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Abstract: The research was performed in 2019-2020 LAMMC at Rumokai Experimental Station of the Lithuanian Research Centre for 
Agriculture and Forestry. The soil was calcaric luvisol, the granulometric composition was a silt loam on clay Winter wheat, after 
resumption of vegetation fertilized KAS-32 and Leader 24-6. Nitrogen active substance: 60 + 60 + 30. In I and II fertilizations, these liquid 
fertilizers were used in combination with a urease inhibitor. Mineral nitrogen in the soil was investigated twice: during the graing milk stage 
of wheat and after harvest. In the grain milk stage in 2019 the urease inhibitor increased mineral nitrogen by 25,8-30.0%. 2020 the effect of 
a urease inhibitor on the mineral nitrogen content of the soil has not been found. After the harvest in 2019 in the fields where nitrogen 
fertilization with urease inhibitor was applied in the 0-30 cm layer of nitrate nitrogen was significantly lower than in the control fields. The 
effect of the urease inhibitor on winter wheat grain yield was not found in the study years 
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1. Introduction
Only in the 20th century the world‘s population has grown from

1.65 billion up to 6 billion. This number is predicted to increase in

2057 and should rise to 10 billion people
(http://www.worldometers.info/world-population). So, the demand

for food is growing, the need for food production is increasing.
Synthetic solid and liquid mineral fertilizers are increasingly being

fertilized in order to achieve higher yields and improve plant supply
of easily obtainable nutrients (Zhang X., 2019).

Nitrogen fertilizers consumption is 44-48% of total resource

consumption in agricultural production.
(http://www.fao.org/3/ca6746en/ca6746en.pdf). Thus, the use of

these fertilizers is associated with many negative effects on the
environment and is a major source of gas that causes a greenhouse

effect (Byrne et al., 2020). The higher nitrogen losses are when is
higher amount of mineral nitrogen in the soil and higher nitrogen

fertilizations rates. Higher precipitation leaches this nitrogen into
deeper soil layers, especially when 30 mm or more of precipitation

falls in a short time (Staugaitis et al., 2008). Nitrogen is then lost,

and groundwater is polluted. (Čermák and Kubiuk, 2009).
Nitrogen (urea) in amide form is mainly used in commercial farms

worldwide. It accounts for about 40% of nitrogen consumption
(Daigh et al. 2014; http://www.fao.org/3/w6928e/w6928e06.htm).

However, this form of nitrogen on the soil surface is rapidly
hydrolyzed (decomposed into ammonia and carbon dioxide) by the

enzyme urease (an enzyme secreted naturally by microorganisms,

fungi and plants in the soil). Studies have shown that up to 70-75%
of nitrogen is lost to the environment from urea (Modolo et al.,

2018; Sigurdarson et al., 2018; Sun et al., 2019; Klimczyka et al.
2021). 1926 the urease enzyme was discovered in bean seeds (Baiq

et al., 2020) and its existence in the soil was proved in 1935
(Dhanker et al., 2021).

Thus, the use of urease inhibitors in agricultural practice has long
been studied as one of the strategies to reduce nitrogen losses from 

mineral fertilizers and to allow more nitrogen in unchanged form to

reach the plant root zone (Del Moro et al. 2017, Klimczyka et al.
2021). The most common chemically stable and non-toxic

compounds are N - (- butyl) thiophosphoric triamide (NBPT) and N
- (- propyl) thiophosphoric triamide (NPPT) (Klimczyka et al.

2021). Urease inhibitors used in conjunction with nitrogen
fertilizers do not modify their granules either chemically or

physically and do not modify the structure of nitrogen molecules
(Folina et al., 2021). These substances only temporarily reduce the

activity of urease enzymes, slow down the rate of urea hydrolysis,

during which the amide nitrogen NH2 decomposes to ammonium
NH4 + and reduce the evaporation of ammoniacal N-NH3 nitrogen

from urea-containing fertilizers (Klimczyka et al. 2021). As urease
inhibitors reduce the formation of ammonium NH4+ and nitrate

NO3- nitrogen from amide nitrogen fertilizers, the risk of nitrogen
leaching to groundwater is also reduced.

The aim of the study was to determine the effect of a urease

inhibitor used with a fertilizer containing amide nitrogen on the
mineral nitrogen content of the soil in a winter wheat crop.

2. Objects and methods
The field experiment was conducted in 2019-2020 at the Rumokai

Experimental Station of the Lithuanian Research Centre for

Agriculture and Forestry. Winter wheat (Triticum aestivum L.)
cultivar ‗Janne‘ was growing, it was sown on 11 09 2018 and 18 09

2019. Winter wheat was fertilised complex fertiliser NPK 5-21-36
was used, treatment rate – 300 kg ha-1. In spring the winter wheat in

that plot was fertilised UAN-32 (N total 32 % including N-NO3 – 8
%, N-NH4 – 8 %, N-NH2 - 16 %) and Leader 24-6 (N total 24

including N-NO3 – 8 %, N-NH4 – 5 %, N-NH2 - 11 %. S – 6 %) 

Fertilizer rates were N60+60+30. In I and II fertilizations, these liquid
fertilizers were used in combination with the urease inhibitor Limus

Clear (188 g l-1 N-(-butylo) thiophosphorico triamide (NBPT) + 87 
g l-1 N-(-propylo) thiophosphorico triamide (NPPT)). 

The plants were fertilised in spring following the renewed
vegetation at growth stage BBCH 25-27 (tillering phase), for the

second time at BBCH 30-31 (beginning of the stem elongation), and
for the third time at BBCH 39 (flag leaf stage). Plant protection

products were used as needed. 

In 2019, the winter wheat was harvested on 30 July. In 2020, it was
harvested on 10 August.

Before harvesting, crop samples were taken from four spots of each
plot within 0.25 m2 area for determination of biometric indicators:

plant density, total number of productive stems, straw and ear
length, number of grains per ear, and 1000 grain weight. During

harvesting, the grain collected from each experimental plot was

weighed separately, grain moisture content and cleanness were
determined. Winter wheat grain yield was expressed in moisture of

14% and absolutely clean mass. The crude protein content in grain
was determined using the Kjeldahl method – it was obtained by

multiplying the total nitrogen by 6.25, starch content was
determined using a polarimeter, wet gluten – by washing the dough

using the Perten Instruments‘ Gluten Index method (Glutomatic
System specified in EN ISO 21415-1), sedimentation – by the

Zeleny test (ISO 5529), mass per hectolitre was determined by 

means of a HLM device compliant to ISO 7971-2.
The experiment was conducted on the Calcaric Luvisol (according

to WRB, 2014). Soil texture was silt loam on loam and heavy clay
loam. The pHKCl value in the 0–20 cm soil layer was 5.9–6.4,

humus – 1.91–2.33%, i.e., the values were low and average. The
content of P2O5 was 148–165 mg kg-1, which was average, and that

of K2O was 200–216 mg kg-1 – high.
Soil pHKCl was determined in 1 M KCl extraction using

potentiometric method (ISO 10390), ratio 1:5, P2O5 and K2O – by 

the Egner-Riehm-Domingo (A-L) method, humus – using a carbon
analyser after dry combustion compliant with ISO 10694, where the

organic carbon concentration was multiplied by 1.724. Nmin content
was determined in 1 M KCl extraction in air-dry samples (ratio 1:5)

using flow analysis (FIA) and spectrometric. Mineral nitrogen
(nitrate and ammonia) was  determined at winter wheat growth

stage BBCH 65  and after harvesting

Weather conditions. 2018–2019 season. September was dry and
warm. In October–November, the daily mean temperature values
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were 1.4°C and 0.6°C higher than the SCN, and the soil moisture 
was normal due to sufficient rainfall in October. The winter in that 

region was warm and mild, the average daily temperature was 
0.03°C in December, −4.1°C in January, 1.8°C in February, and 

3.9°C in March. The mean air temperature was 8.4°C in April and 
12.5°C in May and those values were favourable for plant growth. 

The plants survived under drought conditions from April to the 

second 10-day period of May, depleting moisture reserves 
accumulated after the winter, however, during the last week the 

plants felt moisture scarcity and plant leaves appeared wilted in the 
daytime. It rained profusely in the second half of May, and 

eventually the precipitation fell in the form of heavy rainfall. June 
was hot and not rainy. The mean daily temperature of that month 

was 20.4°C or 4.8°C higher than the SCN, and the precipitation was 
only 25.7 mm (SCN – 50 mm). During that period, the plants felt a 

lack of moisture again. During the first ten days of July, 60.6 mm of 

precipitation fell, and that was enough to restore moisture reserves 
in the soil. In the second and third 10-day periods, there was little 

rainfall, and the weather was warm which allowed normal grain 
ripening in ears. 2019–2020 season. It was 1–3°C warmer than 

usual in September–November 2019 and the monthly precipitation 
rate reached 44–47 mm, only in November the rainfall was lower – 

13.2 mm. The sown winter wheat germinated evenly, and the plants 

were 8–12 cm tall by December. The moisture of the soil ploughing 
layer ranged from normal to dryish; however, at that time water 

evaporation was slow and moisture was sufficient for the plants. 
The winter was unusually warm: the mean daily temperature values 

in December–February was 2.8–2.9°C, and it was a little colder in 
March – 1.8°C. The winter wheat overwintered well, and its 

condition remained almost unchanged during the winter until the 
beginning of April, when its growth resumed. April and May were 

cool, however, the amount of precipitation varied significantly: only 

2.1 mm in April and 93.8 mm in May. Dry March and almost 
rainless weather in April dried up the soil; therefore, the plants felt a 

lack of moisture and were less tillered in the second half of April. 
Rainy May restored soil moisture reserves, and an even rainier June, 

when 129.4 mm of rain fell during the month, led to excess 
moisture in that month and facilitated the high spread of leaf 

disease. July and the first 10-day period of August were cool, 

slightly humid and favourable to grain formation in ears. 
The data of the research were evaluated using the dispersion 

analysis method (ANOVA) with the SELEKCIJA software package 
(Raudonius, 2017). 

3. Results and discussion 
In 2019 at the milk ripening stage of wheat, the content of nitrate 

nitrogen in the 0–30 cm soil layer using fertilizers with a urease 
inhibitor was 25.8–35.0% higher than without the inhibitor (Table 

1). The urease inhibitor slowed the transformation of amide 
nitrogen to ammoniacal nitrogen after fertilization, at the same time 

slowing down the nitrification process. In fields where nitrogen 
fertilizers were used without inhibitor, nitrogen fertilizers were 

rapidly transformed into mineral nitrogen and were either consumed 

by the plants immediately after fertilization or washed away by 
precipitation. Meanwhile, in the fields where inhibitors were used, 

the transformation of the fertilizer slowed down, spread over a 
longer period of time, and the plants made better use of it. A similar 

trend was found when studying nitrate in the deeper 30-60 cm layer. 
In 2020, with the use of inhibitors, no significant increase in nitrate 

nitrogen in the soil was observed during the wheat milk ripening 

stage. This may have been affected by heavy rains in June. During 
that period, nitrified nitrogen was leached from the soil.  
Table 1. Influence of urease inhibitor on nitrate nitrogen content 

mg kg-1 in the soil in winter wheat crop in stage BBCH 65 

Treatments 2019 2020 

0-30 cm 30-60 cm 0-30 cm 30-60 cm 

UAN-32 9,12 2,30 3,36 1,56 

Leader 24-6 3,20 1,49 3,29 1,18 

UAN-32 + LC 11,47 4,14 3,91 2,02 

Leader 24-6 + LC 4,32 2,28 3,38 1,33 

LSD05 2,293 1,656 1,932 1,049 

Note: LC -Limus Clear, urease inhibitor 

The effect of a urease inhibitor on the amount of ammonia nitrogen 
in the soil during the milk ripening stage of wheat in 2019 not 

identified (Table 2). In 2020, with the inhibitor with UAN-32 
fertilizer, the ammonia nitrogen content at a depth of 0–30 cm was 

70.7% lower than without the inhibitor. The difference was 
significant. No significant differences in ammonia nitrogen content 

were observed in the 30-60 cm layer using the inhibitor. 

 
Table 2. Influence of urease inhibitor on ammonia nitrogen content 

mg kg-1 in the soil in winter wheat crop in stage BBCH 65 
 

Treatments 2019 2020 

0-30 cm 30-60 cm 0-30 cm 30-60 cm 

UAN-32 3,34 1,53 6,82 1,33 

Leader 24-6 2,74 1,09 2,07 1,01 

UAN-32 + LC 3,27 1,56 2,00 1,23 

Leader 24-6 + LC 2,19 1,44 1,87 0,98 

LSD05 1,013 1,048 1,142 0,387 

Note: LC -Limus Clear, urease inhibitor 

 
From an environmental point of view, the amount of mineral 

nitrogen in the soil after harvest is very important. If a lot of mineral 
nitrogen remains, the plants do not use it, it leaches or is released 

into the atmosphere, then increasing environmental pollution. 
In our study in 2019 in the fields where nitrogen fertilization with 

urease inhibitor was applied in the 0-30 cm layer of nitrate nitrogen 

was reliably less than in the control fields (Table 3). The same 
trends were observed at a depth of 30–60 cm, but the differences 

were not statistically significant.  
2020 a significant reduction in nitrate nitrogen with the use of a 

urease inhibitor was found only in the 30-60 cm soil layer when the 
inhibitor was used with Leader 24-6 fertilizers. 

 
Table 3. Influence of urease inhibitor on nitrate nitrogen content 

mg kg-1 in the soil in winter wheat crop after harvesting 

 

Treatments 2019 2020 

0-30 cm 30-60 cm 0-30 cm 30-60 cm 

UAN-32 13,78 1,88 10,62 6,85 

Leader 24-6 5,11 1,12 8,83 7,92 

UAN-32 + LC 11,35 1,73 10,77 7,57 

Leader 24-6 + LC 2,83 0,93 9,49 3,69 

LSD05 2,241 1,219 1,268 1,647 

Note: LC -Limus Clear, urease inhibitor 

 

2019 and 2020 only a tendency to decrease ammonia nitrogen 
content in the 0–30 cm soil layer using a urease inhibitor was found 

(Table 4). In the deeper layer, 30-60 cm, a reliable reduction of 
ammonia nitrogen was found only in 2020 using a urease inhibitor 

in combination with Leader 24-6 fertilizer. 
 
Table 4. Influence of urease inhibitor on ammonia nitrogen content 

mg kg-1 in the soil in winter wheat crop after harvesting 

 

Treatments 2019 2020 

0-30 cm 30-60 cm 0-30 cm 30-60 cm 

UAN-32 2,43 1,37 1,48 1,71 

Leader 24-6 1,99 1,05 1,44 2,65 

UAN-32 + LC 1,92 1,24 1,27 2,17 

Leader 24-6 + LC 1,96 1,10 1,21 1,19 

LSD05 1,590 0,711 0,342 0,872 

Note: LC -Limus Clear, urease inhibitor 
 

The urease inhibitor used with UAN fertilizer reliably increased the 

number of productive stems (Table 5). Later nitrogen fertilizers 
transformation to available forms for plants improved the nutrition 

conditions of wheat and the plants formed more productive stems. 
However, the use of a urease inhibitor with Leader 24-6 fertilizer 

did not show the same effect. Perhaps due to the fact that the 
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percentage of amide nitrogen in these fertilizers is lower than in 
UAN-32 fertilizers. 

Nitrogen fertilizers applied with the inhibitor also had a positive 
effect on the number of grains in the bellows. No effect of urease 

inhibitor was observed on 100 grain weight and grain yield. 
 
Table 5. Influence of urease inhibitor on productivity indicators and 

grain yield of winter wheat 
 

Treatments Number  
of 

productive 
stems  

per m2 

Number  
of 

grains  
per ear 

1000 
grain 

weight  
g 

Grain 
yield 

t ha-1 

UAN-32 601,1 43,775 38,38 7,058 

Leader 24-6 581,4 43,375 39,15 6,452 

UAN-32 + LC 653,6 44,625 38,49 6,984 

Leader 24-6 + LC 563,5 44,45 38,77 6,432 

LSD05 22,01 1,56 1,125 0,281 

Note: LC -Limus Clear, urease inhibitor 
 

Grain quality was better for wheat fertilization using UAN-32 
fertilizer (both with and without inhibitor) (Table 6). Statistical 

calculations showed that the fields containing UAN fertilizers, 
wheat grain protein content, sedimentation and gluten were 

generally higher than in the fields fertilized with Leader 24-6 

fertilizers. 
The use of urease inhibitors in this study showed an upward trend in 

protein, sedimentation, and gluten, but the differences were 
unreliable. Only the increase in hectolitre weight using the inhibitor 

with Leader fertilizer was statistically significant 
 
Table 6. Influence of urease inhibitor on grain quality of winter 

wheat 

 

Treatments Crude 
protein 

% 

Sedimentation 
% 

Gluten 
% 

Weight 
per 

hectolitre 
kg hl 

KAS-32 12,47 41,80 24,12 78,47 

Leader 24-6 10,58 28,20 19,03 76,82 

KAS-32 + LC 12,67 43,20 24,87 78,63 

Leader 24-6 + 
LC 

10,67 29,75 19,32 78,70 

LSD05 0,367 2,561 1,086 0,518 

Note: LC -Limus Clear, urease inhibitor 

 

Statistical analysis revealed that the quality of grain was influenced 
by the amount of nitrate nitrogen in the soil during the milk ripening 

stage. A reliable correlation of medium strength was obtained 
(Table 7). The relationship between ammonia nitrogen content in 

the 0-30 cm soil layer and grain quality has not been found. A 
reliable but weaker correlation was found between the amount of 

ammonia nitrogen in the 30-60 cm layer and grain quality. 

 
Table 7. Correlation coefficients between grain quality and mineral 

nitrogen content 
 

 Nitrate 
nitrogen 

content  
0-30 cm 

Ammonia 
nitrogen 

content 0-
30 cm 

Nitrate 
nitrogen 

content 
30-60 

cm 

Ammonia 
nitrogen 

content 
30-60 cm 

Crude protein 0.623** 0.231 0.627** 0.525* 

Sedimentation 0.676** 0.214  0.682** 0.568* 

Gluten 0.619* 0.198  0.648** 0.527* 

Weight per 

hectolitre 
0.575* -0.100 0.599* 0.412 

* - P<0.05, ** - P<0.01 

 

4. Conclusion 
Urease inhibitor slowed the hydrolysis of amide nitrogen, so that in 

the later stages of growth winter wheat was better supplied with the 
nitrate form available to plants. In 2019 during the milk ripening 

stage the content of nitrate nitrogen in the 0-30 cm soil layer using 
fertilizers with urease inhibitor was 25.8 - 35.0% higher than 

without inhibitor. In 2020 due to the high precipitation rates 
inhibitor effect on nitrate nitrogen has not been found. 

The retardation of amide nitrogen hydrolysis had no effect on grain 
yield. With the use of urease inhibitors, a tendency of increase of 

protein content, gluten and sedimentation was observed 
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