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ABSTRACT
The Haber-Bosch (H-B) process revolutionized fundamentally the way food is produced. Monoculture farmers are nearing with the application of plant demand  and soil buffer capacity surpassing amounts of technically fixed nitrogen (TNF) and/ or  sewage  sludge,  compost,  liquid  manure  Nature’s  high,  on  N  shortage  and  biodiversity based biomass productivity by concomitantly increasing the emission of CO2, CH4, and N2O, contributing to global warming and ozone layer destruction. A strategy for achieving a better N management by maintaining high  yields  with  monoculture  and  TNF  is  the  use  of  urease,  nitrification  inhibitor  stabilized  N fertilizers. Long term pesticide applications, however, unveiled non-target organism side effects and in planning risk assessments, in finding a compromise between high food, feed productivity and nitrification inhibitor risks Farmers and administration must rely upon the available analytic. Whether the presently available UI, NI, DI analytic satisfies all interests, this review is discussing.

Keywords:  Pesticides • Nitrification inhibitors • Side effects • NO Effect Level • risk assessment methods

HIGHLIGHTS:
Urease, nitrification, denitrification inhibitors (UI, NI, DI)
Soil applied micro-pollutants reach aquatic systems
Inhibitory effectivity, degradability, diffusion behavior information
Soil electron € donor NH4+/NO3-, acceptor ratio balancing
Adequate methods for UI, NI and DI side effect evaluation.

INTRODUCTION
 
     Soils harbor a most diverse micro-, animal-biomass, reacting sensitive on health, quality  deficits,  inter  alia  caused  by  tillage,  pest  management,  and  a  changed nitrogen fertilization praxis after Haber-Bosch (H-B) invention at the beginning of the last  century  (Benckiser,  1997;  Benckiser,  2010;  Benckiser  and  Bamforth,  2011;  Bardgett and van der Putten, 2014; Benckiser et al., 2016; Soliveres et al., 2016; Benckiser, 2017 a and b; Geisseler et al., 2017; Joergensen and Wichern, 2018). H- B enables to split triple-bonded atmospheric N≡N in presence of Fe-catalysts, 500oC temperatures (high oil, energy inputs), and pressures of 20 Mpa into two N radicals and after this invention the world was flushed with a vast array of products as N fertilizers, plastics, pharmaceuticals. The biological N2 fixation (BNF) input into arable lands, pastures, vineyards, gardens or lumber producing forests, collectively covering around 40% of the global land surface, was almost doubled to feed a continuously   growing world population by monoculture. Nature’s high productivity relies on N shortage   and   a   highly   differentiated   biodiversity   and   monoculture   farmers   manipulate the soil matter turnover by TNF and/or sewage sludge, compost, liquid manure spreading, although knowing that N over fertilizations are rather inefficient (Benckiser and Schnell, 2007).  Fifty to 70% of the applied N are lost to the surrounding environment by nitrate (NO -) leaching and NH, NO, N O emissions. The increasing eutrophication of landscapes forces farmers and administration to find       a compromise between high yields sustaining N fertilizations and a reduction of  eutrophication (Andren and Kätterer, 2008; Albornoz, 2016; Coskun et al., 2017; Pfromm, 2017; Chen et al., 2018; Singh, 2018).
The observation that plants control the activity of ammonium oxidizing bacetria (AOB) and archaea (AOA) inspired around the year 1970 industries to curtail the activity of nitrifying and denitrifying AOB, AOA, and fungi with UI, NI stabilized N fertilizers (Burth et al., 1982; Sahrawat and Keeney, 1985; Benckiser et al., 1987;McCarthy and Bremner, 1989; Zerrulla et al., 2001; Emmerling et al., 2002; Cabello  et al., 2004; Bünemann et al., 2006; Majumdar, D. 2008; Chinnadurai et al., 2013; Leithold et al., 2015; Liu et al., 2015; Subbarao et al., 2017; Yahya et al., 2017). In soils nitrifying and denitrifying bacteria, archaea, and fungi care for soil electron (e-) donator-NH4  /NO3 -acceptor   ratio   balancing   and   return   the   N,   introduced   by photosynthesis dependent biological N2  fixation and TNF into the atmosphere. The soil  properties  and  process  inhibiting  compound  excretions  controlled  urease,     nitrification, denitrification activity competes with soil organisms and plants for N and converts  urea  to  NH4,  in  into  2  oxidation  steps  (nitrification)  to  NO3 and  by denitrification to N2O and N2 (Tomar et al, 1984; Lehtovirta-Morley et al., 2013; Marco D (ed), 2014; Benckiser et al., 2015, 2016; Maeda et al., 2015; Subbarao et al., 2015; Chen et al., 2016; Herbold et al., 2017, Stempfhuber et al., 2016, 2017). Responsible for the oxidation of NH + to NO - are bacteria and archaea of the nitroso-group,  gaining with  O2,  ammonia  derived  e-,  H+, and  electron  transport  phosphorylation around 270 kJ mol-1 NH4  . For the oxidation of NO2  to NO3 bacteria and archaea of   the nitro-group are responsible, which gain only 77 kJ mol-1  NO and are forced during biomass formation to oxidize NO2  quickly to NO3 . Thus, toxic NO2 rarely accumulates in soils, except after N over fertilization (Smith et al., 1997). In well aerated, urea, NH4  , NO3  fertilized soils with distinct stratified soil patterns in the landscape  complexity  the  metabolic  activity  of  organic  C  storing  Proteobacteria, Actinobacteria,  Chloroflexi,  Nitrospirae,  Firmicutes,  Acidobacteria,  Bacteroidetes, Verrucomicrobia, Planctomycetes, Cyanobacteria, Gemmatimonadetes, and of the nitrifying and denitrifying bacteria, archaea, and fungi rises within minutes to hours  from 1-2% to up to 60%, with exception of the more time needing dormant soil biological  fraction  (Almstraad  et  al.,  2003;  Blagodatskaya  and  Kuzyakov,  2013;  Ameloot et al., 2014; Sanderman et al., 2017; Seiler et al., 2017; Joergensen and Wichern, 2018; Li et al., 2018; Wang et al., 2018; Shaw et al., 2019). Thus, N fertilization favours abundance, growth, metabolic activity, CO2  release, and biofilm  formation of plant controlled autotrophic nitrifying, organic N inputs preferring bacteria (AOB) and archaea (AOA), for example of Nitrosomonas oligotropha, an ammonia oxidizer, or Nitrospira, a nitrite oxidizer, and on biofilms grazing soil protozoa (Di et al. 2010; Ai et al. 2013; Ameloot et al., 2014; Wang et al. 2015b; Xue et al. 2016; Ouyang et al. 2017; Gao et al. 2018; Papp et al., 2019). The mesophilic AOA fraction is mostly composed of crenarchaeota, phylum Thaumarchaeota, with the presently known species Nitrosoarchaeum koreensis, Nitrosopumilus salaria, Nitrososphaera viennensis, Nitrosotalea devanaterra, and has a higher affinity for NH + than AOB by reacting in liquid, NaCl and sorbitol containing soil media sensitive on osmo-inducers. The AOB farction converts as the AOA CO2 with ammonia derived e-, H+, N, and all other needed elements into biomass by reacting more sensitive on water stress   (Bello et al., 2019). At prevailing anaerobic conditions nitrifying bacteria and archaea  can switch to nitrate respiration (Benckiser et al., 2016). Thereby NO - or NO -are reduced with NH +derived e-and H+to NO, N2O, and finally to N2 (nitrifying bacteria, archaea). Denitrifying  bacteria and fungi use organic substrate derived e- and H+ for reducing NO3 , NO2 , NO, N2O to N2. Soil  animals,  for  example  ants,  contribute  to  soil  electron  (e-)  donator- NH4  /NO3 -acceptor ratio balancing by storing surplus NH4  /NO3 in the cuticle as N- acetylglucosamine, long-chain chitin polymer, and the nest management of ants may how organic farmers how to proceed in N management by being highly productive  (Benckiser, 1997, 2010, 2017a). Others agricuturists prefer precision farming and employ  UI,  NI,  DI  stabilized  urea,  NH4  ,  NO3 fertilizers  to  control  electron  (e )  donator-NH4  /NO3 -acceptor   ratio   balancing   in   soils,   differing   in   texture   and aggregate  hierarchy  (Bremner  and  Douglas,  1973;  Bremner  and  Bundy,  1974; Bremner, 1997; McCarty, 1990; Benckiser, 1997; Zerulla et al., 2001; Benckiser and Schnell, 2007; Gebbers and Adamchuk, 2010; Benckiser and Bamforth, 2011; Di and Cameron, 2011; Leithold et al., 2015; Benckiser et al., 2016;  Benckiser, 2017a; Wu et al., 2017; Yang et al., 2018). 
UI, NI, DI, formulated on N fertilizer granuels, are only successful in inhibiting the conversion of NH4to NO3 , NO2 , NO, N2O, and N2 in the field when the inhibitors reach by diffusion the water retaining soil pores where the soil metabolic process complexity majorly non-linearly, in physiologically ‘narrow’, sensitive bands occurs   (Martin  et  al.,  2012;  Trapp  et  al.,  2016;  Bore  et  al.,  2017).  Thus,  organic  and precision farmers, interested in a more eco-friendly but highly productive agriculture, need support by agricultural decision support systems (AgriDSS). AgriDSS aligne the steadily increasing amount of data with information obtained by communication and consider upcoming phenomena  not  in  isolation  (Lundström  and  Lindblom, 2016; Lindblom  et  al.,  2017;  Vestergaard  et  al.,  2017;  Habibullah  et  al.,  2018).  An information   gained   by   communication   is   for   example   the   observation,   soil microbiologists made, that nitrifying, denitrifying AOB and AOA reduce the electron cceptors NO3 , NO2 , NO, N2O at N shortage largely to N2, whereas in N over   ertilized fields they work less economically by largely release NOx and N2O, less N2. Denitrifying  bacteria  seem  to  work  offered  N  dependently  like  petroleum  fed combustion engines, which are presently up for discussion (Benckiser et al., 1987; Benckiser et al., 2016; Charles et al., 2017; Quin et al., 2017; Scheer et al., 2018).
Under  use  of  modern,  physical,  chemical,  biochemical  and  molecular  biological methods such as x-ray and enzyme analytics, gas-liquid chromatography, light and  fluorescent  contrast microscopy,  confocal Raman  imaging,  Raman  spectroscopy, sensors, or metagenomics techniques was further found that Karanja plant seed  extract (Pongamia pinnata Pierre syn. P. glabra Vent.) contains 3-methoxyfurano–2', 3', 7, 8-flavone, a nitrification inhibiting compound, termed Karanjin, and that the non- denitrifying  soil  isolate,  Dyadobacter  fermenters,  possesses  a  N2O  reductase, NosZII, with which it reduces pH, C/N ratio dependent N2O to N2 (Majumdar, 2008; Domeignoz-Horta et al., 2016; Subbarao et al., 2017). UI, NI stabilized urea, NH +-N fertilizers field-spreading farmers, scientifically escorted  in  laboratory  and  field  experiments,  improve  steadily  their  plant,  soil microbe, inhibitor interactivities concerned knowledge and try to understand when and why the soil microflora makes N, C, P, Fe and trace elements palatable for the own and plant use. We learnt that the nitrification process releases acidifying protons and N over fertilizations interfere with humus formation and CO2, CH4, NO, N2O emission.  Further we  learnt  that  pesticides,  specifically designed  for  inhibiting  a metabolic process cause asides microbial community composition structure shifts, deleterious biochemical tissue and non-target organisms side effects  (Sahrawat and Keeney, 1985; Zerulla et al., 2001; Bünemann et al., 2006; Subbarao et al., 2017; Bardon et al., 2016; Benckiser et al., 2016; Kafarski and Talma, 2018; Gosh et al., 2017; Rodrigues et al., 2018). Field spread UI, NI, DI may act relatedly.  Concerning farmers, scientists, administrators, and the public are interested in having  easily useable,  sensitive,  cost-effective  bioassays  for  detecting  side  effects  at  different trophic multispecies levels (Streit and Schmitz, 2004; Macadam et al., 2003; Pronk et al., 2017; Benckiser, 2017b; Grenni et al., 2017). Whether the presently available analytic identifies and evaluates UI, NI, DI side effects adequately, accurately, and trustworthy this review is discussing.
 
 
UREASE, AMO, AND DENITRIFICATION INHIBITING COMPOUNDS
 
 For being highly productive organic, precision farming systems need nitrogen  and plant N demand adapted fertilization pre-calculating programs as CropSAT to reach a more eco-friendly food, feed production. During CropSAT implementions the involved scientists observed that many farmers already possess the technology for a more site-specific, less CO2, CH4, N2O emitting precision farming, but still prefer to  invest  in  herbicide-resistant  crops,  microbial  inoculants,  herbicides,  insecticides, nematicides,  fungicides,  soil  fumigants,  antibiotics,  and  UI,  NI,  DI  stabilized  N fertilizers, latter are marketed as N-serve (nitrapyrin), Alzon (dicyandiamide,  DCD), Entec (3,4 dimethylpyrazole phosphate, DMPP), or in combined forms as Ensin,  Agrotain,  Dempsa  or  Piadin  (Tab.  1;  Fig.  1;  Gebbers  and  Adamchuk  VI, 2010; Leithold  et  al.,  2015;  Lundström  and  Lindblom,  2016;  Lindblom  et  al.,  2017). Scientists also observed that from the soil microbial diversity only a few members are cultivable and invest endeavors in developing methods allowing an adequate UI, NI, DI risk assessment, best at the species level (Streit and Schmitz, 2004; Bünemann  et  al.,  2006;  Enrich-Prast,  2006;  Pagga  et  al.,  2006;  Cycoń  and Piotrowska-Seget, 2007; Hussain et al., 2009; Yang et al., 2011; Du and Liu, 2012;  Prakash et al., 2013; Jung et al. , 2014; Marmann et al., 2014; Hirayama, et al., 2015  Bardon et al., 2016; Schütte et al., 2017; Nai and Meyer, 2018).The conversion of urea (NH2CONH2) to 2NH3, CO2  and H2O and to NO -inhibit on N fertilizer granules formulated compounds as N-(n-butyl)thiophosphoryl triamide (NBPT; Fig. 1), better in combination with nitrification inhibitors as DCD and others (Tab.1). A marketed product is Agrotain (NBPT, 6.5%, DCD, 81.2%) or the urease and nitrification inhibiting ammonium thiosulfate (NH4)2S2O3, field applied at rates  of  1  or 10  µg  g-1  soil  (Tab.  1),  meanwhile  detected  in  non-target  aquatic  environments  (Janzen  and  Bettany,  1986;  Margon  et al., 2015:  Scheurer et al. 2016).
 

Fig. 1, Tab. 1

The oxidation of NH + to the intermediates NH2OH, NO - and finally to the relatively stable and mobile NO -  ion follows in N cycling the urease activity. The nitrification activity, carried out plant controlled by alkaline soils (pH ≥ 8) preferring AOB  and  more  acid  conditions  preferring  AOA,  follows  at  O2   shortage  and  in presence  of  easily  available  C  supply   nitrifying  bacteria,  archaea,  and  fungi (Robertson and Groffman, 2015). Essential for the nitrification activity is the enzyme ammoniummono oxygenase  (AMO)  that  is  volitional  inhibited  in  monocultured,  N fertilized soils, intestines of plant ingesting ruminants, and in aquatic environments by the NI, listed in Tab. 1. Among the in Tab. 1 listed NI mostly applied are nitrapyrin, DCD,  and  DMPP  (chemical  structures  Fig.  1), which  are  similarly  effective  in inhibiting the AOB nitroso group at recommended application rates but less the AOA soil fraction, which in abundance and activity seem to be more affected by the wet-up of dry soils (Kleineidam et al., 2011; Fisk et al., 2015; Barrena et al., 2017). The than the spread NI, nitrapyrin, DCD, DMPP (Fig. 1). The enzyme AMO that acts not very specifically by oxidizing besides NH3 also methane (CH4), ethylene (C2H4), propylene (C3H6),  phenol  (C8H6O)  or  cyclohexane and  is inhibited  by  DCD,  DMPP,  or  Cl- substituted nitrapyrin offer farmers the option to conserve high crop yields by keeping urea, NH3, NO3 , and the nitrate derived electron acceptors NO2 , NO and N2O within natural  boundaries  (Weiske  et al.,  2001;  Zerulla  et  al., 2001;  Fisk  et  al.,  2015; Benckiser  et  al.,  2016).  The complex  of  membrane-bound  AMO  proteins  inhibit indiscriminately DMPP and nitrapyrin, whereas DCD blocks the electron transport in the AMO cytochromes. A revival the urease and nitrification inhibiting potassium  thiosulfate, field applied at rates greater than 32 mg S kg-1, is presently experiencing, nitrapyrin, high concentrated applied (80–175 ppm) may even block the oxidation of nitrite to nitrate,  and DMPP enhances the N use efficiency (NUE) by inhibiting the AMO at a 10 times lower field recommended application (0.2–0.5 μg DMPP g-1  dry  soil) than rate as DCD  (Campbell and Aleem, 1965; Sahrawat et al., 1987; McCarty and Bremner, 1989; Zerulla et al., 2001; Margon et al., 2015).

EVALUATION OF NUE IMPROVEMENT AND UI, NI, DI RISK ASSESSMENT
 

 
NUE
 
In NH +, introduce into soil systems by BNF and TNF, transform microbial and plant available periplasmic, respiratory and assimilatory nitrate reductases, Nap, Nar, and Nas respectively, into NO2 , NO3 and nitrifying and denitrifying bacteria, archaea and fungi return the readily available NO2 , NO3 to the atmosphere (Nacry et al., 2013; IPCC, 2014; Maeda et al., 2015; Robertson and Groffman, 2015; Benckiser et al., 2016; US Environmental Protection Agency, 2016; Regan et al., 2017). Althoug Nap,  Nar,  and  Nas  have  similar  catalytic  and  spectroscopic  properties,  they  distinguish  by  cellular  location,  operon  organization,  and  active  site  structure  (Sparacino-Watkins et al., 2014). Nitrifying and denitrifying bacteria, archaea and fungi play an important role in global nitrogen cycling, plant nutrition, climate, and human health and proteobacteria Nap poises by expressing NapABC and NarGHI in the  aerobic  respiratory  electron  transport  system  redox-balancing  (Gates  et  al., 2008). Paracoccus pantotrophus strains use ubiquinol derived electrons for gaining energy  via  nitrate  to  nitrite  reduction.  Thereby  NapABC  dissipates  reducing equivalents   and  NarGHI   harnesses  a   transmembrane   a  proton   gradient   by quinol/nitrate coupling. In Fallopia spp extract recently procyanidin was detected that initiates in the nitrate respiring model strain Pseudomonas brassicacearum NFM 421 an over-expressing of a gene narG encoded subunit that specifically inhibits the NO --reductase, not the NO --reductase (Bardon et al., 2016). Procyanid ininteracts with the cell membranes of P. brassicacearum NFM 421 by inducing membrane-bound disturbances and  enzymatic conformation changes. Similarly as procyanidin and/or NI to rice applied herbicides acetochlor, bensulfuron-methyl or fenoxaprop-p-ethyl + tribenuron-methyl may interact with nitrifying, denitrifying bacteria, archaea, fungi as it can be hypothesized from an the up to 30% observed N2O emission decrease of in presence of such compounds and other NUE,  pesticide risk assessment UI, NI, studies (Thom et al., 1997; Azam et al., 2001; Weiske et al., 2001; Plagga et al., 2006; Li et al., 2008; Yang et al., 2011; Tindaon et al., 2012; Benckiser et al., 2013; Florio et al., 2014; Abalos et al., 2014; Jiang et al., 2015; Bahram et al., 2018; Yang et al., 2018). That  towards  water  retaining  soil  pores,  towards  the  targets  nitrifying, denitrifying bacteria, archaea, and fungi diffusing surface applied UI, NI, and DI can positively shape NUE, they should not too long adsorb onto soil particles and cell surfaces,  not  too  rapidly  biodegrade,  and  non-target  organisms  should  not  be affected. UI, NI, DI should act, as from long term pesticide applications known, not as a two edged sword by detrimentally impacting only metabolic processes of target organisms  (Bünemann  et  al.,  2006;  Enrich-Prast,  2006;  Cycoń  and  Piotrowska- Seget, 2007; Hussain et al., 2009; Yang et al., 2011). NH +,  freed  from  decomposing  organic  soil  residues  transformed  in  soil columns, filled with New Zealand grassland soil and in absence of DMPP rapidly to  NO – and N2O, whereas on top sprayed DMPP inhibited the transcription in AOB, not the  amoA  genes  of  AOA  (Duan  et  al.,  2017).  Thus  in  spite  of  DMPP  NH +   is transformed and very likely also in poorly drained New Zealand dairy farm grassland with restricted grazing and to the surface applied DCD that accumulated to 9% in the top centimeters and to <10% moved below the soil depth of 10 cm by causing a  measurable NO − leaching reduction, which majorly must be attributed to a DCD manipulated nitrifying, denitrifying activity in the upper soil centimeters (Kim et al.,  2012; Romera et al., 2017). In a meta-analysis across maize farm field sites DCD inhibited equally efficient as DMPP the transformation of N, but the monetary revenues differed (Yang et al., 2018).  Maize farms DCD, receiving stabilized N granules, generated $109.49 ha−1 yr−1, whereas the DMPP treated fields earned only $15.67 ha−1  yr−1. A south eastern Australia NUE study, based on five N fertilization strategies  (50  kg  N  ha-1   at  sowing  with  and  without  the  NI  DMPP,  surface broadcasting of urea with and without the UI NBPT, and an unfertilized control), came to the conclusion that UI, NI have only a limited N2O emission reducing scope and nitrapyrin, DCD, and DMPP tests in a variety of soil types with focus on NUE and inhibitor efficiency show high dependencies of prevailing temperatures, soil organic matter contents, and particularly from the soil water availability (NI mobility) (Shofield et  al.,  1976;  McCarty,  1990;  Ali  et  al.,  2008  and  2009;  Mardsen  et  al.,  2015; Woodward et al., 2016; Barrena et al., 2017; Doran et al., 2018; Wallace et al., 2018; Yang et al. 2018). For the generally low daily N2O emission in UI and or NI studied variants Wallace et al. (2018) identified in-season rainfall and fertilization at sowing rather than the inhibitors as factors in charge and out of similar rationals a European Comission   (EC)   cost/benefit   analysis   hesitates   to   recommend   a   large‐scale application of NI stabilized N-fertilizers. The EC argumentation is: (a) monoculture cereal and maize crop yield improvements are not satisfyingly documented, (b) N- saving effectiveness is not sufficiently tested, (c) NI treated post harvest soils emit increasingly NH3 (Scheer et al., 2018), and (d) UI, NI impacts on N, C cycling and non-target   organisms are not clearly defined and evaluated (Common Agricultural Policy towards 2020 PICCMAT, 2011).
 

 
The  NI  nitrapyrin  and  DCD  transform  in  a  first  degradation  step  to  6- chloropicolinic acid or to guanylurea and guanidine, whereas DMP oxidizes at a half- life of 5 days in the top 0.5 cm of a clay loam soil and at half-life of 21-28 days in the 2.5 cm profile to diacetyl, metylglyoxal acetic acid, and formic acid, regardless of field recommended   or   double   DMPP   application   rate.   The   more   complete   DMP degradation may be an explanation for the lower monetary revenues of DMPP compared with DCD (Yang et al., 2018). Such UI, NI, DI effectiveness and soil community  composition  differences  as  the  soil  archaeon  lineage  Nitrosotalea devanaterra/AOB  diversity  ratio  is  exemplifying,  complicate  UI,  NI,  DI  product  designing and an improving of NUE efficiency and environmental safety (Vogel et al. 2009; Gong et al., 2013; Lehtovirta-Morley et al., 2013; Stempfhuber et al., 2016, 2017; Benckiser, 2017b; Li et al,. 2018). DCD and DMPP, it is reported, are less effective in N loss reduction than 2-ethynylpyridine, nitrapyrin, etridiazole (Dwell), 3,4-  methylpyrazole-l-carboxamide (MPC) or 4-amino-l,2,4-triazole (ATC) and from NH +, NO −loss,  N2O  emission,  UI,  NI,  DI  diffusion,  degradation  (disappearance),  nitrogenase  and  dehydrogenase  activity  (NA,  DHA)  measurements,  and  soil  metagenome    analysis    it    is    not    easy    to    conclude    whether    urease,  nitrification,denitrification inhibitors are enviromentally harmlessness (Sahrawat et al., 1987; McCarty, 1990; Weiske et al., 2001; Zerulla et al., 2001; Muller et al. 2002; Di  and Camero, 2010; Benckiser, 2012; Tindaon et al., 2012; Benckiser et al., 2013; Benckiser, 2012 and 2017b).
  
UI, NI, DI RISK ASSESSMENT
 
In spite of NI presence contributes the patchy distributed, acidic conditions preferring AOA soil fraction to the emission of N2O, less the inhibited AOB community and not only the AMO inhibitory difference between AOB and AOA at recommended  DCD, DMPP field application rates relativates the conclusion harmless on basis of N2O from field measurements and often higher UI, NI dosed laboratory experiments (Muller et al. 2002; Maccadam et al., 2003; Kleineidam et al., 2011; McGeough et al., 2012; Gong et al., 2013; Fisk et al., 2015; Kong et al., 2016; Waldrip et al., 2016; Duan et al., 2017; Shi et al., 2017; Waseem et al., 2017). Further indicates the finding  of  soil  surface  applied  UI,  NI,  herbicides,  insecticides  or  fruit-packaging industry products as the UI 1H-1,2,4-triazole, the NI nitrapyrin and DCD, glyphosate, nonanoic  acid,  dichlorprop-P   (herbicides),  potassium   oil,   malathion,  pyretrin   (insecticides, No Observed Effect Concentration, NOEC, 3 μg L-1), and imazalil (half-life range, DT50, of 47.0 and 150.8 d), ortho-phenylphenol, diphenylamine (DT50 0.6 and 1.3 d), or ethoxyquin (fruit-packaging industry), in adjacent waters and up taking plants (Ludden et al., 2000; Enrich-Prast, 2006; Benckiser et al., 2013; Guo et al., 2015;  Jiang  et  al.,  2015;  Papadopoulou  et  al.,  2015;    Scheurer  et  al.,  2016; Woodward et al., 2016; Gosh et al., 2017; Bahram et al., 2018). Compounds as ethoxyquin may transforms rapidly into a short-lived imine (major metabolite) and a more persistent 2,4-dimethyl-6-ethoxyquinoline and UI and NI reach the intestines of ruminants where non-target microbial consortia may metabolically impaired by an UI,  NI manipulated N cycling as the 3 chlorines, nitro-substituted chloropicrin (CCl3NO2) is exemplifying. CCl3NO2, broadly used as soil fumigant, has antimicrobial, fungicidal, herbicidal, insecticidal, nematicidal properties and resembles in its chemical structure ing nitrapyrin. The not as NI designed CCl3NO2  side-affects in a silty loam longer than in a sandy loam soil the conversion of ammonia to nitrite (Yan et al., 2017). The CCl3NO2  example invites to hypothesize that UI, NI, DI may inhibit not only target organisms but also side-affect non-target organisms, perhaps more severe as traced from measured N2O emissions, NH4  , NO3 , and NI concentration changes, fauna population abandance estimates, NA, and DHA dose–response relationships, soil mega genome analysis, or ecotoxicity tests with cultivable bacteria as the aquatic,
  
gram-negative bacterium Vibrio fischeri (Figs. 2 and 3; Sahrawat et al., 1987; Weiske et al., 2001; Muller et al., 2002; Austin et al., 2006; Pagga et al., 2006; Di et al., 2007; Vogel et al., 2009; O’ Callaghan et al., 2010; Tindaon et al., 2012; Kumar et al., 2015; Kong et al., 2016; Qin et al, 2017). N2O release based Bremner and Yeomans (1986) tested 30 NI by starting with the application rate  of  10  µg  NI  g-1    soil.  At  this  NI  application  rate  only potassiumazide  was  efficient  in  reducing  the  N2O  release.  At  an  enhanced  NI concentration to 50 µg NI g-1  soil 2,4-diamino-6-trichloromethyl-s-triazine started to reduce  the  emission  of  N2O  and  when  the  soil  metabolism  was  additionally stimulated  by  the  easily  useable  carbon  source  mannitol  then  sulfathiazole, potassium  thylxanthate, sodium isopropylxanthate, 4-nitrobenzotri chloride, sodium thiocarbonate and phenylmercuric acetate started to decrease the emission of N2O. In recommended field application rate surface applied DCD on intensively grazed New Zealand dairy pastures together with bovine urine exhibited no changes in Aporrectodea  caliginosa,  Collembola  population  abundance  and  a  rather  bovine urine than DCD caused bacterial composition shifting (O’ Callaghan et al., 2010). Apparently repaint climate, soil properties, farmer’s tillage and fertilization measure the UI, NI, DI dependent soil organism riskiness in the field. A bacteria consortium, enriched with a nitrifying medium after inoculation with soil from DMPP treated field experiment  (for  details  see Weiske  et  al.,  2001),  unveiled  transmission  electron microscopically observed morphological changes first at a 10 times higher DMPP concentration  than  the  field  recommended  one  of  0.25  μg  DMPP  g–1   dry  soil (Benckiser et al., 2013). Bacteria as Rhodobacter sphaeroides, Rhodopseudomonas palustris, Azospirilum brasilense, Rhizobium leguminosarum bv. trifolii, Sinorhizobium meliloti, Bradyrhizobium sp., or Anabaena doliolum showed in presence of DMPP, the    herbicides    terbutryn,    simazine,    methabenzthiazuron,    prometryn    2,4-D,  quinalphos, monocrotophos, the fungicides captan, carbendazim imazetapir, thiram, and the insecticide carbofuran and studied by counting nodule numbers, measuring CO2-production, N2  fixation (NA), and calculating dose–response relationships (Fig. 2) adverse reactions (Hussain et al., 2009; Tindaon et al., 2011 and 2012; Das and KumarDe,    2018).    The    dehydrogenase    activity    (DHA)    DCD,    ClMP    (4-chloromethylpyrazole), DMPP concentration depedent dose–response relationships (field recommended application rate: 10, DCD,  0.36, ClMP, 0.25 μg DMPP g–1  dry soil and 5, 10, 25, 50, 100, 250, 500, 750, up to 1,000 times higher applications rates; Haanstra et al., 1985; Haanstra and Doelman, 1991; for details see Tindaon et  al., 2012). In the clayey soil that the DMPP, ClMP must surpass the recommended field application rate approximately by 50 times,  DCD by about 250 times before the photosynthesis, N2 fixation dependent DHA started showing a side effect (Fig. 2). In the loamy and sandy soil the DHA reacted earlier than in the clayey soil. Basis for the dose–response relationship estimates were measurements of DHA and the DHA resembling dimethylsulfoxide reduction activity in the not DMPP, ClMP, DCD treated clayey, loamy, and sandy soil (Tab. 2; Alef and Kleiner, 1989).
 
Fig. 3

In evaluating UI, NI, DI stabilized N fertilizer or crop protecting pesticide side effect reality presently farmers and administration have to trust in DHA, NH4  , NO3 , N2O measurements, organism based laboratory tests (Vibrio fischeri example, Fig. 3), and multi-omic approaches, but better farmers and administration could the soil biological  diversity  concerned  rely  on  easily  useable,  sensitive,  cost-effective bioassays, on information capturing the species level (Streit and Schmitz, 2004; Cycoń and Piotrowska-Seget, 2007; Hussain et al., 2009; Yang et al., 2011; De Long, 2012: Du and Liu, 2012; Prakash et al., 2013; Pal et al. 2016; Nguyen et al., 2017; Schütte et al., 2017; Subbarao et al., 2017; Vestergaard et al., 2017; Waseem et al., 2017; Zhang et al., 2017; Bahram, 2018; Li et al., 2018; Rodrigues et al., 2018; Wallace et al., 2018). Meant and claimed is a progressing in cultivating the soil species diversity that UI, NI, DI conditioned changes at the species level can be better deciphered.
  
DISCUSSION
 
On the UI, NI, DI diffusion drivage from N stabilized fertilizer granules to the targets, urease, nitrifying, denitrifying activity in the soil  pore hierarchy, manifold interactions   with clay, silt, sand, humus, or non-target organism cell particles and degradation may occur, which risk at field recommended application rates concerned the public depends on the presently available methodology with which UI (1H-1,2,4- triazole) and NI (nitrapyrin, DCD) are detected in adjacent waters to agricultural fields and in plants. Plant ingesting animals, sustaining in the rumen 1013 to 1014 microbes, the food chain is thus reachable by UI, NI, DI (Russell and Rychlik, 2001; Gill etal., 2006; Cruchaga et al., 2011 and 2016; Tindaon et al., 2012; Legay et al., 2016; Romero-Galindo et al., 2016; Scheurer et al., 2016; Solvieres et al, 2016; Woodward et al., 2016; Ishag et al., 2017; Pronk et al., 2017; Subbarao et al., 2017; Vestergaard et  al., 2017; Doran et al., 2018;  Rodrigues et al., 2018).  Yet, we  know from a Pseudomonadaceae,    Enterobacteriaceae,     Comamonadaceae,     Proteobacteria dominated root, bulk soil Dactylis glomerata  environment, Zea mays fields, low  land-use intensity, unfertilized grassland sites, Rendzic Leptosol with spatial archaeal ammonia-oxidizers, nitrite-oxidizing bacteria interactions, agriculturally used organic soils with complete denitrification, and from forest ecosystems that land use intensity, nitrogen quality and availability, and farmer’s production supporting measures are major  drivers  in  microbiome  shifting,  but    neither  N2O  measurements  nor  the extraction  of  nucleic  acids,  followed  by  16S  rRNA  genes  Sequencing,  marker quantification,  a  phylogenetic  analysis  can  satisfyingly  identify  the  co-shabing catalysts beyond ammonia-oxidizing archaea (AOA) and bacteria (AOB), Nitrospira- like bacteria (NS), nitrogen oxidizing bacteria (NOB) activity shifts, which assumingly are NH + input, the fulvic, humin, humic acid fraction, and NI excreting plants (Bakker et al., 2015; Stempfhuber et al., 2016 and 2017; Estendorfer et al., 2017; Schulz et al., 2017; Subbarao et al., 2017). In addition to O2, NH4  /NO2 /NO3 , organic substrate soil organism interconnectivities and farmers’ soil tillage and pesticide applications, other than UI, NI, the low cultivation success at the microorganism species level and a  continuous  discovering  of  novel  enzymes  and  bio-surfactants  complicate  to improve NUE, to find with the presently available methodology coherent explanations for composition structure shifts and to identify and formulate UI, NI risk assessments  (Streit and Schmitz, 2004; Yang et al., 2011; Marco, 2014; Gottschalk, 2015; Cai et al., 2016; Domeignoz-Horta et al., 2016; Stempfhuber et al., 2016; Thies et al., 2016; Duan et al., 2017; Yan et al., 2017). Further impede to decipher UI, NI, DI non-target side  and  effects  ().  Nevertheless,  could  we  significantly  expand  our  knowledge    concerning cell functioning, environmental N, NO2 , NO3 cycling, genetic soil diversity with the presently available methodology and we understand meanwhile reasonably how and when bacteria and fungi make C, N, C, P, Fe, and trace elements palatable for  the  own,  plant  and  animal  use  and  that  not  only  the  nitrifying,  denitrifying microflora suffers under an overdosed spreading of nano-sized, with soil particles and cell surfaces interact UI, NI, DI (Vogel et al, 2009; Benckiser et al., 2013; Nacry et al., 2013; Bardgett and van Putten, 2014; Vestergaard et al., 2017). Not really we know how UI, NI, DI shift the soil diversty at the species levels. Nitrapyrin added to an undisturbed semi-arid steppe soil shifted the NH + NO -ratio and  organic  matter  (SOM)  decomposition  (Austin  et  al.,  2006)  and  nitrification inhibiting   potassium  oxalate,   added   together   with   urea   and   ammophos   2% concentrated  to  a  calcareous  Uzbekistanian  soil  under  cotton  cultivation,  side- affected    cellulose    degrading    oligonitrophilic    coryne,    Nocardia-like    bacteria (Egamberdiyeva et al., 2001). In a Minnesota corn cropping system urea decreased the emissions of N2O and in DCD, bovine urine treated grassland soil altered bovine  urine rather than DCD the bacterial composition (O’ Callaghan et al., 2010; Venterea et al., 2010; Nguyen et al., 2017). With molecular biological techniques and TEM could be shown tha NI like DMPP cause side effects when the field recommended application rate is at least 10 times was surpassed, that the NI DCD and DMPP apparently not inhibit all AOB, AOA, and fungal N2O producers, and in situ measured N2O, N2 emissions in agricultural fields correlate rather with NO -, the end product of the nitroso-group than with NH + and NO3, (Kleineidam et al., 2011; McGeough et al., 2012; Zebarth et al., 2012; Benckiser et al., 2013; Gong et al., 2013; Zhu et al., 2013 Cai et al., 2016; Xue et al., 2016; Yang et al., 2018). The (). UI, NI, DI to reduce an increasing N leaching, nitrous oxide (N2O), ammonia (NH3) emissions, eutrophication and the pollution of adjacent non-targetaquatic environments after H-B invention (Chen et al., 2018) enabled to provide plant-available nitrogen (N) in synchrony with crop requirements. A 62 NI treated sites comprising field study evidenced a NH3 emission increase of 20% due to UI, NI application (mean, 95% confidential interval: 33–67%), a dissolved inorganic 48% N leaching (−56% to −38%), 24% NO emission (−38% to −8%) and 44% N2O reduction   (−48%  to  −39%),  a  58%  plant  N  recovery  increase  (34–93%),  a  16.5%  net  N reduction, an in total, up to 20% crop yield increase (grain, straw, vegetable, pasture hay productivity by 9% (6–13%), 15% (12–18%), 5% (0–10%) and 14% (8–20%), respectively), and $ 163  ha−1 yr−1 maize farm revenues (equivalent to a 8.95%; Qiao et al., 2015). In spite of such UI, NI advantages a EC cost/benefit analysis hesitates to  recommend  a  large‐scale  application  of  NI  stabilized  N-fertilizers,  inter  alia because the hand in hand working of the NH +to NO - converting nitroso-, the NO to NO - converting nitro-groups, the soil properties, microbial, plant N uptake, and soil urease  activity  dependent  soil  NH4  /NO3ratio  changes,  UI,  NI,  DI  non-target organism  side  effects  are  not  understood  in  a  way  that  monoculturing  organic, precision farming can successfully adapt to plant demand and a high productivity  (Pang and Letey, 2000; PICCMAT, 2011; Lethold et al., 2015; Zhang and Kovacs, 2012). Agricultural decision support systems such as CropSAT try organizing a tieing of multi-year crop grow th stability to global positioning systems (GPS), to global navigation  satellite systems (GNSS) and  such to support monoculturing organic, precision farming, to achieve fair relationships between plant demand, soil N buffer capacity,   and   intra-field   variability   adapted   N   fertilization.   CropSAT   collects, deciphers, and interpretes phytogeomorphological, hydrological soil characteristics, and socio-technical variables, data needed to program farmers’ seeders, sprayers, harvesters,  unmanned  vehicles,  and  with  hyperspectral  cameras  and  real-time sensors equipped agricultural drones (Lindblom et al., 2017). With GPS and GNSS connected  equipments  field  positions  can  be  precisely  located  and  topography, terrain features dependent in areas of shortage everything from chlorophyll levels, nitrogen,  soil  organic  matter  contents,  pH,  EC,  Mg,  K,  crop  yields,  and  other parameters of importance to plant water status be measured. On such information, enriched by communication, based and by considering upcoming phenomena not in isolation the spreading of UI, NI or DI optimized in topological terrain. Resources preserving vegetation index maps can help approaching risk assessment decisions, a  minimizing  of  non-target  side  effects,  a  normalization  of  revenues  returning (Lündström et al., 2016; Benckiser, 2017b; Lindblom et al., 2017). 

CONCLUSIONS 
Nowadays biologists, ecologists, physicists, physicians, soil scientists, economists, and political scientists have a single atom detecting analytic and steadily increasing computer capacities for their disposal, but in assuring UI, NI, Di harmlessness we still must rely on field measured NH4  , NO3 concentrations and N2O emissions, in situ inhibitor   disappearance   and   metagenome   measurements,   and   on   laboratory experiments which often use overdosed inhibitor concentrations to visualize UI, NI, DI side effects. Omics technologies, having the potential to integrate omics data (mostly quantitative) with virulence modulation data (still mostly qualitative) for a semi-quantitative  ranking  of  microbial  hazards,  brought  significant  progress,  but  deterministic models associated with pathogen, environment, treatment, technology, and host interactions still may have many uncertainties, although omics techniques are now sufficiently developed,in ranking and prioritizing organisms important to a given niche (Waseem et al., 2017). Which parts they play in their interdisciplinary working together in soils after plant demand and soil buffer capapcity surpassing N fertilizations and pesticide applications awaits their deciphering by easily useable, sensitive, cost-effective bioassays, ensuring cultivation success of the soil organismal diversity at the species level. Nature’s high productivity is based on N shortage and biodiversity and meanwhile highly  effective  equipped  and  working  monoculturing  organic/precision  farming systems try to near Nature’s high productivity by minimizing UI, NI, DI risks and associated uncertainties. First when scientists, administrators and farmers UI, NI, DI stabilized urea, NH fertilizers side effects can reasonably evaluate they can be controlled and environment safety guaranteed.
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