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1. Summary/ Zusammenfassung 

Nitrifica on inhibitors (NI), especially synthe c NI (SNI), are extensively tested and approved 
technologies for improving the N-efficiency of mineral and organic fer liza on. Their use 
significantly contributes to targeted plant nutri on through fer lizers. They have been proven to 
reduce nitrate leaching into groundwater and greenhouse gas emissions (GHG) in the form of nitrous 
oxide. The reduc on in losses leads to increased nitrogen use efficiency. While the overall benefits 
of SNI are not ques oned in a recent study by Frelih-Larsen et al. (2022), the ecological safety of SNI 
is being doubted, and biological NI (BNI) is presented as a supposedly safer alterna ve with similar 
benefits. However, due to the authors' limited literature review, there are glaring misjudgements 
regarding the benefits and risks of BNI compared to SNI. The GHG reduc on poten al of SNI has 
been examined and proven through various studies conducted under different field condi ons 
worldwide, accoun ng for changes in soil, weather condi ons, management decisions, and 
interac ons between these factors. On average, a reduc on of 44% in nitrous oxide emissions (10-
65%, Grados et al., 2022) has been observed. SNI thus possess the highest poten al among other 
agricultural prac ces to reduce nitrous oxide emissions. Comparable studies are lacking for the use 
of BNI, with their effects primarily inves gated only in laboratory experiments. 

Unlike SNI, BNI are only subject to the EU REACH regula on under specific condi ons, which requires 
comprehensive characteriza on of toxicity and ecotoxicity for chemical products. Furthermore, their 
approval is either granted at the na onal level or at the EU level through specific fer lizer 
regula ons. SNI, on the other hand, are regulated as a separate product func onal category (PFC 5 
A) in the EU Fer lizer Products Regula on. In addi on to comprehensive approval requirements, 
there is ongoing quality and risk monitoring, conducted by na onal authori es such as the 
Düngemi elverkehrskontrolle in various countries even a er the registra on process. 

Studies conducted within this framework and addi onal research confirm the safety of SNI 
concerning soil organisms (e.g., earthworms), aqua c organisms, as well as other flora, fauna, and 
human health. One commonly cited nega ve example involves the detec on of minimal residues of 
SNI in New Zealand milk powder, which was a ributed to improper applica on of pure NI on 
grassland without the simultaneous use of fer lizers. This prac ce is no longer common in New 
Zealand and is prac cally non-existent in Europe. There is no approval process or comparable studies 
regarding the safety of BNI as a product and its applica on at the interna onal, European, or na onal 
levels. 

Typically, modern SNI are applied at rates ranging from 0.1 to a maximum of 3.2 kg per hectare per 
year in combina on with mineral fer lizers or as an addi ve to liquid organic fer lizers (e.g., 
manure). To achieve an equivalent effect in terms of GHG reduc on and nitrifica on inhibi on using 
BNI, an applica on rate of 1,500 kg per hectare (e.g., of linolenic acid) would be required. Regardless 
of the prac cality and cost of such a measure for farmers (approximately 500 to 15,000 mes the 
applica on rate compared to SNI), toxicological and ecotoxicological effects are highly likely at such 
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quan es. Research on the risks associated with BNI is also lacking. Systemic measures such as 
integra ng specific plants to enrich BNI in the soil through root exudates or gene cally modifying 
crops are either imprac cal for produc ve and sustainable agriculture or legally inadmissible. In 
addi on to unresolved approval issues, lack of prac cality, a lack of evidence of effec veness, 
par cularly under prac cal condi ons, and the missing proof of toxicological and ecotoxicological 
safety, there is also the ques on of the specific targeted benefit of BNI. Statements regarding the 
course and dura on of effects are also absent, as well as studies on degrada on and displacement 
behavior in the soil. As a result, the objec ves of using NI are not met, ul mately leading to higher 
costs for the environment. Therefore, BNI is not suitable for an ecologically safe reduc on of GHG 
emissions in agriculture and, on the other hand, fails to adhere to the principles of good professional 
prac ce. Addi onally, unlike SNI, their safety has not been proven. 
 
Nitrifika onsinhibitoren (NI), vor allem synthe sche NI (SNI), sind eine umfassend geprü e und 
zugelassene Technologie zur Verbesserung der S ckstoff-Effizienz mineralischer und organischer 
Düngung. Ihr Einsatz trägt wesentlich zu einer bedarfsgerechten Pflanzenernährung der Düngemi el 
bei. Nachweislich werden die Auswaschung des Nitrats ins Grundwasser und von Treibhausgas-
Emissionen (THG) in Form von Lachgas signifikant reduziert. Die Verminderung von Verlusten führt 
zur Erhöhung der S ckstoffnutzungseffizienz. 

Während der Nutzen der SNI in einer kürzlich erschienenen Studie von Frelih-Larsen et al. (2022) im 
Grundsatz nicht bezweifelt wird, wird jedoch die ökologische Sicherheit von SNI hinterfragt. 
Biologische NI (BNI) werden als vermeintlich unbedenkliche Alterna ve mit gleichen Vorteilen 
gegenübergestellt. Durch die eingeschränkte Literaturrecherche der Autorinnen und Autoren 
ergeben sich jedoch eklatante Fehleinschätzungen bezüglich des Nutzens und des Risikos von BNI im 
Vergleich zu SNI. Das THG-Reduk onspotenzial von SNI wurde durch verschiedenste Studien in 
verschiedenen Weltregionen auch unter Feldbedingungen überprü  und nachgewiesen. 
Veränderungen des Bodens, der Wi erungsbedingungen, Bewirtscha ungsentscheidungen sowie 
Interak onen dieser Einflussfaktoren wurden in den Studien berücksich gt. Im Mi el konnte eine 
Reduk on der Lachgasemissionen um 44 Prozent (10-65 Prozent, Grados et al. 2022) festgestellt 
werden. SNI besitzen damit auch im Vergleich zu anderen pflanzenbaulichen Maßnahmen das 
höchste Potenzial zur Verminderung von Lachgasemissionen. Vergleichbare Studien fehlen für den 
Einsatz von BNI, deren Wirkung überwiegend nur in Laborversuchen untersucht wurde.  

Anders als SNI unterliegen BNI nur unter bes mmten Voraussetzungen der EU REACH-Verordnung, 
die für das Inverkehrbringen von chemischen Produkten u.a. eine umfassende Charakterisierung 
hinsichtlich Toxizität und Ökotoxizität voraussetzt. Des Weiteren erfolgt die Zulassung entweder 
na onal oder auf EU-Ebene über das spezielle Düngemi elrecht. So sind SNI als eigene 
Produk unk onskategorie (PFC 5 A) in der EU-Düngeprodukteverordnung geregelt. Neben 
umfassenden Zulassungsvoraussetzungen erfolgt eine laufende Qualitäts- und Risikoüberwachung, 
bspw. durch die Düngemi elverkehrskontrolle der Länder, auch nach dem eigentlichen 
Registrierungsprozess.  

In diesem Rahmen durchgeführte und ergänzende Studien bescheinigen SNI die Unbedenklichkeit 
gegenüber Bodenorganismen (bspw. dem Regenwurm), aqua schen Lebewesen, sowie für die 
übrige Flora, Fauna und die menschliche Gesundheit. Ein häufig zi ertes Nega vbeispiel betri  den 
Fund von minimalen Rückständen eines SNI in neuseeländischem Milchpulver. Diese Rückstände 
konnten auf eine unsachgemäße Anwendung von reinem NI auf Grünland ohne die Applika on mit 
Düngemi eln zurückgeführt werden. Eine derar ge Anwendung von NI wird heute jedoch weder 
Neuseeland noch in Europa prak ziert. Ein Zulassungsverfahren und vergleichbare Studien zur 
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Unbedenklichkeit von BNI als Produkt und deren Einsatz exis eren dagegen weder auf 
interna onaler oder europäischer noch auf na onaler Ebene. 

Üblicherweise werden moderne SNI in Aufwandmengen von 0,1 bis maximal 3,2 kg pro Hektar und 
Jahr eingesetzt, in Kombina on mit Mineraldüngern oder als Zusatz zu flüssigen organischen 
Düngern (bspw. Gülle). Für einen gleichen Effekt bezüglich THG-Reduk on und 
Nitrifika onshemmung durch BNI, müsste bspw. eine Aufwandmenge von 1.500 kg pro Hektar (bspw. 
von Linolensäure) ausgebracht werden. Ungeachtet der Prak kabilität und der Kosten einer solchen 
Maßnahme (ca. 500 bis 15.000-fache Ausbringmenge im Vergleich zu SNI), sind toxikologische und 
ökotoxikologische Effekte bei dieser Menge sehr wahrscheinlich. Untersuchungen zu den Risiken gibt 
es ebenfalls nicht. 

Systemische Maßnahmen wie die Integra on von entsprechenden Pflanzen, um BNI im Boden durch 
bspw. Wurzelexudate anzureichern, oder eine gentechnische Veränderung von Kulturpflanzen sind 
entweder unprak kabel für einen produk ven und nachhal gen Ackerbau oder rechtlich unzulässig. 
Neben ungeklärten Zulassungsfragen, fehlender Prak kabilität und einem fehlenden Beweis der 
Wirkung, insbesondere unter prak schen Bedingungen sowie dem zu vermissenden Nachweis der 
toxikologischen und ökotoxikologischen Unbedenklichkeit, stellt sich außerdem die Frage nach dem 
konkreten zielgerichteten Nutzen von BNI. Weder sind Aussagen zu Wirkungsverlauf und -dauer noch 
Studien zu Abbau und Verlagerungsverhalten im Boden vorhanden. Die Ziele des Einsatzes von NI 
werden dadurch verfehlt und letztendlich höhere Kosten für die Umwelt verursacht. 

Insgesamt eignen sich BNI nicht für eine ökologisch unbedenkliche Reduk on der THG-Emissionen 
aus dem Ackerbau und verfehlen andererseits auch die Grundsätze der guten fachlichen Praxis. 
Zudem ist deren Unbedenklichkeit im Gegensatz zu SNI nicht bewiesen. 

2. Abstract 

Nitrifica on inhibitors (NI), especially synthe c NI (SNI), are a well-tested and approved technology 
for improving N-efficiency in mineral and organic fer liza on. Their use also contributes to targeted 
fer lizer effec veness and significantly reduces nitrate leaching into groundwater and greenhouse 
gas emissions (GHG) in the form of nitrous oxide. A recent study by Frelih-Larsen et al. (2022) 
ques ons the ecological safety of SNI and presents biological NI (BNI) as a supposedly harmless 
alterna ve with similar benefits. However, due to the authors' limited literature review, there are 
glaring misjudgements regarding the benefits and risks of BNI compared to SNI. The chemical 
classifica on of SNI is regulated through the EU-REACH regula on, while their fer lizer approval is 
based on na onal and European legisla on. They are defined as a separate product func onal 
category (PFC 5 A) in the EU Fer lizer Products Regula on, and relevant products are con nuously 
monitored by fer lizer traffic control. 

Extensive studies have demonstrated the efficacy of SNI under various field condi ons, as well as its 
toxicological and ecotoxicological safety. There is no comparable legisla on or body of research 
regarding the effects of biological NI (BNI). Laboratory experiments assessing the impact of BNI o en 
fail to replicate real-world condi ons, and the toxicological and ecotoxicological safety of BNI under 
the high applica on rates required (e.g., linolenic acid at 1,500 kg/ha) has not been determined. 

In comparison to BNI, SNI exhibits significantly higher effec veness in reducing emissions and 
promo ng sustainable plant nutri on. It follows a proven and secure authoriza on and control 
process with demonstrable safety concerning toxicological and ecotoxicological risks. Addi onally, it 
offers high prac cality and cost-effec veness for farmers. 
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Nitrifika onsinhibitoren (NI), vor allem synthe sche NI (SNI), sind eine umfassend geprü e und 
zugelassene Technologie zur Verbesserung der S ckstoff-Effizienz von mineralischer und organischer 
Düngung. Ihr Einsatz trägt zudem zu einer bedarfsgerechten Wirkung der Düngemi el bei und 
reduziert nachweislich die Auswaschung des Nitrats ins Grundwasser und von Treibhausgas-
Emissionen (THG) in Form von Lachgas. Eine kürzlich erschienene Studie von Frelih-Larsen et al. 
(2022) zweifelt an der ökologischen Sicherheit von SNI und stellt ihnen biologische NI (BNI) als 
vermeintlich unbedenkliche Alterna ve mit gleichen Vorteilen gegenüber. Durch die eingeschränkte 
Literaturrecherche der Autoren ergeben sich jedoch eklatante Fehleinschätzungen bezüglich des 
Nutzens und des Risikos von BNI im Vergleich zu SNI. Die chemikalienrechtliche Einstufung von SNI 
erfolgt über die EU-REACH-Verordnung, die düngemi elrechtliche Zulassung auf Basis na onaler 
und europäischer Gesetzgebung. So sind sie als eigenständige Produk unk onskategorie (PFC 5 A) 
in der EU-Düngeprodukteverordnung definiert und entsprechende Produkte werden laufend durch 
die Düngemi elverkehrskontrolle überwacht. 

Umfangreiche Studien haben die Wirkung von SNI unter verschiedenen Bedingungen in 
Feldversuchen und die toxikologische und ökotoxikologische Unbedenklichkeit nachgewiesen. Eine 
vergleichbare Gesetzgebung und Studienlage zur Wirkung von biologischen NI (BNI) exis ert nicht. 
Laborversuche zur Wirkung von BNI sind unter prak schen Bedingungen häufig nicht replizierbar und 
die toxikologische und ökotoxikologische Unbedenklichkeit von BNI unter den hohen notwendigen 
Aufwandmengen (bspw. von Linolensäure 1.500 kg/ha) wurde nicht ermi elt. 

Im Vergleich zu BNI weisen SNI signifikant höhere Wirkungsgrade im Hinblick auf die 
Emissionsreduk on und eine nachhal ge Pflanzenernährung, ein bewährtes und sicheres 
Zulassungs- und Kontrollverfahren mit nachweislich hoher Sicherheit hinsichtlich toxikologischer und 
ökotoxikologischer Risiken, sowie eine hohe Prak kabilität und Wirtscha lichkeit für die 
landwirtscha liche Produk on auf. 

3. Statement IVA on Nitrifica on Inhibitors (NI) 
3.1 Introduc on 

New fer lizer technologies that reduce losses to the environment and thus increase nutrient use 
efficiency (NUE) of crops can be summarized with the term “Enhanced Efficiency Fer lizers” (EEFs). 
EEF mainly cover following three technologies: 

• Slow-release fer lizers (SRF): Fer lizing product that releases (converts to a plant-available 
form) its nutrients at a slower rate rela ve to a “reference soluble” product. This may be 
accomplished by biological ac vity and/or by limited solubility and/or by hydrolysis or other 
recognized chemical or biochemical means. 

• Controlled-release fer lizers (CRF): Fer lizing product that releases nutrients at a controlled rate 
rela ve to a “reference soluble” product. The controlled rate of nutrient release is achieved by 
modifying readily available nutrient forms with recognized physical mechanisms such as 
coa ngs, occlusions or other similar means. 

• Stabilized N fer lizers (SNF): Fer lizing products to which a nitrogen (N) stabilizer (inhibitor) has 
been added. A N stabilizer is a substance added to regular fer lizers which extends the me the 
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N component of the fer lizer remains in the soil in urea (urease inhibitor (UI1)) or ammonium 
form (nitrifica on inhibitor (NI2)). 

Both UI and NI can be further separated into biological (BUI, BNI) and synthe c compounds (SUI, 
SNI). NIs can be added to all urea- and/or ammonium containing fer lizers (including organic N 
containing fer lizers). Addi on of UI is appropriate only for urea containing fer lizers and this is also 
the case regarding a combina on of UI and NI. 

Frelih-Larsen et al. (2022) evaluated the mi ga on poten al of NI as a climate friendly solu on for 
soil management. Based on a very limited literature research and therefore on only a few, selected 
scien fic papers, they summarized that 

• NI are problema c both in terms of their climate and their environmental effects 
• Especially synthe c NIs 

o are debatable in their efficacy to deliver posi ve climate impacts  
o can poten ally have nega ve side effects, in par cular on soil biodiversity and aqua c 

organisms, 
o have unclear long-term impacts so that precau onary principles should be applied and their 

use should be restricted, 
• Therefore, biological NIs should be preferred to synthe c NI. 

In the following sec ons we will discuss in detail major findings of Frelih-Larsen et al. (2022). Based 
on a more profound literature review we provide solid counterproof that NIs and especially SNIs are 
a well-established, efficient, environmentally beneficial and reliable technology to mi gate climate 
change, reduce N losses from N fer liza on and secure yield and quality of crops. 

3.2 Analysis of the asser ons 
3.2.1 Climate Impacts of NI 

Frelih-Larsen et al. (2022) men on uncertain effects of SNI and BNI usage under field condi ons. It 
is generally known that the extent of effects of all agricultural measures (e.g., llage, crop protec on, 
any applica on of nutrients, irriga on) applied under open field condi ons strongly depends on soil 
factors (soil type, soil humidity, soil temperature, microflora, etc.) climate factors (temperature, 
humidity, radia on, rainfall, etc.) and management factors as well as their complex interac ons with 
each other. Therefore, a varying effec veness of NI can be assumed as the rule when applied to 
different environments and condi ons but does not indicate an inadequate func onality of used NI 
(e.g., considering nitrous oxide (N2O) mi ga on). A number of meta-analyses clearly evidenced that 
SNI significantly reduce N2O emissions (in a range of 30 to 65%, average values from different meta-
analyses) from mineral as well organic N fer lizers and under a substan al number of different 
environmental condi ons (soil, climate and weather as well as management scenarios). This 
effec veness is confirmed e.g., by Kanter and Searchinger 2018 (summarizing different meta-

 
1 Urease inhibitor (UI): A substance that inhibits for a certain period of me urease enzymes responsible for the 
hydrolysis of urea. 
UI reduce NH3 losses (which can be up to 64% of applied N, Pan et al. (2016)) from urea on average by 70% (Bi mann 
et al. 2014). In addi on, also indirect and direct N2O emissions can be significantly reduced (e.g., Cowan et al. 2022, 
Grados et al. 2022) 
2 Nitrifica on inhibitor (NI): A substance that inhibits for a certain period of me specific soil micro-organisms 
responsible for the biological oxida on of ammonium (via nitrite) into nitrate. 
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analysis), Qiao et al. 2015, Ruser and Schulz 2015, Thapa et al. 2016, Xia et al. 2017, Yang et al. 2019, 
Fan et al. 2022, Lam et al. 2022, Grados et al. 2022, Pan et al. 2023. The last men oned meta-analysis 
of Grados et al. (2022) showed a reduc on of total N2O emissions by the use of SNI of 44% on 
average, indica ng that the effect on fer lized N is even higher (Dong et al. 2021). By contrast, 
reliable data for a profound evalua on of BNI-related N2O mi ga on (in par cular with respect to 
ac ve agriculture) is barely available and a comprehensive meta-analysis does not even exist. So far, 
only a few review papers about BNI in general and their N2O mi ga on poten al in par cular are 
available (e.g., Subbarao et al. 2015, Wang et al. 2021). Most of these inves ga ons were carried 
out under model condi ons. Thus, the implica on of Frelih-Larsen et al. (2022) that SNI and BNI can 
be currently assumed as equivalent with respect to their N2O mi ga on efficiency (in par cular 
when considering ac ve agriculture) is misleading and completely ignores the fact that BNI efficiency 
as well applicability has s ll to be proven yet. 

Therefore, it can be concluded that especially SNI have a well proven specific and environmentally 
beneficial effect on the reduc on of N2O emissions by nitrifica on (and denitrifica on) under many 
different environmental condi ons as well as management scenarios. 

3.2.2 Effects on soil biodiversity and aqua c organisms 

In the European Union (EU) every chemical which is imported into the EU, produced in the EU and/or 
introduced into the EU market has to be registered under the EU REACh Direc ve (EU 1907/2006). 
The requirements for a registra on depend on the annual volume (imported, produced or sold) and 
comprise toxicological and ecotoxicological studies (covering among other things also possible 
effects on non-target and aqua c organisms) as well as risk assessments. All SNI commercially 
available in the EU and in Germany have such a REACh registra on. In addi on to the obligatory 
REACh registra on NIs have to be assessed for conformity (EU legisla on) or registered according to 
na onal fer lizer regula ons. In the new EU Fer lizing Products Regula on (FPR, EU 2019/1009) a 
minimum REACh data set and a chemical safety report, as well as a thorough risk assessment are 
required. Also, under, e.g., the German Fer lizer Regula on (Düngemi elverordnung) the regulatory 
body (BMEL = Federal Ministry of Food and Agriculture supported by its Scien fic Advisory Board on 
Fer liser Issues) evaluates possible toxicological and ecotoxicological effects of SNI in the registra on 
process based on an extensive number of relevant studies submi ed. 

In Germany and also other EU member states surveillance authori es (e.g., in Germany: 
Düngemi elverkehrskontrolle der Länder) are responsible for quality control of marketed fer lizers 
and fer lizing products. With these authori es, further follow-up and control of products in terms 
of labelling and chemical composi on, also including risk evalua on is given, even a er the 
registra on process.  

We are not aware of any registra ons of BNI under REACh or FPR. 
Any demands that toxicological and ecotoxicological studies should not be needed for allegedly 
natural products, such as BNI are dubious and contradicts the common principle of a proper risk 
assessment. It is well known that many natural compounds are very toxic, even under a very low 
dose level. 

As contrarily claimed by Frelih-Larsen et al. (2022) SNI are in fact well-studied compounds with a 
huge scien fic backup and a well-known risk classifica on. They are checked and registered as 
chemicals and fer lizer addi ves. In contrast, neither safe applicability nor reliable benefit has yet 
been demonstrated for the currently known BNI. 
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Based only on one study (Kösler et al. 2019) Frelih-Larsen et al. (2022) claimed that SNI carry risks 
for soil health and biodiversity, as they can be ecotoxic for terrestrial and aqua c organisms. 
However, ecotoxicological effects as occasionally observed in this study are rather related to an 
inadequate experimental design than caused by the applied SNI. Beside the fact that Kösler et al. 
(2019) compared two formulated products containing one (in Vizura®) or two SNI compounds (in 
Piadin®) with an unformulated pure SNI (DCD), the authors tested dose rates of Vizura® as well as of 
Piadin® which are far beyond recommended and used dose rates of these products (e.g., Pasda and 
Schmid 2020). Therefore, results of Kösler et al. (2019) concerning ecotoxicity of Vizura® are of no 
relevance for the recommended applica on rates of Vizura® used according to good agricultural 
prac ce (Pasda and Schmid 2020). Furthermore, they did also not provide evidence of health or 
environmental risks associated with the use of Piadin® or its ac ve ingredients. Occasionally 
observed phytotoxic effects are rather more likely to be associated with the formula on agent (liquid 
N-fer lizer) than with the ac ve ingredients themselves. The inappropriate applica on of PIADIN® 
resulted in a tremendous overdosing of the nitrogen supply of the studied plants, which, however, 
was not taken into account at all.  

In addi on to the ecotoxicological studies conducted under REACh for 3,4-dimethylpyrazole 
phosphate (DMPP), SNI in Vizura®; no effects of acute toxicity on earthworm and no effects on the 
ac vity of soil microflora), scien sts tested the effect of DMPP on different non-target soil organisms. 
There were no sustainable adverse effects even with very high dose rates (Tindaon et al. 2012, Dong 
et al. 2013, Maienza et al. 2014, Kong et al. 2016a, 2017, Shi et al. 2016, Zhang et al. 2017). 

Also in long-term field experiments, repeated applica ons of DMPP (Dong et al. 2021, Shi et al. 2017) 
as well as of DCD (SNI) and NBPT (SUI; Duff et al. 2022, Shi et al. 2017) did not significantly affect the 
community structure of ammonia oxidizers (Shi et al. 2016).  They did not affect the func on and 
the abundance of N cycling communi es (Duff et al. 2022) and did not result in long-term shi s in 
soil bacterial communi es (Dong et al. 2021). 

The studies carried out within the framework of fer lizer registra on show that the ac ve 
substances in Piadin®, when used correctly, have no effects on earthworm, collembolans, and 
ac vity of soil microflora as well as on algae, fish and daphnia. In addi on, Tindaon et al. (2012) as 
well as Růžek et al. (2014) also found that fer lizers containing DCD (and 1,2,4-triazole) do not have 
a significant nega ve effect on biological ac vity in the examined soils. Also, for the development of 
juvenile brown trout Bruder et al. (2017) couldn’t find any nega ve impact from DCD applica on. 

We are not aware of any comparable studies with BNI. 

In summary, Frelih-Larsen et al. (2022) unjus fiably tried to imply a large gap of knowledge 
concerning nega ve impacts of SNI applica on by just ignoring plenty of studies and registra ons 
procedures, which already clearly evidenced their save and proper applica on in agricultural 
prac ce. Therefore, it can be demonstrably concluded that (in contrast to BNI) currently SNI are well-
known and well-studied compounds with regard to their environmental impact. 

3.2.3 DCD (SNI) residues 

Based on Ray et al. (2021), Frelih-Larsen (2022) men oned that residues of DCD were detected in 
milk. Ray et al. (2021) stated that this mmight have been caused by a special prac ce of DCD 
applica on onto pastures in New Zealand: High amounts of DCD have been directly sprayed onto 
the grass without any N fer lizer. Uptake of DCD by the grazing cows and its excre on with the urine 
at least was taken into account in this case. As men oned above, the common and recommended 
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prac ce worldwide is the applica on of nitrogen fer lizers treated with NI but not a sole NI 
applica on. 

Even under worst-case condi ons (oral DCD administra on to lacta ng cows), Welten et al. (2016) 
concluded that the low recovery of DCD in milk is consistent with other compounds used in 
veterinary medicine and does not pose a significant risk from milk consump on. 
 

3.2.4 Nitrate on human health 

Based on Ahmed et al. (2017), Frelih-Larsen et al. (2022) concluded that nitrate (NO3) can threat 
human health through consump on of drinking water or vegetables with high contents of nitrate. 
Such an increased uptake of nitrate can lead to various kinds of human cancer, neural tube defects, 
diabetes and blue baby syndrome. If this assump on were correct, the number of human carcinosis 
of vegetarians and workers in factories producing nitrate-containing fer lizers (e.g., Zandjani et al. 
1994) would be significantly above the average values in society. But this is not the case. Based on 
their literature review, Leifert and Golden (2000) concluded that “…there is no conclusive 
epidemiological evidence that dietary nitrates are causally linked to carcinogenesis and 
methaemoglobinaemia is now recognized to be linked to endogenous nitrite produc on resul ng 
from gastro-intes nal infec on. Conversely, some epidemiological studies show a reduced rate of 
gastric and intes nal cancer in groups with a high vegetable-based nitrate intake. There is also now 
a growing body of evidence from physiological studies to suggest a beneficial physiological role of 
dietary nitrate in gastro-intes nal protec on against food borne pathogens, including Helicobacter 
pylori infec on…”. 

3.3 Prac cal use and effects 
3.3.1 Comparison of amounts of BNI and SNI per hectare 

Frelih-Larsen et al. (2022) cited Ma et al. (2021), who reported up to 93.5% reduc on in NO3- 
concentra on when applying 1 g of BNI (here linoleic acid) per kg of wet soil. Assuming a soil depth 
of 10 cm and a specific mass of 1.5 kg per L soil, one hectare soil has a mass of 1.5 mio kg (= 100 m 
x 100 m x 0,1 x 1000 L/m3 x 1,5 kg per L). So, the BNI amount corresponding to the study of Ma et 
al. (2021) would be 1500 kg per hectare (= 1.5 mio kg x 0,001 kg BNI).  According to the German 
Fer lizer Regula on modern SNI are allowed to be applied at concentra ons ranging from only 
0.05% and 1.6% based on the concentra on of ammonium-N and/or urea-N contained in the 
fer lizer. Assuming a common maximum ammonium-N applica on rate of 200 kg N per hectare and 
year modern SNIs are applied at annual rates of ca. 100 g to maximal 3.2 kg per hectare only. 

It is remarkable that no toxicological and ecotoxicological studies are available for BNI, although they 
would have to be used in immensely high quan es per hectare compared to SNI or plant protec on 
products. The necessary quan es of BNI exceed even the permissible N fer lizer quan es by a 
factor of five to ten. 

In addi on, Ma et al. (2021) already suggested that a strong increase in denitrifica on caused by the 
massive applica on of the poten al BNI (linoleic acid) was most likely responsible for the observed 
reduc on of available nitrate. Hence, clear evidence for linoleic acid to act as a BNI wasn’t even 
delivered by Ma et al. (2021) and moreover, ques oned by the authors themselves. 

3.3.2 Kinds of applica on of BNI 
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Many of the BNI have a complex chemical structure (Wang et al. 2021, Subbarao et al. 2015, Coskun 
et al. 2017). And it is well known that genera on of such biobased complex chemicals is challenging 
and quite expensive. Considering high BNI amounts per hectare needed for good performance (see 
above), costs per hectare for BNI would be so high that they would be economically prohibi vely 
expensive for farmers. Therefore, the following major kinds of applica on for BNI are recommended: 

• Crop rota on between BNI releasing plants (via root system) and cash crops (e.g., Wang et al. 
2021) 

• Intercropping of BNI releasing plants (via root system) and cash crops 
• Incorpora on of genes regula ng BNI release (via root system) into genome of cash crops 

(Subbarao et al. 2021) 

In case of crop rota on and intercropping it must be taken into account that the area needed to 
produce a comparable yield to crops treated with SNI containing fer lizers is significantly higher. And 
this, of course takes more me and comes along with higher fuel consump on for cul va on (and 
the need for a special seeding device for intercropping), finally resul ng in a higher carbon oxide 
(CO2) footprint. In conclusion, these kinds of BNI applica ons are undoubtedly unsuitable for an 
efficient and produc ve crop cul va on as in Germany or Europe but probably useful for small scale 
farmers. 

Concerning the incorpora on of BNI releasing genes into plants of cash crops, it must be recalled 
that only classical breeding technologies (e.g., back-crossing approach) and no gene c engineering 
approaches are allowed/accepted at least in Germany and Europe. It must further be considered 
that a successful introduc on of such genes by classical breeding approaches needs a lot of me. 
Independent from the breeding method, plant breeders need suitable rapid detec on methods to 
evaluate the NI effect of the BNI release, and thus the breeding success. 

3.3.3 Persistance of BNI in soil 

However, a poten al disadvantage of the inclusion of BNI releasing crops is the persistence of the 
BNI in the soil. Neither from a regulatory, nor from an agronomical point of view, persistence of any 
ac ve ingredient (AI) applied by farmers is desired. Therefore, the full decomposi on of the AI in the 
soil during the cropping cycle is one of the main targets in the development of SNIs. In terms of crop 
physiology, a long NI persistence during the crop growing period is not useful to reach high yields 
with high quality. For best yield performance, a mixed nutri on in the forms of ammonium (NH4) 
and nitrate (NO3) is be er compared to N nutri on with only NH4 or NO3. With a permanent release 
of BNI from the roots and/or a high persistence of the BNI in the soil the nitrifica on process will be 
inhibited for a long me/the whole growing season and crops will be fed preliminary (if not solely) 
by high amounts of NH4, which is subop mal for yield performance. 

An op mal mixed nutri on with NH4 and NO3 is always given with SNI due to their inherently 
restricted me of ac vely inhibi ng nitrifica on a er applica on. Under low soil temperature (e.g., 
in spring), in which crop growth and so N demand is reduced, the dura on of efficacy is long enough 
to minimize or completely exclude N (gaseous and leaching) losses from applied N fer lizers. Under 
high soil temperature (e.g., during growing season), the period of efficacy is shorter. The 
recommended dose rates of SNI consider a minimum length of ac on period of 3 to 4 weeks under 
high soil temperatures and 6 to 10 weeks under low soil temperatures. 
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In the case of BNI generated via plant excre ons, the largest amounts of AI and thus also the 
strongest and longest-las ng inhibi on of nitrifica on can be expected in phases of intensive plant 
growth with the best u liza on of NO3 and hence, the highest demand for NO3 of the crop plants 
respec vely. At the same me, in phases with low plant growth and high risk for N (gaseous and 
leaching) loss, the inhibi on of nitrifica on would be very low or even insufficient to prevent 
poten al N loss. As a result, BNIs do meet neither the requirements of plant produc on nor the 
requirements for reducing gaseous and leaching losses of nitrogen. 
 
 

3.4 Conclusion 

It is evident that the posi ve effects of SNI have been confirmed by various studies, including under 
prac cal condi ons. Furthermore, the ecologically safe use of SNI is scien fically proven, and their 
usage is regulated by law and monitored by authori es. Comparable findings do not exist for the use 
of BNI. Moreover, the prac cal feasibility of BNI u liza on is ques onable, and its ecological safety 
under prac cal condi ons, unlike SNI, is not proven. Therefore, subs tu ng SNI with BNI while 
achieving similar posi ve effects in terms of improved NUE and reduc on of GHG emissions is not 
possible. Contrary claims cannot be scien fically substan ated. 

4. References 

Bi man, S., Dedina, M., Howard C.M., Oenema, O., Su on, M.A., (eds), 2014: Op ons for 
Ammonia Mi ga on: Guidance from the UNECE Task Force on Reac ve Nitrogen, Centre for 
Ecology and Hydrology, Edinburgh, UK 

Bruder, A., Salis, R.K., Jones, P.E. and Ma haei, C.D., 2017: Bio c interac ons modify mul ple-
stressor effects on juvenile brown trout in an experimental stream food web, Global Change 
Biology 23, 3882-3894 

Coskun, D., Bri o, D.T., Shi, W.and Kronzucker, H.J., 2017: Nitrogen transforma ons in modern 
agriculture and the role of biological nitrifica on inhibi on, Nature Plants 3, 17074 

Cowan, N., Carnell, E., Skiba, U., Dragosits, U., Drewer, J. and Levy, P., 2020: Nitrous oxide emission 
factors of mineral fer lisers in the UK and Ireland: A Bayesian analysis of 20 years of experimental 
data, Environment Interna onal 135, 105366 

Dong, D., Yang, W., Sun, H., Kong, S. and Xu, H., 2021: Nitrous oxide emissions in response to long-
term applica on of the nitrifica on inhibitor DMPP in an acidic luvisol, Applied Soil Ecology 159, 
103861 

Dong, X.X., Zhang, L.L., Wu, Z.J., Zhang, H.W. and Gong, P., 2013: The response of nitrifier, N-fixer 
and denitrifier gene copy numbers to the nitrifica on inhibitor 3,4-dimethylpyrazole phosphate, 
Plant, Soil and Environment 59, 398-403 

EU 1907/2006: EUR-Lex - 02006R1907-20221217 - EN - EUR-Lex (europa.eu) 

EU 2019/1009: EUR-Lex - 02019R1009-20221003 - EN - EUR-Lex (europa.eu) 

Fan, D., He, W., Smith, W.N., Drury, C.F., Jiang, R., Grant, B.B., Shi, Y., Song, D., Chen, Y., Wang, X., 
He, P. and Zou, G., 2022: Global evalua on of inhibitor impacts on ammonia and nitrous oxide 
emissions from agricultural soils: A meta-analysis, Global Change Biology 28, 5121–5141 



13/15 

 
Eine Posi on des Industrieverbandes Agrar e.V._ 15. Mai 2023 

Frelih-Larsen, A., Riedel, A., Hobeika, M., Scheid, A., Ga nger, A., Niether, W., and Siemons, A., 
2022: Role of soils in climate change mi ga on, UBA publica on 56/2022 

Grados, D., Bu erbach-Bahl, K., Chen, J., van Groenigen, KJ., Olesen JE., van Groenigen, JW. and 
Abalos, D., 2022: Synthesizing the evidence of nitrous oxide mi ga on prac ces in 
agroecosystems, Environmental Research Le ers 17, 114024 

Kanter, D.R. and Searchinger, T.D., 2018: A technology-forcing approach to reduce nitrogen 
pollu on, Nature Sustainability 544, 544–552 

Kösler, J.E., Calvo, O.C., Franzaring, J. and Fangmeier, A., 2019: Evalua ng the ecotoxicity of 
nitrifica on inhibitors using terrestrial and aqua c test organisms, Environmental Sciences 
Europe 31, 91-102 

Kong, X., Duan, Y., Schramm, A., Eriksen, J. and Petersen, S.O., 2016a: 3,4-Dimethylpyrazole 
phosphate (DMPP) reduces ac vity of ammonia oxidizers without adverse effects on non-target 
soil organisms and func ons, Applied Soil Ecology 105, 67-75 

Kong, X., Duan, Y., Schramm, A., Eriksen, J., Holmstrup, M., Larsen, T., Bol, R. and Petersen, S.O., 
2017: Mi ga ng N2O emissions from clover residues by 3,4-dimethyl pyrazole phosphate (DMPP) 
without adverse effects on the earthworm Lumbricus terrestris, Soil Biology and Biochemistry 
104, 95-107 

Lam, S. K., Wille, U., Hu, H.W., Caruso, F., Mumford, K., Liang, X., Pan, B., Malcolm, B., Roessne, U., 
Suter, H., Stevens, G., Walker, C., Tang, C., He, J.Z. and Deli, C., 2022: Next-genera on enhanced-
efficiency fer lizers for sustained food security, Nature Food 3, 575–580 

Leifert, C. and Golden, M.H., 2000: A re-evalua on of the beneficia and other effects of dietary 
nitrate, The Interna onal Fer liser Society, Proceedings no. 456, 28th November 2000, London, 
UK 

Ma, Y., Jones, D.L., Wang, J., Cardenas, L.M. and Chadwick, D.R., 2021: Rela ve efficacy and 
stability of biological and synthe c nitrifica on inhibitors in a highly nitrifying soil: Evidence of 
apparent nitrifica on inhibi on by linoleic acid and linolenic acid, European Journal of Soil 
Science 72, 2356–2371 

Maienza, A., Baath, E., Tazi R.S., Benede , A., Grego, S. and Dell’Abte, M.T., 2014: Microbal 
dynamics a er adding bovine manure effluent together with anitrifica on inhibitor (3,4 DMPP) in 
a microcosm experiment, Biology and Fer lity of Soils 50, 869-877 

Qiao, C., Liu, L., Hu, S., Compton, J.E., Greaver, T.L. and Li, Q., 2015: How inhibi ng nitrifica on 
affects nitrogen cycle and reduces environmental impacts of anthropogenic nitrogen input, 
Global Change Biology 21, 1249–1257 

Pan, B., Lama, SK., Mosier, A., Luo, Y. and Chen, D., 2016: Ammonia vola liza on from synthe c 
fer lizers and its mi ga on strategies: A global synthesis, Agriculture, Ecosystems and 
Environment 232, 283–289 

Pan, Z., Fan, D., Jiang, R., Abbasi, N., Song, D., Zou, G., Wei, D., He, P. and He, W., 2023: Improving 
potato produc vity and mi ga ng nitrogen losses using enhanced-efficiency fer lizers: A global 
meta-analysis, Agriculture, Ecosystems and Environment 348, 108416 

Pan, B., Xia, L., Lam, S.K., Wang, E., Zhang, Y., Mosier, A. and Chen, D., 2022: A global synthesis of 
soil denitrifica on: Driving factors and mi ga on strategies, Agriculture, Ecosystems and 
Environment 327, 107850 



14/15 

 
Eine Posi on des Industrieverbandes Agrar e.V._ 15. Mai 2023 

Pasda, G. and Schmid, M., 2020: Statement to Kösler et al. 2019 and 2020 regarding the evalua on 
of the ecotoxicity of nitrifica on inhibitors using terrestrial and aqua c test organisms, 
Environmental Sciences Europe 32, 111 

Ray, A., Nkwonta, C., Forrestal, P., Danaher, M., Richards, K., O’Callaghan, T., Hogan, S. and 
Cummins, E., 2021: Current knowledge on urease and nitrifica on inhibitors technology and their 
safety, Reviews on Environmental Health 36, 477–491 

Ruser, R. and Schulz, R., 2015: The effect of nitrifica on inhibitors on the nitrous oxide (N2O) 
release from agricultural soils - a review, Journal of Plant Nutri on and Soil Science 178, 171–188 

Růžek, L., Růžková, M., Bečka, D., Voříĕšek, K. and Šimka, J., 2014: Effects of conven onal and 
stabilized urea fer lizers on soil biological status, Soil Science and Plant Analysis 45, 2363-2372 

Shi, X., Hu, H.W., He, J.Z., Chen, D. and Suter, H., 2016: Effects of 3,4-dimethylpyrazole phosphate 
(DMPP) on nitrifica on and the abundance and community composi on of soil ammonia 
oxidizers in three land uses, Biology and Fer lity of Soils 52, 927–939 

Shi, X., Hu, H.W., Kelly, K., Chen, D., He, J.Z. and Suter, H., 2017: Response of ammonia oxidizers and 
denitrifiers to repeated applica ons of a nitrifica on inhibitor and a urease inhibitor in two 
pasture soils, Journal of Soils and Sediments 17, 974-984 

Subbarao, G.V., Yoshihashia, T., Worthington, M., Nakahara, K., Ando, J., Kanwar, K.A., Sahrawat, 
K.L., Rao, I.M., Lata, J.C., Kishii, M. and Braun, H.J., 2015: Suppression of soil nitrifica on by 
plants, Plant Science 233, 155–164 

Subbarao, G.V., Kishii, M., Bozal-Leorri, A., Or z-Monasterio, I., Gao, X., Ibba, M.I., Karwat, H., 
Gonzalez-Moro, M.B., Gonzalez-Murua, C., Yoshihashi, T., Tobita, S., Kommerell, V., Braun, H.J., 
and Iwanaga, M., 2021: Enlis ng wild grass genes to combat nitrifica on in wheat farming: A 
nature-based solu on, Proceedings of the Na onal Academy of Sciences 118, e2106595118 

Thapa, R., Cha erjee, A., Awale, R., McGranahan, D. A. and Daigh, A., 2016: Effect of enhanced 
efficiency fer lizers on nitrous oxide emissions and crop yields: A meta-analysis, Soil Science 
Society of America Journal 80, 1121–1134 

Tindaon, F., Benckiser, G. and O ow, J.C.G., 2012: Evalua on of ecological doses of the nitrifica on 
inhibitors 3,4-dimethylpyrazole phosphate (DMPP) and 4-chloromethylpyrazole (ClMP) in 
comparison to dicyandiamide (DCD) in their effects on dehydrogenase and dimethyl sulfoxide 
reductase ac vity in soils, Biology and Fer lity of Soils 48, 643-650 

Wang, X., Bai, J., Xie, T., Wang, W., Zhang, G., Yin, S., Wang, D., 2021: Effects of biological 
nitrifica on inhibitors on nitrogen use efficiency and greenhouse gas emissions in agricultural 
soils: A review Ecotoxicology and Environmental Safety 220, 112338 

Welten, B.G., Ledgard, S.F., Balvert, S.F., Kear, M.J, and Dexter, M.M., 2016: Effects of oral 
administra on of dicyandiamide to lacta ng dairy cows on residues in milk and the efficacy of 
delivery via a supplementary feed source, Agriculture, Ecosystems and Environment 217, 111–
118 

Xia, L., Lam, S.K., Chen, D., Wang, J., Tang, Q. and Yan, X., 2017: Can knowledge-based N 
management produce more staple grain with lower greenhouse gas emission and reac ve 
nitrogen pollu on? A meta-analysis, Global Change Biology 23, 1917–1925 



15/15 

 
Eine Posi on des Industrieverbandes Agrar e.V._ 15. Mai 2023 

Yang T., Li, F., Zhou, X., Xu, C.C., Feng, J. and Fang, F., 2019: Impact of nitrogen fer lizer, 
greenhouse, and crop species on yield-scaled nitrous oxide emission from vegetable crops: A 
meta-analysis, Ecological Indicators 105, 717–726 

Zandjani, F, Hogsaet, B., Andersen, A. and Langard, S., 1994: Incidence of cancer among nitrate 
fer lizer workers, Interna onal Archives of Occupa onal and Environmental Health 66, 189-193 

Zhang, M., Wang, W., Zhang, Y., Teng, Y. and Xu, Z., 2017: Effects of fungicide iprodione and 
nitrifica on inhibitor 3,4-dimethylpyrazole phosphate on soil enzyme and bacterial proper es, 
Science of the Total Environment 599-600, 254-263 


