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Abstract. Winter oilseed rape cultivars (open-pollinated variety, 
four composite hybrids, one restored hybrid and the CMS ogu-
ra line) were tested during two crop seasons of 2002/2003 and 
2003/2004 in field trials at two locations in western Poland. The 
objectives of the present study were: to determine the variability of 
yield and the most important phenotypic traits of different types of 
winter oilseed rape cultivars and to analyse the genotypic variabi-
lity of this cultivars by environment interactions. The growing se-
asons differed especially in terms of water supply. Seed yield, yield 
components and some quality traits (oil content and total glucosi-
nolate content) were recorded. The tested cultivars showed sub-
stantial differences in terms of yield and other investigated traits. 
Analysis of variance indicated that the main effects of cultivar and 
locations were significant for all the traits of the study. Very high 
heritability estimates were obtained for seed yield (0.90–0.98), 
yield components (length of silique, number of seeds per silique 
and weight of 1000 seeds), and also for oil and glucosinolate con-
tents. The correlation coefficients between the investigated traits 
displayed strong positive relationships between seed yield and the 
number of seeds per silique, chlorophyll content, and the length 
of flowering period. The results confirmed the higher productivity 
of hybrid cultivars, as well as their better adaptability to variable 
environmental conditions, especially drought.

keywords: Brassica napus, cultivar, yield and yield component, 
quality trait, coefficient of variability, heritability

InTroducTIon

 research related to the improvement of winter oilseed 
rape quality and yield capability has led to increased worl-
dwide production of this plant. Winter oilseed rape is the 
leading oilseed crop both in Poland and across the Euro-
pean union. In Europe (28 Eu members countries) today, 
oilseed rape is grown over a total area of 6.7 Mha (2014) 
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and produces over 24.3 Mt of seeds. The major producers 
of rapeseed seeds in the Eu in 2014 are: France 5.5 Mt, 
Germany 6.3 Mt, and united Kingdom 2.4 Mt ha. Poland 
also has a significant production level – around 3.2 Mt, and 
so ranks third or fourth in the Eu, depending on the year 
(FAoSTAT, 2016).
 Increased worldwide oilseed rape production was not 
only achieved by increasing the growing area, but also by 
the introduction of the latest generation of high-yielding 
open pollinated and hybrid cultivars. oilseed rape hybrids, 
due to the heterosis effect, produce high and stable seeds 
and oil yield. oilseed rape hybrid cultivars in Poland ac-
count for about 30% of the area under the crop and the 
area is still increasing. In Germany, for example, hybrid 
cultivars represent more than 50% of the total oilseed rape 
growing area in 2009 (Wittkop et al., 2009) which now 
exceeds 90% of the cultivated area (BdP, Meilensteine im 
deutschen rapsanbau, 2017).
 The Polish national List of Agricultural Plant Varieties 
(www.coboru.pl) includes 121 winter oilseed rape culti-
vars; 42 are open pollinated cultivars and 79 hybrids and 
30 spring oilseed rape cultivars (15 open pollinated culti-
vars and 15 F1 hybrids). The cultivars are characterized by 
different levels of yield, yield components, and quality pa-
rameters – such as oil, protein, glucosinolate contents and 
the fatty acid composition of seeds. Apart from cultivar-
-specific factors, environmental conditions have the most 
significant influence on seed yield, their components and 
seed quality (Seyis et al., 2006; Girke et al., 2012; nowo-
sad et al., 2016).
 The aim of this study was to determine the variability 
of yield and the most important phenotypic traits of diffe-
rent types of winter oilseed rape cultivars.

MATErIALS And METhodS

Plant material and field trials
 Seven different types of winter oilseed rape cultivars 
were investigated for seed yield and different phenoty-
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pic traits. These cultivars were: the ‘Lisek’ open-pollina-
ted variety (deutsche Saatveredelung Gmbh, Lippstadt); 
‘Samourai’ – a cMS ogura line of the Samourai cultivar 
(the maternal line of the composite hybrids v. Synergy and 
four Polish composite hybrids, Serasem); four Polish com-
posite hybrids – ‘Kaszub’, ‘Pomorzanin’, ‘Lubusz’, and 
‘Mazur’ (Plant Breeding company Strzelce Ltd. Group 
PBAI); and one restored hybrid ‘Kronos’ (norddeutscheP-
flanzenzucht, hans-Georg Lembke KG, hohenlieth). The 
plants of the CMS ogura line, ‘Samourai’, were pollinated 
on neighbouring plots with male fertile plants. The varie-
ties were tested in the growing seasons of 2002/2003 and 
2003/2004. Field trials were performed in four replicates 
of a randomized block design at the Wielichowo – Zielęcin 
Experimental Station (52°10’n, 16°23’E) and at the Boro-
wo division of the Strzelce Plant Breeding company Ltd 
(52°07’n, 16°46’E) (Greater Poland, Poland). As shown in 
Tables 1 and 2, the two locations differed slightly in their 
climatic conditions, soil types and previous crops. Experi-
mental cultivars were grown on 10 m2 plots, at a density of  
80 plants per m2. Each plot consisted of four rows with 
0.30 m between rows and approximately 0.20 m between 
plants within rows. Sowing dates were between the 24th 
and 28th of August.

[cm], number of seeds per silique, weight of 1000 seeds 
[g], chlorophyll content [unit SPAd], beginning of flower-
ing [day of year], end of flowering [day of year], length 
of flowering [days], oil content [%], and total glucosino-
late content [µmol g-1 of seeds]. A three-way analysis of 
variance was carried out to determine the effects of culti-
vars, years and locations and the interactions: cultivars × 
years, cultivars × locations, years × locations and cultivars 
× years × locations – on the variability of studied traits. 
coefficients of variation (cv) (Kozak et al., 2013) and the 
broad-sense heritability coefficients (h2) (Falconer and 
Mackay, 1996) were calculated for observed traits for each 
year and location. Mean values of observed traits for cul-
tivars-locations-years combinations was presented on the 
parallel coordinate plots (Bocianowski et al., 2015). The 
applied canonical variate analysis (cVA) makes it possible 
to reduce the number of traits (dimensions) describing the 
objects (combinations of genotypes, locations and years) 
and illustrates the distribution of object means on the plane 
(Seidler-Łożykowska and Bocianowski, 2012). All statisti-
cal analyses were performed using the GenStat v. 17 statis-
tical software package.

rESuLTS And dIScuSSIon

 The two vegetation seasons during which the experi-
ment was performed differed from each other especially 
for water supply. In 2003, there was a severe drought from 
March to the end of September. The sum of rainfall in the 
spring of 2003 (108 mm in Borowo; 139 mm in Zielęcin) 
was markedly lower than during the same period in 2004 
(176 mm in Borowo; 218 mm in Zielęcin). Average rainfall 
for the same period in the years 1954–2002 was 177 mm in 
Borowo and 190 mm in Zielęcin (Table 2).
 Analysis of variance indicated that the main effects of 
cultivar and location were significant for all the traits of 
the study, including yield and the traits directly influencing 
the quantity of seed yield as well as quality traits (Table 
3). This is certainly due to the different genotypes of the 
investigated cultivars, as well as the different climatic and 
environmental conditions, as shown in tables 1 and 2. The 
main effects of year as well as year × location interaction 
were significant for all traits except silique length (Table 
3), whereas the effects of cultivar × year interaction were 
significant for all traits except silique length and the num-
ber of seeds per silique (Table 3). This effect is probably 
due to the shortage of water in the critical period in the 
2002/2003 vegetation season. The effects of cultivar × lo-
cation interaction were significant for silique length, chlo-
rophyll content as well as the beginning, end and length 
of flowering (Table 3), whereas the effects of cultivar × 
year × location interaction were significant only for the 
beginning, end and length of flowering as well as for the 
weight of 1000 seeds, chlorophyll content and oil content 
(Table 3). chen et al. (2014) showed significant differences 

Table 1. Soil properties in the two trial locations, Borowo and 
Zielęcin in crop seasons 2002/2003 and 2003/2004.

Location/Year Soil quality 
class Soil ph Previous 

crop
Borowo 2002/2003 IIIa 6.3 wheat
Borowo 2003/2004 IIIa 6.1 triticale
Zielęcin 2002/2003 IVa 6.3 barley
Zielęcin 2003/2004 IVa 5.4 barley

Yield and yield component determination, phenotypic 
traits
 The following factors were measured during the crop 
season: earliness, beginning, end and length of flowering 
period. 10 days before harvest, 25 siliques from each plot 
were collected to determine silique length and the number 
of seeds per silique. After the harvest, the seed yields from 
each replicate plot were determined: weight of 1000 se-
eds, oil content and total glucosinolate content. Analyses 
of glucosinolates were performed via gas chromatography 
of the silyl derivatives of desulfoglucosinolates (Pn ISo 
9167-1:1999). oil content in seeds was analyzed using the 
nuclear Magnetic resonance method (nMr newport In-
struments Ltd.) (Krzymanski, 1970).

Statistical analysis
 The Shapiro-Wilk normality test (Shapiro and Wilk, 
1965) was used to establish the normal distributions of the 
all phenotypic traits: seed yield [dt ha-1], length of silique 

dt/ha zmienic na 
wykładnicze?
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between the environments (two years) and yield and ag-
ronomic traits of rapeseed such as: weight of 1000 seeds, 
number of siliques per plant, seeds per silique, plant height, 
oil content and glucosinolate content (chen et al., 2017).
 Table 4 shows the phenotypic variation (mean value, 
coefficient of variation and heritability sensu lato) for all 
measured traits at two locations over the two years of field 
trials. The results of field trials demonstrated the impact of 
weather conditions on the seed yield and other phenotypic 
traits of all investigated types of winter oilseed rape variet-

ies. The average seed yield of seven cultivars at two loca-
tions was higher in the crop season of 2003/2004 (68.5 dt ha-1  
at Borowo; 54.8 dt ha-1 at Zielęcin) than in 2002/2003  
(22.7 dt ha-1 at Borowo; 40.1 dt ha-1 at Zielęcin) (Table 4). 
Two hybrid cultivars – restored Kronos (54.41 dt ha-1) and 
composite hybrid Lubusz (55.66 dt ha-1) – showed the high-
est average yield (Table 4, Fig. 1). In contrast, the cMS ogu-
ra line Samourai showed the lowest seed yield at all tested 
localities (27.07 dt ha-1). This indicates that, in rapeseed, 
self-pollination is just as important as allogamous pollina-

Table 3. Mean squares from analysis of variance (AnoVA) for observed traits of winter oilseed rape (Brassica napus L.).

Source of variation Cultivar 
(C)

Year 
(Y)

Location 
(L) c×Y c×L Y×L c×Y×L residual

degrees of freedom 6 1 1 6 6 1 6 132
Seed yield 958.06*** 136964.85*** 1434.19*** 700.19*** 8.68 2389.88*** 5.32 43.54
Length of silique 3.78*** 0.60 2.54*** 0.32 1.35*** 0.35 0.28 0.22
Number of seeds  

per silique 114.91*** 41.31** 284.36*** 12.02 6.60 257.30*** 8.02 5.70

Weight of 1000 seeds 1.72*** 0.72* 3.80*** 2.02*** 0.20 28.38*** 0.33** 0.11
Chlorophyll content 10691*** 600250*** 130416*** 3378** 4635*** 158005*** 2612* 886.00
Beginning  

of flowering 57.85*** 624.10*** 308.03*** 6.06*** 16.53*** 55.23*** 4.25*** 0.96

End of flowering 27.20*** 74.26*** 878.91*** 15.35*** 6.78** 425.76*** 7.89*** 1.90
Length of flowering 9.57*** 267.81*** 2242.51*** 17.28*** 11.71*** 778.81*** 4.49* 1.55
oil content 7.08*** 34.67*** 4.65* 4.30*** 1.01 303.27*** 2.29* 0.95
Total glucosinolate 

content 171.15*** 748.23*** 72.09*** 107.18*** 3.16 193.16*** 3.09 4.57

* P < 0.05, ** P < 0.01, *** P < 0.001

Table 2. Meteorological conditions at Borowo and Zielęcin during the vegetation season of winter oilseed rape in 2002/2003 – 
2003/2004 and over an extended period.

Basic weather parameters 
Borowo Zielęcin

2002/2003 2003/2004 1954–2002 2002/2003 2003/2004 1954–2002
Mean temperature [°C]

annual 8.9 8.5 8.8 9.0 10.0 8.9
critical season of autumn# 7.4 7.3 8.0 8.0 8.0 8.9
critical season of spring### 15.9 13.7 14.9 16.0 15.0 14.6

Precipitation [mm]
in whole vegetation season 481 497 538 601 419 594
in critical season of autumn# 178 84 103 168 64 114
in critical season of winter## 90 170 141 116 157 164
in critical season of spring### 108 176 177 139 218 190

Precipitation in % of a many years background
in whole vegetation season 89 72 100 101 71 100
in critical season of autumn# 173 82 100 147 56 100
in critical season of winter## 64 121 100 71 96 100
in critical season of spring### 61 99 100 73 115 100

# months: September, october, first and second decades of november
## months: third decade of november, december, January, February and March
### months: April, May, June and first decade of July

J. Bocianowski et al. – Variability of the agronomic characters in different types of cultivars of winter oilseed rape ...
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#/

Po połączeniu tabel inne numery

Table 4. Mean value, coefficient of variation (cv) and heritability (h2) for phenotypic traits of investigated cultivars.

Trait Kaszub Kronos Lisek Lubusz Mazur Pomo-
rzanin Samourai x cv h2

Seed yield 
[dt ha-1]

B3 25.6 31.2 25.4 25.2 24.3 24.5 7.1 22.7 38 0.98

B4 68.24 76.18 68.2 82.35 75.72 70.53 49.71 68.49 19.4 0.9

Z3 45 47.9 43 45 42.5 48.5 19.1 40.1 31.1 0.94

Z4 57.19 62.34 56 70.09 61.91 57.08 32.36 54.77 27.4 0.91

Length of silique 
[cm]

B3 9.13 8.88 8.34 8.48 8.68 9.05 7.87 8.55 6.82 0.87

B4 8.25 8.35 8.28 7.95 8.84 8.84 8.11 8.33 5.68 0.75

Z3 8.16 8.88 8.6 8.1 8.18 8.24 7.21 8.21 8.5 0.92

Z4 7.85 9.04 8.29 8.25 7.93 8.23 7.43 8.18 9.35 0.84

Number of seeds 
per silique

B3 27.03 27.61 25.1 26.27 23.72 25.03 21.31 25.01 11.1 0.91

B4 25.88 30.85 29.5 29.5 28.55 28.95 26.06 28.56 9.35 0.83

Z3 24.35 28.41 26.7 22.25 24.1 25.7 21.05 24.88 13.6 0.9

Z4 20.93 27.27 24.3 24.9 21.12 22.15 20.66 23.36 16.5 0.8

Weight  
of 1000 seeds  

[g]

B3 5.3 4.78 5.01 5.08 5.66 5.46 6.16 5.34 9.86 0.98

B4 4.76 4.1 4.23 4.54 5.46 4.58 3.82 4.36 15.3 0.85

Z3 4.97 4.3 4.66 4.83 5.09 4.8 5.24 4.8 7.85 0.94

Z4 5.89 5.48 5.44 5.35 5.78 6.03 5.14 5.52 7.3 0.85

Chlorophyll 
content  

[unit SPAd]

B3 651.0 680.2 670.3 738.5 661.0 715.0 651.5 676.9 5.04 0.92

B4 711.8 702.4 730.4 791.5 761.0 744.2 746.0 736.6 5.14 0.84

Z3 673.0 645.8 645.5 674.5 727.5 757.5 648.5 671.2 6.16 0.97

Z4 896.5 842.1 839.0 868.5 874.8 863.8 849.9 856.5 5.19 0.53

Beginning  
of flowering  
[day of year]

B3 119.8 122.9 124.0 118.5 120.0 122.0 119.6 121.3 1.78 0.96

B4 114.5 119.1 118.9 114.2 115.5 115.8 113.0 116.2 2.15 0.99

Z3 122.0 123.6 124.3 122.0 123.0 122.8 108.4 120.2 14.62 0.42

Z4 118.0 121.0 121.1 123.0 118.2 119.5 119.2 120.1 1.68 0.87

End of flowering 
[day of year]

B3 140.2 142.1 144.3 140.5 139.5 142.5 138.8 141.3 1.57 0.95

B4 143.0 143.3 143.8 142.8 143.0 143.5 142.9 143.2 0.73 0.41

Z3 138.2 141.5 141.8 138.0 139.5 138.8 138.9 139.9 1.49 0.85

Z4 133.2 135.5 135.9 139.0 133.2 134.0 135.1 135.3 1.63 0.86

Length  
of flowering  

[days]

B3 20.5 19.3 20.3 22.0 19.5 20.5 19.1 20.0 7.39 0.75

B4 28.5 24.1 24.8 28.5 27.5 27.8 29.9 27.0 9.18 0.96

Z3 16.3 17.9 17.5 16.0 16.5 16.0 16.8 16.9 8.45 0.64

Z4 15.3 14.4 14.8 16.0 15.0 14.5 15.9 15.1 8.14 0.65

oil content  
[%]

B3 45.28 45.16 44.51 45.05 44.20 45.03 43.12 44.52 2.88 0.76

B4 49.45 47.41 46.94 49.45 48.45 48.18 48.89 48.20 2.51 0.89

Z3 47.65 47.36 46.50 47.43 47.25 47.67 45.77 46.93 2.06 0.86

Z4 45.17 45.29 44.85 46.38 45.30 45.00 44.46 45.10 2.65 0.57

Total 
glucosinolates 

content  
[µmol g-1 of seeds]

B3 19.38 12.08 13.15 16.48 15.20 18.15 24.14 16.79 27.77 0.98

B4 15.47 8.38 9.01 9.85 11.78 13.27 8.78 10.27 26.33 0.94

Z3 13.53 9.45 10.07 13.15 13.30 13.45 20.02 13.25 32.91 0.95

Z4 15.60 8.60 9.99 10.45 12.68 13.18 11.09 11.12 30.05 0.78

B3 – Borowo 2003, B4 – Borowo 2004, Z3 – Zielęcin 2003, Z4 – Zielęcin 2004
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tion, while CMS ogura Samourai plants were pollinated 
only by pollen from neigbouring plots. The seed yields of 
the composite hybrids Kaszub, Lubusz, Mazur and Po-
morzanin greatly exceeded the yield of their parental line, 
CMS ogura Samourai (Fig. 2). Seed yield was conspicuous 
for its medium coefficient of variability (19.40–37.98), but  
a very high heritability sensu lato (0.90–0.98). The results 
indicate that the yield of cultivars was determined by geno-
type and, to a small extent, by the environmental condi-
tions. Würschum et al. (2012) estimated the heritabilities 
for grain yield in the population of 391 elite rapeseed lines 

at 0.78. For the seed quality traits, in 518 B. napus inbreed 
lines the heritabilities ranged from 0.86 for oil content to 
0.96 for glucosinoalte content (Körber et al., 2012). Geh-
ringer et al. (2007) and nowosad et al. (2016) showed that 
F1 hybrids display a comparatively wider adaptability to 
adverse soil and climatic conditions than open pollinating 
lines, with a high yield potential and yield stability in gen-
eral. Budewig and Léon (2003) confirm that hybrids, as  
a group, offer higher and more stable yields than open-
pollinated cultivars.

Figure 1. Parallel coordinate plots (PcPs) for 28 cultivars-locations-years combinations and ten traits of winter oilseed rape  
(cc – chlorophyll content, SY – seed yield, LoS – length of silique, noSpS – number of seeds per silique, WoTS – weight of 1000 
seeds, BoF – beginning of flowering, EoF – end of flowering, LoF – length of flowering, oc – oil content, TGc – total glucosino-
lates content; B3 – Borowo 2003, B4 – Borowo 2004, Z3 – Zielęcin 2003, Z4 – Zielęcin 2004).

J. Bocianowski et al. – Variability of the agronomic characters in different types of cultivars of winter oilseed rape ...
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Figure 2. Mean effects of environmental conditions on the seed yield of particular winter oilseed rape cultivars.

Increases in yield are the result of increases in the num-
ber of siliques per plant, number of seeds per silique and 
less frequently the weight of 1000 seeds. The silique is an 
organ which produces yield and is also a major photosyn-
thesis organ (Zhang et al., 2011). The silique traits, such as 
silique length, seeds per silique, and seed weight, are the 
fundamental factors determining rapeseed yield. Statistical 
analysis revealed differences in terms of yield components 
– i.e. number of seeds per silique and weight of 1000 seeds 
at two localities Borowo et Zielęcin. The mean silique 
length ranged from 8.18 (Zielęcin 2004) to 8.55 (Borowo 
2003) with a low coefficient of variability: 9.35 and 6.82, 
respectively (Table 4). The restored hybrid Kronos dem-
onstrated the longest siliques with the highest number of 
seeds per silique in all locations. In both years, all tested 
cultivars demonstrated high coefficients of heritability for 
silique length, number of seeds per silique and the weight 
of 1000 seeds. Zhang et al. (2011) found a high coefficient 
of heritability for seeds per silique (82.5%), silique length 
(76.9%) and seed weight (87.5%) in a doubled haploid 
mapping population. radoev et al. (2008) and chen et al. 
(2011) indicate that seeds per silique and seed weight traits 
depend on silique development, and the development of 
siliques is influenced by many abiotic factors, such as tem-
perature, light and nutrients.
 The highest chlorophyll levels in the leaves of tested 
cultivars were recorded in the 2003/2004 growing season 
at Zielęcin – an average of 856.5, but the coefficient of her-
itability for this trait was the lowest, 0.53. The investigated 
composite hybrids and the CMS ogura line Samurai had 

similar dates for the beginning and the end of flowering. 
In all environments, the earliest was the CMS ogura line 
Samourai. The length of the flowering period was greater 
in both growing seasons at Borowo – respectively 27 and 
20 days, as compared to 15.1 and 16.9 days at Zielęcin 
(Table 4).
 oilseed rape seeds contain valuable nutritional and 
anti-nutritional compounds. Mature oilseed rape seeds are 
rich in oil (45–50%), but oil-free meal contains a num-
ber of anti-nutritive components, such as glucosinolates, 
sinapine esters and crude fibre. hence, breeding efforts to-
wards increased overall seed quality must focus not only 
on the improvement of oil content and quality, but also on 
the reduction of anti-nutritive factors (Wittkop et al. 2009).
The experimental cultivars varied in their oil and total glu-
cosinolates levels. The composite hybrid Kaszub demon-
strated the highest oil levels 49.45% at Borowo 2003/2004, 
but 45.28% in the dry season (Table 4). The breeding 
progress for oil content can further be exploited through 
the development of hybrids from high-oil lines as the hy-
brid component. Total glucosinolate content ranged from 
8.38 (Kronos in Borowo 2004) to 24.14 µmol·g-1 of seeds 
(CMS ogura line Samourai in Borowo 2003). The coef-
ficient of heritability for the most important quality traits 
varied for oil content from 0.57 to 0.89 and for total glu-
cosinolate content from 0.78 to 0.98. In the population of 
391 elite rapeseed lines, heritability ranged from 0.80 for 
oil content to 0.93 for glucosinolate content (Würschum et 
al., 2012). nowosad et al. (2017) reported that the geno-
type and environments main effects as well as genotype 
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Figure 3. configuration of winter oilseed rape cultivars-locations-years combinations in the space of two canonical varieties calculated 
for the ten observed traits (B3 – Borowo 2003, B4 – Borowo 2004, Z3 – Zielęcin 2003, Z4 – Zielęcin 2004).

by environment interaction had the strongest effect on oil 
content expression in western Poland. Friedt and Snowdon 
(2009), Liersch et al. (2013) suggest that the majority of 
seed components significantly depend on both genetic and 
environmental factors, with a large influence derived from 
temperature, water and nutrient supply.
 The correlation coefficients (Table 5) between the in-
vestigated traits display strong positive relationships be-
tween seed yield and the number of seeds per silique, chlo-

rophyll content, and the length of flowering period. Also, 
oil content depends on seed yield and the length of flower-
ing period. ozer et al. (1999) and Marjanović-Jeromela et 
al. (2008) calculated positive correlation between seed oil 
content and seed yield per plant.
 The multidimensional analysis of the tested traits com-
pared winter oilseed rape cultivars-locations-years combi-
nations in respect of ten traits (Fig. 3). The first and second 
canonical varieties elucidated 56.45% and 26.93%, respec-

Table 5. The correlation coefficients between the investigated traits of winter oilseed rape.

Trait Seed 
yield

Length  
of silique

Number  
of seeds 
per pod

Weight 
of 1000 
seeds

Chlorophyll 
content

Beginning 
of 

flowering

End of 
flowering

Length of 
flowering

oil 
content

Length of silique 0.01 1
Number of seeds 

per pod 0.30*** 0.66*** 1

Weight of 1000 
seeds -0.16* -0.11 -0.53*** 1

Chlorophyll 
content 0.59*** -0.13 -0.18* 0.27*** 1

Beginning  
of flowering -0.59*** 0.14 -0.09 0.16* -0.30*** 1

End of flowering -0.03 0.24** 0.52*** -0.57*** -0.59*** -0.07 1
Length  

of flowering 0.36*** 0.07 0.43*** -0.51*** -0.22** -0.69*** 0.75*** 1

oil content 0.38*** 0.15 0.46*** -0.59*** -0.07 -0.39*** 0.38*** 0.52*** 1
Total glucosinolates 

content -0.45*** -0.21** -0.42*** 0.51*** -0.30*** 0.05 -0.12 -0.12 -0.34***

* P<0.05, ** P<0.01, *** P<0.001

J. Bocianowski et al. – Variability of the agronomic characters in different types of cultivars of winter oilseed rape ...
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tively, of multivariate variability of objects (Fig. 3). cVA 
allowed distinction into three groups of objects. The first 
group contain cultivars in Zielęcin 2004; second group – 
cultivars in Borowo 2004; and third group – cultivars ob-
served in 2003 in both locations (Fig. 3).
 Winter oilseed rape hybrids achieve a yield advantage 
of only around 6% to 15% over open-pollinated cultivars 
(in official plot trials in Germany by Basunanda et al., 
2010). For example, in Germany the 10-year mean yield 
advantage of hybrid in practical winter oilseed rape pro-
duction is currently around 11% (data from Kleffmann 
Group/norddeutsche Pflanzenzucht h.-G. Lembke KG by 
Basunanda et al., 2010).
 Cultivars with higher adaptable ability to changeable 
environmental conditions were characterized higher abil-
ity to compensate losses of plants by branch and silique 
production, higher nitrogen use efficacy and higher effect 
of number and weight of seeds per silique on seed yield. 
Environmental conditions affected yield components as  
a results of plant development directly-satisfying tempera-
ture and water needs (Wójtowicz, 2013). our results con-
firm the higher productivity of hybrid cultivars, as well as 
their better adaptability to variable environmental condi-
tions, especially drought.
 research on genotypic and environmental interaction, 
abiotic stress response (particularly to drought), adapta-
tion to changing agronomic conditions and nitrogen use 
efficiency are currently one of the most important research 
directions on rapeseed in many scientific centers in Eu-
rope and in the world (Faralli et al., 2015; crnobarac et al., 
2015; hegewald and christen, 2015).

concLuSIonS

 1. The statistical analysis of variance showed signifi-
cant differences of the investigated cultivars and expres-
sion of cultivars in locations and years of studies for all the 
traits of the study.
 2. The very high coefficient of heritability for seed 
yield, yield components and quality traits such as oil con-
tent and total glucosinolate content were obtained.
 3. In our study, hybrid cultivars demonstrated higher 
adaptive ability to changeable environmental conditions 
and reaction on stress factor (especially drought). This 
information may be useful for oilseed rape breeding pro-
grams.

rEFErEncES

Basunanda P., Radoev M., Ecke W., Friedt W., Becker H.C., 
Snowdon R.J., 2010. Comparative mapping of quantitative 
trait loci involved in heterosis for seedling and yield traits 
in oilseed rape (Brassica napus L.). Theoretical and Applied 
Genetics, 120: 271-281.

BdP – German Plant Breeders Association, 2017. Meilensteine 
im deutschen rapsanbau. http://www.rapool.de/index.cfm/
nav/63.html.

Bocianowski J., Szulc P., Nowosad K., 2015. Parallel coordinate 
plots of maize traits under different magnesium applications. 
Journal of Integrative Agriculture, 14(3): 593-597.

Budewig S., Léon J., 2003. higher yield stability for oilseed rape 
hybrids? Proc. 11th International rapeseed congress, 6-10 
July 2003, copenhagen, denmark, 1: 347-349.

Chen B., Xu K., Li J., Li F., Qiao J., Li H., Gao G., Yan G., Wu 
X., 2014. Evaluation of yield and agronomic traits and their 
genetic variation in 488 global collections of Brassica napus 
L. Genetics resources and crop Evolution, 61: 979-999.

Chen B., Xu K., Li X., Gao G., Yan G., Qiao J., Wu X., 2017. 
Evaluation of quality traits and their genetic variation in glob-
al collections of Brassica napus L. Plant Genetic resources. 
doi: 10.1017/S1479263117000089.

Chen W., Zhang Y., Yao J., Ma C., Tu J., Tingdong F., 2011. 
Quantitative trait loci mapping for two seed yield compo-
nents traits in an oilseed rape (Brassica napus) cross. Plant 
Breeding, 130: 640-646.

Crnobarac J., Marinković B., Jeromela-Marjanović A., 
Balalić I., Jaćimović G., Latković D., 2015. The effect of 
variety, fertilization and sowing date on overwintering of 
oilseed rape. 14th International rapeseed congress, 5-9 July, 
2015, Saskatoon, canada, Abstracts: 455.

Falconer D.S., Mackay T.F.C., 1996. Introduction of quantita-
tive genetics. 26-57. Addison Wesley Longman, harlow, Es-
sex.

Faralli M., Kettlewell P.S., Grove I.G., Hare M.C., 2015. 
Pinolene-based compounds to reduce oilseed rape drought-
induced yield losses. 14th International rapeseed congress, 
5-9 July, 2015, Saskatoon, canada, Abstracts: 151.

FAoSTAT 2016. http://faostat3.fao.org
Friedt W., Snowdon R., 2009. oilseed rape. In: oil crops, 

handbook of Plant Breeding 4. J. Vollmann, I. rajcan (Eds.), 
Springer Science+Business Media, LLc; chapter 4: 91-126; 
doI 10.1007/978-0-387-77594-4_4.

Gehringer A., Snowdon R., Spiller T., Basunada P., Friedt W., 
2007. New oilseed rape (Brassica napus). hybrids with high 
levels of heterosis for seed yield under nutrient-poor condi-
tions. Breeding Science, 57: 315-320.

Girke A., Schierholt A., Becker H.C., 2012. Extending the rape-
seed gene pool with resynthesized Brassica napus II: hetero-
sis. Theoretical and Applied Genetics, 124: 1017-1026.

Hegewald H., Christen O., 2015. Environmental impacts of 
high intensity oilseed rape cropping systems. 14th Internation-
al rapeseed congress, 5-9 July, 2015, Saskatoon, canada, 
Abstracts: 470.

Kozak M., Bocianowski J., Rybiński W., 2013. Note on the use 
of coefficient of variation for data from agricultural facto-
rial experiments. Bulgarian Journal of Agricultural Science, 
19(4): 644-646.

Körber N., Wittkop B., Bus A., Friedt W., Snowdon R.J., 
Stich B., 2012. Seedling development in a Brassica napus 
diversity set and its relationship to agronomic performance. 
Theoretical and Applied Genetics, 125: 1275-1287.

Krzymanski J., 1970. oznaczanie zawartości tłuszczu i wody  
w nasionach oleistych metodą nMr. Tłuszcze, Środki Piorą-
ce i Kosmetyki, 14/4: 202-208. (in Polish)

Liersch A., Bocianowski J., Bartkowiak-Broda I., 2013. Fatty 
acids and glucosinolate level in seeds of different types of 
winter oilseed rape cultivars (Brassica napus L.). communi-
cations in Biometry and crop Science, 8(2): 39-47.

Marjanović-Jeromela A., Marinković R., Mijić A., Zdunić Z., 
Ivanovska S., Jankulovska M., 2008. Correlation and path 



11

analysis of quantitative traits in winter rapeseed (Brassica na-
pus L.). Agriculturae conspectus Scientificus, 73(1): 13-18.

Nowosad K., Liersch A., Popławska W., Bocianowski J., 2016. 
Genotype by environment interaction for seed field in rape-
seed (Brassica napus L.) using additive main effects and mul-
tiplicative interaction model. Euphytica, 208: 187-194.

Nowosad K., Liersch A., Popławska W., Bocianowski J., 2017. 
Genotype by environment interaction for oil content in winter 
oilseed rape (Brassica napus L.) using additive main effects 
and multiplicative interaction model. Indian Journal of Ge-
netics and Plant Breeding, 77(2): 293-297.

Ozer H., Oral E., Dogru U., 1999. relationship between yield 
and yield components on currently improved spring rapeseed 
cultivars. Turkish Journal of Agriculture and Forestry, 23: 
603-607.

Pn ISo 9167-1:1999, 1999. Seeds of oilseed rape. determination 
of the glucosinolate content. Method using high performance 
liquid chromatography.

Radoev M., Becker H.C., Ecke W., 2008. Genetic analysis of 
heterosis for yield and yield components in rapeseed (Bras-
sica napus L.) by quantitative trait locus mapping. Genetics, 
179: 1547-1558.

Seidler-Łożykowska K., Bocianowski J., 2012. Evaluation of 
variability of morphological traits of selected caraway (Ca-

rum carvi L.) genotypes. Industrial crops and Products, 35: 
140-145.

Seyis F., Friedt W., Lühs W., 2006. Yield of Brassica napus L. 
hybrids developed using resynthesized rapeseed material 
sown at different locations. Field crops research, 96: 176-180.

Shapiro S.S., Wilk M.B., 1965. An analysis of variance test for 
normality (complete samples). Biometrika, 52: 591-611.

The Polish national List of Agricultural Plant Varieties. www.
coboru.pl.

Wittkop B., Snowdon R.J., Friedt W., 2009. Status and per-
spectives of breeding for enhanced yield and quality of oil-
seed crops for Europe. Euphytica, 170: 131-140.

Wójtowicz M., 2013. Effect of environmental and agronomical 
factors on quantity and quality of yield of winter oilseed rape 
(Brassica napus L.). PBAI – nrI Monographs and disserta-
tions, 45: 7-111. (in Polish)

Würschum T., Liu W., Maurer H.P., Abel S., Reif J.C., 2012. 
dissecting the genetic architecture of agronomic traits in 
multiple segregating populations in rapeseed (Brassica napus 
L.). Theoretical and Applied Genetics, 124: 153-161.

Zhang L., Yang G., Liu P., Hong D., Li S., He Q., 2011. Genetic 
and correlation analysis of silique-traits in Brassica napus L. 
by quantitative trait locus mapping. Theoretical and Applied 
Genetics, 122: 21-31.

 

J. Bocianowski et al. – Variability of the agronomic characters in different types of cultivars of winter oilseed rape ...

received 9 January 2017
revised 22 March 2017


