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AbstrAct

The nutritional value of animal feed primarily depends on its chemical composition (content of 
crude protein, crude ash, crude fibre, crude fat and nitrogen-free extracts), which is to some extent 
determined by fertilization with sulphur. The aim of the study was to evaluate the effect of diffe-
rent sulphur application regimes on selected quality parameters of cocksfoot Dactylis glomerata L. 
A field experiment was conducted on brown eutrophic soil. Sulphur was applied in two doses: 10 kg 
S ha-1, and 20 kg S ha-1. In addition, each experimental treatment was fertilized with 120 kg N ha-1, 
30 kg P ha-1, 100 kg K ha-1, and 15 kg Mg ha-1. During the growing period from March to Septem-
ber, air temperature and precipitation were monitored. Fertilization with sulphur was found to 
affect the content of crude fibre, crude ash, crude fat, cystine and methionine in cocksfoot, while no 
correlation was observed between the content of these chemical components and the weather con-
ditions. The concentration of nitrogen-free extracts did not vary significantly in response to sulphur 
application, but the content of these compounds correlated with the average precipitation sum, air 
temperature, and Selyaninov’s coefficient. Sulphur application did not affect the crude protein con-
tent, which was significantly correlated with the temperature and Selyaninov’s coefficient during 
the growing season of cocksfoot. The results of the field experiment suggest that sulphur fertiliza-
tion of cocksfoot increased the quality of the fodder.
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INTRODUCTION

Most soils in Poland are acidic or very acidic, which is a cause of incre-
ased leaching of sulphur (S) into the soil profile and its limited availability 
for plants (Malarz et al. 2011). The reduction in emissions of sulphur compo-
unds into the atmosphere has led to a deficiency of this element in the soil 
and, consequently, in crop production (Patorczyk-Pytlik et al. 2008). Over 
the years, Polish researchers have been improving analytical methods and 
tests of plants and soils aimed at diagnosing sulphur application require-
ments and evaluating sulphur supply to crop plants (SkwierawSka et al. 
2016). Once present in excess in the environment, sulphur has now become 
an element which limits crop production, and symptoms of sulphur deficiency 
have been in plants with both high and low sulphur requirements (Barczak 
et al. 2013). Sulphur deficiency in the soil has an adverse effect not only on 
crop yield and quality, but also on the uptake and metabolism of other 
nutrients, such as nitrogen (Kaczor, zuzańsKa 2009).

Sulphur is a macroelement that plays an important role in nutrition and 
fertilization of crop plants (Mugford et al. 2011). Crop requirements for sul-
phur depend on the expected yield, species, use of organic and mineral ferti-
lizers, soil moisture content, type of a soil profile, climate and the hydrologi-
cal conditions in a field. The main function of sulphur in the plant is as to be 
the core element of two essential amino acids cystin, cystein and methionine, 
and to participate in the composition and functioning of many coenzymes 
(Scherer 2001). Sulphur is needed for physiological functions in the plant;  
it has biological, protective and economic significance because plants that are 
well supplied with this macronutrient are less vulnerable to biotic stresses 
and more resistant to diseases, as a result of which produce higher yields. 
Sulphur improves the nutritional and consumption value of harvested crops. 
Sulphur plays the key role in nitrogen utilization by the plants (Na, Salt 
2011). Sulphur deficiency in the growing environment of plants is conducive 
to their higher accumulation of nitrogen but a decreased concentration  
of albuminoid nitrogen, which indicates the important role of S in protein 
synthesis. Sulphur deficit contributes to the inhibition of photosynthesis. 
Negative consequences of a low sulphur concentration in plants include leaf 
chlorosis and inhibition of the growth of the youngest leaves, which reduces 
the green area index, thereby determining the course of photosynthesis  
(Podleśna 2005). Sulphur application increases the content of essential ami-
no acids, particularly methionine, cysteine and cystine (SkwierawSka et al. 
2016). 

Several grass species are used to produce animal feeds on arable land, 
including Dactylis glomerata L. An adequate content of nutrients is particu-
larly important in the cultivation of grasses for fodder. Grasses and mixtures 
of grasses and pulses are a source of fibre, energy and protein essential to 
ruminants. In order to attain high levels of animal production, it is impor-
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tant to ensure high nutritional quality of bulky feeds, and in particular to 
increase the content of sulphur-containing amino acids essential for maintai- 
ning proper metabolism in mammals. 

Therefore, the aim of the study was to evaluate the effect of varied sul-
phur application on selected quality parameters of cocksfoot Dactylis glome-
rata L.

MATERIAL AND METHODS 

In 2011-2014 a field experiment was carried out at the Experimental 
Station in Zamość, (50°42′ N, 23°12′ E), University of Life Sciences in Lublin. 
The plant tested was the Amba cultivar of cocksfoot (Dactylis glomerata L.). 
In each year of the experiment, the grass was harvested three times: in May, 
July and September, always in the last ten days of a month. The experiment 
was conducted on brown eutrophic soil with the textural composition of silt 
loam (Polish Soil Classification 2011). Characteristics of the soil are presen-
ted in Table 1.

Sulphur was applied in two doses: 10 kg S ha-1, and 20 kg S ha-1. In each 
experimental treatment, 100 kg K ha-1 was applied. Potassium was applied 
in the form of KCl (49.8% K) on the plots without sulphur fertilization, while 
on the ones fertilized with 10 kg S ha-1 or 20 kg S ha-1 KCl was combined 
with potassium sulphate. Potassium was divided into two equal parts, of 
which one was applied in early spring before the start of plant growth, and 

Table 1
Basic characteristics of the soil prior to the field experiment

Parameter Value

pH in 1 mol dm-3 KCl 6.7 

Hydrolytic acidity (Hh) 7.5 mmol H+ kg-1

Available phosphorus 274.0 mg P kg-1 (very high level)

Available potassium 127.1 mg K kg-1 (medium level)

Available magnesium 106.0 mg Mg kg-1 (high level)

Total sulphur 170.2 mg S kg-1

Sulphate sulphur (S-SO4) 15.1 mg S kg-1 (low level)

Exchangeable calcium 106.40 mmol (+) kg-1

Exchangeable magnesium 7.85 mmol (+) kg-1

Exchangeable potassium 7.15 mmol (+) kg-1

Exchangeable sodium 2.75 mmol (+) kg-1

Cation exchange capacity (CEC) 137.6 mmol (+) kg-1
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the other one was given after the first harvest. In the field experiment, all 
sulphur was applied prior to the start of plant growth, in the form of potas-
sium sulphate (K2SO4 – 41.5% K, 18% S). In each year of the experiment, the 
applied doses of nitrogen, phosphorus and magnesium were the same. Nitro-
gen was applied at 120 kg N ha-1 in the form of ammonium nitrate, phospho-
rus at 30 kg P ha-1 in the form of triple superphosphate, and magnesium in 
the amount of 15 kg Mg ha-1 in the form of magnesium chloride hexahydrate. 
Phosphorus and magnesium were applied once in early spring, and nitrogen 
was supplied three times: 60 kg prior to the start of plant growth, 30 kg 
after the first harvest and the remainder during the second harvest.

Every year after each harvest, plant material collected from each fertili-
zation variant was dried and ground to obtain representative samples. The 
following were determined in this material: crude protein (N determined by 
the Kjeldahl’s method x 6.25) (radKowsKi, Kuboń 2007), fat (the Soxhlet me-
thod, according to PN-A-79011-4:1998), crude ash (gravimetric method accor-
ding to PN-A-79011-8:1998), and crude fibre (ISO 6541:1981, a modified 
Scharrer method). The content of nitrogen-free extracts was calculated as the 
difference between the content of dry matter and the sum of crude protein, 
crude fat, crude ash and crude fibre (Łysoń, biel 2016). The content of me-
thionine and cystine was determined according to SchraM et al. 1954.

During the growing period from March to September, air temperature 
and precipitation were monitored; the means for each year are presented in 
the paper (Table 2). The highest precipitation sum in the growing season 
was noted in the first year of the experiment, and the lowest one occurred in 

Table 2 
Weather conditions during the cocksfoot growing season from March to September

Growing 
season March April May June July August September Mean air 

temperatures  
(°C)Air temperatures (°C)

1 3.1 11.6 16.1 19.9 20.1 20.2 16.7 15.4
2 5.0 10.8 16.6 19.5 23.6 20.7 16.2 16.1
3 -1.3 9.9 17.5 20.2 21.6 22.0 13.4 14.8

Precipitation (mm) precipitation sum 
(mm)

1 7.90 39.5 23.6 101.8 177.6 89.1 1.80 441.3
2 13.1 51.5 55.7 88.9 20.0 62.1 36.6 327.9
3 13.8 49.3 108.2 120.5 44.2 11.2 79.3 426.5

Selyaninov’s coefficient mean Selyaninov’s 
coefficient

1 0.60 1.14 0.47 1.71 2.85 1.43 0.04 1.18
2 0.77 1.59 1.08 1.52 0.27 0.97 0.75 0.99
3 4.91 1.66 2.01 1.99 0.66 0.17 1.97 1.91
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the second year. In the whole experiment, the mean temperature during the 
growing period was higher than the long-term average for 1976-2000 
(12.3°C). The air temperature and amount of precipitation from March to 
September were used to calculate the Selyaninov’s hydrothermal coefficient 
(sKowera, PuŁa 2004).

The results were analyzed statistically. The data were subjected to 
analysis of variance and the means were separated by the Tukey’s test (p ≤ 
0.05). The Pearson’s correlation coefficients were calculated.

RESULTS AND DISCUSSION 

Generally, mineral fertilization has a beneficial effect on the chemical 
composition of animal feeds obtained from permanent grassland. Grasses, 
despite being classified among plants with low sulphur requirements, re-
spond positively to fertilization with this element (Scherer 2001). Research 
indicates that sulphur applied in the form of sulphate fertilizers is a signifi-
cant factor with regard to cocksfoot yield (kaczor, BrodowSka 2009). Cocksfo-
ot has low sulphur requirements, but the lack of fertilization with this 
nutrient led to its content in unfertilized plants fall below the values consi-
dered optimal for grasses. The need for sulphur to achieve a proper growth 
and development of plants is partly explained by its beneficial effect on pho-
tosynthesis, protein biosynthesis, and synthesis of lignin and fatty acids 
(goNdek, goNdek 2010). The quality of fodder for ruminants is to a certain 
extent described by quality indicators such as the content of protein, crude 
fibre, crude ash, fat, and amino acids, including sulphure containing ones. 

The crude protein content is a characteristic trait for cultivars and species 
of grasses. It is also linked to habitat fertility and especially to soil nitrogen 
content. In the present study sulphur application did not significantly affect 
the amount of crude protein in the dry weight of cocksfoot (Table 3). In the 
successive years of cocksfoot cultivation, the mean concentration of crude 
protein in the dry weight of cocksfoot ranged from 92.5 to 137.7 g kg-1, which 
is consistent with literature data regarding its mean content (grzelak 2010). 
The highest crude protein content was noted in the plants that were not fer-
tilized with sulphur in the third year of the field experiment. The present 
study confirms earlier reports by radkowSki, grygierzec (2004), who found 
similar levels of crude protein in green plants of permanent meadows (from 
116.0 to 120.0 g kg-1). According to BruiNeNBerg et al. (2001), the mean con-
tent of protein in grasses may change if mowing is too late, because in this 
phase the content of indigestible substances usually increases in grasses.  
An insufficient sulphur content in plants inhibits nitrogen metabolism,  
having a negative effect on the yield and the biological and technological 
value of the crop (Barczak et al. 2013). The crude protein content in grasses 
may vary between cuts. Research has confirmed it for Phleum pratense, in 
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which the protein content was 94.5 g kg-1 in the first cut but increased in the 
second and third cuts (Łyszczarz 2001). The literature contains numerous 
examples of sulphur application causing an increase in the protein content, 
particularly in rapeseed, which is a sulphur-loving plant (wieleBSki 2011). 
The link between sulphur application and increased protein concentration 
has also been confirmed by others (Podleśna 2005). goNdek and goNdek 
(2010) analyzed the effect of mineral fertilization on spring wheat yield and 
found that an additional application of sulphur caused an increase in crude 
protein in grain and straw of the plant. In contrast, wieSer et al. (2004) and 
Podleśna and cacak-Pietrzak (2006) found no significant influence of sulphur 
application on the protein content. They did not find a distinct effect of sul-
phur application on the concentration of crude protein in the dry weight of 
plants in an experiment conducted on winter and spring wheat. 

Crude fibre contains components of plant cell walls, mainly cellulose and 
hemicellulose, and is essential for proper digestion in the forestomach and 
digestive tract of cattle. The content of crude fibre in green forage should not 
exceed 300 g kg-1 DW (nowaK, woŁoszczyK 1995), and the optimal level is 
about 250-280 g kg-1 DW. According to dietary norms the minimum quantity 
of crude fibre in fodder should be 130 g kg-1 for cattle and 180-220 g kg-1 for 
dairy cows (Nutrition Standards iz-iNra 2001). In the present study, the 
mean content of crude fibre in the dry matter of cocksfoot in the years of the 
experiment ranged from 247.0 to 271.0 g kg-1 (Table 3). Analysis of the me-
ans for the entire cocksfoot cultivation period reveals that application of 
sulphur at a rate of 20 kg S ha-1 significantly decreased the concentration of 
crude fibre in comparison with the rate of 10 kg S ha-1 (Table 3). A decrease 
in the content of crude fibre is beneficial because it is poorly digested and 
has a negative effect on the digestion of other feed components. BruiNeNBerg 
et al. (2001) emphasize that grasses should be mowed before heading, as la-
ter mowing causes a rapid decline in nutritional value. 

Sulphur application in the experiment increased the content of crude ash 
(the non-organic portion of fodder, in which macronutrients predominate; 
Table 3). In the plants fertilized with 20 kg S ha-1, the content of crude ash 
increased in the successive years by 36 g kg-1, 65 g kg-1 and 7.4 g kg-1. In an 
experiment on the chemical composition and nutritional value of winter ra-
peseed cultivars, Malarz et al. (2011) found that sulphur application had no 
significant impact on the crude ash content in the seeds or meal of this 
plant. 

Crude fat significantly affects the energy value of feeds and digestive 
processes in cattle. The concentration of crude fat determined as the ether 
extract in bulky feeds ranges from 20 to 50 g kg-1 DW (brzósKa, śliwińsKi 
2011). In the present study, sulphur application in the three years caused a 
significant increase in the concentration of this component in the dry weight 
of cocksfoot (Table 3). In the available literature, most studies on the effect 
of sulphur application on the crude fat content are conducted on rapeseed. 
According to wieleBSki (2011), sulphur application significantly reduces the 
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crude fat content in seeds. Its concentration is also significantly influenced 
by weather conditions. Years with a high precipitation sum are particularly 
favourable to fat accumulation (Malarz 2011), which was confirmed in the 
present study. This correlation was particularly evident in the first year of 
cocksfoot cultivation, with the highest precipitation sum (Table 2).

Nitrogen-free extracts containing mainly monosaccharides, disacchari-
des, oligosaccharides, starch and products of starch hydrolysis (BrzóSka, 
śliwińsKi 2011) are an important energy component of feeds. In the present 
study, sulphur application did not affect their concentration in cocksfoot 
straw. The highest mean content of nitrogen-free extracts was noted in 
cocksfoot harvested in the second year of cultivation. According to grzelak 
(2010), the concentration of carbohydrates depends on many factors, like the 
species of plant, the stage of growth, the time of mowing, and on sunlight, 
which is linked to photosynthesis and the water content in green forage. Sul-
phur, as a component of vitamin B1, is indirectly responsible for carbohydra-
te metabolism in the plant. Thiamine, which contains sulphur, is a key com-
ponent of enzymes engaged in glycolysis, the pentose phosphate pathway, 
and in the Krebs cycle (goyer 2010).

Sulphur-containing amino acids determine the biological value of protein 
(gigolaShvili, koPriva 2014). Cysteine and the cysteine dipeptide cystine,  
as well as compounds containing an -SH group, take part in redox processes. 
A thiol group from cysteine is often part of the active centre of enzymes 
involved in redox reactions (carfagNa et al. 2011). Moreover, amino acids 
play a key role in maintaining the spatial conformation of protein by crea- 
ting disulphide bridges, which are important for maintaining the tertiary 
structure of proteins. Key compounds for plant metabolism arise from cyste-
ine: methionine, S-adenosynomethionine, S-methylmethionine, glutathione 
and, in consequence, phytochelatins (gigolaShvili, koPriva 2014). Methionine 
is an essential amino acid of great importance in animal diets, because it is 
needed to produce S-adenosylmethionine, a donor of methyl groups necessary 
for synthesis of numerous metabolites, such as ethylene or polyamine (davidiaN, 
koPriva 2010). In the present study, the cystine content in the dry weight  
of cocksfoot was determined as cysteine and cystine combined (Table 3).  
The highest mean cystine content (3.05 g kg-1) was noted in straw of cocksfoot 
fertilized with sulphur in the dose of 20 kg S ha-1 in the third year of the 
experiment. The highest methionine content (2.21 g kg-1) was also noted in 
these plants. In the conditions of the present experiment, sulphur application 
caused a significant increase in the cystine and methionine content in the 
dry weight of cocksfoot in comparison with plants that were not fertilized 
with this nutrient. 

In addition to agrotechnical factors, weather conditions significantly  
influence the yield of grasses (dudek et al. 2004). During the experiment, the 
temperature and rainfall were varied (only means for the growing period in 
a given year are provided in the study). During the entire field experiment, 
an optimal value of the Selyaninov’s coefficient was noted only in April and 
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June of 2012. This suggests that the cocksfoot growing period did not create 
optimal hydrothermal conditions for the grass. The correlation coefficients 
between the content of individual chemical components and the temperature, 
precipitation and Selyaninov’s coefficient indicate that the hydrothermal con-
ditions during the growing period did not significantly influence the content 
of crude fibre, crude ash, crude fat, cystine or methionine (Table 4). However, 

precipitation was found to be significantly negatively correlated with the 
content of nitrogen-free extracts, while temperature was significantly positi-
vely correlated with their concentration and negatively correlated with the 
content of crude protein.

CONCLUSIONS 

1. Differentiated sulphur application significantly affected parameters 
determining the quality of cocksfoot feed, such as crude fibre, crude ash, and 
crude fat, but did not affect the content of crude protein or nitrogen-free 
extracts.

2. Air temperature during the years of the study was significantly positi-
vely correlated with the concentration of nitrogen-free extracts, and negati-
vely correlated with crude protein. The precipitation sum was negatively 
correlated with nitrogen-free extracts, which in turn were significantly nega-
tively correlated with the Selyaninov’s coefficient. 

3. The results of the field experiment suggest that sulphur fertilization of 
cocksfoot is advisable because it significantly increases the methionine and 
cystine content in the plants and therefore improve the quality of the fodder.

Table 4
Correlation coefficients between the content of selected chemical components and atmospheric 

parameters in years 1-3

Selected chemical 
components

Mean air 
temperatures 

(°C)
Precipitation sum 

(mm)
Selyaninov’s 

coefficient 

Crude fibre n.s. n.s. n.s.
Crude ash n.s. n.s. n.s.
Crude fat n.s. n.s. n.s.
Nitrogen-free extracts 0.91*** -0.66* -0.91***
Crude protein -0.89** n.s. 0.95***
Cystine n.s. n.s. n.s.
Methionine n.s. n.s. n.s.

Significance level: * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001; n.s. – no significant differences



954

REFERENCES
Barczak B., Nowak k., kNaPowSki t., kozera w. 2013. Reaction of narrow-leafed lupin (lupinus 

angustifolius L.) to sulphur fertilization. Part I. Yield and selected yield structure compo-
nents. Fragm. Agron., 30(2): 23-34.

BruiNeNBerg M.h., Struik P.c., valk h. 2001. Digestibility and plant characteristic of forages 
in semi-natural grasslands. Grassl. Sci. Eur., 6: 154-157.

brzósKa F., śliwińsKi b. 2011. Quality of roughages in ruminant nutrition and methods for its 
evaluation. Part II. Methods for analysis and evaluation of nutritive value of roughages 
Wiad. Zootech., 49(4): 57-68. (in Polish)

carfagNa S., voNa v., di MartiNo v., eSPoSito S., rigaNo c. 2011. Nitrogen assimilation and 
cysteine biosynthesis in barley: evidence for root sulphur assimilation upon recovery from N 
deprivation. Environ. Exp. Bot., 71(1): 18-24. DOI: 10.1016/j.envexpbot.2010.10.008

davidiaN J. c., koPriva S. 2010. Regulation of sulfate uptake and assimilation-the same or not 
the same? Mol. Plant, 3(2): 314-325.

dudeK s., śarsKi J., KuśmiereK r. 2004. Estimation of water needs and results of irrigation of 
cocksfoot. Acta Agroph., 3(1): 43-48.

gigolaShvili t., koPriva S. 2014. Transporters in plant sulfur metabolism. Front. Plant Sci., 
5(442): 1-16. DOI: 10.3389/fpls.2014.00442

goNdek k., goNdek a. 2010. The influence of mineral fertilization on the field and content of  
selected macro and microelements In spring wheat. J. Res. Appl. Agri. Eng., 55(1): 30-36.

goyer a. 2010. Thiamine in plants: Aspects of its metabolism and functions. Phytochemistry, 
71: 1615-1624.

grzelak M. 2010 The productivity and fodder value of hay from extensively utilised Noteć river 
valley meadows. Nauka Przyroda Technologie, 4(1). http://www.npt.up-poznan.net/tom4/ 
zeszyt1/art_10.pdf

ISO 6541:1981 – Agricultural food products. Determination of crude fibre content – modified 
Scharrer method. https://www.iso.org/obp/ui/#iso:std:iso:5498:ed-1:v1:en

kaczor a., BrodowSka M.S. 2009. Yield of cocksfoot (Dactylis glomerata L.) and its nitrogen and 
sulphur content after fertilization with various form of these nutrients. J. Elementol., 14(4): 
665-670.

Kaczor a., zuzańsKa J. 2009. Importance of sulphur in agriculture. Chemistry-Didactics-Ecology- 
-Metrology, 14: 69-78. (in Polish)

Łysoń e., biel w. 2016. The effect of the cultivation system of selected winter triticale grain  
(× Triticosecale Wittm. ex A. Camus) cultivars on the nutritional value. Ann. UMCS, Sect. E, 
Agricultura, 71(1): 53-63. (in Polish) 

Łyszczarz r. 2001. Model studies on effects of the first regrowth cut time on quantitative and  
qualitative parametrs of perennial ryegrass an its mixtures with lucerne. Pam. Puł., 125: 
321-329.

Malarz w., kozak M., kotecki a. 2011. The effect of spring fertilization with different sulphur 
fertilizers on the quality and quantity of seed yield of winter oilseed rape ES Saphir culti-
var. Rośl. Oleiste, 32(1): 97-106. (in Polish)

Mugford S.g., lee B.r., koPrivova a., MatthewMaN c., koPriva S. 2011. Control of sulfur parti-
tioning between primary and secondary metabolism. Plant J., 65(1): 96-105.

NA G.N., SALT D.E. 2011. The role of sulfur assimilation and sulfur-containing compounds  
in trace element homeostasis in plants. Environ. Exp. Bot., 72: 18-25.

Nutrition Standards IZ-INRA. 2001. IZ, Kraków, 21-80. www.izoo.krakow.pl/zalaczniki/tabele_ 
pasz/Tabele-pasz-2010_E.pdf

nowaK w., woŁoszyK c. 1995. Influence of nitrogen and potassium fertilization on the content  
of protein and crude fibre in grasses. Rocz. Glebozn., 3-4: 29-36.



955

Patorczyk-Pytlik B., zBroSzczyk t., ziMoch a. 2008. Content of sulphur in some species of meadows 
plants. Zesz. Nauk. UP Wrocław, Agricultura, 92(568): 67-76. (in Polish)

Polish Soil Classification 2011. Rocz. Glebozn. – Soil Sci. Ann., 62(3): 193 pp.
PN A-79011-4:1998. Dry food mixes – Test methods – Determination of fat content.
PN A-79011-8:1998. Dry food mixes – Test methods – Determination of ash content.
Podleśna a. 2005. Sulfur fertilization as a factor affecting crops’ metabolism and quality of  

agricultural products. Pam. Puł., 139: 161-171. (in Polish) 
Podleśna a., cacaK-PietrzaK G. 2006. Formation of the spring wheat yield as well as its milling 

and baking parameters by nitrogen and sulphur fertilization. Pam. Puł., 142: 381-392.  
(in Polish)

radkowSki a., grygierzec B. 2004. Losses of total protein and net lactation energy as dependent 
on a preservation technology of forages from mountain grassland. Ann. UMCS, Sect. E, 
59(3): 1429-1436. (in Polish)

radKowsKi a., Kuboń m. 2007. Influence of green fodder harvesting on the quality of produced 
silages. Inż. Rol., 11: 177-182. (in Polish)

Scherer h.w. 2001. Sulphur in crop production – an invited paper. Eur. J. Agr., 14: 81-111. 
DOI: org/10.1016/S1161-0301(00)00082-4

SchraM e., Moore S., Bigwood e.J. 1954. Chromatographic determination of cystine as cysteic 
acid. Biochem. J., 57: 33-37.

SiNgh S.P., SchwaN a.l., 2011. Sulfur metabolism in plants and related biotechnologies. Com-
prehen. Biotech. (Second Edition), 4: 257-271. http://dx.doi.org/10.1016/B978-0-08-088504-
9.00268-3

sKowera b., PuŁa J. 2004. Pluviometric extreme conditions in spring season in Poland in the 
years 1971-2000. Acta Agroph., 3(1): 171-177.

SkwierawSka M., BeNedycka z., JaNkowSki k., SkwierawSki a. 2016. Sulphur as a fertiliser com-
ponent determining crop yield and quality. J. Elem., 21(2): 609-623. DOI: 10.5601/
jelem.2015.20.3.992

wieleBSki f. 2011. The effect of sulphur fertilization on the yield of different breeding forms of 
winter oilseed rape in the conditions of diverse nitrogen rates. Rośl. Oleiste - Oilseed Crops, 
32(1): 61-78.

wieSer h., gutSer r., voN tucher S. 2004. Influence of sulphur fertilization on quantities and 
proportions of gluten protein types in wheat flour. J. Cereal Sci., 40: 239-244. DOI: 
10.1016/j.jcs.2004.05.005


