Deep phosphorous in central west NSW

Ben O’Brien’ & Maurie Street’

" Grain Orana Alliance

Key words
phosphorous, nutrition, Colwell P, Deep Placement, stratification, nutrition

GRDC code
GOA2006-001RTX

Take home messages
Applying phosphorus (P) at or close to the soil surface:

e achievesyields as good as or better than deep placed P

e has ahigher netincome than deep P.

Deep P may be an option if you have low soil Colwell P and you are:
e deep ripping to ameliorate another soil constraint

e moisture seeking to sow chickpeas

e BUT: Growers need to continue to apply shallow P fertiliser to optimise yields!

Background

Phosphorus (P) is an essential nutrient for crop growth, and although crop demand for P varies
between species and across growth stages, plants can only take up P when itis presentin the
soil solution as phosphate ions. Many of our farming soils are naturally low in P and are
depleting further. P fertilisers are mostly applied with the seed at 2-5cm of depth but crops are
constantly cycling this P and other deeper sources (5-30cm) of P to the soil surface. Some P is
removed in grain or crop tops with the balance returning to soil surface as crop residues. The
combination of these factors has resulted in a concentrated or stratified P band at, or close to,
the soil surface with the subsoils becoming P depleted. Research conducted in Central West
NSW (CW NSW) by (McMaster, 2014) and reviews conducted by (Sandral et al., 2019)
demonstrated that it is very common for P concentrations to be stratified close to the soil
surface, with limited P availability at depth in CW NSW.

Queensland and northern NSW grain growing areas have a summer dominated rainfall pattern
and growing crops generally rely more on stored soil water. As such, crops grow on subsoil
water and rely on P sources deeper in the profile. Accumulated P at the soil surface becomes
unavailable as the surface dries and if the subsoil is also depleted, deficiencies can occur.

Research from these areas has shown that deep application of P fertiliser improved crop yields
in some situations. Stemming from this research, several guidelines have been developed
which aim to predict responsiveness to applied deep P, including the development of an online
Deep P calculator (Gentry et al., 2017).

Previous studies conducted in southern NSW found no crop responses from deep applied P
compared with surface applied P (Brunton et al., 2025). It is recommended that maintaining
adequate soil P levels in the surface remains the best management option for the south. The
research concluded that the reason for the lack of response to deep P was that the ‘scenarios in




which surface P availability may be restricted due to soil drying is likely to occur relatively
infrequently’ (Brunton et al., 2025).

In summary deep applied P is recommended in the northern NSW and Queensland cropping
regions but not recommended for southern NSW, however research in CW NSW has been
limited to only 2 documented NSW DPIRD trials conducted in 2018 and 2019, which were
inconclusive due to drought conditions (Mugerwa et al., 2019b, 2019a).

In considering the potential responsiveness to deep applied P in CW NSW, GOA reviewed their
database of approximately 90 local soil tests. Using the critical thresholds of Colwell P <10
mg/kg and BSES P <30 mg/kg in the 10-30 cm soil layer, indications are that 80% would respond
to deep applied P. However, like the reasons suggested in southern NSW, it is questioned
whether the rainfall patterns and frequency of soil drying periods justify the application of

deep P.

What did we do?
In the fallow of 2017/18 GOA established 3 trials comparing P application depth, rate and
spacing.

Trials were conducted in growers' fields that had a history of response to applied P, which was
confirmed by soil testing (Table 1). All 3 sites had very low levels of both Colwell P and BSES in
the deeper soil layers (10-90 cm) meeting the suggested thresholds for responsiveness to deep
applied P.

Two trials were established using GOA’s trialling equipment and the third was established using
the grower's machinery (a deep ripper with fertiliser boxes). Phosphorous was applied as MAP
and nitrogen rate balanced for each treatment with urea.

Table 1. Soil phosphorus prior to application of fertiliser treatments in 2018.

Soil depth
Location Analyte Unit 0-10cm 10-30cm 30-60cm 60-90 cm
Trangie Phosphorus (Colwell) mg/kg 29 7 <5 <5
Phosphorus (BSES) mg/kg 36 8 <5 <5
Phosphorus Buffer Index 50 69 98 120
Narromine | Phosphorus (Colwell) mg/kg 22 <5 <5 <5
Phosphorus (BSES) mg/kg 28 6 8
Phosphorus Buffer Index 100 100 100
Geurie Phosphorus (Colwell) mg/kg 14 <5 <5 <5
Phosphorus (BSES) mg/kg 27 5 <5 9
Phosphorus Buffer Index 120 200 210 160

The trials were small plot, randomised, complete block design with 4 replicates. Results were
analysed using ANOVA for the analysis of variance and results compared by using a least
significant difference (LSD) method with a 95% confidence interval. Any references to
differences between treatments should be assumed to be statistically different unless
otherwise stated.




Table 2. Treatments applied at the trial establishment at each of the 3 sites in 2018.

Trangie Narromine Geurie
P rates — deep (kg P/ha) 0,22 and 44 0, 25 and 50 0, 25 and 50
P application depth 35-40cm 18-20cm 18-20cm
P application spacing 50cm 25and 50 cm 25and 50cm
P application orientation | Perpendicular Parallel Parallel
(to sowing rows)
Machinery Grower deep ripper GOA trialling GOA trialling
equipment equipment
Table 3. Treatments applied every year at sowing at each of the 3 sites.

Trangie Narromine Geurie
P rates at sowing (kg 0,11, and 22 (2020) 0,11,12.5,25 0,11,12.5,25
P/ha) 0, 4 and 9 (2021-24)
Depth 2-5cm 2-5cm 2-5cm
Sowing spacing 22.5cm 22.5cm 22.5cm

In 2018 trials were sown, however were abandoned as a combination of the drought and the
aggressive tillage associated with deep ripping (to apply the P) resulted in crop failures. Crops
were also not harvested from the surrounding paddocks. The drought continued into 2019 and
trials were not sown.

The following crops were sown on each of the sites:

Table 4. Trial crop sequence at each of the 3 sites, 2020 to 2024.

Year Trangie Narromine Geurie

2020 Canola (HyTTec® Trophy) | Faba beans (PBA Nasma) Canola (44Y90CL)
2021 Wheat (LRPB Lancer®?) | Wheat (LRPB Lancer®) Wheat (Beckom)
2022 Wheat (LRPB Hellfire?) | - Wheat (Beckom(®)
2023 Canola (45Y95CL) - -

2024 Wheat (LRPB Lancer®) | - -

There has been a range of seasonal conditions since trial establishment; 2018 and 2019 were
drought years, and no crop was harvested either year. The 2020, 2021, 2022, and 2024 seasons
had above average rainfall, while 2023 was below average with a dry, seasonal finish. Rainfall
details are in Table 5.



Table 5. Annual rainfall in each season at each of the 3 sites and the long-term average (LTA) 2018 to 2024

Month Trangie Narromine Geurie
2018 278 245 339
2019 143 174 260
2020 656 628 822
2021 816 793 874
2022 777 1030
2023 419
2024 614

LTA 507 502 591

The Narromine and Geurie sites were abandoned at the end of 2022 and 2021 due to paddock
renovations and shifting to a pasture phase respectively. The Trangie site was abandoned in
2024 as it was becoming evident that the deep applied P in some treatments was completely
depleted.

What did we find out?

This report summarises the findings of this research. Full details of the trials referenced in this
paper can be found at www.grainorana.com.au.

Narromine (2020-2021)
e There was no response to applied P at Narromine for the 2 crops grown (data not shown)
irrespective of application depth or rates applied.

Geurie (2020-2022)
e The site was responsive to applied P at Geurie in each of the 3 years (Figure 1).

e In 2020, even though there was ayield response to deep applied P (compared to OP), higher
yields were achieved where either shallow placed, annual only or both deep and annual P
was applied.

e |n 2021, there was no difference between the OP and the two rates of deep applied P. The
best yields were achieved in the annual only or both deep and annual P treatments. The
higher rate of annual only P had a lower yield than where 50 kg P/ha was applied deep and
12.5 kg P/ha annually.

e |n 2022, both deep P rates yielded better than the OP control and there was no difference
between any of the annual only and the deep plus annual treatments.

e Across all years there were no cases where deep applied P achieved higher yields than
those where the same rate of annual P was applied (shallow- at seed depth)
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Figure 1. Yield (t/ha) for different P treatments in each crop year (2020 canola, 2021 wheat, 2022 wheat),
Geurie. Treatments with the same letter within a year are not significantly different.

Trangie (2020-2024)
e 2020: Noresponse inyield or oil content to applied P, regardless of timing or placement
compared to OP (Figure 2).

e 2021: Deep applied P with no annual applications achieved yields no more than OP. Yields
improved with the application of the lowest shallow placed annual P rate of 4 kg/ha in 2021
when compared to the OP, with no further increase from doubling of annual P to 8 kg/ha.

e 2022: Deep applied P with no annual applications achieved yields no more than OP. Yields
increased with the application of 4 kg/ha of P applied shallow in 2022 with no further
increase even when doubling the P rate in 2022.

e 2023: Applying 22 kg P/ha, applied deep only, resulted in increased yields compared to OP.
But no further increases achieved by increasing the rate to 44 kg P/ha. Applying the lowest
rate of 4 kg/ha of annual P in 2023 matched the best deep applied only treatment with no



improvement from further annual increases. Except in one case where 4 kg/ha annual P was
better when following deep application of 44 kg P/ha when the trial was established.

2024: Deep applied P achieved no better yields than OP. Annual applications of 4 kg/ha and
9 kg/ha of shallow applied P achieved consecutive increases in yields. However no further
increases where achieved with the addition of deep applied P at similar P rates.

Across all years, with the exception of one case, deep applied P offered no higher yields
than could be achieved with (similar) annual (shallow) applications only.
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Figure 2. Yield (t/ha) for different P treatments in each crop year (2020 canola, 2021 wheat, 2022 wheat,
2023 canola, 2024 wheat), Trangie. Treatments with the same letter within a year are not significantly
different.



Average net income and fertiliser cost
Average annual netincome is calculated as gross income less the fertiliser cost. Costs were
assumed to be $1500/t for MAP and grain prices of $350/t for wheat and $750/t for canola.

Geurie

The lowest average annual net income was in the control where OP was applied, which was at
least $150 less than where P was applied (regardless of P rate or placement). However, applying
12 kg P/ha annually added over $400/ha/year, regardless of rate or placement. Applying deep P
(in addition to annual P) reduced average annual net income by $20/ha/year (before application
costs are considered).

The cumulative effect over the 3 years of this trial compared to the OP treatment is illustrated in
Figure 3 below. The additional fertiliser and application costs when applying deep P significantly
reduce the netincome benefits when compared to annual only P. Note; application costis
estimated to be $150/ha.
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Figure 3. Cumulative difference (to the control) in gross income, cumulative fertiliser costs and estimated
deep fertiliser application cost over 3 crops, Geurie 2020-22.

Trangie

The lowest average annual netincome was in the control where OP was applied, which was at
least $20 less than where P was applied (regardless of P rate or placement). However, applying
4 kg P/ha annually added over $220/ha/year, increasing to 9 kg P/ha added over $290/ha/year.
Applying deep P (in addition to annual P) reduced average annual net income by $50 and
$80/halyear respectively (before application costs are considered).

The cumulative effect over the 5 years of this trial compared to the OP treatment is illustrated in
Figure 4 below. The additional fertiliser and application costs when applying deep P significantly



reduce the net income benefits when compared to annual only P. Note; application costis
estimated to be $150/ha.
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Figure 4. Cumulative difference (to the control) in gross income, cumulative fertiliser costs and estimated
deep fertiliser application cost over 5 crops, Trangie 2020-24.

Discussion

These trials demonstrate that crops can access deep applied P, however there were no
instances where a combination of deep plus annual P applications were better than an annual
application only (when comparing equivalent application rates).

There was no yield or economic advantage from deep P application, and in fact deep P
application would come at an economic disadvantage due to the costs of deep application. This
is partially driven by a combination of slightly lower yields and the added fertiliser cost.

The structure of the trial treatments does not allow comparison of the effects and costs of
ripping to apply P with not ripping. Ripping would come at a significant financial cost, coupled
with an opportunity cost, particularly as ripping in the summer fallow will cause moisture loss
and reduction in the fallow efficiency (due to a lack of stubble cover). The follow-on effects may
cause establishment issues and reduce yields in the subsequent crop.

There are few summer crops grown in CW NSW, which is an indicator that our soils tend not to
have the storage capacity to produce a crop on stored moisture alone, coupled with the
unreliability of summer rain. This is a key difference to regions further north where crops can be
commonly grown on stored soil moisture, and as such deep P availability becomes important.
When conditions get dry in CW NSW and surface P becomes positionally unavailable, the
overall lack of moisture will more commonly be the yield limiting factor.

The frequency of climatic conditions that may lead to a positive deep P response in CW NSW
are likely to be far fewer than in the summer rainfall dominated cropping areas of QLD and
northern NSW but maybe more than experienced in southern NSW. Modelling of this frequency
by Verburg et al., 2024 has shed some light on the potentially responsiveness across the



cropping regions of Australia, finding a reduced likelihood of favourable D/W conditions in CW
NSW compared to regions to the north, reflecting what was found in these trials. At this pointin
time the application of deep P may generally not be warranted in the CW of NSW. However, if
growers were conducting other practices that enabled deep P application, e.g., deep ripping to
resolve a soil constraint or moisture seeking chickpeas at sowing, then it could be considered in
paddocks with low P levels, particularly those that are stratified. Surface layer applied P would
still be required.

There are also possibly learnings about how crops access deep P, in terms of depth, band width
and orientation (to the sowing rows) that may increase its viability in the future.
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