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Abstract: The aim of this research was to identify the impact of soil microelements on sulphur absorption in the spring wheat. The 

field experiment was conducted in 2011-2015 at the Rumokai Experimental Station of the Lithuanian Research Centre for Agriculture and 

Forestry on a Bathihypogleyi-Calc(ar)ic Luvisol (LVk-gld-w) with predominant silt loam on clay loam. During the years the research has 

shown that the sulphur content in leaves and straw was positively influenced by these soil microelements:  manganese (correlation 

coefficients of 0.973**, 0.98** and 0.959**, respectively), molybdenum (correlation coefficients of 0.977**, 0.955** and 0.929**, 

respectively) and zinc (correlation coefficients of 0.794**, 0.847**, 0.840**, respectively). Larger boron quantity in the soil reduced the 

sulphur content in the leaves of wheat (correlation coefficients -0.739**, -0.771**, -0.781**). The impact of soil microelements on sulphur 

content in the grains of spring wheat was not identified in this research. The sulphur content in the grains was strongly influenced by 

precipitation in June and July months. 
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1. Introduction 
Although summer wheat is not very demanding to sulphur, but in 

recent years, its deficiency is rather noticeable in Western Europe. 

With shortage of sulphur, lower yields and lower quality wheat is 

produced. Sulphur is part of the protein's structural elements, 

therefore, its deficiency it can cause disruption in the growth and 

development of plants and slow down protein synthesis 

(Camberato, Casteel, 2017). Sulphur reduces the losses of nitrogen 

as it increases its absorption from the soil and improves its use in 

plants (Mašauskas and Mašauskienė, 2005). A big number of 

researchers describe good results of this chemical in cereals (Olfs et 

al., 2012, Staugaitiene et all. 2013, Staugaitis et all., 2014; Hayat et 

all., 2015). In order for the plants to make the most efficient use of 

sulphur in the soil, it is necessary to find out what factors can 

influence its assimilation. One such factor is the level of other 

nutrients in the soil. 

The most common chemical elements in the environment are often 

found not isolated, but in combinations with other elements. Studies 

have shown that the presence of a single trace element or 

macroelement affects the release of some other into the plant (An et 

al., 2004). There may be different types of interactions between 

different trace elements. Synergism occurs when the combined 

effect of the two elements is stronger than the sum of individual 

effects. Antagonism is observed when the combined effect is less 

than the sum of individual elements (Šlapakauskas, 2006).  

The aim of this study is to find out the effect of soil micro-nutrients 

for the absorption of sulphur in spring wheat plants. 

 

2. Objects and methods 
The field experiment was conducted in 2011-2015 at the Rumokai 

Experimental Station of the Lithuanian Research Centre for 

Agriculture and Forestry. A spring wheat cultivar „Triso„ was 

grown, the seed rate was 4.0-4.5 million ha-1. The sowing was 

carried out on 10-26 April. Preceding crop – sugar beets. Spring 

wheat was harvested on 14-24 August. Spring wheat was grown 

according to intensive technology, N150P52K105 fertilisers were 

applied before crop sowing. Soil was Bathihypogleyi-Calc(ar)ic 

Luvisol (LVk-gld-w) with predominant silt loam on clay loam. The 

top of the carbonate horizon and the gleyicity traces were 

determined at the 60 cm depth. The pH value in the arable soil layer 

ranged from 6.4 to 7.4. Soil pH was determined in 1 N KCL 

extraction using a potentiometric method. The content of plant-

available P2O5 at the 0-20 cm layer was 239.0-388.0 mg kg-1 and 

the content of plant-available K2O was 183.0-272.0 mg kg-1. The 

content P2O5 and K2O was determined using Egner-Riehm-

Domingo (A-L) method.  

Meteorological conditions. The precipitation in 2011– 2015 during 

the growing season for spring wheat was distributed very unevenly, 

and the average daily temperature was higher than in the periods of 

1981–2010. In 2011, dry periods prevailed during the spring wheat 

germination; therefore, the crop germination was extended and 

uneven. The temperatures during the tillering stage were favourable, 

and the plants formed the optimal crop density, but at the beginning 

of milky maturity and during harvesting the ears formed smaller 

grains because of significant precipitation. Favourable weather for 

spring wheat germination and tillering prevailed in the beginning of 

2012. Therefore, the largest number of productive stems per unit of 

area was formed throughout this observation period. However, 

heavy rains and strong wind at the beginning of July wiped out the 

crops and the spring wheat formed a smaller grain harvest than 

expected. The year 2013 was characterized by the lowest April 

average temperature of +5.7°C for the period of 2011–2015, and by 

very wet conditions. There were several heavy rains in May, and a 

crust was formed on the surface of the soil which bent the sprouts to 

the ground. The wet early June also affected the spread of fungal 

diseases (Blumeria graminis). In July, the weather was favourable 

for the spring wheat grain formation and maturation. In April 2014, 

the moisture in the soil was sufficient for the spring wheat 

germination and tillering. However, in July, because of an uneven 

distribution of rainfall and higher air temperatures the side stem 

formations were reduced and the crop thinned out. However, this 

year the grain yield was the highest during the observation period. 

In 2015, the weather was favourable for spring wheat sowing and 

germination. But the end of May and the 1st and 2nd ten-day 

periods of June were very droughty. So the soil dried up while the 

wheat crop was rare. This was the only year out of the five years 

when the crop was rare and the spring wheat formed the least 

number of productive stems, but the ears had more grains and they 

were much heavier than in the other years of the study. 

The data of the research were evaluated using the dispersion 

analysis method (ANOVA) with the SELEKCIJA software package 

(Raudonius, 2017). 

 

3. Results and discussion 

The monitoring of mineral sulphur in the soil carried out in 

Lithuania showed that in the spring 2011, 2012, 2013, and 2015 the 

content of mobile sulphur in soil was very low or low (Table 1). 

This reduction, as indicated by the previous sources, was due to the 

increase in fertility of other rotational agricultural crops, bigger 

areas of rape crops and better precipitation during the winter period 

(Mašauskas, Mašauskienė, 2005; Maţvila et al., 2007; Adomaitis et 

al. 2010; Staugaitis et al., 2017). Meanwhile, the levels of mobile 

sulphur in the soil were higher in 2014. This could be a reason of 

the rather droughty winter and the weather conditions in spring, 

leaching out less sulphur from the soil. In addition, large amounts of 

sulphates in the layers from 1.5 to 2.5 meters, with less precipitation 

and in dry soil, might rise along the soil capillaries to its upper 

layers (Staugaitis et al. 2015; Piotrowska-Długosz et al., 2017).  

The amount of trace elements found in the cultivated soil layer 

during the years of research are presented in the table. 
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Table 1. Concentration of microelements (mg kg-1) in the soil  

 

Microelements Years 

2011 2012 2013 2014 2015 

S 11,7 5,6 12,2 20,3 5,0 

B 1,18 0,42 1,41 0,86 0,71 

Cu 3,49 2,49 4,12 2,68 2,46 

Mn 129,30 78,40 63,00 60,00 82,30 

Mo 0,31 0,13 0,02 0,04 0,04 

Zn 3,07 1,93 1,74 1,10 0,85 

Fe 13207 13513 14360 14607 13940 

 

The sulphur content in the spring wheat plants in the BBCH 29 

growing period ranged from 0.12 to 0.26% (Table 2). The minimum 

sulphur content was found in 2014, although in the spring of this 

year, mineral sulphur soils were the highest in the soil. The sulphur 

content in the summer wheat plants in the BBCH 45 growing period 

ranged from 0.05 to 0.14 %. 

 

Table 2. Sulphur content (%) in spring wheat plants in absolute dry 

matter 

 

Growth stage Years 

2011 2012 2013 2014 2015 

BBCH 29 0,26±0,02 0,23±0,02 0,17±0,01 0,12±0,01 0,20±0,01 

BBCH 45 0,14±0,01 0,09±0,01 0,05±0,01 0,07±0,01 0,09±0,01 

 

The sulphur content in grain of spring wheat ranged from 532 to 

1350 mg kg-1, in straw – from 545 to 820 mg kg-1 in absolute dry 

matter (Table 3). In 2012 sulphur content in grain and straw has not 

been determined. 

 

Table 3. Sulphur content (mg kg-1) in spring wheat in absolute dry 

matter 

 

 Years 

2011 2012 2013 2014 2015 

In grain 532 - 706 1350 1246 

In straw 820 - 545 700 780 

 

Moderate to very high levels of mobile boron were found in the 

fields. A statistical analysis revealed that boron in the soil reduced 

the amount of sulphur in spring wheat leaves and straws (Fig. 1). 

 

 
Fig. 1. The influence of soil boron on sulphur content in the spring 

wheat plants (a) and straws (b)  

 

This could be due to the toxic effects of boron on plant 

development. Although there are more data in the literature on the 

visual signs of toxicity to this element, some scientists have argued 

that because of high levels of boron in the soil, the development of 

the plant and the absorption of other food elements may be 

disrupted (Vanek, 2007; Reid, 2012). Other scientists say that 

boron-sulphur interactions are synergistic (Rietra et al., 2017).  

Manganese levels in the field studies were found to be high and 

very. We find data in the literature that higher sulphur levels 

increase manganese in plants (Jankowski et al., 2014). In the 

correlation analysis, our study found reverse dependence: we 

obtained a positive strong correlation between the content of 

manganese present in the soil and the sulphur content of wheat in 

plants and straw (Fig. 2).  

 

 

 
 

Fig. 2. The influence of soil manganese on sulphur content in the 

spring wheat plants (a) and straws (b)  

 

During the years of research, the amount of mobile molybdenum in 

the soil varied greatly from 0.02 to 0.31 mg kg-1 in the spring. In 

accordance with the data of our research, this element stimulated 

the absorption of sulphur, establishing reliable positive correlations 

between the molybdenum content in the soil and the sulphur content 

in spring wheat plants and straws (Fig. 3). Synergistic relationships 

between molybdenum and sulphur are also confirmed by other 

researchers (Rietra et al., 2017).. There is evidence that 

molybdenum is involved in the transport of sulphates (Fitzpatrick et 

al., 2008) 

The studies were carried out in neutral reaction carbonate, 

phosphorous-rich soils where small amounts of zinc are detected. In 

the years of research, the levels of mobile zinc were found to be 

from very low to high. There are reports in the literature that zinc 

increases the sulphur content of wheat straw and grains (Dewal, 

2004). In our study, zinc also had a positive effect on the absorption 

of sulphur, and we obtained reliable correlation between the zinc 

content in the soil and the amount of sulphur in spring wheat plants 

during the stages BBCH 29 and BBCH 45, and in wheat straw after 

harvesting (Fig. 4).  
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Fig. 3. The influence of soil molybdenum on sulphur content in the 

spring wheat plants (a) and straws (b)  

 

 

 

 
 

Fig. 4. The influence of soil zink on sulphur content in the spring 

wheat plants (a) and straws (b)  

 

We did not find reliable correlations between trace elements in soil 

and sulphur content in spring wheat grains. 

In accordance with the data of our research, the sulphur content of 

grains was strongly influenced by meteorological conditions during 

vegetation of plants. Many publications have found that 

meteorological conditions have a significant impact on the yield and 

quality of summer wheat grains (Staugaitis et al. , 2008; Staugaitis 

et al., 2017; Juchenevičienė et al., 2016; Lewandovski, 2016; 

Pekarskas et al., 2017).. However, the data on the influence of 

meteorological conditions on the amount of sulphur in spring wheat 

plants is scarce. The statistical analysis revealed that the average 

daily temperature of June was a significant factor affecting the 

sulphur content in grains, with the correlation coefficient r = -

0.966**. In addition, a weaker but also reliable correlation was 

found between the content of sulphur in grains and the amount of 

precipitation in June and July (r = 0.693*, -0.694*) 

 

4. Conclusion 
 

During the study, we found the levels of 6 trace elements (boron, 

copper, manganese, molybdenum, zinc and iron) in the soil. Four of 

them had a statistically significant influence on the sulphur content 

of spring wheat plants. 

 Manganese, molybdenum and zinc positively correlated with the 

sulphur content in the plants in stages BBCH 29 and BBCH 45 and 

with the sulphur content in straws. 

 Boron in the soil reliably reduced the amount of sulphur in plants 

and straws.  

Meteorological conditions in June and July were the main 

influencers of sulphur content in cereals.  
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