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ABSTRACT

Winter oilseed rape is an important oil crop in Bulgaria. In recent years, due to the change of climate
requires the ongoing development and examination of new and world-wide rapeseed hybrids that are most
appropriate and effective for specific micro-regions within the country. The selection of the appropriate hybrid
is crucial for both yield quantities and the quality of the resulting produce. The objective of the study was to
determine the seed yield and its components, along with certain qualitative aspects of five introduced rapeseed
hybrids cultivated in Central Bulgaria. The field experiment was conducted of the selected area in VVoivodinovo
village in region Plovdiv during the period 2021-2024. The experiment was performed on alluvial-meadow soil
type by means of a block method with four repetitions; experimental field area - 15 m? after the predecessor
winter wheat. The following hybrids were tested; InVigor 1266 CL, Beatrix CL, Matrix CL, Immortal CL and
Robot CL. All the stages of the established technology for rapeseed growing were followed. The indices height
of the plants, number of branches per plant, number of pods per plant, pod length, number of seeds per pod,
weight of seeds per plant, seed yield, oil yield, 1000 seed weight, test weight, oil content and crude protein were
determined. The highest seed yield was obtained by Immortal CL hybrid due to the higher values of yield
structural elements, while the highest oil yield and oil content were reported by the hybrid Matrix CL. Hybrid
InVigor 1266 CL is distinguished with the highest values of the crude protein. Seed yield and the crude protein
content were negatively related. The values of the indicators 1000 seeds weight and test weight were highest by
the hybrid Robot CL.
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INTRODUCTION

apeseed (Brassica napus L.) is one of

the most important oilseed crops grown
in the world. It is mostly cultivated for its
seeds, which contain 43% to 47% oil and
19% to 20% protein of the entire composition
(Poisson et al., 2019; Radi¢ et al., 2021,
Yahbi et al., 2022). Rapeseed oil comprises
useful components, such as fatty acids and
phenols, recognized for their health and
nutritional advantages (Nita et al., 2022;
Guirrou et al., 2023). The productive
potential of rapeseed is manifested when an
optimal combination of various factors is
attained, including the hybrid, agroecological
and climatic conditions, and the agricultural
technology employed (Miah et al., 2015;
Nowosad et al., 2016; Hu et al., 2017,
Khalipsky et al., 2019; Szata et al., 2019;
Khan et al., 2020; Bopp et al., 2022).
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The hybrid type with its specific genetic
potential is the most important management
practice to realize higher seed yield (Alam et
al., 2014; Long et al., 2018; Brown et al.,
2019; Das et al., 2020; Spasibionek et al.,
2020; Rajkovi¢ et al., 2021; Xu et al., 2022;
Ji-kui et al., 2024). The primary objective of
plant breeders is to create novel commercial
genotypes that can acclimatize to diverse
environmental circumstances (Angadi et al.,
2000; Takashima et al., 2013; Nelson et al.,
2016; Gauthier et al., 2017; Sharif et al.,
2017; Alizadeh et al., 2022).

Marjanovi¢-Jeromela et al. (2019) assert
that water availability is the main factor
influencing seed production and oil content,
particularly in conjunction with colder
temperatures during seed development.
The researchers examined the impact of
annual climate variables on the agronomic
characteristics of  winter rapeseed.
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Consequently, the implementation of suitable
agronomic methods at designated growth
phases guarantees elevated seed and oil
yields.

Selecting the most appropriate hybrids for
a specific region based on factors such as
moisture content, light availability, temperature
regimes, geographical location, altitude, soil
and climatic conditions, and cultivation
technology results in achieving desired
outcomes and ensures consistent yields
(Weymann et al., 2015; Turinek et al., 2017;
Dreccer et al., 2018; Luo et al., 2020;
Butkeviciené et al.,, 2021; Matsera, 2021;
Nath et al., 2021; Zheng et al., 2022; Sachan
etal., 2024).

The absence of selection activities in our
country requires testing and the implementation
of foreign hybrids across different regions of
Bulgaria (lvanova, 2012; Todorov, 2023).
Consequently, the objective of the experiment
was to determine the seed vyield and its
components, along with certain qualitative
aspects of five introduced rapeseed hybrids
cultivated in Central Bulgaria.

MATERIAL AND METHODS

Field experiment

The field experiment was conducted of the
selected area in Voivodinovo village in
region Plovdiv (Central Bulgaria) during the
period 2021-2024. The experiment was
performed on alluvial-meadow soil type by
means of a block method with four
repetitions; experimental field area - 15 m?
after the predecessor winter wheat. The
following hybrids were tested; InVigor 1266
CL, Beatrix CL, Matrix CL, Immortal CL
and Robot CL.

The basic steps of soil management are
reversing stubble in July at a depth of 10-12
cm, conducting deep plowing to a depth of
18-20 cm in August, performing three
disking operations, and executing both
pre-sowing and post-sowing rolling. The
phosphorus (80 kg ha™) and potassium
(40 kg ha™) fertilizers, along with a portion
of nitrogen fertilizer (50 kg ha™), were

applied once during basic tillage prior to
sowing, while an additional 100 kg ha™ of
nitrogen was introduced in the spring,
following the beginning of the winter rape
growing season. Sowing occurred annually
between September 10 and 20, with row
spacing of 12-15 cm and a seed rate of 55
germinating seeds per m2 at a depth of 2-3
cm. The management of weeds and pests was
executed using appropriate herbicides and
insecticides. The winter rapeseed harvested at
full maturity. All the stages of the established
technology for rapeseed growing were
followed. The indices height of the plants,
number of branches per plant, number of
pods per plant, pod length, number of seeds
per pod, weight of seeds per plant, seed yield,
oil yield, 1000 seed weight, test weight, oil
content and crude protein were determined.

The values of productivity and quality
indicators were statistically analyzed using
the analysis of variance ANOVA and
correlation method, and differences across
variations were assessed by Duncan’s
Multiple Range Test.

Weather conditions

The production of winter rapeseed is
dependent on weather conditions
(Marjanovi¢-Jeromela et al., 2019).
According to Weymann et al. (2015) about
40% of seed yield variability is explained by
weather conditions during specific growth
phases. The primary climate factors
influencing rapeseed growth and
development are air temperature and total
precipitation, along with their interplay and
distribution during the vegetative period
(Angadi et al., 2000; Dreccer et al., 2018;
Brown et al., 2019; Xu et al., 2022). The
analysis of these factors showed that the
average monthly temperatures during the
years of the study (2021-2024) were close to
or above the stated values for a multiple-year
period, with no substantial discrepancies
from the crop requirements (Figure 1). The
variations among the three years of the study
were determined by the quantity of rainfall
throughout the growing season (Figure 2).
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Figure 1. Monthly average temperature, °C

The first experimental year (2021-2022)
was characterized by enough and evenly
distributed precipitation, fully satisfying the
moisture demands of the plants from
emergence to till ripening (569.0 mm). The
lowest amount of precipitation recorded in
the 2023-2024 economic year was 341.2 mm,
versus 505.2 mm for multiple-year period,
i.e. about 164.0 mm less. The year was marked
by an irregular distribution of rainfall,
insufficient to satisfy the water requirements
of plants throughout critical stages.

During the initial stages of vegetation (X-
XI), particularly during germination and the
early development phase of the crop, the
moisture content from rainfall was 37.2 mm,
compared to an average of 80 mm across
multiple-year period, resulting in a deficit of
approximately 42.8 mm below the norm. The
last experimental year was deemed less
conducive to plant productivity than the
preceding years. During the 2022-2023 season,
the total rainfall amounted to 420.7 mm, which
is 84.39 mm below the average for the period
1991-2020; nonetheless, it was relatively well
distributed during the vegetative period.

The inaugural experimental year (2021-2022)
proved most advantageous for the growth and
development of rapeseed hybrids, marked by
an optimal interplay of temperature and
moisture during critical developmental phases,
followed by the second year (2022-2023) and
the third year (2023-2024) of the experiment,
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Figure 2. Precipitation, mm

having an effect on productivity and quality
of rapeseed.

RESULTS AND DISCUSSION

Seed yield

The data on seed yield (Table 1) indicate
that, both annually and on average during the
experimental period, the Immortal CL hybrid
exceeded the seed yield of all other hybrids
included in the study. The highest yields were
achieved during the favorable rapeseed year
of 2021-2022, when temperature and
precipitation levels consistently satisfied the
plant's requirements during the entire growing
season, in contrast to the years 2022-2023
and 2023-2024. The yields obtained reached
up to 4310 kg ha™* in the Immortal CL hybrid.
The hybrid's yield exceeded that of Matrix
CL, Robot CL, Beatrix CL and InVigor 1266
CL hybrids by 4.7%, 8.1%, 10.5%, and
13.7%, respectively, with the differences
being statistically significant. During the
second experimental year (2022-2023), seed
yields ranged from 3540 kg ha® for the
InVigor 1266 CL hybrid to 4172 kg ha™ for
the Immortal CL hybrid, reflecting an average
decrease of 5.1% compared to 2021-2022.

Mathematical processing of data showed
that Matrix CL, Robot CL, Beatrix CL and
InVigor 1266 CL hybrids significantly fell
behind by 278, 372, 442 and 632 kg ha™ than
Immortal CL hybrid.
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The lowest seed yields during the studied
period were reported in the third year of
the experiment (2023-2024), attributed to
inadequate moisture during the crucial phases
of growth and development of the rapeseed
plants. The yields of rapeseed ranged from

3188 to 3650 kg ha™. Statistical evidence
indicates that the InVigor 1266 CL hybrid
exhibited the lowest yields, while Immortal
CL recorded the highest, i.e, they were by
576 and 383 kg ha™ lower in average in
comparison with first and second year.

Table 2. Seed yield, kg ha™

. Years of study Average for the period
Hybrid 1
2021-2022 2022-2023 2023-2024 (kgha™)
InVigor 1266 CL 3790°¢ 3540° 3188¢ 3506
Beatrix CL 3900° 3730¢ 3412° 3681
Matrix CL 4115° 3894° 3546° 3852
Immortal CL 4310° 4172° 3650° 4044
Robot CL 3986° 3800° 3425° 3737
* Means within columns followed by different lowercase letters are significantly different (P<0.05), according to the
LSD test.
Throughout the experimental period Table 2 presents the findings of the
(2021-2024), the Immortal CL hybrid Analysis of Variance (ANOVA) regarding the

achieved an average yield of 4044 kg ha™,
exceeding the vyields of the hybrids
InVigor 1266 CL, Beatrix CL, Robot CL
and Matrix CL by 15.3%, 9.9%, 8.2%, and
5.0%, respectively.

impact of the factors hybrid and year, together
with their interaction, on the seed vyield
indicator. The results indicate a statistically
significant influence of the examined factors
and an insignificant effect of their interaction.

Table 2. Analysis of variance ANOVA

Source of Variation Sum of Square df Mean Square F P-value F crit
Hybrid** 1770250 442562.4 35.872 0.00 2.578739
Year** 3985921 2 1992960 161.5399 0.00 3.204317
Interactions ™ 89176.8 8 11147.10 0.903531 0.52 2.152133
Within 555177 45 12337.27

* F-test significant at P<0.05; ** F-test significant at P<0.01; ns non-significant.

Oil yield

The expression of oil yield, as one of the
most important rapeseed quantitative traits, is
greatly influenced not only by genotype, but
also by environment and complex genotype x
environment interactions (Sidlauskas and
Bernotas, 2003; Marjanovi¢-Jeromela et al.,
2008b). Data in Figure 3 showed that
averagely for the experimental period Matrix

CL hybrid domineered over the rest of the
hybrids included in the experiment. For the
conditions of the first year oil yield varied
from 1663.8 kg ha™ for InVigor 1266 CL
hybrid to 1888.9 kg ha™ for Matrix CL
hybrid. The Immortal CL, Robot CL and
Beatrix CL hybrids received yields, which
were 44.2 and 135.1 and 161.2 kg ha™* lower
compared to Matrix CL hybrid.
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Figure 3. Oil yield, kg ha™*

The experimental year 2022-2023 exhibited
reduced precipitation levels compared to
2021-2022 during the growing season, totaling
410.7 mm, while the oil yield ranged from
1504.5 to 1752.2 kg ha, i.e. by 7.8 to 10.6%
lower. In the last year of the experiment, the
oil yield ranged from 1316.6 to 1514.0 kg ha™.
Mathematical data processing indicates that in
the least favorable year for rapeseed
production, the oil yield ranged from 347.2 to
374.9 kg ha*, which is 187.9 to 238.2 kg ha™
lower compared to the years 2022-2023 and

2022-2021, respectively. During the three-year
trial period, the Matrix hybrid produced the
greatest average oil yield of 1716 kg ha®,
surpassing the mean yield of the other hybrids
by 7.5%.

The analysis of variance (ANOVA)
demonstrates a significant  statistically
validated impact of both the examined
hybrids and the years with their distinct
climatic circumstances on the oil vyield
indicator. An interaction between hybrids and
year was demonstrated (Table 3).

Table 3. Analysis of variance ANOVA

Source of Variation Sum of Square df Mean Square F P-value F crit
Hybrid** 373588.3 4 93397.09 246.6762 0.00 2.578739
Year** 1238825 2 619412.7 1635.965 0.00 3.204317
Interactions* 25607.91 8 3200.989 8.454308 0.00 2.152133
Within 17038 45 378.6222

* F-test significant at P<0.05; ** F-test significant at P<0.01; ns non-significant.

The results of the biometric parameters
and the structural elements of the yield show
that these indicators change under the
influence of meteorological factors during the
years as well as and by hybrid (Table 4). The
highest values of the main structural elements
of the yield were reported in 2021-2022,
followed in 2022-2023, and the lowest in
2023-2024. From the studied hybrids
Immortal CL is distinguished from the others
with higher plants and longer pod, with more
number of branches per plant, pods and seeds

per plant, as well as with a larger weight of
seeds per plant.

Plant height

The maximum height of plants is a crucial
characteristic. The height of the plant
influences the development of primary
branches, which in turn supports secondary
branches, main raceme length, and the
number of pods per plant, thereby
contributing to overall yield (Khan et al.,
2019). The analysis of variance revealed
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significant differences (p<0.05) among the
rapeseed hybrids regarding plant height
(Table 5). Due to the more advantageous
climatic conditions in 2021-2022, the height
of the plants at the conclusion of the growth
season exhibited higher values across all
evaluated hybrids, whereas the highest plants
were of the Immortal CL hybrid, which
measured 169.1 cm. The emergence of lower
plants in 2023-2024 is attributed to the
uneven distribution of precipitation during
the crucial phases of rapeseed growth.
Throughout this trial year, the height of the
examined hybrids ranged from 119.4 cm to
143.4 cm. Furthermore, the hybrid Immortal
CL exhibited the highest average plant height
at 156.1 cm, while the InVigor 1266 CL
displayed the least average plant height at
128.9 cm (Table 4).

Number of branches per plant

Notable variations (p<0.05) were seen
among the rapeseed hybrids regarding
number of branches per plant. The hybrid
Immortal CL exhibited the highest number of
branches per plant - 9.7, 8.8, 8.2 at  2021-
2022, 2022-2023 and 2023-2024, whereas the
hybrid InVigor 1266 CL displayed the lowest
values - 7.1, 6.3, 5.4  at 2021-2022, 2022-
2023 and 2023-2024 (Table 4). The

examination of branches data from plant
revealed substantial  variances  across
Brassica napus hybrides. The findings are
corroborated by Khan et al. (2019) and
Azadgoleh et al. (2009), who identified
considerable variations among Brassica
genotypes.

The analysis of variance (ANOVA) about
the effect of the factors hybrid and year, as
well as their interaction, on the number of
branches per plant, shows a significant
influence of the factors on the changes of the
characteristic and statistically insignificant
effect of the interaction between them (Table 5).

Pod length

Pod length is a significant yield-
contributing characteristic that has a direct
correlation with seeds per pod and, ultimately,
seed output. Pod length data demonstrated
considerable  variation among rapeseed
hybrids. The peak values for this indication
were recorded for the Immortal CL hybrid,
ranging from 6.57 to 8.14 cm. The length of
the pods for the remaining hybrids during the
experiment varied from 5.45 cm to 7.44 cm
(Table 4). Our results closely align with those
of Tahir et al. (2006), Azadgoleh et al. (2009)
and Khan et al. (2019), who similarly observed
significant variation in pod length.

Table 4. Biometrical parameters and yield components in winter rapeseed hybrids

. Plant height, | Nr of branches | Nr of pods | Pod length, | Nr of seeds | Weight of seeds
Hybride Year
cm per plant per plant cm per pod per plant, g

2021-2022 140.7 Z 7.1 ;’ 319 Z 6.94 ;’ 21.0°¢ 44.66 ;’

) 2022-2023 126.7 6.3 298 6.58 19.1° 38.04
InVigor 1266 CL 2023-2024 119.4° 540 271° 5459 187° 30.91¢
Avarage for the period 128.9 6.3 296 6.32 19.6 37.87
2021-2022 160.8° 8.0° 378¢ 7.44° 26.9° 50.42 ¢
Beatrix CL 2022-2023 1319°¢ 6.9° 344° 6.92° 25.4° 41.96°
2023-2024 129.3° 6.0° 304° 5.96° 23.6° 32.83°

Avarage for the period 140.7 7 342 6.77 25.3 41.74
2021-2022 159.8° 8.4°° 404 ° 7.38° 26.3° 53.36 "
Matrix CL 2022-2023 132.5; 7.6 E 350 E 7.11 Z 25.2 E 43.25 ‘;

2023-2024 126.8 7.3 292 6.10 24.9 34.36

Avarage for the period 139.7 7.8 349 6.86 255 43.66
2021-2022 169.1° 97° 466 2 8.14 2 31.22 63.94°
Immortal CL 2022-2023 155.7 2 8.8°? 43272 7.41°2 2992 57.89 2
2023-2024 143.4° 82?2 3572 6.57 2 26.12 42.84°

Avarage for the period 156.1 8.9 418 7.37 29.1 54.89
2021-2022 157.3° 85° 386 ° 7.02°¢ 27.4° 55.10 °
Robot CL 2022-2023 140.2° 77° 355° 6.67 ° 26.3° 44.28°
2023-2024 1285° 6.8° 310° 5.74° 24.0° 36.39 "

Avarage for the period 142 7.7 350 6.48 25.9 45.26

*Means within columns followed by different lowercase letters are significantly different (P<0.05), according to the LSD test.
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Number of pods per plant

The statistically analysis of data indicated
that hybrids considerably differed (p<0.05) in
terms of the quantity of pods per plant (Table
5). The hybrid Immortal CL demonstrated the
highest average pod count per plant at 418,
succeeded by hybrids Robot CL, Matrix CL,
and Beatrix CL, which showed minimal
variation among themselves, with average
counts of 350, 349, and 342, respectively.
The smallest number of pods per plant was
documented in the third year of the study
(2023-2024), varying from 271 for the hybrid
InVigor 1266 CL to 357 for Immortal CL,
due to less favorable climatic conditions
relative to the preceding two experimental
years. This year's pod count per plant is
below the period average values of this

indicator by 8.45% for InVigor 1266 CL,
11.11% for Beatrix CL, 16.33% for Matrix
CL, 14.59% for Immortal CL, and 11.43%
for Robot CL (Table 4).

Number of seeds per pod

The number of seeds in a single pod varies
within a certain range. Throughout the study
period, the Immortal CL hybrid demonstrated
the highest average seed count at 29.1,
whereas the other hybrids varied between
19.6 and 25.9 (Table 4).

The ANOVA variance analysis indicated a
significant  statistical effect of both
parameters on the number of seeds per pod,
although it could not demonstrate their
interaction mathematically (Table 5).

Table 5. Analysis of variance ANOVA

Parameter Sou_rce_ of Sum of df Mean F P-value F crit
Variation Square Square
Hybrid* 4644.56 4 1161.14 27.17 0.00 2.58
Plant heiaht. cm Year** 8737.11 4368.55 | 102.23 0.00 3.20
gt Interactions ™ 627.86 8 78.48 1.84 0.09 2.15
Within 1922.92 45 42.73
Hybrid* 46.04 11.51 42.72 0.00 2.58
Year* 26.73 2 13.37 49.60 0.00 3.20
Nr of branches per plant — s
Interactions 1.60 8 0.20 0.74 0.66 2.15
Within 12.13 45 0.27
Hybrid* 90275.07 4 22568.77 | 30.51 0.00 2.58
NI of pods per plant Year* 50562.70 2 25281.35| 34.18 0.00 3.20
pods perp Interactions ™ 6357.13 794.64 1.07 0.40 2.15
Within 33286.75 45 739.71
Hybrid* 4.32 4 1.08 45.33 0.00 2.58
Pod lenath. cm Year** 27.70 13.85 581.25 0.00 3.20
gin. Interactions * 2.42 8 0.30 12.68 0.00 2.15
Within 1.07 45 0.02
Hybrid* 571.46 142.86 72.91 0.00 2.58
Nr of seeds per bod Year* 94.57 2 47.29 24.13 0.00 3.20
perp Interactions ™ 24.19 8 3.02 1.54 0.17 2.15
Within 88.18 45 1.96
Hybrid** 1928.01 4 482.00 421.30 0.00 2.58
Weidht of seeds per plant Year** 3256.72 2 1628.36 | 1423.29 0.00 3.20
g perplant. g Interactions * 115.20 14.40 12.59 0.00 2.15
Within 51.48 45 1.14

*F-test significant at P<0.05; **F-test significant at P<0.01; ns non-significant.
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Weight of seeds per plant

Weight of seeds per plant is one of the
main yield components that are greatly
influenced by genotype, environment, and
their interaction (Marjanovi¢-Jeromela et al.,
2011; Channaoui et al., 2019; Attia et al.,
2021).

In 2021-2022, elevated values of those
indicators, in conjunction with climatic
conditions during the seed formation, filling,
and ripening period, were documented. The
maximum weight of seeds per plant occurred
in the first year, ranging from 44.66 g to
63.94 g, in contrast to the subsequent two
years, which ranged from 30.91 g to 57.89 g
(Table 4).

The analysis of variance (ANOVA)
indicates a robust statistically significant
effect of both the examined hybrids and the
years with their distinct climatic conditions
on the characteristic: the weight of seeds per
plant. The interaction between the two factors
is mathematically proven (Table 5).

The impact of both variable hybrid and
year on the qualitative components is
presented in Table 6.

Weight of 1000 seeds

The results indicate that, under
experimental conditions and within the
examined parameter, the weight of 1000
seeds (g) ranged from 3.92 g to 6.85 g for the
five hybrids. The Beatrix CL and Matrix CL
hybrids exhibited close values for the
mass per 1000 seeds across individual
experimental years: 4.84 g and 4.81 g in
2021-2022; 4.25 g in 2022-2023; and 4.04 g
and 3.92 g in 2023-2024. According to the
results presented in Table 6, the average mass
of 1000 rapeseeds utilized in the study was
5.05 g. Razavi et al. (2009) claimed that the
mass of 1000 rapeseeds utilized in their study
ranged from 3.06 to 4.84 g and Baran et al.
(2016) indicated that the average 1000 seeds
mass of the rapeseeds used in the study was
4.74 g. The analysis of variance summary for
experimental years and the weight of 1000
seeds is displayed in Table 6. The parameters
were affected by differing annual conditions
as assessed by the F test at a 5% significance
level.

Test weight

The typical test weight values for rapeseed
ranged from 61 to 68 kg. This characteristic
is affected by the seed's specific mass,
moisture content, seed geometry, the
arrangement of seeds inside the volume, and
the presence and kind of external substances
(Matei et al., 2017). The synthesis data
concerning the test weight value from the
experimental cycle was showed at Table 6.
During the three-year period, values over
64 kg were documented for the hybrid
Robot CL, with measurements of 66.8 kg
(2023-2024), 67.4 k (2022-2023), and 68.9 kg
(2021-2022) and for the hybrid Immortal CL,
with recorded values of 64.3 kg (2023-2024),
65.5 kg (2022-2023), and 66.8 kg (2021-
2022). The average test weight for the Robot
CL hybrid is notably high at 67.7 kg. The
lowest average value of test weight for the
InVigor CL hybrid was observed at 62.3 kg.
The tested hybrids appear to be less affected
by environmental conditions associated with
this trait, exhibiting minimal fluctuations in
the recorded levels across the experimental
years.

The ANOVA variance analysis revealed a
substantial ~ statistical effect of both
parameters on test weight, although it could
not mathematically illustrate their interaction
(Table 6).

Oil content

Rapeseed oil content, as a quantitative
property, is regulated by numerous genes and
affected by environmental factors. Elevated
temperatures during rapeseed maturation
hinder the accumulation and conversion of
nutrients into seeds. High temperature forces
rapeseeds to mature earlier. As a result, seed
weight and oil content decrease sharply
(Muorinen et al., 2014).

The tested rapeseed hybrids display a
broad spectrum of oil content in their mature
seeds, varied from 40.1 to 45.9%. The lowest
oil content values in rapeseed were measured
during the 2023-2024 period as follows:
41.3% for InVigor 1266 CL, 42.0% for
Beatrix CL and Robot CL, and 42.7% for
Matrix CL (Table 6). This results from elevated
temperature values during the growing season,
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surpassing those of the perennial period by an
average of +2.9°C, but especially during the
seed ripening period with up to +4.2°C. The
highest and lowest average seed oil contents
were found for Matrix CL (44.5%) and
Immortal CL (41.6%), respectively. The five

rapeseed hybrids exhibited substantial
differences in seed oil content (p<0.01);
however, the interaction between the factors
hybrid and year was not statistically
significant (Table 6).

Table 6. Qualitative indicators in winter rapeseed hybrids

Variable Year 1000 seed weight (g) | Test weight (kg) | Oil content (%) |Crude protein (%)
Vears 2021-2022 5.59 Z 65.4 Z 44.2 Z 24.2 2
A 2022-2023 5.05 64.5 43.3 26.1
2023-2024 4.47°¢ 63.7¢ 41.6° 27.2°¢
InVigor 1266 CL 5.39 62.3 42.6 27.2
Hybrid Beatrix CL 4.38 64.2 43.4 25.6
®) Matrix CL 4.33 63.2 44,5 26.0
Immortal CL 5.10 65.5 41.6 25.3
Robot CL 6.00 67.7 43.1 25.0
InVigor 1266 CL 6.11° 62.9¢ 43.9° 25.3°
Beatrix CL 4.84° 65.0° 443" 24.1°
2021-2022 Matrix CL 481° 63.6¢ 459° 242"
Immortal CL 5.34 ¢ 66.8° 42.8°¢ 23.7°¢
Robot CL 6.85 ° 68.92 44.0° 23.6¢
InVigor 1266 CL 5.54 P 62.2° 42,59 27.6°
Beatrix CL 4.25°¢ 64.4° 44.0° 25.9°
2022-2023 Matrix CL 4.25°¢ 63.3¢ 44.8°2 26.5°°¢
Immortal CL 5.19° 65.5° 42.0¢ 25.2°
Robot CL 6.03 2 67.4° 43.3° 25.4°
InVigor 1266 CL 452" 61.7° 41.3° 28.82
Beatrix CL 4.04° 63.1° 42.0° 26.7°°¢
2023-2024 Matrix CL 3.92°¢ 62.7¢ 42,72 27.4°
Immortal CL 477" 64.3° 40.1°¢ 27.0°
Robot CL 5.122 66.82 42.0° 26.0°
A *%* * ** **k
ANOVA B *%* **k * *
AB * ns ns *

*Means within columns followed by different lowercase letters are significantly different (P<0.05), according to the
LSD test. * F-test significant at P<0.05; ** F-test significant at P<0.01; ns non-significant.

Crude protein

Protein is the main requirement for growth
and development of all organisms (Balalic, et
al., 2017). The protein content of rapeseed
depends on various factors, including
genetics of the hybrid and environmental
factors, as well as the interaction between
them. The variability of protein content in
rapeseed, in addition to genetic factors, is
greatly influenced by many environmental
factors as location (Marinkovi¢ et al., 2010),
temperature  (Piljuk, 2006) and year
(Kulikovskij, 2006).

In contrast to seed vyield and other
productivity parameters, the crude protein
content was higher during years of reduced

rainfall. In the third year (2023-2024),
precipitation measured 341.2 mm, which is
227.8 mm and 79.5 mm less than the first and
second experimental years, respectively. In
the 2023-2024 period, the five hybrids
exhibit the greatest crude protein values:
28.8% (InVigor 1266 CL), 26.7% (Beatrix
CL), 27.4% (Matrix CL), 27.0% (Immortal
CL), and 26.0% (Robot CL). An increase in
crude protein was reported from 2.36%
(Robot CL) up to 13.92% (Immortal CL)
relative to the prior two experimental years.
The obtained results are statistically
significant. The ANOVA variance analysis
indicates a substantial impact of the two
parameters, hybrid and year, on crude protein
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content. Their interaction has also been
substantiated (Table 6).

Correlation coefficients

The matrix of correlation among the
studied parameters is shown in Table 7.
The results of correlation evidenced that seed
yield was positively and significantly
associated with oil yield (r=0.900), as well as
pod length and oil yield (r=0.915). This is in
line with the observation of Marjanovic-
Jeromela et al. (2007), Ayta¢ and Kinaci,
(2009) and Balali¢ et al. (2012). Strong
positive values  (r>0.8) were obtained
between the indices: weight of seeds per
plant, seed yield and oil yield; pod length,
weight of seeds per plant and seed yield;
number of pods per plant, number of seeds
per pods and weight of seeds per plant;
number of branches per plant, weight of
seeds per plant and seed yield; height of
plants, weight of seeds per plant, seed yield
and number of branches per plant.

High to mean positive correlation (r>0.7,
r>0.6) was found for oil yield and oil content;
number of seeds per pod and weight of seeds

per plant, seed yield as well as oil yield; pod
length and oil content; pod length and
number of pods per plant, seed yield as well
as oil yield; number of branches per plant and
number of pods per plant, pod length, number
of seeds per pod and oil yield; height of
plants and number of pods per plant, pod
length, number of seeds per pod as well as oil
yield. The similar positively relationships
were reported also from a number of
researchers (Naazar et al., 2003; Khan et al.,
2006;  Tuncturk and  Ciftci, 2007;
Marjanovic-Jeromela et al., 2008a; Aytac and
Kinaci, 2009; Radi¢ et al., 2021).

Negative  correlation was  observed
between the crude protein and all other the
qualitative and quantitative indicators. The
same result was stated from Aytac and Kinaci
(2009), who reported that protein content has
negative correlation with oil content and oil
yield. A significant negative correlation
between oil content and protein content in
rapeseed was also confirmed by Ping et al.
(2003), Hao et al. (2004), Bashir Ahmad et
al. (2013), Vujakovi¢ et al. (2014), Balali¢ et
al. (2017).

Table 7. Values of the coefficient of correlation

- 1=
g 2
= | £ = 5 g
a5 [+ o o [<F]
o = o * »
£ @ = 5 S 8 £
< < bt =8 > S - - [
o 2 (2] = 3 ﬁ o -:' = 5 o
G © 38 Sy D © T = o o IS o
s|ls | 28| 2| 2 8|z :|8]¢
2| % 5 = 5 Z | B e 8 5 5
S T > = & > = 3 ) = = o ©
z i N o < 0 S ~ o o = h S
1. 1
2. 0.846 1
3. 0.776 | 0.797 1
4, 0.746 | 0.690 | 0.721 1
5. 0.691 | 0.773 | 0.861 | 0.591 1
6. 0.888 | 0.850 | 0.854 | 0.851 | 0.746 1
7. 0.825 | 0.804 | 0.778 | 0.878 | 0.724 | 0.894 1
8. 0.773 | 0.756 | 0.742 | 0.915 | 0.636 | 0.868 | 0.900 1
9. 0.386 | 0.310 | 0.195 | 0.296 | 0.099 | 0.469 | 0.311 | 0.317 1
10. 0.396 | 0.512 | 0.403 | 0.201 | 0.521 | 0.457 | 0.323 | 0.296 | 0.509 1
11. 0.378 | 0.309 | 0.240 | 0.638 | 0.145 | 0.354 | 0.497 | 0.716 | 0.139 | 0.075 1
12. | -0.783 | -0.689 | -0.681 | -0.743 | -0.631 | -0.811 | -0.798 | -0.818 | -0.474 | -0.466 | -0.535 1

* Significance level alpha = 0.05.
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CONCLUSIONS

The study demonstrates that the
productivity and quality characteristics of the
evaluated rapeseed hybrids are significantly
influenced by the hybrid's genetics, annual
meteorological conditions, and primarily by
the quantity and distribution of vegetative
rainfall.

In contrast to the crude protein content,
the other quantitative indicators were
elevated during the year with increased
precipitation. The Immortal CL hybrid had
the highest seed yield due to its higher values
of yield structural features. Seed yield had a
substantial positive correlation with oil yield,
weight of seeds per plant, pod length, number
of pods per plant and number of branches per
plant. Oil content ranged between 40.1%
(Immortal CL) and 45.9% (Matrix CL). The
Matrix CL hybrid exhibited the greatest mean
oil content and oil yield considerably. The
values of the indicators 1000 seeds weight
and test weight were highest by the hybrid
Robot CL. Hybrid InVigor 1266 CL has the
highest values of the crude protein 27.2%.
The correlation between protein content and
seed yield, weight of seeds per plant, as well
as oil yield were highly significant negative.

The study results may assist in proposing
hybrid rapeseed in the region. We assume
that comprehensive assessments of yield
components and qualitative features will
improve the knowledge of yield formation
processes and advance the optimization of
winter rapeseed management.

ACKNOWLEDGEMENTS

This research was conducted with the
support of Agricultural University - Plovdiv,
Bulgaria, the national program NP “Young
Scientists and Post-Doctoral Students - 27
and was financed as well by this program.

REFERENCES

Alam, M.M., Begum, F., Roy, P., 2014. Yield and
yield attributes of rapeseed mustard
(Brassica) genotypes grown under late sown

condition. Bangladesh Journal of Agricultural
Research, 39(2): 311-336.

Alizadeh, B., Rezaizad, A., Hamedani, M.Y.
Shiresmaeili, G., Nasserghadimi, F.,
Khademhamzeh, H.R., Gholizadeh, A., 2022.
Genotypexenvironment interactions  and
simultaneous selection for high seed yield and
stability in Winter Rapeseed (Brassica napus)
multi-environment trials. Agricultural Research,
11(2): 185-196.

Angadi, S.V., Cutforth, HW., Miller, P.R,
McConkey, B.G., Entz, M.H., Brandt, S.A.,
Volkmar, K.M., 2000. Response of three
Brassica species to high temperature stress
during reproductive growth. Canadian Journal
of Plant Science, 80(4): 693-701.

Attia, Z., Pogoda, C.S., Reinert, S., Kane, N.C., Hulke,
B.S., 2021. Breeding for sustainable oilseed
crop yield and quality in a changing climate.
Theoretical and Applied Genetics, 134(6):
1817-1827.

Aytac, Z., and Kinaci, G., 2009. Genetic variability
and association studies of some quantitative
characters in winter rapeseed (Brassica napus
L.). African Journal of Biotechnology, 8(15).

Azadgoleh, M.E., Zamani, M., Esmaeil, Y., 2009.
Agronomical important traits correlation in
rapeseed (Brassica napus L.) genotypes.
Research Journal of Agriculture and Biological
Sciences, 5: 798-802.

Balali¢, 1., Zori¢, M., Brankovi¢, G., Terzi¢, S.,
Crnobarac, J., 2012. Interpretation of
hybridxsowing date interaction for oil content
and oil yield in sunflower. Field Crops
Research, 137: 70-77.

Balali¢, 1., Marjanovi¢-Jeromela, A., Crnobarac, J.,
Terzi¢, S., Radi¢, V., Mikli¢, V., Jovigié, D.,
2017. Variabilty of oil and protein content in
rapeseed cultivars affected by seeding date.
Emirates Journal of Food and Agriculture,
29(6), 404.

Baran, M.F., Durgut, M.R., Aktas, T., Ulger, P,
Kayisoglu, B., 2016. Determination of some
physical properties of rapeseed. International
Journal of Engineering Technologies IJET,
2(2): 49-55.

Bashir Ahmad, B.A., Sher Mohammad, S.M., Farooq-
i-Azam, F.LLA., Iftikhar Ali, LA, Javid Ali,
J.A., Saeed-ur-Rehman, S.U.R., 2013. Studies
of genetic variability, heritability and
phenotypic correlations of some qualitative
traits in advance mutant lines of winter
rapeseed (Brassica napus L.). Am. Eurasian J.
Agric. Environ, 13: 531-538.

Bopp, V.L., Kurachenko, N.L., Khalinskiy, A.N.,
Churakov, A.A., Stupnitskiy, D.N., 2022.
Seed productivity of rapeseed hybrid. Bulletin
of NSAU (Novosibirsk State Agrarian
University), (4): 6-16.



76

Number 42/2025

ROMANIAN AGRICULTURAL RESEARCH

Brown, J.K., Beeby, R., Penfield, S., 2019. Yield
instability of winter oilseed rape modulated by
early winter temperature. Scientific Reports,
9(1), 6953.

Butkeviciené, L.M., Kriauciiiniené, Z., Pupaliené, R.,
Velicka, R., Kosteckiené, S., Kosteckas, R.,
Klimas, E., 2021. Influence of sowing time on
yield and yield components of spring rapeseed
in Lithuania. Agronomy, 11(11), 2170.

Channaoui, S., Labhilili, M., Mouhib, M., Mazouz, H.,
El Fechtali, M., Nabloussi, A., 2019.
Development and evaluation of diverse
promising rapeseed (Brassica napus L.)
mutants using physical and chemical
mutagens. OCL, 26, 35.

Das, R., Biswas, S., Biswas, U., Dutta, A., 2020.
Growth, vyield, seed and seedling quality
parameters of rapeseed-mustard varieties
under different seed priming options.
International Journal of Environment and
Climate Change, 10(3): 1-14.

Dreccer, M.F., Fainges, J., Whish, J., Ogbonnaya,
F.C., Sadras, V.0., 2018. Comparison of
sensitive stages of wheat, barley, canola,
chickpea and field pea to temperature and
water stress across Australia. Agricultural and
Forest Meteorology, 248: 275-294.

Gauthier, M., Pellet, D., Monney, C., Herrera, J.M.,
Rougier, M., Baux, A., 2017. Fatty acids
composition of oilseed rape genotypes as
affected by solar radiation and temperature.
Field Crops Research, 212: 165-174.

Guirrou, 1., El Harrak, A., El Antari, A., Hssaini, L.,
Hanine, H., El Fechtali, M., Nabloussi, A,
2023. Bioactive compounds assessment in six
Moroccan rapeseed (Brassica napus L.)
varieties grown in  two  contrasting
environments. Agronomy, 13(2), 460.

Hao, X., Chang, C., Travis, G.J., 2004. Effect of
long-term cattle manure application on
relations between nitrogen and oil content
in canola seed. Journal of Plant Nutrition and
Soil Science, 167(2): 214-215.

Hu, Q., Hua, W, Yin, Y., Zhang, X, Liu, L., Shi, J.,
Wang, H., 2017. Rapeseed research and
production in China. The Crop Journal, 5(2):
127-135.

Ivanova, R., 2012. Testing of new rapeseed hybrids for
seed under the conditions of South Bulgaria.
Agricultural Sciences, Academic Publishing
House of the Agricultural University, Plovdiv,
1V(11): 33-38.

Ji-kui, H.E., Yong, C.H.E.N.G., Ze-wei, H.E., Xiao-yu,
D.I.N.G., Peng, Y.E., Ben-bo, X.U., Xue-kun,
ZH.AN.G., 2024. Response and yield
components of 54 varieties to high seeding rate
planting in rapeseed (Brassica napus L.).
Chinese Journal of Oil Crop Sciences, 46(2).

Khalipsky, A.N., Oleynikova, E.N., Pyzhikova, N.I.,
Grishina, 1.1, 2019. The cultivation efficiency
of new hybrids of spring rape in the conditions

of the Krasnoyarsk Region. In: IOP Conference
Series, Earth and Environmental Science, 0P
Publishing, 315(2), 022076.

Khan, A.M., Uddin, R., Rahman, Z.U., Din, I.U.,
Muhammad, A., Ali, Q., Zafar, A., 2019.
Genetic variability and heritability for yield
and yield associated traits among Brassica
napus genotypes. Inter. Jour. Biosc., 14:
369-377.

Khan, F.A., Ali, S., Shakeel, A., Saeed, A., Abbas, G.,
2006. Correlation  Analysis of Some
Quantitative Characters in Brassica napus L.
J. Agric. Res., 44(1): 7-14.

Khan, M.N., Khan, Z., Luo, T., Liu, J., Rizwan, M.,
Zhang, J., Hu, L., 2020. Seed priming with
gibberellic acid and melatonin in rapeseed:
Consequences for improving yield and seed
quality under drought and non-stress
conditions. Industrial Crops and Products, 156,
112850.

Kulikovskij, V.A., 2006. Vlijanije srokov seva
Jjarovoga rapsa na urozajnost 523 maslosemjan
i sbor belka v uslovijah dernovpodzolistih
supescanih poc¢v. Materiali 524 Mezdunarodnoj
naucno-prakti¢eskoj  konferencii:  Problemi
deficita rastiteljnogo belka i 525 puti jego
preodolenija, Zodino, Belarus: 179-182.

Long, W., Hu, M., Gao, J., Chen, S., Zhang, J., Cheng,
L., Pu, H., 2018. Identification and functional
analysis of two new mutant BnFAD2 alleles
that confer elevated oleic acid content in
rapeseed. Frontiers in Genetics, 9, 399.

Luo, L., Zhang, F., Hong, M., Zhang, X., Guo, R,
2020. Evaluation of vyield, stability and
adaptability of national winter rapeseed
regional trials in the upper Yangtze River
region in 2017-2018. Oil Crop Science, 5(3):
121-128.

Marinkovi¢, R., Marjanovi¢-Jeromela, A., Mitrovic,
P., Milovac, Z., 2010. Rapeseed (Brassica
napus L.) as a protein plant species. Field and
Vegetable Crops Research, 47(1): 157-161.

Marjanovié-Jeromela, A., Marinkovié, R., Miji¢, A.,
Jankulovska, M., Zduni¢, Z., 2007.
Interrelationship between oil yield and other
quantitative traits in rapeseed (Brassica napus
L.). Journal of Central European Agriculture,
8(2): 165-170.

Marjanovié-Jeromela, A., Marinkovié, R., Miji¢, A.,
Zduni¢, Z., Ivanovska, S., Jankulovska, M.,
2008a. Correlation and path analysis of
guantitative  traits in  winter rapeseed
(Brassica napus L.). Agriculturae Conspectus
Scientificus, 73(1): 13-18.

Marjanovié-Jeromela, A., Marinkovié, R., Miji¢, A.,
Jankulovska, M., Zduni¢, Z., Nagl, N., 2008b.
Oil yield stability of winter rapeseed (Brassica
napus L.) genotypes. Agriculturae Conspectus
Scientificus, 73(4): 217-220.

Marjanovié-Jeromela, A., Nagl, N., Gvozdanovi¢-
Varga, J., Hristov, N., Kondié-Spika, A.,



7

Svetlana Manhart et al.: Assessment of New Winter Rapeseed Hybrids (Brassica napus L.)
for Productivity and Seed Quality Traits

Marinkovi¢, M.V.R., 2011. Genotype by
environment interaction for seed yield per
plant in rapeseed using AMMI model.
Pesquisa Agropecudria Brasileira, 46: 174-181.

Marjanovié-Jeromela, A., Terzi¢, S., Jankulovska, M.,
Zori¢, M., Kondi¢-Spika, A., Jockovié, M.,
Hristov, N., Crnobarac, J., Nagl, N., 2019.
Dissection of year related climatic variables
and their effect on winter rapeseed (Brassica
napus L.) development and yield. Agronomy,
9(9), 517.

Matei, G., Dodocioiu, A.M., Imbrea, F., Dobre, C.S.,
2017. The productivity of some rapeseed
genotypes in the climatic conditions of ARDS
Caracal. Research Journal of Agricultural
Science, 49(1), 3.

Matsera, O., 2021. Yield and qualitative properties of
winter rapeseed hybrids depending on the
applied norms of fertilizers and terms of
sowing. The Scientific Heritage, 58-1: 4-15.

Miah, M.A., Rasul, M.G., Mian, M.A.K., Rohman, M.,
2015. Evaluation of rapeseed lines for seed
yield stability. International Journal of
Agronomy and Agricultural Research, 7(6):
12-19.

Naazar, A., Javidfar, F., Jafarieh, E., Mirza, M., 2003.
Relationship among Yield Components and
Selection Criteria for Yield Improvement in
Winter Rapeseed (Brassica napus L.). Pak. J.
Bot., 35(2): 167-174.

Nath, R.K., Bhuyan, M.K., Bhagawati, G., Baishya,
B.K., Deka, P., 2021. Yield gap analysis of
rapeseed (Brassica campestris var. Toria) in
Kokrajhar district of Assam, India. Asian
Journal of Agricultural Extension, Economics
& Sociology, 39(10): 425-428.

Nelson, M.N., Lilley, J.M., Helliwell, C., Taylor,
C.M., Siddique, K.H., Chen, S., Cowling,
W.A., 2016. Can genomics assist the
phenological adaptation of canola to new and
changing environments? Crop and Pasture
Science, 67(4): 284-297.

Nita, S., Nita, L.D., Mateoc-Sirb, N., Copcea, A.D.,
Mateoc-Sirb, T., Mihut, C., Mocanu, N., 2022.
The agro-productive efficiency of some
rapeseed hybrids in the pedoclimatic conditions
in the Gataia plain, Timis County, Romania.
Scientific Papers Series Management, Economic
Engineering in  Agriculture and  Rural
Development, 22(4): 471-476.

Nowosad, K., Liersch, A., Poptawska, W,
Bocianowski, J., 2016. Genotype by
environment interaction for seed vyield in
rapeseed (Brassica napus L.) using additive
main effects and multiplicative interaction
model. Euphytica, 208: 187-194.

Piljuk, E.J., 2006. Raps-universaljnaja maslicno-
belkovaja kuljtura. Materiali Mezdunarodnoj
naucno-prakticeskoj  konferencii:  Problemi

deficita rastiteljnogo belka i puti jego
preodolenija; 13-15.

Ping, S.I., Mailer, R.J., Galwey, N., Turner, D.W.,
2003. Influence of genotype and environment
on oil and protein concentrations of canola
(Brassica napus L.) grown across southern
Australia. Australian Journal of Agricultural
Research, 54(4): 397-407.

Poisson, E., Trouverie, J., Brunel-Muguet, S.,
Akmouche, Y., Pontet, C., Pinochet, X., Avice,
J.C., 2019. Seed yield components and seed
quality of oilseed rape are impacted by sulfur
fertilization and its interactions with nitrogen
fertilization. Frontiers in Plant Science, 10, 458.

Radi¢, V., Balali¢, I, Krsti¢c, M., Marjanovic-
Jeromela, A., 2021. Correlation and path
analysis of yield and yield components in
winter rapeseed. Genetika, 53(1): 157-166.

Rajkovi¢, D., Marjanovi¢-Jeromela, A., Pezo, L.,
Londar, B., Zanetti, F., Monti, A., Kondi¢
Spika, A., 2021. Yield and quality prediction of
winter rapeseed - Artificial neural network and
random forest models. Agronomy, 12(1), 58.

Razavi, S.M.A., Yeganehzad, S., Sadeghi, A., 2009.
Moisture dependent physical properties of
canola seeds, Agric. Sci. Technol., 11: 309-322.

Sachan, D.S., Naimuddin, S.K., Patra, D., Subha, L.,
Senthilkumar, T., Chittibomma, K., Prasad,
S.\V., 2024. Advancements in enhancing
oil quality in rapeseed and mustard: A
Comprehensive Review. Journal of Experimental
Agriculture International, 46(5): 181-193.

Sharif, B., Makowski, D., Plauborg, F., Olesen, J.E.,
2017. Comparison of regression techniques to
predict response of oilseed rape yield to
variation in climatic conditions in Denmark.
European Journal of Agronomy, 82: 11-20.

Sidlauskas, G., and Bernotas, S., 2003. Some factors
affecting seed yield of spring oilseed rape
(Brassica napus L.). Agronomy Research, 1(2):
229-243.

Spasibionek, S., Mikotajczyk, K., Cwiek—Kupczynska,
H., Pietka, T., Krotka, K., Matuszczak, M.,
Bartkowiak-Broda, 1., 2020. Marker assisted
selection of new high oleic and low linolenic
winter oilseed rape (Brassica napus L.) inbred
lines revealing good agricultural value. PL0S
One, 15(6), €0233959.

Szata, L., Kaczmarek, Z., Poplawska, W., Liersch, A.,
Wojtowicz, M., Matuszczak, M., Cegielska-
Taras, T., 2019. Estimation of seed yield in
oilseed rape to identify the potential of
semi-resynthesized parents for the development
of new hybrid cultivars. PLoS One, 14(4),
e0215661.

Tahir, M.H.N., Sajid Bashir, S.B., Ameer Bibi, A.B.,
2006. Genetic potential of canola (Brassica
napus) varieties under water stress conditions.
Caderno de Pesquisa Sér. Biology, 18: 127-135.


https://www.cabidigitallibrary.org/action/doSearch?do=Agronomy+Research

78

Number 42/2025

ROMANIAN AGRICULTURAL RESEARCH

Takashima, N.E., Rondanini, D.P., Puhl, L.E.,
Miralles, D.J., 2013. Environmental factors
affecting yield variability in spring and winter
rapeseed genotypes cultivated in the
southeastern Argentine Pampas. European
Journal of Agronomy, 48: 88-100.

Todorov, Z., 2023. Productive capacity of rapeseed
hybrids grown in the conditions of Central
South Bulgaria. Scientific Papers, Series A,
Agronomy, 66(1): 192-198.

Tuncturk, M., and Ciftci, V., 2007. Relationships
between yield and some yield components in
rapeseed (Brassica napus ssp. oleifera L.)
cultivars by using correlation and path
analysis. Pakistan Journal of Botany, 39(1), 81.

Turinek, M., Bavec, M., Repi¢, M., Turinek, M.,
Krajnc, A.U., Mdllers, C., Bavec, F., 2017.
Effects of intensive and alternative production
systems on the technological and quality
parameters of rapeseed seed (Brassica napus
L. ‘Siska’). Journal of the Science of Food and
Agriculture, 97(8): 2647-2656.

Vujakovi¢, M., Marjanovi¢-Jeromela, A., Jovici¢, D.,
Lec¢i¢, N., Marinkovi¢, R., Jakovljevi¢, N.,
Mehandzi¢-Stanisi¢, S., 2014. Effect of plant
density on seed quality and yield of oilseed
rape (Brassica napus L.). Journal on Processing
& Energy in Agriculture, 18(2): 73-76.

Vuorinen, A.L., Kalpio, M., Linderborg, K.M.,
Kortesniemi, M., Lehto, K., Niemi, J., Kallio,
H.P., 2014. Coordinate changes in gene
expression and triacylglycerol composition in
the developing seeds of oilseed rape (Brassica
napus) and turnip rape (Brassica rapa). Food
Chemistry, 145: 664-673.

Weymann, W., Béttcher, U., Sieling, K., Kage, H.,
2015. Effects of weather conditions during
different growth phases on yield formation
of winter oilseed rape. Field Crops Research,
173: 41-48.

Xu, Q.Q., Sami, A., Zhang, H., Jin, X.Z., Zheng,
W.Y., Zhu, Z2.Y., Zhu, Z.H., 2022. Combined
influence of low temperature and drought on
different varieties of rapeseed (Brassica napus
L.). South African Journal of Botany, 147:
400-414.

Yahbi, M., Nabloussi, A., Maataoui, A., EI Alami, N.,
Boutagayout, A., Daoui, K., 2022. Effects of
nitrogen rates on yield, yield components, and
other related attributes of different rapeseed
(Brassica napus L.) varieties. OCL, 29, 8.

Zheng, M., Terzaghi, W., Wang, H., Hua, W., 2022.
Integrated strategies for increasing
rapeseed vyield. Trends in Plant Science,
27(8): 742-745.



