Government MEAT & LIVESTOCK AUSTRALIA

Finalreport

Legume Best Management Practice in the
Brigalow Beltbioregion

Project code: B.PAS.0354

Prepared hy: Gavin Peck, Louise Walker, Scott Bloomfield, lan Dunbar
Department of Agriculture anBisheries

Date published: 2 November2022

Project team: Gavin PeckiLouise Walker, Stuart Buck, Bradley Taylor, Andrew
aO[ Styz ¢AlL32 {Af QI3 WdzalAy al O2NE
GrahamKedzie Scott Bloomfield, lan Dunbar

PUBLISHED BY

Meat & Livestock Australia Limited
PO Box 1961

NORTH SYDNEY NSW 2059

Meat & Livestock Australia acknowledges the matching funds provided by the Australian
Government to support the research addvelopment detailed in this publication.

This publication is published by Meat & Livestock Australia Limited ABN 39 081 678 364 (MLA). Care is taken to ensurertioy afc
the information contained in this publicationHowever,MLA cannot accept respaibility for the accuracy or completeness of the
information or opinions contained in the publication. You shouidake your own enquiries before making decisions concerning your
interests. Reproduction in whole or in part of this publication is prohibitedthout prior written consent of MLA.



B.PAS.0354 Legume BMP in the Brig@elivbioregion

Abstract

The Brigalow Beltioregionisimportant for the beef industry as it producd4% of thegross value

of agricultural production from grazing in QueenslaRdsture legumes have been identified as the
best longterm option to increase productivifyhowever successful adoption rates rem&ow. This
projectconducted research integrated with an extension prograrwok with graziers and advisors
to increase productivity ithe Brigalow Belt through more reliable and successful adoption of
legumes.

Four hundred and twelvgraziers and fan advisors attended 23 workshops on legume
management. Grazing businesses sow2@0Mha of legumes?3% of businegsssowed legumes,
average of 258ha/businesaijter attending the workshopandthese businesseistend to sowan
additional111,20(a (averge of 617ha/business) over the next five years.

Research trials indicate that current varieties of Caatinga $8tidosanthes seabrahand

Desmanthus virgatuare likely to be persistent in the losigrm in southern inland Queensland,
however other speies of desmanthus and stylo are unlikely to persist. Research trials have shown
establishment methods developed in other climate zones (e.g. monsoonal) tfaél dcompetitive
pasturesof the BrigalowBelt, howeverbetter agrononic practicegdramaticallyimprove the

reliability of legume establishmengdoption rates of improved agronomsemain lowand should be

a focus of futureextension programsAdditional researcland extension is required to support the
beefindustry to realise the production benefits frowidespread and successful adoption of
legumes.
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Executivesummary

Background

Pasture legumes have been identified as the best-tengn option to increase the productivity and
returns from both rundown sown grass pastures and native pastures in the Brigalow Belt bioregion.
Despite impressive results from legumes in trials and some commercial pasheesea

successfully established withglemesremainsvery low in the Brigalow Belt.

This project endeavoured to increase the productivity of grass pastures in the Brigalow Belt
(primarily in southern and central Queensland but also extending into north Queensland) through
supportingmore reliabe and successfuhdoption of legumes.

The Brigalow Belt bioregion is anportant region for beef production in northern Australia as it

carries a high proportion of theattle herd and supportsrelativelyhigh stocking ratewith high
animalperformance (i.e. reproduction and growth rate$he Brigalow Belt bioregion carries

F LILINREAYLF 0SSt & pr: 2 Produde§i8dy o the gyoRsQalue of Sgdichltué@lS NR
production(GVAPjrom grazingy dzSSy af I yR KFa nm>2d2F ! dzAaGNI £ Al Q&

Objectives

The overalbbjectiveof this projectwasto facilitate widespread and successful (high productivity
and persistence) adoption of pasture legumes in the Brig&@deiltbioregion The projectconducted
field-basedresearch todevelopmanagemenpractices to improve theeliability of legumes,
especially their establishment into existing grass pastaresengaged industry through an
extension program. Specific objectives included:

1 Developing management recommendatg8fmom research and commeasdiresults and
package them into new extension products.

1 Engage with groups of graziers to develop legume management plans, trial practices on farm
and sow commercial paddocks to legumes.

9 Test the persistence of legume varieties in southern inland Quaedsvhere no historical
trial sitesexist

9 Test the impact oélternativeagronormic practiceon legume establishment.

Methodology

A coordinated extension program supported landholders to agtesismanagemenbptions,
develop a plarand implement orfarm practicesto successfully adopt legumeBhe extension
program was linked tthree research and developmeiaictivitiesto developand demonstrate
management practicethat improve establishment reliability and losigrm performance 6legumes
in grass pastures.

The four main components to the projestre:
1: Extension activities:

Industry engagement in learnidgased extension activities (workshops and field days).

Onfarm demonstrations conducted by workshop or field day participants.

Detailed onfarm trials

Extension materials developed on legume management

Case studiesde&vf 2 LISR 2y 3INI T ASNBRQ SELISNASYOSaE 6AlGK S
in the BrigalowBeltbioregion
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2: Legume persistence triale testlongterm persistence in thesoutherly latitudes ofQueensland
(i.e.Darling Downs, Goondiwindi and St Georgéridts).

3: Legume establishment research trials to test the impact of better agronomic practices when
establishing legumes into existing grass pastures.

4. Fertiliser esearch trials to test the impact phosphorus fertiliseon legume establishment
Results/key findings
Extension program results

A key output from this project was to revigvastand currentresearch results and commercial
experience to developgronomic management recommendatiogigecifically for the Brigalow Belt
bioregionto more efectivelyand reliably stablish legumes and to maintain productivity in the leng
term. It was essential to improv@rigalow Belt specifimanagement recommendations because
research resulthad shown that commonly used establishment practices developexdhiar climate
zones fagdto produce adequate legume populations in most yedise improved
recommendationsvere packaged into a fullay workshop that facilitated graziers through a process
to review research results and apply the management recommeadato their own property and
situation.

The legume management workshop was delivered to 23 groups of graziers and farm aéwasors.
hundred and twelvepeople attended the workshop, which represented 317 businesses of which 226
were grazing businesseSraziers have sowd2,00tha of legumeqaverage of 258hper business

that sowed legumessince attending the workshop and intend to sow an additididd!,20(ha over

the next five years (average of 617basines$. 118 onfarm trials were initiated with gaziers

involved with this project.

Key findings from the extension program and project evaluation include:

9 Strong interest in pasture legumes. Thare a lot of graziers and farm advisors who are
interested in improving productivity through adopting legesiThe extension program on
pasture legumes should continue.

1 Large opportunity to improve the reliability of legume establishm@mneviousipoor results
and establishment issuésvere the third most common reason citdéy grazierss a barrier
to adoption of legumes aftefcost/money availability and éseasons/drougt& which are
issues outside of the control of an extension progr&esearch trials have shown that
better agronomydramatically improves the reliability of legume establishment but adoption
levels remain low.

T bSSR Y2NB at20lIté SEIYLI Sa 2F dedrpdOluatant dzt € S3
in commercial paddocktocal examples are needed to provide strong evigeon the
benefits of using better agronomy when establishing legursagable varieties and long
term production benefitdo improve adoption rates

1 Extension materials need updatiagd bemademore accessibleA review of extension
materialson sown paturesin the Brigalow Belt bioregion found that informatipablished
by independent organisations (e.g. DAF, CSiBlires updating As a generalisatign
independent extension materials required updating with recesgearch resultsr
technology advaces,in many instances were no longer publicly available, rande
recently publishednformation was fragmented.g. published aspecies or subject specific
informationrather than whole of pasture systemd he private sector materials were

Pages of 130



B.PAS.0354 Legume BMP in the Brig@elivbioregion
generallymore recently updated buivere sales driverand, on some topicqrovided
recommendationghat are contrary to research result§lpdated extension materials are
required to collate fragmented research results, ensure technical knowledge is not lost,
provideindependent advice and to improve access to the grazing industry.

91 Preferred legume species has changed over the last decade. Desmanthus is now the legume
preferred by grazierswhereas in 201@cus groups with grazierdesmanthusvas
mentioned byonly two out of six groupsDesmanthus has benefited from a rigorous and
sustained marketing effort over the last decade. By contrast, Caatinga stylo has performed
very well in research trials but has not had a large or sustained marketing effort and has a
much lower adoption rate. Desmanthus (40%), leucaena (16%), shrubby stylo (14%) and
Caatinga stylo (8%) are the tégur legume species that graziers intend to sow in the next
five years, however therare another nine species that some graziers intendaov.

Legume persistence

Early results suggest that Caatinga stylo Bedmanthus virgatuare likely to be persistent on loam
and clay soil types in southern inland Queensland.

Results over the first few years suggest thatrent commercial varieties d. leptophyllusndD.
bicornutusare unlikely to be persistent. New varieties would be required for these two species to be
useful in southern inland Queensland. Fatem stylo did not persist on loam soils in southern

inland Queensland and should na# becommended.

The trials need to continue for longer before the lelegm persistence ob. pernambucanys
shrubby stylo and leucaena can be determined.

Legume establishment

Poor establishment is the most common reason for failure of pasture legumes in existing commercial
grass pastures, however the most commonly used methods by graziers are low cost and low
reliability. Fallowing to store soil moisture and control competiticm the existing grass pasture
dramaticallyimproves establishment. Greater control of competition through the use of-post
emergence herbicides can improve seedling survival and therefore establishment suosessr

these herbicides are not registeréar several important legume species

Plot trials have shown that dramatically better and more reliable establishment of-sewded
legumes sowninto existingcompetitivegrass pastures is achievable through using agronomic
practices that are commonlysed by the grains industry (and graziers when establishing leucaena).
For exampleat the Goondiwindi clay trial sitigng fallowtreatmentsproduced 80681900kg of

legume per hectare while cultivate abwingtreatments had either no plants or only a few very
small plants that produced negligible biomass at 12 months after sowidgstry needs to adopt
more reliable establishment techniques when introducing legumes into existing grass pastures to
realise thér full potential to improve productivity and economic returns in tBegalow Belt

bioregion The challenge for future participatory research and extension is to take the principles
developed from the plot trial and adapt them to the paddock scale usingnercial equipment.
Demonstrating the impact of fallows on the early growth of legumes is a high priority for future
extension effortdo improve adoption rates

Fertiliserto improve legume establishment

Trials on phosphorus fertiliser use to improvguene establishment produced inconsistent results
but trial design may have affected results. Phosphorus fertiliser increased the early growth of medics
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but did not improve Caatinga stylo or desmanthus growth. These trials were sown without grass
which maynot reflect fertiliser impact when sowing a grass with the legume.

Benefits to industry

This project has contributed to the northern Australian beef industry through working in the
bioregion with the greatest gross value of production and working on ## longterm
management option to improve productivity and economic returns in the regpueensland runs
nts 27F | dzA G NITheBligBléw BelthidrégioDprailicds% df thegross value of
agricultural production from grazirig QueenslandPasture legumes have been identified as the
best longterm option to increase the productivity and returns from both rundown sown grass
pastures and native pasturés the Brigalow Belt bioregion.

This project conducted research and reviewed previous rebeasults to develop more reliable

legume management recommendations specifically for the Brigalow Belt bioregion climate and soils.
The management recommendations were packaged irwaeadayworkshop.Graziers that

attended the workshops conducted bli$ project represented 226 businesses (5.1% of businesses

in the Brigalow Belt) run 279,000 head of cattle (5.6% of the herd in the Brigalow Belt), sowed
42,000ha with legumes since attending the workshop and intend to sow an additional 111,200ha

over thenextfiveyearst KS&4S 3aANI T Ay3 o6dzaaySaasSa YrylF3IS mow:
OF NNE Hom: 2F vdsSSSyatlhkryRQa 06SST KSNRO®

Research conducted by the project team has improved the understanding of legume adaptation and
persistence, methods to reliabhys&blish legumes into existing grass pastures and worked with
graziers to test the methods on farms.

Future research and recommendations

Research, Development and Extension (RD&E) recommendations focus on improving commercial
results, reliability and longerm productivity from legumes in competitive grass pastures (especially
buffel grass). High priorities for future RD&Esupport widesale and successful legume adoption in
the Brigalow Belt bioregiomclude:

1. Extensiorto improvethe commercial reliability degumes. A range of extension
activitiesare required toupdate andmprove access to informatiomn pasture legumes
improve skils, promote adoption of key practices and develop commercial scale
methods toreliably establish legumes.

2. Developmproved legume establishmennethods Research trials have demonstrated
agronomic methods that can improve legume establishment at thegaale that need
to be adapted to be applied at the paddock scale. Research, development and
demonstration is required to develop management solutions for weed control (e.qg.
registration of post emergence herbicides), commercial scale machjegyyfor
rhizobia delivery to depth) and develop regionalised legume establishment
recommendationsA high priority is to demonstrate the benefit of fallows on legume
establishment.

3. Better legume varietiesA review byBellet al. (2016)identified the Brigalow 8t as
being the highest priority for developing better legume varieties in northern Australia.
Research by this and other projects has identified limitation in the adaptation of current
commercially available varietiesspecially for southerly latitude€urrent research has
identified promising experimental legume accessions for release as new varieties in
southerly latitudes.

4. Research the impact of fertiliser on productivity and economic returns from pasture
legumesA review of the role of phosphoruettiliser in the Brigalow Belt found that
fertiliser use by graziers is very uncommon, but that production and economic returns
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are likely to be good if fertiliser is applied appropriatghecket al.2015) Research and
development is required to better define the production and economics respanses
fertiliser torealise this opportunity.

Improved reliability of establishing rhizobia of summer growing legumes when sown
onto hot soils Alternative rhizokainoculantdelivery methods that protect theacteria
from the hot and dry soil surfadéat are typical when sowing summer growing legumes
need to be developed and adopted for legunveith specific rhizobia requirements

be highly productive

Reliableseed qualityThe quality and reliability of supply wbpical pastureseedis
variable with poor quality seed oftepeing sold The seed industry needs to address
seed qualityand labellingssues if legumes are to be madiable andsuccessful when
sown into commercial paddocks with competitive sown grass pastiesearch and
extension organisations need to provide information and tools to graziers and their
advisors to calculate suitable sowing rates and compare the value of seed lots.
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1 Background

The BrigalowBelt is an importanbioregion for beef production in northern Australia as it carries a

high proportion(>30%)of the cattle herd, supports fgh stocking rates and high animal performance

(i.e. reproduction and growth rate$A\BS 2016)This high productivity is due to sown grass pastures

growing on relatively fertile soils in a moderate rainfall climate. The region also supports a large
LISNDSYGF3S 2F vdzSSyatl yRQR FNINAA QLINGKR dzd KA 8 & R (i K
grazing enterprises.

The productivity of native and sown pastures in northern Australia has been widely observed to have
declined over timgTothill and Gillies 1992; Peekal.2011). This decline results from changes in

land condition that can affect both native and sown pastures, and changes in available soil

nitrogend b0 GKIF G YIFIAyte FFSO0Ga az2g¢y (Phbdhlasdara ' yR f St
Graham 1989; Myw and Robbins 1991; Tothill and Gillies 198&8hough sown grass pastures

growing on Brigalow soils are highly productive compared to most of northern Australia, their

productivity has declined dramatically since they were first establigh@darilyR dzS (2 WLJ & G dzNB
NXzy R ZGsafiddet al. 1981; Myers and Robis 19919 Wt I a G dzZNB NHzy R26y Q A & 1 k
growth due to areductionin available nitrogen in the soil with increasing age of the pasture stand.

Pasture legumes have been identified as the best-tengn option to increase the productivity and
returns from both rundown sown grass pastures and native pastures through their ability to
biologically fix atmospheric nitroggPecket al.2011; Astet al.2015; Bowen and Chudleigh 2018)
Nitrogen fixation by legumes results in higher quality forage for a longer period of the year than
grassonly pastures; and additional nitrogen cycling to companion grasses leads to beter gra
growth and quality(Quirk and Mclvor 2005; Peekal.2017a)

Despite impessive results from legumes in trials and some commercial pastures, adoption levels
remain very low in the Brigalow BéRecket al.2011) For example, leucaena is one of the most
widely grown pasture legumes, however it has been adopted on only about 3% afeh of

pasture land to which it is adaptd@ecket al.2011; Beutekt al.2018) These low adoption rates
mean there is a huge opportunity to increase beef produchgrincreasingdoption of pasture
legumes in the Brigalow Belt, proind significantly higher economic returns for decades to come.

This project endeavoured to increase the productivity of grass pastures in the Brigalow Belt
(primarily in southern and central Queensland but also extending into north Queensland) through
morereliableand successfuhdoption of legumesThecoordinated &tension program supported
landholders to assedhbeir options, develop a plaand implement ofarm managemenpractices

to successfully adopt legumeBhelinked coordinated research and development program helped to
developand demonstratananagement pactices to improve establishment reliability alwhg-term
performance of legumes in grass pastures.

1.1 Brigalow Beltbioregion

The Brigalow Beltioregionoccupies approximately 36 million hectares of Queensland and New
South Wales, stretching from Dubbotire south to Townsville in the norifThackway and Cresswell
1995) Approximately 80% of the bioregion is in Queensl&igurel).
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Figurel: Geographic extent of the Brigalow Bedind Darling River Plainsioregions (Thackway
and Cresswell 19950ueensland Government bioregion mapping includes the Queensland
portion of the Darling River Plains as part of the Brigalow Belt.
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The Brigalow Behioregion includes a range of land types (including eucalypt woodlandspad
grasslands) but is characterised by clay soils where the native vegetati@rigiaallydominated or
associated with BrigalowAtacia harpophylla The soils were initiallyery fertile for agriculture

which led to large areas being cleared for grain cropping and sown pastures. Tree clearing, combined
with the inherent soil fertility and moderate rainfall environment, contribute to it being a highly
productive region of nortarn Australia.

1.2 Pasture and livestock productivity

The Brigalow belt is a critically important region for beef production in northern Australia.
vdzSSyatllyR | O02dzyia ¥ 2 NABS 2016)TActBrigaldeaBelNdorfedion Q &
carriesd7: 2 F vdz2SSyaflyRQa o6SS¥ OFGdfS KSNR |yR

O =
O &
N C:
Q.
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production (GVAP) from grazingablel) (ABS 2016; Anonymous 2022he Brigalow belt also
LINE RdzOSa o> 27F v dzS JAhannhoysRO2ATh&Bigalvt eltibionediod S v dzS
produces more than four times theeef herd and5VAP from grazing than the next most productive
bioregion. The high productivity of the BrigalowtBsabregion isdue to extensive areas of sown
pastures growing on relatively fertile soils with moderate rainfdile large areas of sown pasture in
the Brigalow belareimportant to the northern Australia beef industhecause othe large
numbers of hghly productive and valued livestqand the production flexibility of either breeding,
backgrounding (before entering a feedlot) or finishing.

Tablel: Gross value of agricultural production for grazing in Queensland by bioregivasented
data is from a spatial analysis of Agricultural Census d@aonymous 2022)Bioregions are
ordered from highest to lowest number of cattle.

Grazing Businesses Grazing beef herd Grazing production
Number of | % of Qld
grazing grazing Number of | % of Qld| GVAP % of Qld

Bioregiorf businesses| businesses cattle herd ($M) GVAP
Brigalow Belt 4,426 42.9% 4,989,067 47.3% 2,305.95 44.2%
Gulf Plains 252 2.4% 1,041,851 9.9% 467.95 9.0%
Mitchell Grass Downs 454 4.4% 844,842 8.0% 411.88 7.9%
SoutheasQueensland 2,791 27.0% 820,921 7.8% 489.85 9.4%
Einasleigh Uplands 345 3.3% 597,051 5.7% 279.19 5.4%
Mulga Lands 467 4.5% 591,136 5.6% 321.33 6.2%
Desert Uplands 240 2.3% 482,485 4.6% 226.59 4.3%
NorthwestHighlands 57 0.6% 345,959 3.3% 150.73 2.9%
Channel Country 157 1.5% 345,670 3.3% 151.34 2.9%
Central Queensland Coa 423 4.1% 185,843 1.8% 73.52 1.4%
Wet Tropics 425 4.1% 126,885 1.2% 69.48 1.3%
Cape York Peninsula 43 0.4% 91,635 0.9% 40.09 0.8%
New England Tablelands 240 2.3% 80,468 0.8% 226.59 4.3%
Queensland 10,320 100.0%| 10,543,812 100% 5,214.49 100.0%

A: Bioregions described by Queensland regional ecosystem descriptions (Department of
Environment and Sciencehich includes th&ueensland portion of th®arling River Plains
bioregionwhich isrecognisedas a separate bioregiamtionally(Thackway and Cresswell 1995
B: Gross value of agricultural production.

Although these sown grass pastures are highly productive compared to most of northern Australia,
GKSANI LINPRAzOGAGAGE KI & RSOfAYSR RNI YLl (Qrabani £ &8 & Ay
etal.1981; Pecletal.2011 W{ 2¢y LI a0 dzNBE NMzyR246y Q A& GKS RSOf
AY F@FEAEF0ES b Ay (GKS a2Af 6A0K-dAQONYI &RVI RNE! 2
matter. Productivity decline in sown g®is widespread in the Brigalow belt and has reduced

production by approximately 50¢@rahamet al. 1981; Robbin®t al. 1987; Peclet al.2011) This

production loss will continue in the decades to come and thgoimg impact has been émated to

cost beef producers in northern Australia >$17 billion at the farm gate in foregone incoana 30

yearperiod (Pecket al.2011) Buffel grass is the dominant sownasspasture across northern

Australia (>75% area of sown pasture) and is widédctdd by rundown(Walker and Weston 1990;

Walkeret al.1997; Peclet al.2011) In Queenslangd. dzF FStf Aad AGaR2YAYIlI Yyié 2y pod
on a furthe 25.9M ha(Pecket al.2011) Similarly the productivity of native pastures is constrained

by low N availability for grass growth in most situations.
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1.3 Pasture legumes in the Brigalow Belt bioregion

Pasture legumes have been identified as the best-tengn option to increase the productivity and
returns from4undown(sown grass pastures and native pastures through their ability to biologically
fix atmospheric nitrogeriPecket al.2011; Astet al.2015) Nitrogen fixation by legumes results in
higher quality forage for a longer period of thear than grasenly pasturesand additional

nitrogen cycling to companion grasses leads to better grass growth and qGalitfes comparing
Yundowngrassonly sownor native pastures to gradegume pastures demonstrate that

productivity increases &ém legumes are significant, for example:

1 Onfarm research studies in central QLD (Wandoan to Capella) reported @380 increase
in live weight gain per hectare and a doubling of gross margins with legumes compared to
grass only pasturg8owenet al.2015)

1 Onfarm research sites in buffel grass pastures recorded-208%6 increase in annual
pasture production (Dry Matter (DM) per hectare) with legumes (Caatinga stylo near Moura;
desmanthus near Wandod compared to grass only pastures approximately 15 years after
establishment on low P soiPecket al.2013) These graskegume pasturesalso responded
strongly to applied P fertiliser with an additional 50% increase in DNPaket al.2017a)

1 10-30% increases in pasture production have been reported with native pastures augmented
with legumegMclvor and Gardener 1995%tylo in native pastures have recorded 30
60kg/head/year liveweight gain benefitgHallet al. 2004)

Despite impressive results from legumes in trials and some commercial pastures, adoption levels
remain very low in the Brigalow Belt. For example, leucaena is one afdkewidely grown pasture
legumes in the Brigalow belt, however it has been adopted on only about 3% of the area of pasture
land that it is adapted t¢Pecket al.2011; Beutekt al.2018) These low adoption rates mean there

is a huge opportunity to increase beef productitinoughmore widespreadgdoption of pasture

legumes in the Brigalow Belt and provide significantly higher economic returns for decades to come.

1.3.1 Legume persistence

Achieving high production gaifitom legumegequires well adaptedarietieswith good

management. Assessments at old pasture evaluation or demonstrations trials have demonstrated

that there are a range of legumes that have persisted at multiple locations covering a large

percentage of the soils and climates of the Brigalow Beltelgion, however there remains

important gaps in trial sites in southern QueensldRécket al.2017a) Specifically, commercially

available legume varieties of Qamga stylo, desmanthus and leucaena have been demonstrated to

be persistent and productive across central Queensland (i.e. at old trial sites located from Roma

north), but there are no trial sites in cooler southern districts. This project esteblistwtrial sites

G2 GSad GKS FRIFILIWIGA2Y 2F GKSasS tS3dzySa Ay AYLERN

1.3.2 Legume establishment

Despite impressive results in trials and some commesaaings graziers often report poor
performance from legumes. Focgeoup discussions with grazier groups across southern and central
Queenslanddentified poor establishment as the most common reason for failure of legume
augmentation of grass pastur@sthe Brigalow Belt bioregigmowever, graziersontinue to

routinely use low cost, low reliability establishment techniq(Bscket al.2011)

Research trials on establishing small seeded legumes (e.g. desmanthus) into existing buffel grass
pastures demonstrated that methods and recommendations developed in atimeatic zones are
not reliably in the Brigalow Belt bioregifPecket al.2017b) For example stylo establishment in the
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seasonally dry tipics (i.e. monsoonal areas) or inland Burnett (higher rainfall) has been considered
adequate with little or no disturbance to the existing pasture (e.g. heavy grazing, fire) quasse
cultivation and seeding operations (e.g. band seeders, crocodibade ploughs, discs, chisel
ploughs)(Partridgeet al. 1996) Clovers have often been flown on with fertiliser in more temperate
regions.Minimal disturbance or one pass cultivation methddse beenmrecommended as a
generally applicable approach to establishingafireeeded legumes acro§aieenslandrrespective
of climatic zone (for exampia DAFpublications seed companies marketing materialéeb sites
and sales advice).

Greater use of legumes by graziers is constrained by the perception that establishitoentisky or
uncertain, especially in those regions with higher rainfall variability and where the existing pasture is
very competitive, such as sown grass pastures of central and southern Queemsidredsame
environment, farmers use dramatically @ifént agronomic approaches to grow grain crops to
mitigate the impacts of seasonal variability. Similaggaziers sowing leucaena now routinely use

better agronomy which has taken leucaena from being considered the riskiest pasture legume to
establish tobeing considered the most reliable by industry.

The most commonly used and recommended establishment techniques are to broadcast seed into

existing grass pasture with either no or minimal (e.g. a fire) preparation; or one pass cultivation and
spreading 6seed (e.g. with a chisel plough or deep ripg@8cket al.2011) These establishment

techniques result in failurin most yearsand have failed in all six legume establishment trials
AYAGAFGSR & LINIG 2F (KS & LINUNERAD ALY (LAXNESRidzQ ANARZASICE
0639) (3 districts, 2 soil types, with different districts being sown in 2 different y@asket al.

20178. These experiments were measured as part of this projectiéewtified agronomic practices

that dramatically improve the reliability of legume establishment; thereby improving legume

productivity and economic returns.

An additional foufield trialswere conductedto test the impact of phosphorus fertiliser on legume
establishment and growtin the initial years after sowingdrertiliser has been shown to improve

legume establishmerih some species of legumes. These trials were designed to teshpeet of
phosphorus fertiliser on the early growth of Caatinga stylo, desmanthus and medics on Brigalow clay
soils.

1.4 Project activities

This project assisted industry to increase the productivity of grass pastures through coordinated
research and extensiaactivities to facilitate the widesuccessfuhdoption of legumes (high legume
yield and persistencelour poject activities addressed key knowledge gaps or constraints to
successful adoption of legumes in the Brigalow Belt:

1 Extension program teuppot adoption of improvedegumeestablishment and
management practice§Vorkshops, field days, éiarm trials and demonstrations were
conducted toimproveindustryknowledge and skillgraziers and their advisgrand
support successful adoption of legumes

1 Legume persistenceesearch trials were established tetermine whether existingropical
legume cultivars are adapted the frosty southern districts ahe Brigalow Belt bioregion.
These trials fila gap in tial sites on the Darling Dowasid Border Rivers (near Goondiwindi
and St Georgeto test the adaptation (persistence and productivity) of available legume
varieties.

1 Legume establishment researthials developed better legume establishment
recommendatims for the Brigalow belt climate zone.

9 Fertiliser research trials tested the impact of fertiliserlegumeestablishment.
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2 Objectives

The objectiveof the project are listed in bold below. A statement on whether the objective was met
is provided in plia font. The aim was to meet thebjectives of the project by November 2022

Develop agronomic management recommendations from trial andfanm demonstration results
and package them into new extension products to assist graziers and the¥sors to:

o More reliably and effectively establish legumes into existing grass pastures. This will be
achieved by identifying and testing practical means of optimising soil moisture and
nutrient availability, and minimising competition from existing grass pasture amdeds.

0 Maintain productivity in the longer term.

Improved management recommendatiospecifically adapted for the Brigalow Belt bioregimve

been developedThis project reviewed previous research, conducted research and collated technical
informationto develop legume management recommendations for the Brigalow Belt biorelgion.

was essential talevelop better management recommendations specifically for the Brigalow Belt
bioregion because research resultssthahown that commonly used establishmentptices

developed in other climate zones failed to produce adequate legume populations in mostiears
main extension product that documented these management practicafuié-day workshop.

Improve available web information with updated legume estasthment and management
recommendations.

Four case studies, two fact sheets and five web pages have been publishedruiuteBeef
website. Twelve conference papers have also been presented which are availdiie.on

Develop legume management plans Wwi20 groups of producers.
Legume management action plans were developed with 23 groups of producers.

Facilitate groups of producers and/or individuals to increase successful legume adoption by testing
legumes and management practices on their own farmbeTproject aims for 460 producers to

trial legume management practices on their farm with an additional 10 detailed demonstrations.

CNRY (KS&S 3INRdzZLIAQ 2NJ AYRAGARdZ £t 3Q SELISNASYyOSas
propositions for other prodicers to adopt.

One hundred and fiven-farm trials and 13 detailed ofarm trials were initiated during the project.
Four case studies have been developed.

Test the persistence and productivity of commercially available varieties of legumes in districts
where they have not been adequately tested. Specifically, this activity will test the persistence of
commercially available varieties of desmanthus and Caatinga stylo on the Darling Downs and
Border Rivers regions where there are no historical or curremalsites.

Six desmanthus and stylo persistence trials were established. Five leucaena persistence trials were
establishedFour species of desmanthus and three species of stylo were included in the trials.
Results so far suggest that varieties from one species of desmamhusdgatu$ and one species of
stylo (Caatinga stylo) are likely to be persistent in the {mmg. Canmercial varieties of shrubby

stylo and other species of desmanthus have maintained an adequate legume dermsig/ @t more

trial sites, however some varieties have declined at all sithsse trials need to continue for several
more years to test longerm persistence.
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Test the impact of phosphorus fertiliser on the establishment and early growth (up to 3 years
growth) of desmanthus, Caatinga stylo and medics.

Trials were sown in the Goondiwindi and Wandoan districts. The Goondiwindi trials were
discortinued due to unexplained patchy poor growth. The Wandoan desmanthus/Caatinga stylo trial
produced inconclusive results. The medic trial showed a clear response to fertiliser.

Increase the number of producers that are successfully establishing legumeseixisting grass
pastures. This project aims to work directly with 160 producers to improve the reliability and
successful adoption of legumes, thereby improving productivity. Based on property information
these producers are likely to have approximatel$d@000ha of sown pasture, 450,000ha of native
pasture and 180,000 cattle.

Four hundred and twelvpeople representing 317 businesses, of which 226 were grazing businesses
attended workshops on legume managementese businesses manage 1,456,000ha of (ar2%o

2F vdzSSyatlyRQa 3aANYT SR fFyRa0 6AGK pyyZnnnKl 27
KSIR 2F OFGiftS 6KAOK A aGrazidrsigho BaFe atteddSdXhe avbrksholR Q& 06 S &
have sow2,00(ha (average of 258hger business thatewed legume}pof legumes and intend to

sow an additional11,20Mhaover the next 5 yeargverage of 617hper business.

3 Methodology
The project aimsvereto increase the productivity of grass pastures in the BrigalowlBaiegion
(primarily in southem and central Queensland but also extending into north Queensland) through
supportingmore reliable and successful adoption of legumes. A coordinated extension program
supportedlandholders to assess and implementfamm practices to adopt legumes more
successfullyand acoordinatedresearchprogram developd management practiceand
recommendationgo improve establishment reliability and long term (20+yrs) performance of
legumes in grass pastures.

Therewere four main components to the project, with the main outputs for these components
described below:

1: Extension activities:

1 Industry engagement in learnifigased extension activities (workshops and field days).
(Project target: 20 workshops/field days).

1 Onfarm demonstrations conducted by workshop or field day participants. (Project target:

40-60 grazier initiated and managed).

Detailed onfarm trials (Project target: 10 detailed darm trials completed).

Extension materials developed on legume managemientjéct target: 3 factsheets and/or

web pages).

f Fivecasestudie® S @St 2 LISR 2y 3ANI T ASNBQ SELISNASYyOSE 64
legumes in the Brigalow Belt bioregion.

= =4

2: Sixegume persistencerial siteson the Darling Downs, Goondiwindi and St George districts
(Project target: 6 legume persistence trials).

3: Four phosphorus fertilisémpact onlegume establishmerttials (Project target: two temperate
and two tropical legumes trials).

4: Fivelegume establishmerttials testing different approaches to establishing legumes into existing
grass pasturewere as®ssed (Project targetive trials assessed
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3.1 Extension activities

Understanding of legumes and best management practices varies across industry (graziers and
advisors), but generallguccessfuhdoption of legumes (i.e. high production and persisterye)
graziers is very low in the Brigal®eltbioregion There are significant opportunities for industry to
increase productivity and returns from sown grass pastures and native pastures using pasture
legumes.

A key output from this project has been towddop agronomic management recommendations to
more reliably and effectively establish legumes and to maintain productivity in thetéongin the
BrigalowBelt bioregionResearch results have shown tlsamecommonly used and recommended
legume establisment practicesfail to produce adequate legume populations in most years in the
Brigalow Belt climate zon@he main extension product that has documented these management
practices is full-day workshop. Some topitgve beerdeveloped into factsheetsnedia stories

web pagesind conference papers

3.1.1 Industry engagement

The project usé a learningbased approach to work with industry (graziers, advisors, seed industry)
to better understand the drivers of successful legume establishment andddgimepasture
production in the long termand to identify, develop and test improved managampractices on

farm. Industry engagement followed the process of:

91 Develop a better understanding on how to successtig reliablyuse pasture legumes
the Brigalow Belt bioregiartwWorkshop materials presente@search results and
commercial experiece.

1 Assess ownn-farm situationand develop an action plaraziers pplied the technical
knowledgepresented during the workshoi their own situationto develop an action plan
for their own propertyduring the workshop.

1 Onfarm testing.Grazerswere encouraged to test aspects of the legume best management
practices presented during the workshop on their own farm agasm trialsor paddock
sowing.

9 Observe results of trials and commercial sowings in the fieidform recommendation for
legume maagementpractices in the future

3.1.1.1L.egume best management practices workshop

Afdzt £ RIFI@ dat NPRdzOGA DS YR LISNBRAAGSYG fS3dzyS LI adc
workshopwas developed and deliveranth groups of graziers and farm advisoree wakshop

content is based on research results in the Brigalow Belt bioregion which contrsalicezesults in

other climate zonesSome of thenanagement recommendatior@esented in the workshop are

different to what hasbeen provided to graziers for decagl for examplehe most commonly used

and recommended establishment techniques are to broadcast seed into existing grass pasture with

either no or minimal (e.g. a fire) preparation; or one pass cultivation and spreading of seed (e.g. with

a chisel plouglor deep ripperPecket al.2011) These establishment techniques result in failure

most yearsand have failed in six legume establishment tr@@aducted in the Brigalow Belt where

fallows resulted in high legume density in the year of soWierket al.2017b)

The workshop proces and contentvasstructured tofacilitate co-learning from grazier experience
(grazier to presenter, and grazier to grazigmesent research results, discuss best management
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practices and to develop a legume management action plan for indiviptaales. Graziers were
encouraged tamplement ortest practicedrom their action plan on their own property.

3.1.1.20nfarm trials

Workshop participantsvere encouraged to trial legume management practices on their own
properties with the orfarm trials (OFT) beingrouped into two categories:

f  Onfarm trials (OFT). Most OF Tinvalle & A YLIX S O2YLJ NR &2y 2F LI NIA
legume establishment or management strategies on their own farm using their own
equipment, predominantly taking their own measurements with project team support for
trial design and interpretation.
1 Detaled OFTsThe detailed OFT invold@ higher level of complexity and effort than the
OFT described above. The increased complexity and etiarefrom either a greater
number of treatments being tested, replication, larger trial area or more detailed
measirement. The project team offered more support to graziers hosting detailed OFT due
to the higher level of complexity and cost.

TheOFTsand commercial sowings provideeal farm data and practical experiences that can be
extended to the wider grazing oomunity. Field days shadehe results of oAfarm trials, research
trials and commercial paddocks of legumes. Case stugBesdeveloped to show case the
experiences of graziers with legumes andfamn trials.

3.1.2 Project evaluation

Evaluation activities we imbeddedthrough the life of the project.

Information on improving delivery methods and measuring impact of extension activities was
collected through:

1 Workshop event debrief&Vorkshopdelivery wa evaluatedhrough adebriefwith
participants and presenterat the end of each workshopbyd { Ay 3 a oKl 0 ¢Sy G ¢S
Go Kl G O2dzZ R Thieguedtiohsisl@dd & Bhé nning of the event on the day and
allowed the project team to improve delivea future events.

1  Workshop ontent evaluation survey. Changes in knowledge]s,understanding and
intended practice chang@asevaluated through a written questionnaire at the endeaich
workshop.The questions provided feedback about how content was received, as well as
highlichting the type of practice change and area of land they intendachflement
management change

1 Legume management action plamdore detailed ntended practice changeescribed in the
Action Planglevelopedduring the workshopvere copied from participarg whowere
gAtEAY3 (G2 aKINB (KSANI LI |y &acton@dasvereJINI OG A OSa |
categorised to provide summaries of how graziers intend to manage the next paddock they
intend to sowwith legumes.

9 Project impact evaluatiarAn impact ewaluation was conducted with workshop participants
(between January and March 2022). The survey focussed on adoption and practice change,
which targeted only grazier businesses (i.e. not-hgginesses), and only one person
representing each gramjbusiness.

0 The survey was conducted over the phof@azingbusinesseshat did not provide
contact details were unable to bacluded

0 Questions covered area of land sown with pasture legumes since attending the
workshop, practices and species used, changesanagement of existing pastures
and identifying the main barriers to adoption of legumes into pastures.
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o0 176 grazier businesses were approached, andpkbtcipated in thesurvey(out of
the 226 grazier businessd#sat attended the workshops

Evaluatim of research trialsvas undertaken annually through milestone reporting to DAF
managementind MLAProgress reportinghcluded processing, collation and interpretation of data
from research trials and extension activitigenual reports were used to adtpely manage
delivery of the project.

3.2Legume persistence trials

3.2.1 Background

Commercially available varieties of Caatinga stylo, desmanthus and leucaena have been
demonstrated to be persistent and productive for many, but not all, regions of the Brigalow Belt.
There is a good network of trial sites across central Queensiaddsouh to a latitude in line with

the towns of Roma and Chinchijllaut no legume evaluation or comparative productivity trials for
desmanthus and Caatinga stylo have been conducted on the Darling Downs or BordefHeiletrs
al. 2016; Peclet al. 2017a)

This activity established trials on the Darling Downs and Border Rivers districts to test the
persistence and productivity of current legume varieties for clay soils. The aim of this actisity
determine whether the commercially availablegume varieties are well enough adapted to these
districts to form persistent and productive pastures in this environment, or whether new varieties
are required.

3.2.2 Location of persistence trials

Trial sites have been established at the followimgations(Figure2):

 Twotrialsiteond Df Sy w201¢ ySIFNJ ! ff2NF 2ofthdithaSisa 2 dzi KS
located on the valley floor to expose the plants to a high frost incidence. The other trial site
is located mieslope and is likely to have less severe frost effects. Both sites have basalt clay
soils (Vertosol).

T ¢g2 GNRIFf & rtirwest of GdoAdwvindi. Ogezrial is on a poplar box Idantured
soil (Kandosol) while the other is on a BrigalBetah clay soil (Vertosol).

T ¢g2 OGNRIFE aArAdSa 2y daelff tflAyasg az2dzik 2F {i
textured soil (Kandosol) while the other is oriMatchell grass downslay soil (Vertosol).
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Figure2: Legume persistence trial site locations in relation to major towns in southern
Queensland.
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3.2.3 Persistence trial treatments

The legumes itluded in the trials are shown rable2 and Table3.
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Table2: Legume varieties planted at the persistence trial sites on clay soils (which includes both
sites at Allora).

Species Varieties
Stylosanthes seabrana Primar
Stylosanthes seabrana Unica
Desmanthus virgatus Marc
Desmanthus virgatus Cowpower
Desmanthus virgatus JCU2
Desmanthus virgatus JCUS
Desmanthus virgatus JCU8
Desmanthus leptophyllus JCU7
Desmanthus leptophyllus Ray!
Desmanthus leptophyllus TQ9A
Desmanthus bicornutus JCuU4
Desmanthus bicornutus JCu8
Desmanthus pernambucanus JCU9
Leucaena leucocephala Wondergraze
Leucaena leucocephala Redlands

A: Only sown abt George clay. B: JCU6 wadaeedwith TQ90in 2020at St George.

Table3: Legume varieties planted at thpersistence trial sites on loam soils (Goondiwindi and St
George sites).

Species Varieties
Stylosanthes seabrana Primar
Stylosanthes seabrana Unica
Stylosanthes scabra Seca
Stylosanthes scabra Siran
Stylosanthes guianensiar.intermedia | Oxley
Desmanthus virgatus JCU2
Desmanthus virgatus Cowpower
Desmanthus leptophyllus JCU7
Desmanthus bicornutus JCU4
Desmanthus bicornutus JCUG6
Desmanthus pernambucanus JCU9
Leucaena leucocephala Wondergraze
Leucaena leucocephala Redlands

Theseplanting lists have additional species and varieties than those outlined in the project contract.
These additions allogd the project team to include new varieties thakerein the process of being
released commerciallgr shortlisted by other researchQU6, JCU8, JCU9, TQ90 and &ayjo

include shrubbyStylosanthes scabyand finestem S. guianensigar.intermedig stylos on the

loamy soils.

The project used 200fplots at Goondiwindi and St George trial sites based on the results from a
previouslegume persistence studyPecket al.2017a) The previous study concluded that larger plot
sizes allowed study of legume persistence up to 20 years post sdldngize had to be reduced to
approximately 60n? plotsat Allora due to constraints on available space within paddocks and
variable soils at théill trial site.
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3.2.4 Fallowing andsowing

The legume persistence trialgere located in paddockaith long term grass pastures prior to the
establishment of the legume persistence trials. The pasture was killed using a combination of
cultivation and herbicides for a fallow period to store soil moisture, reduce the amount of weed seed
in the ground and preare a suitableseedbed The fallow period and sowing dates are described in
Table4.

Table4: Dates for the start of fallowing (i.e. first treabent to kill the existing pasture) and sowing
for the legume persistence trials.

Trial Fallow start Sowing Resow

Allora; Hill 13/04/2017 18-19/12/2017 Leucaena failedhot resown
Allora: Creek flat 02/08/2017 20/12/2017 17/11/2020¢ Leucaena
Goondiwindi: Loam | 25/07/2017 09/02/2018 27/02/2020¢ Leucaena
Goondiwindi: Clay 25/07/2017 12/02/2018 28/02/2020 More seed was

added to the following plots:
Rep 1: Unica, JCU5, Marc, Prim
Rep 2: Marc, Primabnica;

Rep 3Marc.
St George: Loam 31/07/2017 15/02/2018 27/02/2020¢ Leucaena
St George: Clay 31/07/2017 14/02/2018 20/02/2020c¢ all varieties

3.2.5 Soil analysis and fertiliser applications

Comprehensive soil analyses were conducted at all legume persistence triatatiens prior to

site preparation and sowing.able5 summarises the results of the soil surface (00 cm depth)
samples which were bulked together for analyBisrther soil analysis results are shown in Appendix
8.3. Five of thesixsites were considered to be deficient in one or more nutriemith fertiliser being
applied before sowing (triple superphosphate, zinc sulphate or gypsiim)trials objective was to
test legume variety suitability to the soil type and climate rathemtbalerance to low nutrient

levels, thereforedrtiliser was applied téimit the impact of nutrient deficiency on legume
persistence.
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Table5: Soil nutrients measured at 010 cm depth at thdegume persistencérial sitesand
fertiliser rates applied

Trial site Soil nutrient levels Fertiliser application
Colwell P K S Date Product Rate of product
mg/kg meq/100g mg/kg kg/ha

Goondiwindi 9.0 0.86 1.0 Jan2018 | Triple 81
Loam supephosphate
Goondiwindi 9.9 1.2 5.1 Jan2018 | Triple 80
Clay superphosphate

Zinc sulphate 10
St George 9.8 1.07 4.3 Jan2018 | Triple 70
Clay superphosphate

Zinc sulphate 10
St George 35.0 0.84 7.4 No fertiliser
Loam applied
Allora 75.0 1.13 3.9 Decl7 | Gypsum 30
Flat
Allora 87.0 1.23 5.7 Decl7 | Gypsum 30
Hillside

3.2.6 Insecticide use

Insecticide was applied as an ant bait at sowing to limit seed lossn3dticide fipronil was mixed
with a bait (calf pellets) and broadcast over the trial site immediately after sowing.

At the St George clay site 202Q it was noticed that a leafhopper insect was causing damage to the
new desmanthus plants, anal dimethoate insecticide was appliddetails ofboth products, rates
and dates are listed ifable6Tablel2.

Table6: Insecticides used at the legume persistence trial sites

Trial Insecticide product Date applied Rate applied
Goondiwindi Loam | Vista 200 SC (200 g/L fipronil) At planting 2 mL/ha
Goondiwindi Clay | Vista 200 SC (200 g/L fipronil) At planting 2 mL/ha
St George Clay Vista 200 SC (200 g/L fipronil) At planting 2 mL/ha
Danadim (400 g/L dimethoate) 14/05/2020 800 ml/ha
Danadim (400 g/L dimethoate) 17/06/2020 800 ml/ha
StGeorgeLoam Vista 200 SC (200 g/L fipronil) At planting 2 mL/ha
Allora Flat Vista 200 SC (200 g/L fipronil) At planting 2 mL/ha
Allora Hillside Vista 200 SC (200 g/L fipronil) At planting 2 mL/ha
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3.2.7 Measurements legume density

The key measuremend describelegume persistencat these trial sites waglant density over
time. Different methods have been used for describing plant density at different recording periods.
The methods used were:

1 Year of sowindautumn2018): legumedensityrating. Rating scale is describedliable?.

1 Autumn 2019iegumedensity measured. Plant number counted in 15 x G.§oadrats.

1 Autumn 2020iegume coverage of plots rating. The legume coverage rating is desanibed
Table8.

1 Autumn 2021: legumeéensity measured. Plant number counted in 155n®% quadrats.

Table7: Legume densityating scale.

Rating | 80% of Row 50% of Row
10 <5cm apart

9 <10cm

8 10-20cm <5cm apart
7 20-30cm <10cm

6 30-40cm 10-20cm

5 40-50cm 20-30cm

4 50-100cm 30-40cm

3 >100cm 40-50

2 50-100cm

1 >100cm

0 <10 plants/plot <10 plants/plot

Table8: Adultlegume coverage of plotgating scale.

Rating | Rating | Description

7 VH Adult plants over >80% of plot area

6 H Adult plants over 5@0% of plot area

5 MH Adult plants over 3%0% of plot area

4 MH Adult plants over 1£80% of plot area

3 ML Adult plants over 8.0% of plot area

2 L A few scattered plants <5% of plot area
1 0 <10 individual plants

3.3Phosphorus fertiliseimpacts on legume establishmerttials

Four trials testedhe impact of phosphorus (P) fertiliser when establishing legumes on low P soils.
Thisactivity consised of temperate and a tropical legume trat two locationg(Figure3), that is

four individual trialsThe trials were located near Wandoan and Goondiwindi. The Goondiwindi
experiments were abandoned during the project due to unexplained poor growth.
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Figure3: Phosphorus fertiliser nutrition trial site locations in relation to major towns in southern
Queensland.
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3.3.1 Trial sites

The two locations are Wandoan and Goondiwifdiie initial soil test results for P BSESplwel|
phosphorus binding inde¥B) and zinc (Zrgre shown inTable9Error! Reference source not

found.. Soil samplesvere collected in July 2017 prior to any soil cultivation or fertiliser application.
Further soil analysis results are listed in Appe@dBx

Table9: Initial soil test for P BSES, P Colwell and PBI at experimental sites at Wandoan and

Goondiwindi(collectedJul

y 2017)n.d. denotes no data)

Location Depth PBI P Colwell | PBSES | Zn
cm mg/kg mg/kg mg/kg

Wandoan 0c10 66 59 6.4 0.17
10¢ 30 93 <5.0 6.2 0.22
30¢ 60 72 <5.0 7.1 n.d.
60¢ 90 37 <5.0 11.0 n.d.

Goondiwindi | 0¢ 10 59 13.0 12.0 0.2
10¢ 30 72 <5.0 <5.0 0.2
30¢ 60 55 <5.0 <5.0 n.d.
60¢ 90 49 <5.0 <5.0 n.d.

3.3.2 Fertiliser treatments

All four trials havesimilar treatments of three legume cultivars representing three species with five
rates of phosphorus (P) fertilized,(5, 10, 25 and 100 kg of Pjhapplied with an additional two
treatments where zinc (Zn) was applied to the lowest and highest rat€iad.® and 100kg of P/ha)
(Tablel0). Each trial has three replicates in a randomised block design with 5 x 10 m plots as
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experimental units. The temperate legumdtotars are:Medicago truncatulav. JesterMedicago
orbirculariscv. Bindaroo Gold andedicago polymorphav. Scimitar. Tropical legume cultivars are:
Desmanthus leptophyllus,. JCUMDesmanthus virgatusv. JCU2 anBtylosanthes seabrarcy.

Unica.

Triple superphosphate was used as the P source to minimise other nutrients being applied. The
fertiliser treatments were applied at an approximate depth of 7cm using a research planter with
three tool bars of cultivating tynes producing acBbrow spacing with following harrows to provide
mixing of fertiliser with the surface soil. Zinc was applied to plots using a boom spray at the rate of
10 kg of zinc sulphate and a water volume of 100 L/ha. All P and Zn treatments were applied in
January 208 during the fallow period

Table10: Fertiliser rates appliedat the phosphorus nutrition trials

Trial site Fertiliser application
Date Product Rate
(kg P/ha)
Wandoan Jan2018 | Triple superphospdite 0, 25, 50, 100, 500
Zinc sulphate 10
Goondiwindi | Jar2018 | Triple superphospéte 0, 25, 50, 100, 500
Zinc sulphate 10

3.3.3 Fallowing and sowing dates

A fallowing period was used to kill the existing pasture, store soil moisture, reduce the amount of
weed seed in the ground, incorporate the fertiliser treatments and prepare a suitablelszbd\
combination of cultivation and herbicide was used durihg fallow period. The fallow period and
sowing dates are described Trablel1.

Tablell: Dates for the start of fallowing (i.e. first treatmentb Kill the existing pasture) and
sowing for the phosphorus fertiliser trials.

P trial Fallow start Sowing

Wandoan: Tropicals 29/10/2017 17/01/2019

Wandoan: Temperates 29/10/2017 22/05/2018

Goondiwindi: Tropicals 25/07/2017 27/02/2018

Goondiwindi: Temperates | 25/07/2017 10/05/2018
Resown 27/05/2020
Rehabilitated 20/01/2021

3.3.4 Insecticide anddingicideuse

At certain times during the trial growing seasons, it was observed that insects or powdery mildew
were becomingn issue, threateninthe growth of the plants independent of the trial treatments
applied.At planting, the insecticide fipronil was used to mix with a bait (calf pellets) to discourage
FydGa FNRY Wa iihe snialktyabpts AléRhBppeF iINSBcYwas causing dayedo the
desmanthus plantsand a powdery mildew infected the temperate medic trial at Wand&gtails

of products, rates and dates are listedTiable12.
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Tablel2: Insecticide and fungicide usage, rates and dates at ph@sphorusnutrition trials

Trialsite Chemical type | Product Date applied Rate applied
Wandoan Insecticide Vista 200 SC At planting 2 mL/ha
tropical (200 g/L fipronil) (Jan2019)
Insecticide Danadim Jan2021 800 ml/ha
(400 g/L dimethoate)
Wandoan Insecticide Vista 200 SC At planting 2mL/ha
temperate (200 g/L fipronil) (May-2018)
Fungicide Microthiol 800F May-2021 400 g/ha
(800 g/kg sulphur) 11-Jun2021 400 g/ha
26-Jun2021 800 g/ha
8-Jul2021 800 g/ha
15-Jut2021 800 g/ha
22-Jul2021 800 g/ha
Goondiwindi | Insecticide Vista 200 SC At planting 2 mL/ha
tropical (200 g/Lfipronil) (Feb2018
Insecticide Danadim May-2018 800 ml/ha
(400 g/Ldimethoate) | Jun2018 800 ml/ha
Goondiwindi | Insecticide Vista 200 SC At planting 2 mL/ha
temperate (200 g/L fipronil) (May 2018, May
2020 Jan2021)

3.3.5 Measurements
3.3.5.1Groundcover

Ground cover has been used as a {t@structive way of measuring growth rates for both tropical
and temperate legumes. Additionally, plant height has been used as an estimate of growth rate for
tropical legumes.

Ground cover assasgent was conducted by imaging a standardised quadrat (0.75m x 0.75m) at a

fixed and marked location in the plot for spatial repeatability from a fixed height of 1.35m using a

digital SLR camera. Images were cropped to the area of the quadrat prior teianalimageJ (FIJI

version 2.0.erc-69/1.52i)(Schindeliret al. 2012) These cropped images were then used to train a

Of FaaAFASNI AY (GKS WiINIAYylFEofS 2S81F aS3aySyidliArzyQ
(Eibeet al.2016) This classificain algorithm determined from three samples was assessed for

accuracyif adequate itwas applied to the remainder of the datasétit provided a poor fimore

classification of images was conductédK S Wi KNB aKz2f RQ (G22f gl a GKSy dz
representing leaves for three samples randomly selected across the dataset. These pixels were then

used to create a mask of leaf and nl@af pixels and any misclassification was manually removed.

Records of the classified pixels were kept, and leaf pixets wounted to determine the proportion

of the ground that was covered lbggumeleaves.

3.3.5.2Tropical legume height

Legume height was used as a ragstructive measure of growth rate for tropical legumes due to
their ascending growth habiTwentyplants weremeasured in a grid patterim eachplot.
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3.3.5.3Temperate legume yield

The temperate legume biomass was measure8aptember 2018 and Auguad21. The harvested
samples were collected from the same 0.75m x 0.75m quadrats used to measure groundcover
change usingpand sheersKigure4). These samples were then dried in a fan forced oven at 60°C for
determination of dry matter contentPlant and soil samples from the temperatelame trialwere
analysedor nutrient content

Figure4: Harvesting biomass at the Wandoan temperate legume phosphorus trial in August 2021.
Plots harvested by hand.

3.3.5.4Tropical legume vyield

Tropical legume biomass was harvestet4 - 6 March 2020, t 4 February 2021 and 20 April 2021.

In February2021, topical legume biomass was harvested within four ¢ §omdrats due to the
potential of continuing dry weather causing leaf drop. Furtian resulted in more legume growth
The March 2020 and April 2021 harvests were ditl & tractor mounted forage harvester for the
length of the plot. Fresh weight was measured in the field. Moisture content was measured from
subsamples taken from eagblot. Photos of the harvesting method are showrFigure5.

Figure5: Harvesting at the Wandoan tropical legume, phosphorfestiliser trial in March 2020.

Figure6 shows the height and growth stage of a few of the plots $igaide ready for harvest on
the 20" April 2021.
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Figure6: Day of harvest at the Wandoan tropical legume phosphorus fertiliser trial in April 2021.:
pre-harvest height for one of the JCU7 treatments.

3.3.6 Goondiwindi trials discontinued

The Goondiwindi trial sitegere discontinued due to unexplained patchy poor growth of legumes.
MLA and DAF agreed to discontinue these tia802Q The temperate legume trigite areawas
sown withtropical grasses and legumes in January 2021 to rehabilitate the site.

3.4Impact of agpnomic practices on legume establishment trials

¢tKSasS GNRIFIfa oSNB SadlofAaKSR Ay GKS LINBGA2dza LN
Nbzy R2g6y &a2¢y 3N} &aa LI alddNBaé gAGK a26Ay3a RIFEGSa ¢
investigating the impact of b&tr agronomic practices that are commonly used for grain cropping in

the Brigalow Belbioregionon establishing small seeded pasture legumes into existing grass

pastures. Treatments were a combination of fallow period, seedbed preparation (zero tillage or

cultivation), postemergent weed control and sowing method.

Six trials across three districts (Wandoan, Goondiwindi and St George) and two soil types (grey
cracking clays and loamy surfaced soils) were conducted over four years to test the impaceof bett
agronomy on establishing small seeded legumes into existing grass pastures. This array of districts
(trial locations shown ifrigure?7) and soil types was selectéd order to capture a broad insight into

the effectiveness of the treatments applied across a range ofofjewtic environments within the
Queensland portion of the BrigaloBeltbioregion For instance, it was anticipated that loam and

clay soil types wald vary in their capacity to store moisture during fallows, form soil crusts after rain
and have different weed pressures. It was also expected that localities with lower average annual
rainfalls would pose more challenges in achieving fallow moisturagéoand plant survival.
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Figure7: Legume establishment trial site locations relative to major towns in southern
Queensland.
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3.4.1 Trial design and treatment

The trials were designed with 508 wide by 20m long plots with grass strigeither 4.5m or 2.5m)
left between each plot with two replicates of each treatment. Clay soil trial sites were sown with
Progardes desmanthus (a blend of five varieties from ttibeemanthus spph. The Wandoan loam
soil site was sown with finstem styb (Stylosantheguianensiwvar. intermedig; Goondiwindi and
StGeorge loam sites were sown with Caatinga st8kylosanthes seabrana cv. Prinaaad Unicg.

A full description of treatments is provided Table13. There were 30 treatments in total, with most
treatments also having split plots in which seed was either drilled with a single disc opener planter
or broadcast. The onpass cultivation treaments described below did not have split plots, that is

seed was broadcast over the whole plot, as graziers would most likely spread seed at the same time
as cultivation in a orqpass operation as opposed to drilling seed as part of a second operatibn. No

all treatments were included at each trial site.

Treatments were a combination of fallow period (i.e. period from first treatment to control the grass
until sowing); seedbed preparation (zero tillage or cultivated); and-posrgent weed control as
follows:

1 No disturbance of the grass pasture.

1 Grass pasture disturbed abwingthrough slashing; cultivation with a deep ripper, tynes or
off-set discs; herbicide spray (glyphosate) withpost emergence herbicides.

Short fallows of 24 months using herbicide (i.e. zero tillage [ZT]), cultivation or both.
Medium fallow of about 4 6 months using either ZT or cultivation.

Long fallow of about 912 months using either ZT or cultivation.

=a =4 =4
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Tablel3: Description of establishment trial treatments and the districtghere they were applied.

Treatment| Fallow period | Seedbed Post plant Sowing (split plots)| 5 A & G NJ
count treatment weed control
1 No None Nil Drill and broadcast| W,G,S
disturbance
2 Disturb at Slash Nil Drill and broadcast| W,G,S
3 plant Deep rip Nil Broadcast only W,G,S
4 Cultivate (tynes)| Nil Broadcast only W,G,S
5 Cultivate (discs)| Nil Broadcast only G,S
6 Spray Nil Drill and broadcast| W,G,S
7 Short Zerotill (ZT) Nil Drill and broadcast| W,S
8 (2-4 months) PEH* Drill and broadcast| W,S
9 Cultivate Nil Drill and broadcast| W,S
10 Spinnaker Drill and broadcast| W,S
11 Cultivate then | Nil Drill and broadcast| S
12 spray PEH* Drill andbroadcast | S
13 Spray then Nil Drill and broadcast| W
cultivate
14 Medium Zerotill Nil Drill and broadcast| W,G,S
15 (4 - 6 months) PEH* Drill and broadcast| W,G,S
16 ZT + grass seed| Nil Drill and broadcast| W
17 Cultivate Nil Drill andbroadcast | W,G,S
18 Spinnaker Drill and broadcast| W,G,S
19 Cult. + grass Nil Drill and broadcast| W
seed
20 Long Zerotill Nil Drill and broadcast| G,S
21 (9-18 PEH* Drill and broadcast| G,S
22 months) PEH* 2nd | Drill andbroadcast | G,S
summer
23 Cultivate Nil Drill and broadcast| G,S
24 Spinnaker Drill and broadcast| G,S
25 2 Spinnaker | Drill and broadcast| G,S
applications
26 Cult. + grass Nil Drill and broadcast| G
seed
27 Long + medic| ZT Medic PEH* Drill andbroadcast | G
28 Cultivate + G
medic Spinnaker Drill and broadcast
29 Cultivate + Nil Drill and broadcast| G
medic + P fert.
30 Cultivate + Post Drill and broadcast| G
medic + P fert. | emergence
herbicide

*PEH: posE YSNH Sy

0S

3.4.2 Measurements

KSNDAOARST W 5Aa0GNAROGY 2

A a

Measurement methodologies are describedPiecket al. (2017b) Visual observations were
conducted at all trial sites over the period of this projextiecide what masurements to conduct

Page40of 130

2} yR2



B.PAS.0354 Legume BMP in the Brig@elivbioregion

Severe drought conditions from 20£8019 severely impacted these trials and limited what
measurements were able to be conducted.

Biomass was measured at the Goondiwindi trial sites in the 2017/18 gresaspn butvas not
possible abther sites due to droughiind preferential grazing by wildliféegume plant density was
recorded at all sites in 2021, however these results reflect severe drought and heavy preferential
grazing by wildlife rather than the effectsthie trial treatments. The intense grazing pressure that
occurs on small plots in trials from wildlife does not reflect the results from sowing commercial
paddocks.

4 Results

4.1 Seasonal conditions during the trial

The project was conducted during a periodsef/ere drought over most of the Brigalow Belt
bioregion. Annual rainfall deciles experienced during the project are showiguime8. Annual

rainfall during consecute years was well below average with many districts recording their lowest
rainfall on record during 2019.

Paged1of 130



30 June 2021 (BOM. 2022

©
Thursday s &

2016-17

2018-19

2020-21

B.PAS.0354 Legume BMP in the Brig@elivbioregion
Figure8: Yearly rainfall deciles for Queenslamkperienced during the project froml July 2016 to
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The severe drought experienced during the project affected all project activitieesearch trials
required longer periods of fallowing and weed control thalmat is required in average digher
rainfall years. Several research trials failed to establish adequately and requisedireg. OAfarm
trials were similarly affected withgraziers reporting failures due to dry weather. Thegming
drought reducedd NJ- 1 capitall&n@enthusiasm to be involved in pastures RD&E.

4.2 Extensionoutputs

This section describes tlextensionoutputs that this project producedrhe project delivered 23
workshopssixfield days118on-farm trials and demonstrationgour case studiestwo fact sheets,
12 conference papersr presentations and fivenedia stories.

4.2.1 Industry engagement: Workshops

A major extension product for this project was thievelopment of thelt N2 RdzOG A @S | y R
t I A0dzNBaQ f SahtnY 8nd grécédsd. Ahkse wbrkshapare deliveredacross the region
during theproject.

A key output from this project was toveew research results and commercial experience to develop
agronomic management recommendatiogygecifically for the Brigalow Bddtoregionto more

reliably and effectively establish legumes and to maintain productivity in thetlenmg. Research
resultshave shown thatnanycommonly used and recommended legume establishment practices
fail to produce adequate legume populations in most yeiarshis climate zonewhen sown into
competitive grass pasturetmprovingthe recommendations about legume estabiment and
managementvas essential to improve the reliability and success of pasture legumes in the Brigalow
Belt bioregionTheserecommendation$iave beerpackaged into a fullay workshop that

facilitated graziers through process toeview researchasults and appithe management
recommendations to their own property and situation.

There were two soil testing workshops held in addition to the legume workshegsime wrkshop
participants expressed an interest in undertaking soil testing in paddbekshey intended to sow
to legumes Soil testing was conducted in collaboration with Incitec PivaBdWJ: T pkoBextiisQ
Participantsattended a workshop to learn how to understand and interpret their own soil test
results.

4.2.1.11 egume workshop

Twentythree legume managemenworkshops were delivered by the projedthe workshops were
attended by 412 people (some people attending multiple events), representingBiiesses
including 226 grazier businesqsgure9). Thespatialdistribution of workshopand field dag
across the Brigalow Bdsioregion isshownin Figurel0, and a description of how many people
attended is inTablel4.
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Figure9: Team member, Stuart Buck presents the legume workshop at Barfield Statear
Banana in September 2019.

The workshop participants manage 1,456,000 had6fy RY 6 KA OK A& MOw: 2F v dzSS
(improved and native pastures) (ABS 2@DOAgricultural Commodities datajith 588,000ha of
sown pasturesWorkshop participants run 279,000 head of cattle, whidpisroximately 5.2% of

the herd in the Bgalow Belt bioregionand ®T1:°2 2 F v dz2SSy aftl yRQ&a 06SST KSNR
Agricultural Commodities data); and 22,000 head of other livestock.
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FigurelO: Location of extension events in the Brigalow Béibregionof southern and centra

Queensland delivered during the project
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Tablel4: Summary of workshop date, location, attendees, evaluation survey responkggime management action plarend evaluation surveys

Workshop Workshop ParticipantsAttended Businesses| Evaluation Legume MAPSs| Endof-project Phone
Date Location Total Agribusiness| Grazier Landcare/ Govt | Attended” | Survey Response| Captured Survey Responses
31-Oct17 Moura 18 2 14 2 14 13 8 6
1-Now-17 Springsure 10 2 8 0 8 9 7 4
2-Now17 Blackwater 9 4 3 2 7 4 2 2
8-Now17 Roma 12 2 10 0 10 9 5 4
9-Now-17 Wandoan 23 1 21 1 20 17 12 5
14-Now17 Dalby 16 2 11 3 13 12 7 6
15-Now17 Durong 25 2 20 3 16 19 11 7
16-Now17 Eidsvold 14 0 14 0 11 10 9 7
6-Mar-18 Drillham 25 0 25 0 23 19 9 9
21-Juni8 Monto 16 3 13 0 15 16 8 4
11-Sepl8 Dysart 8 1 5 2 7 8 6 2
12-Sepl8 Glenden 17 0 15 2 16 14 5 5
18-Sepl8 Texas 19 1 16 2 17 12 3 4
15Now18 Chinchilla 24 1 21 2 22 22 9 7
1-Apr-19 ArcadiaValley 21 0 21 0 10 16 9 5
3-Apr-19 Clermont 20 0 20 0 15 16 4 6
4-Apr-19 Lochington 16 0 15 1 10 10 4 3
25-Jutb19 BananaGibson 19 1 17 1 15 16 11 9
3-Sepl9 BananaBarfield 23 3 20 0 17 16 7 6
14-Now19 Begonia 11 0 11 0 7 9 7 3
18-May-21 Esk 28 1 24 3 20 16 4 0
19-May-21 Gatton 21 0 16 5 15 15 7 0
20-May-21 Boonah 17 0 13 4 9 13 1 0
TOTALS 23 412 25 355 32 3178 311 155 104¢

A: Some businesses, especially agribusinesses, attended multiple workshops.
B: 226 grazierbusinesse total.
C Grazierbusiness survesesponsegluring endof-project adoption evaluation phone survefeompleted March 2022)
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4.2.1.2S0il test meeting

Following the legume workshops held in Monto and Texas in 2018, the project team supported the
collection and testing of soil samples from paddocks of 13 graziers who were interested in sowing
pasture legumesSoil samples were collected in November 20¥8hen thelaboratoryresults were
returned, the project team gathered thgroducers together again imvo workshopgroups to

discuss the resultand provide recommendationdor each individualThis activity wasanducted

with the support ofa Toowoombalncitec Pivolagronomist, andhe Nutrient Advantage laboratory

in Victoria.

In Texas, sevegrazierbusinessegparticipated inthe soil tests Thefollow-up meetingwas heldin
December 2018with severproducers(from five businesses Keylearnings for this group were:

1 Wow saline our soils afe

1  Wow many similarities there are across the paddocks sanmpietie region2
1 4Ymportance of soil testing, and complexities

1 UYmportance of professional intpretationQ

1 ‘Breat starting point for plannirg

Out of the Monto workshop, sigrazierbusinesssparticipated insoil tesing. The followup meeting
was heldm June 201%vith four of the producers The group reported that thekeylearnings vere:

1 Ynformation about optimal ranges for the soil resdts

1 Walking through the resulfs

1 Woing through all the results togeth&to get an idea about what other paddocks are
like)

1 Wn appreciation for the range of soil types tested and discu@sed

4.2.2 Industry engagement: Field days

Six field daysvith 164 participantsvere heldduringthis projectfocussing on visiting recently sown
or well-establishedexamples of pasture legumeEhe number of participantat each evenand
event descriptiorare described inTablel5 below. The first field day helat the legume persistence
trial at Spring Creek in May 2018 is showFigurell.
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Figurell: A field day at the legume persistence trial 8pring Creek on the Darling Downs in May
2018 withlocal graziers

Table15: Field Daylocations and attendeesluring the project.

Field Day | Field Day Field day purpose No.

Date Location Attendees

24-Apr-18 | Bauhinia Results from grass and legume varieties and 52
establishment trials in the district.

17-May-18 | Spring Creek #1 | Results from the Legume BMP Legume 24
Persistence trial after 1 year

30-May-18 | Monto Visits to a number of commercially sown 20
legumegrass paddocks

20-Sepl18 | Nindigully Demonstration of pasture establishment 20
techniques and options in SW QId

3-May-19 Spring Creek #2 | Results from the Legume BMP Legume 28
Persistence trial after 2 years

14-Junl9 | Wandoan Results from degume BMP detailed OFR fallg 40
trial and visits to commercial paddocks of
leucaena, stylos and desmanthus, in partners
with the Leucaena Network

TOTALS 6 Field Days 164

4.2.3 Onfarm trials

During this project 118 ofarm trials werenitiated, including 105 offiarm trials and 13 detailed en

farm trials.
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4.2.3.1Description obn-farm trials initiated

During the course of this projectp5on-farm trials (OFTsyere initiated predominantly with
graziers who attended the legume workshops etdidaysThe OFTgaried in progress, succeasad
type of trial or demonstrationTablel6 outlines the type ofOFTghat were initiatedand how many,
over the project.

Tablel6: Onfarm trial typesinitiated as a result of this project

OFTtype No. Initiated
Legume varietie§including seed supplied at workshops) 61
Plant and soil nutrition 22
Establishment method 8
Fallowing 3
Rhizobia 2
Undeterminedat the time 9
Total number of sites 105

4.2.3.20nfarm trialresults

Provision of technical support, small amounts of seed and soil testing encouraged graziers to
conduct trials on their propertydgnificantcontributions towardsuccessfuDFTactivities initiated
include:

1. Soil testingvith 13 producers. fie project teampartnered withincitec Pivot in 201&
test nutrient levels in sodamples, present results andeveloprecommendationgor
preparing to sow pasture legume pastures

2. Legume ¢r grass) seed samples. Small b&g 5009 of legumeor grass seed
sampleswere suppliedto 53 producergo trial in their paddocksat the end of7
workshogs (Chinchilla, Lochington, Arcadia Valley, Clermont, Begomdéoth Banana
workshops.

During the enebf-project survey in early 202204 workshopparticipants were asked about OFT
activities undertaken andnyresults observed, including asking participaintslved in the two
activities mentioned above~rom these respondent80 OFTs were recordeghaving been
completedandwere located across the prajearea.The majority of respondents did a legume
variety trial 60%)¢ mostof themsowing the legumaeeedprovided at the workshopgA further 16%
tested differentlegumeestablishment methods, and 20% tested or added soil nutri€rablel7).

Tablel7: Onfarm trial types reported by respondents in the eraf-project survey.

Trial type Responses
Legume varieties 60%
Soil and planhutrition 20%
Establishment method 16%
Unspecified 4%
Total OFTs 50

Results varied as there were many different types of trials, varying degrees of pregrgientaken
at different times of the year and seasalnconditions (e.g. droughti\ quarter of respondents (24%)
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reported that their onfarm trial provided information, and a further 6% said that the trial supported
decisions such as which variety to sow in commeszale paddocksSome(14%)reported that

their trial established welsome(22%)reported thatselectedspecies (or treatments) worked well
while others were poor, and othe(86%)reported that they had a failed establishmefitaplel8).

Tablel8: Onfarm trial results summarised from the endf-project survey.

Results Reponses
Trial povided information 24%
Sometreatmentsgood others poor 22%
Failed establishment 16%
Legumes stablished well 14%
Trial sipported decisions 6%
Seasonal limitationaffected trial 2%
No progress 2%
Unspecified 14%
Total OFTs 50

4.2.4 Detailed onfarm trials

Thirteendetailed onfarm trials were initiatedduring the project but somewere discontinued
resulting innine progressingMeasured angior observational dta was collecteduring the project
period. Al trials will continue as lega@ctivitiesfor the cooperating producers.

A summary of therials underwayis listed below (Tablel9). Further detailsncluding photos and
resultsabout each triahre found in Appendix.

Pageb0of 130



B.PAS.0354 Legume BMP in the Brigdelivbioregion

Tablel9: Summary of detailed ofiarm trials

+Progressing

method

pasture by feeding seed to stock through
lick.

ID | Progress Location | Trial Type Trial overview t NPANKaa k 2KIFG KIFLLWSYSRX
D1 | Measurements | Wandoan | Fertiliser Impact of legume compared to nitrogen Initiated August 2017, sown February 20D&ita collected over
+ Progressing fertiliser on grass growthilreatmentswith | three seasons.
and without N with and withoutP, with and . . o o
without Caatinga styloAll treatmentssown Caatinga stylo has established vvmhrﬁlc!ent.plant densn)_/ in the
with Gatton panic (responsive to N two treatments it was sowrGatth panic did not estat?llsh
fertiliser). adequately. 8ong weed competitiorand droughtcontributed to
the background grasses (buffel and Queensland bluegrass) re
establishingnstead of the sown Gatton panic.
D2 | Measurements | Moura Establishment| Seed-bed preparationfallow, legume Initiated September 2017, sown February 20Data collectedn
+ Progressing method, variety and nutrition trial Desmanthus and| three seasons.
varieties, Caatinga stylo with and without fertiliser (N ) ) ) )
fertiliser P, S andn fertiliser blenji Caatinga stylo has establlsheq weBpecially in the treatments
where a spray or sprapen cultivate fallow was usedesmanthus
has not established well'he fertilisetblendtreatment appeasto
have been detrimental to legume production.
D3 | Measurements | Wandoan | Estabishment | Planting legumes into grass pastures usin| Initiated February 2018, sown December 2018. Data collectégo
+ Progressing method, long, medium and short fallow times. seasons.
varieties, ) )
fertiliser The Caatinga stylo has had a very pestablishment, regardless of
treatment, however the desmanthus has establisttgeggbme
treatments with good plant number3.he difference between
treatments were inconclusive as the first year of establishment w
very dry.
D5 | Measurements | Wandoan | Establishment| Establishing desmanthus into an existing | Initiated in August 2018ata was collected ovdour seasons.

Desmanthus has established across the paddock, but in low
numbersand mainly in bare areasving to the competitive existing
grass (buffel grass).
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ID | Progress Location | Trial Type Trial overview t NPANK&aa k 2KIFG KIFLLWSYSRX
D6 | Progressing Bauhinia Fertiliser Fertiliser applied to existing legunggass Initiated inearly summe2018 into arexisting legumegrass
pasture. 7 different treatmenticluding P | pasture Observations were made over three seasons
rates of 0 kg/ha, 2@g/ha and 4kg/ha (e ) .
treatment with addedK & S), each drilled There was no visual dlffer'ence between the treatmehti® to
and broadcast drought and moderate soil P levels
D9 | Measurements | Durong Establishment| Grassonly pasture planted with legumes in Initiated inMarch 2018 Data was collected oveme season.
+ Progressing method, strips, fertilisers applied across both grass| . . -
varieties, and legume strips No visible difference between the fertll_lser treatm(_anN;o lucerne
fertiliser plants were found, but a small population of Caatinga stylo and
desmanthus were measure across the paddock.
D10 | Progressing Wandoan | Fertiliser Testing either fertiliser blends or applicatig Initiated inAugust 2018Site chta was collectedh 2018 and 2021,
methods on existing gradegume pastures | but no treatments have been put in plac
on low phosphorus soils. o ) o
Drought and obligations elsewhere have resulted in this trial not
getting underway during the project timefram&he landholder is
still interested,and it is expected the trial will go ahead.
D11 | Progressing Alpha Legume Tropicallegume variety trial sown into Initiated inApril 2019 Observations have been made over three
varieties prepared paddock with a long fallowhis seasons
trial is at the westerr{drier) extremity of ) o ) )
the Brigalow belt. All five varieties established and went toeseln the third summer,
Progardes desmanthus and Caatinga stylo have persisted, while
others have disappeared.
D12 | Measurements | Theodore | Establishment| Rate of spread trial testing the rate at whig Sownin January 2015Datahas beercollected oveffive seasons.

+ Progressing

method

legumes established in strigpreads into
the surrounding, buffel grass pasture. 3
legume varieties sown.

All three legume varieties continue to spread in low numbers
beyond the strips up to 3 m from where theyere sown.
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4.2.5 Extension products

Case studies, factsheets, web pages and media haveesilgreducedduring this project to
promote recommended practices for successful and reliable legume establishfnsaimmary of
the extension prodcts delivered during thigroject isdescribed in this section

Fourcase studies have been produced with producers from across the Brigalow Belt, covering the
topics inTable20. The case studies have been published ontinghe FutureBeef website.

Table20: Case studies producedopics, locations and online access

Title Summary of content Online access

Wt | & G dzNB | Decades of experience with | Availableonlinevia FutureBeef
form the basidor | pasture improvement, https://futurebeef.com.au/

6 SST LINE | including leucaena, resources/pasturdegumesform-the-

desmanthus, stylos and more| basisfor-beefproduction/
Theodore, Queensland
W5 S & YLl y il Longterm persistence ofwo | Availableonline viaFutureBeef

leucaena strips: | legume specieand natural https://futurebeef.com.au/

spread and spread of desmanthusown at | resources/desmanthuandleucaena
persistence at Dulacca, Queensland strips-spreadand-persistenceat-dulacca/
5dzf I OO Q

W/ KI f f Sy ]Anoverview of a faecal Available online via FutureBeef
establishing seeding oAfarmtrial (detailed | https://futurebeef.com.au/

legumes into on-farm trial D5) Wandoan, resources/faecaseedinglegumes/

buffel grass using | Queensland
TISOIFf &
Wt NP R dzO (i ]| Grazing productivity on a long Available online via FutureBeef

benefits of term desmanthus and grass | https://futurebeef.com.au/resourcetbheef-
legumes: pasture comparedo a grass | productionbenefitsof-lequmesat-
Desmanthus in a | only pasture north of wandoan/

grazing trial at Wandoan, Queensland.

2 yR2I Yy Q

Two factsheets have been producadd publishedn the subjects ofl. how to identify and
manage stylos, and. how to conduct and interpret tissue testing in leucaena to make fertiliser
decisionqgTable21). The publications were written by the project teaand are published onlinen
the FutureBeef website
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Table21: Factsheetproduced during the project topic, overview and online access

Title Summary of content Online access

Btylosin Queensland: an| An identification and Availablein print for distribution
identification and management guide on the| through DAFandonline via
suitability guide for stylo species in Queenslar FutureBeef

AN TASNE |y https://futurebeef.com.au/

resources/stylosn-queenslangan
identificationrand-suitability-guide-
for-graziersand-advisers/

| yledit anAlgizis M A howto guide to sampling Availablein print for distribution
(01 6f A&KSR| and testing leaf tissue in | through DAFandonline via
leucaena to guide fertiliser| FutureBeef
decisions https://futurebeef.com.au/
resources/plantnutrient-
analysisin-establishedeucaena/

Additional online content was published early in the project, with stories on the FutureBeef website
andonestory in the Nutrient Advantageewsletter. The content was mostlgroject updates and
news, but also included ¥ K #i @&vebinar. Details shown iTable22.

Table22: Additional web content developed during the project

Title Summary of Online access
content
Wt K2 a LIK 2 | Web story posted | Published 27 August 2018
deficient in to Nutrient https://www.nutrientadvantage.com.au/about/latest
NA 3 £ 2 ¢ | Advantage news/phosphorusdeficientin-brigalowsoils
newsletter
Wa 2 A & (i dzNJ Web story posted | Published 29 March 2019
vital for reliable to FutureBeef https://futurebeef.com.au/moisturestoragepasture
pasture establishment/
establishment
RdzNARy 3 |
WLRSIf OfWebstory posted | Published 29 May 2019
to test tropical to FutureBeef https://futurebeef.com.au/idealconditionsto-test-
f S3dzyrSa | tropicaHegumevarietiesat-allora/
Wt | & G dzZNB | Web stay posted | Published 31 July 2019
establishment to FutureBeef https://futurebeef.com.au/pasturelegume
information in establishmentinformationrin-high-demand/
KAIK RSY
Wl 2g (2 Webinar held 11 Published online on 18eptember 2019
establish September 2019, | https://futurebeef.com.au/knowledgecentre/how-
t SdzOl Sy I { with more than 50 | to-reliably-establishleucaena/
attendees

Research results ka been sharedvith beef and pastures researgieers atfive conferencesnd
further research meerial will be presented at a conference postponed and planned for late 2022
(Table23).
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Table23: Conferences papers by

project team membehgring 2017- 2022

Conference Date Title
International October 1. woadhloftAaKYSyd 2F fSdzOF Syl Ay
Leucaena Conferencd 2018 2. W R2LIGA2Y S LINRPFAGIFOATAGE YR
Brisbane P dza QNI f Al Q
Australian Grassland | February | 1. W[ S3dzySa | yR LIK2aLIK2Ndza FSNI A
Association 2019 productivity and returns from sown pastures in the Brigalow Belt b
Conference, NEIA2Yy 2F vdzsSSyatl yRQ
Launceston
North Australian Beef| August 1. W[ S3dzySa LINBFSNNBR o6& 3INIT ASNI
Research Update 2019 2. WDNI T ASNJ LN OGAOS OKFy3aS 2y f
Conference, Bsbane YEYyF3aSYSyidQ
3. Wt K2aLK2NHza FyR TAYyO FSNIALAA
FyydzZf YSRAO Odz ADF NBRQ
Australian Fertiliser | September | 1. Wertilized legumes significantly improve productivity and returns
Industry Conference, | 2019 FNRY LI &adGdzNB&a Ay GKS . NARIILE29
Gold Coast
International Tropical | November | 1. Whosphorus in northern Australian soils supporting pastures or gr
I INA Odzt G dzN 2019 cropping
Conference, Brisbane
Australian Agronomy | September [1. WCASf R (2t SN} yOS (2 L} addz2NB R
Conference, 2022 into an affected paddoc&
Toowoomba (postponed | 2. WO ELISNRAYSy Gttt adetz2 | O0Saarzy
from 2021) pasture legume varieties on light textured soils in southern
vdzSSyatl yRQ
3. WHR2LIAZ2Y 2F 0SUGSNIFINBY2YAO
of pasture Iegumes in theub-( NB LA O&aQ
4 WLYLI OG0 2F LIK2ALIK2NHzZ FSNIALA

LINE RdzOG A2y Q

4.3 Extension outcomegknowledge, skills, adoption)

Changes in knowledge, attitudes, skills, aspirations and practice changewvednatedfrom the
23legumeworkshogs held during this project.

4.3.1 Knowledge and skills

Improvement in knowledge and skills waisantifiedin an endof-workshop evaluation survey.

Overall, @rticipants from all 23 legume workshops reported thkabwledge and skills of the
participantswasincreasedafter participating in the workshopyith a score of 4.2 outof §F D#2 R Q
improvement(Table24).
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Table24: Workshop participant ratings for how well the workshop helped to improve their
knowledge, skills and ability to establish and manage legumes in sown pastures (1 = very poor, 5 =
very good) (n = 311).

Question asked Average
response
Improvement in  The cause of pasture rundown 4.1
knowledge The importance of N supply to pasture productivity 4.5
How legumes supply N to the pasture 4.5
Benefits of legumes to my production system 4.5
Which legumes are best adapted to property 4.0
Which grasses are best adapted for my property (SEQ only) 3.6
How much legume is needed to improve productivity 4.3
Why it's critical to store soil moisture prior to planting 4.6
The benefit of applying phosphorous to legumes 4.5

Which techniques improve reliability of legume establishment 4.4
The costs/benefits of different legume establishment techniqgu 4.0

Improvement in  Assess the need for legumes in my sown pastures 4.2
skills and ability ~ Ability to assess thamount of legume in my pastures 4.0
Develop an overall strategy to reliably establish legumes 4.3
Identify the options that are best suited to my situation 4.0
Increase the productivity of my pastures 4.3
Increase the sustainability of npastures 4.3
Increase the profitability of my pastures 4.2
Overall participant rating 4.2

Participants described a range of key learnings from the workdPanicipant§key learnings from
the workshop was anpenendedquestion with responses grouped by the project tedrhe most
commonkeyf S I NJ/ Alyifoved legumekestablishment techniq@ether key learnings are
described inTable25.

Table25:2 2 NJ & K2 LJ Lke)N@EamiOgs (k3¢1) 4 Q

Keylearning No. responses
Improved legume establishment techniques 23.5%
Legume selection 10.9%
Legume management 10.6%
Importance of nitrogen to pasture 9.6%
Importance of soil nutrients include P 7.7%
Importance of soil moisture 6.4%
Grassiegume balance 6.1%
Need for rhizobium/difficulties with rhizobium 4.5%
Value of seedbed prep 2.3%
Difficulties/benefits of legumgastures 1.9%
Coated seed/uncoated seed 1.6%
Importance of grazing management 1.6%
Spreading legumes through lick 0.3%
No answer 12.9%
Total no. responses 311
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4.3.2 Adoption and practice change

Fromthe evaluationsurveys completed at the end afachworkshop most (85%, n=255porkshop
participants indicated they intended to makepeacticechangeof some descriptiono their business
or property. Two thirds ofvorkshopparticipants(n =210) specifically indicated they intend to make
changes to how they establish legume pastugesscribed in detail imable26.

Table26: Participant€intended practice change when establishing legunes189)
Intended practice change in establishing legume No. responses

Seedbed preparation, weed control, fallowing 29.1%
Improved planting technigues 14.3%
Improved general practices 14.3%
Use strips 11.6%
Change species / varieties 9.0%
No change 5.8%
Soil testing / nutrient application 5.3%
Use rhizobium more effectively 3.7%
Improved grazing management 1.6%
Distribute legume through lick 0.5%
No answer 4.8%
Total no. responses 189

At the end ofthe 23 workshops helbdetween 2017 2021, participants indicated they intend to sow

a total of 17,083a to legumes within the next 12 months (of attending their workshop) and
106,100ha within thenext 5 yeargTable27). Compared to the total area of pastures managed by
participants (sown plus native pastures 1,456,0@0 this represents 1.2% of their landlid months

and 7.3% over 5 years. The intended area to be sown to legumes represents approximately 2.9% of
their existing sown pastures area (588,0%) in 12 months and 18% over 5 years. These intentions
havebeenhinderedby the extended drought across the project area.

Theprojectimpactevaluation surveyvasconductedat the end of the projecin early 2022 The
project teamcontacted176 of the226 grazier businessewith 104responding(59% response ratg)
providinganinsight intoon-groundadoptionof pasture legumesinceattending the workshops
Seventysix (73%f surveyrespondent3 reported that they hadown legumesince attending the
workshop.

¢KS WI R2 LI A 2 g02siRveyivascompaRytoMA K § SYRERTFRRNVYHEKS Sy R
workshop evaluation surveyand presented iTable27. The data shows the number of hectares

sownas at 202419,682ha) was more than what was expected for tti2month period (17,083 hp

from the workshop Only half as many people provided information in the 2022 suceaypared to

the endof-workshop surveys, and one of the driest years on record fell during thaframe,
whichreportedlydelayed many people from saémg paddocks

At the workshop, the average area of lantendedto be sown in the next 1thonths was 83 ha per
person, and 533 ha per person in 5 yedmgthe 2022 enebf-project survey, participantseported
258haperbusinesdas beersown anda further617 ha peibusinesss intended to be sowover

the following 5 yeardt has been estimatethat the total number of hectares sown to daéad
influenced by thigprojectwas42 600 ha (based on 19,600 ha sown by 76 businesses representing
226 grazier businesses who attendexhd a 73% adoption rateJhe intended area of land to be
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sown in the next 5 years is predicted to bEl,200ha (basedn 51,200 ha to be sown by 83
businessesepresenting226 grazier businesses who attendexhd an 80% intended adoption rate).
Combining thosestimatedareas, a total of more thah53,80(ha is assumed to have besawnor
will be sown between 2017 and 2026 (5 years from now, 9 years in tdtake figures are
summarised imable27.
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Table27: Practice change intentions compared to adoptiand future intentions.

Detail Intended Changé Adoption & Future Intended Chang@
Hectares of legumes 13(7323?6 Eaa sgﬁ éi?;rss 19,682 ha Between 2017 2022 51,209 ha Next5 years
5:2?:; EZ ﬁxg EE: Egzgg ézygngpss 258 ha Avg. per business 617 ha Avg. per business 5 years
N/A 42600 ha Estimated® 111,200 ha Estimated next 5 yeafs
Most common legume 40% Desmanthus 30% Desmanthus 39% Desmanthus
specied 26% Caatinga stylo 20% Shrubby stylo 16% Leucaena
9% Leucaena 9% Caatinga stylo 14% Shrubby stylo
4% Butterfly pea, lucerne ang 8% Butterfly pea 8% Caatinga stylo
medics (each 4%) 7% Wynn cassia 7% Butterfly pea
Soil typeselection 69% Clay 50% Clay 51% Clay
24% Loam 38% Loam 35% Loam
7% Sand 12% Sand 14% Sand
Fallowing practices 41% Long (912m) 24% Long (912m) 22% Long (912m)
41% Medium (4-8mth) 11% Medium (4-8mth) 17% Medium (4-8mth)
17% Short/none 20% Short 22% Short
N/A 45% No fallow 39% No fallow
Fertiliser practice$ 94%" Use fertiliser 26% Used fertiliser 24% Use fertiliser
Rhizobia practice’s 69%" Add rhizobia 12% Added rhizobia 14% Add rhizobia
Sowing method$ 51% Drilled 41% Drilled 54% Drilled
49% Broadcast 59% Broadcast 46% Broadcast
Management of existing 46% Change management 43% Changed managemen N/A

legumegrass pastures

A: Data collected from 311 eraf-workshop evaluation surveys (from 412 workshaasticipants), and 155 legume management action plans from the workshops ¢Z0071)

B: Data collected from endf-project evaluation surveys (2022). 226 grazier businesses, 104 survey responses.

C: Data from the endf-LINE 2 SO (G & dzNIJ S & ared soRrebyiedp@nglefits répredeStiRg 226 grazier businesses withla R32LIG A 2y NJ G S®  WC dzi dzNB

respondents with an 80% intended adoption rate.

D: Legumes were described as being either sown alone or as matlefnd. The % figure describes number of paddocks sown with the legume listed.
ddz2NBSea

EY 51 GF FTNRY

g K2

RSAaONROSR WI26Q0

F: Any consideration given to either rate, type or how to apply, counted as an intention to use fertiliser or rhizobia.

LydSyRSR

/ Kl y3aso
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4.3.2.1 Legume species sown by graziers

Information was collected about which legume species graziers preferred during the workshop and
in the end of project survegsome species highlighted Trable27). The Legume Management Action
Plans developed during the workshop indicated what legume graziers intended to use in the next
paddock they sow with legumes. The end of project survey asked ledpume species they had

sown since attending the workshop and what they intend to sow over the next five years.

Figurel2 showsthe most common to least common legnespreferredby workshop participants as
reported on their Legume Action Plan during the worksHagsmanthus was the mopbpular
species thagrazierantended to sow, followed by Caatinga stylo. Many graziers intended to sow
desmanthus and Caatingayki together. Bucaena and butterfly peaere less popular preferences,
with less than 10% of participants planning to sow either of those two leguihest of the research
trials discusseduting the workshopvere aboutdesmanthus and Caatinga stylphad used these
species as the example legume, which would have contributed to the interest at the end of the
workshop

Figurel2: Intended species to be sown, as recorded on workshop participant's Action Plans during
the workshops (202).
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Theend-of-project evaluation survey conducted between Januakarch 2022asked graziers
which legumevarietieswere sown in paddocksince attending the workshog-igurel3) and what
they intend to sow in the next five yearSigurel4).
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Figurel3: Legume species sown into paddocks by the workshop participants since attending the
workshop, as reported during the endf-project evaluation survey (n=161).
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Figureld: Legume species intended to be sown in paddocks in the fexears by the workshop
participants, as reported in the endf-project evaluation survey (n=118).
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Desmanthuswvas the most popular species during the workshop (40%), in sowings since the
workshop (30%) and intentions to sow over the next five years \3BB& current interest in
desmanthus is a dramatic change in grazier interest over the last decade. Six focus group meetings
with 41 graziers in 2010 demonstrated a different attitude to desman{Rexket al.2011) Graziers

in only two of the six focus grogpmentioned desmanthus. Of the graziers who had used
desmanthus, the comments were that they had sown small paddocks or trial plantings with mixed
results, and cv. Marc wamersisting but cvv.Bayamo and Uman were not persisting. The release of
new varietes (Progardes) and rigorous marketing effort has had a dramatic impact on grazier
interest. A representative of the seed company that sells Progardes was present at eight of the
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legumeworkshopsduring in this projectpromoting their product during breaks whichayalso
have contributed to graziers sowing desmanthus.

Caatinga stylavas the second most popular legume choice during workshops with 26% of graziers
intending to sow it, but only 9% sowed it since the workshod 8% intend to sow it in the future.
Caatinga stylo is the other persistent legume species (along with desmanthus) that was released in
the 1990s for the Brigalow Belt bioregion. Despite impressive results from Caatinga stylo in research
trials (Pecket al. 2017a)few graziers had positive experiences with it in 2010 focus gr(fepsket

al. 2011) Historically, he widespread adoption of Caatinga stylo has been hintié@nm a lack of
concerted marketing effort, poor quality seed and unreliable seed su@galgitinga stylo is widely
adapted persistentand productivetherefore the grazing industry would benefit from a committed
extension and marketing effort to promotaore widespread use of this promising legume species.

Shrubby stylowvas the second most commonly sown legume since attending the workshop with 20%
of graziers sowing it. Shrubby stylo has been commercially available since the 1970s and has been
widely us@ by graziers in central and northern Queensland. Commercially available varieties of
shrubby stylo are well adapted to light soils in the central Queensland part of the Brigalow Belt
where 10 workshops were held.

Leucaendsthe second most popular ch@dor future sowings of legumes with 16% of graziers
intending to sow it, but only 6% of graziers had sown it since attending the workshop. Graziers
routinely use good agronomy including long fallows to store soil moisture when sowing leucaena,
the severedrought experienced during the Brigalow Belt bioregion in recent years would have
contributed to less sowings since attending the workshop. Leucaena has been commercially
available since the 1960s and there is lots of information about it, including aadediindustry

group {.e. The Leucaena Network).

Other legume species were sown or intended to be sown by a lower percentage of graziers.
Butterfly peais adapted to clay soils in central Queensland and has been commonly sown in a
limited geographic reign. Medicsare a useful legume in southern inland Queensland, but the

climate is unsuitable in central Queensland. Adoption was low for some of the other legume species
which are adapted to lighter soils; the workshop content encouraged participantatiovgth their
paddocks with higher production potential which is generally higher clay content soils.

4.3.2.1.1Intentions compared to adoption: species selection

There are similarities and differences between what species graziers intended to sow during the
workshop and what they actually sowed. Desmanthus has consistently been the most preferred
legume when planning and when sowing paddadlable27). The other species ftuate.

The DAF project team delivered information about legume selection and productivity during the

G2N] AaK2LJA odzi INB y2d (GKS 2yfeé az2dz2NOS 2F Ay TF2N¥I
on which legume to sow have beerfluenced by peerseed companies and resellers. A survey of

seed company employees conducted in 2010 provided examples where legume species were

described poorly by seed company and farm supplies employees, especially if it was their

02 YLIS{( A ( 2 (R&ket alLANIA )FEdr@xample, both desmanthus and Caatinga stylo were

described as not being persisteand/ I | G Ay 3+ aGeft2 614 RSAONAROSR I a
companies that were not selling these species. The negative commentary from competing seed

companies in preference to species they sell can result in poorly guided legume recommendations to

Page62 of 130



B.PAS.0354 Legume BMP in the Brigdelvbioregion

AN TASNE NBIINRfSaa 27F GKSANI & dzibinsed iférratiod to (i 2
select the legume species and variety best suited &rthaddock and grazing situation.

Seasonal conditionsoil typesand other priorities also impact on the number of paddocks sown and
the species selected. The preference for shrubby stylo suitable to lighter soils over leucaena suited
to heavy soils israindication of this.

4.3.2.2 Soils and paddodelection

¢KS RIFGlF adAa3sSada GKFG LIS2LXS LIXFYYSR G2 |yR
O2dzy i NEQ FANERG G2 A YLNEZ D SFabléRsiggbsts M fadudipbrts@re ¢ K S
focussing on their clay and loam soil paddocks whietgenerally higher in nutrients and water

holding capacity and therefore able to grow more pasture.

4.3.2.3 Fallow adoption

Workshop participants indicated that they intended to use longer fallow periods than short or none,
for a higher chance of storing moisture and having successful legume establisivieeintm (48
months) or long (9.2 months) fallows were planned by 82% oftj#pants during the workshop.

l.".l

¢CKS IR2LIGA2Y &dzZNSE AY HAHH AYRAOI GStReird KI G Y2

intention to use longer fallowand instead most (65%) opted for short or no fallow and plan to do
the same in the futur€Table27). Research results have shown that short or no fallows result in
establishment failurén most yearsvhen sown into existing buffel grass pastures in the Brigalow
Bdt climate zongPecket al.2017b) Industry continues to use and recommend guass cultivation

or no pasture disturbance despite decad#sestablishment failure in the Brigalow Belt. Continued
extension effort including demonstration of improved practices is required to change this practice.

4.3.2.4 Rhizobia and Fertiliser adoption

The use ofertiliser and rhizobia when establishing new passideopped from good intentions
(94% considered using fertiliser, and 69% considered adding rhizobia) to a quarter or less of
participants usinghem in their paddock¢Table27).

4.3.2.5 Sowing method

Methods of sowing were consistent betweearlyintentions and orground adoption, witthalf

intending to drill seed and half intending to broadc@Bable27). The trendin the 2022 survey
swayedmore towards broadcasting (59%), but participants still seem interested in drilling seed again
in future sowings (54%).
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4.3.2.6 Management of existingdgame pastures

From the workshop evaluation survey, less than half of all workshop participants 1(46%)
indicated they intend to make changes to how they manthgdr existing legumeébased pastures
(Table27). These changes include:

1 Change grazing management
1 Soil test and use fertiliser

1 Add more legume

M Add rhizobium

1 Use chemical.

When participants wereasked in the 2022nd of projectsurveyabout managing exigg pastures
43% of respondents reported that they hagade changeBable27. Mostchange was in grazing
management practices, but a small number of respondents reported thatehbgr applied
fertiliser, somedid soil tests or made other management chanddsst paticipants in the 2022
end-of-project evaluatiorsurvey who reporteanakingno changes to pasturkegume management
statedthat they were already using sustainable management practices, and thereforetsge a
need to make a change.

4.3.3 Barriers to adoption

4.3.3.1 Workshop participants

The 2022 enabf-project evaluation survewith 104 workshop participants reported 27% (n=28) had
not sown legume pastures since attending the legume worksBopught and seasonal conditions
were given ashe most commormreasonfor not sowing legume pastures f86% (n=8)An additional
30%(n=7) exmined that their focus had been elsewhere during the time since the work<Ditbyer
reasons for not sowing includedlreadyhaving sufficient legumpastures(22%, n=5)concern over
finding asuitable species for their paddadkaving access to suitable equipmeand lacking
information @ll 4% each, n=1).

Inthe end-of-project survey,only 16% of respondents (n=17) reported that they had no intention to
sow more paddockwith legumes in thenext five yearsThey reported that they were focussing
elsewhereon their businessalready had enough legumes were wanting to see resultsefore
sowing

4.3.3.2 Broader grazing industry

All aurvey parttipantsin 2022were asked their opinions about why theoader grazing industry in
Queensland has not widely adopted legumélse responses varied botanysuggestd that having
spare funds available to justify the cost involved would be the biggd8b)barrier to adoption

Many suggested thatlimate, seasnal conditions and drought were considered a barrier to
adoption with 31% of survey participants. Teavas also theperception that people who have tried
establishing pasture legumes in the past nbaydiscouragedo trying again25%), especially they
have causedand degradationssues with establishment in the past (e.g. erosion) or had previous
poor resultsinformation, knowledge and advice was the fourth most common barrier identified
(22% of respondents) which suggedtsree is an orgoing need for extension effort on legumes in
the Brigalow Belt bioregiorA summary of the barriers to adoption is listedliable28.
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Table28: Barriers to adoption for thebroader grazing industry in Queensland, reported from the
2022 endof-project evaluation survey

Barriers to adoption % SurveyResponses
Cost / money availability 34%
Climate / seasons / drought 31%
Establishment issues, or previous poor results 25%
Information / knowledge / advice 22%
Suitable legumes 18%
Lack of equipment or skilled contractors 15%
Mindset or attitude towards change 14%
Seed availability or quality 11%
Avalilable land tespell or sow 8%
Time commitment required 7%
Advancing ge of graziers 4%
Lack of registered herbicides & weed competition 4%
Grazing management of legume paddocks 3%
Lack of education on thegnefits of legumes 2%
Focus elsewhere 2%
Need formore evidence (of successful paddocks etc 2%
No barriers 2%
Pests 1%
Suitable grasses 1%
Total No. Survey Responses 104

4.3.4 Information required by graziers

Participants in the 2022 enof-project survey were asked what information they thouglduld be
relevant to the broader grazing industry in Queenslahlis question was ask@dmediatelyafter
0KS WgKIG FNB GKS oF NHSNE (12 | R2LIGAZ2YQ ljdzSadAz2y

Practical information about establishment practices came up as the information most needed (37%)
for pasture legume adoptiarnThis includsinformation onplanning fertiliser, rhizobia andherbicide

use Legume selection or identification was the second most common information need with 30% of
respondents identifying this as a need. Other information needs are showialine9). Conversely

12% of survey respondents (n=12) believed that there was no need to create more information, and
that there was sufficient information already availalffmme commented that the information just
needed to beadopted
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Table29: Information content needed for the broader grazing industry in Queensland, reported
from the 2022 endof-project evaluation survey

Information needed % SurveyResponses
Establishment practices 37%
Legumeselection, mixes or identification 30%
Independent information / advice 18%
Machinery options (and contractors) 16%
Information is already available 12%
Paddock selection 12%
Grass selection / mixes 11%
Demo sites or field days 5%
Soil testinterpretation 5%
Economics 3%
Research results 3%
Benefits of legumes 1%
Ecology 1%
More research into legume establishment 1%
Total No. Survey Responses 104

4.3.5 Preferred delivery methodgor information

As the survey respondents were asked about what information was needed, they were then asked
whichmethodsshould be used to delivehat information to the grazing industi§iable30). A

NEGASE 2F SEGSYy&aAzy Ay !lofexténdldnthatdategbrRediyhé A FA SR FA OGS
approaches across industries and progrg@suttset al. 2005; Couttset al.2017) The five models

of extension arefacilitatedgroups, technology development, training and group presentations,

information provision and access, and eole-one individual farm advisory. The preferred method of

providing information described by graziergiisuped andliscussed within the extension method
groupingsdescribed byCouttset al.(2017)
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Table30: Preferred methods for providing information on sown pastusdo the grazing industry
Responses are grouped by extension meth@buttset al. 2005)

Requestedmethods No. No. Responses % Survey
Method of Extension for information Responses (Grouped) Respondents
Oneon-one advice & Coaching / advisors / 59 62 60%
coaching one-on-one

Seed companies 3
Information provision | Web sites / online info 27 59 57%
and access Factsheets 12

Books / booklets 11

Popular media 9
Facilitated groups Social media 5 10 10%

Networks 5
Technology Field days 4 8 8%
Development Demonstration sites 3

Apps 1
Training and group
presentation Workshops 6 6 6%
Other programs” Other 3 3 3%
A = not one of CoutfMethods 148 responses

104 survey respondents

The preferrednethods for providing information provided by graziers wémee-on-one adviseand
coaching (60%) anddinformation access(combined 5%).

Graziers preference faone-on-one individual farmadvice¢ extension methodCouttset al.2017)

needs to be balanced against the cost and impact at the indusaitg sompared to other extension

methods Public sector investment in ofan-one extension support has reduced dramatically since

the 1980s/1990s with few district agronomists and extension staff working on pastures remaining in

the Brigalow Belt bioregiorsome of the individual advice role that had previously been provided by

the public sector is provided by the private sector but for pastures has been largely sales oriented.

Only 3% of respondents suggested seed companies as their preferred methoafordtibn

deliverywhich probably reflects a lack of confidence inittavice There are fevindependent

consultants that are active in the Brigalow Belt that prexadivice on sown pastures. Graziers have

been reluctant to pay full costs for consultamtsprovideservices and advigéor example the costs

of soil sampling to depth and analysing for nutrient levels was discussed during workshops but many

participants expressed opinions that it was too expensive to use a consultant. Another constraint to

individual coaching is the large number of beef businesses in the Brigalow Belt bioregion. The
NA3IlIf2¢ .Std KFra nnuc 3INITASNI odzaAySaasSa ¢KAOK

other extension approaches need to be used to engage a largegbnmercentage of graziers to

have an impact on the broader beef industRpllow up contact with workshop participants as part

2F | aGNI AYAYy3 | apptoachiNg debek shinedfahd Wi [ gkofetefod for

individualised informationwvithout overwhelming extension staff.

A high percentage of grazigfs7%)had a preference fodinformation provision and access
method of extension. The information provision and access methods listed by graziers included
online/web-based material (26%), factséts (12%), booklets (11%) and popular media (9%) (). An
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extension review conducted by this project reported that there is a need to update extension
materials and improve public access for sown pastures in the Brigalow Belt bioregiwaving

access tanformation on legume management in the Brigalow Belt would help provide a balance to
sales driven advise and recommendations from other climatic regions.

[day

¢tKS g2N] akKz2Lla RSt ABSNBR araining &4 group iixcBedt&tions | NB | v
extenson method(Couttset al.2017) Although 6% of graziers responding to the sursaig they

preferred workshops, 100% of respondents had attended a workshop on pasture ledtoties: up

contact with workshop participantas part of the overall training prograta adapt, reinforce and
supportadoption of recommended practices to a gex@ individual circumstancess well as access

to updated extension materials for further readinguld enhance the outcomes from future training
programs(Couttset al.2017)

5SY2yaiaNy GA2y aArxdasSa om:0 | yeehnobogySdvelopRdie & 0 ci2 0 I NE
approach toengaging with graziefouttset al.2017) The technology adoption method is mainly
abouttestingor adaptingresearch and practices that are useldewhere into a local context or

developing new technological solutions in a locakfamm context that is visible and easily accessed

(Couttset al.2017) A technology development approach is likdybe the most effective in

improving adoption of some of the legume establishment recommendations fesarch trials

(such as fallowing or establishing in strips) to paddock scale adoption using commercial scale

equipment and methods.

oFacilitated groups were discussed by a small number of graziers during the workshbps.
preference for networks (4% nd social media (5%pin theend of project survey is likely to be an
example of a facilitated group. Facilitated groups could have a role in future extension effort
especially if linked to éechnology developmestapproach on topics such as improving adoption
rates of better agronmic practices when establishing legumes.

4.4 Legume persistenca southern inland Queensland

The legume persistence trials sowed differ&ggumevarieties on loam soilandclay soils. Results
are presented by soil type to reflect the different sowing lestsl adaptation to different soils.

4.4.1 Desmanthusand gylo persistenceon loam soils

Plant density of the legume varieties at the loam soil trials located near St George and Goondiwindi
after three years post sowing is showrFigurel5. Plant density over time is shown in Appendix
8.3.

Caatinga stylo and shrubby stylave maintained high plant densitias the loam trial siteselative

to the other species sowrCadinga stylo(cvv. Primar and Unicapdthe highest plant densitsof

the species sowrShrubby stylo cv. Seca has high population density at both sites, however Siran has
a low plant density at the St George trial. Oxleyftem stylo did not persisttaither site.

Desmanthudias not maintained high plant densities at the loam trial silssmanthus virgatusvv.
Cowpower and JCUfave higher populations than other desmanthus spediesvever their plant

density is low with small plants compared taafinga styloD. pernambucanusv. JCU9 has a low
plant density but with larger plant®. bicornutusindD. leptophylluiave low plant densitiegarly
results indicate thaD. bicornutusandD. leptophyllusre unlikely to persist on these soil types in
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this climate zone. The trial has not continued long enough to determine whé&heirgatus and D.
pernambucanusarieties will persist in the longerm at these sites.

Figurel5: Legime plant densitythree years after sowingt loamsoil trial sitesin autumn 2021 A:
Goondiwindi and BSt Georgedrials. (D.virg: D.virgatus; D.bico: D.bicornutus; D.lept:
D.leptophyllus; D.pern: D.pernambucanus; S. seab: S. seabrana; S.scab: S.&ajra;
S.guianensis var. intermediaCowp: Cowpower
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4.4.2 Desmanthus and stylo persistenam clay soils

Plant density of the legume varieties at the clay soil trials located near Allora, St George and
Goondiwindi is shown iRigurel6. Plant density over time is showm Appendix8.2.

All clay trial sites were on cracking clay soils (vertosols), however thedaithdividual
characteristics that affected the legume persistenesults. Allora Flat has had high death rates of
adult plants during winter due to it being the coldest site with regular frogte Allora Hill site had
very high grass competition which has reduced the population ¢éguimespeciesGoondiwindi

has hal limited grazing opportunities due to the surrounding paddock being converted to fodder
cropping. The St George trial sitas resown due to it being the driest location and most severely
affected by the drought. The St George legumes were also affegtegray drift damage during
establishment.
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Results were also affected by seed quality impacts. Cultivars JCU2 and JCU4 were contaminated with
other desmanthus varieties. A calculation error resulted in Marc being sown at a lower pure live

seed sowing rat¢han other cultivarsn the 2017/18 sowingMarc hadlower seeds per kilogram due

to seed coatingvhichwas notadequately accountetbr in seeding rate calculation¥he resowing

at St George for Marc (and all other varieties) was based on germinalule peekilogram of

& LINR R dzO (i ¢ Makcyhas it Seediirtg Bedruitment at all trial sites

Caatinga styloS. seabrangandD. virgatusvarieties generally have the highest plant densities at the
clay soil legume persistence trialdqurel6).

Caatinga stylo cvv. Primand Unica had higher populations compared to other varieties at all sites
except for Allora Hibresumably due to grass competitiddnica had very high death rates during
winter at the Allora Flat site. Primar and Unica had a low initial populationeaGondiwindi trial

but it has subsequently had seedling recruitmerttich resulted in >13 plants/fthree years after
sowing. Caatinga stylo has some of the highest plant densities after one year at St George.

Desmanthus virgatusvv. Cowpower, Marc, 2 and JCU8 have maintained high plant densities
relative to other varieties at all trial sites. Cultivar JCU5 has lower plant densities at all trial sites.

TheD. bicornutuandD. leptophyllugultivars included in these trials have generally lower plan
densities tharD. virgatusCultivar JCU6 was observedamduce somdlowers but no podst the

trials. Cultivar JCU7 flowered very late and was not observed to produce mature seeds before dry
weather or frosts limited seed productioultivars JCUGd JCU7 are unlikely to persist in the long
term due to the very low seed production in southern inland districts. JCU4 seed was contaminated
with aD.virgatusaccession which affected the ability assesdts persistence at these trials. JCU4

has producd seed.

Two additional accessions bBf leptophyllusvere included athe St Georgesite when it was resown
in 2020. Ray is a newly released variety, TQ90 is a promising accession shortlisted by previous
evaluation projects conducted by DAHere has oly been one measurement of legume density at
this site, therefore it is too soon to assess persistence of these two accessions.

D. pernambucanusv. JCU9 grew exceptionally well at all sites in the first growing season after
sowing. The population density has subsequently declined during dry years. The trials need to
continue for a longer time period to assess the ktegn persistence of JCU9.
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Figurel6: Legume plant density atlaysoil trial sitesin autumn 2021 A: Allora Flat; B: Allora Hill;
C: Goondiwindi clay; D: St George cléy.virg: D.virgatus D.bica D.bicornutus D.lept:
D.leptophyllus D.pern: D.pernambuanus S. seab: S. seabran@owp: CowpowerPrim: Primar;
Unic: Unica.

A: Allora Flat. 3 years post sowing.
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4.4.3 Leucaena persistence in southern inland Queensland

Initial establishment of Leucaena failed in 2@t Tive out of six sites sowaue to dry weather with
inadequate stored mature and follow up rainfour of the trials were resow 4ble31). The Allora

hill site was not resown because there is a commercial paddock of leucaena next to the trial site.
Four out of the five trial sites with leucaena are only one year old, therefore it is too early to assess
longterm persistence at these exparents.

Table31: Leucaena persistence trial sowing and plant density recording dates.

Site DateSown Date Recorded Establishment Time
(Yeard

Allora Flat 17/11/2020 3/11/2021 1

Allora Hill 19/11/2020 Not re-sown NA
Goondiwindi Loam 27/02/2020 08/03/2021 1
Goondiwindi Clay 12/02/2018 21/04/2022 4

St George Loam 27/02/2020 07/04/2021 1

St George Clay 21/02/2020 08/04/2021 1

Leucaena plant densities were similar for cultivars Redlands and Wondergrazeial sites Figure
17). The Goondiwindi clay trial is the only siteexe leucaena has been established for more than
one year.The leucaena plants are small andiahle in size at the loam soil and St George clay trials
which may inhibit its longerm persistence. Leucaena has produced much bigger péeduie
Goondiwindi clay and Allora Flats trial sit€eese trials need to continue for several more years
beforethe longterm persistence of leucaena can be assessed.

Figurel?: Leucaena plant populations for cultivars Redlands and Wondergraze at five trials in
southern inland Queenslandsoondiwindi clay was measured in April 2022y@ars post sowing),
all other sites were measured in autumn 2021 (1 year post sowifigsD bars: p = 0.05).
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4.5Phosphorus fertiliser
4.5.1 Goondiwindi trials discontinued

The Goondiwindi phosphorus trials were discontinued due t@xplained, patchy poagrowth
(Figurel8). Plants in affected patches were smaller or absent with some of the plants having lesions
on the main taprootSimilar poor growing patches were @pged in millet grown in 2018 in the
adjacent temperate legumes trial.

Figurel8: Bare patches in the Goondiwindi phosphorus trial (plot with bare patch on the left; un
affected plot on right). The cause of these bare patchwess rot conclusively determined during
the project.

The poor growing patches were investigated to try and determine what was causing the poor growth
and plant deathThese investigations were hampered by severe drought also causing damage to
plants. A smmary of results from these investigations is showiidtle32 which suggested the

most likely explanation is a pathogen.

Table32: Results ofinvestigationsto determine the cause of poor growingatches of desmanthus.
Potential @use Results
Herbicide residue No residues detected.

Gilgai Soil salinity and pH profiles were tested. No differences between affeq
and unaffected patchewere detected

Biological agent No root lesion or root knot nematodes.

(pathogen Potential pathogen isolated, further sampling required when plants

actively growing.There was insufficierrain to produce plant growth for
re-samplingbefore the trial was discontinugd

Drought Poor patches did not align with micrelief, they occured in both shallow
depressions where water accumulates duriaghfall eventsand humps.

Both the temperate and tropical legume trials were discontinued due to the unexplained poor
growing patches. The temperate trial was subsequently rehabilitate@Wyng a tropical grass and
legume pasture.

4.5.2 Wandoan tropical legumes

Sowing of this trial was delayed due to dry weath¥ris trial was not sown in the 20/18 summer
due to insufficient soil moisture being stored during the fallow. A cover crop of wheaGregory)
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was sown in May 2018 and sprayed out in September to provide ground cover and reduce erosion
risk. The legume seed was sown into the wheat stubble inJardiary2019, however germinating

rain did not occur untilate in March The late emergnce of the legumes and low rainfall resulted in
the legumes being too small to harvest in 20TBe tropical legumes were harvested for the first

time in March 2020.

4.5.2.1Ground Cover

Groundcover was used as a nRdestructive measure of growth rate ovéme. Groundcover over

time for the fertiliser rates are shown Figurel9. The trial was sown on the 17th of January 2019,
however germinating rain was not receivadtil late March and the first groundcover

measurements were taken in early May 20T%e 2019 calendar yeaas the driest on recortbr

the Wandoan districtvhich resulted in poor legume growth and very low ground cover until January
2020(i.e. 365 daysafter sowing)

Groundcover has increased and decreased at similar rates over time regardless of P fertiliser rate
Figurel9. These results suggegtere was ndncrease inlegume growthin response to applied
phosphorudertiliser.

Figurel9: Tropical legume ground cover at the Wandoan phosphorus trial to April 2021. Legume
ground covemwas averaged across the three legume species (Legef:zinc not applied)
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4.5.2.2Dry matter productiomesponse to phosphorus fertiliser

Dry matter response to applied P fertiliser for the 2020 and 2021 harvest is shdwguie20.
Harvest dates aimed to measure peak yield during the growing sea@kertrial was harvested for
dry matter in March 2020in 2021 the trial was harvested initially in February due to drather
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threatening to reduce yieldandagain inApril 2021with the second harvestlata being presented in

this report. The desmanthus yield reduced between the two harvests in 2021, however the Caatinga
stylo increased its yield-he reduction in yield isost likely due to leaf and stem senescing in the
desmanthus.

The 2020 data showed there was no significant response to phosphorus application (p=0.10) for any
of the treatments The 2021data indicateghere is no clear response by thdesmanthusvarieties

JCU2, JCUTY to the application of phosphorus fertiliser in the Wandoa bréalata suggest that

the Caatinga stylo cWnica did have a sliglgteld response to applieghosphorushowever it was

not statistically significant.

Figure20: Tropical legumeadry matter (kg DM/ha)compared with phosphorus application rates at
the Wandoan phosphorusrial. Legumedry matter is comparedacross the2020 and 2021 harvests
with shadingindicating Standard Error
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The lack of response to applied P fertilisaggest thatlesmanthusD. virgatusandD. leptophyllus

and Caatinga stylo have a low phosphorus requirement compared to other pasture legumes.
However, ther studies have shown large increases ofl@0% highr dry matter in established

grass and legume pastures for these species when applying phosphorus fertiliser in similar soils and
climate(Pecket al.2017a)

It islikely that the experimental design and site selection affected the results for desmanthus and
Caatinga stylo which may not reflect what would occur in commercial paddocks for the following
reasons:

1 No grass was sown with the legumes. Grasses competegiyrarith the legume for
available P in the soil. Not sowing grass reduced the likelihood of measuring a response to
fertiliser in this trial.
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1 Long bare fallows. The tropical legume trials were fallowed for >12 months which would
have increased P availabilduring establishment.

1 Soil variability. The trial site has a subtle underlying Gilgai pattern that increased variability
between plots. Many low P clay soils in the Brigalow Belt have Gilgai.

1 Moderate P levels. The Wandoan trial site had a ColwdllePhg/kg and a PBI of 66; the
ideal trial site would have a lower Colwell P and/or higher PBI.

For futurephosphorus fertiliseexperiments on Caatinga stylo and desmanthiis recommended
that trial sites be managed differently to better reflect likeommercial resultsRecommendations
includesowinggrass with thdegumes, minimisg the fallow period(to reduce mineralisatioof P
and Nin the soil)and selecting soils with lower soil P levels (if possible).

4.5.2.3 Variety differences in dry mattgield

There were significantly different yields between varieties in both years that were had/@stble

33). The 2020 harvest produced higher yields than 20220R0 the desmanthus varieties produced
higher yields than Caatinga stylo. In 2021 Caatinga stylo produced higher yields than the desmanthus
varieties. Based on visual observation of the pint2021 and 2022 he desmanthusas had a

greater reduction irplant population than Caatinga stylo.

Table33: Mean dry matter yield for each tropical variety (DM kg/ha) for the 2020 and 2021
KINBSatGad aSlya y2G aKINAyYy3I adzllSNAE GeelsdfiSDRok F F SNJ 3
that harvest year.

Harvest
Species Variety 2020 2021
D. leptophyllus JCU7 2882 1268
D. virgatus JCU2 3216 1104
S. seabrana Unica 2368 2823

4.5.3 Wandoan temperate legumes

4.5.3.1Ground Cover

Groundcovemwas used as a netestructive measurement of medic growth fraspwing in 2018
until the end of the 2021 growing season with the results showrigure21.

The medigrowth and resulting ground cover measurements were closely aligned with rainfall. The
Wandoan temperate legume trial sitgassown in May2018with germinating rain in Jun2018
producing good plant establishment and early growth showimgnarease in igpundcover Figure

21). Dry seasonal conditions restricted recruitment in the 2019 growing sedgenmedics did not
produce harvestable yield in 2019 due to drought therefore low groundcover for the whole

year. Good rain in February 2020 resulted in high grooader early in the third winter growing
season, however subsequent dry weather resultedigh death ratesgeclining grounacover and
decliningyields. The medics succumbed to the dry weather and bifore they could be harvested

in 2020 In 2021 there was good germinating rain in March with foligwrain recorded until the
harvest inAugustallowing ground cover and plant yields measurements to be obtained.
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The groundcover measurements demonstiiacreased medic growth rates with higher
phosphorus fertiliser rates when moisture was presdfiggre21). When rainfall allowed the medics
to grow, the higher feitiser rates produced faster increases in ground cover (i.e. they grew faster),
for example 47@; 660 days after sowinddowever,dry weather resulted in the medics dropping leaf
and dying resulting isimilar groundcovefe.g. the decline from 660 to 7 tays after sowing

Figure21l: Temperatelegume ground cover at the Wandoan phosphorus trialAoigust2021.
Legume ground cover is averaged across the three legume species (Le@endinc not applied)
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4.5.3.2Dry matter production

During the 2018 harvest medic biomass was sampled and compared to soil Colwell P for all
treatments Figure22). There was no significant difference in critical CtilRdevel (i.e. 995% of
max production) between the three cultivassith critical Colwell Foetween 24 and 29 mg/kg.
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Figure22: Relationship between total biomass production and the level of phosphorus in the soil
for three different legume cultivars. Dashed lines show 90 and 95 % of total biomass production.
Data was fitted to the general Gompertz equatioNalues of coefficienfor the equation are

a=1837 (P<0.001), b=2.389 (P<0.05) and ¢c=0.8767 (P<0.001).
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The dry matter response of the three medic varieties to phosphorus fertiidemwas evaluated in

2018, with the results shown FRigure23. In 2018, a significant increase in dry matter was measured
(P<0.001) with increased application of fertiliser rdiee application of zinc did not influence total
biomassA prediction curve was ptted to estimate the response of dry matter yield to phosphorus
fertiliser (R=0.61), this prediction curve suggests that to reach 95% percent of peak production that
an application rate of 63kB/hawasrequired.
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Figure23: Relationship between 2018 total biomass production and the phosphorus applied to the
soil for three different legume cultivars. Dashed lines show 90 and 95 % of total biomass
production. Data was fitted to the general Gomperéexjuation. Values of coefficient for the

equation are a=1966 (P<0.001), b=0.615 (P<0.001) and c=0.966 (P<0.001).
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The dry matter response of the three medic varieties to phosphorus fertiliser was evaluatedragain
2021, with the results shown Figure24. In 2021, a significant increase in dry matter was measured
(P<0.001) with increased application of fertiliser treatment rates. Therefore, when this and the 2018
are combined it shows that at this site the use of phosphorus fertiliser increases total biomass for
Bindaroo gold, Scimitar and Jester medic variefietal biomass was not affected by the addition of
zinc.

A prediction curve was plotted to estimate the pemse of dry matter yield to phosphorus fertiliser
(R=0.27), this smal value is due to high variation within each fertiliser treatment group, although
an estimate for the fertiliser rate for 95% of peak production (30kgP/ha) has been sh&iguie

24, it should be noted that the reliability of this estimate is low.
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Figure24: Relationship between 201 total biomass production and the phosphorus applied to the
soil for three different legume cultivars. Dashed lines show 90 and 95 % of total biomass
production. Data was fitted to the general Gompertz equatiovialues of coefficient for the
equation are &2851 (P<0.001), b=0.5484 (P<0.001) and c=0.9244 (P<0.001).
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There was a significant difference between dry matter yields between medic varieties in 2018
(p=0.03) and 202(p<0.001) shown below ifiable34. In 2018 Jester was the lowest yielding variety
whereas in 2021 it was the highest yielding varidtigehigheryield ofJesterelative to the other
varietiesin 2021is probablydue to theuseof a fungicide(microthiol) to control powdery mildew

that was not used in 2018ester is known to be more susceptible to powdery mildew than other
medic varieties.

Table34: Mean dry matter yield for eacimedicvariety (DM kg/ha) for the 2020 and 21
harvests.Quperscripts denote statistically significant difference$ ( T’ ) indieated by Fisher's
LSD for that harvest year.

Harvest
Species Variety 2018 2021
M. orbicularis Bindaroo Gold 1473 2138
M. truncatula Jester 1290 2903
M. polymorpha Scimitar 1493 1740

4.6 Establishing legumes into grass pastures

These research trials tested the impact of agronomic practices commonly used in grain c{epping
fallows, post emergenterbicides)n establishing small seeded legumes into exidbiuifel grass

Page30of 130



B.PAS.0354 Legume BMP in the Brigdelvbioregion

pasturescompared to industry standard practices of broadcasting with no disturbance of existing
pasture or onepass cultivationThe trials were initiated under a previous project and camgith

under this project. A summary of key results from all six trials over both the data collected under the
previous and current project is discussed in the following sections of the report. Results and data
from the first few years of these research tadlave been published Pecket al. (2017b)

4.6.1 Establishment trial results

Dry Matter (DM) productionasults are shown foGoondiwindi clayor 1, 2 and 3 years after
sowing;and loam soil trial sites for thihird year after sowingrowing seasos (Figure25 - Figure

28). Data from other trial sites, other measurements (e.g. legume dengity ¥iast growing season
resultsareRSa ONRA 6 SR A Yy { K Bupraving/protiuctividy aflundBwn SoviNgra$sk S &
LI & ( dzNB qPek dtR0278)Gtrong trends dbetter legume growttwith increasing fallow
lengthwere evident in all sites in the year of sowing. Longer fallows produced more legume DM at 1,
2 and 3years after sowingt the Goondiwindi trial sitesSimilar resultsvere achieved at the

Wandoan clay trial site.

The Wandoan loam site was discontinued due to using an unsuitable legpenegfine-stem
stylo) that is better suited to higher rainfall districE§nestem stylo was used due to lack of seed
supply of oher species at the time of sowinghe St George trial sites (clay and loam soil) were
discontinued due todgume seedlingdying fromsevere drought in the second ye@hese trials are
located in the lowest average annual rainfall part of the BrigalolviBaregion)

TheGoondiwinditrial sites were affected by preferential graziofyplots with higher legume

content. The most damaging preferential grazing was by kangaroos, however when livestock grazed
the trial, they also preferentially grazed the plots with high legume content. The preferential grazing
reduced legume growth, flower@) seed production and recruitmenthich therefore means the

data presented underestimates the legume production benefits in the long fallow treatments that
had higher legumdensity. Thepreferential grazing of small plots means that thial treatments

were no longer representative of the likely results at the commercial paddock scale.
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Figure25: Grass, legume and weed dry matter at the Goondiwindi clay soil legume establishment site, 14 months after géngirain (March
2016)Significance notation is for comparison within dry matter fractiofi®<0.05) Treatments with significantly higher weed burden than all other
treatments are marked with an asterisk. (PEH: pashergent herbicide, using Verdict for gss control and Basagran for brodéaf weeds; Spinn.:
Spinnaker residual herbicide).
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Figure26: Grass, legume and weed dry matter at the Goondiwindi clay soil, legume establishment triayatrs after sowingJanuary 201Y. (ZT: Zero
Tillage; Cult.: Cultivation; PEH: post emergent herbicide, using Verdict for grass control and Basagran fotdabageds; Spinn.: Spinnaker residual
herbicide; x2: weed control continued through the second growing season).
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Figure27: Grass, legume and weed dry matter at the Goondiwindi clay soil, legume establishment triayab8 after sowingApril 2018) (ZT: Zero
Tillage; Cult.: Cultivation; PEH: post emergent herbicide, using Verdict for grass control and Basagran fotdabageds; Spinn.: Spinnaker residual

herbicide; x2: weed control continued through the second giimg season).
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Figure28: Grass, legume and weed dry matter at the Goondiwindi loam soil, legume establishment trial at 3 years after s@irig2018) (ZT: Zero
Tillage; Cult.: Cultivation; PEH: post emergent herbicidsing Verdict for grass control and Basagran for braadf weeds; Spinn.: Spinnaker residual

herbicide x2: weed control continued through the second growing season
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4.6.2 Key results and conclusions

Establishment trials conducted as pafttbis project have shown that establishing small seeded
legumes like desmanthus and Caatinga stylo can be a lot more reliable if good agronomic practices
are used. Key principles or considerations for reliable legume establishment in existing grass
pastures are:

W Legume seedling access to moisture and other nutrients.
() Good seed to soil contact.
() Establishing legumes in strips or across whole paddocks.

4.6.2.1L egume seedlings need access to moisture (and other nutrients)

Legume seedlings need good moisture suppiyépid early growth to be large enough to cope with
the stresses of dry seasonal conditions and winter to limit mortality as well as produce forage for
livestock. Seedlings are more prone to these stresses because of their small root systems. In
particular, there needs to be enough water when seedlings are very small to survive from the first
germinating rain through to when follow up rain is received.

The Brigalow Belt bioregidms a climatevith mild winterswhere plant growth is liniéd by

moisture throughout the year rather than having a distinct wet seamogrowing season

(Hutchinsoret al.2005) The climate classification based on a plant growth modelutéhinsonet

al. (1992)identifies the Brigalow Beltlimate zone as being unique in the worRkeliabilityof grain
cropping in the Brigalow Belt climate zone relies on storing moisture in the soil during a fallow rather
than in-crop rainfall that is typical of other cropping regions in Australia and around the world
(Hutchinsoret al. 1992) Agronomic practices for establishing legumes into existing pastures
therefore needs tdoe appropriate for this climate zone rather than using practices developed in

other climate zones for graziers to improve establishnretifibility.

The supply of motare for legumeseedling growtlcan come from stored soil moisture and/or
rainfall. The watethat is availablean beusedeither by legume seedlings diy competing plants

like the existing grass pasture or otheeeds.Reliable legume establishment inet Brigalow Belt
relies on more water being available (through stored moisture in the soil rather than relying on
rainfall post sowing), more often (higher percentage of years than relying solely on post sowing rain
in a variable rainfall climate zone),dmore of the available water being used to support legume
growth (rather than weeds or existing grass usingwlager). Irrigation in the Brigalow Belt

bioregion isused on high value crops suchhasticulture, cotton or hay productiobut is

unavailable fowidespread establishment dfroadacrepasturesimproving reliability of establishing
legumes into existing grass in the Brigalow Belt therefore relies on the use of fallows to store soil
moisture and control competition from the existing grass and weeds.

4.6.2.1.1 Fallowing improves legume establishment

Fallowing to kill the existing pasture, reduce the soil seed bank, store soil moisture and therefore
reduce competition from both grass and weeds to leguseedlings is critical to minimise the

impacts of the episodic rainfall events that are typical of the Brigalow Beliegjion, thereby

reducing seedling mortality rates. Stored soil moisture via fallowing allows seedlings to survive and
grow even in drgeasons.
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Across all six trial sites conducted, increasing fallow period improved legume establishment. The
best legume establishment with the highest plant numbers and dry matter production occurred in
long fallow period (2.2 months) treatments. Even irery wet years it is likely that at least some
fallowing will improve establishment in this environment due to reduced competition from other
plants (i.e. grass and weeds), but it is critical in average to dry years and in drier locations.

By contrast, tie low cost, low reliability establishment techniques routinely used by graziers and
recommended by farm advisors of broadcasting into existing pastures epasgcultivation failed

at every trial site. No disturbance, slashing and-paes cultivation gatments all failed to produce
adequate legume density at all sites and should not be recommended as establishment techniques
in this environment with competitive grass pastures.

One application of glyphosate at sowing produced better results tharpasecultivation at two

out of six trial sites, at the other four it showed promising early legume density and height but ended
up producing similar results as other disturb at plant treatments. These results suggest thaasme
spraying may be better thame-pass cultivation in wetter years, although to successfully establish
legumes it is completely reliant on follow up rain and therefore may be better suited to wetter
districts closer to the coast or more monsoonal areas. Timing is critical for sprayitagito work
effectively as the grass needs to be actively growing with good leaf area and little dead stalks or
leaves to get good control of the grass, followed by good germinating rains to compensate for the
lack of stored soil moisture.

4.6.2.1.2 Rainfall

Ranfall patterns in the inland sutvopics mean there is a low likelihood of germinating rain

combined with follow up rain before seedlings die in the absence of stored soil water and in the

presence of competition by existing pasture. This contrasts wittemmnsoonal areas or

GaSRAGSNNI ySIy OfAYIFGSE FNBFra ogKSNB (KS akKz2NISNJ
together. Growing grain crops in the striopics relies on storing soil moisture, whereas in

aSRAGSNNI ySIy Of A Y-ONBdik THal ksdlS NEhis pidiett&nd Brsiziers A Y
commercial experience suggest that reliable legume establishment in the inlaridogids also

relies on stored moisture.

Followup rainfall is critical for legume seedling survival, however stored sodtoreican

dramatically increase the period that legumes can grow before being moisture stressed. Timing of
d26Ay3 Aad GKSNBTF2NB ONRGAOIE (2 YFEAYA&AS (GKS OKI
subtropics, the highest rainfall months with Higr likelihood of consecutive days of rain are January

and February, which often also coincide with decreasing temperatures which reduces water demand

by plants and evaporation. In some seasons the rainfall can eantier butis often followed by hot

dry weather with stored soil moisture therefore being critical to seedling survival.

Wetter districts closer to the coast and more monsoonal areas have a higher chance of receiving
follow up rainfall and will therefore have a lower requirement for storingstoe during fallows.
Wetter years will also have less of a requirement for stored moisture, however predicting seasonal
conditions 612months prior to summer to allow sufficient fallow periods has low predictive
confidence. Given the challenges of preitig seasonal conditions, the recommendations for
fallowing therefore remain, but should be adapted as seasonal conditions unfold.
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4.6.2.1.3 Grass and weed competition

The soil moisture stored during fallows and follow up rainfall can either be used by the legume
seedlings or through competing plants like the existing grass pasture or other weeds. Competition
from existing grasses and weeds often has a major influence on high seedling mortality. It is not the
competition per se that kills seedlings; rather competitfioom existing vegetation may restrict

growth to such an extent that seedlings subsequently die from moisture stress, temperature stress
or acute nutrient deficiency (Cook et al., 1993). Survival depends on plant size when stress is
encountered.

Controllng competition from the existing grass is best achieved through fallows. The results from
the establishment trials showed that the longer the fallow period, the greater the control of both the
existing pasture and also the soil seed bank. Within the safleenf period treatments, there can be

a significant improvement in legume growth through controlling competition froroalenising

grasses and weeds via post emergence herbicides. For example, at one of the trials the herbicide
treatments with long fallow produced two to five times as much legume dry matter as without the
herbicide at 12 months after sowing.

In the trials, the herbicides used were:

w Spinnaker for cultivated fallow treatments applied at plant ¢{praergent) to give
residual control of grassnd weeds both pre and post legume emergence.
w Verdict was used for grass control and Basagran was used for-laafcbntrol for

zerotillage fallows.

The trials also showed that the herbicides can cause damage to legume seedlings in some
circumstancedn the shortterm. Despite the shorterm damage, all the affected treatments ended

up growing better than the comparison treatment without selective herbicide. These results suggest
that the damage from competition from weeds is greater than the herbiddmage and/or the

legumes grow out of the damage. Further trial work is required to develop better recommendations
for using these herbicides with these legumes.

4.6.2.1.4 Recommendations for moisture availability to seedlings

The general recommendations to bal@moil water storage, follow up rainfall and competition for
the inland subtropics of Queensland from our trial results (and other trials) therefore are:

W Plant in January/February as this is the time of the year with highest rainfall and the
greatest chace of follow up rain. Adjust to planting earlier if there is good stored
moisture and/or the seasonal outlook is for a wet summer. If the paddock is in a cold
location (e.g. a frost hollow on the Darling Downs) and planting summer growing
legumes, earlieplanting will allow plants to be larger before frosts occur and therefore
survive the winter period better.

W Store sufficient soil water through fallowing.

o Establishing in stripgn most districts on better soils that can store significant
amounts of wéer, this islikely to mean long fallows of92 montts duration to
maximise legume growth within the strips to maximseed set and spread in
subsequent years. In wetter years or wetter districts or soils with lower water
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holding capacity this can be reded to medium length fallows of& months(this
topic is discussed further in sectidr6.2.3

o Planting whole paddocksf planting the whole paddock there is a traof between
grass and legume growth to maintain a balance in pasture composition. Medium
length fallows of 3 months will allow grass to feolonise from some remaining
tillers or tussocks and from the ssged bank.

() Control grass and weed competition. The most effective way to reduce competition
from existing plants (grass and weeds), as well as reducing the soil seed bank through
control of germinating seedlings is via fallowing. During the fallow vedilbn and a
wide range of herbicides can be used. By contrast, after legumes have emerged there
are relatively few selective herbicides that can be used. Where grass and weed loads are
high, spraying with post emergence herbicides should result in signify more legume
growth. If establishing the legumes in strips, maximising the legume production through
controlling grass and weeds is critical to facilitating high seed set and spread of the
legume into the surrounding pasture. If planting across wipalddocks, there is a
balance between allowing the grass to recolonise and controlling competition to the
legume.

4.6.2.2Good seed to soil contact

Seeds need to imbibe water via contact with moist soil to germinate. Practices that increase soil to
seed contact whn sowing can improve legume germination and growth. In the trials conducted in
this project, drilling seed produced better legume density than broadcasting seed where it improved
seed to soil contact, for example on firmer surfaced soil. Based on theitrithis project and other
trials, drilling is more likely to be beneficial with:

w Soil types where the soil surface is firm. That is, crusting, hard setting or firm soil
surfaces.

W Zero tillage compared to cultivated fallows or cultivated planting opens.

W Prior management that has allowed the soil surface to become firm (e.g. the medic
treatments at Goondiwindi trial sites).

W Very dense pasture cover which reduces the chance of broadcast seeds contacting the
soil surface.

Drilling produced no benefiin the cracking clay soil trial sites that had selflching surfaces

without excessive pasture cover. Drilling produced negative results where seed was sown too deep.
Drilling of small seeded legumes should not be attempted unless planting equipmens akoyv

precise control of sowing depth.

4.6.2.3Establishing legumes in strips

Pastures require both grass and legumes to be highly productive in thedangIf a paddock

already has good grass pastures, graziers are reluctant to kill them and forego grazipgfmd to
establish a legume. Thilry matter OM) production from the trials in this project suggest that
establishing legumes in strips within existing grass pastures offers the compromise between cost,
lost grazing and reliable legume establishment.
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At the site where DM production was measured at 12 months, the long fallows produced four to five
times more legume DM than the medium fallowherefore if 2Q; 25% of a paddock (e.g. 5m

fallowed strip on 2e25m centres) was established to legumes ingléadlow (912months) strips, it is
capable of producing as much legume per hectare as ploughing or spraying out the whole paddock
for a medium length fallow (8 months).

Fallowed strips need to be wide enough to allow soil moisture storage for legunhesraiably
established in strips. That is, fallowed strips need to be wide enough that the grass roots do not
extract the water by growing in from the edge during the fallow. To maximise moisture storage to
depth in the soil requires fallow strips to b&m wide. Competition from the grass strips is greatest
out to approximately 1m into the fallowed strips, therefore even in higher rainfall environments with
a high likelihood of follow up rain require strips >2m.

Given the considerations above irecommended that strips be >3m wide in the wetter parts of the
Brigalow belt bieregion (e.g. the inland Burnett catchment, Callide district) as a minimum. In drier
districts further inland, fallowed strips would need to be wider to allow for fallow moésstiorage

and less likelihood of Harop rainfall after sowing legumes. Strips in inland districts should be >6m
wide.

5 Conclusion

5.1Keyfindings
5.1.1 Extension

Extension activities during the projdeavecontributed to developing interest and enthusiasm for
pasture legumes within the grazing industry. Key findings from the extension activitiqwajedt
evaluation include:

9 Strong interest in pasture legumes. Thare a lot of graziers and farm advisors who are
interested in improving productivity through adopting legumes.

1  Workshops were effective in building knowledge and facilitating adoption of legume
management practices.

9 Large opportunity to improve the reliatiyf of legume establishmenResearch trials have
shown that better agronomy dramatically improves the reliability of legume establishment
but adoption levels remain low.

T bSSR Y2NB a4t 20Ff¢é SE leMahblistBrent and longpdrp@8uatanT dzf S 3
in commerciapaddocksn the Brigalow Belt

1 Extension materials need updatiagd bemademore accessible

1 Preferred legume species has changed over the last decade. Desmanthus is now the legume
preferred by graziers.

5.1.1.1Strong interest in pasture |lepas

The project has contributed to the grazing industries interest and enthusiasm for pasture legumes.
Graziers and farm advisors have shown interest in attending workshops and field days hosted by this
project and other organisation3he strong interestshown by the grazing industry reflects the
importance of improving productivity from rundown sown grass pastures and native pastures.
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Workshops were popular. The team attempted to restriteadanceat workshops to 15

businesses, however 13 out of 23 wslops were oversubscribed and graziers were put on waiting
lists to attend.Workshops were effective in engaging with graziers and farm advisors. Participants in
the workshops represented 226 grazier businesses and 279,000 head of cattle which is 5.1% of
grazing businesses ands%6 of the herd in the Brigalow BABS 2016)

Field days were similarly well attended with an average of 27 particip@heattendance at
workshops and field days demonstrates that there is an interest and need to conduct similar training
events in the future.

5.1.1.2Workshops were ffctive

Workshop participants reported improvements in knowledge and skilth an average score of 4.2

2dzi 2F p O06KSNB p Aada I GOSNE 3I22R AYLINRBOBSYSydéod
changes on their propertfeightyfive percentreported that they intend to make changes to how

they establish or manage legumes on their propeBgventythree percentof grazing businesses

sowed legumes after attending the workshajith 42000ha being sownEightyof businessesiend

to sow more legumes over the next 5 years (additidrial,200ha). Graziers conducted 105 darm

trials with almost all having been initiated during workshops.

5.1.1.3Industry can improve the reliability of establishing legumes

Research trials and commeatexperience has demonstrated that better agronomy can dramatically
improve the reliability of establishing legumes into existing grass pasitutas Brigalow Bejt
however adoption rates remain law

One of the key practicds improve establishmentaliability is to have a fallow to store soil moisture
and control competition from grass and weeds before sowing. Research results have demonstrated
that fallows dramatically increase the reliability of establishing legumes in the Brigalow belt climate
zore (Pecket al.2017b) Eighty percenof graziers indicated they would use a mediung @

months) or long (9.2 month) fallowat the end @ the workshop, however when sowing on their

own property only35% used a medium or long length fall§?able27). These arvey results suggest

that most graziers wihot start using fallows based purely on information supplied in a workshop,
local demonstration is required.

tKS RATFSNBYOS 0SG6SSy aAyiSyRSRe¢ FyR al OGdz t¢ |
opportunity to improve the reliability of establishihggumes in the Brigalow Belt bioregion.

5.1.1.4L ocal examples of legume establishment and-iemg productivity

Local examples are needed to provide strong evidence on the benefits of using better agronomy
when establishing legumes. Previous poor results atdldishment issues were the third most
common reason cited as a barrier to adoption of legumes after cost/money availability and
seasons/drought which are issues outside of the control of an extension proJiante8).
Graziersacross Queenslanthave been advised for decades to use qass legume establishment
methods, however these methods do not produce reliable legume establishment when sown into
competitive grass pastureand episodic rainfall patternia the Brigalow BelfPecket al.2017b)

Local demonstration of the impact of bettagronomy should help increase the adoptioin

practices such as fallowinghich mitigate the risk from seasonal variability

There is also a need to have local demonstration of other practices that impaetgong
productivity (e.g. soil testinghizoba inoculationand fertiliser use).
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5.1.1.5Extension materials require updating

There is a neetb improve public access to independent and reliable information on sown pastures.
A review of extension materials conducted by this project found that informatiosomn pastures

in Queenslandrom independent organisations (e.g. DAF, CSIRO) required updating as it was
outdated,required collation offragmented technical knowledge, was at risk of being lost and in
many instances was not accessible to the publieprivate sector materials were more recently
updated but was sales driven and providedommendationghat are contrary to research results

on some topics.

Survey results from graziers suggest that websites, fact sheets and books are popular extension
products [Table30). Updating these extension products would improve information access for
graziers and farm advisors.

5.1.1.6Preferred legume species

Desmanthus isurrentlythe legume preferred by grazieds the surveysonducted by this project,
desmanthus was thkegume that the greatest number of graziers sowed and intend to sow in the
future (Table27). During legume management workshops 40% of graziers intended to sow
desmarthus, 30% have sown desmanthus since the workshop and 39% intend to sow it in the future.

The current interest in desmanthuis a dramatic chang@ grazier interesover the last decadeSix
focus groupmeetingswith 41 graziersan 2010 demonstrated a fierent attitude to desmanthus
(Pecket al.2011) Graziers in only two of the six focus groups mentioned desmanthus. Of the
graziers who had usedesmanthusthe comments were that they had mainly ordgwnsmall trial
plantings with mixed resultsand cvMarcwas persisting but Bayamo and Uman were not persisting.
The release of new varieti€Brogardesandrigorousmarketing effort has had dramaticimpact on
grazier interest.

Caatinga stylo is the other persistent legume species that was released itpttpen1Qa F2 NJ G KS
Belt bioregion Despite impressive resulisom Caatinga stylin research trialgPecket al.2017a)

few graziers had positive experiences with it in 2010 focus grddpsng the workshops 26% of

graziers intended to sow Caatinga stylo baty @6 of grazieractually sowedCaatinga styland 8%

intend to sowCaatinga stylin the future.The widespread adoption of Caatinga stylo hasn
hinderedfrom a lack of concerted marketing effort, poor quality seed and unreliable seed supply.

Graziers intnd to sow a wide range of other pasture legunfesction4.3.2.1). Desmanthus (40%),
leucaena (16%), shrubby stylo (14%) and Caatinga styl@a(8%)etop four legume species that
graziers intend to sow in the next five years, however there were anatirex species that some
graziers intend to sow.

5.1.2 Legume persistenca southern inland Queensland

5.1.2.1Desmanthus and stylo persisteimtsouthern inland Queensland

Catinga stylo andbesmanthus virgatugenerally have the highest plant densities across the trial
sites. Theearly results suggest that theswo speciesvill persist at most of theixtrial sites where
they were sown by this project. These results aligtnvegume persistence studies further north
(from approximately Roma and Chinchilla north) where these two species were widely persistent
across old pasture evaluation sit@ecket al.2017a)

Page92 of 130



B.PAS.0354 Legume BMP in the Brigdelvbioregion

Legumedensity measurementafter three years post sowing indicate thBt virgatuswaslikely to
persist at most if not all of the trial sites. TBe virgatusvarieties have maintained higher plant
densities at the clay soil trials compared to other species, however they haveaiotained the
relatively highplant densitieon the loam trial sites. Early results from these trials and results from
previous trals suggest thdD. virgatuds well adapted to the clay soils of the Brigalow belt, however
Caatinga stylo is better adapted to the lighter textured loamy sails.

TheD. virgatuscultivars Cowpower, Marc, JCU2 and JCU8 have maintained adequate platieslensi
across the trial siteshowever JCU5 has low plant densities. Results from these trials suggest that cv.
JCUS is not well adapted to southern inland Queensland.

TheD. bicornutuaindD. leptophyllugultivars sown irthesetrials are not likely to bepersistent in
southern inland Queensland. Cultivars of these tlesmanthus species hal@v plant densities
compared to other species and have flowered very late in the growing season regulirggn
producing either no seed or very small amountsaedd The lack of reliable seed production means
that these varieties are not adapted to southerly latitudes and should be recommended further
north. New varietiesvould need to be developed for these two species to be useful in southern
latitudes

Desmanthus pernambucanasg. JCU9 established well with big plants and high seed production,
maintained plant density butasnot had high seedling recruitmeat five out of six trial siteSThese
results suggest it may persist in southern inland Queeaslaut the trials need to continue to test
longterm persistence.

Caatinga stylo has high plant densities indicating that it is widely persistent across both the clay and
loam trial sites. These results align with previous studies that show Caating@stgists across a
wide range of soils and districts in the BrigalBsit bioregion(Pecket al.2017a)

Shrubby stylo cvv. Seca and Siran has maintained a higihdalasity at Goondiwindi but a much
lower population at St George loam soil trials. These two varieties have not persisted in the long
term at other trial sites in southern inland Queensldnd are well adapted to similar soils in more
northerly latitudes (Pecket al.2017a) The trials need to continue to test the lotgym persistence

of these varieties in this climate zone.

Finestem stylo did not persist at eithéoam soil trial sites. Fingtem stylo should not be
recommended in southern inland Queensland.

All varieties tested had high death rates at the Allora trial sites. Legumes had high deattiurates
winter especially at the Flat site which experienbeavy and frequent frosts during winter. Some of
the legumes subsequently recruited well during spring and summer in part due to low grass density
in the plots. Questions remain about the loteym persistence and productivity of these legume
species inalder, heavily frosted locations of southern Queensland and northern New South Wales.

5.1.2.2L eucaena persistence in southern inland Queensland

Leucaena failed to establish after the initial sowing at five out of six trial sites compared to
desmanthus and stylahich was successfully established at five out of six sites. These establishment
results reinforce the message to industry that good agronomy is essential when sowing leucaena.

Leucaena was resown at four of the trial sites with plant derwity beingmeasuredup to one year
post sowingEarly indications are that leucaena is growing poorly at the loam trial sites and St
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George clay however the trial sites are too young to conclude whether leucaena will persist in the
longterm. The leucaena has growreWat Allora flat and Goondiwindi clay.

Theleucaena persistenciials need to continue for severalore years toassess the lontgrm
persistence in southern inland Queensland.

5.1.3 Legume establishment research

5.1.3.1improving reliability of legume establishrhen

Poor establishment is the most common reason for failure of pasture legumes in existing commercial
grass pastures, however the most commonly used methods by graziers are low cost and low
reliability. Fallowing to store soil moisture and control competitfrom the existing grass pasture
improves establishment. Greater control of competition through the use of-postrgence

herbicides like Spinnaker, Basagran and Verdict (all not registered for these legumes) can improve
seedling survival and thereforeseblishment success. Establishing legumes in long fallowed strips (9
¢ 12 monthfallows) may be able to achieve equally high legume dry matter production per hectare
with higher reliability than medium length fallows 3 months) over the whole paddock.

Plot trials in this project have shown that dramatically better and more reliable establishment of
smallseeded legume into existing sown grass pastures is achievable through using agronomic
practices that are commonly used by the grains industry (anzignawhen establishing leucaena).
Industry needs to adopt more reliable establishment technigues when introducing legumes into
existing grass pastures to realise their full potential to improve productivity and economic returns in
the subtropics. The chiéenge for future participatory research and extension is to take the

principles developed from the plot trial results in this project and adaqot demonstratehem at

the paddock scale using commercial equipment.

5.1.3.2Phosphorus fertilisémpact on legume establishment

Annual medic responded strongly to phosphorus fertiliser during establishment. These results align
with previous studiegRudd 1972; Clarksaat al. 1989) The medic trial only produced harvestable
yields in two out dfour years which demonstrates the impact of drought but also the large variation
in medic yield between years in summer dominant rainfall zones that have unreliable winter rainfall
patterns.

Desmanthus. virgatusandD. leptophyllusand Caatinga styldid not respond to phosphorus
fertiliser during establishmeniThese results suggest that these legumes have lmgphorus
requirement compared to other pasture legumes. Other studies have shovli®d@increases in

dry matterproduction from applyindp fertiliserin established grass and legume pastures for these
speciesn similar soils and climat@ecket al.2017a)

It is likely that the experimental desigmd site selectiomffected thephosphorus fertiliser response
from desmanthus and Caatinga stytor the following reasons:

1 No grass was sown with the legumes. Grasses compete strongly with the legume for
available P in the soil. Not sowing grasaild have in effect increased the supply of P to the
legume seedlings througledudng grass competition.

1 Longbarefallows. The tropical legume trials were fallowed for >12 months wiizhld
have increased Rvailability during establishment.
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1 Soil variability. The trial site has a subtle underlying Gilgai pattern that increased variability
between plots. Many low P clay soils in the Brigalow Belt have Gilgai.

1 Moderate P levels. The Wandoan trial site hacdba€ll P of 6 mg/kg and a PBI &; Ghe
ideal trial site would have a lower Colwell P and/or higher PBI.

It is recommended thatuture phosphorus fertiliser applicatioexperiments on desmanthus and
Caatinga stylbe managed differently to better refletikely commercial resultd)Recommendations
includesowinggrass with thdegumes, minimisg the fallow period and selecting soils with lower
soil P levels (if possible).

5.2 Benefitsto industry

The Brigalow Belt bioregion is an important production zomedd meat inAustralia.Queensland
FOO02dzyida TF2NJ ntir AABS R0AEY kieNBlighldw BEltbior€giok darfies K S NR
approximately50%of Queenslan@ ldeef cattle herd and accounts f@¥% ofthe gross value of
agricultural productiofGVAPjrom grazingTablel) (ABS 2016; Anonymous 2022he Brigalow

Belt bioregion produces more than four times the GVAP from grazing than the next most productive
bioregionin Queensland

Pasture legumes have been identified as the b&sgrterm option to increase the productivity and
returns from both rundown sown grass pastures and native pastuardse Brigalow Belt bioregion
through their ability to biologically fix atmospheric nitrog@Pecket al. 2011; Bowen and Chudleigh
2018) Despite impressive resultsoin legumes in trials and some commercial pastures, adoption
levels remain very low in the Brigalow B@tecket al.2015; Beutekt al.2018) This project has
contributed to sowing additional areas of pasture legumes, adoption of practices that improve the
reliability of legumeestablishmeni&and improvedongterm productivity.More widespread and
successful adoption of pasture legumes is ttiere a large production and economic opportunity
for individual beef producers and collectively the broadest meatindustry.This project has
contributed to thenorthern Australian beef industryug to working in the bioregion with the
greatest gross vak of production and working on the best loteym management option to
improve productivity in the regian

Research trials on establishing small seeded legumes (e.g. desmanthus) into existing buffel grass
pastures demonstrated that methods and recommetidias developed in other climatic zones are
not reliably in the Brigalow Belt bioregigRecket al.2017b) For examplestylo establishmet in

the seasonally dry tropics (i.e. monsoonal areas) or inland Burnett (higher rainfall) has been
considered adequate witlittle or nodisturbanceto the existing pasture (e.g. heavy grazing, fire) or
one-pass cultivation and seeding operations (e andb seeders, crocodiles, blade ploughs, discs,
chisel ploughs). Clovers have often been flown on with fertiliser in more temperate regions. One
pass cultivation while seeding approaches to establishing legumes into existing competitive grass
pastures faild in all six research trials conducted by this project. Commercial experiences over
decades demonstrates that these methods fail in most years in the Brigalo\PBeket al.2011)

By contrast, fallowingndweed controlproduced successful and reliable résuh the year of

sowing at all six trial sites. These trial results were used to develop better recommendations for
establishing legumes in the Brigalow Belt bioregion.

A key output from this project was to review research results and commercial experiermevelop
agronomic management recommendatiosigecifically for the Brigalow Belt bioregitmmore
reliably and effectively establish legumes and to maintain productivity in thetlerng. These
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recommendations have been packaged into adaly work&iop that facilitated graziers through a
process to review research results and apply the management recommendations to their own
property and situationThis workshop was delivered to 23 groups of graziers and farm advisors.

The workshop engaged with 355 graziers and 57 farm advisors from both the private and public

sector.Two hundred and twentgixgrazier businesses attended the workskaphich i$5.1% of

Brigalow Belt bioregion and 2&of grazing businesses in Queenslahdese graziers run 279,000

KSIR 2F OFGGfS 6KAOK NBLINBaSyita podc: 2F GKS 0SS7
beef herd. It is a major achievement of a small project team to engage with so many producers
representing a large percentagetbe industry through workshops in a 5 year project that was also
conducting research trials.

Graziers who attended the workshop sowed 42,06@0f legumes since attending the workshop.
These graziers intend to sow an additional 111,28Q0vith legumes oer the next 5 years (i.e. from
2022¢ 2027). The project team also conducted field days which likely resulted in additional sowings.
One seed company reportdétat they had increased seed sales in the week after our workshops
were held in the distrigtwith the largest single sales week being after one of our field days (N.
Kempepers. commn).

Early results fromasearch trials conducted by this projest indicating that available varieties
Desmanthus virgatuand Caatinga stylo are likely to persisttie frosty southern parts of the
Brigalow Belt. Some of the other species of desmanthus and stylo are unlikely to be persistent in
southern districts. It is likely that more productive varieties could be found through an evaluation
program. The resultBom this projectwill help graziers and farm advisors dse which varieties to
sow in the future.

6 Future research and recommendations

Pasture legumes have been identified as the best-tengn option to increase the productivity and
returns from both rundwn sown grass pastures and native pastures through their ability to
biologically fix atmospheric nitroggRecket al.2011; Aslet al.2015) Despite impressive results

from legumes in trials and some commercial pastures, adoption levels remain very low in the
Brigalow Bel{Pecket al.2011) Research, Development and Extension (RD&E) priorities therefore
focus on improving commercial results,iadlility and longterm productivity from legumes in
competitive grass pastures (especially buffel grass). High priorities for future RD&E are described
below:

Extension to improveommerciakeliability and productivity of legumes

Develop improved legume establishment methods.

Better legume varieties.

Improved nutrition of legumes.

Improved reliability of establishing rhizobia of summer growing legumes when sown
onto hot sails.

Reliable seed quality

arwNPE

o

In addition to RD&E to improve the successful adoption of legumes described above, there are also
opportunities to improve productivity through the adoption of other strategiesicrease
productivity from pasturesFor example, strategic use of Ntfgser and improved grazing
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managementan have a role to improve productivity and economic rety@sirk and Mclvor 2005;
Lawrenceet al.2014)

6.1 Extension to improvecommercialreliability and productivity of
legumes

Understanding of best management practices varies across industry (graziers and advisors). There is
a large opportunity to improve returns in the grazing industry through widespread, successful and
reliable adoption of pasture legumes. Investment in depelent and extension is required for
widespread improvement in commercial results from legume augmentation in competitive sown and
native pastures in the Brigalow BdRrioritiesfor future workinclude:

1 Learning based extension program on pasture leguf@add landholders understanding and
skillin establishing and managing pasture legumes through a lealrdagd extension
program. Thereare clear opportunities for improving reliability of pasture legumes through
widespread adoption of better practiceShe workshop developed as part of this project
should continue to beleliveredas it has been well attended and had positive feedback. The
workshop presented research results that have direct application to commercial paddocks,
packaged information and knvledge accumulated from multiple sources and met a
demand from industry. The workshops were also linked to graziers testing practiéasan
Follow up contact with workshop participants as part of the overall training progoam
adapt, reinforce and suport adoption of recommended practices to a graziers individual
circumstances is recommended to enhance the outcomes from future training programs
(Couttset al.2017)

1 Improving swn pasture information access. There is a need to update independent
information on sown pastures to prevent previous research and commercial experience
from beinglost, bring together fragmented and inaccessible technical information and
provide an avenue for public access to information. Providing independent information
would also allow graziers and advisors to asse#ssoriented adviceand recommendations
deweloped in other climatic zones

1 Development and demonstration of key practices. Some practices that have been produced
positive results in research trials need to be adapted for use in commercial paddocks. This
may require development of new methods or nhaery as well as field demonstration in
commercial paddockg§.he results and information generated through developing
management recommendations and commercially demonstrating the approach would
provide examples for thggastures information acceSsxtersion method (describeth dot
point above).

1 Development of management packages for key legume species.

1 Promotion of decision support tools or information sources to inform establishment and
management of legume pastures. Decision support tools that seéuliinclude seasonal
forecast, longerm rainfall data analysis, fallow and soil moisture storage, remote sensing of
land condition and pasture yield to inform grazing management.

1 Bioeconomic modelling is required to underpin the development of managéme
recommendations.
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6.2 Develop improved legume establishment methods.

Establishing legumes into buffel grass pastures is widely perceived to be risky-eglihble in the
Brigalow Belt bioregio(Pecket al.2011) Poor establishment is the most commuoeason for
desmanthus, Caatinga styleucaenand other persistent legumes failing when sown into existing
sown grass pastures in the stridopics(Pecket al.2011) Industry routinely recommends no
disturbance and one pass cultivation approached to sowingneg that have been successful in
other climate zones; however these methods fail to produce adequate legume establishment in
most years in the Brigalow BéRecket al.2017b) Poor establishment with low initial legume
densities have not recruiteddditional legume plant® produceanadequate legume population
overal5 year time period after sowing with buffel grass in the Brigalow(Beltket al.2017a)

Improving reliability of establishing smakeded legumes into existing, competitive grass pastisres
required to provide industry with the edidence to invest in sowing legumdesearch trials have
shown that improved agronomy can dramatically improve the reliability of establishing legumes into
existing grass pastures in the Brigalow Belt clinfRecket al.2017b) RD&E priorities for legume
establishment include:

1 Development and extension of improved legume establishment methods. Research results
from plot scaleexperiments need to be adapted to paddock scale commercial sowing of
legumes. This requires both extension of existing recommendations and development,
testing and field demonstration of commercial scale methods and equipimeant
GGSOKy 2t 238 edefsdsdpgraadiSovitiset al. 2017)

9 Herbicide registration for important legume esgies. Herbicides used for selective weed
control in legumes are not registered for desmanthus and Caatinga stylo (and other
important species)Research trials are required to support applications fodafel
registration of herbicides.

1 Model thereliability of legume establishmenhethods in different climatic zonde develop
regionalised recommendations. Graziers get legume recommendations from multiple
sources, many of the recommendations are relevant to the regidmerethey were
developed butare unsuited to the unreliable seasons experienaad high grass
competitionin the Brigalow Beltlimate zoneA modelling approach would allow
regionalisation of legume establishment recommendations across Queensland.

1 Demonstration of fallavs to improve legume establishment. Research results suggest
medium to long fallows (>4 months) dramatically improve reliability of legume
establishment. During workshops 82%goézierdndicated they intended to use medium or
long fallows, however only336 ofgraziersused medium or long fallows when sowing
legumes on their own property after attending the workshomdustry continues to use and
recommend onepass cultivation or no pasture disturbance despite decades of
establishment failure in the Brigak Belt. Continued extension effort including
demonstration of improved practices is required to change this practice.

6.3 Better legume varieties

A review byBellet al. (2016)identified clay soils in thBrigalow Belt bioregioas being the highest
priority for developing better legume varieties in northern Australia. The highest priority genera for
further evaluation weredbesmanthusnd Stylosanthes
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Early results from the legume persistence trials conducted by this project suggest that several
commergal varieties of desmanthus have not maintained high plant densities or high yields. A
recently completed project identified stylo varieties that hadZ@o higher yields than commercial
varieties(Pecket al.2022) There is a high probability that there amore productive and pesistent
lines of both desmanthy€aatinga styland other speciems the Australia Pastures Genebank
collection.There is a need for egoing investment in pasture evaluation to mitigate the risk from
diseases affecting existing pasture varieties (gogvdery mildew in medics, anthracnose in stylo,
pasture dieback in tropical grasses).

6.4 Improved nutrition of legumes.

The potential of fertilising legume based pastures in the Brigalow Belt with phosphorus and other
fertilisers has been reviewed by MLAdADARPecket al.2015) The report concluded that there is
likely to be large production and economic benefits but that thisrlémited trial data and very

limited commercial experience in using P fertiliser on sown grass with legumesBnigiadowBelt

This paucity of infonation limits the capacity to conduct detailed BBaonomic assessments of P
fertiliser use. RD&E priorities therefore focus on improving the understanding and quantification of
responses to fertiliser applicatioRD&E priorities identified byecket al. (2015)include:

1. Demonstraingthe animal productiorresponse and economic impaat P fertiliser aplied to
legumebased pastures at the paddock scale in the suitmpics and developing
recommendations for important legume species.

2. Pot trials to rapidly dvelop comparative response curves for adapted legumes to establish
critical P requirements and ratof response to appliedfér legumesThese trials will help to
define fertiliser rates and therefore the costs aspect of economic analysis.activity has
been partially funded under the livestock productivity partnership.

3. Test the field responseof legumes to applied fertiliser (rate and application methd¢gy
measures to be quantified include pasture yield, nitrogen fixation response and pasture
composition changeRResults from these trials will link to pot trial studies to better define
likely production responses to fertiliser.

4. UnderstandBrigalowclay soil responses to fertiliser ie. how much fertiliser and how often
does it need to be applied to achieve critical P levels

5. Develop a better understanding of the extent and impact of Reaafcy oranimalproduction
(i.e. screen herds for their P status, mapping soil P, soil testing)

6. Test the extent of other nutrient deficiencies (e.g. sulphur, potassium) for pasture legumes.

6.5 Improved reliability of establishing rhizobia

Effective nodultion with rhizobia is essential for the productivity and persistence of pasture
legumes(Drewet al.2014) Inoculation withrhizobia is essential for legumes that have specific

rhizobia requirementsBoth desmanthus and Caatinga stylo have specific rhizobia requirements and
therefore should be inoculated when sown. Being summer growing legumes with small seeds means
they mustbe sown at or near the soil surface in summer when the soil is hot. Traditional coating of
the seed with rhizobia is unlikely to result in successful rhizobia establishment in many instances
under these conditionsThe widespread practice of piroculating legume seed within the pasture

seed industry has been repeatedly shown to be ineffedfBreckwellet al. 1975; Gemelét al. 2005;
Hartleyet al.2012)and yet it continues to be marketed as an effective option by seed companies.
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Alternative rhizobia delivery methods that protect the rhizobia frdma hot and dry soil surface
need to be developed and adopted fGaatinga stylo, desmanthus and othegumeswith specific
rhizobia requirements$o enable the legumes tbe highly productive

6.6 Reliable seed quality

Poor seed quality and inadequate labdllinas been a major impediment to the reliable
establishment of tropical pastures in AustralMcCormiclet al.2009)

The quality and reliabtli of supply of seedf commercialarieties of tropical pastures variable
with poor quality seed oftetveing sold Commercial seed had timeshad poor germination
percentages, poor seedling vigour and high levels of contamination with other specmsquality
seed results in poor seedling emergence.

Clear labelling of seed is required to calculate suitable sowing rates that provide an adequate
number of germinable seeds per square metre. Sowing rates need to consider germination
percentage and cding ratio. Commercial seed coating generally adds betwe#@ &) of coating

material for 1kg of pasture seed (for small seeded pastures), therefore seeding rates need+o be 4

11 times higher to achieve the same sowing rate of germinable seed per spetne Graziers
often use the same sowing rate for coated seed as uncoated seed which results in poor plant

populations and lower production. Inadequate labels means that it is often impossible to calculate a

suitable sowing rate based on germination pet@ge, purity and seed coating ratio.

The seed industry needs to address seed quality labellingssues if legumes are to be more

reliable andsuccessful when sown into commercial paddocks with competitive sown grass pastures.
Research and extension organisations need to provide information and tools to graziers and their

advisors to calculate suitable sowing rates and compare the value of seed lots.
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8 Appendix

8.1 Detailed onfarm trials and demonstrations

The following sections describe the objectives, methods and results of nine detaifednorrials
conducted during this project.

8.1.1 DX Legume and grass nutrition trial, Wandoan

8.1.1.10bjective

The aim of thigrial was to compare pasture production frongeass only pasture to a grakgume
pasture with and without fertiliser treatments.

8.1.1.2Methodology

The trial site was an existing buffel grass and native Queensland bluegrass dominated pasture with
scattered demanthus, Caatinga stylo and medic plants. The soil is a Brigalow grey clay (Vertosol)
with low phosphorus (6 mg P/kgolwell). The site was cultivatég the grazieand fallowed for
approximately four months before applying treatments. The -neplicatedtreatmentsare:

Grass only.

Grass + N fertiliser.

Grass + P fertiliser

Grass + N fertiliser + P fertiliser.

Grass + legume (Caatinga stylo).

Grass + legume (Caatinga stylo) + P fertiliser.

ouhkwhpE

Fallowing started in October 2017. Treatments were applied smanby the grazier using his own
equipment,in February 2018Hjgure29). Gatton panic was sown over the whole trial area at the
sametime butfailed to establisisobuffel grassand Queensland bluegrass-established from
existing seed in the soil.

Figure29: Sowing the detailed ofiarm trial using the grazier's aiseeder, in February 2018.
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8.1.1.3Results

Plant density data was collected at this site in May 2018, May 2019 and Aprille@R1, after
four years of growth, the sowfaatinga stylo numbers have persistedhe grass+ legume
treatments although seems to be in higher density without phosphdRishan with P.

Background medics and desmanthus were also monitasdhothcontributed to the overall
pasture yieldEarlyobservationdrom the first four yearsndicate that the backgund population of
desmanthus responded to thebetter than the sown Caatinga stylBigure30 shows desmanthus
numbers increased in the two P treatments, whereas@aatinga stylo population reduced in the
treatment with P applied

Weeds including rolypoly and other broadleaf plantsontinue to be in higimumbers however the
background populations of buffel grass and Queensland bluegragpotentially outcompete the
weeds over timeThe first few years of establishment can expect to see a high weed population,
especially after a permanent pasture is fallowgrdy for a short amount of timeln this case, four
monthsfallow isinsufficient ime to removing the weed seedbank before sowing.

Figure30: Legume, weed and sown grass plant density in April 2021 at the detailefhom trial in
Wandoan.The legume sown in théwo grass + legume treatments was Caatinga stylo.
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The photo sequence belowigure3l) illustrates the condition of the trial site from winter 20&9
after the second growing seasgrio early summer December 2021 O2 YLJ NAy 3 (KS WINI
legumeandPF SNIAf A&ASNR GNBFGYSyid 2y GKS €ST¥ds IyR W3IN

This trial will continue as a legacy for the landholder to monitor and use as part of their grazing
management.
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Figure31: Photos over the sown legum@Caatinga stylojreatments with and without phosphorus
over time. A)August 2019 B) January 202@Z) April 2020; D) August 2020; E) April 2021; F)
December 2021).

A)Winter groundcover in the triadrea in the driest year B)A break from the dry, January 2080ksk Hegume
on record, August 2019. onlyQreatment is just out of the picture, on the right)

Grass + Legume +

C)Recovering pastures with high annual grass load witl
the buffeland Caatinga stylo after good autumn rain,
April 2020 D)Before grazing in winter, August 2020

Grass + Légume“+ B Grass + Legumsg
W 2 only

E) Good pasture growth with reducing weed competitio
buffel grass, Queensland bluegrass and Caatinga stylo F) Dry season recovery with an early wet season start:
April 2021. grass growth, weeds and legumes, in December 2021.

“

Side e egun ‘Grass + Legum

only

Grass+ Legume i E

Grass + Legume +E
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8.1.2 D2: Variety and nutrition, Moura

8.1.2.10bjective

The aim of this trial site was to demonstrate the impact of a range of seedbed preparation
techniques with and without fertiliser (N, P, S andoland applied) on the establishment of two
perennial legumeg£aatinga stylo and desmanthus cv Marc

8.1.2.2Methodolagy

¢tKS SEA&GAY3I 3INI&a LI &0dz2NB G GKA& G Nthatis, aAG$s
plant-available nitrogen was loymostly owing to the age of the pasture. The pasture consisted of
buffel andSabi grasses with native species, and a very low population of shrubby stylo. The soil type
is a light duplex with sandpam topsoil over a heavier textured subsoil.

Treatments were initiatedby the graziein September 2017 and are outlinedTiable35. There is

only one replication of each treatment, but the treatments rangedize $rom 4 to 10 acred.6¢

4 ha). Soilsamples werdested from the top 10cm atthe time ofsite selection which highlighted

very low levels of nutrients important for legume growthcluding phosphorus (<5 mg/kg Colwell),
sulphur (2.3 mg/kg) and zir§0.42 mg/kg). A commercial fertiliser blelinc Sta@{N 10%, P 22%, S

2%, Zn 1%) was applied at 250 kg/ha to provide a comparison to areas without fertiliser. The site was
broadcast sown on 10 February 2018 after a betos@rage summer season duringetfallow

period. This resulted in minimal subsoil moisture being stored across thdgitelegumes sown

were Caatinga styland desmanthus cv. Marc

Table35: Treatments imposed at the seedbed preparation, variety and nutrition tnigear Moura.

Legume Paddock preparation Fertiliser

Caatinga stylo (coated seed) | Sprayed only None
Sprayed and cultivated None
Cultivated None
Cultivated and fertiliser added Zinc Starndded
Lightly cultivated None
Undisturbed pasture None

Desmanthus cv. Marc (coated | Sprayed only None

seed) Sprayed and cultivated None
Cultivated None
Cultivated and fertiliser added Zinc Starmdded
Lightly cultivated None
Undisturbed pasture None

Desmanthus and Caatinga styl Cultivated None

8.1.2.3Results

Plant density data was collected in June 2018, August 2019 and May 2020.

The first two growing seasons produced Iplant densityof both legume species, bothelow the
recommendedarget of4 plants/m?. Caatinga stylo had higher populati¢h1 pants/m?) than the
desmanthug0.8 plants/n?) averaged across all treatments in June 2018, 4 months after sawing.
the second year Caatinga stylo maintainestpopulationandrecruited better than the desmanthus,
averaging 1.8 plants/Atompared to alesnanthuspopulation of 0.03 plants/rhaveraged across all
treatments (August 2019, 18 months after sowing).
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Measurementsafter the third growing seasoim May 202QFigure32) indicated a significant
improvement in plant populatiopespecially for the Caatinga stylkhe @atinga stylglant density
in both of thesprayed fallow treatments was the highest, with dlénts/m?in the sprayed only
treatment, and 14 plants/rfin the sprayed and cultivated treatmenit is possible this is owing to
the good population at establishment (3 plants/yat these treatments and ongoirgrotection
from the heatallowedby thesprayed ougrass acting asiulch

Figure32: Plant density after 3 growing seasons (May 2020), at Moura, compared with the
recommended 4 plants/mplant density
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Overall by the treatments where ay fallow was usethad a legumgopulationwhereas the
treatmentswith no fallowhad little to none It is likely that this is owing to thact thatfallowed
treatmentsstored moistureover a few months prior to sowing and th@naddition to this sprayed
fallow treatments are often mie effective at killing grass plantseating a groundcover and
therefore storing more moisture than cultivated fallows.

Thedesmanthus has beecomparably unsuccessfat this site with very few plants established

(maximum was B plant/m?in the first year). This supports the recommendation thaésmanthuss
not wellsuitedto this sandloam soil type.

After 27 months of growth (May 2020), the fertiliser treatments on both legume species did not
support a legume population (zero plants)iThis folloved a declining trend noticed in the

previous years. The nitrogen in the fertiliser blend would have promoted grass growth, creating
competition for moisture and light to themallerlegume seedlings. The second year (2019) was one
of the driest years on @rd and therefore there would have been high competition for moisture
between the legume and grass plants and higtam-normal death rates. In 2020, it was observed

that the legumes in the paddock were small and likely germinated from rainfall duengréceding
summer.
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8.1.3 Da3: Fallow and varieties, Wandoan

8.1.3.10bjective

The aim of this trial was to demonstrate the impact of a range of fallow lengths arapgieation
of fertiliser on the establishment and growth of two legumes, desmanthus cv. Progardes a
Caatinga stylo.

8.1.3.2Methodology

¢tKS SEA&GAY3T LI &0dz2NB 4 GKA& GNRAIE aAdsS o4l &
clay soil.

Four fallow treatments were applied: no fallow (O months), short (2 months), medium (5 months)
and long fallow (10 months). The long fallow treatment started February 2018, and the others
started consecutively thereafter. Caatinga stylo and Progardes debosaweresownseparately
perpendicular to the fallow treatments. They were both sown at a seeding rat&gfa in
December 2018. No effective rain fell until athrch2019with 110 mm, resulting in the
germination of the legume seed sown three mon#alier. The grazier prepared the fallowed
paddocks and sowed the pastures.

A soil test was conducted prior to sowing and measured low phosphorus levels (7.2 mg P/kg
Colwell). Aertilisertreatment wasappliedto one fifth of the area oéach of the fallowx legume
treatments at a rate of 15Rg/hausingtriple superphosphate. The paddock chosen for this
demonstration was large enough to include two replications of each treatment.

8.1.3.3Results
Plant density data was detted in May 2019 and February 2021.

In May 2019, the data suggested that fallow length had no impact on legume population
establishment, and both species established to some degree across the treatfieatiertiliser
application had a positive impaoh the population oflesmanthus in this first year, whereas this
result was not so clear with the Caatinga stylo treatments.

Visual observations made in May 2020 suggested that fallow length had an impact on the grass
biomass that established, as wellasimpact orthe legume populationA comparison between
long fallow treatment (A) and no fallow treatment {Bshown below irFigure33.
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Figure33: In May 2020, a visual comparison between the long and no fallow treatmesitswing
the difference in biomas#\) long fallow; B) no fallow

A) Long fallow treatment with desmanthus B) Zero fallow tratment with desmanthus
visible in the foreground with the long grass. | planted but now in very low population.

Plant density data collected February2021 after 3 growing seasons, is showrigure34.
Desmanthus had good plant density wi2tb ¢ 17 plants/n?. Caatinga has had poor plant density
since establishment and continuedd@021with 0¢ 2.7 plants/nf. One of the possible causés
the difference between the species to the seed coating on the Caatinga stylo, whereas the
desmanthus was bare seed.

It was expected that more plant numbers would be found in the long fallow, and in the fertilised
treatments.By the third growing seasdn February 2021, ost of the treatments produced more
legume numbers where fertiliser was appliddhe difference between fallow treatments is less
informative. This could be the result of variation in the soils and landscape over the trial area

Figure34: Plant density over the different treatments, measured in February 2021.
18
16
14
12

Plants/n?
[EEY
o

o N b O @

Fertiliser Nil Fertiliser Nil Fertiliser Nil Fertiliser Nil

Long Medium Short None
(10 mths) (5 mths) (2 mths)

m Caatinga = Desmanthus

Rainfall in early 2021 was below average for this district, and as a result pasture growth was minimal
(short and senesced growttjigure35 shows the condition of the pasture at the time of the

February 2021 data collection, showing the dividing line of steel pickets between the sown Caatinga
stylo treatment in the foreground, and the sown desmanthus treatment (after the steel pickets).
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Figure35: In February 2021 ,doking across the dividing area between sown Caatinga stindahe
foreground, before the steel pickets),ral desmanthus (in the migjround after the steel pickets).

This trialhas not resulted in conclusive evidence about fallow length to maximise production,
however the producer was keen to test out the concept and has already hosted a field day where
this trial was visited anthe activitiesdiscussedif June 2018)lt is expectedhis trial willcontinue

as a legacy for the cooperating producer to monitor andiese needed.
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8.1.4 Db5: Faecal seeding, Wandoan

8.1.4.10bjective

This trial aimed to test the effectiveness of faecal seeding desmanthus into an existing buffel grass
pasture.

8.1.4.2Methodology

The paddock is an established buffel grass pasture on undulating country with a range of Brigalow
clay soils.

Between August and eember2018 a loose liclsupplementwas blended with uncoated
desmanthusyv.Progardes and fed to stodk a 50ha paddock ne&¥andoan. The lickoughswere
shifted within the paddock every three to four days, always away from the water trough in the
western corner of the paddock. Fifty cowsth calves were in the paddock during this time grazing
the pastures. At this time of the yegiate winter early spring; pasture quality was low and the
loose lick supplements were well accepted by the livestDekinga sixweek timeframe, the seed
and loose lick blend was consumed by the stock, and erectted infaeces.

Plant density measurements were made using a transect to cover all pasture conditions, locations on
the slope and distance from the wategmoint, resulting in a dogleg transect. The transect started

at the trough (in the western corneFigure36) and moved up the slope to the eastern paddock
boundary.The transect was 81 long and 2n wide. Adult desmanthus plants were counted and

their distance along the transect recorded.

Figure36: The water trough in the western corner of the trial paddock has a high population of
desmanthus growing in an area that accumulates lots of faeces to spread sewtihas ideal
conditions for legume establishment.

—
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8.1.4.3Results
Plant density measurements were collected in over four seasons between 2018 and 2021.

In summer 2021, the plamtopulation peaked at 0.1@lants/m? (Table36) over the whole paddock
(i.e.roughly one plant every 1®). The highest density during measurements wasr the water
trough with 0.48 plants/ri The reason for this was litt®-no pasture around this part of the
paddock providing very little competition for moistui@ the desmanthus seedlingacross the
paddock where there was strong buffel grass cefitjpn, the desmanthus seedlinggere far and
few between.

Table36: Seasonal results of faecal seeding into buffel pastures near Wandoan, average plant
density over the paddock each year.

Year | Season Plants per m
2018 | Winter 0.00
2019 | Autumn 0.03
2020 | Autumn 0.07
Summer 0.12
2021 Autumn 0.09
Targetpopulation comparison 4.00

Overall, after four years the established population is about 2% of the targéaiiés/nm?) across the
whole paddock foproduction benefits. The desmanthus population that established is not sufficient
to provide a production benefit and therefore a return on investment either now or in the
immediate future.A legume population of at least 4 adult plant$/is neededand legumes need to
contribute more than 1&20% of total pasture biomass before measurable production benefits occur.

The producer was interested in the results and tried faecal seeding once more in another paddock,
but in future intends to sow new pagtes using existing equipment and best practices.
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8.1.5 D&6: Fertiligng existing grasdegume pasture, Bauhinia

8.1.5.10bjective

The aim of this trial was to demonstrate the impact of phosphorus fertitisghe growth of an
existing gras¢egume pasture, witldifferent rates and placement methods.

8.1.5.2Methodology

The existing gradegume paddockear Bauhiniavas sown to Caatinga stylo and desmanthus cv.
Progardes in 2012, about five years prior to this trial commencing. The trial was established during
early sumner 2018.The pasturevas dominated by Indian couch prior to sowing the legume and no
grass seed was sown with legumes. The trial site has low nutrient availability due to an extensive
history of grain production before being converted to pasture.

Soil nutrient levels in the topsoil (A0 cm) were measured prior to fertiliser treatment application.
The soil test results indicated moderate available phosphorus (P) (12 mg/kg Colwell), adequate
sulphur (S) (5.5hg/kg) and potassium (K) (0.7 cmol(+)/kg) levElee critical sopphosphorudevel to
maximise legume growth is unknown for desmanthus and Caatinga stylthébGolwell P
measuremenbf 12mg/kg at this site may be adequatiespite this, the fertiliser treatments were
applied as planned.

The fertili®r treatments outlined inrable37 were applied in mieDecember 2018 and replicated

three times. The fertiliser used in the phosphoary treatments was triple supermgsphate (P

20%, S 2% and Ca 17%). Despite reasonable sulphur and potassium levels in the soil, a treatment
with these nutrients was also included to determine if additional plant growth benefits could be
achieved together with high phosphorus supply. Sulpdnd potassium were supplied as sulphate of
potash (K 42% and S 17%) at 150kg/ha.

Pasture species present in the trial include Sabi grass, buffel and Indian couch, together with
desmanthus (cv. Progardes) and Caatinga stylo.

Table37: Fertiliser treatments applied at fertiliser trial at Bauhinia.

Phosphorus rate Application method Fertiliser product and rate

0 kg/ha No disturbance Nil
Disturbance with discs

20 kg/ha P Broadcast 97 kg/ha triple superphosphate
Drilledwith discs

40 kg ha P Broadcast 193 kg/ha triple superphosphate
Drilled with discs

40 kg/ha P, K and S | Broadcast 193 kg/ha triple superphosphatgus 150kg/ha
Drilled with discs sulphate of potash

8.1.5.3Results

Rainfall over late summer 2020 provided limited but mngleded recovery from the very hot and
dry conditions over spring and early summer in 2019. No quantitative data was collected from the
trial, since a response to the fertiliser treatments were naible as the trial went intq and then
recovered fromg drought conditions.
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The trial was observed after the treatments were applied Riglire37 and Figure38 show the

response of the annualcting Sabi grass as it recovered from the drought in February 2020, and
then collapsed in May 2020. Due to the extremely dry soil prifiderainfall was insufficient to

generate a biomass response from the fertiliser treatments imposed. A visual appraisal of the site in
July 2020 indicated no biomass responses across the treatments, and it was decided not to
undertake a biomass yield assaent of the site.

Figure37: Rainfall after a very dry period produced quigkowing grasses and not showing any
visible response to the fertiliser applications, February 2020
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