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ABSTRACT

Winter oilseed rape is today the most important oil crop in the European Union. Almost all of the oilseed
rape production in Europe is based on zero erucic, low seed glucosinolate type (so-called 00-quality or
canola-quality seed). Winter oilseed rape oil is ideal for human nutrition and for use as a biofuel. The aim
of this study was to determine the variability of the major fatty acids and glucosinolates in seven winter
oilseed rape cultivars of different types: open pollinated, composite hybrids and restored hybrids. During
two crop seasons (2002-2003 and 2003-2004), varieties were tested in field trials in two locations in the
Wielkopolskie region of Poland. Location affected oil and the glucosinolate contents (especially for
progoitrin and alkenyl total). The mean oil concentration ranged from 44.5% (Borowo 2003) to 48.2%
(Borowo 2004), with a high coefficient of heritability in the range of 0.57-0.89, respectively. The composite
hybrids Kaszub and Pomorzanin and their maternal line CMS Samourai had the highest alkenyl
glucosinolate levels. The cultivar Kronos had low levels of gluconapin, glucobrassicanapin, progoitrin,
indolyl, and alkenyl total. The heritability coefficients for total alkenyl glucosinolate levels were high for
all four studied environments. Fatty acid and glucosinolate levels in the different types of cultivars tested
were typical for double low winter oilseed rape cultivars that have been sown in Poland and throughout
Europe for 30 years.

Key Words: oilseed rape (Brassica napus L.); different types of cultivars; fatty acid compositions;
glucosinolate level.

INTRODUCTION

Oilseed rape is becoming the second most common plant, after soybean, for the
production of oil seeds and oil meal (protein source) and the third, after soybean and palm
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kernel, as a vegetable source for edible oil. Winter oilseed rape is the most important oilseed
crop in Poland and Europe. At present, double low quality winter oilseed rape, which is low
in erucic acid (up to 2% in consumption seeds) and has low glucosinolate level (up to 25
pumol g of seeds), is in commercial production in Poland. Mature oilseed rape seeds are rich
in oil, reaching 45-50% of contents. The oil from 00-quality oilseed rape contains 60%
monounsaturated oleic acid (Cis:1), 30% polyunsaturated fatty acids [20% linoleic acid (Cisz),
10% linolenic acid (Ciss)], 2.0% eicosenoic acid (Czo.1), 7.0% saturated fatty acids [mainly
palmitic (Cis0), and stearic acids (Cis.o)] and 1.0% other acids (Mollers, 2002).

Erucic acid-free oilseed rape oils are ideal for human nutrition and for use as a biofuel.
A typical rapeseed oil with a 2:1 ratio of mono-unsaturated to polyunsaturated fatty acids
tits perfectly with dietary recommendations. It is an excellent salad oil. The nutritional
quality of rapeseed oil can be improved through the development of cultivars combining
high oleic acid and low linolenic acid, so-called HOLL (Spasibionek, 2006; Wittkop, et al.
2009; and Federico and Federico, 2011). Although the meal from oilseed rape after oil
extraction provides a protein-rich animal feed, it has a number of antinutritional
components, such as glucosinolates, sinapate esters, phytic acid, tannins and crude fiber
(Wittkop et al., 2009). Breeding programs have thus aimed at increasing the quality of the
rapeseed meal, while simultaneously reducing antinutritional factors (Bartkowiak-Broda,
2011; Szydtowska-Czerniak, et al. 2011).

The aim of this study was to determine the variability of the major fatty acids and
glucosinolates in different types of winter oilseed rape cultivars.

MATERIALS AND METHODS

PLANT MATERIALS AND FIELD TRIALS

The plant material used in this study comprised seven different varieties of winter
oilseed rape: the open pollinated variety “Lisek” (Deutsche Saatveredelung GmbH,
Lippstadt) and “Samourai” - a CMS ogura line of the Samourai cultivar [the maternal lines of
the composite hybrid v. Synergy (Serasem)], four Polish composite hybrids “Kaszub”,
“Lubusz”, “Mazur”, and “Pomorzanin” (Plant Breeding Company Strzelce Ltd. Group
PBAI), and one restored hybrid “Kronos” (Norddeutsche Pflanzenzucht, Hans-Georg
Lembke KG, Hohenlieth). The CMS ogura Samourai variety was pollinated by neighbouring
plots with fertile male plants. The varieties were tested in the 2002/2003 and 2003/2004
growing seasons. Field trials were conducted in four replicates of a randomized block design
at the Wielichowo Zielecin Experimental Station (52°10'N, 16°23’E) and at the Borowo
Division of the Strzelce Plant Breeding Company Ltd (52°07'N, 16°46’E) (Wielkopolska
region, Poland). The two locations differed slightly in their climatic conditions, soil types and
previous crops (Table 1). Experimental cultivars were grown on 10 m? plots, at a density of
80 plants per m2. Each plot consisted of four rows with a row-to-row distance of 30 cm and
approximately 20 cm distance between plants within rows. Sowing dates were between the
24th and 28th August.

FATTY ACID COMPOSITION AND GLUCOSINOLATE CONTENT

After the harvest, the seeds from each replicate plot were analysed. Analyses of
glucosinolates (in pmol g1 seeds) (alkenyl: gluconapin, glucobrassicanapin, progoitrin,
napoleiferin and total alkenyl glucosinolates; indolyl and 4 OH-glucobrassicin) were
performed using gas chromatography of the silyl derivatives of desulfoglucosinolates
(Michalski et al., 1995; and PN ISO 9167-1:1999, 1999). Oil in the seeds (in %) of winter
oilseed rape was analyzed using the nuclear magnetic resonance (Newport Instruments Ltd.)
(Krzymanski, 1970b). Fatty acids (FA) composition (in %) (Cieo - palmitic, Ciso - stearic, Cisa
- oleic, Cis2 - linoleic, Ciss - linolenic and Cy1 - eicosenoic) was analyzed using gas
chromatography (Byczyriska and Krzymanski, 1969; and PN-EN ISO 5508:1996, 1996).
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Table 1. Soil characteristics in the two trial locations - Borowo and Zielecin - in crop seasons
2002/2003 and 2003 /2004

Soil characteristics Borowo Zielecin
2002/2003 2003 /2004 2002/2003 2003 /2004
Soil quality good quality good quality moderate quality moderate quality
arable soil arable soil arable soil arable soil
Soil pH 5.3 6.1 6.3 5.4
Previous crop wheat triticale barley barley
Soil type (origin) loessial soil loessial soil brown soil brown soil
Soil texture (cultivated loamy sand, loamy sand, loamy sand loamy sand
layer) sandy loam sandy loam

Microelements content in mg 100 g soil:

P20Os 17.3 20.8 25.0 195

KO 16.5 23.0 15.0 17.3

Mg 5.1 5.1 4.5 5.7
STATISTICAL ANALYSIS

A three-way analysis of variance was carried out to determine the effects of cultivars,
years and locations as well as their interactions: cultivars x years, cultivars x locations, years
x locations and cultivars x years x locations on the variability of studied traits. The normal
distributions of residuals from the fitted models for the phenotypic traits analyzed (oil
content, fatty acid composition: Cieo - palmitic, Cis, - stearic, Cis:1 - oleic, Cis2 - linoleic, Cis:
- linolenic and Cz1 - eicosenoic, content of gluconapin, glucobrassicanapin, progoitrin,
napoleiferin, indolyl, 4 OH-glucobrassicin and total alkenyl glucosinolates) were tested using
the Shapiro-Wilk normality test (Shapiro and Wilk, 1965). The coefficients of variation
(Kozak et al., 2013) of the observed traits for each year and location as well as the broad-
sense heritability coefficients (h2?) were calculated (Falconer and Mackay, 1996). Utilizing
information on the variance of the residual term from the analysis of variance model, this
coefficient of variation describes variation within the traits, disregarding the variability that
comes from the sources of variation from the experiment. All statistical analyses were
conducted with the statistical software package GenStat v. 7.1 (Payne et al., 2003).

RESULTS AND DISCUSSION

The analysis of variance (ANOVA) indicated that cultivar main effects were significant
for all the traits in the study, except for Ciso, napoleiferin and indolyl (Table 2). The main
effect of years was not significant for Cis.o, C211 and napoleiferin (Table 2). The location main
effect was not significant for Cis3, gluconapin, glucobrassicanapin and napoleiferin (Table 2).
The effects of cultivar x year interaction were significant for all traits, except for Ciso, Cis1,
Ciss, Ca1, napoleiferin and indolyl (Table 2). The cultivar x location interaction was
significant for Ciso and Cai:1 (Table 2). The year x location interaction was significant for oil
content, Ciso, Ciso, gluconapin, glucobrassicanapin, progoitrin, 4 OH-glucobrassicin, and
total alkenyl content (Table 2), whereas the cultivar x year x location interaction was
significant only for oil content (Table 2).
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Table 2. Mean squares from analysis of variance (ANOVA) for observed traits of winter oilseed rape (Brassica napus L.)

Degrees Gluco- 4 OH-
Source of of Oil Cio Ciso Cis2 Ciss Cao1 Gluconap brassica- Napole- gluco- Total
variation freedom  content palmitic  stearic Cisa oleic  linoleic linolenic  eicosenoic in napin Progoitrin iferin Indolyl brassicin  Alkenyl
Cultivar (C) 6 7.08**  0.154 0.228%** 17.96** 8.024%* 4.896***  0.251** 12.029%%*  0.864*** 67.701%**  0.023 0.0033 1.839***  158.82%*
Year (Y) 1 34.67**  0.625* 0.110 31.60%* 68.252***  31.862***  (0.144 72.900%**  4.556*** 230.160***  0.020 0.0640** 2.093* 824.46***
Location
(L) 1 4.65* 2.500%** 1.560%** 83.96*** 60.148*** 0.016 0.961*** 0.306 0.105 7.183*  0.016 0.0303* 20.953*** 13.34
CxY 6 4.30**  0.065 0.107* 3.89 3.084* 0.544 0.124 8.007***  0.627*** 34.636***  0.044 0.0057 1.637*+* 93.33%**
CxL 6 1.01 0.077 0.112** 4.69 1.53 0.80 0.256** 0.404 0.096 1.495 0.035 0.0130 0.134 3.99
YxL 1 303.27***  0.702* 1.024**  11.08 0.15 1.56 0.03 4.900***  1.350*** 74.666*** 0.049 0.0063 1.702* 159.60***
CxYxL 6 2.29* 0.056 0.068 2.63 0.679 0.767 0.11 0.233 0.04 1.564 0.017 0.0079 0.203 3.13
Residual 132 0.95 0.111 0.036 4.52 1.395 0.482 0.077 0.343 0.047 1.613 0.034 0.0068 0.369 3.72

*P <0.05 ** P <0.01, ** P < 0.001; Oil content, all fatty acids (%); All glucosinolates (umol ‘g of seeds)
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Table 3. Oil content (%) and fatty acids composition (%) in different types of winter oilseed
rape varieties; means were calculated for a particular cultivar in a particular environment

Cultivar Kaszub Kronos Lisek Lubusz Mazur Pomaoriizr; Samourai X cv[%] h2
B3# 4528 4516 4451 4505 4420 4503 4312 4452 043 076

‘ B4 4945 4741 4694 4945 4845 4818  48.89 4820 030 0.89
oil ?;)r]‘te“t 73 4765 4736 4650 4743 4725 4767 4577 4693 027 0.86
74 4517 4529 4485 4638 4530 4500 4446 4510 045 057

Mean 4689 4631 4570  47.07 4630 4647 4556 4619 032 0.68

B3 4.90 498 4.71 453 455 4.60 468 473 154 048

B4 445 459 438 433 438 445 460 447 1.00 0.53

Paf;fioﬁc 73 4.28 4.48 4.30 435 4.40 435 428 435 053 0.68
74 423 438 453 4.20 428 4.28 439 436 171 029

Mean 4.46 4.60 448 435 4.40 4.20 448 448 065 0.54

B3 1.70 1.74 1.99 1.65 1.70 1.78 161 175 204 072

B4 1.58 1.55 1.73 1.60 1.63 1.70 169 164 117 071

Stifr”m Z3 1.30 1.41 1.46 1.65 1.28 1.30 133 139 214 073

74 1.10 1.58 1.80 1.65 1.48 1.48 180 161 270 0.83

Mean 1.20 157 1.74 1.64 1.52 1.56 161 160 124 0.79

B3 6033 5999 6305 6170  60.82 5983 6164 6120 099 0.42

B4 6100 6139 6339 6315 6208 6315 6362 62.62 048 0.68

OCll;lc 73 6215 6398 6477 6235 6228 6315 6218 6318 032 0.84

74 6228 6300 6489 6245 6288 6292 6455 6354 034 081

Mean 6144 6209 6402 6241 6201 6226  63.00 62.63 029 0.78

B3 2165 2139 1929 2060 2128 2118  21.68 2094 144 0.63

B4 2052 2036 1923 1938 1918 1895 1926 1957 1.13 057

Lingéic 73 1990 1924 1850 1998 2065  19.62 2045 19.65 0.60 0.89
74 1868 1891 1739 1928 1877 1815 1830 1841 0.68 0.83

Mean 2019 1998 1860  19.81 1997 1948 1992 19.64 0.60 0.78

B3 990  10.26 9.24 953 1013 10.18 879 963 171 0.70

B4 1098 1073 1000 1033  11.02 1038 955 1033 134 0.74

megfe; . 23 9.58 9.14 8.80 9.80 9.90 9.73 963 941 059 091
74 1103 1079 1009 1080 1118  11.05 961 1050 091 0.88

Mean 1037  10.23 953 1011 1056 1033 939 997 0.69 0.87

B3 1.18 1.31 133 1.48 1.25 1.75 139 137 411 058

B4 1.35 1.39 1.28 1.30 1.50 1.38 126 134 226 054

Cor g3 1.88 1.45 1.58 1.58 1.28 1.53 161 155 3.85 055
Eicosenoic 208 133 129 150 138 180 134 147 276 088
Mean 1.62 137 1.37 1.46 135 1.61 140 143 172 0.73

* B3 — Borowo 2003, B4 — Borowo 2004, Z3 — Zielecin 2003, Z4 — Zielecin 2004
X - mean value, cv - coefficient of variation, h? - heritability coefficient

Table 3 shows the phenotypic variation for oil content and fatty acid composition.
The seed oil level of the cultivars differed between years and locations. Mazur and Kaszub -
Polish composite hybrid cultivars - demonstrated the highest oil levels at Borowo 2004.
The mean oil levels ranged from 44.5% (B3) to 48.2% (B4) with a high coefficient of
heritability of 0.57 and 0.89, respectively (Table 3).

The oil level in mature winter oilseed rape seeds normally fluctuates around 45-50%.
An increase in the oil content and seed oil yield of oilseed rape cultivars is among the major
aims of present breeding programs. Wittkop et al. (2009) indicated that the complex genetic
background and determinism of seed oil content in the complex polyploid B. napus is poorly



44 Communications in Biometry and Crop Science, 8(2)

understood. Interactions among a large number of gene loci (QTL) are involved in
determining seed oil content and a strong environmental (e.g. temperature, water and
nutrient supply) modification of seed oil content has been observed (Nesi et al., 2008; and
Friedt and Snowdon 2009). For this reason, increases in seed oil content have proven to be
difficult to achieve in classical breeding programs. In this context, the identification and
utilization of genes contributing to oil content via comparative QTL mapping in different
genetic backgrounds could help to identify gene loci with a key influence on this complex
trait in oilseed rape (Zhao et al., 2005; Delourme et al., 2006; and Wittkop et al., 2009).

All the tested cultivars presented typical fatty acid compositions for double low oilseed
rape. The total saturated fatty acid levels ranged from 5.7% (Z3) to 6.5% (B3) (Table 3). The
within-environment coefficient of variation for saturated fatty acid contents varied from
0.5% (Z3) for palmitic acid to 2.7% for stearic acid (Z4) (Table 3), suggesting rather small
variation in saturated fatty acid contents. The coefficient of heritability was higher for stearic
acid (Table 4). The within-environment coefficients of variation for polyunsaturated fatty
acids were small, ranging from 0.3% (for oleic acid in Z3) to 1.7% (for linolenic acid in B3)
(Table 4). These fatty acids demonstrated high heritability, with minimum of 0.42 (for oleic
acid in B3) and maximum of 0.91 (for linolenic acid in Z3), which confirms the strong
influence of growing and weather conditions and a length of vegetation period on the
content of saturated and polyunsaturated acids in the seed oil. Also Spasibionek (2006; 2013)
showed a strong influence of weather conditions on the content of oleic, linoleic and linolenic
acids in the seed oil of winter oilseed rape mutants. Together with breeding for high oil level
and seed oil yield, development of cultivars combining high oleic acid and low linolenic acid
(HOLL) is one of the major current breeding aims for the quality improvement of oilseed
rape.

Table 4 shows the phenotypic variation (content, mean value, coefficient of variation and
heritability) for alkenyl (gluconapin, glucobrassicanapin, progoitrin and napoleiferin), total
alkenyl and indolyl (indolyl, 4 OH-glucobrassicin) glucosinolate levels. These data show
differences in glucosinolate levels among the tested cultivars that were due to variable
growing conditions (environments). Variability of napoleiferin content was very large,
especially in B4 (CV = 25.9%). Total alkenyl glucosinolates content ranged from 5.2 (Kronos
in B4) to 20.8 umol- g of seeds (CMS Samourai in B3) with a low coefficient of variability 1.9~
5.4% respectively. The highest alkenyl glucosinolate levels were observed in B3 for
composite hybrids Kaszub and Pomorzanin and their maternal line CMS Samourai:

16.10 umol g of seeds (Kaszub in B3)

14 .55 (Pomorzanin in B3)

20.80 (CMS Samourai in B3).

For all the studied environments, high coefficients of heritability for the most important
alkenyl glucosinolate levels were estimated: gluconapin, glucobrassicanapin, progoitrin and
total alkenyl glucosinolates (Table 4). Alkenyl glucosinolate-progoitrin level was marked by
a medium coefficient of heritability (0.30 - 0.63) and also a medium coefficient of variability
[11.3% (Z4) - 25.9% (B4)]. Indolyl glucosinolate content ranged from 0.08 (Lubusz in B4) to
0.23 umol-g! of seeds (Kaszub, Mazur, CMS Samourai in B3 and Lubusz in Z3) and for 4-
OH-glucobrassicin it varied from 2.00 (Lisek in Z3) to 4.35 umol-g! of seeds (Mazur in B4).
The coefficient of heritability for the indolyl glucosinolate levels varied from 0.37 (indolyl in
Z4) to 0.86 (4 OH-glucobrassicin in Z4), with low coefficient of variability of 3.24-14.37,
respectively. The results suggest that the fatty acids composition and glucosinolates levels
significantly depend on both genetic and environmental factors, with a large influence
derived from water, nutrient (e.g., sulfur) content and length of the growing season.
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Table 4. Glucosinolates content in seeds (umol ‘g of seeds) of different winter oilseed rape
varieties; means were calculated for a particular cultivar in a particular environment

Cultivar
Kaszub  Kronos Lisek Lubusz  Mazur Pomorrzliar—l Samourai X v [%] h2
£ B3 4.25 2.24 2.70 3.58 3.25 4.13 556  3.62 248 0.97
§* B4 3.43 1.38 1.68 2.15 2.00 2.65 144 192 2.62 097
§ Z3 3.18 2.10 2.25 3.38 3.20 3.33 503 3.8 3.77 094
&b Z4 3.13 1.50 2.04 2.15 2.43 2.70 218 218 589 0.73
Mean 3.49 1.80 217 2.81 2.72 3.20 355 273 3.17 091
g B3 1.23 0.66 0.89 0.78 0.78 1.33 144  1.01 4.76 0.89
'% c B4 0.88 0.35 0.58 0.45 0.43 0.58 036 049 2,67 097
8 & Z3 0.68 0.44 0.66 0.63 0.65 0.75 141 0.77 5.01 094
§ = 74 0.83 0.41 0.73 0.53 0.58 0.78 063 0.62 6.65 0.69
s Mean 0.90 0.47 0.71 0.59 0.61 0.86 096 0.72 3.71 0.89
B3 10.25 5.20 5.83 7.40 7.65 8.75 12.90 8.19 2.05 0.98
g B4 7.43 3.43 3.70 4.33 4.70 5.65 3.95 4.43 3.01 0.94
& Z3 6.75 418 4.48 6.05 6.60 6.25 1053  6.40 390 094
% 74 7.85 3.81 471 5.08 6.25 6.10 568 537 550 0.76
Mean 8.07 4.15 4.68 5.71 6.30 6.69 826  6.07 295 093
c B3 0.18 0.25 0.21 0.13 0.15 0.25 020 020 14.08 0.30
§ B4 0.18 0.11 0.24 0.23 0.15 0.45 010 0.19 2593 0.46
% Z3 0.10 0.16 0.16 0.10 0.10 0.15 019 015 12.06 0.40
= 74 0.28 0.10 0.19 0.33 0.20 0.18 025 021 1128 0.63
= Mean 0.18 0.16 0.20 0.19 0.15 0.27 018 0.19 7.79 0.40
B3 0.23 0.14 0.14 0.18 0.18 0.23 023 0.8 539 0.77
= B4 0.15 0.11 0.14 0.08 0.23 0.13 010 013 1437 046
g Z3 0.10 0.15 0.15 0.23 0.13 0.13 011 014 11.68 046
g 74 0.10 0.13 0.09 0.15 0.13 0.10 011  0.11 993 0.37
Mean 0.14 0.13 0.13 0.16 0.16 0.14 014 0.14 5.04 0.30
. B3 3.05 3.23 2.86 3.50 2.98 3.38 3.14 3.14 3.26 043
_g g B4 3.48 3.05 2.69 2.65 4.35 3.88 288 3.16 457 0.74
é.o % Z3 2.25 2.05 2.00 243 215 2.38 238 221 349 048
OB 74 3.43 2.64 2.21 2.25 3.13 3.35 2.28 2.64 3.24 0.86
N Mean 3.05 2.74 2.44 2.71 3.15 3.24 2.67 2.78 217 0.77
_ B3 16.10 8.71 10.15 12.83 12.08 14.55 20.80 13.49 1.94 0.98
*g B4 11.85 5.23 5.94 7.13 7.25 9.30 583  6.95 256 0.96
:>\ 73 11.22 7.28 7.92 10.45 11.03 10.93 1755 1091 3.47 0.95
g 74 12.08 5.84 7.68 8.08 9.43 9.73 8.69 837 544 0.75
S Mean 12.81 6.76 7.92 9.62 9.94 11.13 1322 993 3.01 092

A high level of glucosinolates in rapeseed meal reduces its palatability and acceptance by
animals and can also lead to goitrogenic hypertrophy, liver and kidney problems (Walker
and Booth, 2001). The low glucosinolate content was first identified in the Polish spring
variety “Bronowski”, which was then used for the breeding of 00-quality oilseed rape
cultivars (Krzymanski, 1970a). Lately bred double low winter oilseed rape/canola cultivars
reveal remarkably low glucosinolate levels of 8-15 pmol g of seed. Breeding efforts for
further reduction of glucosinolate content are ongoing and targeted to reducing specific
types of glucosinolates. Four QTL for seed glucosinolate content located on chromosomes
A9, C2, C7 and C9 have been mapped in different B. napus studies (Uzunowa et al., 1995;
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Howell et al., 2003; Sharpe and Lydiate, 2003; and Basunanda et al. 2007). Some spring canola
breeding lines have been generated with almost no aliphatic glucosinolates. Hassan et al.
(2008) suggest the possibility of a seed specific reduction of seed glucosinolate content via
transgressive segregation in genetically diverse gene pools without changing levels in other
plant tissues and organs. Nevertheless, glucosinolates and their degradation products play
an important role in pest/disease defense reactions and stress resistance of rapeseed plants.

CONCLUSIONS

In summary, fatty acids and glucosinolate levels in the tested cultivars were typical of
double low winter oilseed rape cultivars that have been widely cultivated for thirty years
across the world. Breeding efforts with respect to meal quality are therefore aimed at the
reduction of antinutritional components, without losing sight of breeding for increasing the
oil content, quality and yield. According to Wittkop et al. (2009), a key to success is the
availability or development of high-throughput screening and selection techniques for
accurate phenotyping of all relevant seed oil and meal characteristics.
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