This is relevant to the Paddock to Reef program as 
temporal changes in water quality as a result of fertility decline from a consistently managed, single 
land use catchment, cannot be resolved by implementing APSIM, HowLeaky or eWater Source 
models in their current frameworks. Testing of this hypothesis is required to determine if there is a 
need to change the model frameworks.  

Other identified research priorities for the modelling components of the Paddock to Reef program 
included developing spatially derived peak runoff rates to allow the modified universal soil loss 
equation (M-USLE) for erosion modelling to be implemented within eWater Source (Carroll and Yu 
2018). Hydrological characteristics of the BCS are already well documented (Thornton et al. 2007; 
Thornton and Yu 2016), so runoff data from the same catchments were used to identify a suitable 
method to derive peak runoff rate. Four methods that used either site specific regression, rainfall 
rate, curve number or infiltration rate as the primary runoff driver were evaluated against observed 
peak runoff rate by Thornton and Yu (Unpublished). This is a draft manuscript that has received 
approval by the Queensland Government for external release to the journal of Soil Research 
(Appendix 1.4). 

The current report demonstrates the integration and synthesis of knowledge obtained from strategic 
investments from various Reef Plan programs along with long-term foundational datasets from the 
BCS. A conceptual model of the outputs generated from the BCS during the period of Reef Plan 
funding (2010 to 2019) is provided in Figure 1. The technical reports and journal papers listed 
provide a body of evidence that: (1) documents anthropogenic impacts on soil and water resources; 
(2) demonstrates management practices that can improve water quality outcomes from grazing 
land; and (3) provides data to further refine modelling components of the Paddock to Reef program. 
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Grazing land management: Leguminous pastures  
(butterfly pea and leucaena leguminous pastures compared to improved grass pasture and virgin brigalow scrub) 

Photosystem inhibiting (PSII) herbicides: Tebuthiuron management in grazing lands  
(butterfly pea and improved grass pastures) 
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Grazing land management: Leguminous pastures and grazing pressure  

(desmanthus and leucaena leguminous pastures compared to conservatively and heavily grazed improved grass pastures and virgin brigalow scrub) 

Figure 1: Conceptual model of technical reports and journal papers that have been delivered by the Brigalow Catchment Study project from 2010 to 2019 while supported by various Reef Plan programs. 

Thornton and Elledge (2018) # 
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agriculture on hydrological 
characteristics (1965 to 2004; 
observed and modelled data) 
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+^ [Appendix 1.4 in current 
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Comparison of four methods for 
estimating peak runoff rate (1965 
to 2004; observed and modelled 
data) 

Thornton and Elledge (2018) # 

Comparison of four methods for 
calculating a mean annual EMC 
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hydrology and water quality; 
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Effect of clearing brigalow on 
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addendum for an additional 18 
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Effect of changing brigalow to 
agriculture on hydrology and 
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(Thornton and Elledge 2013) #  

Effect of pasture type on seasonal 
trends in soil and pasture nutrient 
concentrations (2011 to 2013; 
observed data) 
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2 Methods 

This report is an addendum to the paddock scale water quality monitoring that occurred from 2015 
to 2018 at the BCS, near Theodore in central Queensland (Thornton and Elledge 2018). This study 
includes an additional six months data collected during the wet season of the 2019 hydrological year 
(October to March). While not a complete hydrological year, no additional runoff events were 
expected as April to October encompasses the dry season. This report only updates the hydrology 
and water quality results, not the ground cover and pasture biomass results. Monitoring for the 
2019 hydrological year was also expanded to include measurements of PSD of soil in both runoff and 
deposited material, as described in Section 2.3. 

2.1 Site Description and Treatments 

A comprehensive description of the study site, experimental design, analytical methods and data 
analyses are provided in Thornton and Elledge (2018). Grazing management during the 2019 wet 
season in relation to the 2015 to 2018 grazing pressures are summarised in Table 1 and Table 2.  

Table 1: Annual stocking rates in adult equivalents (AE) per hectare per year and also in hectare per AE for the 
two pastures. 

Year Stocking rate (AE/ha/yr) Stocking rate (ha/AE) 

Conservative grazing Heavy grazing Conservative grazing Heavy grazing 

2013 Destocked 0.09 Destocked 1.90 

2014 0.19 Destocked 0.67 Destocked 

2015 0.20 0.83 3.86 0.81 

2016 0.13 0.20 1.47 1.32 

2017 0.19 0.26 4.42 1.11 

2018 Destocked 0.85  Destocked 0.52 

2019 0.06 0.13 4.35 0.96 
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Table 2: Annual number of non-grazed days (spelling) for the two pastures. 

Year Pasture spelled (days/yr) 

Conservative grazing Heavy grazing 

2013 365 303 

2014 320 365 

2015 80 33 

2016 297 286 

2017 76 180 

2018 365 146 

2019 264 319 

 

Measurement of PSD in runoff was undertaken during the 2019 hydrological year from all five 
catchments of the BCS. This includes Catchments 2 and 4 which were not incorporated in the 
Paddock to Reef program report (Thornton and Elledge 2018), but have been previously monitored 
and reported as part of the Reef Rescue Research and Development program (Thornton and Elledge 
2013; Thornton and Elledge 2014b). During the 2018 and 2019 hydrological years, Catchment 2 was 
a cropping treatment in fallow with minimal cover levels after the butterfly pea ley pasture was 
terminated by disc ploughing and other operations to prepare the paddock for replanting (Table 3). 
Catchment 4 was a grazed leucaena and grass treatment with an average stocking rate of 0.18 
AE/ha/yr, or alternatively 1.45 ha/AE, and 271 non-grazed days in the year. Pasture biomass from 
Catchment 4 was 0.2 t/ha in the 2018 late dry season. PSD of deposited material was only monitored 
from Catchment 2. 

Table 3: Fallow management operations performed in Catchment 2 over the 2018 to 2019 hydrological years. 

Date Operation Description 

12/10/2017 Tillage Termination of previous pasture by tillage with an offset disc plough 
resulting in full profile inversion 

12/11/2017 Herbicide Application of non-selective herbicides aiming for 100% plant mortality 

06/03/2018 Tillage Tillage with an offset disc plough resulting in full profile inversion 

13/09/2018 Herbicide Application of non-selective herbicides aiming for 100% plant mortality 

01/11/2018 Herbicide Application of non-selective herbicides aiming for 100% plant mortality 

17/12/2018 Tillage Tillage with a scarifier resulting in disturbance of the soil surface, but 
not inversion of the profile 
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2.2 Hydrology and Water Quality 

Monitoring of hydrology and water quality from the brigalow scrub and two grass pastures, with 
either conservative or heavy grazing pressure, for the 2015 to 2018 hydrological years are outlined in 
Thornton and Elledge (2018). Monitoring continued for the first six months of the 2019 hydrological 
year (October 2018 to March 2019) using the same methods, except that laboratory analyses were 
undertaken by the Department of Environment and Science Chemistry Centre. 

2.3 Particle Size Distribution 

2.3.1 Runoff 

Monitoring of PSD from all five catchments of the BCS commenced in 2019. Analysis of PSD was 
performed by laser diffraction of runoff samples. This was undertaken by the Department of 
Environment and Science Chemistry Centre using a Malvern Mastersizer 3000E (lens range 0.02 to 
2,000 μm) according to methods developed in accordance with the instrument operating 
procedures, Australian standard AS 4863.1-2000 and method 2560 D (Standards Australia 
International 2000). Samples were analysed both as-received and after drying and grinding; the 
latter where samples were air dried at 40°C and ground to pass a 2 mm sieve. No other pre-
treatments, such as chemical digestion, were performed. The Mastersizer was operated at a pump 
speed of 2,800 revolutions per minute, with sonication by probe performed for 150 seconds with 20 
μm of tip displacement. PSDs using similar methods have been reported by a number of Great 
Barrier Reef sediment and erosion studies (Bainbridge et al. 2016; Eyles et al. 2018; Garzon-Garcia et 
al. 2018).  

The Udden–Wentworth size classification, rounded to zero decimal places, was adopted for this 
study (Leeder 1982). Particles less than 4 μm are classified as clay, particles 4 μm to less than 16 μm 
are very fine and fine silt, particles 16 μm to less than 20 μm are medium silt, particles 20 μm to less 
than 63 μm are medium and coarse silt, and particles 63 μm to 2,000 μm are sand. Fine particles less 
than 16 μm are considered to be the greatest risk to Great Barrier Reef water quality; however, 
modelling components of the Paddock to Reef program focus on fine particles less than 20 μm 
(Bartley et al. 2017). References to fine particles in this report refer to particles less than 16 μm. 
Data on particles less than 20 μm are provided to assist with modelling.  

Three dispersion methods were also compared for the determination of PSD: (1) non-dispersed 
which represents runoff with particles that have recently detached from the soil surface; (2) 
mechanically dispersed which represents how particles might present in a river system under flow 
conditions; and (3) ultrasonically dispersed which represents disaggregation to primary particles and 
information on the shearing resistance of clay particles. Sample numbers that are missing from 
events in the results section are due to the automatic samplers not detecting liquid when triggered. 

2.3.2 Deposited Material 

Within the cropping bare fallow (Catchment 2) of the BCS, eroded material from the hillslope that 
was deposited at the end of three waterways (one grassed and two immediately adjacent to the 
bare fallow) were sampled for determination of PSD. A composite sample of four to six cores was 
collected from each site where the depth of deposited material was greater than 0.10 m. Cores were 
collected by manually pushing a 0.042 m diameter coring tube into the deposit. Laser diffraction of 
deposited material was undertaken by the Department of Natural Resources, Mines and Energy 
using a Malvern Mastersizer 2000E (lens range 0.02 to 2,000 μm) according to the method of Eyles 



Thornton and Elledge 2019 

8 
 

et al. (2018). In addition to this method, which required samples to be dried and ground, PSD of 
deposited material was also determined for the unprocessed, as-received sample. 

3 Results 

3.1 Hydrology 

Total annual rainfall at the study site was below the long-term mean annual rainfall of 643 mm 
(October 1965 to March 2019) in all five hydrological years (Figure 2). Rainfall was in the 32nd 
percentile in 2015 (563 mm), the 30th percentile in 2016 (562 mm), the lowest on record in 2017 
(272 mm), the 42nd percentile in 2018 (584 mm), and the 4th percentile for the first six months of the 
2019 hydrological year (363 mm). However, the 2019 runoff event occurred in the second wettest 
October on record (1965 to 2019). 

 

Figure 2: Total annual hydrological year rainfall for 2015 to 2019 relative to the long-term mean annual rainfall 
for the Brigalow Catchment Study. * Rainfall in 2019 is an incomplete hydrological year from October 2018 to 
March 2019 only. 

Similar to rainfall, runoff for the five hydrological years was below the long-term mean annual runoff 
(1985 to 2019) for the brigalow scrub and conservatively grazed catchments (Figure 3). The heavily 
grazed catchment was instrumented in 2014, at the commencement of this study, and mean annual 
runoff was based on five years (2015 to 2019) of data. Runoff from brigalow scrub was in the 31st 
percentile in 2015, no runoff occurred in 2016 or 2017, the 28th percentile in 2018, and the 56th 
percentile for the first six months of the 2019 hydrological year. Runoff from the conservatively 
grazed catchment was in the 34th percentile in 2015, the 29th percentile in 2016, no runoff occurred 
in 2017, the 15th percentile in 2018, and the 42nd percentile for the first six months of 2019. The 
heavily grazed catchment had the same amount of runoff (28 mm) in both 2015 and 2016, no runoff 
occurred in 2017, and runoff in 2018 and 2019 was 68% and 172% of the 2015 to 2016 average, 
respectively. Although 2019 is an incomplete hydrological year and mean annual rainfall is currently 
below the long term average, runoff contributed to 98% of the total runoff over the total five years 
presented in this report for brigalow scrub, and contributed to 44% and 39% of runoff from 
conservatively and heavily grazed pastures, respectively.  
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Figure 3: Total annual hydrological year runoff for 2015 to 2019 relative to the long-term mean annual runoff 
for the three catchments. Long-term means were based on 35 years (1985 to 2019) data for the brigalow scrub 
and conservatively grazed catchments, and five years data (2015 to 2019) for the heavily grazed catchment. * 
Runoff in 2019 is an incomplete hydrological year from October 2018 to March 2019 only. 

Hydrological data and water quality sampling effort for 2015 to 2019 are summarised in Table 4. 
Over the five hydrological years, there was a total of three events from the brigalow scrub 
catchment, five events from the conservatively grazed catchment, and six events from the heavily 
grazed catchment. Although the number of events and total runoff was low in these below-average 
rainfall years, when runoff did occur, the heavily grazed catchment had consistently greater runoff 
than the conservatively grazed catchment. A similar trend was also observed for peak runoff rates 
with both average and maximum values greatest from the heavily grazed pasture.  

Using the hydrological calibration developed during Stage I (1965 to 1982) (Thornton and Elledge 
2018), runoff characteristics for the conservatively grazed pasture (Catchment 3) can be estimated 
had it remained brigalow scrub (Table 5). In 2015, conservatively grazed pasture generated 65 times 
more total runoff and 13 times greater peak runoff than uncleared estimates for this catchment. As 
no runoff occurred from the brigalow scrub catchment (Catchment 1) in 2016 and 2017, there would 
have been no runoff from Catchment 3 in an uncleared state. Total runoff and peak runoff from the 
brigalow scrub and conservatively grazed pasture catchments were similar in both 2018 and 2019 
(Table 4), which means that there was negligible difference between observed and estimated 
uncleared runoff from the conservatively grazed catchment in that year (Table 5).  
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Table 4: Observed annual hydrological year summaries of runoff and sampling effort for three catchments. * 
Runoff in 2019 is an incomplete hydrological year from October 2018 to March 2019 only. 

Parameter Year Brigalow scrub Conservative grazing Heavy grazing 

Number of 
events 

2015 1 2 2 

2016 0 1 1 

2017 0 0 0 

2018 
2019 * 

1 
1 

1 
1 

2 
1 

Number of 
samples 

2015 0 3 21 

2016 0 2 6 

2017 0 0 0 

2018 
2019 * 

0 
7 

0 
7 

4 
12 

Total runoff 
(mm) 

2015 0.2 13 28 

2016 0 8 28 

2017 0 0 0 

2018 
2019 * 

0.1 
17 

0.1 
16 

19 
49 

Average peak 
runoff rate 

(mm/hr) 

2015 0.1 2.6 6.4 

2016 0 1.0 2.6 

2017 0 0 0 

2018 
2019 * 

0.1 
7 

0.1 
6 

2.6 
20 

Maximum 
peak runoff 

rate (mm/hr) 

2015 0.1 3.1 6.5 

2016 0 1.0 2.6 

2017 0 0 0 

2018 
2019 * 

0.1 
7 

0.1 
6 

4.7 
20 
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Table 5: Predicted annual hydrological year summaries of runoff from the conservatively grazed pasture 
catchment had it remained uncleared brigalow scrub. * Runoff in 2019 is an incomplete hydrological year from 
October 2018 to March 2019 only. 

Parameter Year Conservative grazing 

Estimated 
uncleared 

runoff (mm) 

2015 0.2 

2016 0 

2017 0 

2018 
2019 * 

0.1 
12 

Increase in 
runoff under 
pasture (mm) 

2015 12 

2016 8 

2017 0 

2018 
2019 * 

0 
3 

Estimated 
uncleared 

average peak 
runoff rate 

(mm/hr) 

2015 0.2 

2016 0 

2017 0 

2018 
2019 * 

0.4 
6 

Increase in 
average peak 

runoff rate 
under pasture 

(mm/hr) 

2015 2.4 

2016 1.0 

2017 0 

2018 
2019 * 

0 
0 

3.2 Water Quality 

Loads and EMCs of total suspended solids, nitrogen and phosphorus for the first six months of the 
2019 hydrological year are presented in Table 6. Results for the 2015 to 2018 hydrological years 
have previously been presented in Appendix 2 of Thornton and Elledge (2018). There was no runoff, 
and hence no water quality from any catchment in 2017. 

Loads of total suspended solids and all nitrogen and phosphorus parameters from heavily grazed 
pasture were between 1.4 and 3.7 times greater than from conservatively grazed pasture from 2015 
to 2018. During 2019, loads of total suspended solids, particulate nitrogen and all phosphorus 
parameters from heavily grazed pasture were 1.0 to 2.3 times greater than conservatively grazed 
pasture. In contrast, loads of total and dissolved nitrogen were lower from heavily grazed pasture. 
EMCs were consistently lower from heavily grazed pasture, being only 30% to 90% of that from 
conservatively grazed pasture from 2015 to 2018 and only 13% to 68% for 2019.  

In the four hydrological years (2015 to 2018) previously reported, loads of all water quality 
parameters from brigalow scrub were negligible due to no runoff in two of the four years, and less 
than 0.2 mm of runoff in the other two years. Consequently, no water quality samples were 
collected from this catchment and all data presented were estimations based on observed runoff 
and long-term EMCs. Using the hydrological calibration developed during Stage I (1965 to 1982) 
(Thornton and Elledge 2018), there would have been virtually no runoff from the conservatively 
grazed catchment in all four years had it remained brigalow scrub. Hence all loads of total 
suspended solids, nitrogen and phosphorus in runoff from the conservatively grazed catchment are 
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an absolute anthropogenic increase attributable to changing land use from brigalow scrub to grazed 
pasture. 

Table 6: 2019 hydrological year loads and event mean concentrations (EMCs) for total suspended solids, 
nitrogen and phosphorus in runoff. 

Parameter Brigalow scrub Conservative grazing Heavy grazing 

TSS Total load (kg/ha/yr) 171 203 229 

Mean EMC (mg/L) 989 1,379 470 

TN Total load (kg/ha/yr) 5.36 1.46 1.37 

Mean EMC (mg/L) 31.07 9.91 2.81 

PN Total load (kg/ha/yr) 3.59 1.01 1.07 

Mean EMC (mg/L) 20.79 6.89 2.20 

TDN Total load (kg/ha/yr) 1.77 0.45 0.20 

Mean EMC (mg/L) 10.27 3.03 0.42 

DON Total load (kg/ha/yr) 0.36 0.18 0.08 

Mean EMC (mg/L) 2.10 1.24 0.17 

DIN Total load (kg/ha/yr) 1.41 0.26 0.12 

Mean EMC (mg/L) 8.17 1.79 0.25 

TP Total load (kg/ha/yr) 0.41 0.23 0.32 

Mean EMC (mg/L) 2.37 1.60 0.65 

PP Total load (kg/ha/yr) 0.38 0.20 0.21 

Mean EMC (mg/L) 2.22 1.39 0.43 

TDP Total load (kg/ha/yr) 0.03 0.03 0.06 

Mean EMC (mg/L) 0.16 0.21 0.13 

DOP Total load (kg/ha/yr) 0.00 0.00 0.01 

 
Mean EMC (mg/L) 0.03 0.03 0.02 

DIP Total load (kg/ha/yr) 0.02 0.03 0.06 

 
Mean EMC (mg/L) 0.13 0.18 0.12 
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3.2.1 Total Suspended Solids 

Mean annual load of total suspended solids from the heavily grazed pasture was 3.2 times greater 
than from the conservatively grazed pasture for 2015 to 2018, but was only 1.1 times greater in 
2019 (Figure 4). Overall, 2019 loads were 401 times greater from brigalow scrub, 14 times greater 
from conservatively grazed pasture, and 5 times greater from heavily grazed pasture compared to 
the four years previously reported. Mean annual EMC for total suspended solids was considerably 
greater in 2019 compared to the previous four years for both the conservatively grazed (278 mg/L 
and 1,379 mg/L, respectively) and heavily grazed pastures (235 mg/L and 470 mg/L, respectively). 

 

Figure 4: Mean annual load of total suspended solids (TSS) in runoff from 2015 to 2018 compared to the first six 
months of 2019 (* incomplete hydrological year). 

3.2.2 Nitrogen 

Mean annual load of total nitrogen from the heavily grazed pasture was 1.6 times greater than from 
the conservatively grazed pasture for 2015 to 2018, but was only 90% of the load in 2019 (Figure 5). 
Overall, 2019 loads were 496 times greater from brigalow scrub, 5 times greater from conservatively 
grazed pasture, and 3 times greater from heavily grazed pasture compared to the four years 
previously reported. For 2015 to 2018, the dominant pathway of nitrogen loss was in a dissolved 
form from brigalow scrub (based on estimates of limited data) with no clear trend for the two 
pasture catchments (Table 7). In contrast, particulate nitrogen was the dominant pathway of loss in 
2019 from all three catchments. Mean annual EMCs of total nitrogen from the heavily grazed 
pasture were similar for the 2015 to 2018 (2.4 mg/L) and the 2019 (2.8 mg/L) reporting periods. In 
contrast, the conservatively grazed pasture had a higher EMC in 2019 (9.9 mg/L) than for 2015 to 
2018 (6.5 mg/L). Sufficient runoff to calculate an EMC from brigalow scrub only occurred in 2019 
(31.1 mg/L), which was at least 3.1 times greater than both pasture grazing pressures.  
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Figure 5: Mean annual loads of total nitrogen (TN), particulate nitrogen (PN) and total dissolved nitrogen (TDN) 
in runoff from 2015 to 2018 compared to the first six months of 2019 (* incomplete hydrological year). 

 

Table 7: Dominant pathway of nitrogen loss in runoff from 2015 to 2019. 

Year Brigalow scrub Conservative grazing Heavy grazing 

2015 Dissolved No dominant No dominant 

2016 No runoff No dominant Dissolved 

2017 No runoff No runoff No runoff 

2018 Dissolved Dissolved Particulate 

2019 Particulate Particulate Particulate 

 



Agricultural land management practices and water quality in the Fitzroy Basin 

15 
 

Mean annual load of total dissolved nitrogen from the heavily grazed pasture was 1.7 times greater 
than from the conservatively grazed pasture for 2015 to 2018, but was only 50% of the load in 2019 
(Figure 6). Overall, 2019 loads were 257 times greater from brigalow scrub and 3 times greater from 
conservatively grazed pasture compared to the four years previously reported, while heavily grazed 
pasture had only 80% of the previously reported mean annual load. Organic and inorganic fractions 
generally contributed similar amounts towards total dissolved nitrogen from the two pasture 
catchments. Although there was limited data from brigalow scrub, estimations indicate a greater 
contribution of dissolved inorganic nitrogen towards total dissolved nitrogen. Mean annual EMCs of 
total dissolved nitrogen from the conservatively grazed pasture were similar for the 2015 to 2018 
(3.1 mg/L) and the 2019 (3.0 mg/L) reporting periods. In contrast, the heavily grazed pasture had a 
lower EMC in 2019 (0.4 mg/L) than for 2015 to 2018 (1.3 mg/L). Sufficient runoff to calculate an EMC 
from brigalow scrub only occurred in 2019 (10.3 mg/L), which was at least 3.4 times greater than 
both pastures.  

 

Figure 6: Mean annual loads of total dissolved nitrogen (TDN), dissolved organic nitrogen (DON) and dissolved 
inorganic nitrogen (DIN) in runoff from 2015 to 2018 compared to the first six months of 2019 (* incomplete 
hydrological year). 

3.2.3 Phosphorus 

Mean annual load of total phosphorus from the heavily grazed pasture was 2.6 times greater than 
from the conservatively grazed pasture for 2015 to 2018, but was only 1.3 times greater in 2019 
(Figure 7). Overall, 2019 loads were 755 times greater from brigalow scrub, 6 times greater from 
conservatively grazed pasture, and 3 times greater from heavily grazed pasture compared to the 
four years previously reported. For 2015 to 2018, the dominant pathway of phosphorus loss was in a 
particulate form from brigalow scrub (based on estimates of limited data) with no clear trend for the 
two pasture catchments (Table 8). In contrast, particulate phosphorus was the dominant pathway of 
loss from all three catchments in 2019. Mean annual EMCs of total phosphorus from the heavily 
grazed pasture were similar for the 2015 to 2018 (0.5 mg/L) and the 2019 (0.6 mg/L) reporting 
periods. In contrast, the conservatively grazed pasture had a higher EMC in 2019 (1.6 mg/L) than for 
2015 to 2018 (0.8 mg/L). Sufficient runoff to calculate an EMC from brigalow scrub only occurred in 
2019 (2.4 mg/L), which was at least 1.5 times greater than both pastures.  
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Figure 7: Mean annual loads of total phosphorus (TP), particulate phosphorus (PP) and total dissolved 
phosphorus (TDP) in runoff from 2015 to 2018 compared to the first six months of 2019 (* incomplete 
hydrological year). 

 

Table 8: Dominant pathway of phosphorus loss in runoff from 2015 to 2019.  

Year Brigalow scrub Conservative grazing Heavy grazing 

2015 Particulate Particulate No dominant 

2016 No runoff No dominant Dissolved 

2017 No runoff No runoff No runoff 

2018 Particulate No dominant Particulate 

2019 Particulate Particulate Particulate 

 

Mean annual load of total dissolved phosphorus from the heavily grazed pasture was 3.6 times 
greater than from the conservatively grazed pasture for 2015 to 2018, and was 2.0 times greater in 
2019 (Figure 8). Overall, 2019 loads were 2.0 times greater from conservatively grazed pasture and 
1.1 times greater from heavily grazed pasture compared to the four years previously reported. 
Dissolved inorganic phosphorus was the greatest fraction of total dissolved phosphorus from all 
three catchments over all five years; on average accounting for 80% from brigalow scrub, 83% from 
conservatively grazed pasture and 88% from heavily grazed pasture. Mean annual EMCs of total 
dissolved phosphorus also showed limited variation from all catchments in all years (<0.4 mg/L). 
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Figure 8: Mean annual loads of total dissolved phosphorus (TDP), dissolved organic phosphorus (DOP) and 
dissolved inorganic phosphorus (DIP) in runoff from 2015 to 2018 compared to the first six months of 2019 (* 
incomplete hydrological year). 

3.3 Particle Size Distribution 

3.3.1 Runoff  

Water samples were collected throughout a runoff event from all five catchments in October 2018. 
Particle size distribution was similar between non-dispersed and mechanically dispersed methods, so 
only mechanical and ultrasonic results are presented in Figure 9. Similar trends were observed 
between these two methods, but ultrasonic dispersion typically resulted with a greater proportion of 
clay particles (<4 µm) than mechanical dispersion. Samples from brigalow scrub and conservatively 
grazed pasture typically had particles from all size classes. There was a general trend for the 
proportion of silt particles (4 to <63 µm) to increase and the proportion of clay particles (<4 µm) to 
decrease over time from these two catchments, but the trend was more evident from the 
conservatively grazed pasture. Runoff PSDs from the remaining three catchments which had minimal 
or no ground cover, due to either heavy grazing pressure or a bare fallow, were dominated by fine 
particles (<16 µm) with an increase in the proportion of clay particles over time. There was no linear 
or exponential correlation (P= 0.6 and P= 0.87, respectively) between loads of total suspended solids 
in runoff and the proportion of fine particles.  
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Figure 9: Particle size distributions of (as-received) runoff that were analysed by mechanical and ultrasonic 
dispersion methods after collection throughout events from five catchments. 
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3.3.2 Deposited Material 

Overall, non-dispersed and mechanically dispersed samples that were dried and ground had a 
greater proportion of clay (<4 µm) and very fine and fine silt (4 to <16 µm) particles compared to 
samples analysed as-received (Figure 10). The proportion of these finer particles (<16 µm) was also 
greater from a deposit at the end of a grassed waterway compared to deposits immediately adjacent 
to the cropping bare fallow. Ultrasonically dispersed samples had less sand particles (≥63 µm) and 
more fine particles (<16 µm) compared to non-dispersed and mechanically dispersed methods, 
which was also a trend observed for samples analysed both as-received and after being dried and 
ground. 

  

  

  

 

Figure 10: Particle size distributions of deposited material collected from three sites within the cropping bare 
fallow that were analysed both as-received and after drying and grinding for three dispersion methods. 

When data from the three sites within the cropping bare fallow were averaged, the PSD of samples 
analysed both as-received and after drying and grinding were similar between non-dispersed and 
mechanically dispersed methods (Figure 11). However, dried and ground samples had at least 2.6 
times more fine particles (<16 µm) than as-received samples for both dispersion methods. Similar to 
an earlier observation, ultrasonically dispersed samples had less sand particles (≥63 µm) and more 
fine particles (<16 µm) compared to non-dispersed and mechanically dispersed methods for samples 
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analysed both as-received and after drying and grinding. Ultrasonic dispersion of as-received 
samples resulted in 3.0 times more clay (<4 µm) and very fine and fine silt (4 to <16 µm) particles 
compared to mechanical dispersion. This same trend was observed for dried and ground samples, 
although the magnitude of difference was lower with only 1.2 times more fine particles (<16 µm) by 
ultrasonic dispersion. 

  

 

Figure 11: Particle size distributions of deposited material from the cropping bare fallow that were analysed 
both as-received and after drying and grinding for three dispersion methods. 

4 Discussion 

4.1 Hydrology 

This study adds to the body of evidence from the BCS that shows clearing brigalow scrub for 
cropping or grazing increases total runoff and peak runoff rate (Thornton et al. 2007; Thornton and 
Yu 2016). In agreement with findings reported from 2015 to 2018, monitoring during 2019 
continued to demonstrate that heavy grazing pressure further increases runoff and peak runoff rate 
compared to conservative grazing pressure (Thornton and Elledge 2019). Monitoring in 2019 also 
continued to illustrate the variability of rainfall, and subsequently runoff, that is characteristic of the 
semi-arid subtropical Brigalow Belt bioregion. Whilst total rainfall in the first six months of 2019 was 
low (4th percentile), the study experienced the second wettest October on record, accounting for 
46% of total rainfall in the additional six months monitored. This rainfall generated a single runoff 
event from all five catchments, which yielded the highest mean annual and event based runoff from 
2015 to 2019. 

4.2 Water Quality 

During the 2019 hydrological year, heavily grazed pasture had higher loads of total suspended solids 
and both total and dissolved phosphorus compared to conservatively grazed pasture. This is in 
agreement with previous observations of grazing land management and water quality reported for 
2015 to 2018 (Thornton and Elledge 2019). In contrast, loads of total nitrogen and most dissolved 
nitrogen parameters were higher from conservatively than heavily grazed pasture. Both 
conservatively and heavily grazed pasture had higher loads of total suspended solids than brigalow 
scrub; however, brigalow scrub had the highest loads of total and dissolved nitrogen. This reflects 
the long-term water quality comparison between conservatively grazed pasture and brigalow scrub 
(Elledge and Thornton 2017). 
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Loads of total suspended solids, total nitrogen, dissolved inorganic nitrogen, total phosphorus and 
dissolved inorganic phosphorus from brigalow scrub, conservatively grazed pasture and heavily 
grazed pasture were all within the ranges previously reported for the individual catchments of the 
BCS (Elledge and Thornton 2017; Thornton and Elledge 2013; Thornton and Elledge 2014b; Thornton 
and Elledge 2019). 

The observation that EMCs of all monitored parameters were lower from heavily than conservatively 
grazed pasture was also repeated in 2019. Lower EMCs are a result of increased runoff under higher 
grazing pressure which dilutes pollutants in runoff (Thornton and Elledge 2019). The complex 
interplay between runoff, load and EMC is highlighted by total suspended solids data from the three 
catchments. That is, runoff from brigalow scrub was similar to that of conservatively grazed pasture, 
while runoff was three times greater from heavily grazed pasture. Conversely, EMCs of total 
suspended solids from brigalow scrub and conservatively grazed pasture were two and three times 
greater than heavily grazed pasture, respectively. Nonetheless, loads of total suspended solids from 
all three catchments averaged 200 kg/ha (range 171 to 229 kg/ha). Clearly the observation that high 
EMCs do not necessarily equate to high loads continues to apply in below-average rainfall years, as it 
did in above average rainfall years (Thornton and Elledge 2013). This is reflected internationally, with 
loads typically correlated with flow rather than EMC (Water Environment Federation and the 
American Society of Civil Engineers 1998). 

From 2015 to 2018, nitrogen lost in runoff from brigalow scrub was predominately in the dissolved 
form while phosphorus lost in runoff was predominately in the particulate form. In contrast, 
nitrogen and phosphorus was lost from both grazed pastures in particulate and dissolved forms. 
During 2019, particulate nitrogen and phosphorus were the dominant forms lost in runoff from all 
catchments. Although dissolved nitrogen was only a minor contribution to total nitrogen lost in 
runoff during 2019, dissolved nitrogen lost from brigalow scrub was predominantly dissolved 
inorganic nitrogen. In contrast, dissolved nitrogen lost from the two pasture catchments contained 
substantial proportions of both organic and inorganic nitrogen. This was in agreement with their 
behaviour from 2015 to 2018. 

Storm flow is largely responsible for erosion and delivery of sediment to the end of catchments 
during large flood events (Waterhouse et al. 2017). Loads of total suspended solids from all 
catchments in the single 2019 runoff event exceeded the total cumulative load from 2015 to 2018. 
Loads of total nitrogen and phosphorus were equal to at least 74% of the cumulative load from 2015 
to 2018. These high loads from an individual event compared to short-term mean annual loads 
clearly demonstrate that storm flow events can also dominate the loss of pollutants at the paddock 
scale. While acute loads of pollutants are noted at the end of catchment during large and infrequent 
events, chronic lower loads of anthropogenically-derived sediment and nutrients are lost at the 
paddock scale in drier years. These chronic loads are demonstrated by the occurrence of runoff from 
the two grazed pastures when the pre-European ecosystem would have yielded no runoff. The data 
shows poor grazing management leads to greater runoff and pollutant loads than well managed 
conservatively grazed pasture, which further exacerbates this trend. Furthermore, the dominant 
pathway of pollutant loss changed from both particulate and dissolved nutrients during small events 
for the below-average rainfall years of 2015 to 2018, to particulate dominated losses during a single 
large event in 2019. This highlights the need to understand not only the processes involved, but how 
the processes and pathways may vary as a result of climatic sequences. This interaction is a priority 
knowledge gap identified in the 2017 Scientific Consensus Statement (Waterhouse et al. 2017) and is 
clearly addressed by coupling the short-term data of this study with long-term data from the BCS.  
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4.3 Particle Size Distribution 

4.3.1 Particle Size Distribution in Runoff  

Determination of PSD in natural runoff from the five catchments in 2019 was a first for the BCS. It 
also appears to be the first published data from Australia that tracks PSD throughout the hydrograph 
at the paddock scale, and the first data providing a PSD comparison between native vegetation, 
cropping and grazing land uses, and grazing land management practices, as a result of a single storm 
event. As the catchments are contiguous, comprised of the same soils and subject to the same 
environmental conditions and the same rainfall, the PSDs can be wholly attributed to the treatment 
effects.  

In this study, the land use and management interactions that resulted in high cover and biomass, 
that is brigalow scrub and conservatively grazed pasture, had the lowest proportion of fine particles 
(<16 µm) in runoff regardless of the dispersion method used. There was also a trend for the 
proportion of fine particles to decrease over time through the event. Decreasing erosion of fine 
particles with time is indicative of supply exhaustion (Durnford and King 1993), attributed to the 
ability of high cover and biomass to minimise aggregate disruption and generation of fine particles 
by rainfall and overland flow. Conversely, greater than 90% of the particles in runoff from bare 
fallow and heavily grazed pasture, with no and low cover and biomass respectively, were fine 
particles. These two treatments had a trend for fine particles less than 4 µm to increase over time 
through the event, attributed to the lack of cover resulting in aggregate disruption, generating a 
continuous source of fine particles (Loch and Donnollan 1983). The lack of correlation between loads 
of total suspended solids and fine particles in runoff from this study reflects findings from the 
Burdekin Basin. That is, the highest loads of fine particles, which are the most important from a land 
management and water quality perspective, are not necessarily derived from areas yielding the 
highest load of total suspended solids (Bainbridge et al. 2014).  

The proportion of ultrasonically dispersed fine particles (<16 µm) from bare fallow and heavily 
grazed pasture in this study was 94%. This is the same as that reported at the end of catchment scale 
for the Fitzroy Basin (Garzon-Garcia et al. 2018), and similar to the 90% reported for the Upper 
Burdekin (Bainbridge et al. 2014). In contrast, the proportion of ultrasonically dispersed fine particles 
from brigalow scrub and conservatively grazed pasture was 72%. The direct extrapolation of this 
data suggests that the end of catchment PSD for the Fitzroy Basin is indicative of a low cover and 
biomass landscape. As the Fitzroy Basin is clearly not a low cover and biomass landscape (The State 
of Queensland 2017), the end of catchment PSD indicates the preferential instream transport and/or 
enrichment of the fine particle fraction. 

Although there was a clear land use and management practice effect on PSD in runoff, more data is 
required to improve confidence in these findings. Process understanding of why the lower cover and 
biomass treatments yielded more fine particles is essential to inform options for improving grazing 
land management. If measured declines in soil organic carbon with land use change and increased 
grazing pressure (Dalal et al. 2011; Thornton and Shrestha Unpublished, Appendix 1.3) are resulting 
in decreased aggregate stability, and hence more fine particles, then basic grazing management 
principles, such as stocking to safe long-term carrying capacity as described in Thornton and Elledge 
(2018, Appendix 1.1), are likely to improve water quality. However, if higher proportions of fine 
particles in runoff are a legacy of decades of soil chemical and structural change, such as the 
doubling of fine sediment in runoff from simulated rainfall at the long-term cropping catchment of 
the BCS compared to the long-term conservatively grazed pasture (Eyles et al. 2018), then more 
complex management intervention strategies are likely necessary. 
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4.3.2 Particle Size Distribution in Deposited Material 

Determination of PSD of deposited material eroded from the long-term cropping catchment was also 
a first for the BCS. Runoff occurred when the catchment was in bare fallow which lead to substantial 
erosion. The 988 kg/ha of total suspended solids lost in runoff was 1.9 times the long-term annual 
average of 525 kg/ha (Elledge and Thornton 2017), so the resultant PSD should represent that for 
high rates of hillslope erosion in this landscape. The PSD of deposited material was dependent on 
sample preparation and dispersion method. Preparation by drying and grinding increased the 
proportion of all size classes smaller than sand (< 63 µm) compared to as-received samples. Samples 
subjected to the same preparation had similar non-dispersed and mechanically dispersed PSDs. 
Ultrasonic dispersion of both as-received and dried and ground deposited material increased the 
proportion of all size classes smaller than sand compared to the other dispersion methods.  

Sediment enrichment ratios, being the ratio of fine particles in runoff compared to deposited 
material, were greatest from mechanically dispersed as-received samples, with a ratio of 5. This is 
similar to the enrichment ratio of 4.8 for the less than 20 µm fraction of runoff from a bare Vertosol 
used for cropping in the nearby Nogoa subcatchment of the Fitzroy Basin (Silburn and Glanville 
2002). Enrichment ratios for ultrasonically dispersed as-received samples and both mechanically and 
ultrasonically dispersed dried and ground samples were similar (range 1.6 to 1.9). These enrichment 
ratios were all greater than the ratio of 1.1 previously reported for the long-term cropping 
catchment when comparing proportions of the ultrasonically dispersed less than 20 µm fraction 
contained in runoff generated from simulated rainfall, with the same size fraction of the surface soil 
(Eyles et al. 2018). 

While three dispersion methods were utilised to determine PSD of soil in runoff and deposited 
material, it is acknowledged that none of them are likely to accurately reflect in-situ field conditions 
(Garzon-Garcia et al. 2018). Non-dispersed and mechanically dispersed PSDs may give some 
indication of the likely PSD of naturally aggregated particles in runoff. Ultrasonically dispersed PSDs 
approximate the true distribution of the absolute particle size and is the only method available that 
can be assumed to give comparable results across samples and studies (Garzon-Garcia et al. 2018). 
Despite similarities between the PSDs of runoff in this study and that reported for the Fitzroy Basin 
by Garzon-Garcia et al. (2018), and also similarities between fine particle enrichment ratios in this 
study compared to those reported by Eyles et al. (2018) using simulated rainfall at this site, the data 
only represents a single point in time. Ongoing monitoring will be essential to improve confidence in 
these findings. 

4.4 Improving Grazing Management to Benefit Water Quality 

Monitoring of hydrology, water quality, ground cover and pasture biomass from 2015 to 2018 by 
Thornton and Elledge (2018) concluded that 3.4 ha/AE is a safe long-term carrying capacity for 
rundown (30 to 40 years old) buffel grass pasture established on predominantly clay soils previously 
dominated by brigalow scrub. Failure to reduce stocking rates on rundown pastures to match the 
safe long-term carrying capacity increased runoff, and subsequently increased loads of total 
suspended solids, nitrogen and phosphorus in runoff. Although there was limited water quality data 
collected during these four below-average rainfall years, both total nitrogen and phosphorus loads 
had substantial contributions of particulate and dissolved fractions in both the conservatively and 
heavily grazed pastures.  

An additional six months monitoring of hydrology and water quality was undertaken in 2019. In 
agreement with earlier findings, heavily grazed pasture had the highest runoff and highest loads of 
total suspended solids, particulate nitrogen and all phosphorus parameters compared to 
conservatively grazed pasture. Event mean concentrations continued to be lower from heavily 
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grazed pasture compared to conservatively grazed pasture. In contrast with earlier findings, extreme 
rainfall resulted in particulate nitrogen and phosphorus being the dominant pathway of loss from 
brigalow scrub, conservatively grazed pasture and heavily grazed pasture. Particle size distribution in 
runoff was measured for the first time at the Brigalow Catchment Study in this period. 
Conservatively grazed pasture had the lowest proportion of fine particles less than 16 µm in runoff 
and exhibited supply exhaustion. Conversely, greater than 90% of the particles in runoff from heavily 
grazed pasture were fine particles less than 16 µm with no evidence of supply exhaustion. These 
findings support the earlier conclusion that conservative grazing pressure is a realistic option for 
landholders to improve runoff water quality. 
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Appendix 1: Publications 

Technical Reports 

The current report is an addendum to a Paddock to Reef program technical report published in 2018: 

(1) Thornton C. M. and Elledge A. E. (2018). Paddock scale water quality monitoring of grazing 
management practices in the Fitzroy Basin: Technical report on the effect of grazing pressure 
on water quality for the 2015 to 2018 hydrological years. Report to the Paddock to Reef 
Program. Department of Natural Resources, Mines and Energy, Rockhampton. [Appendix 
1.1] 

Journal Papers 

Three journal papers that used BCS data were published during the funded period: 

(1)  Elledge A. and Thornton C. (2017). Effect of changing land use from virgin brigalow (Acacia 
harpophylla) woodland to a crop or pasture system on sediment, nitrogen and phosphorus 
in runoff over 25 years in subtropical Australia. Agriculture, Ecosystems and Environment 
239, pp. 119-131. [Appendix 1.2] 

(2)  Thornton C. and Elledge A. (2016). Tebuthiuron movement via leaching and runoff from 
grazed Vertisol and Alfisol soils in the Brigalow Belt bioregion of central Queensland, 
Australia. Journal of Agricultural and Food Chemistry 64 (20), pp. 3949-3959. 

(3)  Thornton C. M. and Yu B. (2016). The Brigalow Catchment Study: IV. Clearing brigalow 
(Acacia harpophylla) for cropping or grazing increases peak runoff rate. Soil Research 54 (6), 
pp. 749-759. 

Two additional journal papers that used BCS data were prepared during the funded period. They 
have both received approval from the Department of Natural Resources, Mines and Energy to 
release externally, but are pending submission to the journal of Soil Research: 

(1)  Thornton C. and Shrestha K. (Unpublished). The Brigalow Catchment Study: VI. Clearing and 
burning brigalow (Acacia harpophylla) in Queensland, Australia, temporarily increases 
surface soil fertility prior to nutrient decline under cropping or grazing. [Appendix 1.3] 

(2)  Thornton C. and Yu B. (Unpublished). The Brigalow Catchment Study: V. A comparison of 
four methods to estimate peak runoff rate for small catchments before and after land use 
change in the Brigalow Belt bioregion of central Queensland, Australia. [Appendix 1.4] 

  



Agricultural land management practices and water quality in the Fitzroy Basin 

29 
 

Conference Papers and Presentations 

Eight seminars that used BCS data were presented at conferences and workshops during the funded 
period: 

(1)  Elledge A. and Thornton C. (2018). The Brigalow Catchment Study: The legacy of land 
clearing and European agriculture in the Brigalow Belt. Central region vegetation 
management team meeting, Department of Natural Resources, Mines and Energy, 
Rockhampton. 

(2)  Elledge A. E. and Thornton C. M. (2018). The Brigalow Catchment Study: The impacts of 
developing Acacia harpophylla woodland for cropping or grazing on hydrology, soil fertility 
and water quality in the Brigalow Belt bioregion of Australia. Natural resource science in 
action: Connecting people, science and purpose, Toowoomba. 

(3)  Thornton C. and Elledge A. (2018). The Brigalow Catchment Study: The legacy of land 
clearing and European agriculture in the Brigalow Belt. Fitzroy Basin Association annual 
general meeting, Rockhampton. 

(4)  Thornton C. and Elledge A. (2018). The Brigalow Catchment Study: The legacy of land 
clearing and European agriculture in the Brigalow Belt. Department of Environment and 
Science central region compliance team meeting, Rockhampton.  

(5)  Thornton C. and Elledge A. (2019). The Brigalow Catchment Study: The legacy of land 
clearing and European agriculture in the Brigalow Belt. Fitzroy Basin Association regional 
science forum on Paddock to Reef, Rockhampton. 

(6)  Thornton C. and Elledge A. (2019). The Brigalow Catchment Study: The legacy of land 
clearing and European agriculture in the Brigalow Belt. Department of Agriculture and 
Fisheries economist team meeting, Rockhampton. 

(7)  Thornton C. M. and Elledge A. E. (2018). The Brigalow Catchment Study: The impacts of 
developing Acacia harpophylla woodland for cropping or grazing on hydrology, soil fertility 
and water quality in the Brigalow Belt bioregion of Australia. Occasional Report No. 31. Farm 
environmental planning – Science, policy and practice, Fertilizer and Lime Research Centre, 
Massey University, Palmerston North, New Zealand. pp. 1-8. 

(8)  Thornton C., Elledge A., Shrestha K., Wallace S., Bosomworth B. and Yu B. (2017). The 
Brigalow Catchment Study: The impacts of developing Acacia harpophylla woodland for 
cropping or grazing on hydrology, soil fertility and water quality in the Brigalow Belt 
bioregion of Australia. International interdisciplinary conference on land use and water 
quality: Effect of agriculture on the environment, The Hague, Netherlands. 
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Brigalow Catchment Study Field Tours 

Five field tours of the BCS were conducted during the funded period: 

(1)  Afshin Ghahramani (Agricultural Systems Modeller) from the University of Southern 
Queensland, Bofu Yu (Head of Environmental Engineering) from Griffith University, 
Marianna Joo (Water Planning Ecologist) from the Department of Environment and Science, 
and students from both universities visited to discuss the long-term study and establish a 
collaboration to improve the soil erosion component of the HOWLEAKY model (May 2018). 

(2)  Dipaka Sena (Environmental Engineer) from the Indian Institute of Soil and Water 
Conservation had a research fellowship with the University of Southern Queensland to 
improve erosion modelling used by the Paddock to Reef program (September 2018). 

(3)  Mandy Downs (Executive Director of Operations Support for Natural Resources and Science 
Champion) and Darren Moor (Executive Director of Central Region and Water Champion) 
from the Department of Natural Resources, Mines and Energy to provide awareness of the 
project to higher level managers.  

(4)  Review panel for the paddock and catchment modelling components of the Paddock to Reef 
program. Attendees included Daren Harmel (Director for Agricultural Resources Research) 
and Tim Green (Agricultural Engineer) from the United States Department of Agriculture, 
Paul Lawrence (Executive Director for Science Delivery and Knowledge and Chair of the 
Queensland Water Modelling Network) from the Department of Environment and Science, 
and the Paddock to Reef program modellers David Waters, Mark Silburn, Shawn Darr and 
Cameron Dougall (April 2019). 

(5)  Jon Duncan (Hydrologist) from Pennsylvania State University and Anna Lintern (Civil 
Engineer) from Monash University s visited to discuss the management of diffuse pollution 
from the long-term BCS in Australia compared to the long-term Chesapeake Bay Program in 
the United States of America, which was used to design the Paddock to Reef program (June 
2019). 

Website 

A portal for the BCS (www.brigalowcatchmentstudy.com) was developed during the funded period 
which provides access to rainfall and runoff data from all five monitored catchments, in addition to 
information on publications that have resulted from the long-term BCS.

https://www.usda.gov/
http://www.brigalowcatchmentstudy.com/
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Appendix 1.1: Thornton and Elledge (2018) 
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Appendix 1.2: Elledge and Thornton (2017) 
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Appendix 1.3: Thornton and Shrestha (Unpublished) 

  



Thornton and Elledge 2019 

94 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

95 
 



Thornton and Elledge 2019 

96 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

97 
 



Thornton and Elledge 2019 

98 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

99 
 



Thornton and Elledge 2019 

100 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

101 
 



Thornton and Elledge 2019 

102 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

103 
 



Thornton and Elledge 2019 

104 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

105 
 



Thornton and Elledge 2019 

106 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

107 
 



Thornton and Elledge 2019 

108 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

109 
 



Thornton and Elledge 2019 

110 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

111 
 



Thornton and Elledge 2019 

112 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

113 
 



Thornton and Elledge 2019 

114 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

115 
 



Thornton and Elledge 2019 

116 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

117 
 



Thornton and Elledge 2019 

118 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

119 
 



Thornton and Elledge 2019 

120 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

121 
 



Thornton and Elledge 2019 

122 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

123 
 



Thornton and Elledge 2019 

124 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

125 
 



Thornton and Elledge 2019 

126 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

127 
 



Thornton and Elledge 2019 

128 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

129 
 



Thornton and Elledge 2019 

130 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

131 
 



Thornton and Elledge 2019 

132 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

133 
 



Thornton and Elledge 2019 

134 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

135 
 



Thornton and Elledge 2019 

136 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

137 
 



Thornton and Elledge 2019 

138 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

139 
 



Thornton and Elledge 2019 

140 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

141 
 



Thornton and Elledge 2019 

142 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

143 
 



Thornton and Elledge 2019 

144 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

145 
 



Thornton and Elledge 2019 

146 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

147 
 



Thornton and Elledge 2019 

148 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

149 
 



Thornton and Elledge 2019 

150 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

151 
 



Thornton and Elledge 2019 

152 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

153 
 



Thornton and Elledge 2019 

154 
 



Agricultural land management practices and water quality in the Fitzroy Basin 

155 
 

 

 



Thornton and Elledge 2019 

156 
 

Appendix 1.4: Thornton and Yu (Unpublished) 
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