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K. Kuriacha The main purpose of this review was the problem of optimizing nitrogen fertilization of corn crops in the light of
E-mail: recent trends, taking into account the requirements of the ecological and economic approach to the development of
kateryna.kuriacha@pdau.edu.ua cultivation technologies. Based on the review of the research results by Ukrainian and foreign scientists, modern

methods of nitrogen fertilization management are described. In particular, this concerns the differentiated application
of nitrogen fertilizers using complex organic-mineral fertilizers, which comprise humic compounds, nitrification
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inhibitors and urease inhibitors. The review draws attention to controversial issues of corn crops’ fertilization and

University,
Skovoroda Str., 1/3, contradictions regarding the effectiveness of the use. These include the rate of nitrification of the soil rhizosphere,
Poltava, 36000, Ukraine inhibition of nitrification processes and the effectiveness of the impact on yield formation. The information on the

efficacy of using 3, 4-dimethylpyrazole phosphate and thiophosphoric triamide as nitrification inhibitors from
economic and environmental points of view is given in the article. A brief analysis of the use of the group of 2-(3,
4-dimethyl-1H-pyrazol-1-yl) isomeric mixture of succinic acid, nitrapyrin or pronitridine is conducted. Attention is
paid to the peculiarities of the behavior of nitrification inhibitor substances depending on the properties of soils and
climatic factors. The conclusion is made as to the simultaneous use of two strategies — the application of urease
inhibitor and nitrification inhibitor. The presented review of scientific sources does not indicate the unanimity of
opinions concerning the use of nitrogen inhibitors. Scientists are overwhelmingly inclined to the usefulness of
applying inhibitors to reduce greenhouse gas emissions into the atmosphere and the economic efficiency of reducing
the rates of nitrogen fertilizers’ application, but there are also data on the questionable impact of inhibitors on
nitrogen losses into the atmosphere and their impact on yield formation. On the one hand, nitrogen inhibitors can be
crucial in reducing nutrient losses and increasing the effectiveness of the use of expensive nitrogen fertilizers and
raising plant productivity by 41-79 %, especially when applying stabilized nitrogen fertilizers of increased efficacy.
They play an important role in the 4R cultivation concept, which envisages ecological and economic approach to
growing crops. On the other hand, while reducing nitrogen losses, they do not increase yields in any way, especially
in combination with the use of such fertilizers.
Keywords: corn, fertilization, fertilizers, nitrogen, inhibitors, humin.

IlepcnekTUBY yNIPaBJIiHHSA A30THUM KMBJICHHSIM MOCIBIB KYKYpYy/I34:
OIJISII CYy4aCHUX KOHUeNIIii

K. O. Kypstaa

[osrrasesKuii qepKaBHHuit T'onoBHOIO MeTOIO 1BOrO Oryisiay Oyna mpoOiemMaTHKa ONTHMI3alil a30THOTO JKUBIICHHS IOCIBIB KYKypyI3u
arpapHuii yHiBepcHTeT, Yy CBITJII OCTaHHIX TEHICHLIH 3 OMISAYy HAa BUMOTH €KOJIOTO-€KOHOMIYHOTO IMiJXOAY O PO3POOKH TEXHOJIOTiH
. Honrasa, Yipaina BHpoOIIYyBaHHS. Ha OCHOBI OISy pe3ysbTaTiB JOCIHIIKEHb BITYM3HIHMX 1 3aKOPIOHHUX YYCHHUX OIMHCAHO Cy4YacHi

METO/M YHPABIIHHS a30THHM JKHBJICHHSIM. 30KpEMa I1e CTOCYEThCs qU(epeHIiIOBAHOr0 BHECCHHS a30THHX J0OpUB
i3 3aCTOCYBaHH;IM KOMIUIEKCHHX OpPraHO-MiHEpaIbHUX JOOPUB, 10 CKJIAy SIKUX BBOISATH TYMIHOBI CIIOJYKH, IHTIOITOpH
Hitpudikaii Ta iHriditopu ypeasu. B po3BizLi npusineHo yBary AUCKYCiifHUM MUTaHHIM yIOOPEHHS HOCIBIB KyKypy/I3U
Ta MPOTHPIYYSIM CTOCOBHO €(EeKTUBHOCTI BHUKOPHCTAaHHs. Jl0 TakuMX BiHOCSATH IIBHIKICTh HITpHQIKALil pu3ochepu
IPYHTY, IPUTHIYEHHS IPOLECIB HiTpHdiKanii Ta e)eKTHBHICTh BIUIBY Ha (JOPMYBaHHS yPOXKAHHOCTI. ¥ CTaTTi MOJAaHO
inpopMmanito  momo0 epeKTHBHOCTI 3aCTOCYBaHHS sK iHTiOiTOpiB HiTpudikanil 3,4-muMernmmipasondocdary Ta
TiohochopHOro TpHaMiLy 3 eKOHOMIYHOI Ta eKOJIOTTYHOI TOUOK 30py. IIpoBeieHO KOPOTKHiT aHaTi3 BUKOPUCTAHHS IPYIH
2-(3,4-mametri-1H-nipa3on-1-i1) i3oMepHOi cyMilii OypIITHHOBOI KHCIIOTH, HITparipuHy ado MPOHITPUIHUHY. 3BEPHEHO
yBary Ha OCOONMBOCTI (DyHKI[IOHYBaHHS PEYOBHH IHTIOITOIB HIiTpH(iKalil 3ale)XHO Bif BIACTHBOCTEH IPYHTIB,
KIIMaTHIHKEX (pakTOpiB. 3poOIICHO BHCHOBOK IIPO OJHOYACHE 3aCTOCYBAHH ABOX CTpATEriil — BUKOPUCTAHHsI iHTibiTOpa
ypeasu Ta iHribitopa HiTpugikamii. HaBeneHuil orsn HayKoBHX /DKEPEN CBITIUTE PO HEORXHOCTAMHICTD TyMOK IOZO
BUKOPHCTAHHS 1HTI0ITOPIB a30Ty. BueHi nepeBakHO MOTOUKYIOTHCS 3 JYMKOIO II0JI0 KOPHCTI 3aCTOCYBaHH iHTi0iTOpIB
JUTS 3MEHILICHHS BUKHIIB TAPHUKOBHX a3iB y atMocdepy Ta eKOHOMIYHOI e(peKTUBHOCTI BiJl 3MEHIIICHHSI HOPM BHECEHHS
A30THHX IOOPUB, ajie ICHYIOTh i JaHi PO CYMHIBHHIT BIUIUB iHTIOITOPIB HA BTPATH a30Ty B atMocdepy i iXHill BIUTHB Ha
(hopMyBaHHS BPOXKAHHOCTI. 3 OTHOTO GOKY, IHTIOITOPH a30Ty MOYKYTh MaTH BHpILIAJIbHE 3HAYCHHS, 3MEHILYIOYH BTPATH
MOXKUBHAX PEYOBHH Ta 30UIBLIYIOYM e(peKTUBHICTh 3aCTOCYBAaHHS BApTICHUX a30THHX [OOpUB 1 30LIBLIYBATH
MPOAYKTUBHICTb pociuH Ha 41-79 %, 0cOONMBO SKIIO BUKOPHCTOBYBATH CTAOLIi30BaHI a30THI JOOpHBA ITiIBUILCHOL
edexTuBHOCTI. BOHN BiirpaloTh BaXUIMBY Poib y KOHIIENIil BUponTyBaHHS 4R, ska mependadae eKoIoro-eKOHOMIUHHI
X1 A0 BHPOIIYBaHHS CLIECHKOrOCHOAPCHKUX KYIBTYp. 3 IHIIOTO OOKY, 3MEHIIYIOYH BTPATH 30Ty, BOHU SKOJHHM
YUHOM He 30UIBLIYIOTh YPOXKAUHICTB, 10 TOTO X 1 Pa30M i3 3aCTOCYBAHHSM TaKHX JOOPHB.
Kuarouosi cioBa: Kykypyasa, yaoOpeHHs, 100pHuBa, a30T, iHTiOITOPH, TyMiH.
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The role of nitrogen fertilization in corn yield formation
is well known. In modern agronomy, the attention is paid to
optimizing fertilizers’ application in order to improve the
efficiency of using expensive nitrogen fertilizers and
reducing the harmful effect of nitrogen on the environment.

It is also well known that for growing corn it is expedient
to use differentiated nitrogen application or apply complex
fertilizers. According to S. M. Kalenska and R. V. Hovenka’s
data, plastic corn hybrids were able to increase the yield by
almost 16 % when using diammonium phosphate at the rate
of N2»Ps7Ks7, and additional nitrogen application contributed
to further yield increase by 8-18.6 % [1].

The use of complex organic-mineral fertilizers, which
include humic compounds, neem oil (4zadirachta indica),
moringa (Moringa oleifera), pomegranate leaves (Punica
granatum), etc., is quite promising [2, 3]. In the latter case,
the coating of carbamide granules with these substances
delayed nitrification for up to 30 days, which significantly
reduced nitrogen losses and contributed to better plant
productivity. Nitrogen losses were reduced from 48 to 2 %.

The greatest concern of scientists is the growing
greenhouse effect, which is provoked by emissions of
greenhouse gases into the atmosphere, including N>O and
NHs. The main sources of emissions, in the agronomic
aspect, are the use of nitrogen fertilizers, which are also not
fully absorbed by plants and, thus, reduce the economic
effect. To reduce these negative processes, the use of
nitrification inhibitors and urease inhibitors is proposed. Not
only the aforementioned plant components or products can
be used as inhibitors.

The inhibition of nitrification processes can be achieved
by both chemical and natural substances, as well as
biological preparations. 3, 4-dimethylpyrazole phosphate is
one of the chemicals used as nitrification inhibitors. The use
of this inhibitor in combination with UAN-32 at a rate of
300 kg/ha against the background of N3P3;K4 gave the
increase in the yield by 17-19.8 %, i.e. by 1.11-1.68 c/ha,
which was quite convincingly demonstrated by field
diagnostics using NDVI. The yield capacity also depended
to a large extent on the sum of active temperatures [4].

As J. Muller et al. note, the use of urea coated with
3, 4-dimethylpyrazole phosphate at a rate lower by 20 %
reduced N>O emissions by 51 % without reducing the yield
capacity [5]. The use of 3, 4-dimethylpyrazole phosphate for
two years allowed a 23 % reduction in nitrogen fertilizers’
rates in the second year, which gives the prospect of using
this substance to reduce nitrogen fertilizers’ rates [6].

However, there are less optimistic scenarios of the action
of 3, 4-dimethylpyrazole phosphate. For example, in the
studies of X.-L. Wang et al., the use of this inhibitor reduced
the rate of the soil rhizosphere nitrification, which negatively
influenced the growth of corn plants and the effectiveness of
their water consumption [7].

In these studies, an increase in corn yields by 8.1-21.2 %
was also registered. On the whole, it was possible to speak
about the effectiveness of using nitrogen inhibitors: 3, 4-
dimethylpyrazole phosphate and thiophosphoric triamide
from the economic and environmental points of view [8].
Thiophosphoric triamide gave relatively better results
concerning nitrogen content in the soil and increased yield
capacity [9]. The use of 3, 4-dimethylpyrazole phosphate
together with digestate increased plant biomass by almost
half — 49 % in the experiments conducted to determine the

effectiveness of the combined use of inhibitors with organic
fertilizers [10].

Both of the above mentioned nitrification inhibitors can
reduce nitrogen emissions into the atmosphere and increase
corn yields, but their effect can largely depend on the
conditions of the year, the agrochemical characteristics of the
soils at the location of application, the term and many other
factors [11]. The corn yields increase by 1.85 c/ha was
possible, but under high temperatures, the use of
such inhibitors may be generally insignificant, not exceeding
4-7 % [12, 13].

Similar data were obtained in the studies with 3, 4-
dimethylpyrazol succinic acid. In most cases, lower nitrogen
losses of 25 % due to leaching were observed, but no
differences in plant development between the variants were
observed [14]. In case of using the substance from the same
group, 2-(3,4-dimethyl-1H-pyrazol-1-yl) isomeric mixture
of succinic acid, a significant decrease in residual nitrogen in
fertilizers was observed, although a significant increase in
root mass was registered — up to 64 % [15]. In other studies,
the effectiveness of the inhibitors’ use largely depended on
the method of soil cultivation — after plowing, NH3 emissions
decreased by up to 64 %, and in case of no-till —up to 53 %
and more [16].

Quite widespread are the studies on determining the
effect of nitrapyrin or pronitridine as the nitrification
inhibitor, which also significantly softens environmental
consequences [17] that are considered by some authors to be
almost equivalent in effectiveness. In favorable years, to
obtain yields at the level of the use of inhibitors, the rate of
UAN had to be increased by 14-19%. The use of
nitrification inhibitors of this group inhibits the activity of
microbial enzymes that catalyze the first stage of the
transition of ammonium to nitrite. From the ecological point
of view, the impact of nitrapyrin on the environment has not
yet been studied and it is quite possible that the use of
inhibitors has only economic benefits [18].

The use of these preparations is considered to be one of
the most effective strategies for applying nitrogen fertilizers
due to the possibility of saving them and reducing emissions
into the atmosphere. According to the research results
by B. Ren et al.,, the use of nitrapyrin increased the yield
capacity by 3.4-5.7 % and compensated the differentiated
application of nitrogen fertilizers, and sometimes increased it
by 19 % [19].

The addition of inhibitors to organic fertilizers also has
its prospects, as it significantly reduced ammonia emissions
from the soil by 46 % if cattle manure or straw was used, and
the addition of straw was an important element of nitrogen
fertilization management [20]. There are also data
of the positive effect of applying inhibitors together with
poultry manure for plants’ phosphorus fertilization
management [21].

Pakistan’s scientists recorded the data when urea
treatment with pronitridine reduced nitrogen emissions into
the atmosphere of N>O by 39-43 %. At the same time, plant
biomass, grain yield and total nitrogen uptake increased
by 23, 17 and 15 %, respectively [22].

In the experiments of Singh G., Nelson K.A, the use of
pronitridine in the fall increased the corn yields by 7 % in a
lean year [23]. Other research results indicate the same effect
of application in the spring [24], although there is evidence
of the need to increase the rates of nitrogen application in the
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fall [25]. The autumn application of nitrapyrin increased the
NH4N content by 21-63 % and ensured a higher content of
total mineral nitrogen in the spring by 10-19 %, while the
spring application increased it by 25 % [26]. It should also be
mentioned that nitrification inhibitors can have a positive
effect in the years with high precipitation [27].

At the same time, there are also alternative results to the
above presented ones, which indicate the absence of a
positive effect from the use of nitrification inhibitors on the
formation of yield and its quality. Based on 1,248
observations, R. Cook et al. found that the effectiveness of
the use of inhibitors can be influenced by soil and climatic
factors, methods of cultivation technologies and many
others, which, however, does not deny the prospects for the
use of inhibitors [28]. According to Omonode R.A, Vyn T.J,
nitrapyrin did not increase corn yields, but reduced
cumulative seasonal N>O emissions [29].

An important role in the use of nitrification inhibitors is
played by weather factors that also influence the terms of
conducting technological operations, including sowing and
applying inhibitors. Late treatment with nitrapyrin
contributed to an increase in such indicators as the length and
diameter of the corn ear, the number of rows in it, grains, but
did not affect the formation of thousand-kernel weight [30].
According to G. Guardia et al. nitrogen inhibitors did not
affect grain yields in case of rainy conditions, but may affect
nitrogen content [31].

There is insufficient information on the behavior
peculiarities of nitrification inhibitors’ substances depending
on soil properties, although a positive effect on reducing NH3
and N>O evaporation was registered on black soils; positive
results were also obtained on poorly drained clay soils. The
use of nitrapyrin turned out to be effective in V5 phase of
corn development, increasing its yield capacity by 1.5 t/ha at
the same time reducing N>O emissions [32].

In the works of Ukrainian scientists, it was noted that the
use of Stabiluren 30 inhibitor with Aminomax and Aidamin
fertilizers and Stim Organic destructor, 2 l/ha used for
foliar application in the period of 15 leaves — flowering,
assisted in enlarging the leaf area. The use of this method in
the milky ripeness phase did not give positive results. The
effect of the nitrogen inhibitor on grain quality indicators, in
particular protein content, was not observed [33]. In the
conditions of Poltava region, the use of nitrification inhibitor
based on 1H-pyrazole, 3, 4-dimethylphosphate (DMPP)
delayed the release of nitrogen, which contributed
to a decrease in the use of machinery and had a positive
impact on the distribution of nitrogen in the soil — the content
of ammonium nitrogen exceeded the control variant by 38—
85 % [34].

In the studies by C.F Drury et al., B. Ren et al. with urea
on the variants with the use of urease inhibitors, ammonia
losses were reduced by 64 %, but N,O emissions increased
by 30 %. Thus, it was concluded that the simultaneous
use of two strategies — the application of urease inhibitor
and nitrification inhibitor — was effective. In this case, corn
yield increased by 19 %, significantly reducing greenhouse
gas emissions [35, 36]. The so-called dual strategy may also
be effective in case of the use of cattle manure.

The use of the nitrification inhibitor dicyandiamide and
1, 2, 4-triazole reduced the soil nitrate nitrogen content
by 7-32 % and increased the ammonium nitrogen content
by 10-59 %. Dicyandiamide contributes to an increase

in the mineral nitrogen content in the soil in 30 days after
sowing [37]. The application of this substance together with
pig manure did not increase corn yields in case of zero tillage,
in contrast to the effect on wheat. This was apparently
connected with the time of fertilizer application [38].
When this substance was used as a coating for urea granules,
N,O-N emissions into the atmosphere were reduced
by 75 % [39].

In warm, humid climates, the use of dicyandiamide
together with pig manure can be very effective in reducing
nitrogen emissions into the atmosphere and better managing
phosphorous nutrition of plants [40]. The application of
digestate as an organic component for plant nutrition also
requires the use of inhibitors that can reduce nitrogen losses
by two to four times and become a valuable replacement of
mineral fertilizers [41]. Dicyandiamide had little impact on
yield formation and its use probably had environmental
advantages. However, in humid conditions, nitrogen
emissions can be high, regardless of the use of the substance,
and the impact of the preparation on the yields was not
observed. As it can be seen, this somewhat contradicts the
previously presented material on the expediency of applying
dicyandiamide in humid conditions.

According to M. Ahmed et al., the use of dicyandiamide
contributed to better nitrogen assimilation effectiveness and
an increase in corn yield capacity by 15-20 % compared to
the variants in which untreated urea was used [42].

In the studies by Brazilian scientists, it was observed that
adding a nitrification inhibitor to urea increased nitrogen
losses as a result of NH3-N evaporation by up to 46 %,
although when ammonium sulfate or ammonium nitrate with
the addition of an inhibitor was used, these losses were
reduced by 54-80 % [43].

The use of N-(n-butyl) thiophosphoric triamide with urea
at concentrations of 20, 26.7 and 30 % reduced the total
ammonia loss because of evaporation by 35.4-81.9 %, 77.3—
87.4% and 59.1-83.3 % within 20 days after nitrogen
application, while the yields increased by 12.9-34.8 %,
18.7-19.9 % and 14.6-41.1 %, respectively. It is mentioned
that the use of inhibitors is effective in technologies
when fertilizers are surface applied. The use of this inhibitor
with UAN contributed to an increase in corn yields
by 16.6 % [44].

The use of inhibitors is a promising method for reducing
greenhouse gas emissions into the atmosphere and increasing
crop yields. However, as it is noted by A.A Pawlick et al., no
fertilizers applied with urease inhibitors reduced NO3-N
leaching [45]. But long-term and large-scale studies are
necessary to find the patterns and mechanisms of nitrogen
inhibitors’ action.

The time of nitrogen fertilizers’ application plays an
important role. When urease inhibitors were used with
fertilizers before sowing, ammonia losses were reduced by
3499 % and this increased grain yield capacity by 83 %
compared to the unfertilized control variant, and in other
studies, NH3-N losses were reduced by 46-80 %. As it was
previously mentioned, the use of nitrogen inhibitors can
contribute to a decrease in the frequency of nitrogen
fertilizers” applications, since a single application of
nitrogen-sulfur fertilizer with nitrogen inhibitors contributed
to a growth in corn yields by 21.8 % [46, 47]. It has also been
observed that nitrogen inhibitors are more effective when
used for lower nitrogen fertilizers’ rates [48].
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To improve the efficacy of nitrogen fertilization
management, various types of organic substances are also
used — bio-char, humic acids and their salts or, for example,
some plants — Brassica juncea, coarse litter for livestock, etc.
The use of bio-char is effective for improving the physical
properties of the soil — hydraulic conductivity, structure,
bulk density, porosity and electrical conductivity [49].
Even herbicides based on glyphosate can have an inhibitory
effect [50]. It should be taken into account that the correct
application of various organic fertilizers contributes to the
growth of the number of usefull microorganisms in the soil,
capable of retaining various forms of nitrogen without the
use of chemical inhibitors.

The use of urea in combination with potassium
humate was able to increase the yields of corn grain by 7—
30.5%, and also contributed to the accumulation of
vegetative mass, on the basis of which conclusions were
drawn about the high effectiveness of urea treated with
potassium humate. The suspensions of humic and fulvic
acids made it possible to obtain an increase in corn yields
while simultaneously reducing the rates of nitrogen
fertilizers [51].

The above presented review of scientific sources
indicates that the opinions on the use of nitrogen inhibitors
are different. The majority of scientists are inclined to the
usefulness of applying inhibitors to reduce greenhouse gas
emissions into the atmosphere and the economic efficiency
of reducing nitrogen fertilizers® application rates, but there
are also data of the doubtful effect of inhibitors on nitrogen
losses into the atmosphere and their impact on yield
formation [52].

On the one hand, nitrogen inhibitors can be crucial in
reducing nutrient losses and raising the efficacy of applying
expensive nitrogen fertilizers and increasing plant
productivity by 41-79 %, especially when using stabilized
nitrogen fertilizers of increased effectiveness [53—56]. They
play an important role in the 4R cultivation concept, which
envisages the ecological and economic approach to crop
cultivation. On the other hand, while reducing nitrogen
losses, they do not increase yield in any way [57], moreover,
in combination with the use of such fertilizers [58].

In light of the fact that nitrogen fertilizers are very
important for yields increase, their widespread use has global
impacts. They have become the main source of nitrous oxide
and its various oxides’ emissions into the atmosphere
therefore it is considered that a significant reduction in this
negative phenomenon can be achieved through the use of
urease and nitrification inhibitors [59].

A much more effective decrease in nitrogen emissions
into the atmosphere can be achieved by combining the use of
nitrogen inhibitors with soil cultivation methods [29, 57]
or fertigation. In terms of obtaining a high yield, urea with an
inhibitor gave high results in only one of the three research
years.

Recently, Ukrainian farmers have been resorting to using
anhydrous ammonia in their fields, but there are a number of
cautions when using this fertilizer, because of the high
nutrient losses. In the studies by W. Neels et al. it was found
that the sources of nitrogen supply played a significant role
in the yield formation and the amount of losses. The retention
of NHs + —N in the soil on anhydrous ammonia was by
340 % higher compared to urea. The inhibitor ensured the
similar indicator at the level of 14-50 % [60].

Nitrogen inhibitors can play an important role in
improving the efficacy of phosphorus fertilizers’ use.
Delaying the process of nitrification probably results in
phosphorus release and its better utilization by 29 % [61, 62],
and sometimes also contributes to better magnesium use
indicators. The use of inhibitors with simultaneous use of
sulfur containing fertilizers also favors the assimilation of
this important nutrient element, increasing not only the yields
but also the protein content in the grain [46].

Thus, the issue of effective nitrogen management is a
global challenge. Despite more than 50 years of the
experience in using nitrogen inhibitors in crop growing, there
are opposite opinions and views on the effectiveness of their
use. Meta-analyses of the data indicate both the positive role
of'these preparations in the yield formation and the neutrality
of their use or even the negative impact. Some sources
emphasize the prospects of applying them as a promising
method to reduce the negative influence from the use of
mineral nitrogen fertilizers however it is not always possible
to achieve the effect even from the combined application of
inhibitors with fertilizers of increased efficacy.

The absence of the positive effect from the use of
nitrogen inhibitors with fertilizers may be connected with
soils peculiarities, weather conditions, and, moreover, there
may even be a complete absence of any agronomic
advantages. Many scientists emphasize the need for long-
term studies to clarify as many nuances of the use of such
substances as possible. Interpreting the conclusions of
D. Fan et al., obtained as a result of meta-regression and
multivariate data analyses [63], it can be concluded about the
probable result of using nitrogen inhibitors. This
probabilistic effect may largely depend on changes in
weather conditions or time of fertilizer’ application and it
may also happen that even the use of highly effective new
fertilizers may not lead to an increase in yields.

Conclusions

The main purpose of this review was the problem of
optimizing nitrogen fertilization of corn crops in the light of
recent trends, taking into account the requirements of the
ecological and economic approach to the development of
cultivation technologies.

The use of nitrogen inhibitors is a promising direction of
research and production testing. The effectiveness of
inhibitors from the theoretical point of view is scientifically
substantiated. However, in the process of conducting field
experiments, the results are often obtained that are difficult
to interpret clearly. In Ukraine, the use of inhibitors is still a
relatively new topic. The complexity of conducting research
is often associated with the absence of specialized machinery
for field studies. In the author’s opinion, it is necessary to
continue the investigation in long-term experimental
programs.

The relevance of correcting nitrogen nutrition and
developing its effective management is especially important
in the context of climate change, especially since the use of
nitrogen fertilizers may be one of the factors of these
changes. Thus, this direction contains an important
environmental aspect in terms of reducing greenhouse gas
emissions, including nitrogen oxides and ammonia. The
analysis of literary sources indicates a predominantly
considerable effect of inhibitors on reducing nitrogen losses.
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The generalization of the literature data indicates a
variety of statements and results of the experimental data on
the effect of urease or nitrification inhibitors on increasing
the yields. According to the published materials, both a
significant increase in yield capacity and neutrality of the
effect of such substances were recorded. In some
publications, the data on the negative effect of inhibitors on
corn yields can be found.

In Ukraine, the topic of using nitrogen inhibitors is
relatively new. Taking into account the soil and climatic
diversity of our country’s territory, it is expedient to form
long-term research programs to establish the peculiarities of
using nitrogen inhibitors in production conditions, where
modern machines for using inhibitors with various types of
fertilizers are available.

Conflict of interest
The authors state that there is no conflict of interest.

References

—_

. Kalenska, S. M., & Hovenko, R. V. (2022). Productivity of corn as
affected by the accumulation of heat units and different nitrogen
fertilizers. Scientific Papers of the Institute of Bioenergy Crops
and Sugar Beet, 30, 33-43.
https://doi.org/10.47414/np.30.2022.268943
. Hotskyi, Ya. H., & Stepaniuk, A. R. (2019). Advantages of use of the
granular organic-mineral slow release fertilizers. Proceedings of
the NTUU *“Igor Sikorsky KPI”. Series: Chemical Engineering,
Ecology and Resource Saving, 1, 61-67.
https://doi.org/10.20535/2617-9741.1.2019.171044
. Ashraf, M. N., Aziz, T., Magsood, M. A., Bilal, H. M., Raza, S.,
Zia, M., Mustafa, A., Xu, M., & Wang, Y. (2025). Evaluating
organic materials coating on urea as potential nitrification
inhibitors for enhanced nitrogen recovery and growth of maize
(Zea mays). International Journal of Agriculture and Biology,
22 (5), 1101-1108. https://doi.org/10.17957/ijab/15.1175
4. Muntian, S. V., & Fedorchuk, M. 1. (2024). Vplyv meteorolohichnykh
umov na urozhainist pshenytsi ozymoi, kukurudzyta ripaku
ozymoho z vykorystanniam inhibitora nitryfikatsii za
poiednanoho vykorystannia z KAS-32. Ahrarni Innovatsii, 21,
64-69. https://doi.org/10.32848/agrar.innov.2023.21.9
[in Ukrainian]
5. Muller, J., De Rosa, D., Friedl, J., De Antoni Migliorati, M.,
Rowlings, D., Grace, P., & Scheer, C. (2022). Combining
nitrification inhibitors with a reduced N rate maintains yield and
reduces N20O emissions in sweet corn. Nutrient Cycling in
Agroecosystems, 125 (2), 107-121.
https://doi.org/10.1007/s10705-021-10185-y
6. Alonso-Ayuso, M., Gabriel, J. L., & Quemada, M. (2016). Nitrogen
use efficiency and residual effect of fertilizers with nitrification
inhibitors. European Journal of Agronomy, 80, 1-8.
https://doi.org/10.1016/j.€ja.2016.06.008
7. Wang, X.-L., Duan, P.-L., Yang, S.-J., Liu, Y.-H., Qi, L., Shi, J., Li,
X.-L., Song, P., & Zhang, L.-X. (2020). Corn compensatory growth
upon post-drought rewatering based on the effects of rhizosphere
soil nitrification on cytokinin. Agricultural Water Management,
241, 106436. https://doi.org/10.1016/j.agwat.2020.106436

i, X., Zhang, X., Wang, S., Hou, W., & Yan, L. (2023). The
combined use of liquid fertilizer and urease/nitrification inhibitors
on maize yield, nitrogen loss and utilization in the Mollisol
region. Plants, 12 (7), 1486.
https://doi.org/10.3390/plants12071486

9. Atav, V., Giirbliz, M. A., Kayali, E., & Yalinkili¢, E. (2024).
Optimizing nitrogen management in maize (Zea mays L.) using
urease and nitrification  inhibitors. Research  Square.
https://doi.org/10.21203/rs.3.1s-4455360/v1

10. Regueiro, 1., Siebert, P., Liu, J., Miiller-Stover, D., & Jensen, L. S.

(2020). Acidified animal manure products combined with a

nitrification inhibitor can serve as a starter fertilizer for maize.

Agronomy, 10 (12), 1941.

https://doi.org/10.3390/agronomy10121941

[\

W

12.

13.

14.

15.

16.

17.

18

19.

20.

2

—_

22.

23.

24.

25.

26.

27.

. Lasisi, A.A., Akinremi, O.O., & Kumaragamage, D. (2021).

Efficiency of fall versus spring applied urea-based fertilizers
treated with urease and nitrification inhibitors II. Crop yield and
nitrogen use efficiency. Soil Science Society of America Journal,
85 (2), 299-313. Portico. https://doi.org/10.1002/s2j2.20126

Lucas, F. T., Borges, B. M. M. N., & Coutinho, E. L. M. (2019).
Nitrogen fertilizer management for maize production under
tropical climate. Agronomy Journal, 111 (4), 2031-2037.
https://doi.org/10.2134/agronj2018.10.0665

Zhao, Z., Wu, D., Bol, R., Shi, Y., Guo, Y., Meng, F., & Wu, W.
(2017). Nitrification inhibitor’s effect on mitigating N,O
emissions was weakened by urease inhibitor in calcareous soils.

Atmospheric Environment, 166, 142-150.
https://doi.org/10.1016/j.atmosenv.2017.07.034
Allende-Montalban, R., Martin-Lammerding, D., del Mar

Delgado, M., Porcel, M. A., & Gabriel, J. L. (2022). Nitrate
leaching in maize (Zea mays L.) and wheat (Triticum aestivum L.)
irrigated cropping systems under nitrification inhibitor and/or
intercropping effects. Agriculture, 12 (4), 478.
https://doi.org/10.3390/agriculture 12040478

Guardia, G., Vallejo, A., Cardenas, L. M., Dixon, E. R., & Garcia-
Marco, S. (2018). Fate of 15 N-labelled ammonium nitrate with
or without the new nitrification inhibitor DMPSA in an irrigated
maize crop. Soil Biology and Biochemistry, 116, 193-202.
https://doi.org/10.1016/j.s0ilbi0.2017.10.013

Guardia, G., Cangani, M. T., Andreu, G., Sanz-Cobena, A., Garcia-
Marco, S., Alvarez, J. M., Recio-Huetos, J., & Vallejo, A. (2017).
Effect of inhibitors and fertigation strategies on GHG emissions,
NO fluxes and yield in irrigated maize. Field Crops Research,
204, 135-145. https://doi.org/10.1016/j.fcr.2017.01.009

Havryliuk, V. A. (2017). Shliakhy mozhlyvoho zabrudnennia na-
vkolyshnoho seredovyshcha dobryvamy i zakhody shchodo yoho
zapobihannia. Ekolohichni Notatky, 5, 77-84. [in Ukrainian]

. Jackson, K. (2019). Impact of nitrification inhibitor use on corn yield

and soil nitrogen levels from liquid hog manure applied at various
fall timings / Master's thesis. University of Guelph, Guelph,
Ontario, Canada.

Ren, B., Ma, Z., Zhao, B., Liu, P., & Zhang, J. (2022). Influences of split
application and nitrification inhibitor on nitrogen losses, grain yield,
and net income for summer maize production. Frontiers in Plant
Science, 13, 982373. https://doi.org/10.3389/fpls.2022.982373

Dong, D., Yang, W., Sun, H., Kong, S., & Xu, H. (2022). Effects of
animal manure and nitrification inhibitor on N2O emissions and
soil carbon stocks of a maize cropping system in Northeast China.
Scientific Reports, 12 (1), 15202. https://doi.org/10.1038/s41598-
022-19592-9

. Corréa, J. C., Grohskopf, M. A., Nicoloso, R. da S., Lourenco, K. S.,

& Martini, R. (2016). Organic, organomineral, and mineral
fertilizers with urease and nitrification inhibitors for wheat and
corn under no-tillage. Pesquisa Agropecudria Brasileira, 51 (8),
916-924. https://doi.org/10.1590/s0100-204x2016000800003

Dawar, K., Sardar, K., Zaman, M., Miiller, C., Sanz-Cobena, A.,
Khan, A., Borzouei, A., & Pérez-Castillo, A. G. (2021). Effects of
the nitrification inhibitor nitrapyrin and the plant growth regulator
gibberellic acid on yield-scale nitrous oxide emission in maize
fields under hot climatic conditions. Pedosphere, 31 (2), 323—
331. https://doi.org/10.1016/s1002-0160(20)60076-5

Singh, G., & Nelson, K. A. (2019). Pronitridine and nitrapyrin with
anhydrous ammonia for corn. Journal of Agricultural Science,
11 (4), 13. https://doi.org/10.5539/jas.v11ndp13

Kaur, H., Nelson, K. A., Wikle, C. K., Ferguson, R., & Singh, G.
(2024). Nitrogen fertilizer and pronitridine rates for corn
production in the Midwest U.S. Field Crops Research, 306,
109200. https://doi.org/10.1016/.fcr.2023.109200

Vetsch, J. A., Randall, G. W., & Fernandez, F. G. (2019). Nitrate loss
in subsurface drainage from a corn—soybean rotation as affected
by nitrogen rate and nitrapyrin. Journal of Environmental Quality,
48 (4), 988-994. https://doi.org/10.2134/jeq2018.11.0415

Degenhardt, R. F., Juras, L. T., Smith, L. R. A., MacRae, A. W.,
Ashigh, J., & McGregor, W. R. (2016). Application of nitrapyrin
with banded urea, urea ammonium nitrate, and ammonia delays
nitrification and reduces nitrogen loss in Canadian soils. Crop,
Forage &  Turfgrass  Management, 2 (1), 1-11.
https://doi.org/10.2134/cftm2016.03.0027

Johnson II, F.E., Nelson, K. A., & Motavalli, P.P. (2016). urea
fertilizer placement impacts on corn growth and nitrogen utilization
in a poorly-drained claypan soil. Journal of Agricultural Science,
9 (1), 28. https://doi.org/10.5539/jas.vOn1p28

Scientific Progress & Innovations e 28 (4)

84


https://doi.org/10.47414/np.30.2022.268943
https://doi.org/10.20535/2617-9741.1.2019.171044
https://doi.org/10.17957/ijab/15.1175
https://doi.org/10.32848/agrar.innov.2023.21.9
https://doi.org/10.1007/s10705-021-10185-y
https://doi.org/10.1016/j.eja.2016.06.008
https://doi.org/10.1016/j.agwat.2020.106436
https://doi.org/10.3390/plants12071486
https://doi.org/10.21203/rs.3.rs-4455360/v1
https://doi.org/10.3390/agronomy10121941
https://doi.org/10.1002/saj2.20126
https://doi.org/10.2134/agronj2018.10.0665
https://doi.org/10.1016/j.atmosenv.2017.07.034
https://doi.org/10.3390/agriculture12040478
https://doi.org/10.1016/j.soilbio.2017.10.013
https://doi.org/10.1016/j.fcr.2017.01.009
https://doi.org/10.3389/fpls.2022.982373
https://doi.org/10.1038/s41598-022-19592-9
https://doi.org/10.1038/s41598-022-19592-9
https://doi.org/10.1590/s0100-204x2016000800003
https://doi.org/10.1016/s1002-0160(20)60076-5
https://doi.org/10.5539/jas.v11n4p13
https://doi.org/10.1016/j.fcr.2023.109200
https://doi.org/10.2134/jeq2018.11.0415
https://doi.org/10.2134/cftm2016.03.0027
https://doi.org/10.5539/jas.v9n1p28

28. Cook, R., Nail, A., Vigardt, A., Trlica, A., Hagarty, B., Williams, T.,
& Wolt, J. (2015). Meta-analysis of enhanced efficiency fertilizers
in corn systems in the Midwest. International Plant Nutritution
Instute Report.

29. Omonode, R. A., & Vyn, T. J. (2019). Tillage and nitrogen source impacts
on relationships between nitrous oxide emission and nitrogen
recovery efficiency in com. Journal of Environmental Quality, 48 (2),
421-429. https://doi.org/10.2134/jeq2018.05.0188

30. Racz, D., Gila, B., Horvath, E., Tliés, A., & Széles, A. (2021). The
efficiency of nitrogen stabilizer at different soil temperatures on
the physiological development and productivity of maize (Zea
mays L.). Agronomy Research, 19 (4), 1888—1900.

31. Guardia, G., Sanz-Cobena, A., Sanchez-Martin, L., Fuertes-
Mendizébal, T., Gonzélez-Murua, C., Alvarez, J. M., Chadwick,
D., & Vallejo, A. (2018). Urea-based fertilization strategies to
reduce yield-scaled N oxides and enhance bread-making quality
in a rainfed Mediterranean wheat crop. Agriculture, Ecosystems
&amp; Environment, 265, 421-431.
https://doi.org/10.1016/j.agee.2018.06.033

32. Martins, M. R., Sant’Anna, S. A. C., Zaman, M., Santos, R. C.,
Monteiro, R. C., Alves, B. J. R., Jantalia, C. P, Boddey, R. M., &
Urquiaga, S. (2017). Strategies for the use of urease and
nitrification inhibitors with urea: Impact on N,O and NH;
emissions, fertilizer-15N recovery and maize yield in a tropical
soil. Agriculture, Ecosystems & Environment, 247, 54-62.
https://doi.org/10.1016/j.agee.2017.06.021

33. Kryvenko, A. L., & Martkoplishvili, M. M. (2020). Peculiarities of
com yield formation depending on the influence of elements of
growing technology. Scientific Papers of the Institute of
Bioenergy  Crops and  Sugar  Beet, 28, 201-209.
https://doi.org/10.47414/np.28.2020.230241

34. Chajka, O.V., & Levchenko, S. O. (2024). The influence of the
nitrification inhibitor DMPP on the processes of nitrogen
distribution in the soil. Visnyk Agrarnoi Nauky, 102 (4), 53-59.
https://doi.org/10.31073/agrovisnyk202404-08

35. Drury, C. F, Yang, X., Reynolds, W. D., Calder, W., Oloya, T. O., &
Woodley, A. L. (2017). Combining urease and nitrification inhibitors
with incorporation reduces ammonia and nitrous oxide emissions and
increases com yields. Journal of Environmental Quality, 46 (5), 939—
949. https://doi.org/10.2134/jeq2017.03.0106

36. Ren, B., Huang, Z., Liu, P, Zhao, B., & Zhang, J. (2023). Urea
ammonium nitrate solution combined with wurease and
nitrification inhibitors jointly mitigate NH; and N,O emissions
and improves nitrogen efficiency of summer maize under
fertigation.  Field  Crops  Research, 296,  108909.
https://doi.org/10.1016/.fcr.2023.108909

37. Basso, C. J., Pinto, M. A. B, Gonzatto, R., Pujol, S. B., & Souza, F. M.
de. (2020). Management of liquid swine manure: impact on mineral
nitrogen dynamics and com yield. Pesquisa Agropecudaria Tropical,
50, e64790. https://doi.org/10.1590/1983-40632020v5064790

38. Gonzatto, R., Aita, C., Bélanger, G., Chantigny, M. H., Miola, E. C. C.,
Pujol, S. B., Dessbesel, A., & Giacomini, S. J. (2017). Response
of no-till grain crops to pig slurry application methods and a
nitrification inhibitor. Agronomy Journal, 109 (4), 1687-1696.
https://doi.org/10.2134/agronj2016.09.0547

39. Tian, Z., Wang, J. J., Liu, S., Zhang, Z., Dodla, S. K., & Myers, G.
(2015). Application effects of coated urea and urease and
nitrification inhibitors on ammonia and greenhouse gas emissions
from a subtropical cotton field of the Mississippi delta region.
Science of The Total Environment, 533, 329-338.
https://doi.org/10.1016/j.scitotenv.2015.06.147

40. Gonzatto, R., Chantigny, M. H., Aita, C., Giacomini, S. J., Rochette, P.,
Angers, D. A., Pujol, S.B., Zirbes, E., De Bastiani, G.G., &
Ludke, R. C. (2016). Injection and nitrification inhibitor improve
the recovery of pig slurry ammonium nitrogen in grain crops in
Brazil. Agronomy Journal, 108 (3), 978-988.
https://doi.org/10.2134/agronj2015.0462

41. Chiodini, M. E., Perego, A., Carozzi, M., & Acutis, M. (2019). The
nitrification inhibitor Vizura® reduces N2O emissions when
added to digestate before injection under irrigated maize in the Po
Valley  (Northern  Italy).  Agronomy, 9 (8), 431.
https://doi.org/10.3390/agronomy90804310

42. Ahmed, M., Yu, W,, Lei, M., Raza, S., Elrys, A. S., & Zhou, J. (2023).
Effect of urease and nitrification inhibitors on nitrogen
transformation and nitrogen use efficiency of rain-fed summer
maize (Zea mays) at loess plateau of China. International Journal
of  Agriculture and  Biology, 30 (5), 317-328.
https://doi.org/10.17957/ijab/15.2090

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

Cassim, B. M. A. R., Besen, M. R., Kachinski, W. D., Macon, C. R.,
de Almeida Junior, J. H. V., Sakurada, R., Inoue, T. T., &
Batista, M. A. (2022). Nitrogen fertilizers technologies for corn
in two yield environments in South Brazil. Plants, 11 (14), 1890.
https://doi.org/10.3390/plants11141890

Liu, S., Wang, X, Yin, X., Savoy, H. J., McClure, A., & Essington,
M. E. (2019). Ammonia Volatilization loss and corn nitrogen
nutrition and productivity with efficiency enhanced UAN and
urea under no-tillage. Scientific Reports, 9 (1), 6610.
https://doi.org/10.1038/s41598-019-42912-5

Pawlick, A. A., Wagner-Riddle, C., Parkin, G. W., & Berg, A. A.
(2019). Assessment of nitrification and urease inhibitors on
nitrate leaching in corn (Zea mays L.). Canadian Journal of Soil
Science, 99 (1), 80-91. https://doi.org/10.1139/cjss-2018-0110

Lozek, O., & Slamka, P. (2016). Effect of nitrogen-sulphur nutrition
and inhibitors of nitrification on the yield and quality of maize
grain. Acta Fytotechnica et Zootechnica, 19 (2), 45-50.
https://doi.org/10.15414/afz.2016.19.02.45-50

Venterea, R. T., Coulter, J. A., & Dolan, M. S. (2016). Evaluation of
intensive “4R” strategies for decreasing nitrous oxide emissions
and nitrogen surplus in rainfed corn. Journal of Environmental
Quality, 45 (4), 1186-1195.
https://doi.org/10.2134/jeq2016.01.0024

Drulis, P., Kriaucitiniené, Z., & Liakas, V. (2022). The Influence of
different nitrogen fertilizer rates, urease inhibitors and biological
preparations on maize grain yield and yield structure elements.
Agronomy, 12 (3), 741.
https://doi.org/10.3390/agronomy12030741

Purwanto, Minardi, S., & Supriyadi (2015). Optimization of
Nitrogen Fertilization Input on Zea mays L. cultivation through
the biological inhibition of nitrification. Agricultural Sciences,
06 (2), 201-207. https://doi.org/10.4236/as.2015.62019

Jenkins, M., Locke, M., Reddy, K., McChesney, D. S., & Steinriede, R.
(2017). Glyphosate applications, glyphosate resistant corn, and
tillage on nitrification rates and distribution of nitrifying
microbial communities. Soil Science Society of America Journal,
81 (6), 1371-1380. https://doi.org/10.2136/sss2j2017.02.0063

Drulis, P., Kriaucitniené, Z., & Liakas, V. (2022). The effect of
combining N-fertilization with urease inhibitors and biological
preparations on maize biological productivity. Agronomy,
12 (10), 2264. https://doi.org/10.3390/agronomy12102264

De Laporte, A., Banger, K., Weersink, A., Wagner-Riddle, C.,
Grant, B., & Smith, W. (2021). Economic and environmental
nitrate leaching consequences of 4R nitrogen management
practices including use of inhibitors for corn production in
Ontario. Journal of Environmental Management, 300, 113739.
https://doi.org/10.1016/j.jenvman.2021.113739

Souza, T.L. de, Guelfi, D.R., Silva, A.L., Andrade, A.B.,
Chagas, W.F. T., & Cancellier, E. L. (2017). Ammonia and
carbon dioxide emissions by stabilized conventional nitrogen
fertilizers and controlled release in corn crop. Ciéncia e
Agrotecnologia, 41 (5), 494-510. https://doi.org/10.1590/1413-
70542017415003917

Qi, Z., Dong, Y., He, M., Wang, M., Li, Y., & Dai, X. (2021).
Coated, stabilized enhanced-efficiency nitrogen fertilizers:
preparation and effects on maize growth and nitrogen utilization.
Frontiers in Plant Science, 12, 792262.
https://doi.org/10.3389/fpls.2021.792262

Abalos, D., Jeffery, S., Drury, C. F., & Wagner-Riddle, C. (2016).
Improving fertilizer management in the U.S. and Canada for N,O
mitigation: Understanding potential positive and negative side-
effects on corn yields. Agriculture, Ecosystems & Environment,
221, 214-221. https://doi.org/10.1016/j.agee.2016.01.044

Gagnon, B., Ziadi, N., & Bélanger, G. (2019). Nitrogen nutrition
indicators in corn fertilized with different urea-nitrogen forms.
Agronomy Journal, 111 (6), 3281-3290.
https://doi.org/10.2134/agronj2018.10.0675

Santos, C., Pinto, S. I. do C., Guelfi, D., Rosa, S. D., da Fonseca, A. B.,
Fernandes, T.J., Ferreira, R. A., Satil, L. B., Nunes, A. P. P, &
e Silva, K. P. (2023). Corn cropping system and nitrogen
fertilizers technologies affect ammonia volatilization in brazilian
tropical soils. Soil Systems, 7(2), 54.
https://doi.org/10.3390/soilsystems7020054

Torralbo, F., Boardman, D., Houx, J. H., & Fritschi, F. B. (2022).
Distinct enhanced efficiency urea fertilizers differentially
influence ammonia volatilization losses and maize yield. Plant
and Soil, 475 (1-2), 551-563. https://doi.org/10.1007/s11104-
022-05387-4

Scientific Progress & Innovations e 28 (4)

85


https://doi.org/10.2134/jeq2018.05.0188
https://doi.org/10.1016/j.agee.2018.06.033
https://doi.org/10.1016/j.agee.2017.06.021
https://doi.org/10.47414/np.28.2020.230241
https://doi.org/10.31073/agrovisnyk202404-08
https://doi.org/10.2134/jeq2017.03.0106
https://doi.org/10.1016/j.fcr.2023.108909
https://doi.org/10.1590/1983-40632020v5064790
https://doi.org/10.2134/agronj2016.09.0547
https://doi.org/10.1016/j.scitotenv.2015.06.147
https://doi.org/10.2134/agronj2015.0462
https://doi.org/10.3390/agronomy90804310
https://doi.org/10.17957/ijab/15.2090
https://doi.org/10.3390/plants11141890
https://doi.org/10.1038/s41598-019-42912-5
https://doi.org/10.1139/cjss-2018-0110
https://doi.org/10.15414/afz.2016.19.02.45-50
https://doi.org/10.2134/jeq2016.01.0024
https://doi.org/10.3390/agronomy12030741
https://doi.org/10.4236/as.2015.62019
https://doi.org/10.2136/sssaj2017.02.0063
https://doi.org/10.3390/agronomy12102264
https://doi.org/10.1016/j.jenvman.2021.113739
https://doi.org/10.1590/1413-70542017415003917
https://doi.org/10.1590/1413-70542017415003917
https://doi.org/10.3389/fpls.2021.792262
https://doi.org/10.1016/j.agee.2016.01.044
https://doi.org/10.2134/agronj2018.10.0675
https://doi.org/10.3390/soilsystems7020054
https://doi.org/10.1007/s11104-022-05387-4
https://doi.org/10.1007/s11104-022-05387-4

59. Cui, X., Wang, J., Wang, J., Li, Y., Lou, Y., Zhuge, Y., & Dong, Y.
(2022). Soil available nitrogen and yield effect under different
combinations of urease/nitrate inhibitor in wheat/maize rotation
system. Agronomy, 12 (8), 1888.
https://doi.org/10.3390/agronomy 12081888

60. Neels, W., Jhala, A., Maharjan, B., Patel, S., Slator, G., & Igbal, J.
(2024). Nitrogen source affects in-season nitrogen availability
more than nitrification inhibitor and herbicide in a fine-textured
soil. Soil Science Society of America Journal, 88 (2), 419-433.
https://doi.org/10.1002/saj2.20617

61. Vogel, C., Sekine, R., Huang, J., Steckenmesser, D., Steffens, D.,
Huthwelker, T., Borca, C. N., Pradas del Real, A. E., Castillo-
Michel, H., & Adam, C. (2020). Effects of a nitrification inhibitor
on nitrogen species in the soil and the yield and phosphorus
uptake of maize. Science of The Total Environment, 715, 136895.
https://doi.org/10.1016/j.scitotenv.2020.136895

62. Malakshahi Kurdestani, A., Francioli, D., Ruser, R., Piccolo, A.,
Maywald, N.J., Chen, X., & Miiller, T. (2024). Optimizing
nitrogen fertilization in maize: the impact of nitrification
inhibitors, phosphorus application, and microbial interactions on
enhancing nutrient efficiency and crop performance. Frontiers in
Plant Science, 15, 1451573.
https://doi.org/10.3389/fpls.2024.1451573

63. 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., & Zou, G. (2022).
Global evaluation of inhibitor impacts on ammonia and nitrous
oxide emissions from agricultural soils: A meta-analysis. Global
Change Biology, 28 (17), 5121-5141.
https://doi.org/10.1111/gcb.16294

ORCID

K. Kuriacha https://orcid.org/0009-0008-4665-9835

2025 by the author(s). This is an open-access article distributed under the Creative Commons Attribution License
http://creativecommons.org/licenses/by/4.0, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

Scientific Progress & Innovations e 28 (4)

86


https://doi.org/10.3390/agronomy12081888
https://doi.org/10.1002/saj2.20617
https://doi.org/10.1016/j.scitotenv.2020.136895
https://doi.org/10.3389/fpls.2024.1451573
https://doi.org/10.1111/gcb.16294
https://orcid.org/0009-0008-4665-9835
http://creativecommons.org/licenses/by/4.0

