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Abstract: The present study was to determine the genotypic and environmental variability and stability in seed yield, oil
content, oil yield, oleic and linoleic acid of 10 safflower lines derived from a cross of Dinger 5-18-1 x Montola 2000 toge-
ther with six cultivars under six environments at five locations. The effects of genotypes, environments and genotype x
environment interactions were highly significant (P < 0.01) for seed yield and oil content. Averaged across all environments,
the seed yield was lowest in the cultivar Olas (2 352 kg/ha), and highest in the line Bay-Er 5 (2 869 kg/ha). According
to mean (x;) and regression coefficient (b;) values, the Bay-Er 16 was better adapted to unfavourable environmental con-
ditions, whereas the Bay-Er 1, Bay-Er 5 and Bay-Er 14 were better adapted to favourable environmental conditions. The
highest oil content across environments, over 35%, was recorded in the line Bay-Er 15 and the cultivars Olas and Linas.
The best adaptability to the environments was observed in the cultivar Olas. The oleic acid content of genotypes increased
and the linoleic acid contents decreased from the north to the south latitudes. The oil content of genotypes grown in Sou-
theastern Anatolia was higher than in the other regions. Within the regions, seed yield and oil content was higher after
autumn sowing than after spring sowing.

Keywords: agronomic and quality characters; Carthamus tinctorius; oleic and linoleic acid; stability analysis

Safflower (Carthamus tinctorius L.) is one the agricultural ecosystems that can grow under water
most important vegetable oil and bioenergy source.  stress without significant reduction in oil and seed
In the past and today, due to its high tolerance to sa-  yield. In fact, safflower cultivation creates a more
linity and drought, safflower maintains its feature profitable product for farmers in some countries
as a promising alternative product in arid and saline  than other conventional products such as barley,
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lentils and chickpeas (Weiss 2000; Erbas et al. 2016;
Yeloojeh et al. 2020). Safflower is cultured in more
than 25 countries; however Russian Federation, Ka-
zakhstan, India, Argentina, Mexico, USA, Uzbekistan
and Turkey are the leading countries (FAOSTAT
2022). According to the records of FAO, safflower
cultivation area and seed production of Turkey were
14 588 ha and 16 200 tonnes in 2021. Safflower has
a large growing potential for both continental and
Mediterranean climate zones in Turkey. Significant
agricultural supports to the safflower producers by the
Turkish government to reduce Turkey’s vegetable
oil imports have been an important factor in the
development of safflower cultivation in Turkey.
The seed yield and oil content are mainly selec-
tion criteria for safflower breeding programs. Plant
height, primary branches number, head number,
head diameter, seed number per head, harvest in-
dex, 1 000 seed weight and hull content are other
properties that directly or indirectly affect the yield
and oil content of safflower (Ramachandram & Goud
1981; Akbar & Karman 2006; Bidgoli et al. 2006). The
research has been carried out on the oil content and
fatty acid components of safflower, which has many
varieties registered or populations in the world.
Johnson et al. (1999) reported that the oil, oleic and
linoleic contents in core and non-core safflower
accessions from the USDA collection was 13-46%,
6.2-81.9%, and 11-86.5%, respectively. Guan et al.
(2008) reported that the content of oil ranged from
9.1% to 25.1%, oleic acid from 7.9% to 32.9%, and
linoleic acid from 62.7% to 83.7% in 21 safflower ac-
cessions from 12 countries. Ferndndez-Martinez et al.
(1993) found that the oleic and linoleic acids have
a huge variation from 3.1% to 90.60% and from 3.9%
to 88.8%, respectively in safflower accessions origi-
nating from 37 countries. The two most important
fatty acids that determine industrial and nutritional
value of vegetable oils are oleic acid (C18:1%°) and
linoleic acid (C18:24%!2) which are the two major
fatty acids found in safflower seed oil, together ac-
counting for about 90% of the total fatty acids.
Conventional safflower oil is characterized by its
relatively high level of linoleic acid content (Deharo
etal. 1997). However numerous breeding lines with
high levels of either oleic acid or linoleic acid have
been selected as a result of intensive breeding efforts
in the past six decades. Until the last quarter of the
20th century, while almost all safflower cultivars
were very rich in linoleic acid, first high oleic (HO)
varieties (UC-1 was the first HO variety developed
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in the US in 1966) were developed thanks to an oleic
acid-rich mutant detected by Knowles in an Indian
originating material (Knowles & Hill 1964). Today,
production and consumption of the vegetable oils
with high oleic acid are becoming increasingly wide-
spread in the world.

The first aim of plant breeders in a crop breed-
ing programme is the development of cultivars
which are stable or adapted to a wide range of di-
versified environments (Becker & Leon 1988). The
genotypexenvironment interactions (G x E) are im-
portant sources of variation in any crop and the term
stability can be used to characterize the performance
of a genotype in different environments. Due to the
importance of G x E in selecting the widely stable
genotypes, various techniques of stability described
by Finlay and Wilkinson (1963), Eberhart and Russell
(1966), Pinthus (1973) and Smith (1982) had been
extensively used by many researchers (Pourdad &
Mohammadi 2008). The G x E interaction is closely
related to the inheritance of traits. Because traits with
high heritability are less affected by environmental
conditions than traits with low heritability. A low
to moderate heritability is predicted for seed yield
in safflower (Ghongade et al. 1993; Reddy et al. 2003;
Mohammadi & Pourdad 2009), while moderate and
high for oil content (Ramachandram & Goud 1981;
Parameshwar 2009; Golkar et al. 2011; Baydar &
Erbas 2014), a high heritability is estimated for oleic
and linoleic acid (Hamdan et al. 2009; Erbas 2012).
On the other hand, it is reported that the inheritance
of linoleic acid in safflower is gametophytic (Fute-
hally & Knowles 1981) and dominant over oleic acid
(Hamdan et al. 2009). The high oleic acid content
of this safflower makes it very difficult to maintain
the homogeneity of the variety. Because foreign pol-
lination seen between 0—20% in safflower (Baydar &
Gokmen 2003; Erbas 2012) causes a decrease in the
concentration of oleic acid in cultivars with high
oleic acid content. Because the recessive allele gene
(ol) responsible for oleic acid synthesis is suppressed
by the dominant allele genes (O/) responsible for
linoleic synthesis in the developing embryo during
fertilization, causing a decrease in oleic acid (Ham-
dan et al. 2009).

In this study, the genotypic and environmental
variability and stability of these characters were
determined by using 6 cultivars and 10 lines with
high-oleic and high-linoleic acid in the six differ-
ent environments at five locations in Turkey. These
results obtained from this research are expected
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Table 1. Monthly average rainfall, temperature and humidity values in the growing season of each location

Locations Parameters March April May June July August
rainfall (mm) 67.8* 44.4 45.2 31.0 2.0 24.9
Edirne temperature (°C) 9.0 13.1 20.4 22.5 27.1 27.7
humidity (%) 80.4 70.9 68.4 68.2 60.3 59.9
rainfall (mm) 46.0 41.3 61.2 125.3 0.0 63.5
Eskisehir temperature (°C) 5.7 7.9 15.7 17.2 22.1 22.7
humidity (%) 78.6 68.0 64.7 80.1 63.0 66.3
rainfall (mm) 111.6 26.1 67.5 92.2 3.0 43.4
Isparta temperature (°C) 6.7 9.0 15.9 18.3 24.2 23.8
humidity (%) 64.8 58.2 60.5 63.5 43.9 51.0
rainfall (mm) 55.9 7.6 55.2 39.6 8.6 17.2
Konya temperature (°C) 5.9 8.1 15.7 18.7 24.0 24.6
humidity (%) 59.6 64.1 55.1 45.1 41.8 43.1
rainfall (mm) 79.0 24.3 10.3 0.7 0.2 -
Sanliurfa temperature (°C) 11.7 15.7 22.8 27.7 33.2 31.5
humidity (%) 58.9 49.7 39.0 35.3 26.5 37.4

*Data were collected from the records of the General Directorate of Meteorology in the year 2015

to ensure a significant contribution to the future
safflower production projections.

MATERIAL AND METHODS

In this research, four oleic acid lines (Bay-Er 12,
Bay-Er 13, Bay-Er 16 and Bay-Er 17) and six linoleic
acid lines (Bay-Er 1, Bay-Er 2, Bay-Er 5, Bay-Er 14
and Bay-Er 15) obtained from hybridization of Dinger
5-18-1 x Montola 2000 and 6 cultivars registered
namely Dinger 5-18-1, Montola 2000, Remzibey-05,
Balcy, Linas and Olas were used as the genetic materi-
als. The lines Bay-Er 13 (Olein), Bay-Er 14 (Askon-42)
and Bay-Er 15 (Safir) are candidate cultivars, and
their registration procedures have been carried out
by the Variety Registration and Seed Certification
Center in Ankara, Turkey. Field trials were estab-
lished at five different locations in Eskisehir, Edirne,

Isparta, Konya and Sanliurfa provinces which were
representative of different safflower growing areas
under rain-fed conditions of Turkey. Monthly mean
climate data for the locations are presented in Table 1.

Representative soil samples were taken from the
five experimental fields prior to sowing, air-dried
at room temperature, ground to pass through a sieve,
and analysed at Isparta University of Applied Sci-
ences Soil and Plant Analyses Laboratory. Some
physicochemical properties of the experimental soils
are shown in Table 2.

The field trials and laboratory analyses of this
research were carried out in cooperation with a uni-
versity and four Agricultural Research Institutes. The
safflower lines and cultivars were sown on 20 March,
2015 at Trakya Agricultural Research Institute in Ed-
irne and Isparta University of Applied Sciences
in Isparta, on 7 March, 2015 at Transitional Zone

Table 2. Some physicochemical properties of the experimental soils

Locations Texture OM (%) pH* CaCOs** (%) EC (dS/m)
Edirne clay loam 1.27 6.3 0.00 0.01
Eskisehir clay loam 1.57 7.9 9.50 0.10
Isparta clay loam 1.10 7.5 7.20 0.38
Konya sandy clay loam 2.48 7.1 0.03 0.78
Sanlurfa clay loam 2.16 7.1 3.00 0.11

OM - organic matter; CaCOs — calcium carbonate; EC — electrical conductivity; *1:2.5 soil to water ratio; **calsimetric method
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Agricultural Research Institute in Eskisehir, on 8 April,
2015 at Bahri Dagdas International Agricultural Re-
search Institute in Konya, on 30 November, 2014
(autumn) and on 27 February, 2015 (spring) at GAP
Agricultural Research Institute in Sanliurfa. The trials
were conducted using a randomized complete block
design with four replications. Each plot consisted
of 6 rows 5 m in length with 45 cm between rows.
Plants were spaced 10 cm apart within rows 3 weeks
after sowing. Based on soil test conducted in the test
year, nitrogen and phosphorus at the rate of 80 kg N and
60 kg P,O5 per ha were applied, respectively. Cultural
practices, control of insects, diseases and weeds were
given as needed during the growth season according
to the local recommendations. In the experiments,
safflower genotypes were harvested in the third week
of July, 2015 in Edirne and Sanlurfa (autumn), in the
first week of August, 2015 in Sanlurfa (spring), and
in the third week of August, 2015 in Eskisehir, Isparta
and Konya. At the end of maturity, middle 4 rows
of each plot were harvested and threshed to calculate
seed yield (kg/ha).

The seed oil content (%) and fatty acid compositions
were determined in the Department of Field Crops,
Faculty of Agriculture, Isparta University of Applied
Sciences in Isparta. The seed oil content was esti-
mated by a nuclear magnetic resonance (NMR, Bruker
mqone) (Erbas & Seantes 2020). Because seed from
different genotypes had various moisture contents, oil
contents were adjusted to 0% moisture content. The
percentage of fatty acids were determined by a gas
chromatography (GC-FID, Shimadzu 2010 Plus, Ant
Teknik, Ankara, Turkey) according to the method de-
scribed by Senates and Erbas (2020). The seeds used
in the fatty acid analyses were sampled by bulking
of all replication in each experimental environment.

It was computed that the combined analysis of vari-
ance on seed yield and oil content data from the trials

https://doi.org/10.17221/113/2022-CJGPB

in 6 environments. No analysis of variance for fatty
acids was performed because the data were derived
from only one repeat at each environment. All statisti-
cal analyses were performed using the SAS (Ver. 9.1,
1999) statistical software program. The means were
compared using a Tukey test at a 0.05 probability
level. The grand mean, regression coefficient, and
their confidence intervals were taken into account
when the stability status of the genotypes was evalu-
ated for 6 different environments. In the stabil-
ity analyses according to the Proc REG procedure
(x; is the grand mean yield of genotypes, b; is the
regression coefficient, a is the regression line in-
tercept, R7? is the coefficient of determination and
§%d, is the variance of the regression deviations)
(Finlay & Wilkinson 1963; Eberhart & Russell 1966).
Correlation coefficients () among the traits were
calculated according to Proc CORR procedure in the
SAS program.

RESULTS AND DISCUSSION

Variability of seed yield, oil content and oil yield.
The variance analysis results for seed yield, oil con-
tent and oil yield of 10 lines and 6 cultivars grown
at six different environments are shown in Table 3.
Genotypes (G), environments (E), G x E interac-
tion were highly significant (P < 0.01) for all traits
(Table 3). These results indicated that each genotype
exhibited different response to different environment
due to the G x E interaction.

The mean seed yields at the five locations ranged
from 1 320 to 3 461 kg/ha, and were as follows:
Konya > Sanliurfa (autumn) > Edirne > Isparta >
Sanliurfa (spring) > Eskisehir. According to the aver-
age of the genotypes; the highest average seed yield
was obtained from Bay-Er 5 and Bay-Er 14 genotypes
compared to other genotypes. As the average of all

Table 3. The variance analysis results for seed yield, oil content and oil yield of 10 lines and 6 cultivars grown at six

different environments

Source of variation Degrees of freedom Seed yield Oil content Oil yield
Replications 3 454.6* 2.1 314
Genotypes (G) 15 4 386.8** 139.2%* 1470.5**
Environments (E) 5 596 041.7** 109.1%* 65 481.5**
G xE 75 4.147.2% 3.1%* 513.6%*
Error 285 449.2 1.4 57.4
CV (%) 3.6 9.2

CV — coefficient of variations; ‘mean square; **P < 0.01
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environments, the cultivar Olas gave the lowest seed
yield (2 362 kg/ha). According to the genotype x
environment interaction; The highest seed yield was
obtained from Bay-Er 1, 5 and 6 genotypes at Edirne,
Bay-Er 16 and 17 genotypes at Eskisehir, Bay-Er 2 and
14 genotypes at Isparta, and Bay-Er 1, 5 and Balci
genotypes at Konya. The mean seed yield within
the genotypes was changed from 774 kg/ha in the
cultivar Remzibey-05 at Eskisehir to 4 345 kg per ha
in the line Bay-Er 5 at Konya. On the other hand,
at Sanliurfa, autumn sowing was sown 90 days earlier
than spring sowing and seed yield increased more
than 2 times, 3 301 and 1 359 kg/ha, respectively
(Table 4). The mean oil contents of the genotypes
ranged from 31.4 to 34.8%, and were as follows:
Sanlurfa (autumn) > Sanliurfa (spring) > Edirne >
Konya > Isparta. The lowest mean oil content was
Dinger 5-18-1 (27.4%) and the highest was Linas
(35.3%) and Olas (36.4%). The mean oil content
within the genotypes was changed from 26.4% in the
cultivar Dinger 5-18-1 at Isparta to 38.8% in the line
Bay-Er 15 at Sanliurfa (autumn). In addition, it was
remarkable that Bay-Er 15 line had high oil content
in all locations, except for the Konya (Table 4).

Genotypes with high seed yield and oil content
of cultivars and lines were also found to have high oil
yields. While the average seed yield of the genotypes
was high in Konya, the oil yields of the genotypes
grown in Sanlhurfa (autumn) were found to be higher
than other locations due to higher oil content. Ac-
cording to the mean oil yield of cultivars; the highest
oil yield was determined in Bay-Er 5 line (952 kg/ha),
and the lowest in Dincer 5-18-1 (684 kg/ha) and
Remzibey-05 (703 kg/ha) cultivars. All lines in Ed-
irne (except Bay-Er 12) and Sanliurfa (spring) were
statistically in the highest oil yield group. Among
the lines, Bay-Er 5 and Bay-Er 14 lines were ob-
served to have high oil yields in all locations, except
Eskisehir (Table 4).

In our study, may rains might have contributed
to the high seed yield and oil yield in varieties and
lines in Edirne, Isparta and Konya locations, apart
from Eskisehir. The trial areas in the Eskisehir are
marginal agricultural lands, and the soil structure
of the land is heavy, calcareous and alkaline (lime
content: 9%; pH: 7.9) (Table 2), which could be cited
as one of the main reasons for the low seed yield.
Moreover, it is thought that plants grown under these
conditions developed poorly and that less seed stor-
age reserves accumulated after fertilization, resulted
in a low seed yield. Insufficient rainfall in the same

period in spring sowings in Sanliurfa (Table 1) might
also be the reason for the low seed and oil yield.
In autumn sowing, the high rainfall from November
to March and the fact that the plants enter the early
spring period as a seedling with a strong root system
might be the main reason for the high seed and oil
yield and high oil content.

While 400—1 700 kg/ha of seed yield is obtained
from safflower in arid conditions in the world, the
yield can reach up to 3 000 kg/ha under suitable soil
and climatic conditions in dry farming (Weiss 2000).
In our study, many lines over 300 kg were determined
in the locations and the seed yield determined by Weiss
(2000) was exceeded. Cultivars with high genetic yield
potential can give a high yield when suitable condi-
tions are provided (Erbas et al. 2016). In the studies,
the seed yield from different safflower genotypes
carried out in different arid areas in Turkey varied
between 2 077-3 397 kg/ha in Eskisehir (Celikoglu
2004), 774—1 678 kg/ha in Erzurum (Ozturk et al.
2008), and 456-2 980 kg/ha in Samsun (Camas &
Esendal 2006). In our study, it is seen that at least two
genotypes give higher seeds than standard varieties
in almost every location in the study. This indicates
that seed yield may vary according to the soil, climate
and genetic differences (Koutroubas et al. 2004; Erbas
et al. 2016).

While the seed yield shows a positive correlation
with oil yield, these two characters show a negative
correlation with oil content. Therefore, although
conditions that promote seed yield generally reduce
the oil content of seeds, oil yield is not affected up
to a certain limit (Tabrizi 2000; Bagawan & Ravikumar
2001; Askin & Erbas 2020). The fact that seed and oil
yield is more affected by environmental conditions
than oil content and is controlled by more additive
effective gene according to oil content makes the
correlation of yield and quality negative. (Ghongade
et al. 1993; Reddy et al. 2003; Erbas 2012). Because
in the studies, a low and medium heritability for
seed yield (Ghongade et al. 1993; Reddy et al. 2003;
Mohammadi & Pourdad 2009) and a medium and
high heritability for oil content (Ramachandram
& Goud 1981; Parameshwar 2009; Baydar & Erbas
2014) were predicted.

Stability of seed yield, oil content and oil yield.
Stability parameters of safflower genotypes for
seed yield, oil content, seed yield, oleic and linoleic
acid contents were presented in Table 5. For seed
yield, the b; values for genotypes ranged from 0.70
(Bay-Er 17) to 1.24 (Bay-Er 5). Genotypes Bay-Er 2,
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Table 4. Mean seed yield of the safflower genotypes at six environments

anliurfa

Genotypes Edirne Eskisehir Isparta Konya - 3 Mean

spring autumn
Seed yield (kg/ha)
Bay-Er 1 3 5283>AB 10384-fP 2701>¢ 3933304 1401*P 3200% %8 2 6345¢
Bay-Er 2 3155PeAB 1 197°fC 33634 2 880deB 1331%¢ 35223 A 25635 F
Bay-Er 5 3 540%>F 1339 2723bC 4 34544 1572P 3 6928 2 8694
Bay-Er 6 3 763%A 1 140°%¢ 2 531b-4B 3 7244 1 540%¢ 276348 25775
Bay-Er 12 2703%F 1432>-4C 274208 2 820%AB 1409*¢ 3210%%A 2 386PF
Bay-Er 13 3 035PF 1168°tP 2 581b¢ 3 681°A 1274P 3 0488 2465 F
Bay-Er 14 3 447%A 1102°%8 3 286%4 3 54754 1376%8 3550744 271848
Bay-Er 15 2960 B 1 5424¢ 2 6788 28318 1489%¢ 3 6432 DA 2 5245°F
Bay-Er 16 3 083b-eA 1.821%C 2 278>~ 3 315¢%A 1472%¢ 3 460%A 2 5728°F
Bay-Er 17 3205>¢AB  1980%C 21084€ 2 85048 1415%P 335204 2 485°F
Dincer 5-18-1 3420%4AB  g75etD 2 649>C 3 758PeA 1173*P 3008 FBC  2481¢F
Remzibey-05 2 693%F 77440 2 617°-<B 3 37844 1327¢ 3 4984 2 381%F
Montola 2000 29004-¢BC 1 3645-eD 2490b-4C¢ 3 351cer 1121%P 30294-FAB 9 376EF
Balci 2 74848 1488*¢¢ 2 479b-dB 3 9204 1352¢ 3 578eA 2 5948-D
Linas 2 8638 1 605%C 2 681>F 3 438> 1309 3 128>%4 2 504¢°F
Olas 2 9208 13275¢P 2 0164¢ 3 603bA 1175%P 3130>5AB 2 362F
Mean 3123¢ 1 320F 2 620° 34614 1359F 33018
Qil content (%)
Bay-Er 1 32.65°¢B 31.5¢%8 31.2¢7¢B 31.3¢788 32.14-88 35.0b-eA 32.3F1
Bay-Er 2 32.0°HAB 30.2¢788 31.067¢AB 29.9¢hB 31.9°78A8 33.24-64 31.41
Bay-Er 5 32.9P-4AB 32.80-¢AB 32.72-4AB 32.20-f8 33.7¢°8AB 34.60-¢A 33.2P°F
Bay-Er 6 30.84-8AB 29.0%8 28.8°8B 31.04-8AB 31.48MA 31.5%A 30.4!
Bay-Er 12 31.4°7tC 33.28-4BC 32.50-4B 33.28-4BC 34.7%°¢AB 36.78°¢A 33.6"F
Bay-Er 13 32.5¢7eB¢ 31.34%€ 31,17 31.5¢8C 34.50-EAB 36.0°44A 32.85°C
Bay-Er 14 33.45-4BC 32.6>C 32.45-4C 34128 35.43¢AB 37.0%04 34.2¢P
Bay-Er 15 34.137¢ 34.437¢C 34,52 31.6°7¢P 37.6%4 38.8%4 35.28¢
Bay-Er 16 31.8¢°5AB 30.69-¢8 30.5<°FB 30.34-¢B 32.6°°8AB 33.9¢°fA 31.6M
Bay-Er 17 32.267¢AB 33.207dA 30.24-58 30.94-84B 31.6%A8 32.8¢b4A 31.8¢H
Dinger 5-18-1 27.98A8 26.0MB 26.488 27.1 MAB 28,1048 29.084 274K
Remzibey-05 29.2fe8 28.38M8 27.9%8 29,6 AB 28518 31.6%4 29.2)
Montola 2000 29.8¢°8B 30.0¢78B 29.4¢tB 28.980B 30.8871B 33.0°04 30.3!
Balct 32.9b-48 33.23-45B 33.28¢B 34,738 34.83¢AB 37.1%04 34.35-P
Linas 35.720:BC 35.9%B 34.42>BC 32.7b7e¢ 35.024BC 38.4%4 35.348
Olas 36.544B 35.43>B 35.65 35.9¢A8 37.0%AB 38.2%4A 36.4%
Mean 32.2¢ 31.7¢P 31.4P 31.6° 33.18 34.8%4
Oil yield (kg/ha)
Bay-Er 1 1152%4 3274¢ 841b-d5B 122934 4513-<¢ 112144 854¢°F
Bay-Er 2 1 009*-<BC  347deD 1 042348 8594¢ 425%P 1169°-4A 807t
Bay-Er 5 1 166*8 439>-4D 8913 ¢ 14024 53230 12790 AB 9504
Bay-Er 6 1158%4 330deC 728<°B 1155P¢A 4843-C 870°F 787F
Bay-Er 12 848¢d B 4742-4¢ 8932~ 93645 4908-C 1180°-4A 803t
Bay-Er 13 9823-<B 366¢¢P 804b-eC 1 158b¢A 440%P 1 097°4AB 808"
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Table 4 to be continued

Genotypes Edirne Eskisehir Isparta Konya - Sanhurfa Mean
spring autumn

Oil yield (kg/ha)

Bay-Er 14 1150*B 359¢C 1 064%® 121248 4883°¢ 131534 93148

Bay-Er 15 10098 5342-C 9242>8 897458 561%C 14144 8904-P

Bay-Er 16 979%<B 5582>CP 6954¢C 100648 480%<P 117244 g15PE

Bay-Er 17 10328 A8 g572C 637%¢ 88145 4473-°P 110044 792EF

Dinger 5-18-1 955P-dA 228¢P 7004¢B 102044 330%¢ 8714 6849

Remzibey-05 786%F 2228¢ 7288 100144 379%C 110444 7036

Montola 2000 864°4AB 409>-¢¢ 732¢B 970¢dA 345b<¢ 999deA 7206

Balai 904>-4.B 4963-4C 824°-¢B 13584 4708-C 132834 8974-C

Linas 10223-¢BC 576D 9233:C 1 127bAB 460°-°P 120054 88540

Olas 1 0658 470%-4P 718¢7e¢ 129324 435%-°P 1 194b<AB 8635-F

Mean 32.2¢ 31.7CP 31.4P 31.67 33.1B 34.84

Within each genotype and location, means followed by the same letter are not significantly different; small letters show the dif-

ferences between genotypes over all environments; capital letters show the differences between environments over all genotypes

Bay-Er 6, Bay-Er 13, Montola 2000, Balc1 and Olas,
with b; values closer to 1 were more stable. While
Bay-Er 12 and Bay-Er 17, with the lowest b; values,
were adapted to marginal environments, Bay-Er 5

and Dinger 5-18-1, with the highest b; values, were
adapted to favourable environments. When grand
mean and b; values were considered, Bay-Er 2, Bay-
Er 6, Bay-Er 13 and Balci had average adaptability

Table 5. Stability parameters of safflower genotypes for seed yield, oil content and oil yield

Seed yield Oil content Oil yield

Genotypes

X b; a R} S, b; a R} S, b; a R} S,
Bay-Er 1 2634 1.19** -38.6 0.96 618.0 323 1.04** -1.6 0.29 0.81 854 1.18** —-119 0.96 724
Bay-Er 2 2563 1.00* 4.2 0.83 24279 314 0.83* 43 046 076 808 097 0.6 0.82 2735
Bay-Er 5 2869 1.24** -26.4 0.97 541.2 33.2 0.64** 124 0.06 093 952 1.23** -6.2 097 62.5
Bay-Er 6 2577 1.05** -6.6 0.86 2048.2 304 0.64 97 096 047 788 096* -0.1 0.80 289.2
Bay-Er 12 2386 0.76** 452 0.92 6019 33.6 1.23* -64 1.11 0.74 804 0.81** 134 090 96.9
Bay-Er 13 2465 1.05** —-19.5 0.98 284.0 32.8 1.51** -16.4 0.20 096 808 1.04** -54 099 21.7
Bay-Er 14 2718 1.16** =229 0.95 821.9 34.2 1.28** -74 049 0.87 931 1.24** -9.2 097 69.7
Bay-Er 15 2524 0.82** 44.7 0.87 1149.8 35.2 1.75* -21.7 2.07 0.75 889 0.90* 149 0.79 279.3
Bay-Er 16 2572 0.83** 479 092 698.1 31.6 1.07** -3.3 0.14 094 815 0.83** 129 093 72.2
Bay-Er 17 2485 0.70* 71.0 0.78 1638.7 31.8 042 182 1.26 022 792 0.68* 22.7 0.75 201.6
Dinger 5-18-1 2481 1.21** -58.6 0.96 679.8 274 0.76* 25 035 0.78 684 1.01** -14.6 093 89.6
Remzibey-05 2381 1.11** -43.1 094 8450 292 082 25 082 063 703 1.05* -16.6 0.96 60.0
Montola 2000 2376 0.95** -3.0 0.99 1402 30.3 1.06* -51 0.80 0.94 719 0.88* -04 0.99 11.3
Balc1 2594 1.05* -51 091 1106.2 34.3 1.15* -0.1 164 0.75 896 1.14** -4.8 090 186.5
Linas 2504 0.87** 29.4 097 2664 353 079 -21 0.07 063 885 0.92** 11.9 097 321
Olas 2362 1.01** -18.7 094 7952 36.4 1.09** 109 0.17 095 862 1.13** -6.9 0.94 1025
Grand mean 2531 1.00 32,5 1.00 824 1.00

***Significant difference at P < 0.05, 0.01; x; — mean; b; — regression coefficient; a — regression line intercept; R? — coefficient

of determination; $%d; — regression deviation mean square
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to all environmental conditions. Bay-ER 14 had poor
adaptability to favourable environmental conditions,
whereas Bay-Er 12, Bay-Er 15, Bay-Er 17 and Linas
had poor adaptability to unfavourable environmental
conditions. While the line Bay-Er 16 had better adapt-
ability to unfavourable environmental conditions,
the highest seed yielding lines Bay-Er 1, Bay-Er 5
and Bay-Er 14 had better adaptability to favourable
environmental conditions. Based on Eberhart & Rus-
sell’s (1966) definition of stability (b; close to 1, §%d;
close to 0), no genotype could be considered stable
for all environments (Table 5).

The lines Bay-Er 5, 12, 13 and 14, the cultivars Balci,
Linas and Olas had oil content above the grand mean
value (32.5%) (Table 5). The b; values for this trait
ranged from 0.42 (Bay-Er 17) to 1.75 (Bay-Er 15). The
§%d; were non-significant for the genotypes Bay-Er 6,
Bay-Er 17 indicating that all these genotypes do not
differ significantly from 0. The R? values were low
for the genotypes except Bay-Er 12, 15, 17 and Balc1.
When grand means and b; values for oil content were
taken into account, Bay-Er 16 and Montola 2000 had
poor adaptability, Bay-Er 5 had average adaptability,
and Olas had better average adaptability to all envi-
ronmental conditions (Table 5).

For oil yield, the b; value of Bay-Er 2, 6 and 13 lines
and Dinger 5-18-1 and Remzibey-05 varieties is close
to 1. Bay-Er 1, 5 and 14 lines can give an above mean
oil yield under optimum growing conditions. On the
other hand, Bay-Er 15 can be obtained with above-
mean oil yield under adverse growing conditions. The
location results of the Bay-Er 1, 5, 13, 14 and 16 lines
were found to be more reliable for oil yield if the a value
was close to 1 and the Szdi value was lower (Table 5).

Genotypic and environmental variability’s of ole-
ic and linoleic acids. The contents of oleic and
linoleic acids in safflower lines and cultivars at dif-
ferent environments are given in Table 6. Although
GC-FID analysis included palmitic and stearic acids
in safflower oil, only oleic and linoleic acids, the
main determinants of oil quality, were considered
in this study. The G x E interaction may be impor-
tant as genotypes exhibited a wide variation among
themselves and in the different environments in terms
of the contents of oleic acid and linoleic acid (Table 5).
Among the genotypes, the lines Bay-Er 12, Bay-Er 13,
Bay-Er 16 and Bay-Er 17 and the cultivars Olas and
Montola 2000 contained high concentration of oleic
acid in their seed oils. In safflower, three alleles (Ol,
ol’and ol) are involved in the synthesis of oleic and
linoleic acid; OlO! allele pair is responsible for the
synthesis of high linoleic acid (75-80%)/low oleic acid
(10-15%), whereas the olo/ allele pair is responsible
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for the synthesis of low linoleic acid (12-30%)/high
oleic acid (64—83%) (Knowles 1969). Knowles (1989)
reported that the genotypes O/O/ and olo/ were more
stable with regard to temperature changes, in con-
trast to the gene o/’

Although Safflower is usually considered to be
a self-pollinated crop, the observed average out-
crossing rate was 26.6%, ranging from 8.3 to 53%
at single plant level and from 0 to 79% at single head
level when used high oleic acid biochemical marker
(Nabloussi et al. 2013). When oleic acid type cultivars
are pollinated with linoleic type cultivars by means
of insects or wind in the open field conditions, oleic
acid ratio tends to decrease in favor of linoleic acid
ratio in the next generations because the dominant
linoleic allele (O/) on the recessive oleic allele (ol).
So the genetic purity of high-oleic cultivars must
be preserved against the possibility of foreign pol-
lination with high-linoleic cultivars.

Mean oleic and linoleic contents of the genotypes
within the environments are given in Table 6. The
variation for oleic acid was between 8.2% in the cul-
tivar Dinger 5-18-1 at Sanliurfa (autumn) and 79.1%
in the line Bay-Er 13 at Konya. On the other hand, lin-
oleic acid was varied from 13.5% in the line Bay-Er 13
at Konya to 82.6% in the cultivar Dinger 5-18-1 at Edirne
(Table 5). Based on the geographical position of the
experimental locations, the oleic content of genotypes
increased and the linoleic acid contents decreased from
the north to south latitudes. For example, in Edirne
and Eskisehir, which were located in more northern
latitudes than the others, oleic acid contents were
generally lowest and linoleic acid contents were gen-
erally highest (Table 6). It could be said that the oleic
acid content increases as the temperature increases
towards southern latitudes. For example, the oleic
acid content of the cultivar Olas, a high-oleic cultivar,
was found to be 45.0% in Eskisehir conditions, 62.2%
in Edirne conditions and 70.0% in Sanliurfa (spring)
conditions. The mean temperature values of the sum-
mer months June, July, and August coinciding with
the flowering, seed filling and maturity stages were
respectively 17.2, 22.1 and 22.7 °C in Eskisehir, 22.5,
27.1 and 27.7 °C in Edirne, and 27.7, 33.2 and 31.5 °C
in Sanliurfa (Table 1). These findings indicate that
oleic acid increased while linoleic acid decreased with
increasing temperature. It is known that the tempera-
ture increases during seed formation and maturation
promotes the synthesis of oleic acid (Bartholomew
1971). For better adaptation to cold conditions, the
wild safflower species distributed in the northern
hemisphere contain linoleic acid at high rates in their
oils (Arslan & Hacioglu 2018). Since the oil content
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in the safflower seeds was controlled by the genes
with additive effects and degree of heritability for this
character was higher than the oleic and linoleic acids,
the environmental sensitivity of the seed oil content
is not as high as fatty acids (Baydar & Erbas 2014). The
fatty acid composition of oilseed crops is influenced
by aerial temperature during seed development. A re-

search by Canvin (2011) concluded that the oil content
of safflower plants which were grown at temperatures
of 10, 16, 21, and 26.5 °C for the period of seed de-
velopment was not affected by temperature, whereas
fatty acids were importantly affected.

Many plants respond to lower temperatures by in-
creasing the level of unsaturation in the fatty acids

Table 6. The contents of oleic and linoleic acids in safflower lines and cultivars at different environments

. Lo Sanliurfa
Genotypes Edirne Eskisehir Isparta Konya - Mean
spring autumn

Oleic acid (%)

Bay-Er 1 24.1 20.9 37.0 19.7 40.6 50.3 32.1
Bay-Er 2 26.9 30.0 45.5 39.4 30.5 12.9 30.9
Bay-Er 5 25.6 17.5 29.1 15.9 17.6 19.0 20.8
Bay-Er 6 15.8 11.7 28.4 31.4 11.1 13.0 18.6
Bay-Er 12 43.5 28.9 70.2 70.2 73.7 76.1 60.4
Bay-Er 13 68.4 72.5 54.4 79.1 64.9 74.6 69.0
Bay-Er 14 43.5 37.6 41.4 38.7 42.0 40.0 40.5
Bay-Er 15 30.6 26.6 29.4 18.5 24.6 23.6 25.6
Bay-Er 16 55.9 47.9 58.0 66.7 73.1 65.2 61.1
Bay-Er 17 47.5 64.3 40.6 65.2 45.6 34.2 49.6
Dinger 5-18-1 8.7 15.9 9.0 10.2 11.1 8.2 10.5
Remzibey 05 12.7 14.1 12.3 16.1 14.8 15.8 14.3
Balci 12.5 14.6 11.9 26.1 28.0 22.7 19.3
Linas 19.3 15.0 17.6 11.1 10.9 12.2 14.4
Olas 62.2 45.0 69.5 69.8 70.0 68.3 64.1
Montola 2000 76.6 67.7 71.6 62.4 68.6 74.4 70.2
Mean 32.0 30.4 359 37.9 36.3 34.5 34.5
Linoleic acid (%)

Bay-Er 1 65.2 69.6 54.1 69.6 50.4 40.7 58.3
Bay-Er 2 63.6 61.4 45.3 52.0 59.9 76.5 59.8
Bay-Er 5 63.7 73.7 61.2 72.0 71.6 71.7 69.0
Bay-Er 6 74.0 79.5 60.7 59.3 79.2 76.2 71.5
Bay-Er 12 47.8 62.9 22.2 22.6 18.7 16.7 31.8
Bay-Er 13 23.9 19.8 37.0 13.5 27.0 17.6 23.1
Bay-Er 14 50.2 54.2 50.7 53.4 49.3 51.2 51.5
Bay-Er 15 58.6 65.6 61.6 72.7 65.4 67.0 65.2
Bay-Er 16 35.3 43.2 34.2 26.1 19.5 27.1 30.9
Bay-Er 17 42.4 28.5 40.4 26.9 45.6 56.4 40.0
Dinger 5-18-1 82.6 75.9 82.0 80.9 79.1 81.7 80.4
Remzibey 05 75.1 77.8 79.2 75.7 76.5 74.6 76.5
Balci 76.8 76.4 78.6 64.9 64.0 66.9 71.3
Linas 71.8 75.6 72.8 79.6 79.1 77.6 76.1
Olas 28.5 47.2 22.6 22.7 21.7 23.2 27.7
Montola 2000 15.1 23.5 19.5 28.9 22.0 16.0 20.8
Mean 58.5 61.2 54.6 53.4 54.7 56.2 56.4
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of membrane glycolipids and to higher temperatures
by reducing the level of unsaturation of their mem-
brane fatty acids. In general, these studies showed
negative correlations between the levels of oleic
acid (Cis.1) and linoleic acid (Cig.2) in the seed oil,
with the degree of unsaturation decreasing when the
crops were grown at higher temperatures (Deng &
Scarth 1998). Usually, there was an inverse relation-
ship between oleic acid and linoleic acid (Guan et al.
2008; Golkar et al. 2011). The results of our study
also showed that linoleic acid is negatively correlated
with oleic acid (r = 0.99%*). While oleic acid was
positively correlated with oil content (r = 0.31*%),
linoleic acid was negatively correlated with oil con-
tent (r = —0.32**). Since oil content was positively
correlated with oleic acid and negatively correlated
with linoleic acid, it should be possible to breed
new safflower cultivars with simultaneously high oil
content and high oleic or low linoleic acid content.

CONCLUSION

Safflower which is a valuable field crop in high-
quality oil in the seeds can be mainly utilized in arid
and semi-arid farming areas. However, there is a need
the novel cultivars that have high seed yield, high
oil content and high oil quality, which are priority
requirements for an oilseed crop. On the other hand,
these cultivars need to be highly adaptive and stable
in changing environments. Because farmers especially
in developing countries which use no or limited
inputs or growing safflower under unfavourable
or unpredictable environments, prefer the cultivars
with good performance and stability.

In our study, the line Bay-Er 6 for Edirne, Bay-Er 17
for Eskisehir, Bay-Er 2 for Isparta, Bay-Er 5 for both
Konya and Sanliurfa locations can be recommended
for their high seed yield performances. On the other
hand, while the line Bay-Er 16 had better adaptability
to unfavourable environmental conditions, the lines
Bay-Er 1, Bay-Er 5 and Bay-Er 14 had better adapt-
ability to favourable environmental conditions ac-
cording to the stability analyses. The cultivars Olas,
Linas and the line Bay-Er 15 had the highest seed
oil content over 35% based on overall environments,
and the cultivar Olas had better average adaptabil-
ity to all environmental conditions. The safflower
genotypes grown in the Southeastern Anatolia region
had higher oil content than the other regions. This
region is partly influenced by the Mediterranean
climate and high temperatures from the flowering
to maturation promote oil synthesis of safflower
plants. In the same region, autumn sowing was prefer-
able for high seed yield and oil content to the spring
sowing. The study revealed that high air temperatures
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in seed maturity periods also promoted oleic acid
synthesis against linoleic acid. On the basis of this
knowledge, regional safflower production programs
should be made to encourage production of oleic
varieties in the southern hot regions and linoleic
varieties in the northern cool regions.
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