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1 | OVERVIEW: OVERLOOKING THE N
IN AMMONIUM PHOSPHATE

FERTILIZERS

| Jeonggu Lee'’

Abstract

Ammonium phosphate fertilizers are a common phosphorus (P) source for crops,
namely monoammonium phosphate, diammonium phosphate, and ammonium
polyphosphate. Despite containing appreciable nitrogen (N), ammonium phosphate
fertilizers are generally considered P fertilizers. However, the approximately 8.5 mil-
lion Mg N co-applied with P annually as ammonium phosphate fertilizers represents
8% of global N fertilizer input flux to agroecosystems. Despite this, a systematic
review of the literature revealed only one direct assessment of N losses from ammo-
nium phosphate fertilizers. An additional five studies reported NO5-N leaching and
N,O-N emissions from soils fertilized with ammonium phosphates, but inadver-
tently as observations from failed or control treatments that are confounded (e.g., not
accounting for non-fertilizer contributions to N losses). The magnitude and fate of N
co-applied with P in ammonium phosphate fertilizers is a blind spot in agroecosystem

N budgets and environmental footprints that necessitates quantification.

phate (DAP; (NH,),HPO,), and ammonium polyphosphate
(APP; [NH, PO;],(OH),). High water solubility, ease of stor-
age and application, and affordability have made ammonium
phosphate fertilizers a key source for meeting crop P needs.

Crop yield increases over the past century have been sup-
ported by fertilizer inputs to soils. Inputs of phosphorus
(P) have concomitantly accompanied increased nitrogen (N)
inputs over the past century. Initially as raw phosphate rock,
today a major proportion of P inputs to croplands are in
the form of ammonium phosphates, specifically monoam-
monium phosphate (MAP; NH,H,PO,), diammonium phos-

Abbreviations: APP, ammonium polyphosphate; DAP, diammonium
phosphate; MAP, monoammonium phosphate.

Yet despite containing 11%-20% N by mass, ammonium
phosphate fertilizers are largely understood and managed as
P fertilizers. For example, the USDA classifies ammonium
phosphate fertilizers as a P fertilizer, and thus N from MAP,
DAP, and APP is not included in national fertilizer N bud-
gets (Decock, 2014). In the U.S. Corn Belt, a proportion or
in some cases all of the ammonium phosphate N is often
excluded from agronomic N budgets (e.g., McGrath, 2022;
Nafziger, 2018) based on assumptions or limited evidence
that there is variable (i.e., weather-dependent) availability
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of ammonium phosphate N to the crop (Fernandez et al.,
2010). As a result, the magnitude and fate of N co-applied
with P of ammonium phosphates are overlooked, consti-
tuting an appreciable blind spot in the anthropogenic N
cycle. This commentary (i) describes potential reasons for
and estimated magnitudes of the gap left by not accounting
for N from ammonium phosphate fertilizers, (ii) overviews
theoretical and literature-based understanding of environ-
mental loss pathways of ammonium phosphate fertilizer N,
and (iii) identifies key questions and approaches for future
research.

2 | NITROGEN INPUTS FROM
AMMONIUM PHOSPHATE FERTILIZERS

The global use of agricultural P fertilizer has increased by
over 6-fold in the past 80 years from 10.8 million Mg in
1961 to 66 million Mg in 2019 following the inception of
wide-scale phosphate rock mining post-World War II (Cordell
et al., 2009). Phosphorus fertilizers used globally in 2019
were approximately 18% P-only sources of phosphate rock
and superphosphates, and 82% compound fertilizers, includ-
ing ammonium phosphate fertilizer (FAO, 2020). In 2002, 3.3
million Mg N was added to croplands globally as ammonium
phosphate fertilizers, which increased by 3.4-fold by 2011 to
11 million Mg before stabilizing at an average of 8.5 million
Mg N over the past decade (Figure 1), dominantly in India
(47%) and the United States (23%; FAO, 2020).

Core Ideas

* Ammonium phosphate fertilizers (AP) are an over-
looked N input to agroecosystems (8% of global N
inputs).

* No study explicitly evaluates N loss from AP via
NO;-N leaching and N,O-N losses.

* Inadvertent comparisons in five studies are con-
founded by the lack of an unfertilized control.

* Simultaneous and explicit evaluation of NO3-N
and N,O-N losses of AP are needed.

* The fate of N applied as AP is a key blind spot in
agroecosystem N budgets that should be resolved.

3 | WHAT DO WE KNOW? SCARCE BUT
PROMISING EVIDENCE FROM THE
LITERATURE

3.1 | Fate of N from ammonium phosphate
fertilizers: Overview

There is no inherent reason to anticipate that highly solu-
ble ammonium phosphate fertilizers (MAP, DAP, APP) differ
from other N fertilizers in the fate of the ammonium (NH,4-N)
upon dissolution in soil. Following dissolution of the ammo-
nium phosphate salt (MAP, DAP) if not already added to
soil as a solution (APP), NH,-N in soil solution is converted
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of global N input (black dots), during 2002-2019 based on FAOSTAT data.
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to nitrate (NO5-N) by nitrification, a biological process that
is relatively rapid at soil temperatures of 8-30°C (Myers,
1975; Saad & Conrad, 1993). The resulting NO5;-N can be
lost from the soil profile through N leaching or by emis-
sion following denitrification to nitrogen (N,), nitric oxide
(NO), and/or nitrous oxide (N,O) gases (Powlson, 1993). In
many temperate regions such as the U.S. Midwest, application
of P fertilizers after crop harvest in the fall for the subse-
quent spring crop means that ammonium phosphate fertilizer
N experiences a prolonged period in the soil without active
crop uptake, but also relatively low soil temperatures. Rel-
atively high spring precipitation in concert with higher soil
temperatures in this region presents a risk of nitrification and
NO;-N leaching before crop establishment and P uptake. For
example, a fall application of MAP in late October or early
November would entail 7-9 months post-application before
maize approaches 50% of total N demand.

3.2 | Systematic literature review

To evaluate the effect of ammonium phosphate on N loss,
we conducted a systematic literature search using Web of
Science on June 25, 2023 to identify published evaluations
of N fate from ammonium phosphate fertilizers, using key-
words of (“monoammonium phosphate” OR “‘diammonium
phosphate” OR “ammonium polyphosphate”) AND (“nitrate”
OR “nitrate leaching”, OR “N,O0” OR “N,O emission”).
Abstracts were screened to identify studies in which NO5-N
or N,O-N losses under an ammonium phosphate treatment
were evaluated, initially identifying 35 articles. Of these,
not a single study reported experiments designed to test
N losses from ammonium phosphate fertilizers, though one
study reported a paired treatment and control (Dungan et al.,
2021). An additional five studies reported NO3-N leaching
and N,O-N emission from soils fertilized with a combina-
tion of ammonium phosphate and other N fertilizers and
solely with ammonium phosphate fertilizer (Table 1). Of
the six total studies, two reported NO5-N leaching and four
reported N,O-N emissions; one study evaluated both N loss
pathways.

3.3 | Ammonium phosphate fertilizer N loss
by NO;-N leaching

Observations of NO5-N leaching from ammonium phosphate
fertilizer were less common than N,O-N emissions, with
only two studies offering indirect evaluations of leaching
losses (Table 1), highlighting the need for studies explicitly
designed to isolate NO3-N leaching from ammonium phos-
phate fertilizers. Since ammonium phosphate fertilizer-only
treatments are intended to serve as a control for other N fertil-
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izer treatments, the lack of an unfertilized treatment precludes
distinguishing N losses derived from soil (i.e., mineralized N)
versus ammonium phosphate fertilizers. For example, NO;-N
loss via tile drains in the months following spring application
was similar for soils receiving only APP (7.2 kg NO;-N ha™!)
compared to soils receiving APP and additional N fertilizers
(7.8 kg NO;-N ha~!; O’Brien et al., 2022). This might suggest
that 0.6 kg N ha! of the 28 kg N ha~! applied as APP (2.1%)
was lost via NO5-N leaching, but leaching of mineralized N
prevents attribution of the difference between APP only and
APP + N fertilizer to APP. Daigh et al. (2015) reported 31.7 kg
N ha~! lost as tile drainage NO;-N from a MAP-only fertil-
ized treatment (45.6 ha™!) in a year of nearly 4-fold greater
precipitation relative to the 30-year average. Two years later,
only 9 kg N ha~! under a slightly higher rate of MAP (49.3 kg
N ha~!) was lost via tile drains, reflecting the strong positive
association of precipitation and NOj3-N tile drain loads (Lu
et al., 2020; Martinez-Feria et al., 2018).

3.4 | Ammonium phosphate fertilizer N loss
by N,O-N emission

As for N loss through NO5-N leaching, ammonium phosphate
fertilizers as a source of N,O-N emissions are overlooked
(Table 1), indicating persistence of a knowledge gap identi-
fied nearly a decade ago (Decock, 2014). In Japan, N,O-N
emission from 100 kg N ha~! of an unspecified form of
“ammonium phosphate” was only 0.1 kg N ha~! over 155 days
(Akiyama & Tsuruta, 2002). However, emissions were mon-
itored over the 6-month off-season (November 1997-April
1998), with a mean 10°C air temperature (soil temperature
was not reported), and there was not an unfertilized control to
isolate non-fertilizer derived N,O-N emissions. This suggests
that fall-applied ammonium phosphates—a common practice
in the U.S. Midwest region that makes intensive use of these
fertilizers as a P input—may be less susceptible to gaseous
losses depending on subsequent winter and early spring soil
temperatures. However, the temperature dependency of N,O
emissions that can entail hot moments during warming or
thaw events in the off-season in the U.S. Midwest (e.g., Yang
et al., 2022) may still be a major drive of gaseous N loss from
fall-applied ammonium phosphates. Emissions of N,O-N in
soils fertilized with ammonium phosphate N are higher dur-
ing warmer temperatures in-season, as expected. For example,
N,O-N emissions during the growing season from MAP-
fertilized soils in Idaho (irrigated) ranged 0.2-1.5 kg N ha~!
(Dungan et al., 2017, 2021) and in Iowa averaged 1.5 kg N
ha~! (O’Brien et al., 2022), and from APP-fertilized soils
in Missouri averaged 1.3 kg N ha~! (Steusloff et al., 2019).
However, as for NO5-N leaching, the lack of an unfertil-
ized control prevents attribution of observed N,O-N emis-
sions to ammonium phosphate fertilizer due to potential but
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unquantified soil contributions (O’Brien et al., 2022;
Steusloff et al., 2019). In other cases, though there was an
unfertilized control, MAP was applied in tandem with urea
and as a minor proportion (<10%) of total N (Dungan et al.,
2017). The only study in which an unfertilized control was
compared to an ammonium phosphate fertilizer was in south-
ern Idaho, where N,O-N emissions were 20% lower when
MAP was applied (24 kg N ha™!) relative to no N applied
(Dungan et al., 2021). However, emissions were overall low:
1.2 versus 1.5 kg N,O-N ha~!, respectively. Lower N,O-N
emissions under MAP fertilization relative to no fertilization
could be explained by greater crop growth and thus lower
residual soil N.

4 | RESOLVING THE BLIND SPOT

Measuring the fate of N from ammonium phosphate fertilizers
can be challenging for several reasons. First, the magnitude of
N applied as ammonium phosphate fertilizers can be relatively
small compared to primary sources of N, potentially mut-
ing the low magnitude of losses. For example, a commonly
used application of 45.0 kg P ha~! as DAP at the start of a
maize—soybean rotation in a Midwestern state such as Illinois
(Fernandez & Hoeft, 2012) entails co-application of 40.4 kg N
ha~!, which is 15% of total N applied assuming an additional
N application rate of 224 kg N ha~! (or 11% of total N, if
MAP is used). To overcome this, unrealistically high rates of
ammonium phosphate fertilizers are sometimes used in stud-
ies. For example, Fernandez et al. (2010) applied MAP at an
order of magnitude greater than typical rates to quantify soil
recovery of N of up to 90 kg N ha™!, equivalent to 172 kg P
ha~!. Yang et al. (2023) applied magnesium ammonium phos-
phate (i.e., struvite) on an N basis in order to compare N losses
relative to urea, of up to 150 kg N ha™!, equivalent to 360 kg P
ha~!. As an alternative, direct tracing of ’N-labeled ammo-
nium phosphate fertilizers could provide sufficient sensitivity
to evaluate relatively low magnitude N losses. Second, there is
aneed for (i) going beyond the greenhouse-scale to field-scale
evaluations (Hertzberger et al., 2020); (ii) full-year assess-
ments, especially in regions with freeze-thaw cycles (Ruser
& Schulz, 2015), and (iii) simultaneous evaluation of both
leaching and gaseous loss pathways.

S | AVERTING N LOSSES BY
SWITCHING P SOURCE

Another option is to altogether avoid the use of ammonium
phosphate fertilizers in favor of nonammoniacal P sources
such as phosphate rock, single superphosphate or triple super-
phosphate. However, the availability of superphosphates is
limited in large of the United States. Though a common P

RIGHTS L1 N Hig

source in the mid-20th century in the U.S.—to the point
of being recommended by land grant universities as the
default P source (e.g., DeTurk, 1942; Smith & Bauer, 1929)—
superphosphates were displaced by ammonium phosphates by
the 1970s (ERS, 2019). More recently, tariffs were imposed
by the U.S. International Trade Commission in 2021 due to
lobbying by a U.S. fertilizer company (O’Laughlin, 2021),
further limiting the supply of triple superphosphate for the
American farmer. Thus, changes in supply chain and leg-
islation are needed to increase the availability of N-free
P fertilizers that altogether sidestep potential losses of N
co-applied with P.

6 | REDUCING N LOSSES FROM
AMMONIUM PHOSPHATE FERTILIZERS

What might be ways to manage N losses from ammonium
phosphate fertilizers? Given that the surplus of fertilizer N
(i.e., applied vs used by crop) is a strong and nonlinear driver
of N,O emissions (Van Groenigen et al., 2010; Shcherbak
et al., 2014), counting the N of ammonium phosphate fer-
tilizers in N application budgets can avoid N surpluses. As
for other N fertilizers, granule coatings and the use of nitri-
fication inhibitors have unexplored potential for ammonium
phosphate fertilizers, though the context dependency of these
approaches is likely to entail mixed outcomes (Ruser &
Schulz, 2015; Thapa et al., 2016). Finally, the use of "slow-
release" ammonium phosphates may offer an additional N loss
reduction strategy. For example, metal ammonium phosphates
such as struvite (MgNH,PO,) have been long recognized
to have lower dissolution rates relative to MAP and DAP
(Hertzberger et al., 2020; Talboys et al., 2016), which explains
lower N,O-N losses on a fertilizer N basis (Yang et al.,
2023) and lower NO3-N leaching losses (Leon et al., 2023;
Margenot et al., 2019).
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