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Abstract Fatty acid composition andmoisture and oil
content were determined for Montola-2001 and
Centennial safflower varieties at three different harvest
dates from flowering to maturity, which were grown as
autumn and spring crops in two different locations in
2001-2002 and 2002-2003. The experiment was carried
out using split-split plots in a randomized complete
block design with three replicates. Sowing dates
affected oil content and fatty acid compositions sig-
nificantly (P < 0.01), whereas moisture content in both
years was not significantly affected. Moisture content
declined 15 days from flowering period to maturity,
while oil content increased. The rate of the palmitic
acid formation decreased in both varieties 15 days
from flowering period to maturity, whereas formation
rates of the oleic and linoleic acids increased in
Montola-2001 and Centennial varieties, respectively.

Keywords Fatty acid composition - Harvest date -
Safflower varieties - Sowing date
Introduction

Safflower (Carthamus tinctorius L.) is an annual herb
belonging to the Compositae family. Safflower is a
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minor, underutilized oilseed crop. Safflower was culti-
vatedin 795,118 hain the world and 731,425 tonnes seed
yield was obtained from this area during 2004 [1]. It has
been cultivated locally for its oil, meal, and flower [2].
Safflower oil has long been used for industrial purposes,
notably for preparing varnish, due to the high linoleic
acid content of high linoleic varieties [3]. The resultant
meal after oil extraction is used for animal feed, as it is
rich in proteins [4]. The petals of the safflower flowers
are intensely yellow, red, or orange in color and are used
for dried-flower production [5, 6]. An additional product
extracted from safflower flowers is carthamin, a dye used
to color foods, beverages, and cosmetics [7].

The whole safflower seeds are white or cream in color,
and their typical composition is 55-65% kernel and 33—
45% hull. The whole seeds in normal-hull types contain
27-32% oil, 5-8% moisture, 14-15% protein, 2-7% ash,
and 32-40% crude fiber [8, 9]. The whole seeds of the
plant had an oil percentage of 25-37% in normal hull
types; but in very thin hull types, this ratio was increased
to 46-47% because the hull ratio was decreased and oil
ratio was increased [10]. Safflower is one of the best
examples of crops with variability for fatty acid com-
position in seed oil [11]. Standard safflower oil contains
about 6-8% palmitic acid, 2-3% stearic acid, 16-20%
oleic acid, and 71-75% linoleic acid [12]. A safflower
from Israel with 5-10% stearic acid, compared with 1-
3% of normal genotypes, was identified [13]. Very high
levels of linoleic (87-89%) and very low oleic (3-7%)
acid levels were found in safflower from Portugal [14].
Additionally, sources of variation for very high oleic acid
content (> 85%) have been reported [15, 16].

The fatty acid composition of vegetable oil deter-
mines its best commercial uses [2]. High-oleic safflower
oil, because of its great stability and bland flavor, makes
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a great frying oil [17]. It also has no linolenic fatty acid,
which is readily oxidized in oils such as soybean and
canola to cause rancidity and off-flavors during storage
or frying [18]. High-linoleic safflower oil, in view of its
reported role in reducing blood cholesterol levels, is
being utilized as premium edible oil [10]. Genotype
during oil formation exert the major effect on the
proportions of oleic and linoleic acids. However, liter-
ature data are mainly for standard genotypes, while
very little is known about high oleic genotypes.

Sowing date can be a major factor that affects oil
quality and fatty acid composition. Information on how
sowing date influences fatty acid composition is quite
important. The ratio of oleic and linoleic acids in seed
oils is to a large extent dependent upon environmental
conditions, particularly moisture and temperature,
during seed maturation [19, 20]. Thus, determining
optimum sowing date is likely to be of critical impor-
tance in many areas.

Very limited research has been done on safflower in
Turkey because of its low acreage and lesser economic
importance [21]. Turkey has favorable climatic and
agricultural conditions for the cultivation of a wide
variety of oilseeds. Safflower is an oilseed that has been
grown for centuries in the semiarid conditions of central
Anatolia [2]. In fact, as a Mediterranean country, Tur-
key is one of the countries with wild species of safflower,
and its soil and climatic conditions are very favorable for
safflower production [22]. Presently, over 50% of vege-
table oil consumed in Turkey is imported. Safflower has
potential to become an alternate oilseed crop in the
Trakya region of Turkey. Information on sowing and
harvest dates for safflower is not available in this region.

In the near future, as oil resources are increasingly
depleted, safflower oil, like other vegetable oil sub-
stances, could be used on a large scale to produce both
biofuel and alcohol [3]. Future safflower will be hy-
brids, day length, neutral, and spineless, with seeds
consisting of about 20% hull and 55% oil. Safflower oil
will be modified to reduce the saturated fatty acid
content and increase the oleic acid to 85% [23].

The objective of this research was to determine the
effects of sowing and harvest dates on fatty acid com-
position and moisture and oil content of two safflower
varieties with high oleic and high linoleic genotypes
grown in the Trakya region of Turkey.

Experimental Procedures
Growing Location and Crop Management

The study was conducted over two crop seasons, 2001—
2002 and 2002-2003, in the experimental fields of the
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Agriculture Faculty of Trakya University (Tekirdag,
40°59'N, 27°31’E; 5 m elevation) and Trakya Agricul-
tural Research Institute (Edirne, 41°40'N, 26°34" E;
41 m elevation) located in the Trakya region in
northwest Turkey. The soil of the experimental area in
the Tekirdag location was clay loam, low in organic
matter (0.87%), moderate in phosphorus (P) content
(61.7 kg ha™'), but rich in potassium (K) content
(600.1 kg ha™') and a pH of 7.3. The soil of the
experimental area in the Edirne location was sandy
loam, with a pH of 5.75 and 1.42% organic matter. This
soil contained phosphorus (P) (40.3 kg ha™') and
potassium (K) (504.1 kg ha™). The experimental areas
were suitable for safflower cultivation.

Two varieties of safflower were used: ‘““Montola-
2001, an introduction from the USA, has oil with high
levels of oleic acid and has a mutant genotype; Cen-
tennial, an open pollinated introduction from the USA,
with traditional genotype, has high levels of linoleic
acid. Seedings were made on 12 October (autumn)
2001, on 16 March (spring) 2002, on 18 October (au-
tumn) 2002, and on 13 March (spring) 2003. In sowing,
row width was 70 cm. Intrarow spacing was stabilized
at 5 cm (100 plant/m?) by thinning. All treatments were
fertilized with 10 kg nitrogen and 10 kg phosphorus
per decare. Weed control was obtained by mechanical
rotary tillage (21 May 2002-13 May 2003) in the in-
terrow and by manual weeding in the row. Sowing was
performed on nonirrigated seed beds.

Seed Harvesting

Individual heads of two safflower lines were tagged at
the time of flowering in sufficient quantity to allow
periodic harvest of individual heads until maturity.
Since an individual safflower head “blooms” over a
period of 4-5 days, flowering is herein used to mean that
period when the earliest 50% of the florets of a head
have completed pollination. A total of 150 individual
heads per plot were tagged on the same day at random at
the time of flowering. Fifty heads from each plot were
sampled at each harvest date throughout the period of
maturity (15th day after flowering, 30th day after flow-
ering, and maturity) until all tagged heads were har-
vested. All plots were hand harvested. Temperature,
rainfall, and relative humidity data during the crop
growing period were collected from nearby weather
stations in both locations and are presented in Table 1.

Moisture Content

The safflower seeds were analyzed for their moisture
content according to the International Union of Pure
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Table 1 Meteorolgglcal da'ta Months Average temperature (°C) Relative humidity (%) Rainfall (mm)

for safflower-growing area in

Edirne and Tekirdag in 2001- Edirne Tekirdag Edirne Tekirdag Edirne  Tekirdag

2002 and 2002-2003
October 2001 15.8 16.6 67.1 71.7 4.8 1.5
November 2001  13.7 9.8 71.0 77.6 62.3 109.9
December 2001  -1.4 2.1 74.7 84.1 103.3 210.6
January 2002 9.6 3.7 78.4 79.1 25.0 14.7
February 2002 8.2 8.2 72.4 78.7 18.8 35.9
March 2002 9.3 9.4 69.7 76.2 98.6 55.0
April 2002 11.7 10.9 66.9 74.0 30.3 37.9
May 2002 184 171 56.4 68.6 15.9 5.6
June 2002 234 223 56.7 66.7 26.2 43.8
July 2002 26.7 26.0 55.2 66.6 339 429
September 2002 19.8 20.1 672 79.4 118.9 141.8
October 2002 14.7 16.1 73.7 76.0 73.8 35.7
November 2002  10.4 12.8 84.0 82.9 113.4 76.1
December 2002 3.0 5.6 75.6 77.5 51.8 333
January 2003 4.7 7.1 82.6 82.8 126.1 95.8
February 2003 0.0 1.1 65.5 77.3 412 105.8
March 2003 5.0 4.5 63.4 77.0 13.6 20.1
April 2003 10.4 8.8 62.5 79.7 55.1 75.8
May 2003 20.2 17.9 584 75.6 79.8 5.6
June 2003 24.7 23.0 51.9 70.1 52 9.8
July 2003 253 24.8 53.8 69.9 44.8 35.8

and Applied Chemistry (IUPAC) methods no. 1.122
[24].

Lipid Extraction

The safflower seeds were dried before lipid extraction.
Lipid extraction from the dry seeds was carried out by
hexane extraction under the operating conditions
specified in IUPAC methods no. 1.121. Total oil con-
tent of the samples is expressed as a percentage by
mass of the product [24].

Preparation of FAME

Fatty acid methyl esters (FAME) were prepared from
the safflower oils after alkaline hydrolysis, followed by
methylating in methanol with 12.5% boron trifluoride
(BF3) catalyst. The final concentration of the FAME
was approximately 7 mg/ml in heptane [25]. FAME
standards (99% purity) were purchased from Nu-
Chek-Prep Inc. (Elysian, MN, USA).

Capillary Gas-Liquid Chromatography

Analyses of the FAME by capillary gas-liquid chro-
matography (GLC) were carried out on a Hewlett
Packard 6890 chromatograph equipped with a flame-
ionization detector (FID) on a split injector. A fused-
silica capillary column (CP-Sil 88, 50 m x 0.25 mm i.d.,
0.2 pym film; Chrompack, Middleburg, The Nether-
lands) was used for the FAME analysis. GLC operating

conditions were a temperature program of 130°C for
S min and then a 2°C/min increase to 177°C. The
injector and detector temperatures were set at 250°C.
Helium was used as the carrier gas at 1 ml/min.

Experimental Design and Statistical Analysis

The experiment was carried out using split—split plots
in a randomized complete block design with three
replicates and a subplot area of 10.5 m” Sowing date
(autumn-spring), varieties (Montola-2001; Centennial)
and harvest date (15th day after flowering, 30th day
after flowering, and maturity) were placed into the
main, sub, and sub-sub plots, respectively. With ran-
dom split-split plot experimental design, the analytical
data collected with three replications of each treatment
were subjected to analysis of variance (ANOVA) using
MSTAT software program. The least significant dif-
ference (LSD) test was applied to the results using the
same program [26]. Results for each location were
analyzed separately and are presented by individual
location. For statistical analysis, sowing date, harvest
date, cultivar, and between-year effects were consid-
ered fixed.

Results and Discussion

Sowing and harvest date effects on moisture and oil
content, and fatty acid composition of safflower
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varieties Montola-2001 and Centennial grown in dif-
ferent locations are presented in Tables 2 and 3,
respectively.

Moisture Content

Moisture content in either location was not influenced
by sowing date and between-year effects (P > 0.01) but
was influenced by harvest date (P < 0.01). The differ-
ence of moisture content between both varieties was
only significant in the Edirne location (P < 0.01). A
significant year x variety x sowing date x harvest date
interaction for moisture content was not observed.
Moisture content declined from an average of 30.25—
42.50% to 4.00-6.17% at 15 days from flowering period
to maturity (Table 2). Except for spring sowing at the
Tekirdag location, the moisture content for both vari-
eties generally decreased to a maximum of between 15

Table 2 Moisture and oil content of safflower varieties

and 30 days after flowering sampling period then
declined slightly. A slower loss of moisture from the
seeds of the Montola-2001 variety was observed com-
pared with the Centennial variety. Similarly, numerous
research studies have shown that the moisture content
decreases during safflower seed development [27-29].
Our findings agree with the findings by Sims et al. [27],
Bratcher and Kemmerer [30], and Dorrell [31]. How-
ever, moisture content of the seeds was higher than
that of other reported safflower varieties [2, 32-34].

Oil Content

Oil content varied insignificantly with the study years
(Table 2). In contrast, oil content in both locations
was influenced by sowing date, harvest date, and
variety (P < 0.01). A significant year X variety x sow-
ing date x harvest date interaction for oil content was

Year Variety Sowing date Harvest date® Moisture (%) Oil (%)
Edirne Tekirdag Edirne Tekirdag
location location location location

2001-2002 Montola-2001 Autumn 15 38.34 37.51 13.72 13.87

30 18.39 17.34 26.98 25.99

Maturity 6.17 5.23 31.68 30.71

Spring 15 41.36 31.06 13.51 16.06

30 17.15 18.63 27.34 26.37

Maturity 4.97 5.85 32.99 31.86

Centennial Autumn 15 39.46 38.25 15.79 15.20

30 14.18 16.15 27.69 29.13

Maturity 5.95 4.72 34.68 34.56

Spring 15 40.34 31.08 16.74 17.85

30 12.73 19.96 30.83 26.93

Maturity 4.72 512 34.84 30.73

2002-2003 Montola-2001 Autumn 15 38.00 36.05 13.80 13.90

30 17.93 15.80 27.20 26.15

Maturity 6.00 4.70 32.00 31.20

Spring 15 42.50 30.85 13.85 16.50

30 18.30 17.35 28.00 26.80

Maturity 5.80 5.05 32.75 32.05

Centennial Autumn 15 39.80 37.80 15.88 14.75

30 14.75 15.40 27.90 28.90

Maturity 6.15 4.00 35.00 34.00

Spring 15 40.85 30.25 15.95 18.00

30 12.90 18.30 30.00 27.15

Maturity 5.00 5.05 34.30 31.05
Year (Y) NS NS NS NS
Variety (V) o NS o o
Sowing date (S) NS NS ok o
Harvest date (H) ok ok ok ok
Y xVxSxH NS NS NS NS

Each value is an average of three determinations
NS not significant

# Days after flowering

*Significant at P < 0.05

**Significant at P < 0.01
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Table 3 Fatty acid composition of safflower varieties
Year Variety Sowing date Harvest date” Edirne location Tekirdag location
Cio Ciso Cisa  Ciso Other® Cigp  Cigo Cisa Cigp Others®
2001-2002 Montola-2001 Autumn 15 7.4fg 24  229n 66.6 0.7 7.4kl 23gh 295 601 0.7
30 7.0hi 22 337h 566 05 7.4kl 22hi 36.6 533 0.5
Maturity 6.7k 22 418 488 05 680 2.0j 524 383 05
Spring 15 7.0hi 2.8 3341 561 07 10.1d 2.0 293 582 04
30 6.4lm 2.1 46.0d 450 05 72m  29d 337 556 0.6
Maturity 6.0n 22 503b 410 05 6.6p 22hi 408 499 0.5
Centennial Autumn 15 79d 27 2260 662 0.6 114b 29d 283 56.6 0.8
30 7.4fg 25 192q 704 05 10.1d 29d 244 620 0.6
Maturity 7.8de 25 155r 741 0.1 8.7g 36b 144 726 0.7
Spring 15 10.7a 2.6 332 528 0.7 132a  2.7ef 275 56.0 0.6
30 83c 25 314k 575 03 85h  23gh 226 661 0.5
Maturity 7.6ef 3.6 293m 589 0.6 6.6p 40a 189 69.7 0.8
2002-2003 Montola-2001 Autumn 15 72gh 23 2250 673 0.7 7.7 22hi 317 579 05
30 7.0hi 2.1 332 571 06 7.5k 22ij 394 504 05
Maturity 6.6kl 22 417¢ 490 05 70n  2.0j 552 353 05
Spring 15 6.9ij 2.7 345g 552 0.7 9.9¢ 24g 294 578 05
30 63m 22 482c 428 05 8.1 2.8de 345 540 0.6
Maturity 6.0n 21 527a 387 05 6.6p 22hi 41.6 491 0.5
Centennial Autumn 15 80d 28 228n 658 0.6 1120 29d 279 573 07
30 7.4fg 25 194p 702 05 10.0de 2.7ef 238 628 0.7
Maturity 72gh 25 155r 743 05 8.8g 34c 141 730 0.7
Spring 15 98b 25 350f 520 0.7 132a 2.6 271 565 0.6
30 79d 26 337h 552 0.6 9.4f f3.3c 222 645 0.6
Maturity 72gh 34 3041 585 05 73Im 39a 189 692 0.7
Year (Y) NS NS NS NS NS NS NS NS * NS
Sowing date (S) sk s sk % NS *% o o s NS
Harvest date (H) o o o o NS o * o * NS
YxVxSxH * NS  #* NS NS ok o NS NS NS

Each value is an average of three determinations, and values in the same column with different letters show statistically significant

differences. Each value is expressed as weight (wt)% of total fatty acid methyl esters

NS not significant
# Days after flowering

® Sum of lauric (Cya:), myristic (Cy4,), palmitoleic (Cyg:), linolenic (Cys:3), arachidic (Cagy) acids

*Significant at P < 0.05
**Significant at P < 0.01

not observed. Oil content increased very rapidly from
the 15th to the 30th day after the flowering sampling
period and reached its maximum level in maturity in
both varieties. Oil content during this period in-
creased about twofold. During 30 days from the
flowering period to maturity, the rate of oil accumu-
lated in the seed slowed dramatically. Generally, the
maximum oil content was found in the Centennial
variety at maturity. At maturity, oil content for the
Montola-2001 variety in both locations was higher in
spring sowing than that observed in autumn sowing.
However, oil content for the Centennial variety in
both locations was usually higher in autumn sowing
than that observed in spring sowing at maturity.
Numerous research studies have shown that oil con-
tent increases during safflower seed development, and
climatic factors during growing season, maturity,

variety, and location influence oil concentration [27—

29, 32, 35-37].

Fatty Acid Composition

Palmitic (Cy¢.), stearic (Cigy), oleic (Cig.1), and lino-
leic (Cys.2) acids were the principal fatty acids for all
safflower seeds analyzed. The sum of lauric (Ciay),
myristic (Ci40), palmitoleic (Cy.1), linolenic (Cig.3),
and arachidic (Cyg.) acids, given in Table 3, is below
0.8%.

When between-year effects on fatty acid composi-
tion of safflower seeds were compared, only the dif-
ferences in the Cig, content in the Tekirdag location
were found to be significant (P < 0.05). Meanwhile,
sowing and harvest dates effects, along with differences
between the proportions of each of the four major fatty
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acids, were found to be significant (P < 0.01). The sum
of five minor fatty acids was not influenced by sowing
date, harvest date, variety, or between-year effects. In
addition, a  significant  year X variety X sowing
date x harvest date interaction for the four major fatty
acids can be seen in Table 3.

The Cy, content in both varieties decreased during
seed development. Results shown in Table 3 revealed
that the Cyg0 content was higher in the Centennial
variety at maturity. In addition, the Ci4,9 content in
both varieties was higher in autumn sowing than that
observed in spring sowing. The Cigo content of the
Centennial variety in spring sowing at the Tekirdag
location decreased greatly, from 13.2% on the 15th day
after the flowering period to 6.6-7.3% in fully ripened
seeds. Hamrouni et al. [29], working with safflower
seeds, found that Cy¢,o content decreased considerably,
from 13.7% to 4.0%, during seed ripening. Hill and
Knowles [38] revealed that the actual amount of Cy4.q
in their safflower varieties remained at about the same
level until 10 days after flowering and then slowly in-
creased until about 25 days after flowering, although
the Cy40 percentage in relative amount decreased
during seed development.

The C;g, content decrease in autumn sowing of the
Montola-2001 variety and increase in spring sowing of
the Centennial variety were found in both locations
15 days from the flowering period to maturity. In
addition, the C;g, content decreased in spring sowing
of the Montola-2001 variety and in autumn sowing of
the Centennial variety in the Edirne location during
seed development. Hamrouni et al. [29] reported that
the C;5,9 content decreased slightly, from 1.2% to 1.0%
during seed ripening. At maturity, the C;g,g content in
the Montola-2001 variety was very similar for both
sowing dates (Table 3). In contrast, the Cig content
for the Centennial variety were higher in spring sow-
ing. The results also reveal that the C,g,9 content were
higher in the Centennial variety than in the Montola-
2001 variety at maturity for both sowings. The
safflowers reached their highest value (3.4-4.0%)
following a large decrease in the Cy¢, content in spring
sowing of both locations. For their safflower varieties
during seed development, Hill and Knowles [3§]
observed a similar relationship between Cj¢ and Cys,o
content. Similarly, our results for the Centennial vari-
ety are in accordance with Ladd and Knowles [13], who
reported that their safflower varieties with high levels
of Cig contained lower levels in Cy6.. However, our
results for the Montola-2001 variety are generally
similar to those obtained by Hamrouni et al. [29], who
demonstrated that rapid decreases in Cigo were
accompanied by slightly decreases in Cyg, at the end of
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ripeness. Comparing the effects of sowing dates in both
locations, high levels of the C;g, were associated with
low levels of the Cig, in the Centennial variety at
maturity. The Cig and C;g, content in spring sowing
of this variety were in the range of 3.4-4.0% and 58.5—
69.7%, respectively. However, amounts of these fatty
acids in autumn sowing were in the range of 2.5-3.4%
and 72.6-74.3 for Cyg and Cig.,, respectively. The re-
sults in the Centennial variety agree with the findings
by Ladd and Knowles [13], who revealed that increases
in Cyg,9 were accompanied by decreases in Cyg,q Or in
Cig- in some cases, and sometimes in both. The C;g
content belonging to the Montola-2001 variety in-
creased during seed development, while the Cig,
content decreased. In contrast, a decrease in the Cig,
content and an increase in the C;g, content of the
Centennial variety was observed during seed develop-
ment, whereas C;g.; content increased in the Montola-
2001 variety, from 22.5-31.7% to 40.8-55.2%, during
seed development, with a subsequent reduction in the
Cig2, from 55.2-67.3% to 35.3-49.1%. The C;g.; con-
tent of the Montola-2001 variety showed a rapid in-
crease at 30 days from flowering period to maturity in
autumn sowing at the Tekirdag location and at the 15th
to the 30th day after the flowering period in spring
sowing at the Edirne location. The C;g; increased
rapidly, mostly at the expense of the Cis.,. A decrease
in the C;g.q, from 22.6-35.0% to 14.1-30.4%, and an
increase in the C;g.,, from 52.0-66.2% to 58.5-74.3%,
was observed for the Centennial variety. There was an
inverse relationship between the development of Cig
and Cig., acids in both varieties. The lowest content of
Cis:1 was found in the highest Cig, content. This was
constant for all safflower seeds analyzed. The Cig;
content increased in the Montola-2001 variety, as it
was an oleic type, and the C;g., content increased in the
Centennial variety, as it was a linoleic type ,during seed
development. Increases in these fatty acids of both
varieties might be caused by their genotypic features.
Important factors influencing fatty acid composition
are the variety and genetics of the seed. Similar
observations were made by Garces et al. [19], Lajara
et al. [20], and Hill and Knowles [38]. However, Rob-
ertson et al. [39] reported that environmental condi-
tions influence fatty acid composition much more than
does the genotype of the variety. Garces et al. [19]
revealed that in high C;g; mutants, Cig; and Cigo
content was less influenced by temperature than in
standard genotypes.

At maturity, the C;g.; content of the Montola-2001
variety was higher in spring sowing at the Edirne
location and in autumn sowing at the Tekirdag loca-
tion. The Cig, content of the Centennial variety in
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both locations was higher in spring sowing than that
observed in autumn sowing. At maturity, the Cig,
content of the Montola-2001 variety was higher in au-
tumn sowing at the Edirne location and in spring
sowing at the Tekirdag location. The Cig., content of
the Centennial variety in both locations was higher in
autumn sowing than that observed in spring sowing.
Apparently, another important factor influencing fatty
acid composition of the safflower seed is the sowing
date in the location in which it is planted. The variation
of fatty acid composition with climatic conditions,
particularly moisture and temperature during the
growing season, was indicated by several investigators
[13, 19, 36, 40]. The literature supports a strong cor-
relation between C;g; and Cig,, content and tempera-
ture. Under low temperatures, Cg., content increases,
and under high temperatures, C;g.; content increases.
Lajara et al. [20] concluded that temperature during
the time elapsed between flowering and ripening is
perhaps the most important factor influencing fatty
acid composition. The mechanism involved appears to
be the direct effect of temperature on the activity of
desaturase enzymes converting C;g.1 to C;g., acids, and
on the solubility of oxygen, which seems to play a
regulatory function in that activity [41]. Sims et al. [27]
reported the formation of unsaturated fatty acids in-
creases in plants grown at low temperature. In fact,
many authors, such as Hamrouni et al. [29], Browse
and Slack [42], and Robertson et al. [43], have also
indicated the existence of an inhibitory effect of high
temperature on desaturases. The enzymes that convert
Cis.1 to Cyg, acid are inactivated at high temperature,
which prevents extensive formation of Cig.,.

As for Cyg3 content, it is given in the sum of the
minor fatty acids (Table 3). During the process of seed
formation and ripening, minor fatty acids represented
0.1-0.8% of total fatty acids, of which C;g.; content was
present in less than 0.3%. Also, the C;g3 was not found
in some samples analyzed during seed development.
According to Nagaraj [10], during seed development,
Cis. acid predominated in every lipid class, whereas
Cis:3 content decreased with increasing maturation and
was absent in fully mature safflower seeds. This situa-
tion was confirmed in previous works [27, 38, 44].
McKillican and Sims [44] reported that low levels of
Cis:3 acids were contained in their safflower varieties as
late as 30 days after flowering. Hill and Knowles [38]
showed that this fatty acid was not found past 10 days
after flowering in any variety. Sims et al. [27] also re-
vealed that it was not found in the more mature saf-
flower samples.

The results of the present study show that oil con-
tent and the four major fatty acids were affected by

sowing and harvest dates. As expected, decreases in
moisture content were accompanied by increases in oil
content during seed development. The saturated frac-
tion included mainly the Cy6,9 and Cig, acids, and al-
though the rates of Cig¢ acid regularly decreased
during seed development, the rates of Cigq acid
showed fluctuations. There was an inverse relationship
between the development of the Ci5.; and Cig.; acids.
The Cig; content increased in the high oleic variety,
and the Cig, content increased in the high linoleic
variety during seed development. Besides, changes of
fatty acid composition, especially the Cig.; and Cig.,
acids, in regard to sowing date were largely attributed
to seasonal weather differences, particularly moisture
and temperature, during the growing season.

This detailed study has led to the conclusion that
important factors influencing fatty acid composition
are evidently seed genotype and sowing date. A correct
decision on safflower sowing date should be based on a
thorough understanding of the environmental factors
influencing yield components, oil quality, fatty acid
composition, and also its genotype-dependent charac-
teristics. The information provided by this study may
be helpful for recommending optimum sowing date in
terms of the fatty acid synthesis pattern and oil accu-
mulation in similar climates and soil conditions.
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