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Abstract
We are investigating whether it is possible to tactically top up phosphorus (P) supply with tactical foliar 
applications in seasons of higher yield potential, and as a result reduce the amount of fertiliser applied at 
sowing time. To test whether the form of adjuvant could affect the efficacy of foliar P applications, we 
evaluated the effects of 7 P formulations (laboratory reagents and commercial products) in combination 
with 3 adjuvants (LI700®, Hasten® and Spreadwet 1000®) on wheat growth, P uptake and P translocation in 
a pot experiment. Plants were grown in a highly P responsive soil with basal nutrients added before sowing. 
Foliar fertilisers labelled with 33P were applied at flag leaf visible growth stage (GS37) as 2 µL drops, with 
an application rate equivalent to 2 kg P/ha in 100 L/ha total volume. The commercial products PeKacid® 
and Pick 15-42®, and laboratory reagents sodium and ammonium phosphate in combination with different 
adjuvants showed increases in plant biomass at harvest (GS 68) compared to the nil foliar control. The 
effects of adjuvants on P uptake and the interaction with P formulation will be discussed.
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Introduction
For soils with a phosphorus (P) balance in the maintenance phase (Weaver and Wong, 2011), the fertiliser 
requirement is often marginal and dependent on in-season rainfall (McBeath et al., 2012). In Mediterranean 
systems like southern Australia most P fertiliser is applied at sowing, and does not allow the subsequent 
climatic conditions to be accounted for. With increasing costs of fertiliser P, this fertiliser input represents 
a large capital investment that could potentially be managed more effectively. We have been investigating 
whether an in-season P top-up by foliar application during seasons of higher yield potential is a possible 
management strategy that can also reduce starter P inputs as initially proposed and discussed in Noack et al. 
(2011).

In a previous study, we measured a 25% grain yield response of wheat to foliar P as phosphoric acid in 
the growth room in one of two soils evaluated (McBeath et al., 2011). Further work focussed on the use of 
phosphoric acid as the P source due to this initial yield response and availability of the product to farmers. 
However, a consistent yield response to phosphoric acid has been elusive. This is despite the foliar uptake 
of P from phosphoric acid being high (Peirce et al., 2014a) compared to ammonium phosphate (Fernández 
et al., 2014). In addition to the form of P, the inclusion of adjuvants, which are used to increase the 
effectiveness of foliar uptake through increased retention and penetration of the leaf surface, is necessary 
for wheat due to the hydrophobic nature of the leaves (Peirce et al. 2014b). Although the choice of adjuvant 
was not important in combination with phosphoric acid (Peirce et al. 2014b), it is not known whether 
interactions may occur between adjuvants and other forms of P to render them more or less effective. To 
investigate whether a different source of P may be more effective at increasing wheat biomass response and 
foliar P uptake and translocation, we evaluated 7 different P sources (commercial and laboratory grade) in 
combination with 3 commercial adjuvants.

Methods
Plant growth conditions
Plants were grown in 1.5 kg of soil in pots with a diameter of 10cm and depth of 17cm that were not free-
draining. The soil, collected near Black Point, South Australia was classified as P responsive (Colwell-P 2 
mg/kg, PBI 75 and DGT-P 3 µg/L) (McBeath et al., 2007)).

Before sowing, the soil moisture was increased to 22.5% (5% w/w) of field capacity (FC) with basal nutrients 
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mixed through the soil at mg/kg rates equivalent to those outlined in Peirce et al. (2014a), except for P which 
was added as H3PO4 at a rate of 4.8 mg P/pot (equivalent to 6 kg P/ha) to obtain a marginal P status in the 
soil, and allowed to equilibrate for a week. Additional nitrogen (25 mg/pot) was also applied to the soil 
surface and watered in at 15 and 27 days after sowing (DAS). Set up and growing conditions are outlined 
in Peirce et al. (2014a) but briefly, two plants/pot were grown in soil maintained at 80% FC in a controlled 
environment room (20 °C/15 °C day/night cycle of 12 h each) with the position of pots randomised every 
few days. 

Foliar application
We evaluated the effectiveness of a range of formulations, both commercial and laboratory-grade reagents, 
in combination with three different adjuvants (Hasten®, Spreadwet 1000® and LI700®) (Table 1) on 
above-ground biomass, total and foliar P uptake and foliar P translocation. The three adjuvants belong to 
different classes (an esterified and emulsified oil, an alcohol alkoxylate surfactant and a mixture of soyal 
phospholipids and propionic acid, respectively) and were used to test whether the form of adjuvant influences 
the uptake and translocation of foliar-applied P. The experimental set-up consisted of 12 absolute controls 
(no foliar P) with 4 replicates of each of the 21 treatments (P source x adjuvant) to give a total of 96 pots.

Table 1. Phosphorus formulations evaluated in the growth room in combination with 3 different adjuvants 
(Hasten®, Spreadwet 1000® and LI700®).
P source   N   :    P   : K  (w/w 

%)
pH of applied fertiliser 

formulation
*Phosphoric acid   0    : 26.9 :   0 1.4
*PeKacid®   0    : 26.5 : 16.7 2.2
#Ammonium phosphate (MAP) 12.2 : 27.0 :   0 4.3
*Maxi-Phos 16 Neutral®   7.8 : 12.5 :   0 4.3
#Potassium Phosphate   0    : 22.8 : 28.7 4.4
#Sodium Phosphate   0    : 22.5 :   0 6.5
*Pick 15-42®   0    :   9.4 : 26.3 8.7

*Commercially available fertiliser #Analytical grade reagent

Foliar fertilisers were labelled with 33P and applied 34 DAS at flag leaf visible (GS37, (Zadoks et al. 1974)) 
as 2 µl drops at a rate equivalent to 2 kg P/ha with N and K added by the foliar fertilisers balanced in the 
soil of all treatments at sowing. At anthesis (GS 68), plants were harvested and the treated leaves, heads 
and tillers were separated from the rest of the plant. All plant parts were washed as described in Fernández 
et al. (2014) to remove unabsorbed foliar fertiliser and all plant parts were analysed for P and 33P contents. 
Analysis of variance (ANOVA) was undertaken using Genstat® V.15 statistical package. Least significant 
difference between treatments was determined at the 5% significance level using Fisher’s protected l.s.d.

Results and Discussion
Selected foliar treatments resulted in a significant (p≤ 0.05) increase in above-ground plant biomass 
compared to the control when harvested at the end of anthesis (Table 2). Five foliar treatments (MAP 
with Hasten®, sodium phosphate with LI700®, and Pick 15-42® with all three adjuvants) had greater head 
biomass compared to the control. Additionally, Pick 15-42® with Spreadwet 1000® had higher (45%) total 
biomass than the control and were on average the largest plants out of all the treatments. A further two foliar 
treatments (PeKacid® with Spreadwet 1000® and sodium phosphate with Hasten®) resulted in a total biomass 
greater than the control. There were no treatments with significantly less total biomass than the control 
however Maxi-Phos 16 Neutral® with LI700® had lower biomass for other plant parts excluding heads. 

Foliar uptake of all commercial products was high (except for potassium phosphate), in most cases greater 
than 90% of what was applied (data not shown, manuscript in preparation) which showed that at a rate 
equivalent to 2 kg P/ha, the P in the foliar products was able to cross the cuticular barrier irrespective of the 
formulation pH. The translocation of 33P differed between products, with low translocation for some products 
(in particular phosphoric acid) but larger for all products that generated an increase in plant biomass (Table 
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2). The small proportion of phosphoric acid that was translocated is consistent with our previous work at similar 
foliar P rates (Peirce et al., 2014a) and is likely to explain the lack of biomass response for this product.

Table 2. Above-ground dry weight (g) of wheat plants and both foliar and total P content of heads (mg) at harvest
Heads Other plant 

biomass
Total P content from foliar 

applied in heads
Total P con-
tent in heads

Control (no foliar) 0.83 1.78 2.60 1.72

Phosphoric Acid Hasten 0.83 1.63 2.46 0.25 2.21 *
LI700 0.80 1.63 2.43 0.24 2.01

Spreadwet 0.66 1.27 1.93 0.32 1.76

PeKacid® Hasten 0.99 2.09 3.07 0.53 2.30 *
LI700 0.97 2.02 2.99 0.62 2.31 *

Spreadwet 0.97 2.34 3.31 * 0.51 2.20 *

Ammonium Phosphate Hasten 1.04 * 2.13 3.17 0.46 2.15
LI700 0.91 1.72 2.63 0.44 2.25 *

Spreadwet 0.83 1.67 2.50 0.39 1.82

Maxi-Phos 16 Neutral® Hasten 0.99 1.78 2.77 0.65 2.05
LI700 0.82 1.17 * 1.99 0.50 1.75

Spreadwet 0.84 1.60 2.44 0.41 1.93

Potassium Phosphate Hasten 0.86 1.95 2.80 0.08 1.88
LI700 0.98 2.06 3.04 0.13 2.07

Spreadwet 0.98 2.13 3.12 0.53 2.21 *

Sodium Phosphate Hasten 0.95 2.60 * 3.55 * 0.49 2.17 *
LI700 1.08 * 2.14 3.22 0.72 2.31 *

Spreadwet 0.87 1.98 2.85 0.50 2.01

Pick 15-42® Hasten 1.03 * 1.94 2.97 0.50 2.15
LI700 1.08 * 1.65 2.73 0.73 2.21 *

Spreadwet 1.13 * 2.63 * 3.76 * 0.60 2.18 *

l.s.d (p≤0.05) 0.18 0.57 0.70 0.12 0.44

Treatments annotated with * are significantly different to the control.

For a foliar application to be effective, once it is absorbed by the leaf, it must be able to move to the growing 
plant parts and be utilised for growth. Phosphorus is a nutrient that has been shown to be very effectively 
translocated from senescing plant parts to the grain when grown through to maturity (Batten et al., 1986). In 
this study we did not grow the plants through to maturity but harvested during anthesis when the expected 
sinks for foliar translocation, given the timing of application, are the flag leaf, head and tillers. For all foliar 
treatments, translocation occurred to all three of these sinks with the majority of foliar P translocating to 
the head even at this earlier growth stage. The foliar treatments which produced a positive head biomass 
response generally had both higher total and foliar P contents in the head (Table 2) as also noted by McBeath 
et al. (2011), although not all treatments with high total P contents produced a biomass response.

As expected from previous work (Peirce et al., 2014b), there were no differences in biomass, P uptake or 
P translocation for phosphoric acid in combination with the three different adjuvants. However, for other 
products differences were detected but only certain combinations increased biomass compared to the control 
(Table 2). This indicates that there are interactions that may occur between products and adjuvants to reduce 
the efficacy of a foliar fertiliser however predicting these interactions and subsequent outcomes before 
application is not yet possible as discussed by (Fernández and Eichert, 2009).

This experiment was conducted under controlled conditions as environmental factors including light 
intensity, temperature and humidity are known to influence the response of plants to foliar fertilization 
(Fernández and Eichert, 2009). Given we have been able to obtain positive biomass responses to foliar P 
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applications under these conditions, our next step is to test whether a foliar top-up application is a feasible 
management strategy under field conditions in soils with documented P responses.

Conclusions
The lack of response we have previously encountered with phosphoric acid is likely due to the inability of 
the plant to effectively translocate the absorbed P to growing plant parts. Conversely, a number of other 
foliar P products (PeKacid®, ammonium phosphate, sodium phosphate and Pick 15-42®) were effective at 
both absorbing and translocating foliar P when applied at growth stage flag leaf visible which resulted in an 
increase in plant biomass compared to the control treatment.
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