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NRMI: RiskWiSe

Host Farmer: Webster Family, Kendenup

Anne Wilson, Project Officer, SCF

Key Messages

« Medium nitrogen strategies (Decile 5 targets) generally deliver more stable gross margins under

price and seasonal uncertainty.

Legume phases can contribute nitrogen over time, but benefits are highly dependent on rainfall

patterns and mineralisation timing.

In the WA high rainfall zone (HRZ), nitrogen losses and crop response are often driven by rainfall
amount and timing, making seasonal alignment key to profitability.

Flexible, in-season nitrogen decision-making is critical to reducing both economic and

environmental risk in HRZ systems.

BACKGROUND

This project investigates how crop rotation influences
nitrogen use efficiency (NUE), emissions intensity,
profitability, and grower risk behaviour in the high rainfall
zone (HRZ) of Western Australia. Cropping systems in

this region are largely conducted on sandy duplex soils
with inherently low water- and nutrient-holding capacity,
creating a production environment that differs markedly
from higher-performing systems in eastern Australia.
These soil characteristics, combined with frequent high
rainfall events, increase the leaching and denitrification
losses of applied nitrogen. Alongside this, low NUE where a
relatively small proportion of applied nitrogen is recovered
in grain yield or grain protein, has contributed to the

yield gap seen in HRZ. As a result, many growers adopt
conservative nitrogen strategies, particularly in higher
rainfall seasons when losses are perceived to be greatest.

Local soils are highly prone to leaching and short-term
waterlogging, which has led to limited confidence in soil
nitrogen banking. Consequently, nitrogen decisions are
often made on a seasonal or ‘set-and-forget’ basis. This
approach can result in over-application in low decile years

and insufficient nitrogen supply when seasonal conditions
favour high yield potential.

In response to this challenge, Stirlings to Coast Farmers
established a long-term field experiment in 2023 to assess
both agronomic and economic outcomes of differing
crop rotations and nitrogen risk strategies. Alongside

the field measurements, APSIM modelling and emissions
calculations are being used to extend the relevance of
the trial results across a broader range of seasonal and
management scenarios. The overall aim is to quantify both
the risks (lower NUE and higher emissions intensity) and
rewards (profitability and yield stability) associated with
different nitrogen strategies and rotational sequences

in the WA HRZ. By providing robust, regionally relevant
data, this project seeks to improve grower confidence and
support more adaptive nitrogen decision-making.

METHODOLOGY & TREATMENTS

The third year of a long-term fully phased and replicated
small-plot experiment was sown on 16 May 2025 (cereals
and lupins) and 18 June 2025 (resown canola, following a
spray-related establishment failure).



The nitrogen treatments represent contrasting risk strategies: a nil nitrogen treatment to provide a
modelling and biological baseline, a medium-risk strategy targeting a Decile 5 rainfall year yield potential,
and a higher-risk strategy targeting a Decile 8 yield potential (Table 1). The trial site was selected for its
relatively uniform sandy soil type and generally level topography, although a shallow low-lying area is
subject to periodic waterlogging, which has influenced yield and soil nitrogen measurements in that zone.

Measurements are taken annually and include establishment counts, nodulation assessments of legumes,
in-season tissue testing for N%, hand-cut and machine-harvested yield, harvest index, grain and residue
nitrogen, soil mineral nitrogen (pre-seeding and post-harvest), grain quality parameters (including protein
and screenings), and emissions intensity expressed as kg CO.e per tonne of grain.

Three fully phased rotations are being assessed:
o Double Break: Wheat — Canola — Legume — Barley
e No Legume: Wheat — Canola — Barley — Canola

e Single Break: Wheat — Canola — Barley — Legume

Table 1: Total nitrogen (kg/ha) applied to each crop for each of the three nitrogen strategies in 2025.

Nil Low (Medium risk) | High (High risk)
Cereal 10 79 144
Canola 10 79 144
Legume 10 10 10

Due to the delayed re-sowing of canola after early-season chemical damage, canola yields in 2025 were

suppressed. Results involving canola for that year should therefore be interpreted cautiously.
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RESULTS AND DISCUSSION
2025 Soil Nitrogen

Post-harvest soil testing in 2025 (Figure 1) revealed variable levels of mineral nitrogen, with no strong or
consistent relationship to either the current crop or previous land use. It is important to recognise that soil
testing captures only inorganic nitrogen forms (nitrate and ammonium) and does not account for organic
nitrogen pools. Nitrogen fixed by legumes is initially retained in plant residues and soil organic matter
and may not be mineralised until rainfall and temperature are favourable for breakdown. As a result, soil
mineral nitrogen measured immediately after harvest is likely to underestimate the longer-term nitrogen
contribution from legume phases, particularly following dry summers.
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Figure 1: Total available soil nitrogen in the top 90cm at harvest for 2025. The error bars reflect variations due to rotation and
experimental variations. (supplied by MY-FOG)

Higher nitrogen fertiliser rates led to increased residual mineral nitrogen at harvest (Figure 1); however,
this nitrogen remains vulnerable to summer losses and may not be reliably available to subsequent crops.
Pre-seeding soil testing prior to the 2026 season will provide further insight into nitrogen carryover between

seasons.
2025 GRAIN QUALITY, YIELD, AND EFFICIENCIES

Across crops, yield responses to previous land use were inconsistent in 2025. While yield benefits following
legumes were observed in some instances, high variability between replicates indicates that rotational
responses were not consistent (Figure 2). This suggests interactions between seasonal conditions, soil
nitrogen supply, and crop demand are complex in the HRZ and require multiple years of data to interpret
with confidence.
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Figure 2: Yield by current crop, previous crop and nitrogen treatment for 2025. (supplied by MY-FOG)
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As expected, increasing nitrogen rate consistently increased grain protein across all crops. Protein levels
were generally lower following legume phases, reflecting the partial substitution of fertiliser nitrogen with
biologically fixed nitrogen and, in some cases, higher yield dilution effects (Figure 3). Screenings tended
to increase with higher nitrogen rates, particularly in crops following lupins, suggesting that factors other
than nitrogen—such as canopy density or seasonal stress—may have limited grain size under high-input
treatments (Figure 4).

Wheat Canola Barley Lupin Treatment
N
J J | —
Bl H

Canola Wheat Lupin Barley Wheat Lupin Canola Lupin Wheat Barley
Previous Land Use Previous Land Use Previous Land Use Previous Land Use

Figure 3: Protein by crop and nitrogen treatment for 2025. The error bars reflect experimental variations. (supplied by MY-FOG)
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Figure 4: Screenings by crop and nitrogen treatment for 2025. The error bars reflect experimental variations. (supplied by MY-FOG)

Nitrogen use efficiency (NUE), calculated as the proportion of applied nitrogen removed in grain, declined
as nitrogen application rates increased. NUE values were also lower following lupins compared with cereals
and canola, although interpretation must be cautious as this metric does not account for background soil
nitrogen or rotational carryover effects (Figure 5).
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Figure 5: Nitrogen use efficiency by crop and nitrogen treatment for 2025. The error bars reflect experimental variations. (supplied by
MY-FOG)
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2023-2025 GROSS MARGIN & SHADOW COSTS

Across the three years, rotations containing legumes under nil nitrogen generally returned the lowest
average gross margins (Figure 6). This reflects both reduced yields under nil nitrogen strategies and the
lower market value of lupins relative to cereals and canola. Notably, the no-legume rotation under nil
nitrogen outperformed the single-break rotation receiving both Decile 5 and Decile 8 nitrogen strategies.
Similarly, the no-legume rotation with additional fertiliser outperformed legume-inclusive rotations with

similar nitrogen inputs.

Legume-inclusive rotations also exhibited greater variability in gross margin outcomes (Figure 6). This
variability is likely driven by seasonal conditions. In wetter years, legume residue breakdown and nitrogen
mineralisation can be accelerated, increasing in-crop nitrogen availability and subsequent crop yield
response. In contrast, in drier or poorly timed seasons, much of the fixed nitrogen may remain unavailable,
reducing short-term benefits.
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Figure 6: Gross margin cost of each treatment. All-years mean gross margin +
standard error is indicated by the x symbol. (supplied by CC-UoM)

RISK SENSITIVITY

Risk sensitivity analysis was undertaken using all three years of data available. Analysis has been performed
to increase understanding of the way risk levels can change when making the same decision that depends
on an ever-changing variable, eg. fluctuating nitrogen price scenarios.

Table 2: Nitrogen price for each scenario.

-50% | -25% Standard +25% +50%

Nitrogen price ($/t N) 600 900 1200 1500 1800

Risk analysis showed that higher nitrogen strategies were more sensitive to changes in fertiliser price (Table
2) across all crop types, as evidenced by steeper response slopes and greater variability in gross margins
(Figure 7). When nitrogen prices are low, aggressive nitrogen strategies can deliver higher returns, albeit
with increased volatility. Under higher nitrogen price scenarios—as experienced heading into 2026—the
medium (Decile 5) nitrogen strategy more frequently delivered superior economic outcomes with lower
associated risk.
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Figure 7: Risk analysis by crop, nitrogen treatment, and varying N price scenarios. (supplied by MY-FOG)

Rainfall-based sensitivity analysis further reinforced these findings. Nil nitrogen strategies showed declining
gross margins as rainfall increased, reflecting higher crop nitrogen demand and greater losses through
leaching on sandy soils (Figure 8). High nitrogen strategies displayed greater economic spread between
medium and high rainfall seasons, when compared to the low nitrogen treatment. This indicates an
increased risk in applying extra fertiliser to any crop type when rainfall conditions are unknown. Whereas
the low nitrogen treatment can offer a less risky strategy—offering similar returns in a good rainfall year
compared to high N strategies, and even increased returns in wheat and canola under poorer rainfall
conditions.
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Figure 8: Risk analysis by crop, nitrogen treatment, and growing season rainfall scenarios. (supplied by MY-FOG)

Table 3: Gross margin calculation factors

Factors Standard N | High N | Very High N | Cereal | Canola | Lupins

Price ($/t) | 1200 1680 2160 320 595 350
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NITROGEN APPLICATION IN 2026—LOWER STOCK AT HIGHER PRICES

The 2026 season presents additional challenges, with constrained urea supply and elevated fertiliser
and diesel prices. Using cumulative trial data, economic modelling was undertaken to identify nitrogen

application rates that maximise gross margins under higher input cost scenarios and varying land-use
histories.

Cereal gross margins are more sensitive to price changes, with the optimal nitrogen rate sitting consistently
between 85-105 N units across all price scenarios (Figure 9). Canola margins differ more as prices rise,
with optimal rates stretching across a wider range (80-130) N units. In both crops, over-fertilising becomes

increasingly risky when prices are high. If you know how much nitrogen you can get this season, the models
can be used to find an estimate on gross margin return.

These analyses assumed a diesel price of $1.80/L and 17L/ha used; given current prices are closer to $2.70-
3.00/L, growers should anticipate a further reduction in gross margins of approximately $20-30/ha when
interpreting the model. Gross margins are also influenced by what was in the paddock last year (Figure

10). Cereals following canola or lupins tend to show more stable gross margins across nitrogen rates and
generally require less N when compared to sowing a cereal after cereal. Canola grown after cereals or lupins
can increase volatility, where small changes in fertiliser rate can lead to big swings in margins.
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Figure 9: Gross margin responses to varying N rates under increasing N price scenarios.
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Figure 10: Gross margin responses to varying N rates under variable crop rotations strategies.



CONCLUSIONS

While the trial is only three years into a four-year rotation
cycle, several clear trends are emerging. Nitrogen
performance and profitability in the WA HRZ are highly
context-dependent, with strong interactions between
rotation, seasonal conditions, and input prices. Legumes
can provide nitrogen benefits over time, but these benefits
are neither immediate nor guaranteed and must be
weighed against foregone income and increased variability.

Perhaps most importantly, the results reinforce that
nitrogen management should not be static. Growers who
adapt nitrogen strategies in-season based on rainfall,
starting soil nitrogen, crop type, and price signals,are more
likely to capture yield potential while limiting financial and
environmental risk. Medium-risk nitrogen strategies appear
to offer a resilient balance between performance and
stability under current HRZ conditions.

As the trial progresses through its final year, a more
complete picture of rotational nitrogen dynamics

and cumulative effects will emerge, enabling stronger
recommendations for long-term nitrogen and rotation

management in the high rainfall zone of Western Australia.

Time to ‘fine-tune’ lime, amelioration activities

WHILE there has been a strong trend in liming and amelioration

progress in WA agriculture for improved crop production, there are still
significant opportunities to fine-tune applications, target specific areas for
remediation and apply crop nutrients more strategically.

Growers who have had a strong focus on liming are in a maintenance
phase with reduced application rates. Others may now be in a position
where they can invest in fixing problem areas with lime, and incorporating
to depth, many growers and consultants target pH to maximise root
exploration, nutrient availability and microbial activity. The challenge now
is to see if we can achieve this to depth.

We definitely still see cases of root pruning due to aluminium toxicity
caused by acidity, especially in canola and drier years, so we still have
a way to go with our liming and amelioration and roots that are pruned
by aluminium can’t explore the soil and find the nutrients and water they
need.

The key now is identifying areas that still needed amending and applying

the right amount of lime — as well as ameliorating where possible —
ensure maximum returns.
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Fixing subsoil pH is more difficult, especially on heavier soil types,
amelioration is the key to getting lime to depth, but you are dealing with
rocks, gravel and harder country — and this is where machines like the
Tigers and Terralands are helping to get lime deeper into subsoils, so the
limesand can do its work.

With these soil amendment activities, farmers also need to be aware of the
potential implications of liming and amelioration on soil nutrition. On lighter
soils, various growers are applying more nutrients and trace elements
before they ameliorate, getting extra phosphorus, potassium, copper and
manganese at depth, whereas on the heavier land, it's more about just
getting the lime down where it's acid.

Ameliorated soils often produce significantly higher crop yields and farmers
needed to remember this would result in increased crop nutrient demands
for the following season, and after ameliorating, we can get a 0.5-1 tonne
per hectare yield improvement and then forget the following season, to feed
the crop a bit more. Farmers need to ensure they are replacing the nutrients
that have been removed. Bigger stubble loads can also tie-up nutrients, so
we need to take into account the extra 5 kilograms of nitrogen/ha per tonne

required, especially at the start of the season.
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