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ABSTRACT 
Background. In view of the increased interest in rapeseed cultivation that has been observed in Poland in 
recent years, and due to an increasing shortage of sulphur in Polish soils, a study was undertaken on the 
effect of nitrogen and sulphur fertilization on the uptake of those elements in the seeds of the spring 
rapeseed cultivar Star and on the agricultural effectiveness and utilization of nitrogen from fertilizers.  
Material and methods. In a three-year-long study, experimental objects with different sulphur application 
methods (in-soil and foliar) and control with no nitrogen or sulphur fertilization were located on one field. 
Nitrogen fertilization at the doses of 0, 60, 120, and 180 kg N·ha-1 was the first factor, and sulphur 
fertilization at the doses of 0, 20, and 60 kg S·ha-1 was the second factor. The experiment was set up on 
degraded Phaeozems with a low sulphur content. 
Results. In the conditions of joint nitrogen and sulphur fertilization, the nitrogen uptake in the seeds of 
spring rapeseed, as well as the agricultural effectiveness and the utilization of this element from the 
fertilizer were higher than without the sulphur application. In every growth season the combined use of 
nitrogen and 60 kg S·ha-1 usually made it possible to obtain the highest values of the studied parameters. 
Sulphur application method only to a low extent differentiated the uptake of the studied elements, 
agricultural effectiveness, and nitrogen utilization. 
Conclusion. Supplementing spring rapeseed nitrogen fertilization with an application of sulphur affected 
nitrogen uptake and its effectiveness and utilization from fertilizers, which may have positive economic and 
environmental consequences. 
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INTRODUCTION 

Since the last decade of the 20th century, seed 
production of oilseed crops has been growing steadily 
(Bodył, 2014; FAOSTAT, 2015). This tendency is 
the result of an increasing demand for plant oils and 
for the by-product solvent cake, which is a valuable 

animal fodder that is especially used in countries 
where using meat and bone meal in fodder is banned 
(Dzwonkowski and Bodył, 2014). Another factor that 
has stimulated the increase in the production of 
oilseed crops is the not stable prices of crude oil, 
which boost the price competitiveness of biofuels 
(Izdebski et al., 2014). Biofuels are made of methyl 
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esters of higher fatty acids, the source of which is 
seeds of those oilseed plant species (Plichta, 2014).  

In Poland, winter rapeseed has the highest proportion 
in the cultivation of oilseed crops. In the year 2005, 
rapeseed and agrimony sowing area amounted to 550 
thousand ha, and had a yield of 1449.8 thousand tons 
(GUS, 2016). Ten years later, the data was, respectively, 
951 thousand ha and 3275.8 thousand tons.  

In Poland, winter rapeseed cultivars are those 
primarily cultivated. Spring rapeseed is of lower 
economic significance, since its yield is lower (the 
difference is 35-40%) and it is more sensitive to 
drought (Rudko, 2011). However, spring rapeseed also 
has many advantages: it is a very good forecrop for 
winter cereals, has 30% lower demands for fertilizers, 
and demonstrates lower susceptibility to pathogens 
than winter rapeseed, which together generate lower 
costs of cultivation (Mrówczyński and Pruszyński, 
2008). Moreover, spring rapeseed may be the only 
successive crop after frozen winter rapeseed as for 
example in a situation where herbicides had been 
applied on the plantation in autumn making it 
impossible to introduce spring cereals. Productivity 
of fat from spring and winter rapeseed is similar, but 
the seeds of spring cultivars contain more total protein 
and less fibre and glucosinolates (Rudko, 2011). 

Rapeseed, like other Brassicaceae (the cabbage 
family) is one of the species with high nutritional 
demands (50-70 kg S·ha-1) in regard to sulphur. 
Actions undertaken in recent decades in Poland for 
environmental protection have caused a decrease in 
the atmospheric accumulation of sulphur, which 
clearly limits the availability of this element for 
cultivated plants (Siebielec et al., 2012) and intensifies 
the shortage of this element, particularly in rapeseed 
(Wielebski, 2015). Therefore, fertilization of this 
species with sulphur has become a necessity, which is 
confirmed by the studies of many authors (Zhao et 
al., 2003; Podleśna, 2009; Barczak, 2010; Wielebski, 
2011). It ought to be underscored that the need for 
winter rapeseed fertilization with sulphur increases in 
the conditions of intensive nitrogen fertilization 
(Podleśna, 2013; Wielebski, 2015).  

In view of the increased interest in rapeseed 
cultivation observed in recent years in Poland and due 
to an increasing shortage of sulphur in Polish soils, 
this study was undertaken, the hypothesis of which 

assumed there would be a positive effect from 
nitrogen and sulphur fertilization, through in-soil or 
foliar application, on the uptake of those elements in 
the yield of spring rapeseed seeds and on the 
agricultural effectiveness of nitrogen and its utilization 
from fertilizers. 
 
MATERIAL AND METHODS 

The three-year-long field experiment was carried out 
in Kaźmierzewo in the commune of Mrocza, in the 
Kuyavian-Pomeranian Voivodship. It was set up on 
degraded Phaeozems, defective wheat complex, IIIb 
soil valuation class (IUSS 2015). Soil was of neutral 
pH, which varied from 6.5-7.1. Soil richness in the 
available forms of phosphorus and potassium was 
estimated as very high. It varied between, 
respectively, 101 and 108 mg P·kg-1 and 104 and 187 
mg K·kg-1. Magnesium content was average (35-38 
mg Mg·kg-1) and sulphur content was low (1.90-1.96 
mg·kg-1). The soil had a regulated water regime. 

In the experiment, plots with different dates and 
methods of sulphur application and control plot (with 
no nitrogen or sulphur fertilization) were located on 
one field,. The experiment was set up in a split-block 
design in four repetitions. The spring rapeseed 
cultivar Star (DLF Trifolium, Denmark) was 
cultivated. Under the forecrop, which consisted of 
sugar beet, cattle manure was applied in the amount 
of 30 Mg·ha-1, and after the forecrop harvest medium 
ploughing was carried out (20 cm). Plot area for 
harvest reached 18 m2 (3 m × 6 m). 

The experiment included two factors: nitrogen 
fertilization (first factor (n = 4): 0, 60, 120, and 180 
kg N·ha-1) and sulphur fertilization (second factor  
(n = 3): 0, 20, and 60 kg S·ha-1). Nitrogen was 
applied in the same form and at equal doses, while 
the sulphur was either applied before sowing (in-soil) 
or with the top-dressing (foliar) method. The nitrogen 
fertilization was applied in doses of 60 kg N·ha-1 
(Table 1). For all the plots with nitrogen, the first dose 
of the component was sown before sowing as a mixture 
of borated salpetere (27% N, including: 13.5%  
N-NH4

+ and 13.5% N-NO3
– and 2% CaO, 4% MgO, 

and 0.2% B) and ammonium nitrate (34% N, including: 
17% N-NH4

+ and 17% N-NO3
–). Both fertilizer types, 

30 kg N·ha-1 was brought in. For the plants fertilized 
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with 120 kg N·ha-1, nitrogen was also applied three to 
four weeks before rapeseed flowering, and for the 
plants fertilized with 180 kg N·ha-1 it was applied 

before flowering and at the beginning of flowering. 
The second and third nitrogen doses were applied 
only in the form of ammonium nitrate.  

 
 
Table 1. Pattern of nitrogen and sulphur fertilization in the field experiment 

Nutrient 
Dose 

kg·ha-1 

Plant development stage 

pre-sowing BBCH 13–16 BBCH 35–38 BBCH 50–52 BBCH 61–63 

Nitrogen 

60 
60 borated salpetere + 

ammonium nitrate (1:1) 
– – – – 

120 
60 borated salpetere + 

ammonium nitrate (1:1) 
– – 

60 
ammonium nitrate 

– 

180 
60 borated salpetere + 

ammonium nitrate (1:1) 
– – 

60 
ammonium nitrate 

60 
ammonium nitrate

Sulphur 

20 sodium sulphate – – – – 

60 sodium sulphate – – – – 

20 – 
20 

sodium sulphate 
– – – 

60 – 
20 

sodium sulphate 
20 

sodium sulphate 

 
– 

20 
sodium sulphate 

 
 
When sulphur was applied before sowing (in-soil), 

both doses (20 and 60 kg S·ha-1) were spread after 
field smoothing, at the same time. When sulphur was 
applied using the top-dressing (foliar) method the 
doses were split. Every fertilized plant received 20 kg 
S·ha-1 once at full emergence, while the plants 
receiving the dose of 60 kg S·ha-1 an additional 20 kg 
S·ha-1 was applied after stem formation and a further 
20 kg S·ha-1 at the beginning of flowering. Apart from 
the described diversification in sulphur application 
methods, all the other agrotechnical elements were 
identical. Sulphur was applied in the form of 
anhydrous sodium sulphate (Na2SO4 – 22.5% S). 
Before winter ploughing, phosphorus–potassium–
magnesium fertilization was applied in the form of 
multiple fertilizers, through introducing 100 kg K·ha-1, 
26 kg P·ha-1, and 29 kg Mg·ha-1. In every growth 
season, chemical plant protection was applied 
according to the recommendations of the Institute of 
Plant Protection (https://www.ior.poznan.pl).  

After harvest, the values of the following 
parameters were determined for all the plant groups:  
– total nitrogen (Nog.) with the Kjeldahl method using 

a distiller Kjeltec 2200 by the company Foss, 
– total sulphur – with the Inductively Coupled 

Plasma Optical Emission Spectrometry method 
after prior sample mineralization in a mixture of 
concentrated acids: nitrogen(V) and chloric(VII) in  
a ratio of 4:1. 

Seed yield of spring rapeseed, as well as nitrogen 
and sulphur contents in the seeds have been presented 
in an earlier paper (Barczak et al., 2016b). On the 
basis of the data included there, the following 
parameters were calculated: 
– nitrogen and sulphur uptake as a product of the 

main yield and the contents of elements in it, 
– agricultural effectiveness coefficients and nitrogen 

utilization were calculated according to the 
following formulas:  

EN = (PlN – Pl0)/N × 100% 
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where: 
EN  – nitrogen effectiveness coefficient, %, 
PlN  – seed yield of spring rapeseed on any plot 

 with application of N and S, 
Pl0  – seed yield of spring rapeseed on the control 

 plot, 
N  – nitrogen dose, 

 

WN = (PN – P0)/N × 100%  
where: 

WN  –  nitrogen utilization coefficient, %, 
PN  –  nitrogen uptake with the seed yield of 

 spring rapeseed on any plot with 
 application of N and S, 

P0  –  nitrogen uptake with the seed yield of 
 spring rapeseed on the control plot. 

Results were subject to analysis of variance for  
a two-factor experiment, using the program Statistica 
8.0. Significance of the differences between the average 
values for the particular fertilization plant groups was 
evaluated with the Tukey’s spread test (P < 0.05). 

RESULTS AND DISCUSSION 

The three-year-long field experiment demonstrated 
that on average nitrogen and sulphur uptake with 
spring rapeseed seeds for both sulphur application 
methods amounted to, respectively, 86.4 kg·ha-1 

(Table 2) and 26.1 kg·ha-1 (Table 3).  
 
 
Table 2. Nitrogen uptake with spring rapeseed seeds, kg·ha-1 

 
kg N·ha-1 

A 

Year of study 
Mean for years 

I  II III  

kg S·ha-1 – B 
mean

kg S·ha-1 – B 
mean

kg S·ha-1 – B 
mean

kg S·ha-1 – B 
mean

0 20 60 0 20 60 0 20 60 0 20 60 

In-soil application of sulphur fertilizer 

0 72.2 100.8 97.9 90.0 48.6 71.7 67.1 62.2 41.9 58.3 59.1 52.9 54.2 77.1 74.9 68.7

60 95.6 114.6 134.0 114.2 65.2 80.8 94.1 79.5 55.1 61.2 69.2 61.8 72.2 85.8 99.2 85.7

120 107.3 132.3 146.0 128.3 70.8 84.4 95.3 83.3 59.1 64.5 74.0 65.6 79.4 94.2 105.2 92.9

180 115.9 139.9 142.7 132.1 85.8 100.6 97.9 94.4 61.2 72.2 77.7 70.1 88.1 104.1 106.4 99.5

Mean 97.5 121.8 129.9 116.3 67.3 84.1 88.7 79.9 54.1 64.1 69.9 62.7 73.5 90.3 96.4 86.7

LSD0.05 
A   8.11     B  7.12  

A × B  9.03 
A   5.25     B   4.21  

A × B   6.32 
A   3.60     B   4.82  

A × B   5.18 
A   4.01     B   6.27  

A × B   6.96 

 Foliar application of sulphur fertilizer  

0 72.2 96.7 82.2 83.7 48.6 68.5 56.2 57.5 42.7 52.5 45.9 47.1 54.2 72.4 61.5 62.7

60 95.6 115.7 133.6 114.6 65.2 89.0 86.7 80.2 55.1 71.2 62.2 62.8 72.2 92.1 94.4 86.2

120 107.3 124.2 149.4 126.4 70.8 104.3 90.6 88.1 59.1 78.6 70.3 69.3 79.4 102.5 104.1 95.3

180 115.9 139.8 147.5 134.3 85.8 101.4 99.7 95.6 61.2 76.1 73.1 69.9 88.1 105.8 107.1 100.3

Mean 97.5 118.7 126.7 113.9 67.3 90.6 82.9 79.8 54.3 69.4 62.8 62.0 73.5 93.2 91.8 86.1

LSD0.05 
A   7.92     B   6.91 

A × B   8.18 
A   5.51     B   4.93 

A × B   6.27 
A   3.94     B   4.46 

A × B   5.34 
A   2.89     B-3.92 

A × B   4.56 

A – nitrogen fertilization; B – sulphur fertilization  
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Table 3. Sulphur uptake with spring rapeseed seeds, kg·ha-1 

 
 

kg N·ha-1

A 

Year of study 
Mean for years 

I  II  III 

kg S·ha-1 – B 
mean 

kg S·ha-1 – B 
mean

kg S·ha-1 – B 
mean 

kg S·ha-1 – B 
mean

0 20 60 0 20 60 0 20 60 0 20 60 

In-soil application of sulphur fertilizer 

0 21.8 31.2 30.9 28.0 14.6 24.2 22.5 20.4 12.7 19.2 19.6 17.0 16.4 25.1 24.5 22.0

60 28.4 37.0 40.7 35.4 19.4 24.6 28.3 24.1 16.2 18.8 21.8 18.9 21.3 26.6 30.4 26.1

120 31.4 40.7 44.4 38.8 21.2 25.6 28.2 25.0 17.0 19.2 23.0 19.6 23.2 28.4 32.0 27.9

180 33.0 38.9 43.0 38.0 23.6 27.7 28.7 26.7 17.3 19.5 22.9 19.8 24.6 28.5 31.5 28.2

Mean 28.7 37.0 39.8 35.0 19.7 25.5 26.9 24.0 15.8 19.2 21.8 18.9 21.4 27.2 29.6 26.1

LSD0.05 
A   2.51     B   2.20 

A × B  ns 
A   1.75     B   1.53 

A × B   2.42 
A   2.10     B   1.89 

A × B   2.32 
A   1.77     B   1.21 

A × B   1.41 

 Foliar application of sulphur fertilizer 

0 21.8 31.6 28.0 26.9 14.6 23.0 20.2 19.1 12.7 17.7 16.6 15.7 16.4 24.1 21.8 20.8

60 28.4 37.1 41.2 35.3 19.4 27.5 27.0 24.7 16.2 21.9 19.6 19.3 21.3 28.8 29.4 26.5

120 31.4 37.8 45.5 37.9 21.2 30.8 26.2 25.9 17.0 22.8 21.8 20.6 23.2 30.5 31.2 28.3

180 33.0 40.7 42.8 38.6 23.6 29.3 28.2 27.0 17.3 21.2 21.5 19.9 24.6 30.4 31.0 28.6

Mean 28.8 36.8 39.4 34.8 19.8 27.7 25.6 24.4 15.7 20.9 19.9 18.8 21.4 28.5 28.4 26.1

LSD0.05 
A   2.92     B   2.68 

A × B   3.13 
A   1.95     B   1.84 

A × B   ns 
A   1.54     B   1.42 

A × B   2.07 
A   1.60     B   1.43 

A × B   1.78 

A – nitrogen fertilization; B – sulphur fertilization  
ns – non-significant differences 

 
 
The plants took up the highest amount of the 

discussed elements with seed yield (on average 115.1 
kg N·ha-1 and 34.9 kg S·ha-1) in the first year of the 
study, in which favourable weather conditions (Barczak 
et al., 2016a) were conducive to high yield (Barczak et 
al., 2016b) and high macroelement accumulation. The 
lowest amount of the elements was taken up in the third 
year of the study (62.4 kg N·ha-1 and 18.9 kg S·ha-1). 
Nitrogen fertilization, as the strongest yield-forming 
factor in plant production, in all the study years 
significantly affected the accumulation of this element 
in the rapeseed main yield. The difference in the 
element accumulation between the seeds of plants 
fertilized exclusively with nitrogen (no sulphur) and 
the ones that originated from the control group (no 

nitrogen or sulphur), for 60, 120, and 180 kg N·ha-1 
amounted to, on average: 32.0%, 45.2%, and 61.1%. 
In the case of exclusive sulphur fertilization (no 
nitrogen), a clearly higher nitrogen uptake occurred 
with the in-soil application (on average 68.7 kg N·ha-1) 
than with foliar application (on average 62.7 kg N·ha-1). 
For both sulphur application methods (no nitrogen 
fertilization), in all the growth seasons, with the 
exception of in-soil application in the third year of the 
study, a significantly higher nitrogen uptake was 
ensured by 20 kg S·ha-1 rather than by 60 kg S·ha-1. 
This fact is the result of the lower yield-forming 
effectiveness of the dose of 60 kg S·ha-1 than of 20 kg 
S·ha-1 in the conditions of a lack of simultaneous 
nitrogen application (Barczak et al., 2016b).  
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Supplementation of nitrogen fertilization with 
sulphur caused, in comparison with the control 
plants, a significant increase in nitrogen accumulation 
in rapeseed seeds for every combination of the 
studied fertilization components. For each method of 
sulphur application, the highest uptake of this 
element with seed yield was obtained with the 
simultaneous application of the highest doses of the 
studied elements: 180 kg N·ha-1 and 60 kg S·ha-1.  

The effect of sulphur on nitrogen uptake with 
rapeseed seed yield that has been confirmed in the 
present study is the result of the structural and 
metabolic functions of this element, as it constitutes  
a component of, among others, amino acids, and 
therefore of proteins and protein enzymes. Sulphur 
takes part in the synthesis of proteins, carbohydrates, 
fats, and vitamins, which justifies its yield-forming 
effect. Therefore, already at the molecular level, there 
is a strong functional relation between sulphur and 
nitrogen. Yield increase as a result of feeding on 
sulphur is related mostly to balancing the nitrogen 
taken up by plants (Grzebisz, 2008). Sulphur increases 
the effectiveness of fertilizer and soil nitrogen, as 
well as increasing plant tolerance to biotic stress 
(diseases) and abiotic stress (unfavourable hydrothermal 
conditions), which also contributes to yield increase 
(Klikocka and Sachajko, 2011; Wielebski, 2015). 
Moreover, plants well fed with sulphur contain more 
chlorophyll, which causes an increase in photosynthesis 
intensity, the result of which is an increase in plant 
mass. This fact was confirmed in the study by Lencioni 
et al. (1997), who demonstrated a 25% decrease in 
chlorophyll a and b content and a decrease in 
photosynthetic activity of rapeseed plants in the 
conditions of sulphur shortage. Optimum supply of 
this element in rapeseed plants is conducive to 
protein synthesis and high yield. The result of the 
positive sulphur effect on nitrogen content and yield 
is an increase in nitrogen uptake in seeds.  

In all the study years, sulphur accumulation in the 
seed yield of rapeseed fertilized exclusively with 
nitrogen (no sulphur) was significantly higher than in 
the seeds of rapeseed from the control plot (Table 3). 
For nitrogen doses 60, 120, and 180 kg·ha-1, differences 
amounted to, respectively, 29.1%, 40.6%, and 49.1%. 
In the conditions of exclusive sulphur application (no 
nitrogen), its slightly higher uptake was found after 

in-soil application of this element (on average 22.0 
kg·ha-1) than after foliar application (on average 20.8 
kg S·ha-1), which may be the result of the higher 
effectiveness of sulphur fertilizers applied in-soil 
before sowing. Krauze and Bowszys (2001) point to  
a higher effectiveness of this component applied 
directly into the soil in comparison with foliar 
application in spring rapeseed cultivation, as did 
Barczak (2010) in white mustard cultivation. Foliar 
fertilization has many advantages: it is characterized 
by a high speed of nutrient action, the possibility of 
avoiding nutrient biological and chemical sorption in 
the soil, as well as the possibility of applying fertilizers 
with plant protection means. However, a serious 
disadvantage of this application method of fertilizers 
is a dependency on the weather conditions, as well as 
the risk of leaf burning, especially when the solutions 
are of too high concentration or when the treatment is 
carried out in improper thermal conditions.  

Exclusive sulphur fertilization significantly 
increased the uptake of sulphur in rapeseed seeds in 
relation to unfertilized rapeseed. Application of 20 kg 
S·ha-1 caused, on average, an uptake increase of 52.1% 
(in-soil application) and of 46.1% (foliar application), 
while the application of 60 kg S·ha-1 caused an 
increase, respectively, by 48.5% and 32.1%. In all the 
study years, regardless of the sulphur application 
method (with the exception of in-soil sulphur 
application in the third year of the study), a lower 
uptake of this element was found in plants that had the 
dose of 60 kg S·ha-1 in comparison with the dose of 20 
kg S·ha-1, which is the result of the lower effectiveness 
of a higher sulphur dose applied without nitrogen. 

Joint application of nitrogen and sulphur usually 
significantly increased sulphur uptake with seeds, 
both in relation to the seed yield of the control plants 
and from the plots fertilized exclusively with nitrogen 
or sulphur. The highest sulphur uptake for both methods 
of its application was found with the simultaneous 
application of 120 kg N·ha-1 and 60 kg S·ha-1  

In order to perform the evaluation of production 
effectiveness of fertilization in the conducted 
experiment, the agricultural effectiveness of nitrogen 
was calculated, which expressed the increase in the 
seed yield of spring rapeseed in kg per 1 kg of the 
applied component (Table 4). The above indicator is 
a measure of a plants ability to process nitrogen taken 
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up by it in the commercial yield (Kruczek and Szulc, 
2000). The agricultural effectiveness of nitrogen, 
depending on the study year, amounted to, on average, 
5.34 to 12.61 kg of seeds per 1 kg of nitrogen in the 
experiment with in-soil sulphur application and 5.55 
to 12.26 kg of seeds in the conditions of foliar 
sulphur application (Table 4).  

A high diversification of the values of the discussed 
parameter were found depending on the study year. In 
the first year, with the most favourable hydrothermal 
conditions (Barczak et al., 2016a), the nitrogen 
agricultural effectiveness amounted to, on average for 
both application methods, 12.4 kg of seeds per 1 kg 
of nitrogen, and in the third year, in which from May 
to July a precipitation shortage occurred (total 
precipitation was only 136.0 mm, which is 65% of 
the many-years’ average for those months) and 

temperature was visibly higher than average, the 
discussed indicator had the value, on average, of 
about 5.4 kg of seeds per 1 kg of nitrogen. Spring 
rapeseed responded with seed yield increase under 
the effect of nitrogen fertilization (Barczak et al., 
2016b), but the yield-forming effect of this component 
with an increase in fertilization varied to different 
degrees in different years. 

As nitrogen doses increased, applied with no 
sulphur, the indicator decreased on average for the 
three study years to 8.66 for 60 kg N·ha-1 and to 4.95 
for 180 kg N·ha-1 (difference of 42.8%). The above 
tendency persisted also on the plots on which, in 
addition to nitrogen, sulphur was applied, but the 
decrease in the discussed factor as nitrogen doses 
increased was higher and amounted to, depending on 
the variant, 57.1% to 60.6%.  

 
 

Table 4. Agricultural effectiveness of fertilizer nitrogen in spring rapeseed cultivation, kg·ha-1 

 
kg N·ha-1 

A 

Year of study 
Mean for years 

I II III 

kg S·ha-1 – B 
mean 

kg S·ha-1 – B 
mean

kg S·ha-1 – B 
mean 

kg S·ha-1 – B 
mean

0 20 60 0 20 60 0 20 60 0 20 60 

In-soil application of sulphur fertilizer 

60 11.50 18.67 23.3 17.82 8.16 14.3 17.67 13.38 6.33 7.67 9.50 7.83 8.66 13.55 16.82 13.01

120 8.58 13.42 14.4 12.10 5.42 7.75 9.00 7.39 4.00 4.58 5.75 4.78 6.00 8.58 9.72 8.10

180 6.67 7.94 9.1 7.90 5.56 6.28 6.39 6.08 2.61 3.22 4.38 3.40 4.95 5.81 6.62 5.79

Mean 8.92 13.34 15.6 12.61 6.38 9.44 11.02 8.95 4.31 5.16 6.54 5.34 6.53 9.31 11.05 8.97

LSD0.05 
A   2.23     B   1.91 

A × B   2.36 
A   1.75     B   1.56 

A × B   ns 
A   0.92     B   1.04 

A × B   1.14 
A   1.24     B   0.92 

A × B   1.01 

 Foliar application of sulphur fertilizer 

60 11.50 17.83 23.50 17.61 8.16 17.30 14.33 13.26 6.33 11.67 6.33 8.11 8.66 15.60 14.72 12.99

120 8.58 10.00 14.91 11.16 5.42 11.41 7.66 8.16 4.00 7.16 4.58 5.25 6.00 9.52 9.05 8.19

180 6.67 8.50 8.83 8.00 5.56 6.83 6.11 6.17 2.61 4.05 3.22 3.29 4.95 6.46 6.05 5.82

Mean 8.92 12.11 15.75 12.26 6.38 11.85 9.37 9.20 4.31 7.63 4.71 5.55 6.53 10.53 9.94 9.00

LSD0.05 
A   2.27     B   1.85 

A × B   2.44 
A   1.65     B   1.19 

A × B   1.52 
A   1.02     B   ns 

A × B   0.91 
A   0.92     B   1.74 

A × B   1.35 

A – nitrogen fertilization; B – sulphur fertilization  
ns – non-significant differences 
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In all of the study years, sulphur supplementation 
at the dose of 20 kg·ha-1, regardless of its application 
method, caused a significant increase in the 
agricultural effectiveness of every nitrogen dose. In- 
-soil application of 60 kg S·ha-1 in every study year 
significantly increased nitrogen effectiveness in 
comparison with the dose of 20 kg S·ha-1. On the plot 
with foliar sulphur application, this occurrence was 
noted only in the first year of the study, which was 
characterized by the most favourable weather 
conditions (Barczak et al., 2016a). After in-soil 
sulphur application, the highest nitrogen effectiveness 
was obtained for fertilization with 60 kg N·ha-1 and 
60 kg S·ha-1 (16.82 kg of seeds per 1 kg of nitrogen), 
and after foliar application the highest nitrogen 
effectiveness was for the combination of 60 kg N·ha-1 
and 20 kg S·ha-1 (15.60 kg of seeds per 1 kg of 
nitrogen). Research by many authors indicates that 
increased nitrogen effectiveness may be obtained 
through a proper supply of sulphur to plants (Jamal et 
al., 2005; Wielebski, 2011; Podleśna, 2013). In the 
conditions of intensive nitrogen fertilization and 
sulphur shortage, yield reduction and a decrease in its 
quality occurs (Krauze and Bowszys, 2001). 
According to Bloem (1998), a sulphur shortage 
clearly decreases the effectiveness of nitrogen 
applied in fertilizers, which may lead to a yield 
decrease by even up to 50%.  

According to numerous authors (Kruczek and 
Szulc, 2000; Małecka and Blecharczyk, 2005), a good 
measure of the effectiveness of nitrogen fertilization 
is the coefficient of nitrogen utilization from 
fertilizers, which is defined as the amount of nitrogen 
taken up with the yield per unit of the component 
applied in fertilizers. At present, environmental 
protection concerns are requiring research into the 
effects of chemical production means that are used in 
agriculture, including mineral fertilizers (Trawczyński 
and Wierzbicka, 2014). Among fertilizer components, 
nitrogen requires particular attention, since it is  
a biogenic element. It is characterized by high 
lability, as it easily escapes into the atmosphere and 
contributes to the occurrence of acid rain. It may also 
undergo rinsing into the soil profile and move into 
groundwater (Grzebisz, 2008). 

In the present study, the highest nitrogen 
utilization from fertilizers took place in the first study 
year (Table 5), in which the weather conditions were 

the most conducive to high rapeseed productivity 
(Barczak et al., 2016a), thanks to which yield size, as 
well as the element uptake, were high, and the 
utilization reached, on average, 50.4%. Significantly 
lower values of this coefficient were obtained in the 
subsequent study years (in the second year on 
average 36.6%, in the third year 23.2%). A somewhat 
higher nitrogen utilization was found with foliar 
sulphur application (on average 37.2%) than was 
found with the in-soil application (36.3%), especially 
in the dry years (second and third years of the study ). 
Under conditions not conducive to mineralization and 
soil nitrogen uptake, the effectiveness of foliar 
sulphur application may be higher than that of in-soil 
application (Barczak, 2010). Sulphur is a component 
relatively easily taken up by plant leaves (Podleśna, 
2009). This element is absorbed faster by the above-
ground plant parts than are calcium, phosphorus, and 
microelements. It is estimated that through foliar 
application, sulphur is taken up, depending on the 
conditions, from several to several dozen times faster 
in comparison with in-soil application (Grześkowiak, 
http://www.agrotechnika.suwalki.pl/zasady.htm). 

The utilization of fertilizer nitrogen applied with 
no sulphur amounted to, on average, 22.7%. It 
decreased with an increase in dose from a level of 
29.1% for 60 kg N·ha-1 to 18.4% for 180 kg N·ha-1 

(Table 5). Sulphur supplementation, like in the 
studies by Fotyma et al. (2003), with winter rapeseed, 
maize for grain, and spring and winter wheat, 
increased nitrogen utilization under both application 
methods, while limiting the possibility of its loses. In 
all the study years, on the plots fertilized with 
nitrogen and sulphur at the dose of 20 kg·ha-1 
(regardless of the application method), the value of 
the discussed indicator was significantly higher in 
relation to the plants fertilized only with nitrogen. In- 
-soil application of 60 kg S·ha-1 in combination with 
the doses of 60 and 120 kg N·ha-1 caused  
a statistically confirmed further increase in nitrogen 
utilization in all the study years. However, for foliar 
fertilization, the above occurrence was observed only 
in the first study year. In all years with the in-soil 
sulphur application, the highest nitrogen utilization 
occurred after the application of 60 kg N·ha-1 and 60 
kg S·ha-1, and with the foliar sulphur application, the 
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above combination was the most favourable only in 
the first year of the study.  

The discussed changes regarding the uptake, 
effectiveness and utilization of nitrogen by spring 
rapeseed, obtained as a result of sulphur 

supplementation, indicate that the presence of sulphur 
increases the effectiveness of nitrogen fertilization, 
which may have not only positive economic, but also 
environmental effects, since it limits the possibility of 
nitrogen dispersion and loss. 

 
 

Table 5. Utilization of fertilizer nitrogen in spring rapeseed cultivation, % 

 
kg N·ha-1

A 

Years of study 
Mean for years 

I  II  III  

kg S·ha-1 – B 
mean 

kg S·ha-1 – B 
mean

kg S·ha-1 – B 
mean 

kg S·ha-1 – B 
mean

0 20 60 0 20 60 0 20 60 0 20 60 

In-soil application of sulphur fertilizer 

60 39.0 70.7 102.9 70.1 27.6 53.6 75.8 52.3 20.7 32.1 45.5 32.8 29.1 52.1 74.7 51.9

120 29.2 50.1 61.5 46.8 18.5 29.8 38.9 29.1 13.7 18.8 26.8 19.8 20.5 32.9 42.4 31.9

180 24.3 37.6 39.2 33.3 20.6 28.8 27.3 25.6 10.3 16.8 19.9 15.6 18.4 27.7 28.8 25.0

Mean 30.8 52.8 67.9 50.3 22.3 37.4 47.3 35.7 14.9 22.6 30.7 22.7 22.7 37.6 48.6 36.3

LSD0.05 
A   4.52     B   4.40 

A × B   5.29 
A   3.21     B   2.86 

A × B   3.33 
A   2.14     B   1.25 

A × B   2.08 
A   1.84     B   1.22 

A × B   1.94 

 Foliar application of sulphur fertilizer 

60 39.0 72.5 102.3 71.3 27.6 67.3 63.5 52.8 20.7 47.5 32.5 33.6 29.1 62.4 66.1 52.5

120 29.2 43.3 64.3 45.6 18.5 46.4 35.0 33.3 13.7 29.9 23.0 22.2 20.5 39.9 40.8 33.7

180 24.3 37.6 41.8 34.6 20.7 29.3 28.4 26.1 10.3  18.6 16.9 15.3 18.4 28.5 29.0 25.3

Mean 30.8 51.1 69.5 50.5 22.3 47.7 42.3 37.4 14.9 32.0 24.1 23.7 22.7 43.6 45.3 37.2

LSD0.05 
A   3.65     B   4.81 

A × B   3.94 
A   3.47     B   2.84 

A × B   3.68 
A   2.46     B   2.17 

A × B   2.85 
A   1.95     B   1.59 

A × B   2.14 

A – nitrogen fertilization; B – sulphur fertilization  
 

 
CONCLUSIONS 

1. The results from the conducted research show that 
the weather conditions in particular growth seasons 
had a significant effect on nitrogen and sulphur 
uptake in the seed yield of spring rapeseed, and 
also on the agricultural effectiveness and nitrogen 
utilization from fertilizers.  

2. Nitrogen uptake with the seed yield of spring 
rapeseed, as well as nitrogen agricultural 
effectiveness and utilization from fertilizers was 
higher under the conditions of joint fertilization 

with nitrogen and sulphur than it was with no 
sulphur application.  

3. The joint application of different nitrogen doses 
and 60 kg S·ha-1 usually made it possible to 
obtain the highest values of the studied 
parameters in every growth season.  

4. The sulphur application method only clearly 
diversified the uptake of the studied elements in 
the seed yield of spring rapeseed when it was 
fertilized only with sulphur. The agricultural 
effectiveness and nitrogen utilization in relation to 
this factor were only diversified to a low extent. 
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5. The obtained results indicate that sulphur 
supplementation through its effect on nitrogen 
uptake and its agricultural effectiveness and 
utilization from fertilizers may have positive 
economic and environmental consequences. 
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SIARKA JAKO CZYNNIK KSZTAŁTUJĄCY EFEKTYWNOŚĆ AZOTU W AGROTECHNICE RZEPAKU 
JAREGO. CZ. III.  EFEKTYWNOŚĆ ROLNICZA I WYKORZYSTANIE AZOTU  

Streszczenie  

Podstawę badań stanowiło trzyletnie ścisłe doświadczenie polowe, realizowane na czarnej ziemi 
zdegradowanej, o odczynie obojętnym i niskiej zasobności w przyswajalną siarkę. Dwuczynnikowe 
doświadczenie założono w układzie równoważnych bloków. Czynnikiem I rzędu były dawki azotu  
(w kg·ha-1: 0, 60, 120, 180), czynnikiem II rzędu – dawki siarki (w kg·ha-1: 0, 20, 60). Dodatkowym 
aspektem badań było zróżnicowanie sposobów stosowania siarki (przedsiewnie – doglebowo oraz 
pogłównie – dolistnie). Uprawiano rzepak jary odmiany populacyjnej Star. Z przeprowadzonych badań 
wynika, ze warunki pogodowe w poszczególnych sezonach wegetacyjnych miały znaczący wpływ na 
pobranie azotu i siarki z plonem nasion rzepaku jarego, a także na efektywność rolniczą i wykorzystanie 
azotu z nawozów. W każdym sezonie wegetacyjnym wartości badanych parametrów były większe  
w warunkach łącznego nawożenia azotem i siarką niż bez siarki. Sposób aplikacji siarki wyraźnie 
różnicował tylko pobranie badanych pierwiastków z plonem nasion rzepaku jarego nawożonego wyłącznie 
tym składnikiem. Uzyskane wyniki wskazują, że suplementacja siarki poprzez wpływ na pobranie azotu 
oraz jego efektywność rolniczą i wykorzystanie z nawozów może mieć pozytywne skutki ekonomiczne  
i ekologiczne. 

Słowa kluczowe: Brassica napus L., nawożenie, pobranie azotu, pobranie siarki, rośliny oleiste 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


