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Abstract: Plant growth regulators may reduce the negative effect of environmental stress factors 
and can contribute to increasing the quality and quantity of the yield. The aim of the research was 
to determine the effect of biostimulators on the quality of seeds of three winter rape morphotypes. 
Three varieties of winter rape were used: Poznaniak (population variety), PX104 (hybrid variety 
restored with a semi-dwarf growth type) and Konkret (hybrid variety restored with a traditional 
growth type). The varieties were exposed to three treatments: the biostimulator Tytanit®, the 
biostimulator Asahi®SL and the biostimulator Silvit®, and the control with no biostimulators. Seeds 
were analysed for content of crude fat, total fat and crude fibres. The biostimulators reduced total 
protein content (on average from 0.8 to 1.75 g·kg−1 of d.m.) and increased the concentration of crude 
fat (on average from 0.71 to 1.93 g·kg−1 of d.m.) and crude fibre (on average from 0.15 to 0.84 g·kg−1 
of d.m.) compared to the control. PX104 had the highest content of crude fat and total fat protein, 
and the lowest in crude fibre. The smallest protein content was found in seeds of the long-stem 
hybrid Konkret, while crude fat was lowest in the population form (Poznaniak), and crude fibre 
was lowest in long-stem hybrid (Konkret). 

Keywords: anti-nutritional substances; fat; fibre; morphotype; protein 
 

1. Introduction 

Rapeseed (Brassica napus L. var. oleifera) is one of the most important oil-protein crops grown in 
the world. One of the many factors with a negative effect on the quantity and quality of rapeseed 
crops include unfavourable soil conditions and drought-related stress. Strong stress leads to 
damaged cell structures and disturbances in metabolism and as a result, can lead to photosynthesis 
and plant and metabolism disruption [1]. Rouphael and Colla [2] reports that plant biostimulators 
are products obtained from various organic or inorganic substances or microorganisms that improve 
plant growth, productivity and reduce the negative effects of environmental stress. Many authors 
[3–8] have shown that regulators of plant growth and development reduce the negative impact of 
abiotic stress factors. Petrozza et al. [9] showed that when a plant experiences stress, the 
biostimulator strengthens its stress tolerance mechanism. 

Colla and Rouphael [10] and Rouphael et al. [11] emphasize that the use of biostimulators is 
increasingly becoming one of the basic elements of agricultural technology in many crop species 
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around the world. Calvo et al. [12] forecast that the global market for biostimulants in consumption 
will increase by 14% per year. 

According to El-Boray et al. [13], Przybysz et al. [14], Kocira et al. [15] and Zulfiqar et al. [16], 
preparations stimulating plant growth can be based on extracts of marine algae, free amino acids, 
humic compounds, effective microorganisms or phenolic compounds. Their use in plant cultivation 
has a positive effect on photosynthesis, regulation of water management and increasing the content 
of organic and inorganic compounds, which in turn, has a positive effect on the size and quality of 
the crop. 

Grabowska et al. [17] and Kolomaznik et al. [18] stated that the effectiveness of biostimulators 
depends on many factors, including the correct selection of preparations, their dose, concentration 
and methods of application, as well as plant species and varieties and environmental factors. 

The study assumes the hypothesis that the use of biostimulators may have a positive effect on 
the chemical composition of winter rapeseeds.  

Due to few studies being available on the beneficial effects of growth bioregulators on the 
quality characteristics of winter rapeseed, and the wide interest in agricultural practice, research was 
undertaken to determine the effect of biostimulators on the chemical composition of three winter 
rapeseed varieties. 

2. Materials and Methods  

2.1. Arrangement of the Experiment and Research Location 

The field experiment was carried out in 2013–2016 in three different fields at the Agricultural 
Experimental Station – Zawady (52°03'N; 22°33'E), belonging to the University of Natural Sciences 
and Humanities in Siedlce. The experiment was established in a random split-plot system in three 
repetitions (total number of plots 3 × 4 = 12, repeated in 3 successive crop rotations from 2013–2016). 
The surface of one plot was 21 m−2. The examined factors were: 

I − three varieties of winter rape: Poznaniak (population variety), PX104 (hybrid variety 
restored with a semi-dwarf growth type) and Konkret (hybrid variety restored with a 
traditional growth type). 
II − four types of biostimulators:  
1. control − no biostimulators;  
2. biostimulator Tytanit® (active substance – titanium), applied in three doses of 0.20 dm3 ha−1 in 

the autumn (2 October 2013, 6 October 2014, 5 October 2015) at the 4–8 leaf stage (BBCH 14–18) 
according to the rating of Biologische Bundesantalt, Bundessortenamt and Chemische Industrie 
(BBCH), in the spring (26 March 2014, 23 March 2015, 21 March 2016) after the onset of growth 
(BBCH 21–36), and at the budding stage—early flowering (30 April 2014, 29 April 2015,4 May 2016) 
(BBCH 50–61) [19]; 

3. biostimulator Asahi®SL (active substances: sodium orto nitrophenol, sodium para 
nitrophenol, sodium 5-nitroguaiacolate), applied in three doses of 0.60 dm3·ha−1 in the autumn (25 
September 2013, 29 September 2014, 27 September 2015) at the stage of 3−5 leaves (BBCH 13−15), in 
the spring (26 March 2014, 23 March 2015, 21 March 2016) after the plants resumed growth (BBCH 
28−30), and two weeks following the second application (10 April 2014, 7 April 2015, 4 April 2016); 

4. biostimulator Silvit® (active substances: active silicon, potassium oxide, boron, zinc), applied 
in three doses of 0.20 dm3·ha−1, three weeks after emergence (2 October 2013, 6 October 2014, 5 
October 2015) (BBCH 12−14), in spring (26 March 2014, 23 March 2015, 21 March 2016) after plants 
resumed growth (BBCH 28–30), and two weeks after the second application (10 April 2014, 7 April 
2015, 4 April 2016). 

The studies were carried out on soil classified according to WBR FAO (2014) [20] as the Haplic 
Luvisols group—sandy, belonging to a very good rye soil complex of the IVb botanical class. In the 
years of the experiment, the soil reaction (pH) ranged from 5.68 to 5.75. The soil was characterised by 
a low total nitrogen content (average from 0.80 to 0.90 g·kg−1), phosphorus content (average from 
0.33 to 0.55 g·kg−1), potassium content (average from 0.61 to 0.67 g·kg−1) calcium content (average 
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from 0.82 to 0.85 g·kg−1), magnesium content (average from 0.38 to 0.46 g·kg−1) and sulphur content 
(average from 0.11 to 0.15 g·kg−1). It has a low abundance in assimilable forms of phosphorus 
(average from 75.0 to 80. g·kg−1) and an average assimilability of potassium (from 200.0 to 205.0 
g·kg−1) and magnesium (average from 59.0 to 61.0 g·kg−1).  

The phosphorus and potassium fertilization at the dose of 40.0 kg P·ha–1 and 110.0 kg K·ha–1 
with the first dose of 40.0 kg N·ha–1 was used before sowing. Fertilization was used in the form of 
Lubofos for Rape at the dose of 600.0 kg, i.e., 21.0 kg N·ha–1, 26.4 kg P·ha–1, 92.1 kg K·ha–1, 34.8 kg 
S·ha–1, 1.2 kg B·ha–1. Fertilization rates were supplemented by 55.9 kg·ha–1 of ammonium nitrate (19.0 
kg N·ha–1), 29.6 kg·ha–1 of triple superphosphate (13.6 kg P·ha–1) and 29 kg·ha–1 of potassium salt (17.9 
kg K·ha–1). The second nitrogen dose of 100.0 kg·ha–1 was applied in spring before vegetation using 
ammonium nitrate at the dose of 255.5 kg·ha–1 and ammonium sulphate at the dose of 62.5 kg·ha–1. 
The third dose of nitrogen 60.0 kg·ha–1 was applied at the beginning of budding using ammonium 
nitrate at the dose of 176.5 kg·ha–1.  

The three crops of rapeseed were harvested on 11 July 2014, 17 July 2015 and 14 July 2016, 
respectively. 

2.2. Chemical Analysis of Seeds 

The tests samples of winter rape seeds were analyzed for:  
Crude fat (g·kg–1of d.m.) – with the Soxhlet method, which extracted the fat with petroleum 

ether in a Soxhlet apparatus and determides its quantity by weight, total protein (g·kg–1 of d.m.) [21]. 
Total protein (g·kg–1of d.m.) – with the Kjeldahl method where protein nitrogen was converted 

to ammonium sulphate with concentrated sulphuric acid in the presence of a catalyst, the solution 
was alkalised, distilled and titrated with hydrochloric acid-ammonia bound with boric acid, the 
conversion factor Nx6.25 was used, crude fibre (g·kg–1 of d.m.) [22]. 

Crude fibres (g·kg–1of d.m.) – with the Wenden method consisting of the quantitative 
determination of organic substances insoluble during cooking in an acid solution. 

2.3. Statistical Analysis 

Research results were statistically analysed by ANOVA. The results of the study were 
statistically analysed using the analysis of variance. The significance of the sources of variation was 
tested by the Fischer-Snedecor "F" test, and the assessment of significance of differences at the 
significance level p <0.05 between the compared averages used Tukey’s multiple intervals. Statistical 
calculations were made based on our own algorithm written in Excel [23]. 

2.4. Weather Conditions 

Climatic data from 2013–2016 was obtained from the Hydrological and Meteorological Station 
in Siedlce. During the years of conducting the experiment, varied weather conditions prevailed 
(Table 1). In the second growing season, the largest annual rainfall was recorded (average of 599.2 
mm) and the smallest mean annual air temperature (average of 8.8 °C). In this period, the annual 
amount of rainfall was 171.7 mm higher compared to the long-term period. The last year of tests was 
the warmest and most dry. The annual rainfall was 43.8 mm lower than the average for the 
long-term period, and the average air temperature was higher by 1.3 °C compared to the average 
from 1996–2010. Based on the calculated Sielianinov hydrothermal coefficient, the first and last year 
of the study were optimal, while the growing season 2014–2015 was rather wet (K = 1.71). 
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Table 1. Characteristics of weather conditions in the years 2013–2016 (Poland). 

Months 

Rainfalls (mm) Air temperature (℃) 

Multiyear sum Monthly sum Multiyear mean Monthly mean 

1996–2010 2013–2014 2014–2015 2015–2016 1996–2010 2013–2014 2014–2015 2015–2016 

VIII 59.9 15.0 105.7 11.9 18.5 18.8 18.1 21.0 

IX 42.3 94.3 26.3 47.1 13.5 11.7 14.1 14.5 

X 24.2 32.8 3.0 37.0 7.9 9.3 8.5 6.5 

XI 20.2 34.7 32.5 42.2 4.0 5.1 3.4 4.7 

XII 18.6 15.4 90.4 16.5 −0.1 1.2 0.1 3.7 

I 19.0 28.6 51.4 10.9 −3.2 −4.5 0.6 −4.5 

II 16.0 34.0 0.7 29.0 −2.3 0.7 0.7 2.5 

III 18.3 29.6 53.1 33.5 2.4 5.8 4.6 3.5 

IV 33.6 45.0 30.0 28.7 8.0 9.8 8.2 9.1 

V 58.3 92.7 100.2 54.8 13.5 13.5 12.3 15.1 

VI 59.6 55.4 43.3 36.9 17.0 15.4 16.5 18.4 

VII 57.5 10.0 62.6 35.2 19.7 20.8 18.7 19.1 

VIII–VII 427.5 487.5 599.2 383.7 8.2 9.0 8.8 9.5 

Sielianinovs hydrothermic coefficients* 

 2013–2014 2014–2015 2015–2016 

VIII 0.31 1.87 0.20 

IX 2.63 0.66 1.20 

X 1.01 0.22 2.15 

III 1.48 4.63 3.49 

IV 1.41 1.35 1.07 
V 2.33 2.91 1.47 
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VI 1.23 0.84 0.72 
VII 0.16 1.20 0.64 

VIII–VII 1.32 1.71 1.37 
*Index value [24]: extremely dry k ≤ 0.4, very dry 0.4 < k ≤ 0.7, dry 0.7 < k ≤ 1.0, rather dry 1.0 < k ≤ 1.3, optimal 1.3 < k ≤ 1.6, rather humid 1.6 < k ≤ 2.0, 
humid 2.0 < k ≤ 2.5, very humid 2.5 < k ≤ 3.0, extremely humid k > 3.0. 
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3. Results and Discussion 

3.1. The Content of Total Protein Depending on the Types of Biostimulators Used 

Our own research showed that biostimulators significantly affected the reduction of total 
protein content in rapeseeds (Table 2). The smallest concentration was recorded on object 4, sprayed 
with the Silvit biostimulator. This value was lower on average by 1.75 g·kg−1 of d.m. compared to the 
control variant. Different results were obtained by Gugała et al. [25], who did not find a significant 
effect of the biostimulators Tytanit, Asahi SL or Silvit for the value of this feature. Similarly, Jarecki 
and Bobrecka-Jamro [26,27], Kozak et al. [28] and Matysiak et al. [29,30] did not prove the effect of 
bioregulators and foliar fertilizers containing micro- and macro-elements for the value of this 
feature. While Jankowski et al. [31], after a double foliar application with boron, increased the 
protein content in seeds by an average of 8.8 g·kg−1 of d.m. compared to the control object. In regards 
to seed protein, the present study’s research showed the interaction of the types of biostimulators 
used in relation to the protein content in the seeds of the rapeseed morphotype varieties studied, 
which indicated the individual response of the rapeseed varieties to the biopreparations used (Table 
2). The lowest protein was in the treatment of Konkret with Silvit and PX104 with Silvit, and in 
Pozniak with Tytanit. In all morphotypes, the highest protein content was recorded on the object 
where no natural growth stimulants were used. In the cultivar with the traditional growth type, the 
lowest protein content was found after the application of the Tytanit biostimulator, while in the 
other varieities it was after the use of the Silvit biostimulator. Equal protein content was found in the 
restored hybrids of the semi-dwarf type (PX104) after the application of the Asahi SL and Tytanit 
preparations. A similar tendency was observed in the restored hybrid with the traditional growth 
type.  

The content of total seed protein was dependant on the genetic factor (Table 2). In our own 
research, the content of protein in the seeds of the studied winter rape varieties averaged from 361.37 
to 373.42 g·kg−1 of d.m. The highest concentration was found in the semi-dwarf hybrid PX104, while 
in the long-stem hybrid (Konkret), it was lower on average by 12.05 g·kg−1 of d.m. Different results 
were obtained by Gugała et al. [25], who received the highest value of this feature in a hybrid with a 
traditional type of growth and the lowest in a semi-dwarf hybrid. Ratajczak et al. [32] did not show 
significant differences between heterosis morphotypes with a traditional and semi-dwarf type of 
growth or in the population Califorium variety.  

3.2. The Content of Crude Fat Depending on the Types of Biostimulators Used 

The bioregulators used in the experiment significantly influenced the increase of crude fat in 
winter rapeseeds (Table 2). The greatest value of this feature was noted after the use of the Asahi SL 
biostimulator, it was significantly smaller on the objects where Tytanit and Silvit were applied. The 
beneficial effect of the Asahi SL biostimulator on the fat content in seeds was also confirmed by 
Spychaj-Fabisiak et al. [33] and Gugała et al. [25]. Similarly, Kováčik et al. [34] confirmed that a 
two-fold application of the Tytanit biostimulator affected the increase of the fat content in rapeseeds 
compared to the control object. The lack of effect of biostimulators on the fat content in seeds has 
been demonstrated by Matysiak et al. [29,30]. The authors observed only a slight tendency to 
increase the value of this feature even by 3.9% in relation to the control object. Similarly, Szczepanek 
et al. [35] noted a small effect of stimulating plant preparations on this feature. Jankowski et al. [31] 
after using a boron-containing foliar preparation, found a significant increase in the content of crude 
fat only after its two applications in the BBCH50 and BBCH55 phases. Jarecki and Bobrecka-Jamro 
[25,26] did not prove the effect of foliar preparations containing micro- and macro-elements on the 
value of this feature.  

The impact of the types of biostimulators used on the crude fat content in rapeseed depended 
on the genetic factor (as shown in Table 2). The lowest fat content in all tested cultivars was recorded 
on the control object. The population cultivar had the highest fat content after using the Asahi SL 
biostimulator, but after the application of all biopreparations in this cultivar, the differences in 
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protein crude fat content were not statistically significant. The seeds of the restored hybrid with the 
traditional growth type were characterized by the highest content of crude fat after the application of 
Asahi SL, and under the influence of the other biostimulators, they were the same as on the control 
object. A similar tendency was observed in the semi-dwarf hybrid, with differences in the value of 
this trait on the objects with the Tytanit and Silvit biostimulator were not statistically significant.  

The content of crude fat depending on the genetic factor is shown in Table 2. Our own research 
proved that the highest content of fat was a characteristic of the PX104 (restored hybrid with a 
semi-dwarf type of growth), it was significantly smaller by 17.66 g·kg−1 of d.m. in the long-stem 
hybrid (Konkret), while the smallest on average by 20.57 g·kg−1 was in the population form 
(Poznaniak). Different results of studies were obtained by Gugała et al. [25] who showed that the 
highest value of this feature was characteristic for a restored hybrid with a traditional type of 
growth, while the smallest the population (Monolit).  

3.3. The Content of Crude Fibre Depending on the Types of Biostimulators Used 

Natural plant preparations influenced the increase of the crude fibre content in winter oilseed 
rapeseeds on average from 0.15 to 0.84 g·kg−1 of d.m. (Table 2). The highest value of this feature was 
noted on object 3 with the Asahi SL biostimulator. Different results were obtained by Gugała et al. 
[25]. In this study, the biostimulants did not significantly alter the crude fibre content in seeds of the 
rapeseed cultivars (Table 2). 

The content of crude fibre depending on the genetic factor is shown in Table 2. Our own studies 
indicate that the highest content of crude fibre was observed in the seeds of the PX104 variety, while 
the smallest was in the long-stem morphotype (Konkret). Different results were obtained by Gugała 
et al. [25], who did not find any statistical differences in the value of this feature between the studied 
morphotypes.  

3.4. Chemical Composition Depending on Weather Conditions 

The chemical composition of seeds depending on climatic conditions in the study years is 
shown in Table 2. In our own research, the highest content of total protein, fat and crude fibre was 
obtained in seeds collected in the second year of research, in which the total precipitation was 41.9 
mm higher in May, and the average monthly temperature was smaller by 0.5 ℃ from the average 
multi-year. Similar results were obtained by Chmura et al. [36] and Gugała et al. [25]. According to 
the authors, during the period from the end of flowering to the technical maturity stage of high 
protein content, temperatures of 16.2 ℃ were maintained on average, regardless of the sum of 
rainfall. Mączyńska et al. [37] recorded a higher concentration of fat in colder years with a greater 
sum of precipitation, while it was lower in warm years. In our own studies, differences in the content 
of total protein and crude fat in the growing season of 2013–2014 and 2015–2016 were statistically 
insignificant, while the lowest content of crude fibre was found in seeds collected in the first year of 
research.  
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Table 2. Chemical composition of winter oilseed rapeseeds depending on factors of experience. 

Culticars 
Years 

Types of biostimulators used 

Mean 
Objects 

1. 2. 3. 4. 

2013–2014 2014–2015 2015–2016 Control variant Tytanit® Asahi®SL Silvit® 

Total protein [g·kg−1 d.m] 

Poznaniak 370.92 372.80 370.78 372.18 370.71 371.83 371.27 371.50a 
Konkret 357.84 367.64 358.62 362.79 361.26 361.33 360.09 361.37b 
PX104 373.13 374.33 372.81 374.11 373.62 373.49 372.46 373.42c 

Mean 367.29a 371.59b 367.40a 369.69a  368.53ab 368.89bc 367.94d  

LSD0.05 for: years – 0.68; cultivars – 0.68; types of biostimulators used – 0.52; interaction: years x cultivars – 1.18; cultivars x types of biostimulators used – 0.82 

Crude fat [g·kg−1 d.m] 

Poznaniak 468.98 470.43 469.43 468.88 469.71 470.10 469.77 469.61a 
Konkret 472.33 472.93 472.30 472.00 472.41 473.14 472.53 472.52b 
PX104 489.78 490.70 490.06 488.78 489.64 492.19 490.10 490.18c 

Mean 477.03a 478.02b 477.26a 476.55a 477.26be 478.48d 477.47ce  

LSD0.05 for: years – 0.35; cultivars – 0.35; types of biostimulators used – 0.52; interaction: years x cultivars – n.s.; cultivars x types of biostimulators used – 0.5. 

Crude fiber [g·kg-1 d.m] 

Poznaniak 89.31 90.19 89.73 89.40 89.70 90.32 89.56 89.74a 
Konkret 85.28 86.11 85.58 85.41 85.70 86.02 85.49 85.66b 
PX104 69.48 70.44 70.09 69.61 70.00 70.58 69.82 70.00c 

Mean 81.36a 82.25b 81.80c 81.47a 81.80b 82.31c 81.62d  

LSD0.05 for: years – 0.2; cultivars – 0.2; types of biostimulators used – 0.17; interaction: years x cultivars – n.s..; cultivars x types of biostimulators used – n.s. 
n.s. – non-significant differences. Different letters above the bars denote significant differences p ≤ 0.05.
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4. Conclusions 

In summary, the applied biostimulators had an effect on reducing the total protein content (on 
average from 0.8 to 1.75 g·kg–1 of d.m.) and increasing the concentration of crude fat (on average 
from 0.71 to 1.93 g·kg–1 of d.m.) and crude fibre (on average from 0.15 to 0.84 g·kg–1 of d.m.) 
compared to the control object. The best quality of seeds was characteristic for the semi-dwarf PX104 
variety. The smallest protein content was found in seeds of the long-stem hybrid Konkret, while 
crude fat was lowest in the population form (Poznaniak), and crude fibre was lowest in long-stem 
hybrid (Konkret). Diverse climatic conditions prevailing in the years of conducting the experiment 
influenced the chemical composition of rapeseeds. The highest content of total protein, crude fat and 
fibre were obtained in the second year of studies. 
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