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This research was carried out to determine the rates of protein and oil production and fatty acid composition and their correlation
coeflicients in four safflower cultivars (Remzibey, Dincer, Balci, and Yenice) sown in the autumn and spring from 2013 to 2015. The
experiment was carried out using split plots in a randomized block design and was replicated 3 times. The study found protein
production rates between 15.20 and 18.08%, oil production rates between 24.58 and 31.99%, palmitic acid production rates between
5.93 and 7.01%, stearic acid production rates between 2.13 and 2.53%, oleic acid production rates between 12.08 and 31.58%, linoleic
acid production rates between 78.61 and 59.08%, and linolenic acid production rates between 0.11 and 0.15%. Higher seed oil content
values were obtained from spring sowing compared to autumn sowing (27.42% and 26.10%), and, in terms of both the evaluated
sowing times and cultivars, the highest oil production rates were found in the Balci cultivar (32.20% and 31.78%) for both sowing
times. It was determined that there is a positive and significant (r = 0.476"") relationship between oil with protein production rates
but a negative and significant relationship between oil and linolenic acid production rates (r = —0.728*). The oleic acid production

rate was strongly negatively and significantly correlated with the linoleic acid production rate (r = —0.997°").

1. Introduction

Safflower is an annual oil plant belonging to the Compositae
family that can be grown as a summer or winter crop. The
seeds are composed of between 20 and 45% oil and 15-20%
protein, and the food value of the protein derived from the
seeds is high [1]. Safflower oil is odorless and quite rich
in linoleic acid from unsaturated oil, which prevents the
formation of high cholesterol in the blood [2]. Furthermore,
the pulp remaining after seed extraction is used in the
production of animal feed, and the crop is highly resistant to
drought and extreme temperatures [3]. There are both spiny
and spineless types of safflower, and the oil contents of the
spiny types are higher than those of the spineless types [4].
Finally, safflower can also be grown successfully on soil with
poor fertility [5].

While the global safflower sowing area is 782641 ha,
its production is 647374 tons, and the average yield is
8271kgha™". In Turkey, the safflower production area is
29292 ha; production is approximately 45 000 tons, and yield
is 1536 kg per ha [6].

In terms of vegetable oil production, Turkey currently
produces approximately 40% of the self-sufficiency rate, so it
is necessary to increase oilseed production to close the deficit.
The Food, Agriculture and Livestock Ministry supports and
encourages the production of the most valuable safflower.
However, although it is very valuable as an oil plant, safflower
production has not increased globally or in Turkey due to its
relatively low seed oil yield compared to other oil plants [7].

If the sowing time is not well defined, germination can
be irregular or may not occur, so sowing time significantly
increases safflower yield. Because safflower is more resistant
to cold compared to other oil crops, it can be sown in the
early spring, and in temperate regions, where winters are
not very cold, the most favorable sowing time is autumn.
Early sowing is especially important in dry conditions. When
sowing is timely and done with varieties that are well adapted
to the region, various researchers have noted that the yield,
yield components, and quality of safflower are enhanced
significantly [8, 9].

Safflower oil forms linoleic (18:2) and oleic acid (18:1)
from unsaturated fatty acids and palmitic acid (16:0) and
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TABLE 1: Protein and oil rates of safflower seeds sown in the autumn and spring.

Protein production rates

Oil production rates

Sowing time Varieties
2014 2015 2014-15 2014 2015 2014-15
Remzibey 16.46" 13.93° 15.20° 24.96° 22.46° 23.71%
Autumn Dincer 16.70% 15.00% 15.85% 25.86° 20.23° 23.05°
Balci 16.86" 15.40° 16.13% 34.63° 28.93° 31.78°
Yenice 18.30° 17.66% 17.98° 25.83° 25.86° 25.85°
Remzibey 16.23° 15.86 16.05™ 27.40° 25.20° 26.30°
Spring Dincer 15.60° 15.86% 15.73% 2770° 24.53¢ 26.11°
Balci 17.80% 18.36° 18.08° 32.13° 32.26 32.20°
Yenice 17.06% 16.76> 16.91° 25.10° 25.06° 25.08%
Years
16.87° 16.10° 27.95° 25.57°
Sowing time
Winter 17.08" 15.50° 16.29 2782 24.37° 26.10°
Summer 16.67° 16.71 16.69 28.08 26.76° 2742°
Varieties
Remzibey 16.35" 14.90° 15.62° 26.18" 23.83° 25.00™
Dincer 16.15° 15.43° 15.79° 26.78° 22.38° 24.58°
Balci 17.33° 16.88° 17.10° 33.38° 30.60° 31.99°
Yenice 17.68* 17.21° 17.45° 25.46° 25.46° 25.46°
Significance status
Years (Y) — — * % — — o
Sowing time (ST) * * % ns ns * % ® %
Varieties (V) * * % * % *% * % 3%
Y x ST — — * % — — %%
YxV — — ns — — * %
STxV * % * % * % * % * % * %
YXxSTxV — — * — — *

*Significant at level 0.05; **significant at level 0.01. Means shown by the different letters within a column are statistically different.

stearic acid (18:0) from saturated fats. Linoleic acid is the most
abundant fatty acid in safflower oil [10].

Liu et al. [11] reported that the maximum oil content
in safflower is 32.68%, and there are significant negative
relationships between the production rates of oleic acid
and linoleic acid rates and significant positive relationships
among oleic acid and linoleic acid with palmitic acid pro-
duction rates. According to Gecgel et al. [12], spring sowings
increased oil and oleic acid rates but reduced linoleic acid
rates, so sowing time is a significant factor in oil production
and fatty acid composition [13].

Oil production rates from 24.53 to 28.47% and from 21.23
to 25.76% were realized from autumn and spring sowings,
respectively, and a sowing time X variety interaction was
found to be insignificant with regard to oil production rates.
However, stearic acid and linoleic acid production rates
were significantly affected by sowing time, and significantly
negative correlation coefficients were found between palmitic
acid and stearic acid in both autumn and spring sowings. A

spring sowing time has been proposed for the conditions in
Ankara [2].

In their study of safflower, Golkar et al. [14] reported that
the protein contents of the seeds ranged between 13.5 and
25.6% and increased with late sowing [15]. Sabzalian et al.
[16] determined that late sowing changed the minimum and
maximum values of some quality traits by 29.20-30.00% for
oil production rates, 5.48-7.59% for palmitic acid, 1.72-2.86%
for stearic acid, 12.24-15.43% for oleic acid, 71.05-76.12% for
linoleic acid, and 0.21-0.56% for linolenic acid. Golkar et al.
[14] found significantly negative correlation values between
oleic acid and linoleic acid (r = —0.98""), oil and stearic acid
(r = —0.50"), and palmitic acid and oleic acid (r = —0.51%).
In contrast, the correlation coeflicient between the protein
production rate and palmitic acid production rate has been
determined to be positive and significant (r = 0.54").

The oil production rate is higher with autumn sowing
relative to spring sowing [17-19]. With autumn sowing,
palmitic, stearic, and oleic acid production rates are also
higher, and linoleic and linolenic production rates are low
[19]. Esendal et al. [18] found a 26.9-35.9% change in
safflower oil production rate. A significant sowing time x
variety interaction was found, and the lowest oil production
rate occurred in the Yenice variety. According to Arslan and
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TABLE 2: Palmitic and stearic acid composition of safflower seeds sown in the autumn and spring.

Palmitic acid composition

Stearic acid composition

Sowing time Varieties
2014 2015 2014-15 2014 2015 2014-15
Remzibey 6.56" 6.36° 6.46° 2.46° 236" 2.41%
Autumn Dincer 6.56° 6.90%° 6.73° 2.26% 2.26° 2.26%
Balci 6.86° 716° 7.01° 2.46° 2.60° 2.53°
Yenice 5.76° 5.96 5.86¢ 2.36% 2.40° 2.38%
Remzibey 5.80° 6.10%f 5,954 2.30" 2.40° 2.35%
Spring Dincer 6.50° 6.50% 6.50% 2.16¢ 2.10¢ 2.13°
Balci 6.50° 6.66" 6.58> 2.20¢ 2.30% 2.25%
Yenice 5.70° 6.16%¢ 5.93¢ 2.36% 2.60° 2.48%®
Years
6.28° 6.47° 2.32° 237
Sowing time
Winter 6.44° 6.60° 6.52° 2.39° 2.40° 2.40°
Summer 6.12° 6.35° 6.24° 2.25° 2.35° 2.30°
Varieties
Remzibey 6.18° 6.23° 6.20° 238 2.38° 2.38°
Dincer 6.53° 6.70° 6.61° 2.21° 218 2.20°
Balci 6.68° 6.91° 6.80° 233 2.45%® 232°
Yenice 5.734 6.06° 5.90¢ 2.36° 2.50° 2.43°
Significance status
Years (Y) — — * 3%k — — *
Sowing time (ST) * % * % * % * % * * %
Varieties (V) * % * % * % * % o * %
Y x ST — — % — — ¥
YxV — — ns — — *
ST xV % % ns * % ® ® % * %
YXxSTxV — — ns — — *

*Significant at level 0.05; **significant at level 0.01. Means shown by the different letters within a column are statistically different.

Kucuk [20], the lowest oleic acid production rate was found
in the Yenice variety with the highest rate in the Remzibey
variety. However, the opposite pattern was found for linoleic
acid production rates.

The aim of this research is to examine the protein and
oil production rates and fatty acid composition and their
correlation in four safflower varieties sown in autumn and
spring.

2. Materials and Methods

This research was conducted in the trial fields of Uludag
University, Mustafakemalpasa Vocational School (40°02'N,
28°23'E), from 2013 to 2015. The trial field soils are light alka-
line (pH 7.8) that are moderate in terms of lime (81 kg ha™),
low in salt content (0.48 dSm™"), moderate in organic matter
(1.9%), poor in total nitrogen (0.20%), and rich in potassium
(1395kgha™).

The month of June was determined to be the inten-
sive seed setting period. The precipitation was higher in
2014 compared to 2015 and the yearly averages (94.0, 45.4,
and 33.8 mm, resp.). Likewise, the average air temperature

measured for the same month varied insignificantly among
trial years and the long-term yearly averages (22.5, 21.6, and
22.1mm, resp.).

Two different sowing times (spring and autumn) and four
different varieties (Remzibey Dincer, Balci, and Yenice) were
used in the study. The varieties were provided by the Eskisehir
Transitional Zone Agricultural Research Institute, of which
the Remzibey and Balci varieties are spiny, and the other
varieties are spineless.

The autumn sowings on October 25 of 2013 and 2014
and the spring sowings on March 20 of 2014 and 2015 were
performed by hand. In the trial, the row spacing was 40 cm,
and the in-row spacing was 15 cm. There were 5 rows in each
plot, and the area of each plot was 10 m? (5 m x 2m). The trial
was implemented as split plots in a completely randomized
block experimental design with 3 replications; sowing times
and varieties were the main and subplots, respectively.

Canola was preplanted in the trial area. For the autumn
sowing, soil preparation included the application of 150 kg
20-20-0 fertilizer and 150kg ammonium nitrate fertilizer
(33%) per hectare before rain in mid-March. The spring sow-
ing also used 150 kg 20-20-0 fertilizer and 150 kg ammonium
nitrate fertilizer (33%) per hectare before rain in early May.
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TaBLE 3: Oleic and linoleic acid composition of safflower seeds sown in the autumn and spring.

Oleic acid composition

Linoleic acid composition

Sowing time Varieties
2014 2015 2014-15 2014 2015 2014-15
Remzibey 16.73" 36.20° 26.46° 72.93¢ 53.50¢ 63.21°
Autumn Dincer 13.104 20.50° 16.80° 7713° 68.73° 72.93°
Balci 12.36°% 14.53¢ 13.45° 77.40° 74.63 76.01°
Yenice 11.36% 13.03¢ 12.20° 79.60° 77.63° 78.61°
Remzibey 33.26° 29.90° 31.58" 57501 60.66° 59.08"
Spring Dincer 13.50° 12.03¢ 12.76° 76.80° 78.43° 7761
Balci 16.43° 15.90¢ 16.16° 73.63° 74.36° 74.00°
Yenice 11.00¢ 13.16 12.08° 80.00° 76.66° 78.33"
Years
15.97° 19.40° 74.37° 70.57°
Sowing time
Winter 13.39° 21.06% 17.22 76.76% 68.62° 72.69
Summer 18.55° 17.75° 18.15 71.98° 72.53 72.25
Varieties
Remzibey 25.00° 33.05° 29.02° 63.21¢ 59.08° 61.15°
Dincer 13.30° 16.26° 14.78° 72.93¢ 7761% 75.27°
Balci 14.40° 15.21° 14.80° 76.01° 74.00° 75.00°
Yenice 11.18¢ 13.10° 12.14¢ 78.61° 78.33° 78.47°
Significance status
Years (Y) — — * 5k — — * %k
Sowing time (ST) * ok * ok ns * ok ok ns
Varieties (V) * % * % * % * 3 o * 5
Y x ST — — * % — — %%
YxV — — * % — — %%
STxV * % * * % * % ® * %
Y xSTxV — — * % — — * ok

*Significant at level 0.05; **significant at level 0.01. Means shown by the different letters within a column are statistically different.

Irrigation was not implemented for either sowing time, and
weed management was performed by hand hoe if necessary.

Using clear seed samples from each replicate, protein
production rates, oil production rates, and fatty acid com-
position were determined in the laboratory of the Sila Oil
Factory, which is located in the town of Karacabey, Bursa
Province. Protein and oil production rates and the fatty acid
composition of the seeds were quantified using Kjeldahl,
Soxhlet, and gas chromatography apparatuses, respectively.
Using the SPSS statistical program, an analysis of variance
was applied to the data, and significant differences were
grouped according to Duncan’s method.

3. Research Results and Discussion

Safflower seed protein and oil production rates; palmitic and
stearic acids from saturated fatty acids; and oleic, linoleic, and
linolenic acids from unsaturated fatty acids were examined by
individual years and as averages for all years.

3.1. Protein Production Rate. According to the results, which
were calculated as yearly averages, significant differences were
found among the effects of year, variety, and the interactions
between sowing time x variety, year x sowing time, and year x
sowing time x variety on protein production rates. However,
the effects of sowing time and the year x variety interaction
were insignificant.

The averages given in Table 1 show that sowing time did
not affect protein production rates, and the highest values
were found in the Yenice (17.45%) and Balci (17.10%) varieties.
The Remzibey and Dincer varieties had the lowest values. The
protein production rate in the first trial year was higher than
that of the second trial year (16.87% and 16.10%, resp.).

When protein production was evaluated in terms of
sowing time and variety, the Balci (18.08%) and Yenice
(16.91%) varieties sown in the spring had the statistically
highest values. The Remzibey variety sown in the autumn
had the lowest value of 15.20%. A significant year x sowing
time X variety interaction suggests that the effects of the
varieties varied with year and sowing time. Similar results
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TABLE 4: Linolenic acid rates composition of safflower seeds sown
in the autumn and spring.

Linolenic acid composition

Sowing time Varieties
2014 2015 2014-15
Remzibey 013* 013" 0.3
Autumn Dincer 0.12° 0.18° 0.15
Balci 0.10¢ 0.13> 0.11°
Yenice 0.12° 0.13% 0.12%°
Remzibey 0.10¢ 0.15° 0.13®
Spring Dincer 0.11° 0.14° 0.12%°
Balci 0.10¢ 0.11° 0.11°
Yenice 0.12° 0.13> 0.12%°
Years
0.11° 0.14%
Sowing time
Winter 0.12% 0.14 0.13%
Summer 0.11° 0.13 0.12°
Varieties
Remzibey 0.13° 0.13* 0.13°
Dincer 0.15 0.12%° 0.14*
Balci o0.11¢ 0.11° 0.11°
Yenice 0.12¢ 0.12%° 0.12
Significance status
Years (Y) — — * 5%k
Sowing time (ST) * ok ns *
Varieties (V) * % %% o
Y x ST — — ns
YxV — — %%
STxV * % * ns
YxSTxV — — * %

*Significant at level 0.05; **significant at level 0.01. Means shown by the
different letters within a column are statistically different.

were reported by [14, 21-23] Tuncturk et al. (2005), Atabey
(2009), Keles (2010), and Golkar et al. (2011).

3.2. Oil Production Rate. The effects of year, sowing time,
variety, and all of the interactions had significantly different
effects on the oil production rates of safflower seed. The
highest rate was found in the Balci variety, with a value of
31.99%, while the lowest values occurred in the Dincer and
Remzibey varieties (24.58 and 25.00%, resp.). A higher oil
content value was obtained from the autumn sowing time
compared to the spring sowing time (27.42 and 26.10%, resp.),
and the yearly value for 2014 was higher than that from 2015
(27.95 and 25.57%, resp.). When examined in terms of sowing
time and variety, the highest oil contents were identified in
the spring and autumn sowings of the Balci variety (32.20
and 31.78%, resp.). The lowest value was found in the Dincer
variety sown in the autumn (23.05%). The Balci variety had
the highest overall oil content as well as the highest in the
individual years (Table 1).

Keles [23] and Camas et al. [24] found oil content values
that varied from 24.0 to 28.0% and from 25.60 to 31.83%,
respectively. Our findings agree closely with those reported
by [12, 25-30]. However, in contrast to the results of our trial,
Yau [17], Esendal et al. [18], and Ada [31] concluded that the
most suitable sowing time for high oil rates is autumn.

3.3. Saturated Fatty Acid Composition. According to the
analysis of variance, year, sowing time, and variety, the year
x sowing time and sowing time x variety interactions were
found to significantly affect palmitic acid production rates,
while the effects of the year x variety and year x sowing time x
variety interactions were insignificant. However, the effects of
all of the examined characteristics on stearic acid production
rates were found to be significant.

Palmitic acid production rates ranged from 5.93 to 7.01%,
and, at 6.52%, the autumn sowing yielded the highest rate
compared to the spring sowing. In terms of varieties, the
production of the Balci variety was highest at 6.80%, and the
Yenice variety was lowest with 5.90%. The rates that were
determined for 2015 were higher than for 2014. The Balci
variety sown in the spring was ranked highest at 7.01%, and
the Remzibey variety sown in the spring and the Yenice
variety sown in both the autumn and spring were lowest.
For the autumn sowing, the Balci variety yielded the highest
palmitic acid values in both 2014 and 2015 (Table 2).

The minimum and maximum values for stearic acid
presented in Table 2 are 2.13 and 2.53%, respectively, and
the autumn sowing produced a higher value than the spring
planting. Two varietal groups were identified; the Yenice,
Remzibey, and Balci varieties constituted the first group while
the Dincer variety made up the second and lowest-yielding
group. The Balci variety sown in the autumn provided the
highest values in terms of the averages for all years and the
individual years. For the spring sowing, the Dincer variety
had the lowest value. The effect of the year x sowing time
x variety interaction was found to be statistically significant,
suggesting that stearic acid values differed significantly with
year, planting time, and variety.

Naghab etal. [19] concluded that palmitic and stearic acid
production rates are higher with autumn sowing, and this
supports the findings of our trial. Similar results were also
reported by some other researchers [2, 16, 22, 32, 33].

3.4. Unsaturated Fatty Acid Composition. According to the
data summarized in Table 3, year, variety, and all of the
interactions, except sowing time, had statistically significant
different effects on the oleic acid and linoleic acid from
unsaturated fatty acids. In contrast, linolenic acid production
rates were significantly affected by all of the factors, except
for the year x sowing time and sowing time x variety
interactions.

With a rate of 29.02%, the highest oleic acid content
was found in the Remzibey variety followed by the Dincer
and Balci varieties, and the Yenice variety had the lowest
rate (12.14%). Sowing time had no effect on oleic acid
composition. Compared to 2014 with a rate of 15.97%, the
rate in 2015 was higher with a value of 19.40%. While the
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TaBLE 5: Correlation coefficients among protein, oil, and fatty acid composition of safflower seeds.
Traits Protein rate  Oil rate Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid
(C16:0) (C18:0) (C18:1) (C18:2) (C18:3)
Protein rate 1.000 0.476"" -0.305" —0.040 -0.490"" 0.520"" -0.438""
Oil rate 1.000 0.227 0.068 -0.262 0.262 -0.728""
Palmitic acid (C16:0) 1.000 0.101 -0.165 0.101 0.213
Stearic acid (C18:0) 1.000 -0.014 -0.015 0.085
Oleic acid (C18:1) 1.000 -0.997*" 0.172
Linoleic acid (C18:2) 1.000 -0.197
Linolenic acid (C18:3) 1.000

*Significant at level 0.05; **significant at level 0.01.

Remzibey variety sown in both spring and autumn yielded
the highest rate, the other varieties were grouped second and
last as above, also for both sowing times. Additionally, the
results for the individual years exhibit parallel trends to the
averages for all years.

The production of linoleic acid in safflower seeds varied
from 78.61 to 59.08%, and the linoleic acid content in 2015
was higher than in 2014 (74.37 and 70.57%, resp.). According
to the averages for all years, the highest and lowest rates
were found in the Yenice varieties with 78.47% and in the
Remzibey variety with 61.15%, respectively. Sowing time had
no effect on linoleic acid composition. When the perfor-
mance of the varieties was analyzed according to sowing
time, the highest rates were obtained for the Yenice, Balci,
and Dincer varieties sown in the spring and autumn, and
the lowest rate was realized in the both the spring and
autumn in the Remzibey variety. The significant interactions
revealed significant differences among the varieties according
to sowing time and year (Table 3).

Linolenic acid production rates, which were ranked third
among the investigated unsaturated fatty acids, were found
to be between 0.11 and 0.15%. Higher rates were found in the
seeds of safflowers sown in the autumn than in seeds sown
in the spring. The Dincer variety, with a rate of 0.14%, and
the Balci variety, with a rate of 0.11%, yielded the highest and
lowest values, respectively. Linolenic acid was found in higher
proportions in the second year of the trial compared to the
first, and when the rates of linolenic acid production were
evaluated in terms of planting time and variety, the highest
content was found in the Dincer variety sown in the autumn
with a rate of 0.15%. The lowest value, a rate of 0.11%, was
found in the Balci variety sown in the spring (Table 4).

The results of Arslan and Kucuk [20], Atabey [22], and
Matthaus et al. [34] are very similar to the results of our
research. However, the findings of Naghab et al. [19] (2011)
do not support ours because those authors suggested that
autumn sowing is the most suitable sowing time for high oleic
acid production; according to the averages of all of the years
of our study, oleic acid rates were not affected by sowing time.

3.5. Oil Production Rate and Correlation Coefficients among
Other Examined Traits. The Pearson correlation coefficients

calculated among protein and oil production rates and fatty
acid composition are provided in Table 5.

According to these calculations, the protein production
rate was significantly negatively correlated with the pro-
duction of palmitic acid (r = -0.305"), oleic acid (r =
-0.490""), and linolenic acid (r = 0.438"") and positively
significantly correlated with oil (r = 0.476"") and linoleic
acid production (r = 0.520""). The oil production rate was
positively significantly correlated (0.476*") with protein rate
and negatively significantly correlated (r = —-0.728"") with
linolenic acid. In addition, a very strong negative correlation
(r = —0.997"") was found between oleic acid and linoleic
acid, and this finding shows that as rates of oleic acid increase,
rates of linoleic acid decrease. Other negative or positive
correlation coeflicients were not significant.

Arslan [32], Guan et al. [33], and Vosoughkia et al. [35]
found significant negative relationships between oleic acid
and linoleic acid that are very similar to the results of our
trial. Golkar et al. [14] concluded that there is a positive
and significant relationship between the production rates of
palmitic acid and protein. Additionally, Vosoughkia et al. [35]
found a significant negative correlation between linolenic
acid and oil production rates, which agrees with our findings.

4. Conclusion

In conclusion, safflower can be sown in the autumn and
spring in Mustafakemalpasa, but a higher oil rate was
obtained from spring sowing. The Balci variety was more
suitable than the other three varieties for oil production. The
production rates of oleic acid, which is an important fatty acid
component, were not affected by sowing time, and the highest
rate was found in the Remzibey variety.
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