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Abstract 
 
Productive leucaena based grazing systems can double annual live-weight gains and increase 

carrying capacity for beef enterprises.  However, there has been very little adoption of leucaena in 

northern Queensland.  One major reason for this is the reduction in productivity from attacks by 

psyllid insects. 

ΨwŜŘƭŀƴŘǎΩ ƛǎ ŀ ǇǎȅƭƭƛŘ ǊŜǎƛǎǘŀƴǘ ƭŜǳŎŀŜƴŀ ŀǊƛǎƛƴƎ ŦǊƻƳ ŀ ōǊŜŜŘƛƴƎ Ǉrogram undertaken by the 

University of Queensland and supported by Meat and Livestock Australia.  It has potential to open 

up large areas for leucaena based beef grazing systems in northern Australia but its performance 

under commercial scale grazing conditions has not been tested.  This project established a large-

scale grazing trial in north Queensland to evaluate the liveweight gain performance of Redlands 

relative to the existing commercial Wondergraze variety. 

! сн Ƙŀ ǎƛǘŜ ƛƴƛǘƛŀƭƭȅ ǎŜƭŜŎǘŜŘ ŀǘ Ψ{ǘ wƻƴŀƴǎΩ ǿŀǎ ǇǊŜǇŀǊŜŘ ŀƴŘ ǇƭŀƴǘŜŘ ƻǾŜǊ ǘƘŜ нлмр-16 northern 

wet season.  Unfortunately, establishment was unsuccessful, due to heavy rain after planting and 

soil drainage issues.   An alternative, 61 Ƙŀ ǎƛǘŜ ǿŀǎ ǎŜƭŜŎǘŜŘ ŀǘ ƴŜŀǊōȅ ΨtƛƴƴŀǊŜƴŘƛΩ ŀƴŘ ŘŜǾŜƭƻǇŜŘ 

for the trial during 2016.  Leucaena planting at the site occurred during January and February 2017.  

The leucaena was successfully established at Pinnarendi over the following 18 months. 

The first cattle were introduced to the trial in April 2018 at a low and cautionary stocking rate using 

Brahman-cross steers from the commercial herd on the property.  Some of these animals were 

replaced in June 2018 with Droughtmaster steers from the Department of Agriculture and Fisheries 

Ψ{ǇȅƎƭŀǎǎΩ .ŜŜŦ wŜǎŜŀǊŎƘ CŀŎƛƭƛǘȅΦ 

The average entry weight was 228 kg and individual liveweight of all animals was monitored on 

three occasions to November 2018, coinciding with rotation of animals between trial paddocks 

(within the same treatments).  Liveweight gains averaged 0.33 kg/day over this period. 

Data from the ongoing grazing trial will assess any relative productivity advantage from using 

Redlands and help confirm the economics of leucaena in north Queensland.  The site will also 

improve industry understanding of leucaena establishment and management in northern 

environments.  A productive and psyllid resistant leucaena variety would improve profitability and 

sustainability of northern beef businesses through increased feedbase productivity and enabling 

access to premium slaughter markets. 
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Executive summary 
 
Attacks by psyllid insect in northern Australia reduce the productivity of leucaena pasture systems.  

This project addressed this significant constraint to leucaena adoption in north Australia.  The psyllid 

resistant leucaena variety Redlands was developed by the University of Queensland and Meat and 

Livestock Australia. 

Redlands was selected based on desirable production attributes and relative acceptability by cattle.  

However, there was no extensive grazing data to demonstrate the animal performance attributes of 

Redlands and this needed investigation.  Whilst conferring psyllid resistance, there was some 

concern that the L. pallida component of Redlands might influence animal acceptance and 

subsequent liveweight gain.  Conversely, the superior productivity of Redlands in psyllid prone 

environments was presumed to offer better liveweight gains relative to existing commercial 

varieties.  This would justify its adoption and allow promotion of Redlands over other varieties. 

This project was developed to set-up a large scale replicated grazing trial using Redlands and 

Wondergraze.  Wondergraze is a conventional commercial leucaena variety which is susceptible to 

psyllid attack.  Subsequent grazing trials would determine the relative liveweight gain performance 

between the two varieties and more generally provide productivity data on leucaena in northern 

environments.  The project was conducted in two phases: 

Å Phase 1 - development and establishment of the trial site ready for the introduction of 

cattle.  Establishment and management practices and inputs were recorded. 

Å Phase 2 - evaluation of liveweight gain performance of cattle grazing on the trial over 

consecutive grazing periods of 10-12 months.  Related activities and aims included 

monitoring psyllid activity and damage; measuring carcass characteristics of cattle from 

the trial; collaboration with researchers investigating efficacy of the rumen inoculant for 

leucaena; and modelling economics of leucaena production systems and impact of 

future leucaena plantings on the Queensland beef industry. 

Phase 1 ς original trial site at St Ronans  

A 62 ha site was originally selected at St Ronans and was prepared and planted with leucaena and 

inter-row pasture species over the 2015-16 northern wet season.  The grass pasture established 

well, but heavy rainfall immediately after planting and poorly drained soils across some areas of the 

site resulted in an unsatisfactory establishment of leucaena and on-going poor performance.  For 

these reasons, it was decided to relocate the trial to an alternate site at nearby Pinnarendi. 

Phase 1 ς establishment at Pinnarendi  

Pinnarendi has relatively infertile, light, well-drained soils with low moisture holding capacity.  The 

61 ha site at Pinnarendi is relatively uniform and was already cleared.  Site preparation was carried 

out during 2016 based on a trial design incorporating eight replicated paddocks.  Rainfall allowed 

planting in January and February 2017.  Subsequent germination of leucaena and initial 

establishment was satisfactory.  Significant applications of phosphorus and sulphur were made due 

to low soil fertility.  Rain in late May 2017 extended leucaena growth and development into the early 

dry season.  A survey to determine establishment uniformity was conducted August 2017.  Psyllids 

were active at the site from May to September 2017 and a monitoring program showed significantly 
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increased activity (damage) within Wondergraze plantings.  Abnormally high rainfall was received 

during the last half of October 2017, ensuring survival of leucaena at the site and promoting 

renewed growth earlier in the season than would otherwise be expected.  With leucaena and inter-

row pasture well established, infrastructure for the grazing trials was installed, including internal 

fencing, water points and portable yard equipment. 

Phase 2 ς grazing at Pinnarendi  

After successful establishment of the trial under Phase 1, a project to conduct the grazing phase over 

three years was developed.  Animal ethics approval for grazing trials was obtained.  Cattle were 

introduced to the trial for a pilot grazing period towards the end of the Phase 1 project in April 2018.  

The pilot grazing period is on-going and will inform refinement of the grazing methodology for 

future cohorts of cattle. 

  

Cattle were initially introduced to the trial in April 2018 at a low and cautionary stocking rate.  The 

first cattle on the trial were Brahman-cross steers from the commercial herd on the property.  Some 

animals were replaced with Droughtmaster steers from the Department of Agriculture and Fisheries 

ό5!Cύ Ψ{ǇȅƎƭŀǎǎΩ .ŜŜŦ wŜǎŜŀǊŎƘ CŀŎƛƭƛǘȅ ƛƴ WǳƴŜ нлмуΦ  CǊƻƳ ǘƘƛǎ ǘƛƳŜ ǳƴǘƛƭ ŜŀǊƭȅ bƻǾŜƳōŜǊ нлмуΣ ŀ 

total of 28 steers were grazed continuously on the trial.  These comprised 12 remaining steers from 

Pinnarendi with an average weight of 257 kg (sem. = 9 kg) and 14 smaller replacement steers from 

Spyglass with an average weight of 207 kg (sem. = 1 kg).  Individual liveweight of all animals has 

been monitored on three occasions up to early November 2018.  Preliminary liveweight gain of 

cattle averaged 0.33 kg/day over 133 days. 

  

Psyllids were active at the site during 2017 and caused significant widespread damage to 

Wondergraze.  Psyllids were present on Redlands in lower numbers and did not cause observable 

damage.  Psyllid populations during 2018 were relatively low and short-lived with no perceived 

damage or reduction in yield of Wondergraze relative to Redlands. 

   

Liveweight performance data from the trial has been measured during a period when leucaena 

productivity is seasonally constrained.  Overall liveweight gains on the trial are superior to those 

which would be achieved on native pastures only.  Full-year liveweight gains from the trial may 

provide compelling evidence for increasing leucaena adoption in northern environments.  Animal 

performance data from the site will more generally inform the economics of leucaena systems.  

Experience and learnings from the site will improve industry understanding of leucaena 

establishment, management and productivity in northern environments.  Leucaena adoption has the 

potential to improve profitability and sustainability of northern beef businesses through increased 

feedbase productivity and enabling access to premium slaughter markets.  
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1 Background 

1.1 Constraints to leucaena adoption in northern Queensland 

Leucaena offers a pathway to dramatically improve productivity and increased stocking rates.  

Leucaena (Leucaena sp.) is an exotic tree legume, which is substantially more productive than either 

existing native pastures or improved pasture systems.  Leucaena has been widely adopted in 

southern and central Queensland, enabling about approximately 50,000 tonnes of liveweight gain 

worth about $100M annually.  However, there has been less than 2,500 ha established in north 

Queensland (Keating 2017). 

Whilst most graziers are aware of the production benefits associated with leucaena, the low 

adoption rate is attributed to low producer confidence and experience in the technology; a 

predominance of extensive breeding operations not focussed on producing slaughter cattle; 

relatively high establishment costs and risk; lack of suitable machinery for establishment; the limited 

availability of cleared land and limited local marketing options for finished cattle.  Overriding all of 

this, the climate is more favourable for the proliferation of psyllids which can severely reduce 

productivity even if producers successfully establish leucaena. 

1.2 Breeding program for psyllid resistant leucaena 

The leucaena psyllid (Heteropsylla cubana) is a small insect that feeds by sucking sap from new 

leucaena shoots and young foliage.  All previous commercial leucaena varieties were susceptible to 

psyllid attack and depending on seasonal conditions, such attacks can defoliate trees and limit plant 

growth (Dalzell 2006).   Psyllid insect are more prevalent in humid, northern environments (during 

cooler weather) and their presence has constrained leucaena production systems to drier areas 

within the 600-800 mm rainfall zone. 

Plant-based genetic resistance to psyllids is the most appropriate solution to productivity losses 

caused by attacks.  In 2002, the University of Queensland (UQ) in partnership with Meat and 

Livestock Australia (MLA) began a breeding program based at Redlands Research Station, Brisbane.  

Several lines were developed which showed specific resistance or tolerance to psyllids.  Leucaena 

leucocephala lines were back crossed with Leucaena pallida to develop psyllid tolerance whilst 

maintaining productivity and palatability.  Based on testing of the most promising lines in project 

N.B.P.0791 UQ and MLA proceeded to commercialise the Redlands variety. 

With Redlands psyllid resistant leucaena now available to beef producers, the next step was to 

investigate the relative productivity advantage from using Redlands and help confirm the economics 

of leucaena in north Queensland.  This project has been designed to do this, and will also improve 

industry understanding of leucaena establishment and management in northern environments.  A 

productive and psyllid resistant leucaena variety would improve profitability and sustainability of 

northern beef businesses through increased feedbase productivity and enabling access to premium 

slaughter markets. 
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2 Project objectives 

2.1 Phase 1 

Large scale replicated grazing trial 

Develop a 62 ha (nominal) trial site incorporating the Redlands (R12) psyllid resistant leucaena 

variety and another current commercial variety (Wondergraze). 

Producer Management Group 

Establish a Producer Management Group (to include wider industry) to provide input to site 

preparation, planting and leucaena establishment in the north Queensland environment.  The 

producer group will also provide advice throughout Phase 2. 

2.2 Phase 2 

Liveweight gain performance 

Measure and compare the liveweight gain of weaners grazing Redlands and Wondergraze through to 

a commercial target weight. 

Carcass characteristics 

Document carcass characteristics for cattle finished on leucaena systems using the Redlands variety 

(assuming entry weights or grazing duration can be increased in later years of the trial). 

Leucaena growth and yield 

Measure vegetative growth and yield attributes of Redlands and Wondergraze at the trial site. 

Economic modelling 

Model the potential economic influence of future leucaena plantings on the Queensland beef 

industry. 

Establishment and management of leucaena in north Queensland 

Provide industry with data and information on refined establishment, on-going management and 

cost-benefit of leucaena production systems. 

3 Trial site selection 

3.1 St Ronans Station 

A site at St Ronans was selected for the trial in November 2015.  St Ronans is located 60 km south-

west of Mt Garnet in north Queensland and is approximately 250 km from the coast.  The property 

lies within the 600-900 mm average annual rainfall zone and had extensive areas of cleared country 

on basalt soils previously used for grain and forage cropping.  Although there was no history of 

leucaena planting on the property, 1,200 ha of leucaena had been established at nearby 

ΨaŜŀŘƻǿōŀƴƪΩ ƛƴ ǘƘŜ ŜŀǊƭȅ мффлǎΦ  tǎȅƭƭƛŘǎ ǿere known to occur locally with some level of 

production loss experienced at Meadowbank in most years. 

A 62 ha site at St Ronans was prepared and planted over the 2015-16 northern wet season.  At the 

end of March 2016, poor germination and growth of leucaena was principally attributed to heavy 
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rain received soon after planting and possible attendant pre-emergent herbicide damage.  Seedlings 

which had germinated and survived did not grow well, and whilst plant populations in some areas 

were bordering on acceptable, this was not sustained due to on-going plant death. 

The project team became concerned about the long-term suitability of the site for the trial.  It was 

apparent that about 40% of the site had poor drainage probably due to underlying clay and soils at 

the site were more variable than originally assessed.  St Ronans received near average rainfall over 

the 2015-16 wet-season.  Having experienced issues at the site under such relatively benign 

conditions, large areas of the site would be incompatible with leucaena in wetter years.  By late April 

2016, the project team was convinced that the site selected on St Ronans was not suited for 

establishment of the grazing trial and an alternate site for the trial would need to be selected. 

A summary of the activities conducted at St Ronans is given in Appendix 1. 

3.2 Selecting an alternative trial site 

The requirements for an alternative trial site included: 

- suitable soils 

- a sufficient area of cleared land 

- suitable climate i.e. sufficient rainfall and conducive to psyllid pressure  

- a willing co-operator 

- access to trial animals and yard infrastructure 

- proximity for access by DAF staff and producers 

After consideration, Pinnarendi was proposed as a possible site.  Although less than 10 km from the 

original trial site, the soils at Pinnarendi are red-brown earths of granitic origin with very different 

characteristics.  On assessing Pinnarendi for the trial, the owners offered the use of paddocks that 

had previously been used for cropping. 

3.3 Pinnarendi Station 

The paddocks ŀǘ tƛƴƴŀǊŜƴŘƛ ƘŀŘ ǇǊŜǾƛƻǳǎƭȅ ōŜŜƴ ŎǊƻǇǇŜŘ ŘǳǊƛƴƎ ǘƘŜ мфулΩǎ ŀƴŘ мффлΩǎ ŀƴŘ ǿŜǊŜ 

cleared, relatively flat and rock-free.  Since being cropped, this area had been used for grazing and 

had a good cover of pasture species comprising mainly Indian couch (Bothriochloa pertusa), Wynn 

cassia (Chamaecrista rotundifolia), Sabi grass (Urochloa mosambicensis), Black Spear grass 

(Heteropogon contortus) and Stylosanthes spp.  Initial field surveys with GPS showed there would be 

sufficient area to conduct the replicated grazing trial if some small areas of re-growth could be 

cleared and existing fences removed/realigned. 

Advantages of the site included climatic conditions conducive to psyllid pressure; access to cattle for 

grazing trials; some access to machinery for site development and leucaena establishment; highway 

frontage and reasonable proximity to DAF facilities on the Atherton Tablelands. 
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4 Methodology 

4.1 Trial site layout and establishment 

Leucaena was established at Pinnarendi using strip cultivation to remove grass competition and 

cultivate a seed bed.  By adopting this technique, about half the pastured area across the site 

(between the leucaena plant rows) was preserved.  This method had been successfully employed at 

Ψ.ƭŀƴƴŎƻǳǊǘΩ ƛƴ ǘƘŜ DŜƻǊƎŜǘƻǿƴ ŘƛǎǘǊƛŎǘ ŀƴŘ ǿŀǎ ǇǊŜŦŜǊǊŜŘ ōȅ ǘƘŜ ƭŀƴŘƻǿƴŜǊΦ  Lǘ ǊŜŘǳŎŜŘ ŜǊƻǎƛƻƴ Ǌƛǎƪ 

from heavy rain which was likely during the preparation and establishment phase and reduced the 

time and cost for preparation.  Plant rows were not deep ripped due to the additional cost of this 

operation and uncertainty of any benefit in the soils at Pinnarendi. 

The opportunities for cultivation depended on storm rain leading up to the wet-season when 

conditions were best for sowing leucaena.  The model scenario at Pinnarendi was: 

- storm rainfall in November/early December to provide sufficient moisture for discing; 

- follow-up rainfall to promote germination of weeds; 

- rainfall around Christmas/New Year to allow cultivation using a tined implement to kill 
first generation of weeds and allow moisture infiltration; 

- follow-up rainfall by late January for sowing, after first applying herbicide to control 

second generation weeds ς soil disturbance would be minimised to conserve soil 
moisture; 

- application of a pre-emergent herbicide immediately after sowing for mid-term weed 

control (grasses and broad leaf weeds); 

- follow-up rainfall with cultivation at least 2 m either side of the plant row for weed 

control until leucaena sufficiently well-established (0.5-1 m high). 

4.1.1 Trial design and layout 

Configuration of the trial site at Pinnarendi was based on replicated treatments (Wondergraze and 

Redlands) across eight paddocks, i.e. four paddocks planted to Wondergraze and four planted to 

Redlands.  The extent of the site was initially defined using a handheld Global Positioning System 

(GPS) device.  Using the data collected, a Geographic Information Systems (GIS) consultant 

determined the overall area of the site and developed the detailed layout, including paddock 

boundaries and leucaena rows.  The final layout (Fig. 1.) also adhered to the Leucaena Code of 

Practice (http://www.leucaena.net/codeofconduct.pdf or admin@leucaena.net). 

The trial was split into two sections which were north and south of the main access road into the 

property and a paddock of Buffel grass (Cenchrus ciliaris).  Based on the area in each of these 

sections, the northern section was split into six paddocks of 7.4 ha each (Paddocks 1-6) and the 

southern section into two paddocks of 8.3 ha each (Paddocks 7 and 8).  Since Paddocks 7 and 8 were 

larger than Paddocks 1-6, a randomised, paired block design was adopted rather than fully 

randomise the treatment allocation.  

The requirement for a paired analysis was supported by lighter soils at the eastern ends of paddocks 

1-4, the inclusion of virgin country at the eastern ends of Paddocks 5-8 and the northern side of 

Paddocks 1 and 2.  The paddock boundaries were adjusted so that the overall area and total length  
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Fig. 1 Layout of Redlands-Wondergraze comparative liveweight gain trial at Pinnarendi.  
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of planted leucaena row in each paired sequence was the same.  The layout of Paddock 4 was also 

constrained by a powerline easement running east-west through the paddock.  Leucaena rows in 

Paddock 4 were aligned parallel to the powerline rather than parallel with the paddock boundary. 

The site layout also determined the placement of future dividing fences and holding paddocks at the 

eastern ends of each treatment paddock and a laneway for moving animals to yards located 

between the main farm access road and the south-eastern side of Paddock 6. 

The site is shown in Fig. 2, prior to any development activities for the trial.  

 
a.  

 
b.  

Fig. 2 Site of grazing trial at Pinnarendi in June 2016, prior to site development; a. view north-west, 

b. view south (Kennedy Highway frontage).  

4.1.2 Soil testing 

Soils sampling was conducted across the site in 2016, prior to site development.  Samples were 

collected from the top 10 cm of the soil and submitted to Incitec-Pivot (Tolga branch) for analysis of 

pH, P, S, K, Mg, Zn and Cu (Table 1).  The Soil pH range was 6.2-6.8 (average 6.4).  Phosphorus levels 

were low ranging from 3.6-9.0 mg/kg (average 5.1) and average sulphur was 2.6 mg/kg.  Potassium 

and magnesium levels were adequate but zinc and copper were low. 

Table 1 Soil test results across trial site paddocks at Pinnarendi in 2016.  

 Pinnarendi soil analyses ς 0-10 cm, cleared front paddocks, 2016  

Sample identifier 078  080  081  082  083  084  085  086  087  Avg.  

pH (1.5 Water)  6.2  6.3  6.6  6.6  6.3  6.3  6.4  6.8  6.4  6.4  

Phosphorus (mg/kg)  4.9  4.4  3.6  6.0  4.2  <5  4.6  9.0  4.2  5.1  

Sulphur (mg/kg)  2  2  3  3  3  3  3  3  2  2.6  

Potassium (cmol(+)/kg)  0.39  0.18  0.82  0.83  0.39  0.31  0.45  1.0  0.37  0.53  

Magnesium (cmol(+)/kg)  1.4  1.1  1.1  1.5  1.0  0.8  1.2  1.8  2.0  1.3  

Zinc (mg/kg)  0.15  0.16  0.28  0.57  0.28  0.19  0.25  0.97  0.15  0.33  

Copper (mg/kg)  0.15  0.14  0.19  0.24  0.28  0.25  0.22  0.2  0.19  0.21  
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4.2 Pre-planting site preparation and management 

4.2.1 Site clean-up 

Existing internal fences were removed (August 2016) and a bulldozer pushed termite mounds and 

removed regrowth which had re-established sparsely across the site since it was last cropped.  

Thicker regrowth was also cleared from the eastern ends of Paddocks 4-8, along the northern 

boundary of Paddock 1 and the southern boundary of Paddock 8.  Material along the northern end 

of Paddock 1 had to be pushed into piles for burning. 

4.2.2 Layout and fencing 

With the site clear, the corners of paddocks and position of fences were identified using pre-

determined GPS waypoints which verified the practicality of the preliminary layout.  A final layout 

which identified the lengths and end points of all fences and plant rows as well as the areas of each 

trial paddock was agreed with the landowner.  Plant rows were temporarily marked using steel posts 

to enable cultivation.  This was completed at the start of October 2016. 

Vermin-proof fencing was erected around the perimeter of the trial site to exclude rabbits and 

wallabies.  The risk to young leucaena seedlings from pests was significant at Pinnarendi.  

Construction of this fencing was more elaborate than would otherwise have been required for stock 

containment alone. 

Perimeter fencing was erected around the two sections containing Paddocks 1-6 and Paddocks 7 and 

8.  The style of fence built is shown in Fig. 3.  Wire netting 1.2 m high with an aperture of 40 mm was 

erected and clipped to pre-tensioned plain wires to a height of 900 mm with a 300 mm apron folded 

onto the ground surface.  The netting was placed on the outside of the fence relative to the leucaena 

planting.  Two runs of barbed-wire were placed above the netting.  After erection, a grader was used 

to push soil over the ground apron to prevent rabbits and wallabies getting under the fence. 

Fencing commenced in early September 2016, with erection of end stays and straining posts.  

Fencing was completed by mid-November and soil pushed over the netting apron before New Year. 

 

Fig. 3 Vermin-proof perimeter fencing used at Pinnarendi.  
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4.2.3 Re-growth control 

By December 2016 significant sucker regrowth from lignotubers had occurred.  This was mostly 

confined to areas where denser regrowth had been pushed a few months earlier (eastern ends of 

Paddocks 4, 5 and 6 and the northern side of Paddock 1).  

DŀǊƭƻƴϰ ƘŜǊōƛŎƛŘŜ όŀŎǘƛǾŜ ŎƻƴǎǘƛǘǳŜƴǘ слл Ǝκ[ ǘǊƛŎƭƻǇȅǊύ ǿŀǎ ǳǎŜŘ ŦƻǊ ŎƻƴǘǊƻƭ ŀƴŘ ǿŀǎ ŀǇǇƭƛŜŘ ōȅ 

hand spraying individual suckers in late 2016.  The mixing rate was 4 ml/L, and a surfactant and 

marking dye was used.  Being non-ǊŜǎƛŘǳŀƭΣ ǘƘŜ ŀŎǘƛǾŜ ƛƴƎǊŜŘƛŜƴǘ ƛƴ DŀǊƭƻƴϰ ǿƻǳƭŘ ƴƻǘ Ǌƛǎƪ ŦǳǘǳǊŜ 

damage to young leucaena seedlings.  

4.2.4 Cultivation in preparation for sowing 

While the timing of rainfall did not allow the scenario outlined in Section 4.1 to be implemented, the 

season was reasonable and allowed a compromised approach. 

1. An initial discing of the plant rows was carried out in mid-October (Fig. 4).  Conditions were 

dry so there was minimal ground engagement.  This operation broke up the hayed-off 

pasture cover and disturbed the soil surface to allow better rainfall infiltration.  Each plant 

row was cultivated by driving towards sighting posts placed at the end of rows. 

2. The storm season was disappointing; with one fall of 5 mm at the site on 29 November.  

Isolated falls of 8 mm and 35 mm on 16 and 17 December respectively, provided sufficient 

moisture for a primary cultivation.  This occurred over 3 days from 20-22 December.  Each 

plant row was disced to a width of 5-6 m with 1-2 m overlap in the middle ensuring that the 

plant line received a double working. 

3. Paddocks 7 and 8 and most of Paddock 1 received a secondary discing in the week between 
Christmas and New Year. 

Good rainfall was received over an 11 day period from 29 December until 8 January, totalling 236 

mm.  This provided an excellent soil moisture profile.  With a deteriorating seasonal outlook, it was 

decided to plant on this rainfall rather than cultivate and wait for follow-up rainfall.  Whilst further 

cultivation would have resulted in a better prepared seedbed, it would also have meant additional 

moisture loss from the seed-bed zone and delayed sowing.  Despite the relatively high amount of 

rainfall received and additional light falls over 12-14 January, the light textured soils at Pinnarendi 

allowed sowing to start on 14 January. 

4.2.5 Weed control 

The rainfall in early January resulted in germination and growth of weeds along the cultivated rows.  

In the week prior to sowing, Roundup Ultra®Max herbicide (active constituent 570 g/L glyphosate) 

was applied using a tractor mounted boom spray.   The application rate was nominally 2 kg/ha 

across a 6 m swath centred on the plant rows.  This application was made over three days from 12-

14 January starting in Paddock 8 and finishing in Paddock 1 (as per Table 2).  Some rows in Paddocks 

7 and 8 had to be sprayed twice because of rain soon after spraying. 
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a.  

 
b.  

 
c.  

 
d.  

Fig. 4 Cultivation activities in preparation for sowing; a. marking rows for primary cultivation, b. 

primary cultivation in mid-October 2016 prior to storm season, c. and d. secondary cultivation 

after first storms (late December 2016). 

4.2.6 Fertiliser application 

A pre-plant application of SuPerfect® (9%P, 11%S) was made along the centre line of the cultivated 

strips.  This occurred over the period 20-22 December 2016 about three weeks prior to the first 

leucaena sowing.  The effective application rate to a 1 m strip along the plant row was 300 kg/ha. 

Fertiliser was applied using a Vicon 3-point linkage mounted, pendulum spreader with the diffuser 

removed to limit broadcast to about a 1 m width. 

4.2.7 Seed sourcing and testing 

Redlands seed was sourced from a seed block at Walkamin Research Station.  Seed from this site 

was approved for use based on DNA profiling in 2015.  Testing confirmed that the samples of 

Walkamin grown Redlands seed were highly related with a degree of relatedness > 95% to Redlands 

(Lambrides 2016).  Redlands genotypes were also genetically distinct from all other genotypes 

tested, particularly the commercial cultivars of Wondergraze and Cunningham. 
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Mature seed pods were hand-harvested throughout 2016.  Pods were dried and hulled at Walkamin.  

Cleaned seed was stored as separate batches in a cool store at 18oC for short periods (2-3 months).  

For longer term storage, seed was held in a cold store at 10oC. 

Prior to sowing at Pinnarendi in January 2017, 60 kg of Redlands seed was available, having been 

collected and cleaned at Walkamin during 2016.  At a sowing rate of 1.5 kg/ha, this was sufficient for 

a total area of 40 ha which was more than the planned area of about 30 ha (half the trial site).  More 

than sufficient Wondergraze seed for sowing the trial was purchased from Leucseeds Pty. Ltd. in late 

2016. 

4.3 Leucaena sowing 

4.3.1 Seed preparation 

Five to ten days before sowing, leucaena seed batches were removed from storage, combined and 

thoroughly mixed.  Germination tests were conducted on samples of the aggregated seed.  For 

testing, 50-100 seeds were wet-up and placed on moist filter paper and germination monitored over 

the following 5-7 days.  Based on these tests, Redlands seed was mechanically scarified to improve 

germination.  Commercially sourced Wondergraze seed did not need to be scarified. 

Immediately prior to sowing, all seed batches were inoculated with a slurry of commercial rhizobia 

(strain CB3126) and commercial sticker by hand mixing in a bucket as per label instructions.  

Inoculated seed was ambient air dried on shade-cloth in the shade before being used in the planter. 

4.3.2 Sowing equipment and method 

There were two main sowing events (Section 5.1.2).  For the initial sowing, a simple three-point 

linkage mounted single row unit, with disc openers and a press wheel driven seed plate was used 

(Fig. 5a).  During sowing of the Wondergraze, limitations with the gearing and plate size meant that 

seed was planted at a high sowing rate of about 2 kg/ha.  There was also seed leakage between the 

plate and the seed box when the unit was first used, resulting in seed spillage onto the soil surface.  

Prior to sowing Redlands, a new plate was manufactured which reduced the planting rate to 1-1.5 

kg/ha and stopped seed wastage.  The sowing rate for Redlands was significantly lower than for 

Wondergraze to ensure sufficient seed would be left over for follow-up sowings if required. 

Just before sowing, plant rows were cultivated to a width of about 3 m using a 3-point linkage 

mounted toolbar.  This resulted in some loss of soil moisture but was carried out due to residual 

unevenness in the seedbed from earlier discing operations.  A heavy steel beam was dragged at an 

angle behind this unit to help even out the soil surface (Fig. 6). 

For the second sowing, the heavy-duty, ǘƛƴŜŘΣ ΨōŀǎŀƭǘΩ ǇƭŀƴǘŜǊ ǿŀǎ ǳǎŜŘ όCƛƎΦ рōύΦ  ¢Ƙƛǎ ǿŀǎ ǘƻ 

overcome issues experienced with the planter used for the initial sowing (Section 5.1.2).  Being a 

towed machine with wheels, it better tracked the uneven soil surface and maintained a more 

consistent sowing depth compared to the three-point linkage mounted planter. 
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a.   

 
b.  

Fig. 5 Planters used for the first and second rounds sowing at Pinnarendi; a. three-point linkage 

mounted disc opener (first round sowing), b. heavy-duty towed basalt planter (second round 

sowing). 

  

 
a.  

 
b.  

Fig. 6 First sowing at Pinnarendi (January 2017); a. plant rows, b. pre-sowing cultivation and seedbed 

levelling. 

4.3.3 Pre-emergent herbicide 

Immediately after sowing of paddocks and on the same day, an application of pre-emergent 

herbicide was made across a 6 m swath centred on the plant rows using a tractor mounted boom 

spray.  The herbicide used was Vezir® 700 (active ingredient 700 g/kg Imazethapyr) applied at an 

effective rate of 100 g/ha.  The rate adopted was lower than the recommended maximum 

application rate of about 140 g/ha to avoid any herbicide damage to emerging leucaena. 

4.3.4 Timing 

Rainfall received in early January provided an excellent opportunity for sowing.  Sowing commenced 

on 14 January as soon as glyphosate applications were completed.  With a limited quantity of 

Redlands seed available, it was decided to sow Wondergraze paddocks first so that any issues with 

the planter could be resolved.  Dates for events and activities associated with the first round sowing 

are shown in Table 2. 
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Table 2 Round 1 sowing at Pinnarendi ς dates of events and activities.  

Date  Event/Activity   Comments/Issues  

31 Dec-8 Jan  236 mm rain    

Thu 12 Jan  Glyphosate application  Paddocks 7 and 8 ς some rows sprayed 

twice due to showers  

Fri 13 Jan  Glyphosate application  Paddocks 6, 5, 4 and 3  

Sat 14 Jan  Glyphosate application  Paddocks 2 and 1  

Sat 14 Jan  Sowing Wondergraze and Vezir® 700 

application  
Paddock 7  

Sun 15 Jan  Sowing Wondergraze and Vezir® 700 

application  
Paddock 6 and most of 3 (southern 

side)  

Sun 15 Jan  30 mm rain in afternoon    

Mon 16 Jan   Sowing Wondergraze and Vezir® 700 

application  
Paddock 1 and balance of 3 (northern 

side)  

Mon 16 Jan  Planter plate mods.  New planter plate manufactured  

Tue 17 Jan  Sowing Redlands and Vezir® 700 application  Paddocks 8, 5, 4 and 2  

Tue 24 Jan  5 mm rain    

Thu 2 Feb  7 mm rain    

Sat 4 Feb  5 mm rain    

Mon 6 Feb  5 mm rain    

  

Due to variable emergence from sowing in mid-January it was decided to re-sow where required in 

an effort to improve the level of establishment and ensure the integrity of the trial.  With spare seed 

and sufficient time remaining for establishment (assuming on-going wet season conditions) re-

sowing commenced on 17 February.  Soil moisture was good due to 50 mm being received the 

previous day in a storm.  To avoid cultivating and killing leucaena which had emerged from the first 

round sowing, the planter was moved on the tractor toolbar so that the plant line was offset about 

200-250 mm from the original plant line (Fig. 7). 

 

Fig. 7 Second round sowing using heavy duty towed planter offset from first round plant line. 
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In some rows a third sowing was conducted, resulting in re-sowing on both sides of the original plant 

row.  This was only done when a blockage occurred in the planter.  Subsequent cultivation 

ƻǇŜǊŀǘƛƻƴǎ ǎŀŎǊƛŦƛŎŜŘ ƻƴŜ ƻŦ ǘƘŜ ƻǳǘǎƛŘŜ ƭƛƴŜǎ ƛƴ ƛƴǎǘŀƴŎŜǎ ǿƘŜǊŜ ΨǘǊƛǇƭŜ-ǊƻǿΩ ǎƻǿƛƴƎ ƘŀŘ ƻŎŎǳǊǊŜŘΦ 

Whilst not every row in each paddock was re-ǎƻǿƴΣ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ǎƛǘŜ ǿŀǎ ΨŘƻǳōƭŜ-ǎƻǿŜŘΩ ƛƴ 

this fashion (Paddocks 1 and 7 excepted), since there was abundant spare Wondergraze seed and 

just sufficient leftover Redlands seed. 

To conserve Redlands seed, some hand sowing was also carried out, mainly in Paddock 8.  Later, 

other Redlands paddocks were also hand sown along gaps to the original centre row.  By the time 

this occurred, germination from the second round sowing with the basalt planter was occurring 

which limited the amount of hand sowing required to fill-in gaps. 

Dates for events and activities associated with the second round sowing are shown in Table 3. 

Table 3 Round 2 sowing at Pinnarendi ς dates of events and activities.  

Date  Event/Activity   Comments/Issues  

Thu 16 Feb  Hand sowing Redlands  Only to gaps in half of Paddock 8  

Thu 16 Feb  50 mm rain  40 mm in heavy storm followed by 10 mm 

steady rain in evening  

Fri 17 Feb  Sowing Redlands  2/3 Paddock 8 with basalt planter  

Fri 17 Feb  11 mm rain    

Sat 18 Feb  Sowing Wondergraze  Paddocks 6, 3 and end of 1 row in Paddock 7 

with basalt planter  

Sun 19 Feb  Sowing Redlands  Paddocks 2,4 and 5 with basalt planter  

Mon 20 Feb  Sowing Redlands  Back over some rows in Paddock 8 with basalt 

planter  

Mon 20 Feb  6 mm rain    

Tue 21 Feb   47 mm rain  Some heavy rain but mostly fairly steady over a 

few hours  

Mon 1 Mar  Hand sowing Redlands  Finished Paddock 8, filled gaps in Paddocks 2 

and 4  

Mon 1 Mar  Sowing Wondergraze Paddock 1  A few rows in Paddock 1 with basalt planter  

Sat 4 Mar  9 mm rain    

Sun 5 Mar  30 mm rain    

Mon 6 Mar  35 mm rain    

Wed 8 Mar  Hand sowing Redlands  Paddock 5 only (very little planted)  

Wed 8 Mar  Commenced cultivation of weeds   Paddocks 6-4  

Wed 8 Mar  5 mm rain    

15-22 Mar  52 mm rain in 5 falls over 8 days    
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4.4 Post-sowing site management 

4.4.1 Grasshopper control 

Project investigators visited the site on 23 January 2017 to inspect germination and progress of 

seedlings.  Substantial numbers of grasshoppers were observed within the grass strips in the 

leucaena paddocks and neighbouring grass paddocks.  This was 7-10 days after sowing and there 

was no evidence of damage to young seedlings. 

As a precautionary measure an aerial application of pesticide was made on the following day.  

Albatross® (active constituent 200 g/L fipronil) was applied on the morning of 24 January at a rate of 

100 ml/ha.  The application was made across all the leucaena paddocks as well as the boundaries 

with neighbouring grass paddocks (northern side of Paddock 7 and eastern ends of Paddocks 1-3). 

4.4.2 Weed and re-growth control 

By early March, weed growth in the cultivated planting strips required control to reduce competition 

to young leucaena plants.  In order of decreasing importance most of the weed competition was 

from Wynn cassia (Chamaecrista rotundiflia), Whiteye (Mitracarpus hirtus), Hairy Indigo (Indigofera 

hirsute), Gambia pea (Crotalaria goreensis), Star burr (Acanthospermum hispidum), Sabi grass 

(Urochloa mosambicensis) and Crowsfoot grass (Eleusine indica).  Broadleaf weeds were more 

widespread and a bigger problem than grasses.  Heavy grass growth only affected relatively small 

areas at the eastern ends of Paddocks 4 and 5.  With no herbicide option available, a tined cultivator 

was used to cultivate an area about 1.5 m either side of the plant line leaving an uncultivated gap 

along the leucaena plant line itself. 

In Paddock 7 with good emergence and establishment from a single row sowing, the uncultivated 

gap was minimised to about 300 mm.  In the balance of paddocks which predominantly had a double 

row planting as a result of the second round sowing, tines had to be positioned further apart on the 

toolbar to leave a wider gap for the leucaena (Fig. 8a and b). 

An initial cultivation was done in this manner across all Paddocks on 8, 14 and 16 March.  By the end 

of March a follow-up cultivation was required due to on-going weed growth across all paddocks.  

This was done over two days, 20 March and 3 April. (Fig. 8c).  A third cultivation was done across all 

paddocks at the end of April (Fig. 8d). 

A fourth cultivation was done in late May following the useful fall of rain on 18 May.  Whilst not 

strictly necessary, this provided longer term weed control since conditions were no longer 

favourable for on-going weed germination and growth.  This cultivation also provided an exemplar 

for the importance of weed control for a field day held at the site on 24 May.  No further cultivation 

for weed control was conducted. 

A few areas at the eastern end of Paddocks 3 and 4 had heavy grass growth which was not 

effectively controlled by cultivation.  These areas (in the cultivation zone) were blanket sprayed with 

±ŜǊŘƛŎǘϰ όŀŎǘƛǾŜ ŎƻƴǎǘƛǘǳŜƴǘ рнл Ǝκ[ ƘŀƭƻȄȅŦƻǇύ ƳƛȄŜŘ ŀǘ ŀ ǊŀǘŜ ƻŦ м ƳL/L using a hand lance on 22 

March 2017.  Spot spraying was also required in all rows of Paddock 2, the southern two rows of 

Paddock 1 and eastern ends of rows in Paddocks 5 and 6. 
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a.   

 
b.  

 
c.  

 
d.  

Fig. 8 Cultivation for weed control; a. cultivation in mid-March with single plant row, b. cultivation in 

mid-March with double plant row, c. second cultivation in late March, d. third  cultivation in late 

April/early May. 

 

There were isolated occurrences of Gamba grass (Andropogon gayanus) in Paddocks 2, 3, 4 and 5.  It 

had spread from an established stand in a neighbouring paddock immediately east (and upwind) of 

these trial paddocks.  Gamba is highly productive and palatable to cattle when green but is also a 

restricted invasive plant under the Biosecurity Act 2014 (Queensland).  While its presence is 

insignificant relative to the rest of the inter-row pasture, control spraying was carried out to limit its 

future spread whilst still easily managed, with the long-term aim of eradicating it from the trial. 

All observed occurrences of Gamba grass in the trial paddocks were spot sprayed with Roundup 

Ultra®Max (active constituent 570 g/L glyphosate) on 23 January 2018 mixed at 10 mL/L. 

A follow-ǳǇ ǘǊŜŀǘƳŜƴǘ ǘƻ ŎƻƴǘǊƻƭ ƭƛƎƴƻǘǳōŜǊ ǊŜƎǊƻǿǘƘ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ƻƴ у aŀǊŎƘ нлмтΦ  DŀǊƭƻƴϰ 

was again used, employing the same method and application rate as described in 4.2.3, but without 

using a surfactant.  Only the known problem areas were treated which was mainly the eastern ends 

of Paddocks 4-8.  Care was taken not to overspray leucaena seedlings in areas where regrowth was 

occurring directly on or near the plant line.  A mop-up treatment using the same herbicide but with 

surfactant added was carried out on 6 April. 

Further control of re-growth suckers was carried out in late 2017.  As per the previous treatments, 

DŀǊƭƻƴϰ ǿŀǎ ŀǇǇƭƛŜŘ ǳǎƛƴƎ ŀ ƘŀƴŘ ƭŀƴŎŜΦ  /ƻƴǘǊƻƭ ƛƴ tŀŘŘƻŎƪǎ мΣ нΣ р ŀƴŘ с ǿŀǎ Ŏompleted on 

November 7 and 8.  Only regrowth in the inter-row area was sprayed.  Suckers growing in or 
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immediately adjacent to the leucaena plant rows were not treated to avoid accidental damage to 

leucaena. 

The balance of paddocks were treated on 7 December; Paddocks 3 and 4 were completed, Paddocks 

7 and 8 were partially treated and then completed in late March 2018. 

4.4.3 Fertiliser applications 

The pre-sowing fertiliser application in December 2016 was made in a band along the centreline of 

the cultivated strip.  While leucaena was generally sown within the fertilised band there was 

misalignment in some sections of row which meant there was a risk of leucaena seedlings emerging 

on the edge or outside of the fertilised band ς particularly for the follow-up sowings made alongside 

the original planting line.  For assurance that all seedlings had adequate fertiliser during early 

development, a second fertiliser application was made post sowing/emergence.  SuPerfect® (9%P, 

11%S) was again applied using the same Vicon spreader.  This was done over all paddocks on 8 and 9 

March 2017.  The effective application rate to the strip along the plant row was 280 kg/ha. 

A broadcast application of SuPerfect® was made to the inter-row pasture on 1 August 2017 at a rate 

of 240 kg/ha.  The entire trial area received the application including the leucaena rows.  Application 

was made by a contractor using a truck mounted-spreader with GPS guidance (Fig. 9). 

 

 
a.  

 
b.  

Fig. 9 Broadcast superphosphate application 1 August 2017; a. approx. 15 t of fertiliser delivered to 

site, b. application in progress (Paddock 4 ς Redlands). 

An application of granulated sulphur (90% S) was made to a 1 m strip along the leucaena plant rows 

in August 2017 at a rate of 160 kg/ha, again using the Vicon spreader.  The tractor drove along and 

over the top of the leucaena rows, taller leucaena plants were bent over but not damaged. 

In mid-March 2018, an aerial application of sodium molybdate (39 % Mo) was made to ensure 

adequate levels of molybdenum for nitrogen fixation.  The application rate across the entire trial 

area was 300 g/ha of product.  This was in response to observations from a small scale nutrient trial 

(Section 4.5.4) implemented in February 2018 to investigate sub-optimal leucaena growth at the 

site.  The balance of a 20 L drum of trace element mix leftover from the nutrient trial was applied in 

conjunction.  In addition, a contingency application of a custom fertiliser blend (12% N, 11% P, 10.5% 

S) was made about a week later.  By this time, the height of leucaena prevented driving over the 

row, so the application was made by a contractor using a tractor-drawn spreader with side-throw 
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capability.  Fertiliser was applied to a band about 3-4 m either side of the plant row at a rate of 250 

kg/ha. 

Fertiliser applications to April 2018 are summarised in Table 4. 

Table 4 Fertiliser applications at Pinnarendi leucaena trial site (November 2016 ς April 2018) 

Application 

date 
Reason  Product and  

application rate 
Nutrient  
application rate 

Method and basis of  
application 

November  
2016  

Pre-sowing 

P and S  
SuPerfect® 

300 kg/ha  
P: 27 kg/ha 

S: 33 kg/ha  
Tractor mounted spreader  
~1 m strip along plant rows  

March 2017  Post-sowing 

P and S   
SuPerfect® 

280 kg/ha  
P: 25 kg/ha  
S: 31 kg/ha  

Tractor mounted spreader  
~1 m strip along plant rows  

August 2017  Inter-row 

pasture  
SuPerfect® 

240 kg/ha  
P: 22 kg/ha 

S: 26 kg/ha  
Truck spreader  
Broadcast across whole site  

August 2017  Post-sowing  
long term S   

Granulated 

sulphur 

(NutriGold®)  
160 kg/ha  

S: 144 kg/ha  Tractor mounted spreader  
~1 m strip along plant rows  

March 2018  Promote 

leucaena N 

fixation 

Balance of 

trace element 

(~19 L) added 

to tank  
  

sodium  
molybdate  
300 g/ha  
Complete Plus®  
~0.32 L/ha  

Mo: 117 g/ha  

  

  
N: 17 g/ha  
S: 5 g/ha  
Zn: 13 g/ha  
B: 5 g/ha  
Mn: 3 g/ha   
Fe: 3 g/ha  
Cu: 2 g/ha  
Mo: <1g/ha  
Co: <1g/ha  

Aerial (plane)  
Across whole site  

March 2018  Correct 

suboptimal 

leucaena 

growth  

Custom NPS blend 

250 kg/ha  
N: 30 kg/ha  
P: 27.5 kg/ha  
S: 25 kg/ha  

Tractor towed side throw 

spreader  
~3-4 m swath along plant 

rows  

 

4.5 Post-planting monitoring and investigations 

4.5.1 Establishment uniformity 

Uniformity across leucaena treatments was dependent on consistent plant population across the 

site.  Data from biomass measurements of leucaena (and inter-row pasture) will be used to 

determine quantities and quality of pasture available to cattle in the trial.  A quantitative basis for 

assessing uniformity (success of establishment) was also used based on in-field measurement of 

leucaena populations within all replicates at the site. 
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The method was developed in consultation with a DAF biometrician and involved directly assessing 

5% of the entire planting.  The 5% level was selected based on it being practical timewise whilst also 

being sufficient for statistical integrity. 

With the value for the total planned meterage of leucaena in each replicate known from the trial 

ŘŜǎƛƎƴ όΨRtΩύΣ р҈ ƻŦ ǘƘƛǎ ǾŀƭǳŜ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ όΨR5ΩύΦ  ! ƴƻƳƛƴŀƭ Ǉƭƻǘ ƭŜƴƎǘƘ όΨPxΩύ ƻŦ нр Ƴ ǿŀǎ ŎƘosen, 

ǎƻ ǘƘŀǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎŀƳǇƭŜǎ όΨnΩύ ƛƴ ŜŀŎƘ ǊŜǇƭƛŎŀǘŜ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ŘƛǾƛŘƛƴƎ R5 by 25.  To 

summarise: 

n = R5/Px = (Rt x 5/100)/Px       where Px = 25 

This calculation yielded a total of 98 sampling plots; 12 sampling plots for Paddocks 1-6 and 13 for 

the slightly larger Paddocks 7 and 8.  The location of sampling plots within each replicate was 

determined by randomly selecting the sampling plot within pre-determined sampling blocks.  A 

sampling block was determined by dividing Rt by n, which yielded a value close to 300 m for each 

replicate.  There were 12 potential sampling plots within each sampling block (i.e. 300/25 = 12). 

A 25 m grid was set-out over the trial site plan (perpendicular to the plant rows in each replicate).  

Each of the 300 m sampling blocks (12 for Paddocks 1-6 and 13 for Paddocks 7 and 8) was identified 

by starting from the north eastern corner of each replicate and progressing west along the first row 

to its end then starting again at the eastern end of the next row (and so-on).  A sampling plot was 

then chosen at random within each sampling block.  Where a sampling plot directly abutted a 

subsequent sampling plot (i.e. at the end of one block and start of the next) or was very close to 

another sampling plot in an adjacent row; an alternate sampling plot was selected.  This method 

ensured a reasonable spread of sampling plots across each replicate and avoided clustering of 

sampling plots if a systematic or fully randomised sampling had been adopted. 

The resultant sampling plot layout is shown in Fig. 10.  These sampling plots were located in-field 

using GPS and were pegged for future reference.  Plant population and typical height were recorded 

within each 25 m sampling plot as follows: 

Population: 0 = no plants (fail) 

1 to 5 plants/m = 1,000-5,000 plants/ha (low) 

2 = 6 to 10 plants/m = 6,000-10,000 plants/ha (good)      

3 = > 10 plants/m = > 10,000 plants/ha (high)        

                       

Typical height: 0 = no plants 

1 = < 0.25 m 

2 = 0.25 to < 0.5 m 

3 = 0.5 to < 1.0 m 

4 = 1.0 to < 1.5 m 

5 = >= 1.5 m 

This generated a total of 300 and 325 data points in Paddocks 1-6 and Paddocks 7 and 8 respectively.  

All leucaena plants within each meter of row were included in the assessment (plants from the 

original January sowing and the follow-up February sowing if applicable). 
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Fig. 10 Start locations of sampling plots (98 plots in total) for leucaena population and height survey 

based on row number with 25 m grid overlay. 
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4.5.2 Psyllid monitoring 

A psyllid monitoring program was implemented at the site to record damage using a systematic 

method.  In consultation with a DAF biometrician, the method developed was based on monitoring 

nine sentinel plants in each replicate (paddock) in a grid-type layout (i.e. 72 plants in total = 8 x 

replicates x 9 plants/replicate).  Three rows in each replicate were selected, and three plants 

identified within each of these rows ς one towards the eastern end, one towards the western end 

and one near the middle.  The end plants were generally 50-100 m from the ends of rows.  These 

plants were marked with flagging tape for identification and monitored for psyllid presence and 

damage about every two to four weeks (once psyllids become and remain active). 

Damage was observed using the naked eye based on a previously developed rating scale (Wheeler 

мфууύΦ  ! ƳƻŘƛŦƛŎŀǘƛƻƴ ǘƻ ǘƘŜ ǊŀǘƛƴƎ ǎŎŀƭŜ ǿŀǎ ŀŘƻǇǘŜŘ ǿƘŜǊŜōȅ ŀ ǊŀǘƛƴƎ Ψм Ґ ƴƻ ŘŀƳŀƎŜ ƻōǎŜǊǾŜŘΩ 

ǿŀǎ ŎƘŀƴƎŜŘ ǘƻ Ψм Ґ ƴƻ ŘŀƳŀƎŜŘ ƻōǎŜǊǾŜŘ όǇǎȅƭƭƛŘǎ ǇǊŜǎŜƴǘύΩ ŀƴŘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ǊŀǘƛƴƎ ƻŦ Ψл Ґ ƴƻ 

ǇǎȅƭƭƛŘǎ ǇǊŜǎŜƴǘΩ ǿŀǎ ŀŘŘŜŘΦ  ¢ƘŜ ƳƻŘƛŦƛŜŘ ǊŀǘƛƴƎ ǎŎŀƭŜ ǿŀǎ ŀǎ ŦƻƭƭƻǿǎΥ 

0 = no psyllids present 

1 = no damage observed (psyllids present) 

2 = slight curling of leaves 

3 = tips and leaves curling and yellow 

4 = tips and leaves badly curled, yellowish and covered in sap 

5 = loss of up to 25% of young leaves 

6 = loss of up to 50% of young leaves 

7 = loss of up to 75% of young leaves 

8 = 100% loss of leaves and blackening of lower leaves 

9 = blackened stem with total leaf loss 

 

Monitoring in 2017 was conducted on nine occasions from the end of May until early November 

when psyllids were no longer active at the site.  Monitoring recommenced at the site in early May 

2018 and was conducted on four occasions up to the end of August when psyllids again became 

relatively inactive at the site.  For monitoring in 2018, many trees had to be reselected as the original 

sentinel trees could not be identified.  For the last monitoring event at the end of August, no data 

was collected in Paddocks 1-4 as there was very little leaf on leucaena as a result of sustained 

grazing by cattle and dry conditions. 

4.5.3 Rainfall and weather monitoring 

Prior to 2017, rainfall recordings at the site were reported by the landowners from a gauge 

approximately 0.5 km east of the trial site.  A measuring cylinder rain gauge was installed on the 

perimeter fence at the eastern end of Paddock 7 in December 2016.  This gauge was damaged mid-

year during the dry-season.  Two similar gauges were installed at the site in early December 2017 ς 

one on the main entrance road at the eastern end of Paddock 6, and a replacement for the damaged 

gauge at Paddock 7. 

A weather station (Davis Vantage Pro 2 Plus) was installed adjacent to the portable yards (south-east 

corner of Paddock 6) in early May 2018.  The station is web connected via the 3G mobile network 
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and monitors rainfall, air temperature, dew point temperature, wind speed and solar radiation.  

Readings can be accessed in real time and data is archived. 

4.5.4 Soil/leaf testing and small-scale fertiliser trial 

To investigate perceived poor growth of leucaena from about the start of February 2018, soil and 

leaf samples were collected during 2018 (Table 5).  Leaf samples were submitted to Phosyn 

Analytical (Junction Road, Andrews, Qld. 4220).  Soil analyses were conducted by Nutrient 

Advantage Laboratory Services (South Road, Werribee, Vic. 3030). 

 Table 5 Dates and detail of soil and leaf sampling, Pinnarendi 2018. 

Date  Type  Details  Comment  

21 Feb 18  Soil  3 samples of surface profile  
(0-10 cm)  

Taken when sub-optimal leucaena growth/colour 

was observed.  

27 Feb 18  Leaf  4 samples of fully formed 

fresh leaf  
Taken to investigate cause/deficiency of 

suboptimal leucaena growth/colour; 3 samples 

from plants with poor colour, 1 sample from plants 

with good colour.  

14 Mar 18  Soil  4 samples, each with 0-10, 10- 
20 and 20-50 cm sub-samples  

Additional samples taken after mistake with 

requested analysis of samples taken 21 Feb.  

14 Jun 18  Soil  2 samples, each with 0-10, 40-

50 and 50-100 cm subsamples  
One sample taken adjacent plants with poor 

colour; another sample taken adjacent plants with 

good colour.  

  

A small scale nutrient trial was also implemented, based on replicated treatments across sections of 

rows in Paddocks 5-8.  Various rates of a range of nutrients were applied on 21 February 2018 

(Appendix 2). 

In summary, 66S (13%N, 11%P, 15%K, 5%S), Muriate of Potash (50%K), Gran-Am® (20%N, 24%S) and 

SuPerfect® (9%N, 11%P, 19%S) were applied at 300 kg/ha to discrete 10 m sections of row.  

Additionally, a commercial trace element mix (5.2% N, 1.5% S, 4% Zn, 1.6% B, 1.1% Mn, 1% Fe, 0.5% 

Cu, 0.1% Mo, 0.1% C0) was also applied as a foliar spray at rates of 5 and 10 L/ha of product over 

additional 10 m sections of row in combination with the above fertiliser treatments.  The trace 

element mixes were also applied over 10 m sections of row without the fertiliser treatments. 

On 5 March 2018, Gran-Am® and 66S were applied separately to 20 m sections of row in Paddock 4 

at rates of 300 kg/ha.  The trace element mix was again applied over separate 20 m sections of row 

with the fertiliser treatments but at a higher rate of 25 L/ha.  The high rate trace element mix was 

also applied over 20 m sections of row without the fertiliser treatments.  The trace element was 

mixed in water applied at 200 L/ha and in all cases a wetting agent (Spreadwet, active constituent 

600 g/L ethoxylated nonyl phenol and alkyl ether and fatty acids) was added at 40 mL/100 L water. 

The sites of the small scale nutrient applications were observed and surface roots of selected 

vigorous leucaena plants were dug and inspected for the presence of nodules in May 2018.  In June 

2018, a backhoe was used to dig two inspection trenches about 1.2 m deep immediately beside 

leucaena rows.  One trench was adjacent to leucaena with yellowish leaf and poor growth and the 
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other was adjacent to healthy leucaena.  Soils samples were taken from the top (0-10 cm), middle 

(40-50 cm) and bottom (90-100 cm) of each trench.  Adjacent leucaena plants were also dug up and 

roots inspected for the presence of nodules. 

4.6 Infrastructure for grazing trial 

Following leucaena establishment in September 2017, installation of infrastructure for animal 

handling and weighing was completed by April 2018. 

4.6.1 Fencing and yard facilities 

Internal fencing to divide trial paddocks at the site and provide management lanes/capture 

paddocks was started in mid-September 2017 and completed by November.  The original plan for a 

laneway with separate header/capture paddocks at the eastern end of the trial paddocks was 

altered in favour of combining the lane and capture paddocks.  Internal fencing included 6.2 km of 4-

strand barbed wire fence, with associated gateways and straining posts. 

4.6.2 Water points 

Watering points were located at the eastern end of the trial paddocks with adjacent paddocks 

sharing a common trough (i.e. four troughs in total).  A 50 mm polythene supply line was laid in mid-

August 2017 from a tank (27, 500 L capacity) located on a high point to the south of the trial site, 

running along the eastern end of the trial paddocks.   A tank level monitor was installed in May 2018 

which is web connected via the 3G mobile network.  This enables remote monitoring of supply levels 

and delivers alerts via SMS when pre-set levels are reached. 

Locally made concrete water troughs were delivered to the site in late December 2017.  These were 

installed and connected to the supply line in February 2018.  Trough floats were installed in April and 

the system tested prior to introduction of cattle.  Cameras were installed adjacent to troughs in May 

2018; each camera is web connected via the 3G mobile network.  Images captured at pre-set 

intervals during daylight hours are can be remotely viewed to confirm water availability and animal 

welfare. 

4.6.3 Yard and weighing facilities  

Portable yards with a crush, load beams and loading ramp were installed in early 2018. 

4.7 Animal ethics approval 

An application for animal ethics approval was prepared and submitted to the DAF Animal Ethics 

Committee in December 2017.  The application provided for up to 172 head of cattle to be utilised in 

the trial over the period from 1 February 2018 to 31 January 2021. 

The application was approved 11 December 2017 (ref. SA 2017/12/628 ς Appendix 3).   

The approval also included collaborative work with Diane Ouwerkerk (Molecular Biologist, DAF 

Brisbane) to collect rumen fluid from animals in the trial for the purpose of evaluating and 

comparing efficacy of the leucaena rumen inoculum when grazing Redlands versus Wondergraze. 
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An amendment request regarding sourcing of trial animals from the DAF Spyglass Beef Research 

Facility and a proposal to change the grazing regime (refer Section 4.8.3) was lodged in June 

2018 and approved. 

4.8 First year grazing 

The first year of grazing at the trial site was a learning phase to refine the grazing methodology 

adopted with subsequent cohorts of cattle over the following two to three years.  The proposed 

methodology was to graze all paddocks concurrently for at least 10 months each year at the same 

stocking rate.  The first year stocking rate would be reduced relative to the calculated theoretical 

stocking rate due to leucaena at the site not having attained full productivity.  In the longer term, it 

was intended to spell all leucaena paddocks for about two months each year during the early wet 

season.   

4.8.1 Theoretical stocking rate 

Theoretical set stocking rates based on full productivity of leucaena are calculated as follows: 

Assumptions 

Average entry weight, We = 200 kg 

Anticipated annual liveweight gain on leucaena-grass pasture system, ALWG = 220 kg 

Adult equivalent animal at maintenance, AE = 450 kg 

Grazing period from March to mid-December = 10.5 months 

Hectares per AE on leucaena-grass pasture system (annual basis) = 1.6 ha per AE 

Therefore the theoretical exit weight, Wex after 10.5 months: 

Wex = We + (10.5/12 x ALWG) = 200 + (0.875 x 220) = 392.5 kg 

The average weight, Wavg over the grazing period: 

Wavg = (We + Wex)/2 = (200 + 392.5)/2 = 296 kg 

The average adult equivalent, AEavg over the grazing period is therefore: 

AEavg = Wavg/450 = 296/450 = 0.66 AE 

So the area required per AE on a 10.5 month basis is: 

1.6 x AEavg = 1.05 ha per AEavg 

Therefore the stocking rate of paddocks 1-6 which have an area of 7.4 ha (average) each is: 
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7.4 ha/1.05 ha per AEavg = 7.0 AEavg 

For Paddocks 7 and 8 which have an area of 8.16 ha each, the stocking rate is: 

8.3 ha/1.05 ha per AEv = 7.9 AEavg 

The maximum total number of animals in the trial over a 10.5 month grazing period would be: 

6 paddocks x 7.0 AEavg + 2 paddocks x 7.9 AEavg = 58 

4.8.2 Animal selection 

The first cohort of animals used in the trial was sourced from commercial herds on Pinnarendi and 

Spyglass.  Weaner steers were selected from a larger pool of similar class animals on the basis of 

apparent suitable temperament and liveweight in the range 160-230 kg.  Animals which appeared 

atypical were excluded. 

4.8.3 Grazing regime 

A lower set stocking rate was adopted than the theoretical stocking rate set-out in Section 4.8.1.  

Only three animals were initially assigned to each paddock (replicate) when cattle were first 

introduced to the trial in April 2018.  This was less than half the theoretical stocking rate.  The 

intention was to leave these animals in each of their respective paddocks for the duration of the first 

year grazing (nominally 10.5 months). 

¦ǎƛƴƎ ǎǳŎƘ ǎƳŀƭƭ ƎǊƻǳǇǎ ƻŦ ŀƴƛƳŀƭǎ ǿŀǎ ƴƻǘ ǇǊŀŎǘƛŎŀƭΦ  !ƴƛƳŀƭǎ ŘƛŘ ƴƻǘ ŘƛǎǇƭŀȅ ΨƳƻō ōŜƘŀǾƛƻǳǊΩ ŀƴŘ 

some animals were flighty and difficult to handle.  Rather than persist, it was decided to combine 

animals into two larger groups and rotate them (or sub-groups) between paddocks.  Groups of 

animals would remain within the same treatments and be grazed for a minimum of 12 months. 

Cattle were rotated between trial paddocks principally on the basis of leucaena availability with 

concurrent spelling of unoccupied paddocks (Table 6). 

4.8.4 Cattle introduction and management 

Cattle were first introduced to the trial in April 2018.  An initial cohort of 24 steers was sourced from 

the commercial herd at Pinnarendi.  As there was only a pool of about 30 animals to select from the 

opportunity to eliminate animals judged as unsuitable was limited.  After selection, rumen sampling, 

weighing and drafting in the yards at Pinnarendi, animals were moved to the trial paddocks on the 

same day, however seven animals escaped back to the main herd within the first 18 hours.  No 

attempt was made to return these animals to the trial.  A further five animals were also removed 

from the trial at the first weigh event (28 June) on the basis of unsuitable temperament. 

With no more animals to select from at Pinnarendi, replacement steers were sourced from 5!CΩǎ 

Ψ{ǇȅƎƭŀǎǎΩ .ŜŜŦ wŜǎŜŀǊŎƘ CŀŎƛƭƛǘȅ όŀōƻǳǘ нрл ƪƳ ǎƻǳǘƘ ƻŦ tƛƴƴŀǊŜƴŘƛύΦ  {ƛȄǘŜŜƴ ǎǘŜŜǊǎ ǿŜǊŜ ǎŜƭŜŎǘŜŘ 

from 40 animals yarded at Spyglass on 26 June.  After weighing and rumen sampling, these animals 

were transported to Pinnarendi by truck on 28 June and subsequently integrated with the steers 

already in the trial at Pinnarendi.  After this time all animals in the trial had suitable temperament 
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and could be handled with relative ease.  For habituation to routine handling all animals were 

intermittently fed molasses (equating to about 2.5 MJ ME/head/day). 

On the same day as being initially weighed and selected animals received management ear tags, 

vaccination for Bovine ephemeral fever (diluent Batch 185668 Exp. 04/01/18, vaccine Batch 196619 

Exp. 18/08/18) and were treated for external/internal parasites (if not recently done) using industry 

standard commercial products.  Animals were re-vaccinated for Bovine ephemeral fever on 8 

November 2018 (diluent Batch 269225 Exp. 03/01/19; vaccine Batch 252667 Exp. 25/05/19). 

4.8.4.1 Cattle characteristics and treatment allocation  

There was a significant difference in the mean weight of animals based on source (Pinnarendi or 

Spyglass) at 28 June.  The Pinnarendi animals were slightly older and heavier having already been on 

the trial for 70 days.  The 12 steers sourced from Pinnarendi had a mean weight (28 June) of 257 kg 

(sem. = 9 kg).  They were Brahman cross steers (Bos indicus) from the commercial herd at Pinnarendi 

and were approximately 12 months old when introduced to the trial on 19 April.  The 16 steers 

sourced from Spyglass introduced to the trial on 28 June had a mean entry weight (28 June) of 207 

kg (sem. = 1 kg).  These animals were approximately 12 month old Droughtmaster cross steers (Bos 

indicus x Bos taurus) from the commercial herd at Spyglass. 

For allocation to the Redlands or Wondergraze treatments steers were first blocked by source and 

weight then randomly allocated between treatments from each block.  Allocation by this method 

resulted in the same number of animals by source in each replicate and no significant difference in 

the mean liveweight for treatments.  The mean (± sem) weight of animals was 225 ± 7.0 kg and 232 ± 

10.0 kg for the Redlands and Wondergraze treatments, respectively. 

4.8.4.2 Rumen sampling and inoculation  

To be able to utilise leucaena efficiently it has been necessary to inoculate cattle with bacteria, 

Synergistes jonesii.  In conjunction with the DAF-a[! ǇǊŜƭƛƳƛƴŀǊȅ ǇǊƻƧŜŎǘ .ΦD.tΦллнс ΨCŜŜŘƛƴƎ 

leucaena to manage the rumen for maximum beef ǇǊƻŦƛǘΩΣ ǊǳƳŜƴ ŦƭǳƛŘ ǿŀǎ ŎƻƭƭŜŎǘŜŘ per os. from 

trial animals.  The Animal Ethics application included the procedure for rumen fluid sampling.  There 

were plans for five rumen sampling events including entry and exit samples as well as seasonal 

sampling (based on pasture condition) as follows: 

1. naïve sample immediately before animals were introduced to the trial 

2. 2nd naïve sample after animals have been grazing leucaena for 7-14 days (prior to 

inoculation with rumen inoculum) 

3. sample during wet season (lush grazing) 

4. sample near end of dry season (lower quality) 

5. sample on removal from trial 

Only the naïve rumen fluid samples were collected during 2018 (from both Pinnarendi and Spyglass 

animals).  Additional sampling and inoculation was not carried out as planned because of the low 

productivity of leucaena during the dry-season and perceived low level (< 30%) of leucaena in the 

diet of cattle grazing in the trial.   
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4.8.5 Weight measurements and rotation of animals in trial 

There were four complete grazing periods up until early November 2018 with cattle weighed at the 

beginning and end of each period (coinciding with rotations to new paddocks).  Individual animal 

weights are recorded manually and electronically and cross referenced to each animals electronic 

and management tags.  Animals are typically weighed within one to two hours of being mustered 

from paddocks and yarded. 

Cattle groupings, rotations and grazing periods are summarised in Table 6.  For the first grazing 

period commencing 19 April, 17 steers from Pinnarendi were grazed in Paddock 5 and 6.  There were 

11 steers in the Wondergraze treatment and six steers in the Redlands treatment.  On 28 June, five 

of these animals were removed (unsuitable temperament) leaving a balance of 12 Pinnarendi steers 

which were combined with the 16 steers sourced from Spyglass.  The combined group was split 

evenly based on weight and origin/breed and allocated to the Wondergraze or Redlands treatments 

(this required reallocation of some Pinnarendi animals).  These animals were moved to Paddocks 7 

and 8 (14 animals per paddock) for the second grazing period. 

After 40 days grazing, each treatment group of 14 animals were split into two even groups of seven, 

again based on weight and origin/breed.  These animals were moved into Paddocks 1-4 for the third 

grazing period (remaining within the same treatments).  After 44 days grazing, each treatment group 

of seven animals was recombined into two groups of 14 and moved into Paddocks 5 and 6.  This was 

the start of the fourth grazing period and animals again remained within the same treatments.  After 

49 days grazing, each treatment of group of 14 animals were again split into their former groups of 

seven and moved back into back into Paddocks 1-4 for the fifth grazing period.  Each group went into 

the same paddocks (treatment and replicate) as for the third grazing period. 
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Table 6 Rotation of steers in leucaena treatments at Pinnarendi during 2018. 

Date Paddock 
1 

²ΩƎǊŀȊŜ 

Paddock 
2 

Redlands 

Paddock 
3 

²ΩƎǊŀȊŜ 

Paddock 
4 

Redlands  

Paddock 
5 

Redlands 

Paddock 
6 

²ΩƎǊŀȊŜ 

Paddock 
7 

²ΩƎǊŀȊŜ 

Paddock 
8 

Redlands 

1st rotation 
19 Apr to 
26 Jun 
(70 days) 

    

Group 1 
мм Ȅ .ΩƳƴ 

Group 2 
с Ȅ .ΩƳƴ 

  

2nd rotation 
26 Jun to 
7 Aug 
(40 days) 

    

spell 
88 days 

spell 
88 days 

Group 
A+B 
с Ȅ .ΩƳƴ 
у Ȅ 5ΩƳǘǊ 

Group 
C+D 
с Ȅ .ΩƳƴ 
у Ȅ 5ΩƳǘǊ 

3rd rotation 
7 Aug to 
20 Sep 
(44 days) 

Group A 
о Ȅ .ΩƳƴ 

4 x 5ΩƳǘǊǊ 

Group C 
о Ȅ .ΩƳƴ 
п Ȅ 5ΩƳǘǊ 

Group B 
о Ȅ .ΩƳƴ 
п Ȅ 5ΩƳǘǊ 

Group D 
о Ȅ .ΩƳƴ 
п Ȅ 5ΩƳǘǊ 

spell 
100+ days 

spell 
100+ days 

4th rotation 
20 Sep to 
8 Nov 
(49 days) 

spell 
49 days 

spell 
49 days 

spell 
49 days 

spell 
49 days 

Group 
C+D 
с Ȅ .ΩƳƴ 
у Ȅ 5ΩƳǘǊ 

Group 
A+B 
с Ȅ .ΩƳƴ 
у Ȅ 5ΩƳǘǊ 

5th rotation 
8 Nov Group A 

о Ȅ .ΩƳƴ 
п Ȅ 5ΩƳǘǊǊ 

Group C 
о Ȅ .ΩƳƴ 
п Ȅ 5ΩƳǘǊ 

Group B 
о Ȅ .ΩƳƴ 
п Ȅ 5ΩƳǘǊ 

Group D 
о Ȅ .ΩƳƴ 
п Ȅ 5ΩƳǘǊ 

spell 
40+ days 

spell 
40+ days 

²ΩƎǊŀȊŜ Ґ ²ƻƴŘŜǊƎǊŀȊŜΣ .ΩƳƴ Ґ .ǊŀƘƳŀƴΣ 5ΩƳǘǊ Ґ 5ǊƻǳƎƘǘƳŀǎǘŜǊ 

4.8.6 Leucaena and inter-row pasture yield measurement 

Ad hoc leucaena and pasture yield measurements were made during the first year of grazing (2018).  

Leucaena yield was assessed at the beginning and end of the third grazing period (Paddocks 1-4) and 

at the beginning of the fourth grazing period (Paddocks 5 and 6).  An assessment of inter-row 

pasture yield was made in August across Paddocks 1-4. 

[ŜǳŎŀŜƴŀ ȅƛŜƭŘ ŀǎǎŜǎǎƳŜƴǘǎ ǿŜǊŜ ƳŀŘŜ ōȅ ŎƻƭƭŜŎǘƛƴƎ ŀƭƭ ƭŜŀŦ ŀƴŘ ǎǘŜƳ όҖ р ƳƳ ŘƛŀƳŜǘŜǊύ ŦǊƻƳ ŦƻǳǊ 

randomly selected 10 m sections of row in each paddock.  This material was oven dried at 60oC to 

constant weight.  Leaf and stem from each sample were separated and weighed.  The average 

weight of the four samples was used as an estimate of the dry matter yield for the respective 

leucaena paddock.  These samples were collected in mid-August and early September 2018 for the 

third grazing period, and mid-September 2018 for the start of the fourth grazing period. 

For nutrient composition and dietary parameters, the combined samples of leaf and stem collected 

in mid-August from within each of Paddock 1-4 were separately ground and 100 g sub-samples 

submitted for analysis to Dairy One Inc. (Forage Testing Laboratory, Ithaca, New York USA 14850). 

Inter-row pasture yield assessment was made in late July 2018 by cutting pasture from within 1 m2 

quadrats at six randomly selected locations within each paddock (GPS coordinates recorded).  

Pasture was cut 50-75 mm from the ground and quadrats were positioned in the middle of the inter-

row area (with respect to adjacent leucaena rows).  This material was oven dried at 60oC to constant 
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weight.  Legumes and grasses from each quadrat were segregated by hand, weighed separately, and 

the principal species present were recorded.  The average weight of the six samples was used as an 

estimate of the pasture dry matter yield for each paddock. 

5 Results 

5.1 Leucaena sowing and early establishment 

5.1.1 Germination tests 

Germination tests on Redlands seed sourced from the Walkamin pilot block typically showed 

germination of about 30-45%, with 35-50% hard seed and 20% dead or abnormal seed.  Due to 

relatively high levels of hard seed, all Redlands seed was mechanically scarified.  This increased 

germination to 60-70% (with 10-20% hard seed and 20% dead or abnormal). 

The commercially sourced Wondergraze seed had germination of 80-90%.  Redlands seed was more 

variable in size and smaller overall compared to Wondergraze seed.  The viability of Redlands seed 

harvested through 2016 was less than for seed harvested in 2015 due to higher levels of damage by 

bruchid beetles (Callosobruchus maculatus). 

5.1.2 Sowing 

5.1.2.1 Round 1 sowing  

By mid-February emergence and development of leucaena from the first sowing in mid-January 

could be evaluated.  All of the leucaena which had emerged was looking healthy and was growing 

well.  Paddocks 1, 7 and 8 had very good or satisfactory emergence.  There had also been no damage 

from pests.  However, emergence in the balance of paddocks was variable, with some acceptable 

areas but also many areas with very few or no seedlings. 

This was attributed to unevenness in the seedbed at sowing ς particularly for Paddocks 2-6 which 

only had a single discing.  The cultivation operation carried out just before sowing worked well in 

paddocks with few weeds and little residual plant material.  In many areas the seedbed was uneven 

and there was poor control of sowing depth using the three-point linkage mounted planter. 

Emergence was related to seedbed conditions at the time of sowing and to a lesser extent the timing 

of rainfall.  Overall, soil moisture was not considered a substantially limiting factor for germination.  

There was some crusting of the soil surface in paddocks sown prior to the 30 mm of rain received 15 

January and this inhibited or prevented emergence where seed was sown deeply.  There was also 

variation in soil types across trial paddocks which affected planter performance and germination.  A 

summary of the conditions and corresponding emergence in each paddock is given in Table 7. 

By early March (after the second round sowing) it was evident that there had been on-going 

germination from the first round sowing ς particularly for Redlands paddocks.  Continued 

germination so long after sowing is unusual and was attributed to high levels of hard seed 

(particularly Redlands) and consistently wetter conditions.  Prolonged germination improved the 

level of establishment across the site.  
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Table 7 Round 1 sowing ς summary of paddock conditions and emergence. 

 Paddock and 

treatment  
Comments  

1 ς Wondergraze  Planted into good moisture; good seedbed; generally good emergence  

2 ς Redlands  Planted into reasonable moisture, lumpy seedbed, variable emergence  

3 ς Wondergraze  30 mm same day as planting, lumpy seedbed, variable soils, variable emergence  

4 ς Redlands  Planted into reasonable moisture, lumpy seedbed, variable soils, variable emergence  

5 ς Redlands  Planted into reasonable moisture, lumpy seedbed, variable soils, variable emergence  

6 - Wondergraze  30 mm same day as planting, lumpy seedbed, variable emergence  

7 - Wondergraze  First paddock planted, into good moisture, good seedbed, very good emergence in all 

except one end of one row (seed ran out), 30 mm rain day after planting  

8 -  Redlands  Planted into reasonable moisture, good seedbed, satisfactory emergence  

5.1.2.2 Round 2 sowing  

There was good rainfall immediately before and on several days following the second round sowing.  

Although no rainfall was received for an 11 day period up to 4 March, soil moisture was conserved 

due to mild weather conditions.  Therefore, on-going germination and emergence was not limited by 

moisture availability. 

The basalt planter was better able to maintain a consistent planting depth.  The only issue was that 

the planting tine left a furrow as a result of moist soil displaced by the tine not slumping back.  

Whilst this had the potential to reduce emergence if heavy rain washed soil back into the furrow, it 

only occurred in a few areas after receiving 47 mm rainfall on 21 February (Fig. 11). 

Emergence from the second round of sowing was good and resulted in a more consistent population 

of leucaena seedlings across the trial paddocks.  Where germination and emergence from the first 

round sowing had been poor, there was usually good germination and emergence from the second 

round sowing to compensate (Fig. 12).  On-going germination from the first round sowing also 

improved the overall seedling population. 

Notwithstanding the above, germination failed or was relatively poor in some sections of row and 

this led to suboptimal or unsatisfactory plant populations in some areas.  This was most evident at 

the eastern ends of Paddocks 2-4 which had lighter soils. 
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a.  

  
b. 

Fig 11.  Second round emergence after sowing with basalt planter; a. furrow left along plant line; b. 

furrow after 47mm rainfall received 21 February. 

 

Fig 12. Typical emergence after second round sowing using tined basalt planter. 

5.1.3 Weed control 

Regular cultivation either side of the plant row for weed control during the second quarter of 2017 

was reasonably effective at limiting competition from weeds and the inter-row pasture.  The final 

cultivation was carried out after a rainfall event on 18 May 2017.  This ensured long-term weed 

control as dry conditions after that time were far less favourable for on-going weed germination and 

growth. 

The best weed control was achieved in Paddock 7 where the single row planting allowed control of 

weeds in close proximity to leucaena.  In all other paddocks, with closely spaced twin rows, weed 

control was compromised from the cultivating tines being further apart.  Intra-row weeds could not 

be cultivated and significantly competed with leucaena seedlings. 

Rainfall in October reinvigorated leucaena growth whereas weeds were much slower to respond and 

cultivation was not required.  Weeds which did develop quickly became moisture stressed in the 

ensuing hot and dry weather.  This was particularly apparent in the previously cultivated area either 

side of leucaena rows, due to increased moisture loss from the bare surface. 

DǊŀǎǎ ŎƻƴǘǊƻƭ ǳǎƛƴƎ ±ŜǊŘƛŎǘϰ ƻǾŜǊ ǎƻƳŜ ŀǊŜŀǎ ƛƴ aŀǊŎƘ нлмт ǿŀǎ ŜŦŦŜŎǘƛǾŜΦ  .ȅ ŜŀǊƭȅ !ǇǊƛƭ ƎǊŀǎǎ 

which received this treatment was mostly dead (individual tussocks) or significantly set-back in areas 
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with heavy growth.  However, leucaena seedling populations in areas which previously had heavy 

grass growth were lower, either because of poor emergence or subsequent competition from the 

grass. 

Gamba grass control in January 2018 was effective although new plants established in some areas, 

usually in close proximity to previous outbreaks. 

5.1.4 Pest control 

The January 2017 application of Albatross® to control grasshoppers was deemed effective.  Despite 

grasshoppers remaining in high populations in neighbouring grassed paddocks, they did not appear 

to migrate into the leucaena paddocks over the following weeks.  Small numbers of grasshoppers 

were observed in the trial area by mid-March however leucaena seedlings had developed to a stage 

where damage from grasshoppers was not considered to be a risk. 

5.1.5 Re-growth control 

For all spraying events, wilting of suckers was evident within one to two days of Garlon® application 

and death occurred over the following one to two weeks in most cases.  Good control was 

progressively achieved with follow-up treatments.  Best control was achieved during the wet-season 

when suckers had a flush of new growth. 

For the November 2017 treatment, some herbicide damage occurred to small sections of leucaena 

row about a week after spraying.  This was due to spray drift, even though wind conditions at the 

time of treatment were light.  Leucaena leaves turned yellow, but there was no mortality and 

affected plants recovered within two to three weeks. 

5.1.6 Weather 

Rainfall recorded at Pinnarendi over 2017 and 2018 is presented in Table 8 together with monthly 

rainfall statistics for nearby Meadowbank Station (source Bureau of Meteorology).  The 2017 wet 

season started later than usual, with below median rainfall in the previous November-December 

period (2016).  Good rainfall from January to April provided generally favourable conditions for 

sowing and early leucaena establishment.  April and May had below average rainfall but the 16 mm 

recorded in May (equal to the May median) was mostly received in a single day providing a 

significant late boost to soil moisture. 

Conditions from June to October were dry.  Storm rain received in mid-October totalling 80 mm was 

in the wettest decile for October rainfall.  Rain during November and December 2017 was lower 

than normal.  Close to average rainfall was received in January and February 2018.  In March 2018 

298 mm was received which was in the wettest decile for March rainfall.  Rainfall over the April-

September period was lower than median (totalling 32 mm over 6 months).  There was a good break 

to the season in October 2018 with 32 mm recorded. 

No temperature data was recorded at the site during 2017 and up until late May 2018.  Anecdotally, 

temperatures during 2017 were close to normal except for higher than average maximums in 

December and January 2017-муΦ  ¢ƘŜ нлмт ΨǿƛƴǘŜǊΩ ǿŀǎ mild.  There was no frost at the site.  Colder 

conditions occurred during the 2018 winter period and this did supress leucaena growth.  In June, 
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there were 15 nights when the air temperature was < 10oC (measured 1.5 m above the ground) 

including nine consecutive nights.  The nights of 19 and 20 June each had several hours of 

temperatures < 10oC with a minimum close to 4oC.  For July, there were 11 nights with air 

temperature < 10oC but minimums were always above 5oC.  Late August had nine nights with 

temperatures < 10oC and the minimum temperature for the year of 2.8oC on 21 August.  Probable 

light frost damage resulted from consecutive nights of low minimums in June.  After another cold 

night on 21 August, leucaena was frost affected in lower areas of Paddocks 1-6.  The effects were 

short lived, as leucaena responded to warmer temperatures (September) with a flush of new shoots 

and leaf. 

Table 8 Historical monthly rainfall statistics for Meadowbank and monthly totals recorded at 
Pinnarendi - January 2017 to October 2018. 

  Monthly rainfall statistics for Meadowbank (Pinnarendi actuals Jan 2017 to Feb 2018)   

Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Total  

Meadowbank  
average  

191  196  126  40  26  17  12  8  9  23  70  122  840  

Meadowbank 

median  
152  191  98  25  16  11  6  0  0  12  50  118  679  

Pinnarendi 

2017 actual  
235  131  126  15  16  5  2  8.5  0  80  5  40  663  

Pinnarendi 

2018 actual  
175  122  298  12  4  12  8  1  1  32  -  -  666  

Source: Australian Government, Bureau of Meteorology (Station #031175, Meadowbank). 

5.2 Leucaena development  

5.2.1 Activities in 2017  

In May 2017 there was still good soil moisture at the trial site and leucaena seedlings were growing 

well.  Weeds growing within the uncultivated area of plant rows competed significantly with 

leucaena in some areas. 

At the start of May 2017, there was a noticeable difference in height between plants from the two 

sowings with first cohort plants mostly in the range 0.5-1.0 m (up to 1.3 m) and second cohort plants 

in the range 0.15-0.25 m.  There were smaller plants in areas with the heaviest weed competition.  

The difference in height between planting cohorts was most evident where there was good 

emergence from both planting rounds; with first round plants out-competing the younger second 

round plants.  From observation there was also a difference in growth between Redlands and 

Wondergraze at this time, with Wondergraze being more vigorous and uniform.  Notwithstanding 

differences attributed to planting conditions, Wondergraze paddocks appeared to be better 

established, more uniform and more advanced than Redlands across both planting cohorts. 

Establishment status of leucaena at the trial site as at April 2017 is summarised in Table 9. 
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Table 9 Status of leucaena plantings at Pinnarendi (April 2016). 

Paddock  and 

treatment  
Overall status at 

April 2016 
Comments 

1 - Wondergraze  Good to excellent  Good initial strike and on-going growth  

2 - Redlands  Good  Not as good strike as paddock 1 but has grown well  

3 - Wondergraze  Average to good  Variable initial strike but good fill-in and growth  

4 - Redlands  Average to good  Variable initial strike but good fill-in and growth ς 

significant poor areas at eastern end  

5 - Redlands  Average to good  Ok initial strike and good-fill-in and growth ς some poor 

areas at eastern end  

6 - Wondergraze  Good  Reasonably good from outset and good fill-in  

7 - Wondergraze  Excellent  Best paddock from outset  

8 - Redlands  Average to good  Good strike and early growth but growth significantly 

supressed by weeds  

 

By August 2017 reduced soil moisture levels had stalled growth of smaller plants from the second 

round sowing.  Larger plants from the first round sowing were accessing moisture deeper in the 

profile and were still growing.  First cohort plants were mostly 0.5-1.0 m in height with the best 

plants 1.5 m or more.  Second cohort plants were 250-500 mm in height, with smaller plants in areas 

which previously had the heaviest weed competition.  At this time annual weeds had mostly hayed 

off or died and were no longer competing significantly with leucaena. 

The perceived outperformance (growth) of Wondergraze relative to Redlands across the site 

towards the end of the wet season was no longer apparent.  Psyllid attacks on Wondergraze across 

all paddocks from late May (Section 5.5) caused substantial leaf damage.  Continued growth of 

Redlands without psyllid damage and attendant leaf loss meant that it was more advanced than 

Wondergraze (albeit less uniform).  The perceived status of paddocks in August 2017 is summarised 

(Table 10).  
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Table 10 Status of leucaena plantings at Pinnarendi (August 2017). 

Paddock and 

Treatment  
Updated status at 
August 2017  

Comments  

1 - Wondergraze  Very good  Good from outset, less psyllid affected than other 

Wondergraze paddocks  

2 - Redlands  Good to very good  Continued good growth  

3 - Wondergraze  Good  Some poor areas in lighter soils  

4 - Redlands  Good  Some poor areas in lighter soils  

5 - Redlands  Excellent  Best paddock, some poorer rows at north-eastern 

corner  

6 - Wondergraze  Very good to 

excellent  
2nd best paddock but mostly heavily psyllid affected  

7 - Wondergraze  Very good  Uniform except for north-west corner, no longer best 

paddock due to psyllid damage  

8 - Redlands  Poor to average  Poorest paddock, good population but small plants, 

weed competition along plant row  

 

Through August and September 2017 growth of most leucaena at the site was limited by moisture 

availability.  Smaller plants stopped growing and lost leaf due to the dry conditions.  Only the largest 

plants in the heaviest soils continued growing and producing new leaf.  Notably, when psyllid 

populations decreased from about mid-September, affected Wondergraze plants responded with a 

flush of new leaf which remain largely undamaged. 

Higher than usual rain was received in October 2017.  This resulted in renewed growth across the 

site and ensured survival of smaller leucaena plants.  All leucaena at the site had a growth response 

within a few days of this rain which continued until about mid-December.  Whilst rainfall in 

November was below average, occasional storm rain was sufficient to maintain leucaena growth.  

December rainfall was light and leucaena on lighter soils stopped growing by the middle of the 

month due to a lack of moisture.  Moisture stress had limited leucaena growth across the entire site 

by New Year (2018). 

Typical leucaena development at the site is chronicled in Fig. 13 (a-d). 
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a(i). April 2017, typical growth of Wondergraze 

(Paddock 1 ς Wondergraze) 

 
a(ii). April 2017, typical growth of Redland 

(Paddock 2 ς Redlands) 

 
b(i). August 2017, typical growth of 

Wondergraze (Paddock 3 ς Wondergraze) 

 
b(ii). August 2017, typical growth of Redlands 

(Paddock 4 ς Redlands) 

 
c. June 2017, beginning of dry-season 

(Paddock 7 ς Wondergraze) 

 
d. November 2017, growth response to rain in 

October (Paddock 7 ς Wondergraze) 

Fig. 13 Typical development of leucaena at site during 2017.  

5.2.2 Activities in 2018 

Rainfall in early January 2018 produced another growth response in leucaena across the site.  With 

no psyllids active, new growth on Wondergraze compensated for previous damage.  Near the end of 
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January there had been no significant rainfall for three weeks.  Leucaena on lighter soils became 

water stressed and stopped growing.  Leucaena on heavier soils (about 75% of the site) continued to 

grow despite conditions progressively drying out.  Overall, rainfall to February 2018 was irregular 

and leucaena growth was inhibited. 

During February, regular rainfall was received at the site providing ideal conditions for sustained 

leucaena growth (Fig. 16a.).  However, leucaena growth was not vigorous and this was concerning 

considering the significant amount of fertiliser applied before and after sowing (targeting 

phosphorus and sulphur deficiencies).  Most of the leucaena at Pinnarendi had a yellow-green colour 

(Fig. 14a.).  This was the case for both Redlands and Wondergraze across all trial paddocks with the 

exception of Paddock 7 (which had reasonably good growth and colour ς Fig. 14b.).  Soil and leaf 

samples were taken and a small-scale nutrient trial was implemented (Section 4.5.4).  An observed 

response to nitrogen application from this trial (Fig. 15), was the basis for the additional application 

of a custom fertiliser blend which included nitrogen (Section 4.4.3). 

  
a.  

  
b.  

Fig. 14 Leucaena in February 2018 with; a. poor colour and vigour; b. good colour and vigour. 

 

 

Fig. 15 Observed response to nitrogen in the small-scale nutrient trial implemented in February 2018 

(nitrogen treatment to left). 

  














































































































