Climate Smart NUE

Host Farmers: Smith Family, Green Range; Baum Family, Needilup,; Piesse Family, Kojonup, Moir
Family, Boxwood Hill

Anne Wilson, Project Officer, SCF

Key Messages

« Starting soil nitrogen and rainfall timing were the primary drivers of yield response to applied
nitrogen across all sites in 2025.

« Background soil nitrogen was high at Green Range and increasing fertiliser nitrogen provided little
yield or grain quality benefit.

« Higher nitrogen rates frequently resulted in greater residual mineral nitrogen post harvest,
particularly in the surface soil layers.

« Soil testing remains essential for informing nitrogen decisions, particularly following pasture or
legume phases.

BACKGROUND

The Climate Smart NUE project is a three year initiative designed to improve nitrogen use efficiency (NUE)
and reduce emissions from grain production systems in the high rainfall zone (HRZ) of Western Australia.
The project builds on the already established RiskWi$e project, with an emphasis on understanding how
crop rotation, soil nitrogen supply, rainfall timing, and fertiliser strategy interact to influence agronomic,
economic, and environmental efficiencies at a truly local level.

Four fully phased and replicated demonstration sites have been established across the Great Southern:
Green Range (hosted by Stirlings to Coast Farmers), Needilup (Fitzgerald Biosphere Group), Kojonup
(Southern Dirt), and Boxwood Hill (North Stirlings Pallinup Natural Resources). While nitrogen strategies
differed between sites, ranging from rainfall decile approaches to nitrogen replacement concept, all
treatments were designed to be locally relevant and push current practices.

The Southern Aboriginal Corporation (SAC) Rangers have been actively involved in trial delivery and
monitoring during the first year, contributing to capacity building and strengthening connections between
agricultural practice, Country, and community.




METHODOLOGY/TREATMENTS

Four fully phased, randomised, small plot trials were established in 2025 and will be re implemented over a
total of three growing seasons. Each site tests three nitrogen strategies (Table 1) across two differing crop
rotations, with all crop types represented each year to minimise seasonal bias. Legume crops received no
additional applied nitrogen beyond starter fertiliser.

1. Site 1. Kojonup 3. Green range

a. Alt break: Canola — Wheat — Legume — Oats a. Pasture break: Canola — Barley — Vetch

b. Single break: Canola — Oats — Wheat b. Single break: Canoala - barley — canola — wheat

2. Site 2: Boxwood 4. Needilup

a. Diverse: Canola - barley — Legume a. Diverse: Wheat — Canola — Faba Bean

b. Single break: Canoala - barley — canola — wheat b. Double cereal: Wheat — Canola — Barley

Soil was sampled pre-seeding using surface and deep soil cores to characterise starting nitrogen supply
through the profile. Establishment counts and nodulation assessments were performed in the early growing
season. In season tissue testing was undertaken at peak nitrogen accumulation. Crops were machine
harvested, with plot scale yield and grain quality parameters measured. Post harvest deep soil nitrogen
cores were collected to quantify residual nitrogen distribution and changes in soil nitrogen status. Prior to
seeding in 2026, deep soil cores will be taken again to understand the movement and / or loss of nitrogen
in the system over the summer fallow period.

As this represents the first year of a three year system, results are presented primarily by crop type and
nitrogen strategy, providing an early indication of nitrogen response under contrasting soil nitrogen supply
and seasonal conditions, with rotational effects expected to become clearer in subsequent years.

Table T: Actual nitrogen applied (kg/ha) at each site, under differing
strategies and crop types in 2025.

Site Crop type | Nil Low High
Green Cereals 10 92 150
Range | canola 10 115 180
Cereals 10 92 150
Needilup
Canola 10 115 180
Cereals 10 135 180
Kojonup | Canola 10 135 200
Oats 10 90 135
Boxwood | Cereals 10 80 140
Hill 10 100 200
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RESULTS AND DISCUSSION
Across all sites

Pre seeding soil nitrogen levels to 30cm varied between sites in 2025 and provided critical context for

interpreting crop response to applied nitrogen (Figure 1).

Green Range commenced the season with ~237 kg N/ha in the top 0-30 cm, following a 2024 pasture
phase. Needilup had approximately ~25 kg N/ha in the top 30 cm, representative of typical HRZ starting
soils. Kojonup was sown with ~38 kg N/ha in the top 30 cm. Boxwood Hill had the lowest starting nitrogen,
with <15 kg N/ha in the top 30 cm (Figure 7).
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Figure 1: Total available soil nitrogen in the top 30cm pre-seeding.
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Yield responses differed between sites (Figure 2). At Kojonup, Boxwood Hill and Needilup, yields generally
increased with higher nitrogen application. In contrast, Green Range showed minimal yield response to

increasing nitrogen, indicating nitrogen was not the primary limiting factor at that site in 2025.
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Figure 2: Yield by crop and nitrogen treatment. The error bars reflect variations due to
rotation and experimental variations. (Supplied by MY-FOG)
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Post harvest soil testing showed that higher fertiliser rates frequently resulted in increased residual mineral
nitrogen (Figure 3), predominantly in the 0-30 cm layer. This suggests that under 2025 seasonal conditions,
applied nitrogen was not fully captured by the crop and instead contributed to soil nitrogen surplus.
Increased mineral nitrogen was commonly observed following legume crops; however, it is important to
note that soil tests quantify mineral nitrogen only (@ammonium and nitrate) and do not account for organic
nitrogen retained in residues prior to mineralisation.
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Figure 3: Total available soil nitrogen in the top 90cm at harvest. The error bars reflect variations due
to rotation and experimental variations. (Supplied by MY-FOG)

Green Range
Seasonal conditions and rainfall timing

The 2025 season at Green Range was classified as decile 8 rainfall, but the timing of rainfall events was
particularly influential. A series of rainfall events in late March occurred following the pasture phase,
mobilising large amounts of mineral nitrogen prior to seeding, though some nitrogen was likely lost through
leaching. Subsequent rainfall in late May and early June supported rapid establishment and early crop
growth, reducing early nitrogen stress. Continued rainfall through July and August maintained soil moisture
and nitrogen supply availability during peak vegetative growth, with further rainfall during September
supporting grain fill.



This alignment of rainfall with key growth stages most likely allowed crops to access large quantities of

background soil nitrogen (from the previous pasture phase), reducing reliance on applied N fertiliser.

NUE, Grain Quality, Gross Margins

At Green Range, grain protein and screenings did not consistently increase with higher nitrogen application
(Figure 4). Nil, low and high nitrogen treatments largely remained within acceptable receival standards (e.g.

ASW equivalent), with substantial variability between plots. The lack of a clear grain quality response to

applied N aligns with the large background soil nitrogen supply in 2025.
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Figure 4: Nitrogen use efficiency, protein, and screenings by crop and nitrogen treatment for Green Range 2025. The error bars reflect
experimental variations. (Supplied by MY-FOG)

Nitrogen use efficiency (NUE), calculated as the ratio of nitrogen removed in grain to nitrogen applied,

declined as fertiliser rates increased (Figure 4). Nil nitrogen treatments displayed high NUE values due

to reliance on soil derived nitrogen (over 12 at Green Range, with other trial locations ranging <1-6),

highlighting the importance of accounting for starting soil nitrogen, and estimating organic nitrogen

retained in crop/pasture residues when interpreting NUE figures.

Gross margins for Green Range show nil nitrogen treatments (starter nitrogen only) were economically

profitable under 2025 conditions, often outperforming the low and high fertiliser treatments (Table 2).

Results for canola should be interpreted cautiously due to late reseeding in some plots; however, the data
indicates that late reseeding can still achieve acceptable economic outcomes when supported by adequate

soil nitrogen.

Table 2: Gross margin by crop and nitrogen treatment for 2025. This gross margin calculation has been adjusted for
screening and protein in the calculation of grain revenue and accounts for all the variable costs as outlined in the
methodology. (Supplied by MY-FOG)

Location Rotation Crop High N Low N Nil N
Pasture Break | Barley $1060 $1506 $1617
Pasture Break | Canola $309 $302 $359
Pasture Break | Vetch -$332 -$332 -$332

Green Range
Single Break Barley $1357 $1482 $1439
Single Break Canola $31 $325 $87
Single Break Wheat $1745 $1473 $1800
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2026: HIGH FUEL & FERTILISER PRICE IMPLICATIONS

Data from all four sites were combined to assess gross margin sensitivity to the increased fertiliser and fuel
prices in 2026 (Table 3).

Table3: Price scenarios examined. (Supplied by MY-FOG)

Standard Current - April 2026
Nitrogen price ($/t N) $1200 $2200
Diesel price ($/L after rebate) $1.42 $3.00

Fuel price alone had limited impact on nitrogen profitability, as application costs are incurred during
nitrogen applications regardless of fertiliser rate unless nitrogen is entirely excluded.

Modelling shows that pushing nitrogen rates above around 150 kg N/ha generally increases financial risk,
as higher fertiliser costs need a strong yield or grain quality response to be offset (Figure 5). In comparison,
moderate nitrogen strategies (around 80—-100 kg N/ha) may offer a lower risk starting point under current
pricing conditions.
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Figure 5: Gross margins under varying land use and nitrogen strategies. Top graph shows
standard input pricing, bottom graph shows high input pricing. (Supplied by MY-FOG)
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Canola results should be treated with caution, as late These findings reinforce the importance of soil testing

reseeding at both Green Range and Needilup reduced and season specific nitrogen decision making in HRZ

yield potential and influenced nitrogen uptake in 2025. farming systems. As the trial continues, further insights into
Even so, the modelling indicates that profitable outcomes rotational effects and longer term nitrogen dynamics will
are still achievable under high input pricing where soil support more confident nitrogen management decisions
nitrogen reserves are sufficient. From a decision making for Great Southern growers.

perspective, these results reinforce the value of knowing
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Wheat Barley Varieties for 2026

AGT-Carnac® (New) AGT-Bunyip IA® (New"
AGT-Hamelin® (New" Bigfoot CL®

Rottnest® Cyclops®
Shotgun® PegasusAX®
Tomahawk CL Plus® Titan AX®
Canola Lupin

F'AGT—Insurgent TT® ‘New Rosemont®

Contact your AGT Variety Support
Manager for more details:

Floyd Sullivan 0499 580 260

agtbreeding.com.au



