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Abbreviations
DIN Dissolved Inorganic Nitrogen
DIP Dissolved Inorganic Phosphorus, also known as Filterable Reactive Phosphorus (FRP) and

Orthophosphate (PO4-P)

DON Dissolved Organic Nitrogen

DOP Dissolved Organic Phosphorus

EMC Event Mean Concentration

PN Particulate Nitrogen, also known as Total Suspended Nitrogen (TSN)

PP Particulate Phosphorus, also known as Total Suspended Phosphorus (TSP)
TDN Total Dissolved Nitrogen

TDP Total Dissolved Phosphorus

TN Total Nitrogen

TP Total Phosphorus

TSS Total Suspended Solids
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Summary

Ecosystem health of the Great Barrier Reef continues to decline as a result of anthropogenic pollutants.
Waterhouse et al. (2012) analysed the relative risk of runoff pollutants from agricultural land uses and identified that
the management of suspended sediment from grazing lands in the Burdekin and Fitzroy regions was the second
highest priority. The loss of suspended sediments in runoff is also associated with the loss of particulate nitrogen
and phosphorus, which after mineralisation processes can become bioavailable and present a similar risk to Great
Barrier Reef health as dissolved inorganic nutrients (Waterhouse et al., 2012).

The six priorities identified by Waterhouse et al. (2012) were the focus of the Reef 2050 Water Quality
Improvement Plan 2017-2022 (The State of Queensland, 2018). Under this plan, a decade of research at the long-
term Brigalow Catchment Study has been undertaken to address knowledge gaps on the effect of land use change
and grazing land management on soil fertility and runoff water quality as part of the Fitzroy Grazing monitoring
project.

The Brigalow Catchment Study is located within the Fitzroy Basin of central Queensland, Australia. Over the last 57
years, research from this study site has demonstrated impacts of land clearing, land use change and land
management on hydrology, soil fertility and water quality (Thornton and Elledge, 2022) (Appendix 1.1). An integral
component of this long-term study is the inclusion of a control treatment, more specifically, virgin brigalow
woodland in its pre-European condition which allows anthropogenic change to be quantified separate to the effect
of climate.

Although the main focus of the Fitzroy Grazing monitoring project is runoff water quality, it is important to also
monitor surface soil fertility as the effective depth of interaction between rainfall, runoff and soil has been reported
to 0.04 m of soil depth (Sharpley, 1985). Thornton and Shrestha (2021) reported surface soil fertility (0 to 0.1 m)
from the Brigalow Catchment Study to capture land use change from brigalow woodland to either unfertilised
cropping or a conservatively grazed pasture over a 32-year period (1981 to 2014) (Appendix 1.2). Similar studies
were undertaken to a greater depth (0 to 0.4 m) focusing on carbon and nitrogen (Dalal et al., 2021a; Dalal et al.,
2021b) (Appendices 1.3 and 1.4).

Hydrology and runoff water quality from these two agricultural systems was also quantified. For example, Elledge
and Thornton (Unpublished) investigated the effect of leguminous pastures by comparing a grazed butterfly pea ley
pasture following an extension period of cropping and a leucaena pasture to both the long-term conservatively
grazed grass pasture and brigalow woodland over eight years (2010 to 2017) (Appendix 1.5).

Furthermore, Thornton and Elledge (2021) investigated the effect of grazing pressure on hydrology and runoff
water quality by comparing a heavily grazed pasture with the long-term conservatively grazed pasture and brigalow
woodland over 4 years (2015 to 2018) (Appendix 1.6). Results from the ongoing monitoring of these three
catchments from 2019 to 2021 is provided in Appendix 2 (hydrology) and Appendix 3 (loads and event mean
concentrations).

Observed data reported in the paper by Thornton and Elledge (2021) also supported modelling activities. For
example, Tiwari et al. (2021) evaluated the suitability of the Revised Universal Soil Loss Equation (RUSLE) and the
Modified Universal Soil Loss Equation (MUSLE) to estimate soil loss from the brigalow woodland, cropping and
conservatively grazed pasture (Appendix 1.7). The Fitzroy Grazing monitoring project has a history of supporting
modelling activities that underpin the Reef 2050 Water Quality Improvement Plan 2017-2022 (The State of
Queensland, 2018), and the long-term collaboration between monitoring and modelling projects has supported both
this plan and government policy.
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Fitzroy Grazing monitoring project’s contribution to the Reef
2050 Water Quality Improvement Plan 2017-2022

Modelling

The Fitzroy Grazing monitoring project, located at the long-term Brigalow Catchment Study, published six journal
papers from 2019 to 2022, with a seventh paper that has been submitted to a journal and pending publication
(Dalal et al., 2021a; Dalal et al., 2021b; Thornton and Elledge, 2021; Thornton and Shrestha, 2021; Tiwari et al.,
2021; Thornton and Elledge, 2022; Elledge and Thornton, Unpublished) (Appendices 1.1 to 1.7). The interaction of
these journal papers is graphically presented in Appendix 1.8, which demonstrates the knowledge building
approach used for Brigalow Catchment Study publications since 2007. While the seven recent publications present
new knowledge on the effects of land clearing, land use change and land management on runoff water quality at
the small catchment scale in the Brigalow Belt bioregion, data modelling frameworks allow for this knowledge to be
applied to other locations that vary in space and time. This approach is a cornerstone of the Reef 2050 Water
Quality Improvement Plan 2017-2022, which is the overarching source of key knowledge gaps targeted by the
Fitzroy Grazing monitoring project (The State of Queensland, 2018).

The Reef 2050 Water Quality Improvement Plan 2017-2022 is supported by a robust monitoring and evaluation
program known as the Paddock to Reef Integrated Monitoring, Modelling and Reporting program (Paddock to Reef
program) (Carroll et al., 2012). A key consideration for the Paddock to Reef program is the ability to assess
progress towards achieving water quality targets at the end-of-catchment scale over relatively short timeframes
(Waterhouse et al., 2018). This was achieved by using a modelling framework supported by monitoring data that
linked management action within reef catchments to water quality and ecological responses in receiving waters.
The model framework ranges in scale from individual paddocks though to entire basins with real-world validation
provided by numerous studies (Waterhouse et al., 2018). The Fitzroy Grazing monitoring project was one of the
paddock scale studies used to validate the effects of land management on water quality from the Fitzroy Basin. The
following model outputs were supported by the seven recent journal papers:

1) Particulate nitrogen and phosphorous from grazing were estimated as a function of hillslope erosion within
the Great Barrier Reef Dynamic SedNet (Dynamic SedNet) catchment model, which was built on the
eWater Source modelling platform (Waterhouse et al., 2018; McCloskey et al., 2021b).

2) Dissolved inorganic nitrogen, dissolved organic nitrogen, and dissolved phosphorus from grazing were
estimated using nutrient event mean concentration values and hydrology estimates within the Dynamic
SedNet catchment model (Waterhouse et al., 2018; McCloskey et al., 2021b).

3) Loss of suspended solids from grazing was modelled using the Revised Universal Soil Loss Equation
within the Dynamic SedNet catchment model (Waterhouse et al., 2018; McCloskey et al., 2021b, a).

4) Runoff water quality from cropping was modelled using HowLeaky to estimate sediment, particulate
phosphorus, dissolved phosphorus, and herbicides (Waterhouse et al., 2018; Ghahramani, 2021).

The Fitzroy Grazing monitoring project was used for the calibration and validation of the Dynamic SedNet
catchment model, both to estimate erosion from grazed hillslopes and to validate remotely sensed ground cover
inputs to the model (Dougall and McCloskey, 2017). New knowledge published by the Fitzroy Grazing monitoring
project (Elledge and Thornton, 2017; Thornton and Elledge, 2021, 2022) was used to calibrate and validate
Dynamic SedNet estimates of both erosion and nutrient loss (McCloskey et al., 2021b, a). Data in recent journal
papers published by the Fitzroy Grazing monitoring project (Elledge and Thornton, 2017; Thornton and Elledge,
2021, 2022; Elledge and Thornton, Unpublished) were also used to validate Dynamic SedNet outputs to facilitate
the next iteration of model improvement for the Paddock to Reef program, similar to previous iterative model
improvements (McCloskey et al., 2017b, a). This is in addition to annual validation of modelling outputs against
monitoring data, which also utilises the new knowledge presented in the seven journal papers (Australian and
Queensland governments, 2020). This continuous improvement approach acknowledges the feedback loop
between identified gaps in knowledge required for modelling and targeted research activities of paddock monitoring
studies (McCloskey et al., 2021b, a). The incorporation of research findings into model improvement highlights the
value of both the Fitzroy Grazing monitoring project and the long-term Brigalow Catchment Study.

The Brigalow Catchment Study had a long association with the design, calibration, and validation of the HowLeaky
model well before the commencement of the Reef 2050 Water Quality Improvement Plan 2017-2022. The
HowLeaky model was based on the PERFECT water balance model (Littleboy et al., 1989), which was extensively
validated at the study site (Lawrence, 1990; Lawrence et al., 1991; Littleboy et al., 1992; Lawrence et al., 1993).
Data from this study site was also used to calibrate and validate the HowLeaky water balance sub-model and to
design, calibrate and validate the phosphorus and pesticide sub-models (Thornton et al., 2007; Robinson et al.,
2011; Shaw et al., 2011). Within the Paddock to Reef program, new knowledge published by the Fitzroy Grazing
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monitoring project (Elledge and Thornton, 2017; Elledge and Thornton, Unpublished) has been used to model
runoff, erosion, dissolved inorganic nitrogen and atrazine loss from cropping (Ghahramani et al., 2020). It has been
acknowledged that data from sites such as the Brigalow Catchment Study are critical to ensure accuracy and
credibility, not only of HowLeaky, but of all paddock models within the Paddock to Reef program (Jakeman et al.,
2019).

Policy

The accumulation of scientific evidence alone will not ensure the survival of the Great Barrier Reef, or resolve any
contemporary environmental issue, unless scientific knowledge is applied in policy and practice (Evans and
Cvitanovic, 2018). This was recognised by the Reef 2050 Water Quality Improvement Plan 2017-2022, which
aimed to apply the best available science and knowledge to support policy, programs and practical on-ground
management to improve water quality outcomes (The State of Queensland, 2018). Knowledge acquired by the
Fitzroy Grazing monitoring project has contributed to the development and validation of reef protection regulations,
which are government policy to address land-based sources of water pollution flowing into the Great Barrier Reef
(The State of Queensland, 2021a).

Under the Environmental Protection Act 1994, grazing and cropping in specific reef regions are considered
environmentally relevant activities (The State of Queensland, 2021a). This means there are regulatory
requirements for record keeping and minimum practice agricultural standards, which are termed reef protection
regulations. Prior to the consultation regulatory impact statement (Office of the Great Barrier Reef, 2017, 2019),
which was released for public consultation in 2017, knowledge acquired by the Fitzroy Grazing monitoring project
(Elledge and Thornton, 2017; Thornton and Elledge, 2021, 2022; Elledge and Thornton, Unpublished) was used by
the Queensland Government to assist in the development of the reef protection regulations.

In the first instance, this knowledge contributed to the development of the agricultural definitions and minimum
practice agricultural standards for all industries covered under the regulations, and then it was used to develop
minimum practice agricultural standards within specific industries. For example, a submission containing
knowledge on runoff water quality (Elledge and Thornton, 2017; Thornton and Elledge, 2021, 2022; Elledge and
Thornton, Unpublished) was used to guide the regulatory requirements for record keeping and the minimum
practice agricultural standards for beef cattle grazing (The State of Queensland, 2021c). Another submission
containing knowledge on soil fertility and runoff quality (Elledge and Thornton, 2017; Dalal et al., 2021a; Dalal et
al., 2021b; Thornton and Shrestha, 2021; Elledge and Thornton, Unpublished) was used to inform the
environmentally relevant activity standard for commercial cropping and horticulture in Great Barrier Reef
catchments, in addition to the minimum practice agricultural standards for grains and horticulture (Office of the
Great Barrier Reef, 2020; The State of Queensland, 2021b).

The effectiveness of these policy instruments was examined during the 2020 senate inquiry into the identification of
leading practices in ensuring evidence-based regulation of farm practices that impact water quality outcomes in the
Great Barrier Reef (Commonwealth of Australia, 2020). Knowledge acquired by the Fitzroy Grazing monitoring
project that assisted in the development of reef protection regulations was presented to the senate inquiry in both
written submissions (Independent Science Panel, 2020; Morris, 2020) and verbally by witnesses during public
hearings (Commonwealth of Australia, 2020). The tabling of knowledge generated by the Fitzroy Grazing
monitoring project as evidence to a senate inquiry clearly demonstrates that this research has provided a
substantial and original contribution to knowledge.
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Appendix 1: Publications

Journal papers

Seven journal papers that used Brigalow Catchment Study data were published during the funded period
(Appendices 1.1 to 1.7), and their interactions to earlier papers from the project is shown in Appendix 1.8.
Appendix 1.1: Thornton and Elledge (2022)

Thornton, C.M., Elledge, A.E., 2022. Leichhardt, land clearing and livestock: The legacy of European agriculture in
the Brigalow Belt bioregion of central Queensland, Australia. Animal Production Science 62, 913-925
[doi.org/10.1071/AN21468].

L NG

SPECIAL ISSUE: AAAS 2022 | AMIMAL SCIENCE REFLECTIOMNS
oo org 10107 LAANE 1463

ANIMAL PRODUCTHON 5CIENCE

Leichhardt, land clearing and livestoclc the legacy of European
agriculture in the Brigalow Belt bioregion of central
Queensland, Australia

Craig M. Thornton®™* {0 and Amanda E. Elledge®

For full ke of mehor afilasons and
dedamsons ek end of paper

“Correspondence bo:
Craig M. Thormmon
Deparoment of Resources, POy Box | 781
Rackampron, O 4700, Ausoalia

Emaik: Crasg Thosmmond) res ourcesq il govan

Handling Editor
Ed Charmiiey

Received § Seprember B0E |
Accepted: I December 2021
Pubdished: 21 Febnary H02

Cite this:

Tharreon CH and Bledge AE 07T)
Animal Prdocion Soence

o 101 OT1IAME 468

02022 The Author(s) (or dhelr
emgloyer )] Published by

EID Publiching -

This i5 an open acess arbde dswbuzed
weder che Crearres Commors Aconibuman-
MonCommercial NoDersases 4.0
Incerrasonal License {CC BY.NC-MD)

OPEN ACCESS

ABSTRACT

Context. The Brigalow Bel bicregion of central Queensland has been extensively developed for
agriculture since exploration by Leichharde in 1844, About 4.5 million hectares of vegetation
dominated by brigalow (Acaca harpophylla) was deared 2= part of the Land Development Fitzroy
Basin Scheme, which commenced in |962. When the Vepetation Management Ac 1999
commenced, 93% of briglow woodland had been cleared. Grazing is the dominant knd use in
the Ritzroy Basin, with 16 million cattle over |1.1 million hectares {(72% of the catchment area).
This is the fargest caule herd in any natural resource management region in Australa,
accountng for 25% of the smte herd and | 1% of the national herd Aims, The Fizroy Basin,
Queensland's largest coastal carchment, drains direcdy o the Grear Barrier Reef, and as reef
health continues to decling, there has been increased focus on the impaces of lnd-use change
and grazing management on hydrology and runoff water qualicy. The Brigalow Catchment Study
sought to determine the impact of land dearing land-use change and lnd management on
hydrology, soil fertility, water quality and animal producton in the Fizroy Basin. Methods. The
study is a paired, calibrated catchment smwdy. Catchment hydrology, soil fertilicy, water qualicy
and agriculwral producivicy were monicored before and afeer land clearing and fand-use change.
Key results. The Brigalow Catchment Study has shown that dearing brigalow for grazing in the
Fizroy Basin doubled runoff, increased peak runoff rate by 50% and increased total suspended
solid loads by B, 5oil ferdlity and pasture productvity also declined under grazing compared
with brigalow. Owergrazing exacerbated these results, as failure to reduce soocking rame with
reduced paswre producivicy more than mipled runofi peak runoff rate and toral suspended
solid load compared with conservatively grazed pasture. Conclusions. This stdy demonstrates
the impacts of land-use change and land management on hydrology, soi ferdhty and water
quality. The long-term dara records are 2 model in their own right. @pable of answering land-
use and land-management questions beyond the inidal swdy scope. Implications. Sustainable
grazing management thould consider the producton limimtons of deplered soi and pasmre
resources o minimice land degradadon.

Keywords: agricultural systems, buffel grass, drand farming, grazing management, pestcides,
rangelands, resource management, stoddng rate.

Introduction

The Brigalow Belt bioregion of Queensland and New South Wales occupies 36.7 million
hectares, stretching from Dubbo in the south o Townsville in the north (Fig 1) Since
European settlement, 58% of this bioregion has been cleared. Within Queensland, rates of
land clearing were among the highest in the world, with estimates of 425 000—446 000 ha
cleared per year (Wilson et al. 2002; Lindenmayer and Burgman 2005; Reside et al. 2017).
Muore than 60% of this clearing, or ~261 000 ha/vear, was imdertaken in the Brigalow Belt
(Wilson er al. 2002; Cogger e al. 2003). It is estimated that up o 93% of brigalow scrub has
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Appendix 1.2: Thornton and Shrestha (2021)

Thornton, C.M., Shrestha, K., 2021. The Brigalow Catchment Study: V. Clearing and burning brigalow (Acacia
harpophylla) in Queensland, Australia, temporarily increases surface soil fertility prior to nutrient decline under
cropping or grazing. Soil Research 59, 146-169 [doi.org/10.1071/SR20088].
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Sodl Research, 2021, 59, 186169
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The Brigalow Catchment Study: V*. Clearing and burning
brigalow (Acacia harpophylla) in Queensland, Australia,
temporarily increases surface soil fertility prior to nutrient
decline under cropping or grazing

C. M. .ihnrnrmi;"}‘w and K. Shrestha™

ADeparment of Natural Resources, Mines and Energy, PO Box 1762, Rockhampton, Old 4700, Australia.
Carrespanding author, Email: Craig Thamion @dnme. qldgov au
i g & qlc-go

Abstract  In the Brigalow Belt hioregion of Australia, cleanng of brigalow {4 onda harpophyiia ) scrub vegetation for
agriculture has altered nutrient cycling over millions of hectares, In onder to gquantify the effcct of this vegotation
cleanng and land use change on soil fertility, the Brigalow Catchment Study commenced in 1965, Initial clearing and
burning o fhrigal ow scruh resulted in a temporary increase of mineml nitrogen, total and available phosphoms, total and
exchangzable potassium and total sulfur in the surface soil (00,1 m) a5 a result of soil heating and the ash bed effect.
Soil pH also increased, but did not peak immediately after buming. Soil fertility declined significantly over the
subsagquent 32 years, Under cropping, organic carben declined by 46%, total nitrogen by 35%, total phosphorus by 29%%,
hicarbonate-extractahle phosphoms by 54%, acid-extractable phosphorus by 5%, total sulfur by 49%, total potassium
by 9% and exchangeable potazsium by 63% from post-burn, pre-cropping concentrations, Fertility also declined under
gmazing but ina differcnt pattern to that observed under cropping. Organic carbon showed clear fluctuation but it was not
until the natural variation in soil fertility over time was separated from the anthropogenic effects of land use change that
a significant decline was nhserved. Total nitrogen declined by 2%, Total phosphorus declined by 14%, equating to
only half of the decline under cropping. Bicarbonate-extractable phosphoms declined by 64% and acid-extractable
phozpharus by 66%; both greater than the decline observed indercropping. Total sulfur declined by 23%; less than half
of the decline under cropping. A similar decline in total potassium was observed under both land uses, with a 1%
decling inder grazing, Exchangeable potassium declined by 5%, The primary mechanism of mutrient loss depended on
the specific land use and nutrient in guestion,

Keywaords: catchment management, cropping systems, dryland agnculture, tree clearing,

Received 31 March 2020, accepted 9 September 2020, pohlished online 6 Movember 2020

Introduction

Sail fertility decline, soil structuml decline and erosion ane all
considered to be consequences of changing land use from
virgin forest to cropping and grazing, Tmditionally, nutrient
cycling in undisturbed wvirgin ecological systems was
considered a steady-state closed system, where soil notnents
ame consumed by the growing plants and then releasad back to
the soil via keaf litter, wood debris and roots{ Moody 1998), In
contrast, cropping and grazing systems disturb this cyele
by mremoving nutients in harvested prodocts and animals
(Radford er al, 2007}, via mereased surface munoff | Thomiton
et al. 207; Elledge and Thomton 2017), imcrcased leaching
{Silburn er af 200%) and increased gaseous losses from soil
and animals (Huth & af. 20140; Dalal ef @f. 2013). Distobance
of nutrient cycles and increased losses ofisoil mutrients affect the
viability and sustaimability of farming systems. Increased nutrient
loads lost to the environment impacts coosystem health, resu ting

in substantial investment in hamm minimisation and remediation
progams worldwide (Carmoll e af. 20012). Contemporary
mutrient cycling research suggests that disturbance and nurient
loss on a local scake have mmifications on a glohal scale. This
is demonsiated by feedback mechanisms between increazing
tem peratune, increasing atmospheric carbon dioxide and nitrogen
concentrations, and fluxes of soil onganic matier as a result of
concomitant change in 201l carbon and nirogen concentrations
{Crowther eraf, 2016; Tipping ef @, 201 7; Schulte-Ushbing and
de Vries 2018).

In the Brigalow Belt bioregion of Auswalin, clearing of
brigalow { dcacia harpaopkfila) saub and land use change has
substantially altered mutrient cycling over a large amca, The
hioregion occupics 367 million hectares of (ueensland and
MNew South Wales, stetching from Dubbo in the south to
Townsville in the north of Auvstmlia, Since Europem
settlement, 58% of this bioregion has boen cleared. The

“Paris [, T and 10T, Awst . Soil Res 457), 479-895; $96-511; 512-523. Pari TV, Sodl Res. S4(8), 749-759
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Appendix 1.3: Dalal et al. (2021a)

Dalal, R.C., Thornton, C.M., Allen, D.E., Kopittke, P.M., 2021. A study over 33 years shows that carbon and
nitrogen stocks in a subtropical soil are increasing under native vegetation in a changing climate. Science of the
Total Environment 772, 145019 [doi.org/10.1016/j.scitotenv.2021.145019].
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Tect soil organi ¢ carban | 30C) Mods murkedly - adecresse in 300 socks is prediced o dove unher plnstary
warming although whethe rohamges inciinate and Zesociated Tadors. {induding ameasphenc N deposition) will
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how changes aver the last thres decdes are already | mpading upan 300 stocks and soi 1tal nitrogen [5TH)
in & Vertiso] supponting naive brigalow | Acacis hampaphy la L] vegetation I wias alsenved tha 30C stacks in-
erexied under native vegetionby S35 Mg C ha™ " (177 + Q059Mg Cha™"y™") at & depth aT0-03 m aver
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im b o, especially rool o maess, resuiting in tenetincresse in 500 stocks. Furthermone, STH stocks increased
by 057 Mg Nha—' (00174 4+ 00041 Mg N "y~ ") 20-03 m depth, due to ina eased somospherc depo-
fition and polential M fation Sinde S0C kases arealten predided in many regions due 1o glolal waom ing,
these obervations are relevant b swtsinability of S0C stacks Tor productivity and dimete madels in demi-
afid subiropicsl regions.
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Appendix 1.4: Dalal et al. (2021b)

Dalal, R.C., Thornton, C.M., Allen, D.E., Owen, J.S., Kopittke, P.M., 2021. Long-term land use change in Australia
from native forest decreases all fractions of soil organic carbon, including resistant organic carbon, for cropping but
not sown pasture. Agriculture, Ecosystems and Environment 311, 1-11 [doi.org/10.1016/j.agee.2021.107326].
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Fermord Soil organdc matber (S0M) performs an essential function in soil fertility, biomass and crop productivity, eavi-
sl ol g roamental sustainability, and climate change mitigation. We examined how land use change from native focest to
f‘;—‘ém'm Elﬂmrptm:u:e [ecrwn buffel (Cenchrus ofians ov. Biloeln)] m'm:g:p.ng [primarily wheat { Trmaom um'.thJ and
iy sorghum {Sorghrm bicolor 1..)] affeceed total sodl argande G (500} stocks as well as stocks of thres S0C fractions,
E— particulate organic C, hamss organde © and resistant organde C. Furthermore, for the cropping system, we alsa
Ca orest examinad whether the use of & ley pasture phase conld reverse the loss of S0C. 18 was found that land use change

from native forest to pasture decrensed SOC stocks by 1722 % and snil eotal N (STN) stocks by 24,6 % during the
land dewelopment to pasture establishment (< 1.75 ¥), although thers were no significent (" = 0.05) changes
thereafter up to 33 ¥ and final valoes were generally similar to mital values, Fonbermaore, stocks of the three
50 fractons did not change with tme in this pasture system. in contrast o thess modest changes following
coanversion to pasture, for land use change to cropping, S0OC decreased by 4836 ar 0- 0.1 m and 38 % {from 54 to
thgh":lntc! 0.3 m, due mainty to insffcient C inputs to maintain SOM at seady state, Moreover, stocks of
all three S0C fractiors decreaced with dme, including the resismnot organic C fmction, indicatog that this
fraction was not recabcitract under cropping. The biomass C inpats by crops, mainly as root biomass, wers not
sufficient to reverse or slow down the rate of decrense of SO0 in this soil. However, the introdnction of pasture:
during the lest 4 v indicated thae the decrensas in the stocks of S0C could be amrested by a by pasture phase.

T i noes

1. Introdustion hdea]nc'h:ngcmbn!mmm:m:mpnmaﬂ;m

decreaoe or cause no change in 50C stocks (Moo exal | 2002 K

Oirganic © and N are the integral components of zoil organic master
[Sml],m'hld:i:cmcuﬂalfﬂqgﬁmimmlmmhnbﬂiqnmmuial
environmental stability, and provids: 2 long-tesm terrectrial © zink
(Chenn =t 2l 2019). Howeser, changes in land use can mackedly alter
stocks of ooil organic C (SOC), with the magnitnde of thizs change
depending upon a broad range of factom, inchading the natere of the
[final land nse. Firatly, conaider a change in land e from native fores o
introduced pasture, with thiz generally chown to cause only 2 compar-
atively modest change i S0C atocks. A global mets-analiz found a
meadian Jecreaze in 20C stocks of 11.3 08 l:'[-:-:hp:.:r'.-.e etal 20173, with a
simnilar valoe ako reported in the mets-analyzio of Don =c 2l (200110

* Cormesponding author.
Esmm addreccer: rdalnl g edoan (FC. Dalal), Crdg Thomionigdnrme. gld g
eda.au (LS. Owens), pkopirtkettog.ednan (PM. K.upul:ﬂoe'l
hettpes ot om0, 116/ e, 2021 7 07130

et 2l 2017}, depending upon many factore, inchading soil trpe (Schis
peretal  2010) Por example, Hamne = al {2005) mnhl:dr]uﬁﬁ:tuf
land vee change from natihve segetation to pasture at 32 paired-zites in
southern and central Quesncland, Awmstralia Although S0C stocks
decreaged by approximately 7% acroos all zites, significant (P < 0.05)
decreages in 50C socks wers found mootly in coare-texnared soils but
not finer-textured soils.

In contrast to a change in land e to pasture, land oz change from
native vegstation to asable cropping penerally leads to muoch larger
loszes of 30C and soil toeal M (STNL In the metz-analymiz of Hopictks
=tal (2017, the madian decreage in S0C stocks upon comsersion of land

re.am (C.M Thomton), disneallenipdesqld gov.an (DE Allea), joowensirosg

Recetvrd 73 Tuone }.DJD' Recetved in revised form 14 Jammary 2020; Accepted 17 January 2021
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& 7-8809/ Crown Copyright & 2021 Published by Elsevier BV, Al fights reserved.
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Appendix 1.5: Elledge and Thornton (Unpublished)

Elledge, A.E., Thornton, C.M., Unpublished. Hydrology and runoff water quality from three improved pastures
compared to virgin brigalow (Acacia harpophylla) woodland over eight years in semi-arid Australia. The Rangeland
Journal. Submitted to The Rangeland Journal in July 2022.
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Hydrology and runoff water quality from three improved
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Appendix 1.6: Thornton and Elledge (2021)

Thornton, C.M., Elledge, A.E., 2021. Heavy grazing of buffel grass pasture in the Brigalow Belt bioregion of
Queensland, Australia, more than tripled runoff and exports of total suspended solids compared to conservative
grazing. Marine Pollution Bulletin 171, 112704 [doi.org/10.1016/j.marpolbul.2021.112704].

Marse Polluton Belledn 171 (2021) 112704
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Queensland, Australia, more than tripled runoff and exports of total
suspended solids compared to conservative grazing

C.M. Thomton | A.E. Elledge
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Fitymurile:
Bexd cantle
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Lani! waet change
Vewbacking

Loss of sediment and partculace nurrients in runaff from the extensive grazing lands of the Fiazroy Basin, cenmmal
Cueensland, contimue to comiribute to the declining health of the Great Barrier Reef. This study measared dif-
ferapcas in hydrology and water qualicy from comservative and basvy graring pressures om rusdown improved
grass pastures in the Pigroy Hasin. Consermtive graming pressare was defined as the safe long-term camying
capacity for rendown buffel grass pasture, wheress heavy grazing pressure was defined as the recommended
stocking rate for pewly esinblished buffed grass pastare. Heavy grazing of rundown pasture resulted in L5 dmes

meore bare ground and only 8% of the pasture binmass compared to consermtive grazing. Heavy grazing alsa
resulted im 3.6 dmes more ol nmed and 2.3 tmes the peak nancff rate compared to conservative grazicg.
Loads of cotal maspended solids, mitrogen and phosphorus in runoff were also greater from heavy than conser.

vative graring.

L. Introduction

The Pitzroy Bazin is (Jueensland’s largest coastal catchment and is
almoat entirely containsd within the Brigalow Belt bioregion of
Aunstralia Both the basin and the wider bioregion have sxperi=nced
some of the highest rates of land clearing in the waorld, with up to 93% of
wegemtion commumities dominated by brigalow (Acacia harpophylla)
cleared for agriculture zince European pettlement {(Butler aml FPairfas
2008; Cogger =t al | 2003; Tulloch =t 2l | 2016). Orasing iz the dominans
Janljuneinthc]’ilsmyﬂuin.Mﬁmm&mlﬁmﬂ]ﬁmuﬂgm’u“.]

Mha {Australisn Burems of

Giatioticn, 2009 Mext ol Livestock
Augtralia 2017 a). This is the L Be::arﬂ.cnﬂdm:n_',mmummt:
management region in both Queenzland and Avsralia accounting for
25% of the coate herd and 11% of the national hard (Meaz and Livestoc)
Australis 20172k

The 2017 Scientific Consengus Gtatement for Oreat Barrier Raef
waser guality idantified the Pitroy Basin az a high priority area for
ongoing contribution to marine water quality decline and remltane
damage to s2agrags and coral reefn (Waterhouze =t 2l | 2017) Increased
adoption of best mansgement practices for agriculture was identified a=
2 key strategy to reduce sediment and nutrient loads in runcff. Within

* Uorresponding author.

E-mmi addrest Craig. Thameon i ressorees. gld gavoan (M. Thomtoa).

harps/ /dol org T4 100 &/ marpalbol 20321, 112704

the Orazing Water (Quality Rick Pramewock for 2017 to 2022, the lowest
rizk to water quality from hillzlope pasmure mansgement iz achieved by
practices such az forage budgeting to determine camying capacity,
ground cover monitoring and the adoption of wet zeazson spelling (The
Seate of Queensland 20205 These practices are commonly recom-
mended to maintin or improve ground cover (Jomez ex 2l 2018
Mosayel =2 2l , 2017; DRe=again =t al. 2011], az high cower :i.!]cm'nm
reduce unof, and hence alzo sediment and nutrients expocted in umoff
{Murphy =t 2l | 2008; Nalzon =t al | 1996; Schuwarte ez al | 301 1: Silbum
=zal 201 1)L Porexample, light and heavy ctocking rates were compared
in the Burdalin Bazin with 20 to 25% and 40 w0 50% pasture utilization,
rezpectively (O'Reagain e al | 2003). A zafe long-term carrying capacity
iz defined az the capacity of the pasture to sustainably cary livestodk in
the long-term wherear 1 zafe pagture vtlization rate iz defined 2o the
proportion of annual forage growth that can be conmmed by Jomessic
hnumdiwnﬁmuLmlvm‘v:&bmnglmﬁcmdlummrhelomgm
(McKeon et al; 200% Wakh and Cowley, 20111

In below =verape minfall yearg, the heasy atocking rate hoad lec
ground cover, a greater frequency and intensity of ronoff, and higher
sediment concentrations in nunceff. However, there was linle diffsrences
between the bwo stocking rates in high rainfall years due to high ground
covver [ O Reagain =t 2l 2000). This reflects intermational literstizre from.

Feceived & Janmary 2007; Hecetved in revised form 13 June 20021; Accepeed 4 July 2021
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Appendix 1.7: Tiwari et al. (2021)

Tiwari, J., Thornton, C.M., Yu, B., 2021. The Brigalow Catchment Study: VI. Evaluation of the RUSLE and MUSLE
models to assess the impact of clearing brigalow (Acacia harpophylla) on sediment yield. Soil Research 59, 778-
793 [doi.org/10.1071/SR21030].
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The Brigalow Catchment Study: VI.T Evaluation of the RUSLE
and MUSLE models to assess the impact of clearing brigalow
(Acacia harpophylla) on sediment yield

J. Tiwari® 0, C. M. Thornton® (0 and B, Yu®*

For full kst of muhor affilasons and ATIRACT

dedamuons see end of paper Land dearing for cropping and grazing has increased runoff and sediment yield in Central

Queensland. The Briglow Catchment Study (BCS), was esmblished to determine the effect of
& Yu land dearing on water balance, zoils, and productivicy, and consisted of three catchments:
Schodl of Engineening and Builc brigalow forest cropping and grazing Factors resporsible for changes in and models for
Emiranmese. Australion Rivers kosmre, predicting sediment yield have not been assessed Objectives of this study are w idendfy

ety Syl babel climatic, hydrelogical, and ground cover factors responsible for the incressed sediment yield and

Eait b ypui@nith eduau to assess suitable models for sediment yield predicion. Runoff and sediment yleld data from

1988 to 20|18 were used to assess the Revised Universal Soil Loss Equation (RUSLE) and the
Handling Editor Modified USLE (MUSLE) to predict the sediment yield in brigalow cwhmene. Common events
Rosa Marm Pach among the three cachments and events for all catchment pairs were assessed. The sediment

yield was approwdmarely 44% higher for oropping and 4% higher for grazing than thar from the
forested cacchment. The runoff amount () and peak runoff rae (Q.) were major variables thar

could explain most of the increased sediment yidd over time. A comparison for each catchment
pair showed that sediment yield was 80| kg ha™' or 3T% higher for cropping and 28 kg ha~' or
2% higher for grazing than for the forested catchiment. Regression analysis for three different
treatments (seven common events) and for different storm evens (15 for forested, 40 for
cropping, and 20 for grazing) showed that @ and (, were best correlated with sediment yield in
comparison with variacicns in ground cover. The high coefficient of determinadon (R > 0.60)
provided support for using the MUSLE model, based on both Q and @, instead of the RLISLE,
and @ and {J, were the most important factors for improving sediment yield predicticns from
BCS muhments.

Keywords: brigalow clearing, ground cover reatment, peak runoff rate, RUSLE and MUSLE, runoff,
sediment yield, small dry catchments, storm events.
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Broad-scale d earing of native vegetation for agricultural systems, including grazing, has

Cite this: strongly affected hydrological processes and sediment yield in Australia and around the
Th":““l""“"f:‘:]m oy warld [Siriwardena et al. 2006; Thomton ef al 2007 Ehigiator and Anyata 2011:
o 10,1 671 SRE1 030 : Borrelli o of. 2017; Cheng and Yu 201%; Aghsaei et al. 20200, At the global level, soil

erasion from the area of 125 million km? covering ~84.1% of Earth's land surface has
D021 The Authord) for thesr inu'r..uscld by 2.5% (baseline of 35.P5 J,.‘_-all..j} due o spntifal land L change DCLLIJ-TEI'I-H
emphoper ). Pubished By only in 3.3% of study area (Borrelli e al. 2017), In Australia, according 1o the Scientific
CARO Publedving. Consensus Statement (Bartley ef al. 2017 ), a three- and eight-fold increase in the total
Thes s an open acoess arnde demoused sediment yield has occurmed across the Great Barmier Reef (GBR) carhments, depending
A AhACk o L aaion! i Mon the regi f which imately 80% could be atributed 1 zes in land
R = piEio on region, o ich approximately ol atri o changes in
TParts I-IL, Awstralion Jowrnal of Soll Research 45(7), 479495, 496-511 ad 312523 Part IV, Sod! Ressarch

OPEN ACCESS
S4(6), TAS-T59, Pant V, Sail Research 59(2), 146-164.

Appendix 1.8: Conceptual model of journal paper linkages

Conceptual model of journal papers published by the Brigalow Catchment Study project from 2007 to 2022, which
shows the knowledge building approach used and their interactions.
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Anthropogenic impacts: Land use

Virgin brigalow woodland, cropping and conservatively grazed improved grass pasture

Thornton and Elledge (TBA)
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Tiwari et al. (TBA)
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modelled data)

Silburn et al. (2009)
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observed and modelled data)
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(1981 to 2014, observed data)

fertility under brigalow woodland from 0
to 30 cm depth (1981 to 2014,

Dalal et al. (2021a)
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observed data)
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d
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Thornton and Yu (2016)

Effect of land use on peak runoff rate
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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 woodland

) Thornton and Elledge (TBA)
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pasture biomass, hydrology and water quality, including particle
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1
1
1
1
1
1
1
1
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1
1
1
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1
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Grazing land management:
Grazing pressure

Conservatively and heavily grazed improved
grass pastures compared to virgin brigalow
woodland

Thornton and Elledge (2021)

Effect of grazing pressure on ground
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water quality (2015 to 2018; observed

data)

Elledge and Thornton (TBA)
_ _|Effect of pasture type on hydrology and
water quality, and a comparison of four
methods for calculating_a site EMC
(2010 to 2017; observed data)

Thornton and Elledge (2022)

Effect of land clearing, land use and

land management on soil fertility,
hydrology and water quality over 57
years (1965 to 2022; observed data)

Pending Paper

Effect of land use on profile soil

( Thornton and Shrestha (2021)
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Abbreviations:
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Historical Brigalow Catchment Study research foundational to Reef Plan outputs

Research funded by various Reef Plan programs, including Reef Rescue Research and Development
(RRRD), Paddock to Reef (P2R) and Queensland Reef Water Quality Program (QRQWP)

Research funded by a source other than Reef Plan
Draft publication in progress

Data collection for P2R Phase 4 currently in progress, which may result in a publication at a later date
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Planned publication based on existing datasets to further build on current knowledge
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References for the conceptual model:
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Bradshaw, C.J.A., Bowman, D.M.J.S., Bond, N.R., Murphy, B.P., Moore, A.D., Fordham, D.A., Thackway, R.,
Lawes, M.J., McCallum, H., Gregory, S.D., Dalal, R.C., Boer, M.M., Lynch, A.J.J., Bradstock, R.A., Brook,
B.W., Henry, B.K,, Hunt, L.P., Fisher, D.O., Hunter, D., Johnson, C.N., Keith, D.A., Lefroy, E.C., Penman,
T.D., Meyer, W.S., Thomson, J.R., Thornton, C.M., VanDerWal, J., Williams, R.J., Keniger, L., Specht, A.,
2013. Brave new green world: Consequences of a carbon economy for the conservation of Australian
biodiversity. Biological Conservation 161, 71-90.

Cowie, B.A., Thornton, C.M., Radford, B.J., 2007. The Brigalow Catchment Study: I. Overview of a 40-year study of
the effects of land clearing in the brigalow bioregion of Australia. Australian Journal of Soil Research 45,
479-495.

Dalal, R.C., Cowie, B.A., Allen, D.E., Yo, S.A., 2011. Assessing carbon lability of particulate organic matter from
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103.

Dalal, R.C., Thornton, C.M., Allen, D.E., Kopittke, P.M., 2021. A study over 33 years shows that carbon and
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of the Total Environment 772, 145019.

Dalal, R.C., Thornton, C.M., Allen, D.E., Owen, J.S., Kopittke, P.M., 2021. Long-term land use change in Australia
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cropping but not sown pasture. Agriculture, Ecosystems and Environment 311, 1-11.

Dalal, R.C., Thornton, C.M., Cowie, B.A., 2013. Turnover of organic carbon and nitrogen in soil assessed from
d13C and d15N changes under pasture and cropping practices and estimates of greenhouse gas
emissions. Science of the Total Environment 465, 26-35.

Elledge, A., 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, 119-131.

Elledge, A.E., Thornton, C.M., Unpublished. Hydrology and runoff water quality from three improved pastures
compared to virgin brigalow (Acacia harpophylla) woodland over eight years in semi-arid Australia.
Agriculture, Ecosystems and Environment.

Huth, N.I., Thorburn, P.J., Radford, B.J., Thornton, C.M., 2010. Impacts of fertilisers and legumes on N20 and CO2
emissions from soils in subtropical agricultural systems: A simulation study. Agriculture, Ecosystems and
Environment 136, 351-357.

Johnson, R.W., McDonald, W.J., Fensham, R.J., McAlpine, C.A., Lawes, M.J., 2016. Changes over 46 years in
plant community structure in a cleared brigalow (Acacia harpophyilla) forest. Austral Ecology 41, 644-656.

Radford, B.J., Thornton, C.M., Cowie, B.A., Stephens, M.L., 2007. The Brigalow Catchment Study: Ill. Productivity
changes on brigalow land cleared for long-term cropping and for grazing. Australian Journal of Soil
Research 45, 512-523.

Silburn, D.M., Cowie, B.A., Thornton, C.M., 2009. The Brigalow Catchment Study revisited: Effects of land
development on deep drainage determined from non-steady chloride profiles. Journal of Hydrology 373,
487-498.

Thornton, C., 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, 3949-3959.

Thornton, C.M., Cowie, B.A., Freebairn, D.M., Playford, C.L., 2007. The Brigalow Catchment Study: Il. Clearing
brigalow (Acacia harpophylla) for cropping or pasture increases runoff. Australian Journal of Soil Research
45, 496-511.

Thornton, C.M., Elledge, A.E., 2021. Heavy grazing of buffel grass pasture in the Brigalow Belt bioregion of
Queensland, Australia, more than tripled runoff and exports of total suspended solids compared to
conservative grazing. Marine Pollution Bulletin 171, 112704.

Thornton, C.M., Elledge, A.E., 2022. Leichhardt, land clearing and livestock: The legacy of European agriculture in
the Brigalow Belt bioregion of central Queensland, Australia. Animal Production Science.

Thornton, C.M., Shrestha, K., 2021. The Brigalow Catchment Study: V. Clearing and burning brigalow (Acacia
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harpophylla) in Queensland, Australia, temporarily increases surface soil fertility prior to nutrient decline
under cropping or grazing. Soil Research 59, 146-169.

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

Tiwari, J., Thornton, C.M., Yu, B., 2021. The Brigalow Catchment Study: VI. Evaluation of the RUSLE and MUSLE

models to assess the impact of clearing brigalow (Acacia harpophylla) on sediment yield. Soil Research 59,
778-793.

Technical reports

One technical report that used Brigalow Catchment Study data was published during the funded period:

(1) Landsberg, L., Cox, H., Nothard, B., Thornton, C., Moravek, T., 2020. Gross margin analysis of grain
cropping at the Brigalow Catchment Study with APSIM simulations to evaluate the effect of nitrogen
fertiliser application. State of Queensland, Queensland [www.publications.qld.gov.au/dataset/grains-
economics/resource/a64f2262-8767-4b51-9f5d-29b48934e1a0].

Presentations

Three seminars that used Brigalow Catchment Study data were presented during the funded period:

(1) Thornton C.M. and Elledge A.E. (2021). Clearing and burning brigalow increases soil fertility prior to
nutrient decline under cropping or grazing. Joint Soil Science Australia and the New Zealand Society of
Soil Science Conference: Soils, investing in our future. Cairns, Australia.

(2) Thornton C.M. and Elledge A.E. (2022). Leichhardt, land clearing and livestock: The legacy of European
agriculture in the Brigalow Belt bioregion of central Queensland, Australia. 34th Australian Association of
Animal Sciences Conference: Anchoring knowledge, exploring animal science ecosystems. Cairns,
Australia. Craig was an invited keynote speaker to deliver the McClymont Lecture, which pays tribute to the
contributions of eminent Australian animal scientists.

(3) Thornton C.M. and Elledge A.E. (2022). What are the impacts of land use change on sail fertility in the
Fitzroy Basin? Lessons from both long-term and broad scale monitoring. Fitzroy Basin Association’s
CQ2022 Big Data Forum. Rockhampton, Australia

Field tours

Three field tours of the Brigalow Catchment Study were conducted during the funded period:

(1) Paddock to Reef scientists from the Department of Environment and Science (formerly the Department of

Resources) visited the Brigalow Catchment Study as part of their paddock monitoring team meeting in
Rockhampton (August 2019).
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(2) Aleisha Keating (Acting Principal Scientist) from the Department of Resources visited the Brigalow
Catchment Study to learn about one of the Paddock to Reef monitoring projects that she would oversee
while acting in a management role (September 2021).

(3) Fitzroy Basin Association staff and stakeholders (i.e., landholders, rural bankers) visited the Brigalow
Catchment Study to learn about the long-term project outcomes and discuss implications for the future of

cropping and grazing enterprises in the region (April 2022).
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Website

The Brigalow Catchment Study website (www.brigalowcatchmentstudy.com) provides access to real-time rainfall
and runoff data from all monitored catchments, in addition to information on publications that have resulted from the
long-term project. The website was also updated recently to provide more background information on the long-term
project, to provide links to additional real-time data sources that have been installed (i.e., COSMOS soil moisture
sensors), and introduce project staff.

Brigalow Catchment Study

Welcome to the Brigalow Catchment Study, currently managed by the Department of Environment and Science in Queensland, Australia. This website
provides a brief description of the long-term study since its commencement in 1965 and provides access to real-time data from some of cur monitoring
eguipment. We hope you enjoy reading about 'Brigalow' and lock forward to hearing from you soon.

e —

.
g =
5

Brigalow
Catchment
Study

The Fitzroy Grazing monitoring project also had a webpage on the Paddock to Reef story map released in 2021
(apps.information.gld.gov.au/StoryMaps/GBR PaddockCatchmentScience/), which provides a summary of the
research published in Thornton and Elledge (2021).

Resources Great Barrier Reef Paddock and Catchment Science

Overview Fitzroy Grains Fitzroy Grazing Mackay Whitsunday Sugarcane Wet Tropics Sugarcane Wet Tropics Bananas Rainfall Simulation Gully Monitoring Modelling

Paddock-scale water quality
monitoring grazing
management practices

Fitzroy Basin 2015 - 2018

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.

This study measured changes in hydrology, water quality, ground
cover and pasture biomass from conservative and heavy cattle
grazing pressures on rundown (>30 years old) improved grass

pastures.
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Appendix 2: Annual rainfall and runoff

Table A2.1: Observed annual hydrology from the three monitored catchments.

Total runoff (mm)

Year Rainfall (mm)
Brigalow woodland  Conservative grazing Heavy grazing
2019 437 17 16 49
2020 490 10 33 66
2021 602 0.3 4 24
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Appendix 3: Annual loads and event mean concentrations

2019

Table A3.1: 2019 hydrological year loads and event mean concentrations (EMCs) of total suspended solids,
nitrogen, and phosphorus in runoff from the three monitored catchments.

Parameter

Brigalow woodland

Conservative grazing

Heavy grazing

TSS

TN

PN

TDN

DON

DIN

TP

PP

TDP

DOP

DIP

Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)

Mean EMC (mg/L)

171

989

5.36

31.07

3.59

20.79

1.77

10.27

0.36

2.10

1.41

8.17

0.41

237

0.38

2.22

0.03

0.16

0.00

0.03

0.02

0.13

203

1379

1.46

9.91

1.01

6.89

0.45

3.03

0.18

1.24

0.26

1.79

0.23

1.60

0.20

1.39

0.03

0.21

0.00

0.03

0.03

0.18

229

470

1.37

2.81

1.07

2.20

0.20

0.42

0.08

0.17

0.12

0.25

0.32

0.65

0.21

0.43

0.06

0.13

0.01

0.02

0.06

0.12
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Table A3.2: 2020 hydrological year loads and event mean concentrations (EMCs) of total suspended solids,
nitrogen, and phosphorus in runoff from the three monitored catchments.

Parameter

Brigalow woodland

Conservative grazing

Heavy grazing

TSS

TN

PN

TDN

DON

DIN

TP

PP

TDP

DOP

DIP

Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)

Mean EMC (mg/L)

56

574

2.95

30.38

1.30

13.37

1.65

17.03

0.34

3.53

1.31

13.51

0.13

1.33

0.11

0.02

0.17

0.00

0.02

0.02

0.17

562

1828

3.73

11.98

2.49

8.00

1.28

3.99

0.48

1.47

0.78

2.52

0.48

1.53

0.42

1.34

0.06

0.19

0.01

0.03

0.05

0.16

398

678

1.73

2.66

1.13

1.79

0.60

0.87

0.27

0.36

0.34

0.50

0.36

0.55

0.26

0.42

0.10

0.13

0.01

0.02

0.10

0.13
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Table A3.3: 2021 hydrological year loads and event mean concentrations (EMCs) of total suspended solids,
nitrogen, and phosphorus in runoff from the three monitored catchments.

Parameter

Brigalow woodland

Conservative grazing

Heavy grazing

TSS

TN

PN

TDN

DON

DIN

TP

PP

TDP

DOP

DIP

Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)
Mean EMC (mg/L)
Total load (kg/halyr)

Mean EMC (mg/L)

2

No data

0.04

No data

0.03

No data

0.03

No data

0.01

No data

0.02

No data

0.00

No data

0.00

No data

0.00

No data

0.00

No data

0.00

No data
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690

0.13

3.84

0.04

1.71

0.09

2.14

0.05

0.96

0.04

0.01

0.44

0.01

0.36

0.00

0.08

0.00

0.02

0.00

0.08

148

667

0.70

2.97

0.40

1.70

0.29

1.26

0.15

0.59

0.14

0.67

0.14

0.62

0.10

0.43

0.04

0.19

0.00

0.02

0.04

0.19
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