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Brassica nigra, and B. juncea, are two economically important species that are used as
spices; and B. juncea, B. rapa ssp., oleifera, and B. nigra are used for industrial seed oil.
The potential of 16 Brassica genotypes’s comparison with 2 standard varieties was done
in terms of their phenology, morphology, and yield performance under autumn-sown
conditions during 2019-20 and 2020-21 under semi-arid climatic conditions of Central
Anatolia, in Ankara, Tiirkiye. The experiment was performed in a randomized complete-
block design with four replications. The results indicated statistically significant
genotypes X years interaction among all genotypes for plant height, number of branches,
number of pods, number of seeds, 1000-seed weight, seed yield, and crude oil yield of
Brassica spp. Seed emergence, rosette formation stage, 50% flowering, and 50% pod
formation of Brassica spp. varied according to species and years. While the maximum
and minimum crude oil yields of 1222 kg ha™* were obtained from Standard 2 (B. napus-
Excalibur) and 313 kg ha! from the Bn4 genotype; the Br2 (1123 kg ha?), Br3 (1042 kg
hal), Bré (1093 kg ha'), Br5 (949 kg ha!) B. rapa ssp., oleifera and Bj3 (893.3 kg ha?)
B. juncea genotypes appeared superior in performance compared with the
other genotypes. These genotypes can be further exploited in various improvement
programs through selection and hybridization.
Keywords: Brassica juncea, B. rapa ssp. oleifera, Brassica nigra, phenology,
morphology, and yield
INTRODUCTION
Brassica juncea, B. rapa ssp. oleifera and B. nigra L. (family Brassicaceae or
Crucifereae) are among the important annual plant species and genetic resources that are
morphologically very distinct and economically valued as spice (seed) and diesel (industrial seed
oil). Previous studies suggest that B. juncea L. (brown mustard), B. rapa ssp. oleifera (field
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mustard or turnip rape), and B. nigra L. (black mustard) can be grown during autumn in Ankara,
Tiirkiye (KAYACETIN et al., 2022).

Mustard has potential as an important raw material in the spice and energy sectors.
KAYACETIN (2019) indicated that 25-35% vegetable oil is produced from mustard seeds. Black
mustard has the sharpest flavor in terms of usage among species, whereas brown mustard is used
to produce Dijon mustard (PALLE-REISCH et al., 2013). There are very few reports from Tiirkiye
about the use of local genotypes as spices and their adaptability for the biodiesel industry
(YESILYURT et al., 2019). It is important that these species are cultivated and brought into
agriculture. These are considered non-edible oils due to the high value (30-40%) of erucic acid
(C22:1) and are considered potential low-cost sources for biodiesel production (REZANIA et al.,
2022; KAYACETIN, 2023).

The United Nations Food and Agriculture Organization (FAO) and the Organization for
Economic Cooperation and Development (OECD) have evaluated the latest developments in the
production of biofuels, oilseeds and other products during the 2012-2021 period. It has been
reported that these plant species play a key role in sustainable agricultural systems. Gradually
share of agricultural crops for the production of biofuel is increasing day by day. A careful
estimate predicts that the demand for biofuel production will increase by 60% in the next 40
years, with a 5% increase in the use of arable lands during this period. The report also asserts the
need to increase the use of plants for energy fuel production in addition to their use for nutrition
(FAO, 2009). This practice will increase product diversity in crop production. The cold and dry
stress that occurs from time to time in areas where oilseeds are produced has negative effects on
the yield of oil crops. Oilseed plants should be grown in autumn according to industry needs to
increase their production (KAYACETIN et al., 2022). Genotypic differences play a major role in
the adaptation of crops to specific environments (NOWOSAD et al., 2016) resulting in variable
responses against different genotypes. Several breeders have studied and screened a number of
Brassica crops and studied genetic and morphologic variabilities for direct introduction or their
hybridization for specific purposes (ABBADI and LECKBAND, 2011; KATCHE et al., 2019;
KAYACETIN, 2019). Seed and crude oil yield per hectare is one of the most important traits that
could improve the efficiency of production of any seed crop. Mustard seed yield and quality of
oil are influenced by agronomic, genetic, and environmental conditions, sowing time, irrigation,
fertilizer application, and plant density (BociANOwsKI et al., 2019). Sometimes specified
genotypes do not exhibit the same phenotypic characteristics and yield performance under
varying environmental conditions. The breeding of a cultivar is an important tool, to increase
agricultural production. A successful breeding program relies on the genetic diversity of a crop
to achieve the goals of producing high-yielding and resistant varieties (TARIQ et al., 2020).

The current study aimed to screen 18 diverse and morphologically superior cultivated
Brassica genotypes for use in breeding programs in Turkey.

MATERIAL AND METHODS
Experimental location, climate, and soil traits
The experiment was conducted during the autumn seasons of 2019-20 and 2020-21 at the
experimental fields of the Field Crops Central Research Institute in Ankara, Turkey located at
Ikizce (39°26' 18.87"N, 32°22.691"; 1050 m altitude). The average monthly total precipitation,
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average relative humidity, minimum, maximum, and average temperatures noted during the
autumn growing seasons for long terms, 2019-20 and 2020-21, are given in Figure 1. There was
a total of 391.9, 269.6, and 273.6 mm of precipitation, an average temperature of 10.5, 10.5, and
12.0 °C, and an average humidity of 63.9% 58.3%, and 65.5%, respectively. The minimum
temperature in the mean of the last 21 years (-17.9 °C) was higher compared to the temperature
during 2019-20 (-12.2 °C) and 2020-21 (-15.3 °C). The maximum temperature in 2019-20 (35.5
°C) and 2020-21 (37.6 °C) was lower compared to the meteorological data average of the last 21
years (40.4 °C).

The soil analysis results during 2019-20 and 2020-21, by taking soil samples at a depth of
0-20 cm showed low organic matter (1.63% and 1.97%), mild alkalinity (pH 7.4 and 7.7), limey
(28% and 30%), and clay-loam soils during both years (Table 1).
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Figure 1. Some meteorological data about the vegetation period (September to August)

Table 1. Analysis of soil samples belonging to the experimental area for two years

in water- . .
. limey - organic
year (igﬁf? texture satu r?zt?:d soil oH Cao(/303 plegspr?g)us p(tlltgs;; ulr)n sub it ance
(ds ) (%) (%)
2020 0-20 Clay loamy 1.18 7.4 28 197 1550 1.63
2021  0-20 Clay loamy 0.64 7.7 30 45 3060 1.97

Plant material and experimental design

The experiment consisted of a randomized complete-block design with four replicates.
The seeding rate was adjusted to reach a density of about 200 plants per m2. The yield from a
plot of 10.8 m? was calculated on the basis of the ha yield. The seeds were sown at a depth of
~2-3 cm during both years of the experiment.

The study utilized 16 mustard genotypes from three Brassica species (B. juncea, B.
nigra, and B. rapa ssp. oleifera) and two standards (Standard1-B. juncae 1SCI-99 and Standard
2-B. napus Excalibur) as research material (Table 2). The experimental land was prepared with a
one- pass disc-harrow and plowed before sowing the seeds. This selection consisted of mustard
genotypes collected from several locations in Turkey and the USDA gene bank. The genotypes
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constituting the material of the study were characterized by the Field Crops Central Research
Institute, Ankara, Tiirkiye, and brought to the yield experiment using the “Pure Line Selection
Method”. Nitrogen, phosphorus, and sulfur was used at rates of 100, 50, and 35 kg ha’, in the
same sequence (FRANZEN and LUKACK, 2007; GRANT et al., 2007). Both phosphorus and sulfur
fertilizers were applied before sowing. The total nitrogen fertilization was done at the time of
sowing and rosette formation.

Table 2. List of Brassica spp. genotypes used in this study

Species No Genotype  Origin No Genotype  Origin No  Genotype Origin
1 Bjl Turkey 4 Bj4 Russia 7 Bjo5 Russia
Brassica 2 Bj2 Kirklareli, Bjol Russia
- Turkey
juncea . .
3 Bi3 Kayseri, 6 Bio2 United
) Turkey ) States
Brassica 8 Bnl Turkey 9 Bn3 Turkey 10 Bn4 Ankara,
nigra Turkey
Tekirdag, Tekirdag, Tokat,
sBs.prapa 11 Brl Turkey 13 Br3 Turkey 15 Br5 Turkey
: Tekirdag
oleifera 12 Br2 Bursa, Turkey 14 Brd Turkey 16 Br6 Turkey
17 S1-ISCl- - 18 S2-
Standart B. juncea 99 India B. napus Excalibur France

Studied traits

Phenotypic: Both vegetative and generative growth observations were taken at the
beginning and the end of respective developmental stages. The data about phenotypic
observations included days to emergence from sowing (d), days to rosette formation from
emergence (d), days to 50% flowering from emergence (vegetative growth stage) (d), and
induction of 50% pod formation from seed emergence time (generative growth stage) (d) as
noted following KAYACETIN (2019).

Morphologic: Plant height, number of branches, number of pods per plant, number of
seeds per pod, 1000-seed weight, and yield (seed yield and oil yield) in this study were
determined as described by KAYACETIN (2019). At the time of seed ripening, the plants in every
plot were harvested. Seed yield (kg ha') and crude oil yield (kg ha') were also calculated
(KAYACETIN, 2023).

Statistical Analysis: The data about all morphological and yield traits (%) were analyzed
using analysis of variance (ANOVA) from the JMP Statistical software. Significant differences
among the group means were separated using LSD (SALL et al., 2017).

RESULTS AND DISCUSSION
Phenotypic traits
Brassica species were sown during the 2019-20 autumn on September 15, 2019,
followed by two irrigations to facilitate emergence. In general, losses of 3-10%, 6-18%, and 11-
26% were detected in Brassica genotypes entering winter at the right time and showed more
resistance to cold. Winter damage was determined to be between 10-16% in the two standard
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varieties. It is observed that temperature drops up to -13 °C in winter causes a high level of cold-
based damage.

Table 3. According to Brassica spp. sowing, emergence, flowering and harvest date

50% flowering 50% pod

dates formation dates _arvest dates

Year Species Sowing dates Emergence dates 4-6 leaves rosette dates

B.rapassp.  15-September-2019 1 ooner2019  12-November-2019  25-April-2020  10-May-2020  27-June-2020

o Oleifera

g B. juncea 15-September-2019  11-October-2019 12-November-2019  11-May-2020  26-May-2020 1-July-2020

S B.nigra 15-September-2019 18-November-2019 25-December-12.2019 25-May-2020  25-June-2020  28-July-2020

N S1-ISCI-99  15-September-2019  11-October-2019 12-November-2019  11-May-2020  26-May-2020 1-July-2020
S2-Excalibur  15-September-2019  11-October-2019 12-November-2019  11-May-2020  26-May-2020 1-July-2020
Sl'e?eprzss"' 25-September-2020 1) November-2020  1-January-2021  30-April-2021  5-May-2021  16-July-2021

—

g B. juncea 25-September-2020 10-November-2020 1-January-2021 15-April-2021  31-May-2021  20-July-2021

S B. nigra 25-September-2020 28-November-2020 15-January-2021 18-April-2021  15-May-2021  10-August-2021

N

S1-ISCI-99  25-September-2020 20-November-2020 1-January-2021 15-April-2021  31-May-2021  20-July-2021
S2-Excalibur  25-September-2020 20-November-2020 1-January-2021 15-April-2021  31-May-2021  20-July-2021

Brassica species were sown on September 25, 2020, and in 2020-21. There was
insufficient rain from September to mid-October, therefore irrigation was done during this period
to ensure seed germination and emergence. Despite irrigation, plants could not enter the winter
within the targeted period, resulting in significant cold based damage that varied among the
genotypes. Since the emergence of B. juncea and B. rapa ssp. oleifera was completed in mid-
November, these genotypes entered the winter in the early rosette stage, and especially B. juncea
was adversely affected by this situation. B. juncea genotypes, showed 41.5% and 52.8% winter
emergence. B. nigra genotypes, entered the winter in the early rosette stage inducing a little cold
damage. In general, survival rates between 54.2-58.6% and 69.8-76.5% were determined in B.
rapa ssp. oleifera and B. nigra genotypes. Significant winter damage of 35.1% to 29.5% was
noted in Standardl and Standard 2, respectively (Table 4). It is detected that temperature drops to
-15.3 °C during the winter months caused the cold damage that was higher due to the inability of
the species to enter winter at the right time. The first or earliest flowering among all species
occurred in B. rapa ssp. oleifera genotypes. Despite the emergence at Ankara during 2020-21,
the species were adversely affected by the air temperatures falling to -14.9 and -15.3 °C in
January and February, respectively. The data about phenological observations are given in Table
3. Statistically similar phenological observations were noted among the genotypes used in the
study; therefore, Table 3 and Table 4 were prepared on the basis of their results.

The emergence time varied depending on the genotypes. Their emergence time ranged
from 26-64 days during 2019-20; to 46-64 days during 2020-21 (Table 4). The average
temperature between September and December was warmer during 2019-20 (11.4 °C) compared
to the temperature noted during 2020-21 (8.9 °C), but the total precipitation between these
months was considerably lower during 2020-21 (38 mm) in comparison to 2019-20 (85.8 mm),
which had a significantly negative influence on the yield. Because the most effective factors for
the seeds to germinate and emerge are soil temperature and humidity (SALIMI, 2009; KAYACETIN,
2019). Although the duration to reach the 4-6 leaf rosette stage varied according to the species,
the time to enter the rosette stage was 32-37 days during 2019-20 and 42-52 days during 2020-
21. Depending on the change in the emergence times of the species, the times of entering the
rosette stage varied over two years. The genetic structures and environmental conditions of the
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species affected the time of their entering the rosette stage. The genotypes entered 50%
flowering in 189-213 days in the autumn sowing of 2019-20 and 134-176 days during the
autumn sowing of 2020-21. It is obvious that significant differences in terms of temperature and
precipitation during both years influenced this parameter, which affected the flowering period
during both years. Although the flowering period is significantly affected by climatic conditions,
low temperatures are assumed to prolong the flowering period (KAYACETIN, 2019). In addition,
the flowering period decreased proportionally with the prolongation of the emergence period.
Therefore, the vegetative period was shortened, and the yield values were negatively affected.
The genetic structures and environmental conditions of the species were also effective in
inducing differences in flowering (GIzZLENCI, 2017). 50% pod formation dates range from 212-
228 days during 2019-20, and 176-229 days during 2020-21 depending on the genotypes. The
shifts in weather conditions had differential effects on the plant growth patterns of the species
that were included in this study. Harvest varied according to species between 253-264 days
during 2019-20, and 242-255 days during 2020-21. Climatic conditions are effective on the
vegetation period; it was determined that the maturation was completed in a shorter time,
especially with the increase in temperature (wu et al., 2011). It is assumed that the differences
between species are due to the pleiotropic effect of genotypes caused by long-term shifts in
temperatures, weather patterns (climate), and differential weather conditions during the carrying
out of the experiments.

Table 4. Average values of phenological observations discussed in the study

1 1 i - 0, 0,
Ratio of winter survival Daysto Daysto 4-6 leaves  Daysto50%  Days to 50% pod Days to harvest

(%) emergence rosette stage flowering formation

. 2019- 2020- 2019- 2020- 2020-
Species 2019-20  2020-21 20 21 20 2020-21  2019-20 2020-21 2019-20 21 2019-20 21
EieE?eF’rZSSp' 89.9-96.8 542586 26 46 32 52 197 171 212 176 248
B. juncea 81.6-93.6 415528 26 46 32 52 213 134 228 202 264 252
B. nigra 74.2-895 69.8-765 64 64 37 48 189 171 220 229 253 255
S1-I1SCI-99 90.2 35.1 26 56 32 42 213 176 228 192 264 242
S2-Excalibur 88.2 29.5 26 56 32 42 213 176 228 192 264 242

Morphologic traits

The plant height, number of branches, number of pods, number of seeds, 1000-seed
weight, seed and crude oil yield results showed significant differences among genotypes during
two years of the study (p <0.01) (Table 5).

Statistically significant differences were found between the two years in terms of the
studied traits of Brassica spp. The plant height (166.7 cm) and the number of branches (6.3
branch plant?) of the first year were higher compared to the plant height (118.5 cm) and the
number of branches (6.0 branch plant?) of the second year (Table 5). Whereas the number of
pods in the second year (394.3 pod plants™) was higher compared to the number of pods in the
first year (300.0 pod plants™), the number of seeds, 1000-seed weight, seed yield, and crude oil
yield in the first year (16.2 seed pod™, 2.1 g, 283.6 kg haand 89.5 kg ha') was higher compared
to second year (14.5 seed pod?, 2.0 g, 222.2 kg ha'* and 59.5 kg ha'). This difference was due to
higher rainfall during the growing period of plants in the second year.
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The maximum plant height was detected at 251.1 c¢cm in the Bnl genotypes, while the
minimum plant height was obtained as 82.3 in the Bn4 genotypes in the first year. There are
morphologically different genotypes of B. nigra. The longest and shortest plant height values
belonged to B. nigra genotypes. The result confirmed the general situation, as the development
process progressed well in the first year of the experiment. However, during the second year of
the experiment, the plant height of the genotypes and the two standard cultivars was determined
quite less, especially in B. juncea and B. rapa ssp. oleifera species due to the problems
experienced during the emergence and growth of the standard cultivars. The maximum and
minimum number of branches (8.9 and 4.5 branch plant?) were noted on Bn4 and Br5
genotypes, respectively in the second trial years. The number of branches is an important
criterion that has a positive effect on yield. Each increase in the number of side branches
increases chlorophyll contents and photosynthesis in plants that ended up in a higher seed yield.
Therefore, yield reductions caused by differential losses in the plant rows could be compensated
partially or fully (SHRIEF et al., 1990). The maximum number of pods was determined as 820.3
pods plant? on the Bn3 genotype in the second year, while the minimum number of pods was
determined as 201.1 pod plant? on the Br6 genotype in the first year. The maximum and
minimum number of seeds in the pod were determined from the Standard 2 cultivar with 26.1
seed pod? and from Bn4 with 5.2 seed pod™ in the first year. The maximum 1000-seed weight
was detected in the Standard 2 cultivar with value of 3.5 g in the first year, the minimum 1000-
seed weight of 0.6 g was found using the Bnl, Bn2, and Bn3 genotypes during both years. The
maximum seed yield was obtained with 4896.5 kg ha* from the S2 standard cultivar in the first
year, while the minimum seed yield of 1107.9 kg ha! were obtained from the Bn4 genotype in
the first year. The maximum and minimum crude oil yields of 1708.9 kg ha* was obtained from
the S2 variety and 271.4 kg ha* from the Bnl genotype in the first year. Crude oil yield is an
interaction of crude oil ratio and seed yield per hectare. Crude oil yield is the result of the
interaction of the crude oil ratio with the cultivation of the soil crop. Although the Br2 (1123.4
kg hat), Br3 (1041.7 kg ha), Br6 (1092.5 kg ha*) and Bj3 (893.3 kg ha™*) genotypes showed
lower performance than the oil yield of the S2 variety (1708.9 kg ha'), they showed very high
performance. In the genotypes where the number of plants per square meter was low due to
winter mortality in autumn sowing, a thousand seed weight was significantly higher. The results
revealed that morphological features show great differences due to the genetic characteristics of
the genotypes, environmental factors, and the application of cultural practices (SHEKHAWAT et
al., 2012; GizLENCI, 2017). The fact that there is variation in oil content in genotypes and species
is also important for future breeding studies (CHAUHAN et al., 2010; VEDNA et al., 2010; PATEL et
al., 2012; PRIYAMEDHA KUMAR and HAIDER, 2017; MNDOLWA et al., 2019).

In the combined years (2020 and 2021), the maximum plant height was found in the Bnl
genotype with 225.5 cm, while the minimum plant height was obtained in the Br2 genotype with
122.7 cm (Table 5). The maximum number of branches was obtained from the Bnl genotype
with 8.3 branch plant?, while the minimum number of branches was determined from the Br5
genotype with 5.0 branch plant?. Whereas the maximum number of pods was determined with
the 585.5 pod plant* Bn3 genotype, the minimum number of pods was determined with the Bré
with 233.9 pod plants™. The maximum number of seeds was detected in the S2 variety with 22.3
seed pod, while the minimum number of seeds in the pod was noted in the Bn4 genotype with
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6.7 seed podt. The maximum and minimum 1000-seed weights of 3.5 and 0.6 g were obtained
from S2 variety and Bnl genotype in the same order.

Table 5. Effect of the genotypes on plant height, number of branches, number of pods, number of seeds,
1000-seed weight, seed and crude oil yield of Brassica spp. Number of pods plant™

Plant height (cm)

Number of branches

Number of pods

Number of seeds

(branch plant™) (pod plant™) (seed pod™)
Genotype 2020 2021 Mean 2020 2021 Mean 2020 2021 Mean 2020 2021 Mean
Brl 153.0f-h  107.6i 130.3c-e  6.2c-g  6.7b-e 6.4bc  324.8d-i  489.3bc  407.1b-d  18.5b-e 16.8¢c-f 17.7b-d
Br2 141.4i 84.0lm 122.7e 6.0d-h  6.2c-g 6.1b-d  297.8d-j 364.0d-f 330.9c-g 21.8b 18.0c-e  19.9b
Br3 152.2f-h  86.3Im 124.7e 6.8b-e  6.0d-h 6.4bc  296.6d-j 297.0d-j 296.8d-h 18.1c-e 16.3c-f 17.2cd
Brd 145.6h 202.9b 120.1e 6.5b-f  5.7d-h 6.1b-d  233.7g-j 304.2d-j 268.9f-h  19.6bc  16.5¢c-f 18.0bc
Br5 151.3f-h  103.8i-k  122.2e 5.5e-h  4.5h 5.0d 343.6d-g 329.9d-i  336.7c-f  16.3c-f 16.8¢c-f 16.6c-e
Bré 156.4e-h  105.3ij 122.4e 5.5e-h  5.3e-h 5.4cd 201.1j 266.7e-j 233.9h 19.5bc  16.4c-f 18.0bc
Bnl 257.1a 91.0j-m 225.5a 8.7a 8.0ab 8.3a 386.3c-e  771.8a 579.0a 7.6h 7.4h 7.59
Bn3 257.0a 99.7i-1 225.4a 7.8a-c  8.5a 8.la 350.8d-g 820.3a 585.5a 6.3h 7.6h 6.99
Bn4 82.3m 96.8i-m 138.5cd  4.8gh  8.9a 6.8b 209.8ij 552.8b 381.3b-d 5.2h 8.2h 6.79
Bjol 171.2de 97.5i-m 127.6de 5.4e-h  5.3e-h 5.4cd 243.2f-j 255.5f- 249.3gh 16.2d-f 14.5fg  15.4de
Bjo2 158.2e-g  103.9i-k  122.3e 6.7b-e  5.0f-h 5.8b-d 352.0d-g 2314g-j 291.7e-h  16.5c-f 15.6e-g 16.0c-e
Bjo5 172.5de 97.3i-m 187.7b 6.1d-h  4.8gh 5.4cd 319.0d-j 550.0b 434.5b 16.7c-f 8.2h 12.4f
Bjl 175.9d 94.5i-m 139.8¢c 7.2a-d  5.5e-h 6.4bc  356.0d-f 336.9d-f 346.4c-f 17.1c-f 123g  14.7ef
Bj3 171.0de  93.0i-m 138.1cd  5.9d-h  6.0d-h 6.0b-d 397.1cd  349.8d-g 373.4b-e 15.6e-g 17.lc-f 16.3c-e
Bj4 159.3e-g  88.5k-m  125.2e 6.4b-f  5.5e-h 5.9b-d 321.6d-i 303.0d-j 312.3d-h 17.4c-f 16.0ef 16.7c-e
Bj9 156.9e-h  193.9bc 128.3c-e  5.4e-h  5.0f-h 5.2d 218.1h-j  315.7d-j  266.9f-h  17.2c-f 17.9c-e 17.5cd
S1-ISCl-
99 177.3d 193.9bc 137.0cd  6.3b-g 5.0f-h 5.6cd  284.0d-j 2985d-j 291.3e-h  16.0ef  17.3c-f 16.6c-e
S2-
Excalibur  163.0d-f  194.8b 130.3c-e  5.9d-h  5.8d-h 5.8b-d  265.9fj 260.6f- 263.2f-h  26.1a  18.4b-e 22.3a
166.74a  118.57b 6.3 6.0 300.05b  394.3a 16.2a  14.5b
CV (%) 8.28 18.42 24.64 15.45
1000-seed weight (g) Seed yield (kg hat) Crude oil yield (kg ha®)
Genotype 2020 2021 Mean 2020 2021 Mean 2020 2021 Mean
Brl 1.9k 2.1ij 2.0i 3657bc 1948jk 2802c-e 993d-f 464m-o 729fg
Br2 1.9k 2.4e-g 2.1h 3831bc 2685e-g 3258ab 1402c 845f-h 1123ab
Br3 2.0jk 2.3gh 2.2f-h 40580  2293g-] 3175a-c 1406b 677g-k  1042bc
Br4 2.0jk 2.4e-g 2.2f-h 3487c 2113h-j 2800c-e 1045b 669h-1 857de
Br5 2.0jk 2.4e-g 2.2f-h 3785bc  2553e-h 3169a-c 1135¢ 764f-i 949cd
Bré 2.0jk 2.5d-f 2.2f-h 4080b  2630e-h 3355ab 1463b 722f-i 1093bc
Bnl 0.6n 0.6n 0.6j 1108m 1983i-k  1545h 271p 5041-0 388jk
Bn3 0.7n 0.6n 0.7j 1402Im  2455e-j 19289 3800p 621i-n 501ij
Bn4 0.8Im 0.6n 0.7j 2910d-f  2164gj 1227h 779 549j-0 313k
Bjol 2.4f-h 2.2hi 2.3d-f 3571bc 2013i-k  2792de 1066¢ 458n0 762ef
Bjo2 2.6¢d 2.3gh 2.4cd 2875d-f 2160g-j 2518ef 800f-h 530k-0 665f-h
Bjo5 2.9b 0.9 1.9i 1519k-m 1142m  1330h 517k-0 277p 397jk
Bj1 2.3gh 2.3gh 2.3d-f  2373fj  2188gj 2280fg 7129+ 518k-0 615g-i
3119b-
Bj3 2.3gh 2.5d-f 2.4cd 3315cd 2923de d 1062cd 725f-i 893d
Bj4 2.3gh 2.4e-g 2.3d-f  2511e-i  2420e-j 2465ef 888d-f 598i-n 743ef
Bj9 2.7bc 2.4e-9 2.6b 2140h-j 2218g-j 2179fg 632h-m 530k-0 581hi
S1-ISCl-
99 2.6de 2.3gh 2.5cd  2149g-j 1933j-1 20419 551j-n 519k-o0 535i
S2-
Excalibur 3.5a 2.5d-f 3.0a  4897a 2188g-j  3542a 1709a 735f-i 1222a
Mean 2.1a 2.0b 2836a 2222b 895a 595b
CV (%) 5.83 14.97 16.08

** significantly different at 0.01 level of significance using LSD test

The maximum and minimum seed yields of 3542.0 kg ha' and 1227.3 kg ha' were

obtained from the S2 variety, and the minimum seed yield was determined from the Bn4
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genotype. Whereas the maximum crude oil yield was determined to be 1221.7 kg ha* from the
S2 variety, the minimum crude oil yield was obtained with 313.0 kg ha! in Bn4 genotypes
(Table 5). The results revealed that differences determined in terms of yield and morphological
traits among the species and genotypes in this study are consistent with the findings of GIZLENCI
(2017) and GUNASEKERA et al. (2006).

CONCLUSION

The Brassica juncea, B. nigra, and B. rapa ssp. oleifera genotypes used in the study were
grown during autumn under semi-arid climatic and rainfed ecological conditions in Ankara,
Tiirkiye, during 2019-20 and 2020-21. The results of the study indicated that

- Growth, development, and yield showed a significantly important interaction among
years and genotypes.

- Significant interaction among years and genotypes was reflected in the maximum seed
(4897 kg ha') and crude oil yield (1709 kg ha*) detected using Standard 2 (B. napus-Excalibur)
in 2019-20, the maximum seed (2923 kg ha*) and crude oil yield (845 kg ha') were noted for
Bj3 and Br2 genotypes in 2020-21, in the same order. These values were higher during the first
year compared to the values noted during the second year.

- The Bj3 (B. juncea) and Br2, Br3, Br5 and Br6 (B. rapa ssp. oleifera) genotypes showed
reduced values compared to the Standard2 variety in the first year. The standard varieties were
more affected by negative growth conditions in the second year and showed yield and quality
performance close to or below these genotypes.

- The potential new variety or the Br2, Br3, Br5, Br6 and Bj3 genotypes were more stable
to environmental changes during two years and appeared superior in performance for seed and
crude oil yield with higher values compared to the other genotypes.

- The genotypes can be further exploited in variety improvement programs through
selection and hybridization.

ACKNOWLEDGMENTS

The authors acknowledge the financial support of TUBITAK (Scientific and Technological

Research Council of Turkey) vide No. 1505-5190038. The project was carried out at the Central

Research Institute for Field Crops, Ankara, Turkey and DB Agricultural Energy Industry and

Trade Limited, 1zmir, Turkey.

Received, August 251, 2022
Accepted July 28", 2023
REFERENCES

ABBADI, A. and G., LECKBAND (2011): Rapeseed breeding for oil content, quality, and sustainability. European Journal of
Lipid Science and Technology, 113(10): 1198-1206.

BOCIANOWSKI, J., J., NIEMANN, K., NOWOSAD (2019): Genotype-hy-environment interaction for seed quality traits in
interspecific cross- derived Brassica lines using additive main effects and multiplicative interaction model.
Euphytica, 215(1): 7.

CHAUHAN, J.S., S.S., MEENA, M., SINGH, K.H., SINGH (2010): Estimating genotype x environment interaction and stability
parameters for oil and seed meal quality, seed yield and its contributing characters in Indian mustard [B.
juncea (L.) Czern & Coss.]. Indian J. Agric Sci., 80: 172-180.



838 GENETIKA, Vol. 55 No3, 829-840, 2023

FAO (2009): The State Of Food And Agriculture. BIOFUELS: prospects. risks and opportunities. Food And Agriculture
Organization Of The United Nations.

FRANZEN, D.W. and J., LUKACH (2007): Fertization Canola and Mustard. North Dokota State University, Fargo, 58105.

GIZLENCI, S. (2017): Determination of special combination capabilities of some winter rapeseed (Brassica napus L.)
hybrids. Master’s Thesis, 63p. Ondokuz Mayis University.

GUNASEKERA, C.P., L.D., MARTIN, K.M., SIDDIQUE, G.H., WALTON (2006): Genotype by environment interactions of Indian
mustard (Brassica juncea L) and Canola (Brassica napus L.) in Mediterranean-Type Environments: I. Crop
Growth and Seed Yield. Eur. J. Agron., 25: 1-12.

KATCHE, E., D., QUEZADA-MARTINEZ, E.l., KATCHE, P., VASQUEZ-TEUBER, A.S., MASON (2019): Interspecific hybridization
for Brassica crop improvement. Crop Breeding, Genetics and Genomics, 1(1), €190007.

KAYACETIN, F. (2019): Morphological characterization and relationship among some important wild and domestic
Turkish mustard genotypes (Brassica spp.). Turkish J. Botany, 43(4): 499-515.

KAYACETIN, F. (2023): Comparison of some species in genus Brassica cultivated on clay loamy soils under semi-arid
agroecosystem for suitability to biodiesel production. Energy Sources, Part A: Recovery, Utilization, and
Environmental Effects, 45(4): 11963-11980.

KAYACETIN, F., H., M., KHAWAR, 0., AYDIN, A., KINAY, M., SAMEEULLAH (2022): TUBITAK-1505 (No. 5190038)
“Development of Mustard Varieties Suitable for Food and Energy Industry” Project Final Report.

MNDOLWA, E.J., S.N., MSOLLA, T.G., PORCH, P.N., MiKLAS (2019): GGE biplot analysis of yield stability for Andean dry
bean accessions grown under different abiotic stress regimes in Tanzania. African Crop Science Journal,
27(3): 413-425.

NOWOSAD, K., A., LIERSCH, W., POPLAWSKA, J., BOCIANOWSKI (2016): Genotype by environment interaction for seed
yield in rapeseed (Brassica napus L.) using additive main effects and multiplicative interaction
model. Euphytica, 208(1): 187-194.

PALLE-REISCH, M., M., WOLNY, M., CICHNA-MARKL, R., HOCHEGGER (2013): Development and validation of a real-time
PCR method for the simultaneous detection of black mustard (Brassica nigra) and brown mustard (Brassica
juncea) in food. Food Chemistry, 138: 348-355.

PATEL, A. M. and M. D., ARHA (2012): Genotype x environment interactions and stability parameters in Indian mustard (B.
juncea) Proceedings of 1st National Brassica Conference on production barriers and technological options in
oilseed Brassica held at CCS Haryana Agricultural University, Hisar. Pp, 53.

PRIYAMEDHA, P., A., KUMAR, Z., HAIDER (2017): Stability for seed yield and components traits in Indian mustard (B.
juncea L.) under Jharkhand conditions. J. Oilseed Brassica, 8: 37-42.

REZANIA, S., S., MAHDINIA, B., ORYANI, J., CHO, E.E., KWON, et al. (2022): Biodiesel production from wild mustard
(Sinapis arvensis) seed oil using a novel heterogeneous catalyst of LaTiO3 nanopatrticles. Fuel, 307: 121759.

SALIMI, H. (2009): Effect of Temperature and Light on Different Wild Mustard (Sinapis arvensis) Ecotypes Germination.
Rostaniha, 10(2): 221-229.

SALL, J., M.L., STEPHENS, A., LEHMAN, S., LORING (2017): JMP Start Statistics, A Guide to Statistics and Data Analysis
using JMP 6th edn. (SAS institute Inc., Cary).

SHEKHAWAT, K., S.S., RATHORE, O.P., PREM, B.K., KANDPAL, J.S., CHAUHAN (2012): Advances in agronomic management
of Indian mustard (Brassica juncea L. Czernj. Cosson), An Overview. International Journal of Agronomy, 1-
14. Article 1D, 408284.

SHRIEF, S. A., R., SHABANA, A. F., IBRAHIM, G., GEiSLER (1990): Variation in seed yield and quality characters of four
spring oil rapeseed cultivars as influenced by population arrengements and densities, Journal of Agronomy
and Crop Science, 165(2-3): 103-109.



F. KAYACETIN et al.: YIELD TRAITS OF SOME MUSTARD SPECIES 839

TARIQ, H., F.A., KHAN, H., FIRDOUS, Z., ULLAH, R.A., JAVAID, S.G., VASEER, M., ZULFIQAR (2020): Cluster analysis of
morphological and yield attributing trait of Brassica napus genotypes. Life Sci J., 17(8): 18-21.

VEDNA, K., B.C., SOOD, K., RAMA, D., JAI (2010): Phenotypic stability for seed yield and component characters in
Ethiopian mustard (B. carinata A. Braun). Crop Res., 39: 103-106.

WU, X., B., CHEN, G., LU, H., WANG, K., XU, G., GUIZHAN, Y., SONG (2011). Genetic Diversity in Oil and Vegetable Mustard
(Brassica juncea) Landraces Revealed by SRAP Markers. Genetic Resources and Crop Evolution, 56(7):
1011-1022.

YESILYURT, M., M., ARSLAN, T., ERYILMAZ (2019): Application of response surface methodology for the optimization of
biodiesel production from yellow mustard (Sinapis alba L.) seed oil. International Journal of Green
Energy, 16(1): 60-71.



840 GENETIKA, Vol. 55 No3, 829-840, 2023

ODREDIVANJE OSOBINA RASTA | PRINOSA NEKIH VRSTA SLACICA
U POLUSUSNIM USLOVIMA CENTRALNE ANADOLIJE

Fatma KAYACETINY", Oguzhan AYDIN?, Sefa UNAL?, Khalid Mahmood KHAWAR?

Univerzitet u Ankari, Strukovna $kola Kalecik, 06870, Ankara, Turska
2Centralni istrazivagki institut za ratarske kulture, Ankara, Turska
3 Yozgat Bozok Univerzitetet, Institut za konoplju, 06120, Yozgat, Turska

Izvod

Brassica nigra i B. juncea su dve ekonomski vazne vrste koje se koriste kao zadini; i B. juncea,
B. rapa ssp., B. oleifera i B. nigra se koriste za ekstrakciju industrijskog ulja iz semena.
Poredenje potencijala 16 genotipova Brassica sa 2 standardne sorte uradeno je u pogledu njihove
fenologije, morfologije i prinosa u uslovima jesenje setve tokom 2019-20 i 2020-21 u polu-
aridnim klimatskim uslovima Centralne Anadolije, u Ankari, Turska. Eksperiment je izveden u
randomizovanom kompletnom blok dizajnu sa Cetiri ponavljanja.

Rezultati su ukazali na statisti¢ki znacajnu interakciju genotip x godina izmedu svih genotipova
za visinu biljke, broj grana, broj mahuna, broj semena, masu 1000 semena, prinos semena i
prinos sirovog ulja Brassica spp. Pojava semena, faza formiranja rozete, 50% cvetanja i 50%
formiranje mahuna Brassica spp. varirala je prema vrsti i godinama. Dok su maksimalni i
minimalni prinosi sirovog ulja od 1222 kg ha-! dobijeni iz Standarda 2 (B. napus-Ekcalibur) i
313 kg ha-! iz genotipa Bn4; Br2 (1123 kg ha-'), Br3 (1042 kg ha-t), Br6 (1093 kg ha-1), Br5
(949 kg ha-!) B. rapa ssp., oleifera i Bj3 (893,3 kg ha-!) B. juncea genotipovi su izgledali
superiorniji u performansama u poredenju sa drugim genotipovima. Ovi genotipovi se mogu
dalje koristiti u razli¢itim programima poboljsanja kroz selekciju i hibridizaciju.
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