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Abstract. In recent years, cereals have been increasingly grown in simplified crop rotations. The aim of the 

study was to determine the grain yield of winter triticale cultivars Cerber, Alekto and Fredro under plow or 

plowless tillage systems and different crop rotations. A three-year study was conducted at the Experimental 

Station of Soil Science and Plant Cultivation State Research Institute in Puławy, Poland. The yield of winter 

triticale depended on the weather conditions, crop rotations, method of tillage, and genetic factor. Under optimal 

rainfall, higher yields of winter triticale grain were obtained under ploughing. The grain yield was higher by 

15 % compared to the simplified cultivation. In the crop rotation with a small percentage of cereals, the highest 

level of triticale yields was recorded, while lower triticale yields were obtained in the crop rotation with a large 

percentage of cereals. In plough cultivation conditions cvs. Cerber and Alekto showed higher yields (8.31 and 

6.78 t·ha
-1

), whereas in simplified cultivation lower grain yield was (6.09 t·ha
-1

) cv.Fredro. Grain monoculture 

contributed to lowering the level of winter triticale yield.  
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Introduction 

In recent years, cereals have been increasingly grown in simplified crop rotations. Farmers have 

opted for these changes due to economic, organizational, and environmental reasons [1-3]. In German 

experiments, triticale yielded similarly after traditional and simplified tillage, whereas the species 

yielded highest, when direct sowing was used [4]. In the study of other authors [5; 6] triticale yields 

were lower under simplified cultivation conditions. Cereal cultivars respond differently to changes in 

environmental conditions, including the method of the soil cultivation. In the research of Jaśkiewicz 

[7; 8], the tillage method did not have a clear effect on winter triticale yields. They depended mainly 

on the weather conditions and a cultivar. 

It is assumed that triticale cultivars yield differently under changing conditions of crop rotation 

and soil tillage method. 

The aim of this study was to assess the influence of the tillage method on the yields of winter 

triticale grains, depending on the crop rotation applied. 

Materials and methods 

The studies were conducted in the years of 2012/2013, 2014/2015 and 2015/2016 in the ES of the 

Institute of Soil Science and Plant Cultivation State Research Institute in Pulawy, Poland (51º15’N, 

22º18’E). The experiment was located on a lessive soil (Luvisol), on plots with the area of 45 m
2
, in 

4 replicates. The soil was characterized by the pH value similar to neutral (pHKCL 6.5). It contained 

17.3 mg P2O5 and 18.1 mg K2O in 100 g of soil and 1.08 % of humus.  

The sowing of winter triticale was performer on 25th September. Triticale was grown in cereal 

monoculture, i.e. spring barley, in a crop rotation with 75 % share of cereals in the sowing structure 

after winter wheat. In 2012/2013, triticale was sown in a crop rotation with 50 % share of cereals in 

the structure after field bean. The first factor of the experiment was the method of tillage – plowing 

and simplified. The second factor in 2012/2013 were the long-straw winter triticale cultivars Cerber 

and Fredro, whereas in the growing seasons 2014/2015 and 2015/2016 – Fredro and Alekto (a semi-

dwarf form). The amount of seeds sown was 3.5 million seeds per hectare. Mineral fertilization was 

applied depending on the soil abundance. Throughout the experiment, full protection of plants against 

pathogens was carried out. 

In autumn, triticale plants had favourable conditions for growth and development (Table 1). In 

October 2012, rainfall was twice as high as long-term mean. The year of 2013, from January to June, 

saw much higher rainfall than the year before. The same situation occurred in 2016, except for June, as 

the rainfall fell by 42.1 mm compared to the long-term mean. In May 2015 there was by 51 mm more 

DOI: 10.22616/ERDev2018.17.N075 



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 23.-25.05.2018. 

 

492 

rainfall. The months of July in 2013 and 2015 were exceptionally dry. The growing seasons 

2012/2013 and 2015/2016 saw similar total rainfall (605 mm and 585 mm), whereas a lower amount 

of rainfall (383 mm) was recorded in the growing season 2014/2015, deviating from the long-term 

mean averagely by 25 %. 

In the years 2012/2013, the average air temperature was close to the long-term mean, while the 

other two growing seasons were characterized by higher temperatures. Nevertheless, a more optimal 

layout of temperatures and precipitation was recorded in 2016. 

After the harvest, the triticale yield was determined. The obtained results were statistically worked 

out in the software Statistica, with the method of the analysis of variance ANOVA, and the differences 

were estimated with Tukey’s test at α = 0.05.  

Table 1 

Characteristics of weather conditions  

Months 2012/2013 2014/2015 2015/2016 Multiplicity 

Temperature, ºC 

September 15.0 15.1 15.3 13.3 

October 8.3 10.1 7.3 8.0 

November 5.5 4.9 5.2 2.8 

December -3.3 0.6 4.0 -1.3 

January -3.4 1.2 -3.3 -3.3 

February -0.6 1.0 3.7 -2.3 

March -1.6 4.1 4.3 1.6 

April 8.8 8.6 9.6 7.8 

May 15.5 13.9 15.6 13.5 

June 18.9 17.9 19.8 16.8 

July 18.7 20.4 20.1 18.5 

Rainfalls, mm 

September 21 12 118 51 

October 81 22 27 43 

November 29 21 38 39 

December 31 36 27 37 

January 61 43 33 31 

February 41 5 64 30 

March 50 21 53 30 

April 46 28 38 40 

May 103 108 72 57 

June 94 32 28 70 

July 48 55 87 84 

Results and discussion 

No significant difference was found between winter triticale grain yields in 2015 and 2016, but 

such a difference occurred between 2015 and 2013. Weather conditions during the growing period had 

an impact on triticale grain yield. The year 2013 saw high rainfall during the triticale flowering period. 

Under 75 % share of cereals in the crop rotation, triticale yielded lower by 36 % compared to 2016, 

under the same crop rotation (Fig. 1A, 1B). According to other studies [9; 10], both shortages and 

excess of precipitation result in yield decrease. Moderate autumn drought in the growing season 

2014/2015 was favourable for the growth of the root system and spring vigour of plants. Optimum 

rainfall from April to June in 2015 and 2016 positively translated into triticale grain yield. Favourable 

weather conditions in the period of the formation of shoots (in 2015 and 2016) and grains (in 2016) 

contributed to an increase in winter triticale grain yield under 75 % share of cereals in the crop rotation 

(Fig. 1B). In the analyzed two-year period, the yield level of winter triticale did not depend on the 

cultivation system (Fig. 1B). 
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A) 

 

B) 

 

Fig. 1. Triticale yields (t·ha
-1

) depending on soil tillage, genetic factor, and crop rotation in 2013 

(A) and 2015-2016 (B): a, b – mean with the same letter in columns are not significantly different 

However, in 2013, under 75 % and 100 % share of cereals in crop rotation, the plow cultivation 

system and cultivar Cerber had significantly highest grain yields (Fig. 1A). The grain yield of Cerber 

was by 13 % higher in comparison with cv. Fredro under 75 % share of cereals in the crop rotation and 

by 7 % under cereal monoculture. In 2013, under 75 % and 100 % share of cereals in crop rotation, in 

the simplified cultivation conditions, triticale yields were by 14-15 % lower compared to the plow 

system. 

The research by Starczewski et al. [11] shows that surface cultivation reduces the yield of winter 

triticale grain. Another scientific study [6] showed that the weather in the years of research during the 

growing season had a greater influence on the productivity of winter triticale than the simplifications 

in the soil tillage. In the research, Jaśkiewicz [7] and Pabina et al. [12], the greatest influence on the 

triticale yields was exerted by drought during the growing season, regardless of the cultivation 

procedures carried out. German scientific studies show that triticale yielded similarly in both tillage 

systems. 

In 2013, an interaction between the tillage methods and winter triticale cultivars was found 

(Table 2). Under 50 % and 75 % shares of cereals in the crop rotation, a significantly higher yield was 

observed for cv. Cerber in plough cultivation conditions, and for cv. Fredro in simplified cultivation. 

In the two-year period with 100 % share of cereals in the crop rotation, cv. Alekto yielded 

significantly higher (Table 3). Under plough cultivation, the grain yield of this cultivar was by 

0.75 t·ha
-1

 higher than the yield of cv. Fredro obtained in simplified cultivation (Table 3). In general, 

triticale cultivars Alekto and Ceber yielded better in simplified cultivation than Fredro plants, which 

resulted in their higher yields. 
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In winter triticale, there were correlations between the tillage methods and cultivars (cereal 
monoculture) (Table 3), as well as between years and tillage methods, years and cultivars (75 % share 

of cereals in crop rotation) (Table 4). In 2016, triticale cv. Alekto yielded by 0,42 t·ha
-1

 higher than cv. 
Fredro and by 1.01 t·ha

-1
 higher than cv. Fredro in 2015 (Table 3). In 2016, the winter triticale grain 

yield was higher by 0.86 t·ha
-1

 and by 0.89 t·ha
-1

 in comparison to under plough cultivation. In 2016, 
which saw more even rainfall than the previous years, triticale plants had favorable moisture 

conditions, used nutrients contained in the soil, and performed better under ploughing than under 

simplified cultivation. In 2015, triticale yielded similarly under plough and simplified cultivation. In 
contrast, under cereal monoculture in 2015 and plough cultivation system, the grain yield of winter 

triticale was by 15 % higher than in the case of simplified triticale, and on average by 50 % higher 
than in 2016 (Table 4).  

In other studies, conducted by Jaśkiewicz [7] in 2010/2011 and 2013/2014 with winter triticale 
cultivars Pizarro and Pigmej, sown in a good site under optimal rainfall, higher grain yields were 

obtained in the plough cultivation conditions. On the other hand, in the case of moderate rainfall 
deficit, the plants performed better under simplified cultivation. As for cereal monoculture, the tillage 

systems did not differentiate the yield of winter triticale cultivars. In the crop rotation with 100 % 
share of cereals, the tillage method did not significantly affect the grain yield of the cultivars [7]. In 

the study of Małecka et al. [13], triticale cv. Fidelio yielded lower when it was cultivated without 
plough than when cultivated with plough. In the conditions of simplified cultivation, the winter 

triticale grain yield was lower by 24 % in comparison with plough tillage. Other scientific papers [3; 
10; 14; 15] showed a decrease in cereal yields, including triticale, in the conditions of cereal 

monoculture under ploughless cultivation. On the other hand, Kelley and Sweeney [16] found a slight 
decrease in triticale yield under simplified tillage. 

Table 2  

Interaction of grain yield (t·ha
-1

) between the method of soil tillage and a genetic factor 

depending on crop rotation in 2013 harvest year 

Cereal share in crop rotation, % 

50 75 

Method of soil tillage 

 

Cultivars 

Tillage Reduced Tillage Reduced 

Cerber 7.79 a 7.87 a 8.31 a 7.43 ab 

Fredro 7.56 ab 7.14 b 7.75 ab 6.15 b 
 a, b – mean with the same letter in columns are not significantly different 

Table 3  

Interaction of grain yield (t·ha
-1

) between genetic factors and the harvest year and a tillage 

system in 2015 and 2016 harvest year depending on crop rotation 

Cereal share in crop rotation, % 

75 100 

Year of harvest Metod of soil tillage 

 

Cultivars 

2015 2016 Tillage Reduced 

Alekto 9.79 b 10.31 a 6.78 a 6.30 ab 

Fredro 9.30 c 9.89 ab 6.32 ab 6.03b 
 a, b – mean with the same letter in columns are not significantly different 

Table 4  

Interaction of grain yield (t·ha
-1

) between the harvest year and tillage system  

depending on crop rotation 

Cereal share in crop rotation, % 

75 100 

Year of harvest 

 

Metod of soil tillage 

2015 2016 2015 2016 

Tillage 9.56 b 10.42 a 7.95 a 5.15 c 

Reduced 9.53 b 9.78 b 6.92 b 5.41 c 
 a, b – mean with the same letter in columns are not significantly different 
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Conclusions 

1. The yield level was influenced by the genetic factor, method of tillage, crop rotation, and weather.  

2. Under optimal rainfall, higher yields of winter triticale grain were obtained under ploughing. The 

grain yield was higher by 15 % compared to the simplified cultivation. 

3. In the crop rotation with a small percentage of cereals, the highest level of triticale yields was 

recorded (mean 8.6 t·ha
-1

), while lower triticale yields were obtained by 2.34 t·ha
-1

 in the crop 

rotation with a large percentage of cereals.  

4. In plough cultivation conditions cvs. Cerber and Alekto showed higher yields (8.31 and  

6.78 t·ha
-1

), whereas in simplified cultivation lower grain yield was for (6.09 t·ha
-1

) cv. Fredro.  

5. Grain monoculture contributed to lowering the level of winter triticale yield. 
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