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Phosphorous placement and its effect on establishment and performance of canola
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Take home messages
In soils with low phosphorus (P), canola is likely to show a yield response to added P fertiliser.
While not reflected in this trial, placement of P with seed can adversely impact germination, even at lower rates. Where possible growers should consider alternative placement or compensate by adjusting seeding rate.
In dry seasonal conditions, placement of P below the seed is likely to provide the most benefit, followed by placement with the seed.
Given that there was a yield response to surface applied P, even in very dry conditions, the option to broadcast P ahead of sowing warrants more testing.
Background
Phosphorus (P) is an important nutrient in canola production at two key stages; establishment to support root development and during biomass accumulation.
Traditionally, P has mainly been applied at planting and often is banded in close proximity to seed. This approach is likely to be based on P being relatively immobile in the soil and needs to be placed close to developing crop root systems.
Damage to establishing crops by placing P fertiliser close to seed has long been accepted. Trials in 2013 conducted by NSW Department of Primary Industries[footnoteRef:2] documented significant reductions in canola establishment with increasing rates of P (up to 20 kg/ha). Yields however increased with increasing rates of P despite emergence suppression. Consequences of adverse establishment outcomes (less plants established sq/m) is unpredictability and variability of stand plant population. Unpredictable plant populations make targeting an ideal seeding rate difficult. If population density is worse than anticipated, very poor stands can eventuate with crops unable to compensate, potentially resulting in significant yield loss. Increasing seeding rate can compensate for establishment losses but adds to growing cost as well as to unpredictability in crop plant density.   [2:  https://grdc.com.au/Research-and-Development/GRDC-Update-Papers/2014/02/Canola-agronomy-research-in-central-west-NSW] 

The dilemma exists that canola crops require P to optimise yields, however, placing P with seed can lead to significant issues. Research prior to this study has not investigated alternate placement options for applying P fertiliser to canola.
Many modern seeders possess ability to band fertiliser below the seed. There is also the option with any sowing equipment to broadcast fertiliser either pre or post seeding. This trial is designed to investigate if application of P using these alternate methods could avoid seedling damage while maintaining a positive P fertiliser response. 
Aims	
Determine if varying placement and rate of P fertiliser can reduce potential negative impact on crop establishment, while maintaining P responsiveness of canola. 
Methods	
[bookmark: _Ref434394464][bookmark: _Ref434415861]The trial was a small plot, full factorial randomised complete block design with three replicates established in Autumn 2017. 
The trial looked at rate of P applied and the effect of P placement on germination and yield of canola. All combinations of the variables were used in the trial design. 
· Rates: Three rates of P in the form of triple superphosphate (Trifos) were applied at 0, 15, 30 and 45 kg/ha of P
· Placement: P fertiliser was applied by three methods-
· Below the seed - in a band approximately 6 cm below the soil surface and 4 cm directly below the seed, applied in the same pass
· With the seed - banded with the seed in the same pass
· Incorporated by the seeder (IBS) - Broadcast onto the soil surface prior to seeding 
· Broadcast - on the soil surface post planting with no incorporation
Table 1. Trial site details
	Trial Establishment Date
	Autumn 2017
	Seeding rate
	2.5 kg/ha

	Crop and Variety
	Canola – 44Y90
	Harvest Date
	13/11/2017

	Sowing date
	3/5/2017
	Row Spacing
	27.5 cm

	Seedling equipment
	Double Boot Tyne 
	Soil type
	Sandy Clay Loam 

	Nitrogen Crop Nutrition Urea (kg/ha)
	160 IBS 
	Previous Crop
	Wheat

	Site Nutrition: Colwell P
	0-10 cm: 33 ppm
10-30 cm: 13 ppm
	Pre-Sowing Stubble Management
	Burnt stubble


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. 
Results
A table of the full results are contained in Appendix 1 at the end of the document.
Plant Establishment: Average population was relatively low, 11 plants/m2. Placement of P with seed reduced plant establishment by close to 30% compared to control (i.e. nil applied P). None of the other application options had any significant impact on establishment compared to nil P.  

Figure 1. Crop establishment (plants/m2) for the four P application placement options (regardless of rate) compared to control (no P was applied).
Yields: In treatments where P was applied yields were 0.1 t/ha greater than nil P treatment. Level of response tended to plateau at 15 kg/ha P (Figure 2). 

[bookmark: _Ref521325559]Figure 2. Yields (t/ha) for the four phosphorous application rates (regardless of placement).
There was a yield advantage of 0.14t/ha by placing P with or below the seed at sowing when compared to Control (nil P) (Figure 3). Where P was placed on the soil surface, very modest yield response of less than 100 kg/ha were measured.  

[bookmark: _Ref521325587]Figure 3. Yields (t/ha) for the four P placement options. Below and with are location in relation to seed placement and IBS is incorporated by sowing. Control is where no P was applied.

There was an interaction between various P placement strategies and P rate, in that there was a significant different response to rate for the different placement options (Figure 4).

[bookmark: _Ref521328681]Figure 4. Yields (t/ha) for 3 rates and the various P placement options. Control is where no P was applied.
Oil %:	There was no influence of P rate or placement on oil percentage.
Discussion
This trial was drought affected, and yields reflect this. The site moderate Colwell P levels, of 33 ppm in the surface 10 cm and 13 ppm in the 10 – 30 cm soil layer. These levels should have been sufficient to support the modest yields achieved, despite this responses to both P rate and placement occurred. 
There was an impact on plant establishment by the placement of P with seed, however, this did not appear to adversely affect yield. The trial demonstrated that even in a dry season P could be placed below the seed without impacting establishment.
Placement of P either with or below the seed were the best yielding treatments. It is likely that banding fertiliser P into soil where there was moisture for a longer period during the growing season, allowed canola plants longer access to the P source. Further investigation is warranted to examine if even deeper P placement would allow for further yield gains. It may also be worth assessing if having P evenly distributed in the surface 5-10 cm improves the yield response. The optimal P rate for maximising production was about 15 kg/ha, however, this may not necessarily reflect optimal economic return. On the other hand, further research assessing the value of building soil P levels over time compared to annual applications may also be warranted.
Yields from broadcasting P straight after sowing were not significantly less than placing P with seed, indicating that there was some surface root activity however the IBS treatment, yielded less than the banded treatments but still better than the untreated. It is conceivable that the broadcast treatment did result in some fertilizer landing on the soil surface in the planting row, in relatively close proximity to the seed. However for the IBS treatment it is possible that the sowing process dislodged P away from the seed row and hence, lower response (but a response nonetheless).  
Placement of P with seed is likely to be the main method of application for many farmers in the GOA region. This trial demonstrated that placing P under the seed or broadcasting post sowing may be considered as alternative placement options, with less risk of seedling damage. 
Given the P response to top-dressed treatment, and that farmers are predominantly set-up to apply P with seed, investigation into a ‘split’ treatment is worth undertaking. It may give benefits in yields and as well improve logistics at sowing.
Conclusion
In soils with low P, canola is likely to show a yield response to added P fertiliser.
While not reflected in this trial, P placement with seed can adversely impact germination, even at lower P rates. Where possible consideration should be given to alternative P placement or compensate by adjusting seeding rate.
In dry seasonal conditions, placement of P below the seed is likely to achieve the greatest benefit, followed by placement with the seed (though take note of comment above). 
There was a yield response, although small, from surface applied P, even in very dry conditions. An option for future study is to split P application between a broadcast ahead of sowing and at sowing.
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 Appendix
Table 2. Impact of P rates and P placement on plant establishment and yield of canola. Results followed by the same letter are not significantly different.

	P-rate (kg/ha)
	P Placement
	Yield (t/ha)
	Plant Establishment Count (plants/m2)
	Oil %

	0
	Control
	0.29
	e
	11.9
	bc
	38.9
	ns

	15
	Below
	0.45
	abc
	12.6
	abc
	39.1
	ns

	30
	Below
	0.52
	a
	11.4
	bcd
	38.5
	ns

	45
	Below
	0.36
	cde
	10.7
	bcd
	38.6
	ns

	15
	IBS
	0.34
	de
	9.94
	bcd
	39.2
	ns

	30
	IBS
	0.37
	bcd
	12.2
	abcd
	38.9
	ns

	45
	IBS
	0.36
	cde
	14.2
	ab
	38.7
	ns

	15
	Topdressed
	0.33
	de
	11.6
	abcd
	39.2
	ns

	30
	Topdressed
	0.42
	bcd
	11.4
	bcd
	38.3
	ns

	45
	Topdressed
	0.42
	bcd
	17.8
	a
	38.9
	ns

	15
	With
	0.43
	abcd
	11.8
	abcd
	39.4
	ns

	30
	With
	0.41
	bcd
	7.3
	cd
	39.0
	ns

	45
	With
	0.46
	ab
	6.08
	d
	39.6
	ns

	
	lsd
	0.1
	
	6.25
	
	
	



yield placement	a	a	ab	b	c	 	Below	With	Topdressed	IBS	Control 	lsd	0.44395404901327501	0.43244928198461702	0.389193754791753	0.35774291130949099	0.29134900235202199	5.6502398393406199E-2	Phosphorous placement


Yield (t/ha)



yield	e	abcd	bcd	ab	abc	a	cde	de	bcd	bcd	de	bcd	cde	 	0	15	30	45	15	30	45	15	30	45	15	30	45	lsd 	Control 	With	Below	Topdressed	IBS	lsd	0.29134900235202199	0.42655984938403602	0.41192519594166999	0.45886280062814599	0.45234804552040497	0.52197815415152204	0.35753594736789701	0.33451258173661302	0.41806555518492799	0.41500312745371898	0.34183910852946298	0.37376925619906698	0.357620369199942	9.7223502224846201E-2	Phosphorous rate (kg/ha) and placement


Yield (t/ha)



plant est placement	a	b	ab	a	a	 	Control 	With	Below	Topdressed	IBS	lsd	11.912003244119999	8.3806434171397708	11.557177615571799	13.584752635847501	12.097864287645301	3.63171978583705	
Establishement (plants/m2)



yield rate	b	a	a	a	 	0	15	30	45	lsd 	0.29134900235202299	0.38881489629263	0.43143454036929701	0.397255561162426	5.0230171767150597E-2	Phosphorous rate (kg/ha)


Yield (t/ha)
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