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immediate agronomic performance of struvite was 
equivalent to SSP for low P input, while the immedi-
ate and residual effectiveness of struvite at the higher 
rate of input was superior to SSP. Further research is 
warranted to determine the relative agronomic effec-
tiveness of struvite for temperate grassland on other 
soil types under different environmental conditions, 
together with investigation of the mechanisms respon-
sible for the enhanced plant availability of struvite-P.

Keywords  Wastewater · Phosphorus use efficiency · 
Grassland systems · Legacy phosphorus · Phosphate 
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Introduction

Global food supply depends heavily on phosphorus 
(P) inputs, a macronutrient vital for plant growth 
and agricultural productivity. Despite its impor-
tance, P management presents a growing sustain-
ability challenge. To maintain productivity and 
ensure high yields in both crop and pasture systems, 
inorganic P fertilizers have long been applied (Khan 
et al. 2023). However, phosphate rock (PR), the pri-
mary source of these fertilizers, is a finite and non-
renewable resource, with more than 80% of global 
reserves concentrated in a few countries (United 
States Geological Survey 2025). The geopoliti-
cal concentration of PR, combined with increasing 
mining costs and fluctuating market fertilizer prices, 
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raises concerns about long-term access to afford-
able P fertilizers for farmers, particularly in coun-
tries lacking domestic PR reserves (Brownlie et al. 
2023).

In addition to concerns over limited global supply, 
conventional water-soluble P fertilizers such as sin-
gle superphosphate (SSP) often perform inefficiently 
in agricultural systems. Low P recovery rates, which 
result from strong sorption to soil components, poor 
plant utilization, or losses through leaching and run-
off, not only limit crop uptake but also raise environ-
mental concerns (Anderson et  al. 2020; McDowell 
and Haygarth 2024). As a result, much of the applied 
P becomes unavailable to plants, contributing to the 
accumulation of P in soils and the eutrophication of 
freshwater ecosystems. Improving P use efficiency 
is therefore essential to maintaining and intensifying 
production while minimizing environmental impacts 
(Gatiboni et al. 2020).

Perennial ryegrass (Lolium perenne L.) is the most 
widely utilized forage species in temperate pasture 
systems globally (Blackmore et  al. 2016) and con-
stitutes a fundamental component of pastoral-based 
farming in New Zealand pasture systems (Prout et al. 
2025). New Zealand pastoral soils are typically acidic 
(pH ≤ 6) and naturally low in P, with a wide range of 
P fixation capacities that limit plant-available P (Chen 
et al. 2003). To maintain productivity, the sector has 
long relied on SSP fertilizer, with up to 1.5 million 
tons applied annually (Fertiliser Association of New 
Zealand 2025; Hall 2023).

Growing sustainability and environmental chal-
lenges have intensified efforts to develop a circular 
P economy. This transition focuses on reducing envi-
ronmental risks, lowering dependence on phosphate 
rock fertilizers, and improving nutrient recycling 
(Cordell and White 2013). Given that recyclable 
waste streams contain enough P to meet global annual 
demand, recycling emerges as an essential pathway 
for strengthening P supply security and closing the P 
loop (Raniro et al. 2025).

Struvite (MgNH4PO4.6H2O), a P-rich mineral 
recovered from wastewater streams, is a potentially 
agronomic viable P source alternative. Struvite is a 
slow-release fertilizer characterized by low water-sol-
ubility (< 5%) but enhanced dissolution in the pres-
ence of organic acids, which could allow a sustained 
source of plant P availability over time (Erdal et  al. 
2024; Gu et  al. 2021). Its recovery from municipal 

and agricultural waste streams contributes to closing 
the P cycle, reducing dependency on mined PR.

The potential of struvite as a fertilizer has been 
shown to depend strongly on soil and cultivation con-
ditions (Hertzberger et al. 2020). Most of the existing 
field trials have focused on cropping systems in neu-
tral to alkaline soils (Benjannet et al. 2020; Hilt et al. 
2016; Kokulan et al. 2024; Omidire and Brye 2022; 
Thiessen Martens et  al. 2022). However, the agro-
nomic performance of struvite in grassland systems, 
particularly those on acidic soils, remains scarce. 
To our knowledge, very few studies have examined 
struvite use under these conditions (Karpinska et  al. 
2024), and research on the residual agronomic effect 
of a single application is particularly limited.

This study was designed to investigate and quantify 
the immediate and residual agronomic performance 
of struvite as a P fertilizer for perennial ryegrass in 
an acidic soil compared with SSP. Based on previous 
studies, we expected that the immediate agronomic 
performance of struvite would be equivalent to SSP; 
and we hypothesize that due to differences in solubil-
ity and reactions in soil, the residual effectiveness of 
struvite is superior to SSP.

Materials and methods

Site description

A two-year field experiment was conducted from May 
2023 at Lincoln University in New Zealand (43°38′S, 
172°28 ′E). The climate of the region is temperate, 
with temperatures ranging from 7 to 18  °C, with an 
average annual precipitation of 663  mm (Macara 
2016). The soil at the site is classified as Wakanui 
silt loam (Typic Immature Pallic Soil, New Zealand 
classification; Udic Ustochrept, USDA classification). 
Very little fertilizer had been applied to the site prior 
to establishment of the experiment, and the site was 
managed under different crops and pastures, includ-
ing subterranean clover (Trifolium subterraneum l.), 
maize (Zea mays L.), barley (Hordeum vulgare L.), 
and wheat (Triticum aestivum L.). Perennial ryegrass 
was sown in April 2023 at a rate of 20 kg ha−1. Here-
with selected chemical characteristics of the topsoil 
(0–7.5  cm) at establishment: pH (H2O) 5.6, Olsen-
P 8 mg kg−1, organic C 2.5%, total N 0.23%, total P 
839 mg kg−1, and P retention capacity 25%. Soil pH 



Nutr Cycl Agroecosyst (2026) 132:14	 Page 3 of 11  14

Vol.: (0123456789)

was measured potentiometrically in a 1:2 soil-to-
water suspension (Blakemore et al. 1981) using a pH 
probe (SevenEasy pH meter, Mettler Toledo, USA, 
Varian 720-ES, Agilent Technologies Inc., USA). 
Plant-available P (Olsen-P) was determined according 
to Olsen et al. (1954) using a 1:20 soil-to-extractant 
ratio, followed by colorimetric detection (Murphy and 
Riley 1962) on a UV–VIS spectrophotometer (Shi-
madzu UV-1900i, Japan). Total C and N were meas-
ured by Dumas combustion. Total P was obtained via 
nitric–hydrochloric acid digestion (USEPA 1994) and 
subsequent ICP-OES analysis. Phosphorus retention 
capacity was measured following Saunders (1965).

Climate and irrigation

Monthly rainfall, irrigation, and air temperature for 
the experimental period are presented in Fig. 1. The 
mean annual temperature over the duration of the 
experiment was 10.5  °C (2.0 to 21.7  °C), while the 
mean annual temperature for the historical climate 
data for the site is 11.4  °C (6.2 and 16.6  °C). The 

mean annual temperature for Year 1 was 11.4  °C 
(2.0—26.1 °C), and for Year 2 the mean annual tem-
perature was 11.8  °C (0.9—23.5  °C). Rainfall in 
Year 1 was 715  mm plus 414  mm irrigation (total 
1129  mm) compared with 1016  mm rainfall and 
320 mm irrigation (total 1336 mm) in year 2. Rain-
fall during the final two months of year 1 was 74 mm 
compared with 290 mm in year 2 (Fig. 1).

Experimental design and treatments

Eight treatments with four replicated plots (2 × 5 m) 
were established in a completely randomized block 
design. Two P fertilizers (i.e., struvite and SSP) 
were evaluated at two application rates (20 and 
80  kg  P  ha−1, designated as 20P and 80P, respec-
tively). The experiment required four “control” 
treatments due to the presence of significant quanti-
ties of nitrogen and magnesium in struvite, and sul-
fur in SSP – these were designated as Control-0, 
Control-N, Control-Mg, and Control-S. To ensure 
nutrient balance, all plots receiving P fertilizer also 

Fig. 1   Monthly mean air temperature, total monthly rainfall and irrigation during the experimental period. Data from historical pre-
cipitation and temperature represent the monthly average for the previous 50 years (1972–2022)
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received nitrogen (as urea) and sulfur at uniform 
rates across treatments, considering the amounts of 
nutrients already applied with the fertilizers (Sup-
plementary Table S1). The struvite used in this study 
(Emerge®) was derived from municipal wastewa-
ter produced by Watercare Auckland (12.3% total 
P, 99% citric-soluble P, 4% water-soluble P, particle 
size 0.15–0.25 mm); and the SSP was manufactured 
by Ballance® (12% total P, 85% citric-soluble P, 90% 
water-soluble P, particle size ~ 4  mm). All fertilizers 
were applied manually to the soil surface and irriga-
tion was applied through a system of sprinkler hoses 
at 25  mm/h between October and March when the 
soil moisture content to 20 cm depth reached approxi-
mately 25% (permanent wilting point = 20%) (NZ 
Soil Bureau 1968).

Sampling and analysis

Pasture yield cuts were carried out at a sward height 
of 30  cm using a rotary mower to a residual height 
of 3 cm. A total of eight cuts were made in the first 
year and seven during the second year. Plant samples 
were oven-dried at 65  °C for 72  h to determine dry 
matter yield (DMY), and the annual yield (Mg ha−1) 
was calculated as the sum of the consecutive harvests. 
Dried plant samples were ground < 1  mm and ana-
lyzed for P by nitric acid-hydrogen peroxide digestion 
and ICP-OES (Wu et al. 1997).

Plant P uptake was calculated by combining yield 
and P content data. The relative agronomic effective-
ness of struvite in relation to SSP was calculated as 
according to Vogel et al. (2015):

[Accumulated P uptake struvite / Accumulated P 
uptake SSP] × 100.

Soil samples (0–7.5  cm) were taken at the end 
of each year of the experiment (May 2024 and 
2025). Soil samples were dried at 40  °C for 48  h, 
ground < 2  mm, and inorganic P fractions were 
determined using the sequential extraction method 
described by Gatiboni and Condron (2021), namely 
labile P [P extracted by CaCl2 and Mehlich-3], mod-
erately labile P [P extracted by NaOH], and non-labile 
P [P extracted by HCl].

Statistical analysis

Statistical analyses were conducted in RStudio V4.5.0 
(R Core Team 2023). Prior to the analysis, all data 

were tested for normality and homogeneity of vari-
ances using Shapiro–Wilk and Levene tests, respec-
tively. Cumulative DMY and P uptake were analyzed 
using mixed linear models, with fertilizer type and 
P rate as fixed effects and block as a random effect. 
Tukey’s HSD test was used for pairwise comparisons 
of treatment means (P < 0.05).

To assess statistically significant differences in 
each soil P fraction among fertilizer treatments within 
each Year–rate combination, one-way ANOVAs were 
performed, followed by Tukey’s HSD (P < 0.05).

Results

Year 1: Ryegrass yield, P uptake, and agronomic 
effectiveness

Mean annual DMY was 18.1  Mg  ha−1 and varied 
from 12.4 Mg ha−1 in the 0P control to 25.7 Mg ha−1 
in the 80P struvite treatment (Table  1). Fertilizer 
application increased yield (21.9  Mg  ha−1) com-
pared with controls (15.9  Mg  ha−1), while similar 
yields were determined for struvite (22.9  Mg  ha−1) 
and SPP (21.3  Mg  ha−1). Corresponding data for P 
uptake clearly showed a significant overall increase 
in response to P fertilizer input (49.9  kg  P  ha−1) 
compared with control treatments (29.1  kg  P  ha−1) 
(Table 1).

Data presented in Fig.  2 showed there were no 
significant differences in annual yield between stru-
vite and SSP at both rates of P input. On the other 
hand, while there was no significant difference in 
plant P uptake between P fertilizers at the low P rate 
(42.0 and 43.5 kg P ha−1), uptake from the high P rate 
was significantly higher for struvite (63.4 kg P ha−1) 
compared with SSP (50.8 kg P ha−1) (Fig. 3). Accord-
ingly, struvite showed significantly higher overall 
agronomic effectiveness relative to SSP with respect 
to P uptake (115%), and the relative effectiveness 
of struvite was greater at the higher rate of P input 
(125%) than at the lower rate (104%) (Table 2).

Year 2: residual P effect on ryegrass yield and P 
uptake

The overall average yield was lower for Year 2 than 
Year 1 (15.8 versus 18.1  Mg  ha−1), although yields 
for the P fertilizer treatments remained significantly 
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higher (19.6  Mg  ha−1) compared with the controls 
(12.2  Mg  ha−1) (Table  1). Overall, cumulative yield 
in struvite treatments was higher (P = 0.02) than that 
of SSP treatments (21.8 and 17.3  Mg  ha−1, respec-
tively). While yields for the 20P struvite and SSP 
treatments were similar (20.2 and 17.4  Mg  ha−1), 
at the higher P rate struvite yield was significantly 
higher (23.4  Mg  ha−1) than SSP (17.3  Mg  ha−1) 
(Fig.  2). Phosphorus uptake was, however, signifi-
cantly higher for struvite compared with SSP at both 
the low (44.4 kg P ha−1 vs. 34.9 kg P ha−1) and high 
(59.7  kg  P  ha−1 vs. 41.7  kg  P  ha−1) P input rates 
(Fig. 3), and so the overall agronomic effectiveness of 
struvite was 37% higher than SSP (Table 2).

Soil phosphorus

Figure  4 shows data for the different soil inorganic 
P fractions (labile, moderately labile, and non-
labile) determined in topsoil fertilized with struvite 
and SSP at the end of each year of the experiment. 
At the end of Year 1, concentrations of labile P and 
moderately labile P were markedly and significantly 
higher at the high P input rate (P80) for struvite 
(68 and 78 mg P  kg−1) compared with SSP (45 and 

58 mg P kg−1). Concentrations of all soil P fractions 
were lower at the end of Year 2 compared with Year 
1, although levels of labile P and moderately labile 
P remained significantly higher for the P80 struvite 
treatment than SSP.

Discussion

Comparable immediate agronomic performance of 
struvite and SSP

As expected, given the low plant available P status of 
the soil, P fertilizer inputs increased plant yields on 
average by 49% compared with control treatments, 
demonstrating the essential role of P fertilization in 
promoting forage productivity (Sheil et  al. 2016). 
Our measured DMY values were comparable to those 
reported in other irrigated ryegrass experiments con-
ducted in this region of New Zealand (Cotching and 
Burkitt 2011; Michel et  al. 2014). Furthermore, the 
absence of significant differences among the control 
treatments confirms that the observed yield responses 
were specifically attributable to P addition.

Table 1   Cumulative dry matter yield (DMY) and P uptake of ryegrass for the 2-year experiment, as affected by fertilizer type (stru-
vite, SSP) and P application rate (0, 20, 80 kg P ha−1)

Control treatments were included to assess the effect of individual nutrient additions. Control-0, received no fertilizer; Control-N, 
received nitrogen only; Control-Mg, received magnesium only; and Control-S, received sulfur only
ns. Not significative, P > 0.05. Fertilizer-P refers to the fertilizer type factor

DMY Year 1 DMY Year 2 P uptake Year 1 P uptake Year 2
(Mg ha−1) (kg ha−1)

Control-0 12.4 12.8 23.8 16.2
Control-N 16.2 11.0 33.9 25.7
Control-Mg 14.4 13.3 29.1 19.8
Control-S 15.4 11.8 30.4 17.2
Struvite
20 20.2 20.2 43.5 44.4
80 25.7 23.5 63.4 59.7
SSP
20 20.1 17.3 42.0 34.9
80 22.6 17.4 50.9 41.7

ANOVA P value

Fertilizer-P  < 0.0001  < 0.0001  < 0.0001  < 0.0001
Rate  < 0.0001 ns  < 0.0001  < 0.0001
Fertilizer × Rate ns ns 0.0121 ns
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Struvite application in the first year resulted in 
DMY comparable to that of SSP. These findings dem-
onstrated that struvite was as effective as SSP in sup-
plying P to support perennial ryegrass growth in the 
year of application. Despite the low water solubility 
of struvite (4%), it effectively supplied P at a rate that 
did not compromise ryegrass yield and provided simi-
lar immediate agronomic benefits in this experiment.

The results of this study align with previous long-
term field studies evaluating struvite as a P fertilizer 
for ryegrass on soils with comparable texture and pH. 
For instance, O’ Donnell et al. (2022) reported com-
parable ryegrass DMY between struvite and conven-
tional fertilizers during the first year of a three-year 
field trial conducted in a P-deficient sandy-loam soil. 

Likewise, Khomenko et  al. (2023) and Karpinska 
et al. (2024) found no yield differences between stru-
vite and SSP in the initial year of evaluation in grass-
land systems. However, it is important to note that 
in those studies, struvite was re-applied every year; 
therefore, any enhanced performance observed in the 
subsequent years cannot be attributed solely to resid-
ual effects from the initial application.

Struvite superior residual P effect

In the second year of the study, where no P fertilizer 
was applied, a significant residual effect of the initial 
fertilization was observed. Struvite continued to pro-
duce higher DMY than both the controls and SSP, and 

Fig. 2   Accumulated dry matter yield by ryegrass over two 
years as affected by fertilizer type (SSP or struvite) and P 
application rate (20 or 80 kg P ha−1). Bars represent means and 

error bars represent standard errors (n = 4). Asterisks indicate 
significant differences between fertilizers within each P rate 
according to Tukey’s test (***P < 0.01; ns = not significant)
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the differences were greater for the high P rate (80P), 
where struvite produced 6.1 Mg ha−1 more than SSP. 
These results demonstrate the potential yield ben-
efits of struvite as an alternative P source for temper-
ate perennial pastures. The gradual release of P from 
struvite due to its low water solubility and high solu-
bility in the presence of organic acids (99%) is likely 
promoted by root exudation from actively growing 
perennial ryegrass, synchronizing P release with plant 
demand (Gu et al. 2021; Talboys et al. 2016).

Few studies have examined the long-term effect of 
struvite under field conditions, and even fewer have 
evaluated the residual effect of a single application 
of struvite in consecutive years (Hertzberger et  al. 
2020). However, our findings are consistent with 

Fig. 3   Cumulative P uptake by ryegrass over two years as 
affected by fertilizer type (SSP or struvite) and P application 
rate (20 or 80 kg P ha−1). Bars represent means and error bars 

represent standard errors (n = 4). Asterisks indicate significant 
differences between fertilizers within each P rate according to 
Tukey’s test (*P < 0.05; ***P < 0.001; ns = not significant)

Table 2   Mean relative agronomic effectiveness (%) of struvite 
in relation to SSP by applied P rate in ryegrass P during the 
two-year experiment

Within each year, different lowercase letters indicate signifi-
cant differences between fertilizers at a given P rate (Tukey, 
P < 0.05)

Year 1 Year 2

P rate (kg ha−1)

20 80 20 80

Struvite 104a 125a` 127a 147a

SSP 100a 100b 100b 100b
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those reported by Thiessen Martens et al. (2022), who 
investigated the long-term effects of a single struvite 
application to a lucerne field growing in an alkaline 
soil. In that study, a significant yield response was 
observed in the first year after struvite fertilization, 
and this effect persisted throughout the three-year 
evaluation period, with lucerne yields averaging 1.92-
fold greater than the control without added P.

Perennial ryegrass yield improved with increasing 
P rates, and the magnitude of the increase for struvite 
doubled that from SSP. Few field studies have exam-
ined the effect of different P rates on struvite perfor-
mance as a P fertilizer. Hilt et al. (2016) in a multi-
year field experiment of lucerne in an alkaline soil 
found a significant response in DMY for increasing 
the P rate from 60 to 122 kg P  ha−1, and the yields 
of struvite treatments were comparable to those of 
MAP at each rate. Likewise, Thiessen Martens et al. 
(2022) also found a significant response of lucerne 
to increasing P rates. In their study, the response to 

increasing from 0 to 90P was a 1.6-fold greater yield 
in the first year of evaluation. While the mechanisms 
governing struvite dissolution are still being clarified, 
its P availability appears to increase as application 
rate increases, consistent with what is observed with 
soluble P fertilizers (Katanda et al. 2016).

Plant P uptake and residual effectiveness of struvite‑P

Plant P uptake in Year 1 closely mirrored the pat-
terns observed for DMY, with fertilized treatments 
accumulating on average 20.6  kg  P  ha−1 more than 
the unfertilized controls. At the 80P rate, struvite 
resulted in greater P uptake than SSP, consistent with 
its higher relative agronomic effectiveness. How-
ever, 20P treatments were more efficient at convert-
ing absorbed P into biomass than 80P. The greater 
P uptake was observed at the higher application rate 
(80P), but with lower effectiveness in terms of bio-
mass produced per unit of P. When P availability is 

Fig. 4   Soil P fractions (labile-P, NaOH-P, HCl-P) as affected 
by fertilizer type (SSP or struvite) and P application rate (20 
or 80 kg P ha−1) at the end of each year (Year 1, Year 2). Bars 

represent means, and error bars represent standard errors 
(n = 4). Different lowercase letters indicate significant differ-
ences between fertilizers at a given P fraction (Tukey, P < 0.05)
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high, plants may continue to accumulate P beyond 
what is needed for growth, resulting in smaller pro-
portional increases in dry matter yield (Penn et  al. 
2022). This decline in P use effectiveness at higher 
rates is particularly important in resource-limited 
systems, where optimizing both P uptake and utiliza-
tion is essential for sustainable fertilizer management, 
highlighting the need to identify an optimal applica-
tion rate. Moreover, the decline in P use effectiveness 
at the 80P rate could also reflect nutrient co-limita-
tion by nitrogen (Agren et  al. 2012). Once ryegrass 
demand for P was satisfied, further increases in bio-
mass production would likely have been constrained 
by the availability of nitrogen, thereby reducing the 
effectiveness of P conversion into yield.

Year 2 results further support the agronomic value 
of struvite, as demonstrated by its significant residual 
effect on pasture P uptake. These results suggest that 
struvite provides a more continuous P supply aligned 
with plant demand, possibly due to its gradual disso-
lution and better synchronization with plant uptake 
patterns (Gu et  al. 2021; Valle et  al. 2022). In con-
trast, SSP releases P rapidly, which makes the nutri-
ent immediately available to plant uptake, but at the 
same time, it is more susceptible to losses or soil fixa-
tion shortly after application (Yang and Yang 2021). 
These contrasting behaviors may explain the superior 
effectiveness of struvite in promoting plant P uptake 
over time (Withers et  al. 2014). Even one year after 
application, struvite remained more effective than 
SSP, reinforcing its potential to reduce fertilizer 
inputs over time. Together, these findings emphasize 
the residual agronomic value of struvite as a P fer-
tilizer and support its use in longer-term P manage-
ment strategies, particularly in temperate perennial 
pasture systems where a low application frequency of 
P fertilizers is desirable.

Struvite enhances labile‑P and sustains soil P 
availability over time

Soil labile-P and NaOH-P declined from Year 1 to 
Year 2, reflecting ryegrass P uptake and depletion of 
both fertilizer-derived and native soil P. Higher labile-
P under struvite, particularly at 80P, indicates that 
struvite releases P more gradually than SSP, thereby 
maintaining soil P availability for longer periods.

The drawdown of NaOH-P from struvite further 
supports that struvite availability is strongly regulated 

by plant activity (Raniro et  al. 2022), and therefore, 
its use as a slow-release fertilizer with potential 
residual benefits in subsequent years. In contrast, 
SSP also increased soil labile-P but to a lesser extent 
than struvite, consistent with its rapid solubility and 
the greater likelihood of P being either fixed into less 
available pools or lost from the soil–plant system. 
These processes may explain the contrasting behavior 
of SSP and struvite, but the specific mechanisms of P 
retention and loss require further investigation.

The relatively stable concentrations of HCl-P 
across rates suggest that more recalcitrant soil P pools 
were largely unaffected by short-term fertilization, 
whereas labile-P and NaOH-P were more sensitive 
indicators of immediate fertilizer effects and potential 
plant P availability.

Conclusions

The findings of this study clearly demonstrated that 
sparingly water-soluble struvite was an effective P 
fertilizer for a perennial ryegrass pasture under acidic 
soil conditions, and the immediate and residual effec-
tiveness of struvite was significantly greater than SSP 
at the higher rate of P input. These results position 
struvite as a promising P source for these productive 
systems. However, further work is needed to clarify 
the chemical and biological processes that control the 
availability of struvite-P and to identify the mecha-
nisms responsible for the enhanced plant availability 
of struvite-P relative to SSP. Establishing optimal 
struvite application rates is also critical for efficient 
nutrient management. The high soil labile P concen-
trations observed under struvite indicate that this P 
source can potentially supply P over successive grow-
ing cycles. However, long-term studies are required to 
confirm whether a single application of struvite is suf-
ficient across multiple seasons and whether repeated 
applications contribute to legacy P pools in the same 
way as water-soluble P fertilizers.
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