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BACKGROUND

The ideal range for soil Phosphorus (P), is between 
30-50 mg/kg (Colwell P), with P levels in our soil 
generally rising last year. Over half the soil tests 
conducted by Ag Grow Agronomy in 2020 were 
within this range, meaning there should have been 
enough P in reserve to maintain yield potential in a 
good year with the addition of starter P. There was 
also a large percentage of samples that were well 
above this level. 

Ag Grow Agronomy though has seen responses to 
P, even where soil tests have indicated adequate or 
high levels of P in the soil. This could be either due 
to soil type or in most years’ seasonal conditions 
where the crop is not able to access the P due to a 
dry topsoil, with rainfall and therefore soil moisture 
determining soil P availability.

Previous research in QLD and northern NSW has 
shown deep banding of immobile nutrients, like 
Phosphorus (P), has the potential to increase crop 
yield. By placing nutrients like P deep in the soil, 
it may be accessed by the crop at a later growth 
stage. The results have been variable, in terms 
of grain yield, and are impacted by location and 
seasonal conditions. 

Modelling work has also shown that placing P deep 
(8cm) in the soil can produce higher grain yield than 
where P is placed shallow (4cm). The benefits from 
this were mostly seen where GSR was less than 
300mm and where there is a dry start to the season.

To try and maximise the response from P, Ag Grow 
Agronomy conducted 2 trials in 2020 comparing a 
range of P rates at 2 depths; with the seed (5cm) 
which is considered commercial practice and P 
pre-drilled deep under the seed (10cm) into good 
moisture.

TRIAL DETAILS

Two P placement trials were established by Ag Grow 
Agronomy and Research in 2020. The trials were set 
up to try and validate existing P recommendations in 
maximising grain yield.

The sites were established at “Ridgetop” 
Beelbangera 16km NE of Griffith and an irrigated 
site was established at Graeme Horneman’s “Wilga 
Glen” Hillston, approximately 125 km NW of Griffith.

Each trial consisted of 6 P treatments (as MAP) 
placed at 2 depths, table 1a, with MAP containing 
10% nitrogen (N) and 21.9% phosphorus (P). 

Fine Tuning Phosphorus Placement in wheat

KEY POINTS

• The 2020 season was a favourable one, with an early autumn break and 
timely spring rainfall. Growing season rainfall was 276mm at Beelbangera 
and 316mm at Hillston.

• Given the season, coupled with the background levels of P in the soil, the 
crop did not go looking for P and as such there were no differences in grain 
yield where P was placed with the seed or banded at depth.

• Although there were significant differences within the trials, it was often 
difficult to draw conclusions from the data.
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As MAP also contains nitrogen, Urea (46% N) was 
used to balance out the nitrogen, ensuring each 
treatment received the same amount of N compared 
to the highest MAP rate. 

For example, at Beelbangera the treatment which 
received 100 kg/ha MAP, also received 21.74 kg/ha 
urea, to make up the difference in N compared to the 
highest 200 kg/ha MAP rate. 

The irrigated site at Hillston, due to its higher yield 
potential, had higher rates of MAP applied. The rate 
of equivalent phosphorus applied for each MAP rate 
is shown in table 1b.

Table 1a: Treatment List for the 2 P placement 
trials

 

With seed (S) = 5cm (commercial practice)

 Deep (D) = 10cm (under the seed, deep band in good moisture)

Table 1b: Equivalent rate of phosphorus applied 
for each rate of MAP.

Each trial was replicated 3 times. The trials were 
sown with a Morris Contour Drill plot seeder with 
25cm row spacings. Plot sizes were 1.75m x 12m 
(21m2), with appropriate pest, disease and weed 
control undertaken on each trial.

Beelbangera: 

The Beelbangera trial was sown following a 
chemical fallow and was sown to Scepter wheat on 
7th May 2020 at 30 kg/ha. The trial was topdressed 
with 80 kg/ha urea before sowing in April and again 
with 80 kg/ha urea mid-July. It was harvested on 10th 

November 2020.

Hillston: 

The Hillston site was sown on 19th May 2020, 
following maize. It was sown to Scepter wheat at 
100 kg/ha and with 200 kg/ha urea pre-drilled by the 
grower. The trial was also topdressed with 300 kg/
ha urea before the first irrigation in early September. 
The trial received 2 irrigations (3.6 ML/ha total 
irrigation), the first early September, and the last late 
October. It was harvested on 4th December 2020.

Soil Test Data: 
Phosphorus levels in our soils at the start of 2020 were 
generally in the range of 30-45 mg/kg (Colwell P), 
meaning there was enough in reserve to maintain yield 
potential with the addition of starter P. For nitrogen, 
most soils had good levels at the start of 2020, with the 
average level 95 kg N/ha and a lot in excess of 100 kg N/
ha. Most paddocks tested in 2020 were in the pH range 
4.5-5.5 (CaCl2), which is considered moderately acidic.

The Beelbangera site in 2020 had a pH (CaCl2) 4.5, 
total N (0-60) 159 kg N/ha and Colwell P (0-10cm) 
63ppm. 

Due to the wet conditions at the start of the season no 
soil tests were able to be conducted at the Hillston site 
in 2020. Typically the paddock has a pH (CaCl2) greater 
than 7, and P levels less than 30ppm.

2020 Seasonal Conditions:
Establishment conditions were favourable, with an early 
autumn break in 2020. Good rains fell in February and 
March setting the season up with high levels of stored 
soil moisture. This was followed by above average 
rainfall in April. 

May, to July was very dry, with below average rainfall 
experienced. Timely follow up rain was received in 
August and September. Rainfall for Beelbangera, 
“Ridgetop” and Hillston for 2020, is shown in table 2.

Beelbangera 
Site

Hillston        
Site

Treatment 
Number 

P Placement
MAP rate 
(kg/ha)

MAP rate 
(kg/ha) 

1 with seed 0 0
2 with seed 25 50
3 with seed 50 100
4 with seed 75 150
5 with seed 100 200
6 with seed 200 300
7 deep 0 0
8 deep 25 50
9 deep 50 100
10 deep 75 150
11 deep 100 200
12 deep 200 300

MAP rate 
kg/ha

Equivalent P rate 
kg/ha

0 0
25 5.5
50 11
75 16.5

100 22
200 44
300 66
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Table 2: 2020 Rainfall and Growing Season Rainfall 
(GSR) for the Beelbangera and Hillston trial sites.

RESULTS AND DISCUSSION 

Establishment, vigour reduction, NDVI, grain yield 
and quality were all assessed on each trial and 
statistically analysed using the ASReml package in 
Genstat. 

Establishment & Vigour:
Establishment was scored from 0 to 9, with 0 being very 
poorly established and uneven and 9 being very evenly 
established. 

Crop vigour was also assessed at establishment. This 
included any visual crop effects such as colour and 
overall plant health. 

Establishment scores were taken early June at 
Beelbangera at the 3 to 4 leaf stage and late June at 
Hillston at 5 leaf to early tillering, figure 1.

There were no significant differences for both 
establishment score and vigour between any of the 
treatments regardless of P placement at the two sites. 
Given the start to the season both trials established 
well, with scores at Beelbangera averaging 7.7 and at 
Hillston 8.5.

NDVI:
Crop biomass was measured around late tillering 
(mid/late July), and again around flowering (mid/late 
September), using a handheld NDVI at each of the sites. 

At Beelbangera there were significant differences for 

MAP rate at both timings. At tillering 0 kg/ha MAP rate 
was significantly lower than all other treatments and 
at flowering it was significantly lower than all other 
treatments except 25kg/ha MAP, table 3a. At tillering 
the average NDVI was 0.567, with P placed with the 
seed averaging 0.57 and P placed deep averaging 
0.56. At flowering the average NDVI was 0.685, with P 
placed with the seed averaging 0.68 and P placed deep 
averaging 0.69.

Hillston followed the same pattern as Beelbangera with 
significant differences for MAP rate at both timings, 
table 3b. The average NDVI at tillering was 0.62. The 
lowest treatment with 0.57 was 0 kg/ha MAP, which 
was significantly lower than all other MAP rates except 
25kg/ha MAP. At flowering the average NDVI was 0.70. 
The lowest treatment with 0.66 was again 0 kg/ha MAP, 
which was significantly lower than all other treatments 
except 25kg/ha MAP.

MONTH
Beelbangera 
"Ridgetop" 

Hillston 
Airport 

January 14 23.6
February 89.5 41.4
March 34 68.6
April 92 132.1
May 14 11.4
June 17.5 23.2
July 13 16.3
August 47 40.2
September 33 44.4
October 59.5 48.6
November 16 23.8
December 10 13.8

TOTAL 439.5 487.4
GSR 276 316.2

Figure 1: Establishment at Beelbangera (top) & 
Hillston (bottom).
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Grain Yield & Quality:
Grain Yield:  There were no significant differences 
between treatments or treatment interactions for grain 
yield at both Beelbangera and Hillson. 

Statistically similar grain yields were achieved when 
P was placed with the seed (5cm) and at depth 
(10cm). This could be due to the favourable start to 
the season, with an early autumn break, making P 
more readily available in the soil. There was also 
higher background levels of soil P coming into the 
2020 season.

At Beelbangera the average grain yield of the trial 
was 6644 kg/ha and for Hillston the average grain 
yield of the trial was 7393 kg/ha, table 4. 

Grain Quality:  Protein, screenings and test weight were 
measured for each trial.

At Beelbangera, the only significant effects were for 
grain protein and screenings for MAP rate, with no 
significant differences for test weight, table 5. There 

were no significant differences for placement of P on 
grain quality. 

The average protein of the trial was 12.5%, ranging from 
12.1% for 0 kg/ha MAP to 12.9% for the 200 kg/ha MAP 
rate.  For Screenings the average of the trial was 2.4% 
ranging from 1.9% for 0 kg/ha MAP up to 2.9% for the 
200kg/ha MAP rate. The average test weight of the trial 
was 81.06 kg/HL.

At Hillston there were significant differences for protein, 
screenings, and test weight. For protein and test weight 
the only significant effects were for MAP rate, table 6a. 
There were no significant differences for placement of P 
on protein and test weight.

The average protein of the trial was 12.64%, ranging 
from 12.55% for 300 kg/ha MAP to 12.82% for the 0 
kg/ha MAP rate. For test weight the average of the 
trial was 83.15 kg/HL ranging from 82.92 kg/HL for 
200 kg/ha MAP up to 83.38 kg/HL for the 50kg/ha 
MAP rate.

Table 3b: Hillston NDVI values at tillering and 
flowering.

MAP Rate 
(kg/ha)

NDVI 
Tillering

NDVI 
Flowering

0 0.57 0.66
50 0.59 0.69
100 0.62 0.69
150 0.64 0.72
200 0.67 0.71
300 0.65 0.72

mean 0.62 0.70
lsd (p=0.05) 0.041 0.023

Table 4: Beelbangera and Hillston grain yield (kg/
ha). for each MAP rate.

MAP Rate 
(kg/ha)

Beelbangera 
Grain Yield 

(kg/ha)

Hillston      
Grain Yield 

(kg/ha)
0 6558 7247
25 6448  -
50 6594 7413
75 6710  -

100 6814 7436
150  - 7394
200 6766 7407
300  - 7462

mean 6648 7393
lsd (p=0.05) ns ns

Table 5: Beelbangera grain quality data.

MAP Rate 
(kg/ha)

Screenings 
(%)

Protein       
(%)

0 1.9 12.1
25 2.2 12.3
50 2.0 12.4
75 2.4 12.7

100 2.7 12.8
200 2.9 12.9

Mean 2.4 12.5
lsd (p=0.05) 0.49 0.43

Table 3a: Beelbangera NDVI values at tillering and 
flowering.

MAP Rate 
(kg/ha)

NDVI 
Tillering

NDVI 
Flowering

0 0.53 0.66
25 0.57 0.68
50 0.57 0.69
75 0.58 0.68
100 0.58 0.71
200 0.57 0.69

Mean 0.57 0.68
lsd (p=0.05) 0.029 0.024



6Ag Grow Agronomy & Research  |  Phosphorus Placement in wheat - Deep P trials 2020

For screenings at Hillston there was a significant 
interaction between P placement depth and MAP 
rate. The average screening % of the trial was 
1.48%, table 6b. Ranging from 1.16% for the 150 kg/
ha MAP rate sown with the seed to 1.71% for the 50 
kg/ha MAP rate sown with the seed.

Grain N Yield: 
Grain N Yield is a measure of total amount of 
nitrogen in the grain.

Beelbangera:

At Beelbangera there were significant differences 
for grain N yield for MAP rate, figure 2. As the rate 
of MAP and therefore P increased, there was an 
increased amount of nitrogen in the grain. This 
could be due to the fact that the crop had access to 
ample N and P throughout the season and was not 
searching for it.

Grain N yield averaged 145.2, ranging from 134 for 
the 0 kg/ha MAP rate, which was significantly lower 
than all other rates of MAP except 25 kg/ha MAP, to 
150.9 for the 200 kg/ha MAP rate.

Hillston:

At Hillston there were significant differences for grain 
N yield for MAP rate, as well as significant differences 
for the interaction between MAP rate and depth of P 
placement, figure 3. 

The average grain N yield of the trial was 163.1, with 
P placed with the seed averaging 163 and P at depth 
163.3. Although there were significant differences within 
the trial, it was difficult to draw any trends from the data.

MAP placed with the seed at 200kg/ha had the lowest 
grain N yield of all the MAP rates and P placement 
depths with 157.8. MAP placed with the seed at 300 kg/
ha had the highest grain N yield with 167.1, significantly 
higher than all other treatments except MAP 50kg/ha 
placed deep.

Table 6a: Hillston grain quality data – protein 
(%) and test weight (kg/HL).

MAP Rate 
(kg/ha)

Protein         
(%)

Test Weight 
(kg/HL)

0 12.82 83.27
50 12.68 83.38

100 12.68 83.06
150 12.57 83.21
200 12.56 82.92
300 12.55 83.07

mean 12.64 83.15
lsd (p=0.05) 0.135 0.307

Table 6b: Hillston grain quality data – 
screenings (%).

MAP Rate 
(kg/ha)

P with Seed P at Depth Average

0 1.69 1.52 1.60
50 1.71 1.60 1.65
100 1.47 1.50 1.48
150 1.16 1.51 1.33
200 1.54 1.35 1.44
300 1.36 1.32 1.34

mean 1.49 1.46 1.48
lsd (p=0.05) 0.292 0.292 0.178

Screenings (%)

Figure 2: Grain N Yield by MAP rate at Beelbangera.
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Figure 3: Grain N Yield for MAP rate by P placement at Hillston.
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