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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 UAN-32 (control), Leader 24-6 and KAS-32 + Thio-Sul (N12S26). Nitrogen active substance: 60 + 60 + 

30. Mineral nitrogen in the soil was investigated twice: during the grain milk stage of wheat and after harvest. In the grain milk stage in 

2019 Leader 24-6 reduced mineral nitrogen by 6.7-47.6 %, UAN-32 + Thio-Sul – 21.6-28.7 %. 2020 – 58.0-42.3 % and 26.3-19.8 % 

(depending on the number of uses). After harvesting, mineral nitrogen was found in the fields where sulfur fertilizers were used 5.13-49.2 % 

less than in the control fields. The use of Thio-Sul had a positive effect on protein content.  
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1. Introduction 
Nitrogen (N) is one of the main nutrient elements for plants that 

ensure high crop yields [15]. Therefore, the optimal use of nitrogen 

is important in modern agriculture [2]. Improperly used nitrogen 

leaches out into groundwater or evaporates into the atmosphere and 

adversely affects the biosphere – soil, groundwater, atmosphere, 

plants – and, through them, both humans and animals.  Nitrates are 

form of nitrogen that is most dangerous for the environment 

because as much as 90–98% of nitrogen is leached from the soil in 

the form of nitrates. Nitrogen compounds also contribute to the 

greenhouse effect and destroying the ozone layer [13].  

The amount of nitrogen in the soil depends on many factors: 

intensity of fertilising with mineral and organic fertilisers and their 

mineralisation, granulometric composition of the soil, species 

composition of cultivated plants, crop rotation applied, tillage, 

terrain, rainfall, and drainage system [6, 16]. The concentration of 

nitrates can also increase due to nitrification imbalance, rapid 

mineralisation, excessive amount of fertilisers, high ambient and 

soil temperature, high amount of organic matter, slow plant 

development, and infiltration properties of the upper soil layer [10, 

16]. 

 One of the ways to reduce nitrogen losses is to balance the 

nutrients used. Sulphur is especially important for nitrogen 

metabolism because it is an essential part of the enzymes involved 

in nitrogen metabolism [1]. 

Sulphur deficiency may disrupt the growth and development of 

plants and slow down protein synthesis, causing a decrease in yield 

and deterioration of its quality [3]. Many researchers report positive 

effects of this chemical element on cereals [4, 7, 8, 9, 11, 14]. 

Sulphur deficiency reduces the efficiency of nitrogen fertilisers and 

nitrogen assimilation in plants.  In addition, sulphur, by improving 

nitrogen assimilation, should improve nitrogen absorption from the 

soil and reduce nitrogen losses. However, claims found in the 

literature vary widely. Some researchers claim that sulphur has no 

or only a negligible effect on nitrogen assimilation, while other 

sources claim that the synergistic effect of this element on nitrogen 

assimilation is significant, especially at higher concentrations of 

nitrogen [5]. 

The aim of the study is to determine the influence of different forms 

of sulphur on the concentration of mineral nitrogen in the soil in the 

winter wheat crop and the effect on wheat grain yield and quality. 

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 the spring, the winter 

wheat was fertilised according to the following scheme: 1) UAN-32 

+ UAN-32 + UAN-32; 2) Leader 24-6 +UAN 32 + UAN-32; 3) 

Leader 24-6 + Leader 24-6 + UAN-32; 4) UAN-32 with Thio-Sul+ 

UAN-32+UAN-32; 5) UAN-32 with Thio-Sul + UAN-32 with 

Thio-Sul + UAN-32. Fertilizer rates were N60+60+30 

Composition UAN-32 is N total 32 % including N-NO3 – 8 %, N-

NH4 – 8 %, N-NH2 - 16 %. Leader 24-6 is N total 24 % including 

N-NO3 – 8 %, N-NH4 – 5 %, N-NH2 - 11 % and S – 6 %. Thio-Sul 

is N-NH4 - 16 % and S S2O3 – 35 %. Thio-Sul was mixed with 

UAN-32 ratio 1:10. 

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, 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 

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 
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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 

[12]. 

 

3. Results and discussion 
At the milk-ripe stage, in the 0–60 cm soil layer, mineral nitrogen 

ranged from 8.52 to 16.26 mg/kg in 2019 and from 5.48 to 13.06 

mg/kg in 2020 (Table 1). In both years of the studies, the 

application of sulphur fertilisers reduced the amount of mineral 

nitrogen in the soil. In 2019, the lowest concentration of mineral 

nitrogen (8.52 mg/kg) was found in fields where Leader 24-6 was 

used for the 1st and 2nd fertilisation, while in 2020 the lowest 

concentration of mineral nitrogen in the soil was determined after 

using Leader 24-6 only once, for the first fertilisation. On the other 

hand, very similar results were obtained after two fertilisations with 

Leader 24-6. After the use of Thio-sul sulphur fertiliser, the 

concentration of mineral nitrogen in the soil was also lower 

compared to the reference fields but the reduction was not so 

pronounced. Comparing 2019 and 2020, the same trends as when 

using Leader 24-6 fertiliser were found: in 2019, the concentration 

of mineral nitrogen decreased the most after using sulphur fertilisers 

twice, while in 2020, after one use. 

After harvesting, in the 0–60 cm soil layer, mineral nitrogen ranged 

from 7.27 to 19.45 mg/kg in 2019 and from 15.68 to 20.66 mg/kg in 

2020. The increase of mineral nitrogen in the soil, compared to the 

concentration of nitrogen at the milk-ripe stage of wheat, was 

caused by warm weather with a sufficient amount of precipitation, 

which promotes the mineralisation and nitrification of soil organic 

matter. In 2019, the effect of sulphur fertilisers on mineral nitrogen 

in the soil after harvesting was significant in all the fields. After 

using sulphur-containing fertilisers twice, their influence was 

particularly strong: the levels of mineral nitrogen found were 62.6–

49.2% lower compared to the fields fertilised only with UAN. In 

2020, a reliable reduction of mineral nitrogen in the soil was 

obtained only in the fields that were fertilised with Thio-sul. 

 

Table 1. Influence of different forms of sulphur fertilizers on 

mineral nitrogen content mg kg-1 in the soil in winter wheat crop 

stage BBCH 65 

 

Treatments BBCH 65 After harvesting 

2019 2020 2019 2020 

1. UAN-32 

    UAN-32 

    UAN-32  

16,26 13,06 19,45 20,66 

2. Leader 24-6 

    UAN-32 

    UAN-32 

15,16 5,48 15,56 17,62 

3. Leader 24-6  

    Leader 24-6 

    UAN-32 

8,52 7,54 7,27 19,60 

4. UAN-32+Thio-Sul 

    UAN-32 

    UAN-32 

12,74 9,63 15,53 15,68 

5. UAN-32+Thio-Sul 

    UAN-32+Thio-Sul 

    UAN-32 

11,59 10,48 9,88 16,41 

LSD05 4,220 3,219 3,059 4,187 

 

The influence of sulphur fertilisers on the grain yield and its 

constituent productivity elements (productive stems, the number of 

grains per ear, the thousand-grain weight) was non-uniform. In 

2019, all the sulphur fertilisers applied reliably increased the 

number of productive stems (Table 2.). Meanwhile, in 2020, only 

two applications of Thio-sul fertiliser reliably increased the number 

of productive stems. Leader 24-6 even reduced the number of 

productive stems. Only Thio-sul fertiliser applied twice and only in 

2019 had a significant positive influence on the number of grains 

per ear. 

No effect of sulphur fertilisers on the thousand-grain weight was 

found (Table 3.). The application of Thio-sul fertiliser had no 

significant effect on the grain yield, while Leader 24-6 fertiliser 

even reduced the grain yield. This might be the effect of dry and 

warm weather at the time of spraying, which caused the plants to 

burn after spraying and use nutrients for leaf regeneration rather 

than for crop formation. 

 

Table 2. Influence of different forms of sulphur fertilizers on 

productivity indicators of winter wheat 

 

Treatments Number of 

productive stems 

per m2 

Number of grains 

per ear 

2019 2020 2019 2020 

1. UAN-32 

    UAN-32 

    UAN-32  

587 610 41,4 46,3 

2. Leader 24-6 

    UAN-32 

    UAN-32 

627 591 41,8 45,6 

3. Leader 24-6  

    Leader 24-6 

    UAN-32 

615 572 41,0 44,8 

4. UAN-32+Thio-Sul 

    UAN-32 

    UAN-32 

657 630 41,7 44,9 

5. UAN-32+Thio-Sul 

    UAN-32+Thio-Sul 

    UAN-32 

676 661 44,4 46,7 

LSD05 28,68 35,92 2,20 1,94 
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Table 3. Influence of different forms of sulphur fertilizers on 1000 

grain weigh and grain yield 

 

Treatments 1000 grain weight  

g 

Grain yield 

t ha-1 

2019 2020 2019 2020 

1. UAN-32 

    UAN-32 

    UAN-32  

37,15 39,79 7,042 7,127 

2. Leader 24-6 

    UAN-32 

    UAN-32 

36,92 39,30 6,608 6,527 

3. Leader 24-6  

    Leader 24-6 

    UAN-32 

38,47 40,85 6,693 6,166 

4. UAN-32+Thio-Sul 

    UAN-32 

    UAN-32 

37,69 40,34 7,331 6,971 

5. UAN-32+Thio-Sul 

    UAN-32+Thio-Sul 

    UAN-32 

36,16 39,12 7,235 7,253 

LSD05 1,631 1,205 0,370 0,196 

 

An increase in protein in grain was found only after the application 

of Thio-sul fertiliser (Table 4.). The wheat fertilised with Leader 

24-6 in both years of the studies produced grains of quality lower 

than that of the wheat fertilised with UAN (reference fields). 

 

Table 4. Influence of different forms of sulphur fertilizers on protein 

content of winter wheat grains 

 

Treatments 
2019 2020 

1. UAN-32 

    UAN-32 

    UAN-32  

13,07 11,87 

2. Leader 24-6 

    UAN-32 

    UAN-32 

12,27 10,93 

3. Leader 24-6  

    Leader 24-6 

    UAN-32 

10,67 10,50 

4. UAN-32+Thio-Sul 

    UAN-32 

    UAN-32 

13,17 11,85 

5. UAN-32+Thio-Sul 

    UAN-32+Thio-Sul 

    UAN-32 

13,17 12,60 

LSD05 0,624 0,410 

 

4. Conclusion 
Application of sulphur fertilizers together with nitrogen fertilizers in 

the winter wheat crop reduced the content of mineral nitrogen in the 

soil. In the grain milk stage in 2019 Leader 24-6 reduced mineral 

nitrogen by 6.7-47.6 %, UAN-32 + Thio-Sul – 21.6-28.7 %. 2020 – 

58.0-42.3 % and 26.3-19.8 % (depending on the number of uses). 

After harvesting, mineral nitrogen was found in the fields where 

sulfur fertilizers were used 5.13-49.2 % less than in the control 

fields. 

The influence of sulphur fertilizers on winter wheat grain yield was 

not determined in this study. The use of Thio-Sul had a positive 

effect on protein content.  
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