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The present investigations were undertaken, in which the winter triticale cultivar Twingo was examined, with the aim of analyzing 

production output, expressed by grain yield and its structure, as affected by different levels of nitrogen and magnesium fertilisation and 

assess and compare the economic efficiency of production technologies. This research encompassed the results of a three-year  

(2013-2015) field experiment conducted at the Research Station in Tomaszkowo near Olsztyn, Poland. The experiment was set up in 

a random, split-plot design, with four replications. The first order factor was nitrogen fertilisation (kg ha-1): 30, 60, 90, 120 and 150. 

The second order factor was the level of magnesium fertilisation (kg ha-1): 0 and 5 kg MgSO4∙7H2O. Statistical analysis of the results 

showed that the grain yield was significantly affected by the year of the trial, nitrogen and magnesium fertilisation, interaction of the 

first and second factors was not proven. The method based on the standard gross margin (SGM) was used for the economic evaluation 

of the three production technology differentiated costs levels. Three technologies with the highest, medium and lowest average yields 

were selected to the comparison. Differences in compared technologies concerned to the date and dose of nitrogen and magnesium 

fertilisation. Results showed, that increasing intensity of winter triticale technology in the field trial, caused the higher financial yield 

value of winter triticale, as well as direct costs and direct surplus. The direct surplus was higher by 24.4% between the lowest and the 

highest winter triticale technologies.  The highest yield technology was characterized by the highest profitability. 
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INTRODUCTION 

 
Triticale was designed in order to obtain a species which combines wheat’s good quality of grain yield with 

the tolerance to abiotic and biotic stresses, i.e. a plant suitable for cultivation in unfavorable conditions, where the 

yielding of typical cereals is somewhat limited (Estrada-Campuzano et al., 2008; Villegas, 2010; Estrada-

Campuzano et al., 2012). The yield of winter triticale and its quality depends on a number of factors. One of the 

major agrotechnical factors which affect grain yield and enable farmers to take advantage of the high production 

potential of cereals is mineral fertilisation, especially nitrogen nutrition (Gibson et al., 2007; Lestingi et al., 2010; 

Zečevic et al., 2010). The quantitative dimension of nitrogen is directly related to the efficiency of fertilisation. 

Fertilisation in every farming system is a very important element of agrotechnology, which determines the 

production effects. Actions aimed at improving the efficiency of the use of fertilizers are very important and 

desirable, they involve, among other things, the reduction of financial inputs and improvement of product quality  

(Jaśkiewicz, 2002; Podolska et al., 2002). 

Magnesium (Mg) is a very important element for soil properties and plant growth (Staugaitis, Rutkauskienė 

2010), involved in many enzyme activities and the structural stabilization of tissues (Gou et al. , 2016), resistance and 

tolerance of plants to stress environmental factors (Mengutay et al. , 2013). In Poland about 50% of the area of 

agricultural land is characterized by a low content of absorbed magnesium, so mineral magnesium fertili sation is 

increasingly important (Sienkiewicz, 1994). According to Lipiński (2000) the important problem of plant nutrition is 

soil acidification in Poland and the accompanying deficit of magnesium. Błaziak (2007) reports that fertilisation in 

the form of MgSO4 does not decrease the soil pH but supplies magnesium and sulfur, which positively affects the 

spring barley yield.  

The research hypothesis assumes a significant increase in productivity and economic efficiency of production 

by increasing the dose of nitrogen fertilizers and introducing magnesium for winter triticale fertilisation . 
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MATERIAL AND METHODS 

 

Field experiment with winter triticale carried out over 2013–2015 in Didactic and Experimental Station in Tomaszkowo 

near Olsztyn (N=53o71’74’’; E=20o40’62’’). The experiment was set up in a random, split-plot design, with four replications, 

on a light clay soil, classified as to a good wheat complex (Tab. 1). Tillage was applied according to conventional method, 

without simplification. The forecrop of winter triticale in the three-year research period was winter oilseed rape. The first order 

factor was nitrogen fertilisation (kg ha-1): A – 30, B – 60, C – 90 (60+30), D – 120 (90+30), E – 150 (90+60). Doses of nitrogen 

equal 30 and 60 kg N ha-1 were applied in early spring (BBCH 27). Higher doses (90, 120, 150 kg N ha-1) were applied on two 

dates: in the resumed plant growth (BBCH 27 and BBCH 38). The second order factor was magnesium fertilisation kg ha-1 

MgSO4∙7H2O (magnesium sulphate heptahydrate dissolved in 95 l ha-1): a – 0, b – 5 . The plant protection against fungal diseases 

consisted of seed dressing Baytan Universal 094 FS (active ingredient triadimenol + imazalil + fuberidazol), and the spraying 

of plants with the preparation Input 460 EC in dose of 1 l ha-1 (spiroksamina + protiokonazol) during the first node phase (BBCH 

31). Weeds were controlled by a single autumn spray of a mixture of herbicides Dicuran 80 WP in dose of 1 kg ha-1 

(chlorotoluron) oraz Gold 450 EC in dose 1.2 l ha-1 (2,4-D ester + fluroksypyr). Phosphorus and potassium fertilisation was 

applied before sowing in the total amounts of 30 kg P ha-1 and 75 kg K ha-1. Dressed seed material was sown at the density of 

300 germinating kernels per 1 m-2. The plot area was 15 m-2. The results were submitted to analysis of variance in a Statistica®10 

software package. Tukey’s test at the significance level of 0.05 was run to evaluate the significance of differences. The economic 

efficiency of winter triticale grain production was assessed for the lowest, middle and the highest yield in the experiment, using 

a quartile as a statistical instrument. The calculations were made using Standard Gross Margin methodology (SGM). Also, a 

synthetic measure of economic efficiency of production was used, in the meaning of direct profitability index achieved as the 

ratio of production value to direct costs incurred by generating this production. The calculations were made on three-year 

average yields of winter triticale grain. The prices of the production means were adopted from the fourth quarter of 2017 and 

converted into EUR at the actual exchange rate (1 € – 4.27 PLN). 

 
Table 1. Chemical soil properties 

Specification 
Vegetation period 

2013 2014 2015 

Soil type proper brown soil 

Soils species light clay 

Soil pH (1 M KCL) 5.5 5.7 6.0 

Soil valuation class R - IVa 

Soil suitability complex good wheat 

Content of nutrients (mg kg-1 of soil) 

- P 

- K 

- Mg 

- Nmin (0-90 cm) 

 

27.4 

26.7 

4.7 

19.4 

 

25.8 

24.9 

5.3 

18.5 

 

26.5 

27.2 

5.1 

17.2 

 

The three years when the field experiments were conducted were highly varied in the weather conditions, 

especially in the distribution of rainfalls during the growing season (Fig. 1). This had a direct impact on the growth and 

development of winter triticale. In the analysed seasons, the early autumn plant growth was accompanied by rainfall 

shortages and temperatures higher than multi-annual average. In the growing seasons April was a dry and warm month. 

Precipitation higher than the average occurred in July 2013, were triticale harvest was particularly troublesome. The 

rainfall was as much as 50% higher than the multi-year mean. 

 

 
Figure 1. Rainfall and temperature distribution during the growing seasons 
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RESULTS AND DISCUSSION 

 

The number of spikes per 1 m-2 of a field depended on the growing season (Tab. 2). The highest value of this trait 

was recorded in 2015. Significantly fewer spikes per land unit were determined in 2013 and 2014 (decrease about 2.6%). 

A tendency was noticed for a higher number of spikes per square meter on a field fertilized with growing nitrogen and 

magnesium doses. Researches Chwil (2014) shows that more spikes number winter wheat from the surface unit was 

recorded from objects with magnesium fertilized but was not a significant difference.  

 
Table 2. Grain yield and yield components of winter triticale as affected by year, N and Mg fertilisation 

Treatment Yield (t ha-1) 

1,000 grains weight (g)  Grain number in ear Grain 

weight/ear 

Number of ears per 1 m2 

2013 2014 2015 mean  2013 2014 2015 mean  2013 2014 2015 mean  2013-2015 2013 2014 2015 mean 

N rate (kg ha-1)                    

30 6.73 6.71 6.81 6.75 36.7 38.9 41.0 38.9  37.4 37.1 36.6 37.0  1.35 513 553 578 548 

60 8.21 7.28 7.34 7.61 35.9 38.2 39.9 38.0  38.6 36.1 38.2 37.6  1.36 613 531 595 580 

90  8.93 8.45 8.38 8.59 36.2 38.5 39.6 38.1  39.2 38.4 39.8 39.1  1.41 615 621 613 616 

120 9.27 9.26 8.81 9.11 34.6 36.7 39.0 36.8  41.1 39.9 40.2 40.4  1.44 623 641 634 633 

150 9.13 8.93 9.11 9.06 34.0 36.2 38.6 36.3  40.3 40.2 42.0 40.8  1.40 621 628 645 631 

Mg rate (kg ha-1)                    

0 8.31 7.85 7.93 8.03 35.3 37.5 39.1 37.3  40.1 38.1 38.7 39.0  1.36 591 581 603 592 

5 8.59 8.41 8.25 8.42 35.7 38.0 39.9 37.9  38.5 38.7 40.2 39.1  1.39 605 609 621 612 

mean 8.45 8.13 8.09   - 35.5 37.7 39.6 -  39.3 38.3 39.4 -  1.38 597 595 613 - 

HSD (0.05)       

Year (Y) 0.23 2.27  n.s.   n.s. 11.1 

Nitrogen (N) 0.19 1.37  1.7   n.s. n.s. 

Magnesium (M) 0.35 n.s.  n.s.   n.s. n.s. 

YxN 0.40 n.s  n.s.  n.s n.s. 

YxM 0.31 n.s.  n.s.   n.s. n.s. 

others interaction n.s. 

 

The number of grains in a spike was significantly conditioned by the nitrogen fertilisation level. As the amount of 

applied nitrogen increased, the yield achieved a higher value. Application of 90 kg N ha-1 caused that the number of grains 

per spike in winter triticale increased significantly. The highest dose of 150 kg N ha-1 had a positive effect on the number 

of grains per spike, but the difference was not significant relative to dose 90 kg N ha-1. The current results confirm the 

reports by Dopka (2006), and Bielski (2015).  

Nitrogen fertilisation did not play any significant role in the formation of grain weight per spike. Similar results 

were reported by Dopka (2006) and Bielski (2015). There was a tendency to increase the seed weight from a single spike 

with increasing intensity of nitrogen and magnesium fertilisation.  

The statistical analysis proved that the 1,000 grains weight was significantly affected by the year of experiment, 

and nitrogen fertilisation. The lowest 1,000 grains weight was in 2013 (35.2 g), while the highest one was in the third 

year (39.4g). The references indicate that the 1,000 grains weight of triticale ranges from 35 to 55 g (Erekul, Köhn 2006; 

Kozak et al., 2007). Nitrogen nutrition affected this trait adversely, but this effect was not unidirectional. In general, the 

1,000 grains weight was decreasing as the doses of nitrogen fertilizer increased. The most robust grain was harvested 

from the plot which had received the lowest nitrogen fertilisation. Significantly lower values of the 1,000 grains weight 

were recorded on the plots treated with 120 kg N ha-1 compared to the ones supplied with 30 kg N ha-1. Samborski et al. 

(2008) also showed that the highest dose of nitrogen had a negative effect on the 1,000 grains weight. In the study by 

Alaru et al. (2004), a dose of nitrogen above 60 kg ha-1 did not have any significant influence on the 1,000 grains weight. 

Mut et al. (2005) observed a significant increase of the 1,000 grains weight under the influence of nitrogen fertilisation. 

In our researches, grain weight did not depend on the intensity of magnesium fertilisation. There was, however, a greater 

weight of 1,000 grains after magnesium application. Similar trends in winter wheat research have been reported Chwil 

(2014) and Jankowski et al. (2016). 

Our statistical analysis of the results demonstrated a significant effect of the year of the experiments on the yields 

of winter triticale. The year 2015 was the least favorable for the winter triticale grain yield. Triticale produced significantly 

higher and similar grain yields in 2013 and 2014 (Tab. 2). Among the most important factors affecting grain yields, 

Biberdžić et al. (2013) mentioned the climate. The difference in grain yields between the best and the worst year was 

4.5%. In the all growing seasons in response to the subsequently higher nitrogen doses up to 120 kg N ha-1, the grain yield 

increased significantly. The response of triticale to nitrogen was slightly different in the second year of the experiment. 

A significant decrease in grain yield was noticed following the application of 150 kg N ha-1. Mut et al. (2005) obtained 

the highest grain yield of triticale supplied with a dose of nitrogen equal 180 kg ha-1. A dose of nitrogen above 60 kg ha-

1 in the study by Alaru et al. (2004), and a dose above 66 kg∙ha-1 in the experiment by Gibson et al. (2007) did not affect 

significantly the grain yield. In our trials, a significant increase in grain yields (by 0.86 t ha-1) was observed after an 

application of just 60 kg N ha-1. Małecka et al. (2004) reported that the grain yield from winter triticale increased 
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significantly as the nitrogen fertilisation was gradually elevated to 120 kg ha-1. Its further increase did not cause a 

significant difference in the volume of grain yields. In the trial run by Dopka (2006), the effects of 100 and 150 kg N ha-

1 were similar. Samborski et al. (2008) demonstrated a yield-stimulating effect of nitrogen at a dose rising up to 80 kg N 

ha-1, with an average yield increase of 21%, and following the application of 170 kg N∙ha-1, when a 9.2% yield increase 

occurred. The year and nitrogen fertilisation interaction shows that the highest triticale grain yield was obtained in 2013 

from plots fertilized with a dose of nitrogen equal to 150 kg ha-1. The lowest yield was determined in 2014 on plots 

fertilized with a dose of 30 kg N ha-1. The higher yields of triticale were obtained from plots with magnesium fertilisation. 

On average, during the trial period, triticale fertilized with this fertilizer yielded 0.39 t ha-1 higher (4.6%) than without 

fertilisation with magnesium. Higher yields from plots fertilized with magnesium were recorded in all years of research. 

Chwil (2014) also recorded higher yields from plots fertilised with magnesium (0.2 t ha-1), but these were not significantly 

different. Alaru et al. (2009) concluded that the strongest influence on yield and yield structure was by the year of an 

experiment, followed by a cultivar and the nitrogen fertilisation dosage. 

 
Figure 2. Regression curve of grain yield of winter triticale cv. Twingo depending on nitrogen fertilisation dose 

 

Grain yields of winter triticale variety Twingo were quite high. The reason could be the cultivation of triticale after 

a very good forecrop and content of mineral nitrogen in the soil. From the calculated regression equation between the 

dose of nitrogen and grain yield, which is a second-degree curve, it follows that the maximum yield of grain in a field 

experiment with the variety Twingo can be achieved at 132 kg ha-1 N (Fig. 2). 

 

Economic efficiency  
For producers, economic efficiency is much more important than agricultural efficiency. The importance of cost 

accounting and profitability on farm production is due to the need to rationalize all factors of production. The cost 

accounting provides the material for analysis and influences the formation of the production structure on the farm. This 

effect is even greater, when the connection between the farm and the market is stronger. 

One of the most important elements of the economic assessment is the obtained value of direct surplus (Ziętara, 

2002; Artyszak, Kucińska 2005).  
 

Table 3. Production value and direct costs of the winter triticale production (€ ha-1) 

Specification 
The intensity level of technology 

the lowest yield the middle yield the highest yield 

Grain yield (t ha-1) 6.72 8.23 8.94 

Production value (€ ha-1) 881 1,079 1,172 

Directs costs (€ ha-1), including: 

mineral fertilizers 

grain sowing 

plant protection products, including: 

seed dressing 

fungicides  

herbicides 

250 

125.8 

51.5 

73.1 

9.1 

36.5 

27.4 

305 

180.6 

51.5 

73.1 

9.1 

36.5 

27.4 

323 

198.9 

51.5 

73.1 

9.1 

36.5 

27.4 

 

In climatic and soil experimental conditions, the level of winter triticale yield was high and ranged from 6.72 to 

8.94 t ha-1. The highest yield technology provided a more favorable grain yield by 24.8% compared to the lowest yield 

technology (Table 3). However, this technology required 22.6% direct costs. The direct surplus was 24.4% higher in the 

highest technology than in the lowest yield technology (Tab. 4). Similar results were obtained in previous studies by 

Bielski (2014). Grabiński et al. (2008) achieved different results. The authors calculations showed that with low-input 

technologies achieved the highest direct surplus. Increasing intensity level direct surplus declined. Nieróbca et al. (2008) 

achieved similar results. Researches obtained higher direct surplus in the moderately intensive and economical 

technologies production of winter triticale. The direct costs per 1 € direct surplus, was slightly better in the highest yield 
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technology (0.38). Augustyńska-Grzymek (2007) reported that the above indicator at the best producers of winter triticale 

is 0.31. In our experiment, the difference between the compared technologies in the direct surplus per 1 t of product  were 

at a similar level. 
 

Table 4. Economic evaluation of the winter triticale production 

Specification 
The intensity of technology level 

the lowest yield the middle yield the highest yield 

Direct surplus (€ ha-1)   631.0 774.0 849.1 

Direct surplus per 1 t of product (€) 71.6 71.7 72.4 

Direct costs per 1 € direct surplus 0.40 0.39 0.38 

Direct profitability index 3.52 3.54 3.63 

Direct surplus in % of production value 72.0 71.7 72.1 

Crop yield counterbalancing direct costs (t ha-

1) 
1.9 2.3 2.5 

 

The relationship between the value of production and the direct costs plays a special role. This relationship is 

referred as the direct profitability index. In our own research, this indicator was high and very similar in the compared 

technologies. (3.52 in the lowest and 3.63 in the highest yield technology). Nachtman (2009) in organic technology of 

winter triticale achieved 8.7. While in Nasalski et al. (2008) researches an analogous index for winter wheat grown in a 

conventional system within the range of 1.2 and 1.8. However, the research by Jaśkiewicz (2006) indicates a higher value 

of this index in the technology with a lower level of nitrogen fertilisation The return of the direct costs in the lowest yield 

technology appeared at a unit yield of 1.9 t. In the highest yield technology, the costs were paid back when the yield of 

grain reached 2.5 t. The return of direct costs in the lowest yield technology occurred at yield of 1.9 t in the highest yield 

technology was returned at grain yield of 2.5 t.     
 

Table 5. Structure of the winter triticale direct costs production (%) 

Specification 
The intensity of technology level  

the lowest yield the middle yield the highest yield 

Directs costs, including: 

mineral fertilizers 

grain sowing 

plant protection products, 

including: 

seed dressing 

fungicides  

herbicides 

100.0 

50.3 

20.6 

29.1 

 

3.6 

14.6 

10.9 

100.0 

59.2 

16.8 

24.0 

 

3.0 

12.0 

9.0 

100.0 

61.5 

15.9 

22.6 

 

2.8 

11.3 

8.5 
 

After analyzing the structure of direct costs incurred for the winter triticale production, it should be stated that 

mineral fertilisation was the highest share in both technologies and ranged from 30.3 to 61.5% of direct costs (Tab. 5). 

Literature reports confirm that mineral fertilization is the most costly element of technology and may exceed 60% of 

expenditure for production inputs (Dopka 2004). According to Domska et al. (2001), the level of fertilisation, especially 

nitrogen, determines the outlays on the crops production. Seed cost were the second most expensive direct cost item. In 

compared technologies, the cost was the same, however, in the cost structure, the discrepancy ranged from 22.6% in the 

highest yield technology to 29.1% in the lowest yield technology. The highest cost of using plant protection chemicals 

was fungicides. 
 

CONCLUSIONS 
 

1. The average values during 2013-2015 period, evidenced that the yields, 1,000 grain weight, grain number in ear and 

number of ears m-2 were highly statistically significantly different between the years (P<0.05).  

2. Effect of nitrogen and magnesium fertilisation on the grain yield and 1,000 grain weight was highly statistically 

significant. Increasing nitrogen doses caused reduction 1,000 grain weight. 

3. The compared technologies were different in direct surplus value. The direct profitability index illustrating was similar 

in compared technologies, from 3.52 to 3.63. The  highest yield technology ensured by 22.8%  higher yield than the 

lowest yield technology. Mineral fertilisation is responsible for the highest share of direct costs in compared 

technologies.  

4. The most favorable economic indexes were achieved in the highest yield technology. Production profitability (apart from 

volumes of yields achieved) strictly depends on grain prices and their relationship with the costs of production means.  
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