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ABSTRACT: Growth and development of safflower are affected by different uncontrollable
environmental conditions. Oil contents of safflower are largely influenced by temperature
fluctuations. Temperature variations in the field can be created by sowing crops at different dates
in the season. The obLective of this work was to investigate the effect of different planting dates
(i.e., 1 November, 15" November and 1% December), and thermal temperatures (growing degree
days, GDD) on yield and quality traits of four genotypes (two local land races, i. e. G 21 and G 81
and two exotic genotypes from Cyprus i. e. G 45 and G 48) and a commercial cultivar (Giza 1). Six
environments were created (three different planting dates during 2006/07 and 2007/08). The
experimental design was a randomized complete blocks design with three replications. Safflower
genotypes exhibited significant differences for seed, oil and protein yields, oil content, heat units
accumulation and fatty acids composition. Seed yield was positively correlated (r=0.97**) with
growing degree days (GDD) to maturity. The results showed that the seed, oil and protein yield,
decreased significantly as the planting dates were delayed. Linear regression equation revealed
that increases of one unit (15-day interval) than the optimum date decreased yield by 29.64 kg/fed.
The first planting date (1 November) produced the highest seed yield (581.70 kg/fed), whereas the
third planting date (1 December) produced the lowest seed yield (522.42 kg/fed). The first planting
date yielded the highest average oil yield compared to the other planting dates. Although a
positive linear relationship was achieved between accumulated heat units during the period of oll
synthesis and until physiological maturity, the R? value was very low. The average values of oil
content were highest in seeds for genotype G 45 (34.21%). Giza 1 had on average the lowest oil
content (29.55%). High linoleic acid was dominant in all the five safflower genotypes. Pronounced
variation in the main unsaturated fatty acids of oil (linoleic and oleic) was obvious in different
environments and was very high. The linear association between heat units and concentration of
either oleic or linoleic acid was also discussed.

Key words: Safflower, Planting date, Varying environments, Temperature, Correlation,
Regression, Coefficient of determination, Heat units accumulation, Seed yield, Oil content, Fatty
acids.

INTRODUCTION

Edible oil is a major constituent of our routine daily diet. Egypt has been facing chronic shortage of it and a
large quantity of edible oil is being imported annually from other countries to bridge the gap existing between
local production and consumption. At present, edible oil requirement of the country is more than one million
tons annually and less than 10 % of it is met by local production. Safflower is an important aromatic and
medicinal plant. Due to high oil content in seed, it is also cultivated as an oil crop. Carthamine (C,;H,,01,), a
coloring substance found in the flowers of this plant, is used as colorant in food-processing industry and was
found to inhibit platelets coagulation and delays bleeding (Huang 1993).

Safflower (Carthamus tinctorius L.) is grown commercially in the world as one of the world's oldest oilseed
crops. The seeds contain 35-50% oil, 15-20% protein and 35-45% hull fraction (Rahamatalla et al 2001). It has
attracted significant interest as an alternative oil seed due to its high adaptability for dry climatic conditions with
little precipitation. Safflower seeds are primarily used for edible oil production (rich in linoleic acid over 70%) as
a salad and cooking. Its flowers are also a natural dye source due to the presence cartharmin (Smith 1962).
Safflower can also be grown successfully on soil with poor fertility and in areas with relatively low temperatures
(Koutroubas and Papakosta 2005).
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Safflower growth as well as composition and quality of its seeds are influenced by many factors like
genotype, environment and agronomic practices. Environmental variables can be classified to predictable
and/or unpredictable factors (Allard and Bradshaw 1964). Planting date is among the predictable factors (i. e.,
those that occur in a systematic manner or under human control). Sowing time is a major agronomic factor
affecting both seed and oil yield in safflower (Tomar 1995 and Gecgel et al 2007). Therefore, determining
optimum sowing time and selecting suitable variety for growing regions are necessary to obtain safflower with
high yield and quality.

Environmental factors can make the difference between a good and a bad season. Besides, it reveals the
adaptive potentiality of genotypes. Temperature is a major environmental factor that determines the rate of
plant growth and development. Global warming with ensuing elevates heat stress is a recent phenomenon that
poses a serious threat to crop productivity allover the world. Documented increases in global temperatures,
forecasted by several climate models in many countries of the world, have stimulated interest on the direct
effects of temperature and other climatic variables on plant growth, yield and quality of oil crops. Genotypes
behave differently under different environmental conditions. Safflower is a temperate zone crop but it can
perform well under various climatic and soil conditions. Temperature variations in the field can be created by
sowing crops at different dates in the season. The crop will grow at different temperature, sunshine and relative
humidity.

Having wider adaptability, different safflower genotypes require different total number of cumulative degree
days or heat units for growth, development and maturity. All physiological and morphological developments
occurring in plant are markedly influenced by temperature. Different sowing dates might result in different
environmental conditions during grain filling and oil synthesis. In particular, the fatty acid composition is known
to differ with cultivars and environmental conditions (Connor and Sadras 1992). The growing degree days
(GDD), or heat unit (HU) is the most common index used to estimate plant development. The accumulation of
these heat units determines the maturity of crop as well as performance and quality of the end product.

The genotype-environment interaction is the key factor in the assessment of crop variety performance in
terms of quantity and quality of the product. Environmental variables such as temperature, sunshine and rainfall
affect plant growth and development differently. It has been concluded that temperature regulates plant growth
and development processes. The rate of plant development is mainly temperature driven (Ritche and Ne Smith
1991). Thus, modern plant breeders need to close the gap between actual and potential yield via the modeling
of the impact of temperature variation on yield and quality of a number of genotypes. In that context, well-
adapted local land races and/or cultivars as well as exotic improved genotypes might be used as donors to
improve a target genotype.

The objectives of this study were to (i) evaluate the effects of planting dates on yield, oil content and fatty
acid composition of five safflower genotypes and (ii) modeling the relationships between heat unit accumulation
and seed, oil, protein yield and fatty acid composition of safflower genotypes, planted at different dates.

MATERIALS AND METHODS

Experimental location and plant materials

The present study was carried out at the Agricultural and Research Station, Faculty of Agriculture, Cairo
University, Giza, Egypt (30° 02'N Latitude and 31° 13' E Longitude, Altitude 22.50 m), during 2006/2007 and
2007/2008 growing seasons. Five genotypes (G) of safflower, representing two local land races, i.e. G 21 and
G 81, two exotic genotypes introduced from Cyprus, i.e. G 45 and G 48 and one commercial cultivar, i.e. Giza 1
were used in this study.

Difference in temperature for growth, development and maturity was created by planting safflower
genotypes at different dates in the season thus giving a wide range of temperature from planting till maturity.

Meteorological data records were obtained from the Agrometeorological Station on the site. Monthly
maximum, minimum and mean temperature during the study of 2006/07 and 2007/08 seasons are shown in
Table (1). The baseline temperature used for growing degree days (GDD) computations was 5° C.
Meteorological conditions varied widely between seasons.

The cumulative heat units (CHU)for different growth stages were calculated by the equation of Dwyer and
Stewart (1986).

tl H
CHU= Z (T max;rT min) T,
t2

Tmax and Tmin are maximum and minimum daily air temperatures, respectively. T, is the base temperature
below which development ceases and t; and t, were the time intervals. Base temperature for safflower
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development is 5°C (Sadras and Hall 1988). Cumulative heat units (3 CHU) are then summed over the time
period of interest.
Table 1. Monthly maximum, minimum and mean temperature during 2006/07 and 2007/08 seasons.

Month Season
2006/07 2007/08
Temperature (°C)

Maximum Minimum Mean Maximum Minimum Mean
November 23.9 14.2 19.05 26.8 15.7 21.25
December 20.8 11.2 16.00 22.7 11.2 16.95
January 19.5 9.0 14.25 18.0 7.2 12.60
February 21.6 11.6 16.60 20.6 8.1 14.35
March 24.6 13.2 18.90 27.4 13.1 20.25
April 27.8 16.1 21.95 30.4 15.7 23.05

Experimental environments
The experiment was carried out at six environments (2 years x 3 sowing dates); details of the six
environments are given in Table (2).

Table 2. The six manipulated environments used in this study.

Environment Growing season Planting date
E1l 2006/2007 First November
E2 2006/2007 Mid November
E3 2006/2007 First December
E4 2007/2008 First November
E5 2007/2008 Mid November
E6 2007/2008 First December

Experimental layout and crop management

The five safflower genotypes were evaluated at three different dates of planting (November 1, November 15
and December 1) for two successive years i.e., 2006/07 and 2007/08. The five genotypes were planted in a
randomized complete block design (RCBD) with 3 replications. Planting in each replicate was done in a 3-row
plot of 3 m long a spacing of 0.60 m between and 0.30 m within the hills. The size of plot was (5,4 m2).

Seeds were planted in hills and each hill received about five seeds and was immediately irrigated. In these
experiments, 30 Kg/fed of P,Os as ammonium phosphate and 15 Kg/fed of nitrogen as urea were applied prior
to sowing and 20 Kg/fed of nitrogen as urea used as top dressing at the start of stem elongation. Seedlings
were later thinned to two plants per hill after four weeks of planting. Weeding was carried out twice manually;
the first weeding was done four weeks after planting while the second weeding was done eight weeks after
planting. Crop harvesting was carried out 150-165 days after planting from the beginning of April to beginning of
May at physiological maturity stage. All other practices were done according to recommendations.

Recording of observations
Growth and yield characteristics

Data recorded on a plot basis. They were: days to flowering (DF) as nhumber of days from planting time to
50% flowering, days to maturity (DM) and seed yield per plot. All plants from each plot were harvested and
were left in the field until full drying to determine seed vyield/plot, seed yield/fed, seed oil yield/fed and seed
protein yield/fed. Qil yield and protein yield were calculated by multiplying seed yield x seed oil percentage and
seed protein %, respectively.

Chemical traits

The oil and protein contents (%) were measured on randomly selected seed samples of each plot. Samples
were obtained in the third week of May in both years. A total of 90 samples for the five genotypes were
analyzed in terms of protein, oil content and fatty acid composition (palmitic, oleic, linoleic and linolenic ). Seed
protein % was calculated by multiplying N (%) x 5.75; oil content of the samples was measured using the
soxhlet extraction method with hexane, while fatty acids (palmitic, olic, linoleic and linolenic acids) composition
were determined by gas liquid chromatograph (GLC) according to AOAC (1990) .

Statistical analyses
The data recorded were statistically analyzed by using analysis of variance technique of the RCBD for
various agronomic and quality characteristics (Steel et al 1997). After having homogeneity test for error
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variances by using Bartlett's test (Snedecor and Cochran 1983), combined analysis of variance was performed.
The least significant difference (LSD) test at probability level of 5% was used to determine the statistical
differences between means when the F value was significant. The data were statistically analyzed by using the
computer statistical software package MSTAT-C (Freed et al 1989) and for drawing the diagrams, Excel
software was used.

RESULTS AND DISCUSSION

Combined analysis of variance

The results of variance analysis revealed significant differences among the genotypes (G), planting dates
(D) and G x D interactions for the parameters tested, indicating the presence of variability among genotypes as
well as among the environments and that performance of genotypes is different from one environment to
another (Tables 3 and 4).

The analysis of variance showed that mean squares for genotypes were significant for all traits studied.
This indicates the existence of a high degree of genetic variability in the material under this study, and that is
reflected in the broad range observed for each trait (Table 3). Such a significant variation in all studied
characteristics is a valuable source for several breeding purposes.

Table 3. Combined analysis of variance for studied crop phenology and yield traits of 5 safflower genotypes evaluated
across two years and three planting dates.

Source of variability df Mean squares
Days to Days to Seed yield Qil yield Protein yield
flowering maturity kg/fed kg/fed kg/fed
Years (Y) 1 6.17 8.10 11562.95** 1232.02* 167.96
Planting dates (D) 2 3164.63** 4193.67** 27511.71** 3166.31** 4931.65**
Y xD 2 1.90 50.03 173.90 233.36 351.32**
R (DY) 12 16.27 20.82 827.15 124.30 33.83
Genotypes (G) 4 680.47** 733.65** 290887.54** 2133.83** 567.89**
Y xG 4 19.80 39.26 2993.04 391.83 136.43*
DxG 8 84.73* 78.24** 5819.08** 695.69** 690.79**
YxDxG 8 441 24.65 4640.28** 625.15** 476.50**
Error 48 11.11 21.32 1375.68 183.91 47.81

*, ** Significant at 5 and 1% level of probability, respectively, using the F test

This result confirms the results of other researchers (Ahmad et al 2001 and Golkar et al 2011 a). The year x
genotype, planting date x genotype, and year x planting date x genotype effects were significant for most
studied traits, indicating significant genotype x environment interactions. Hence, environmental effects are
important in understanding plant growth and should be given consideration in safflower breeding programs.

Combined analysis across years and planting dates indicated highly significant (P<0.01) mean squares for
the genotypes for all the characters (Table 3). This suggests that some of the genotypes were evidently
superior to others in these traits. The highly significant differences (P< 0.01) of the combined analysis across
planting dates and years indicate the performance fluctuation of the five genotypes in their responses to the
different environments. There are also tremendous changes in yield ranks of the genotypes across
environments, which may considered as a good criterion in explaining some of the yearly variation in yield.

The results of the combined analysis showed that there were significant differences between planting dates
and genotypes for seed oil and fatty acid composition (Table 4). Highly significant mean squares (P < 0.01)
were also recorded due to planting date (D) for protein, oil content and the three unsaturated fatty acids (i.e.,
oleic, linoleic and linolenic). ANOVA results for protein, oil content, palmitic, oleic, linoleic and linolenic acid
showed significant mean squares (P<0.01) due to the interaction of genotype by planting date (DxG), except
palmitic acid. Variances due to genotype x year x planting date interaction was, however, not significant for all
studied traits, except protein and oil content. Similarly variances due to years and the years by planting dates
interactions were not significant (P>0.05) for all studied traits, except for protein content and linolenic acid,
respectively. Otherwise, variances due to interactions of years and genotypes (YxG) were significant for protein,
oil content, oleic and linolenic acid.

Table 4. Combined analysis of variance for seed-quality related traits in safflower genotypes.

Source of variability df Mean squares
Protein Oil content C 16:0 c18:1 C18:2 c18:3
content (%) Palmitic Oleic Linoleic Linolenic
(%)
Years (Y) 1 5.31** 1.349 0.011 0.005 0.026 0.007*

77


http://en.wikipedia.org/wiki/George_W._Snedecor
http://en.wikipedia.org/wiki/William_Gemmell_Cochran

World Essays J. Vol., 1 (3), 74-87, 2013

Planting dates (D) 2 55.83** 5.956** 0.028 4.276** 26.872** 0.655**
Y xD 2 9.66** 1.138 0.121 0.002 0.0001 0.002
R (DY) 12 0.16 0.351 0.109 0.003* 0.035 0.001
Genotypes (G) 4 14.79** 88.734** 1.764** 7.634** 13.615** 0.319**
YxG 4 7.47** 3.505** 0.089 0.003* 0.004 0.003*
DxG 8 7.95** 2.128** 0.458** 0.703** 7.608** 0.496**
YxDxG 8 8.04** 2.091** 0.102 0.002 0.007 0.002
Error 48 0.18 0.379 0.111 0.001 0.203 0.001

* ** Significant at 5 and 1% level of probability respectively using the F test

Safflower development and crop phenology

Environmental factors, especially temperature is the key factor that influences plant growth and
development. Significant differences among different genotypes for heat units depicted that different genotypes
have varying maturity periods. However, higher heat units accumulated by early planted crop during both years
reflected that the optimum planting date of a particular crop is early planting to have good output. Means of
days to flowering, days to maturity, seed, protein, oil yield and quality traits for the safflower genotypes tested
are presented in Tables 5 and 6.

Table 5. Means of three planting dates and five genotypes for some of the studied traits of safflower.

Factor Treatment Days to Days to Grain yield Oil yield Protein yield
flowering maturity kg/fed kg/fed kg/fed
Planting dates Nov. 1 132.77a 169.23a 581.70a 185.80a 113.36b
Nov. 15 123.00b 156.73b 562.86a 181.93a 120.55a
Dec. 1 112.23c 145.60c 522.42b 166.39b 95.64c
LSDo.0s 1.73 2.39 19.26 7.04 3.59
Genotypes Gizal 120.89d 156.44b 556.57b 164.56¢ 113.64a
G21 126.39b 159.50b 569.39b 192.14a 115.25a
G381 129.11a 164.57a 615.78a 185.45a 112.09a
G 45 123.83c 158.33b 513.66¢ 175.83b 101.65¢c
G 48 113.11e 147.11c 522.90c 172.21bc 106.61b
LSDo.os 2.23 3.09 24.86 9.08 6.43

Means followed by similar letter in the same column are not significantly different at 5% level of probability.

Days to flowering (DF)

Statistical analysis of the data revealed that planting dates (D) significantly affected days to 50% flowering
(Table 5). Crop planted on November 1, took maximum number of days to flowering (132.77). Days to flowering
trait were enhanced with the delay in planting and minimum number (112.23) was recorded by sowing on
December 1. Thereafter, further delay in planting decreased number of days to flowering. This variation in days
to flowering might be due to variation in temperature prevailed by the crop growth. Arslan et al (1997) reported
that high temperatures at flowering and pollination stages resulted in fruitless of small flowers and reduction of
yield and yield components of safflower varieties.

Studied genotypes started to flower at different times. According to means comparison (Table 5) mean
number of days to flowering (DF) of genotypes was significant at the probability level of 1% and there were
considerable differences among them so that G 48 had the lowest DF (113.11) followed by Giza 1 (120.89).
Genotypes with shorter vegetative growth reached to their reproductive growth stage sooner. This result
supports that reported by Alizadeh (2005) and Golkar et al (2011 b).

Days to maturity (DM)

Analysis of the data revealed that planting dates (D) significantly affected days to maturity (Table 5). Crop
planted on November 1, took maximum number of days to maturity (169.23). Days to maturity decreased with
delay in planting and minimum days to maturity (145.60 days) were determined when planting took place on
December 1. This reduction in days to maturity in case of late planting may be due to unfavorable photoperiod
and high temperature conditions that forced the crop to end up the life cycle rapidly at the cost of reduction in
yield and yield components. These findings agree with those of Dadashi and Khajehpour (2004), who found that
number of days from planting to emergence, stem elongation to head visible, head visible to flowering initiation
and termination of flowering to physiological maturity were significantly reduced with delay in planting as the
result of increase in temperature during these periods.

Means of days to maturity (DM) of genotypes were significantly different (p< 0.05). Entry 48 had the
greatest DM (147.11 days) and Giza 1, entry 45 and entry 21 stood in next rank (with DM of 156.44, 158.33 and
159.50 days, respectively).

Yield performance
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Seed yield

Usually planting dates and genotypes play an important role in yield and yield components as well as
quality traits. At first planting date, due to increased plant height, number of branches, number of heads per
plant, seed yield per plant, thousand seed weight and suitable environmental growing conditions, safflower
genotypes could produce high seed yield, compared to second and third planting date used in this study.

As seen in Table 5, the seed yield was significantly affected by planting dates and genotypes. The first
planting date (Nov. 1) produced the highest seed yield (581.70 kg /fed), whereas the 3" planting date (Dec. 1)
produced the lowest seed yield (522.42 kg /fed). Based on the three planting dates data, seed yield was
decreased as planting date delayed from 1 November to 1% December. This decrement equal to 59.38 kg/fed
(Fig. 1). Mirzakhani (2002) reported a significant difference among seed yield in three sowing dates. Sowing
time is a major agronomic factor affecting both seed and oil yield in safflower (Tomar 1995 and Gecgel et al
2007). Therefore, determining optimum sowing time and selecting suitable variety for growing regions are
necessary to obtain safflower with high yield and quality. Heidari (2004) reported that postponing the sowing
date in addition to temperature increase showed great effect on developmental stage from germination to

flowering.
a

600, a
580)
560) b
540)
520)
500)

Seed yield (Kg / fed)

480

Nov. 1 Nov. 15 Dec. 1

Planting date

Fig. 1. Mean productivity (seed yield in kg/fed) under the three planting dates. Columns with the same letter are not
significantly different at P=0.05 according to LSD test.

Reduction of seed yield at second and third sowing date compared to first sowing date was 3.24% and
10.19%, respectively. Early planting date resulted in the prevailing of optimum temperature for better flowering
and pollination. When choosing a sowing date, attention must first be paid to the maturity of the variety. By
contrast, in case of early flowering due to late planting, maximum growth and yield will not be achieved.

Alessi et al (1981) reported that delayed sowing shortened the growing season. Juknevicius and Pekarskas
(2002) in two year study found that the highest seed yield was obtained in the earliest sowing date and was
2000 kg/ha. They observed that 9-18 day delaying in sowing, decreased seed yield by: 510-850 kg/ha. Similar
results were reported by Ozel et al (2003), Ozbay (1994), Samanci and Ozkaynak (2003) and Nikabadi et al
(2008). These results also support our findings.

Regression analysis to reveal the relations between the two variables, i. e., planting date (x) and seed yield
(y) indicated a linear relation as well as a highly significant (P<0.01) correlation coefficient (r=0.97). Besides, R?
(coefficient of determination), revealed that it was possible to account up to 95% of the variability in seed yield
(y), to planting date. The relationship between planting dates and seed yield was negative and followed the
linear equation: of Y=614.9 — 29.64 x, representing a high negative value of (b), which means yield decrease
against late planting dates (Fig. 2). Linear regression equation for planting date suggested that increase in one
unit (15 days delaying) of planting date lead to decreased seed yield by 29.64 kg/fed.
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Fig. 2. The relation between planting dates and seed yield which follows the linear equation: of Y=614.9 — 29.64 x

Significant differences were also observed among safflower genotypes for seed yield (Fig. 3). The highest
seed yield (615.78 kg/fed) was recorded by entry No. 81 followed by entry No. 21 (569.39 kg/fed) which was not
statistically different from Giza 1 (556.57 kg/fed). The lowest seed yield (513.66 kg/fed) was recorded by entry
No. 45.

620
600 b
580 b

560

520
S0
480
460

Seed yield (kg/fed)

Giza 1 G 21 G 81 G 45 G 48

Genotypes

Fig 3. Comparison of mean seed yield (kg/fed) of the five safflower genotypes.
Columns with the same letter are not statistically different at the p=0.05 according to LSD test.

Environmental factors, especially temperature, are the key factor which influences plant growth and
development. Significant differences among different genotypes for growing degree days (GDD) depicted that
different genotypes have varying maturity periods. However, higher GDD accumulated for early planting during
both seasons provided the clue that the best planting time of a particular crop is early planting to have good
output. Environmental factors, especially temperature during the period of seed development and maturation,
might have affected yield and yield attributes.

Significant positive linear relationship existed between growing degree days and seed yield across the six
environments (Fig. 4). The accumulation of GDD determines the maturity of crop, yield and yield components.
The primary factor governing the crop growth rate is temperature (Kaleem et al 2009). The result generally
supports Esendal (1997) who reported that phenological development of safflower is largely dependent on
temperature rather than photoperiod.
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Fig 4. Relationship between growing degree days and seed yield (kg/fed) (means of six environments)

Oil and protein yield

Since oil yield equals to: seed yield x oil content, hence oil yield was also affected significantly by planting
dates and genotypes (Table 5). Similar results were reported by Ozel et al (2003), Ozbay (1994) and Samanci
and Ozkaynak (2003). Besids, Omidi and Sharifmogadas (2010) showed that late planting in safflower caused a
significant decrease in seed and oil yields.

Statistically significant effect of planting date on oil yield was obtained which agrees with studies of Ozel et
al (2004). Due attention to Table 5, the highest oil yield was achieved in 1 November planting date. In general
results of this study showed that the first planting date produced the highest oil yield (185.80 kg/fed) and the
third planting date had the lowest oil yield (166.39 kg/fed). But no significant differences were seen between
first and second planting date. A deviation in the oil yield per feddan values is observed; this might be due to
different planting dates, oil content, seed yield per feddan, genotypes and ecological conditions under which the
experiments were carried out.

The minimum oil yield (164.56 kg/fed) was obtained from the commercial cultivar Giza 1. On the other
hand, the highest oil yield (192.14 kg/fed) was obtained from genotype 21 (Table 5). Differences among
genotypes for oil yield may be attributed to their genetic potential as well as interactive effects of environmental
variables during seed development and crop physiological maturity. Also Mirzakhani (2010) reported that the
effect of cultivar on oil yield was significant.

Linear relationship (Figure 5) between GDD and oil yield (kg/fed) was existed across the six environments
and is a good support to the above findings.

210+

)
N
o
o
1

Y= 76.88 + 0.06 x
R*= 0.70 ] -

Oil yield (kg/fed
= - = P
o)) ~ o] (e}
T 2 29

150 T T T T T T 1
1500 1600 1700 1800 1900 2000 2100 2200

Growing degree days

Fig 5 . Relationship between growing degree days and oil yield (kg/fed)

Lesser growing degree days (GDD) accumulation decreased oil yield during the growing season and vice
versa. Our results are in line with those of Demurin et al (2000) who found a decrease in achene oil content with
decreases in temperature during flowering to maturity in sunflower and reported that 1°C decrease in
temperature decreased achene oil content by 1% in sunflower and vice versa.
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Protein yield was influenced by planting date (P<0.01) and genotype (P<0.05). The present study suggest
that November 1 is the most optimum time of planting of safflower crop, because the crop sown on November 1
produced the maximum seed yield.

Genotypes evaluated in this study produced different amounts of protein yield (kg/fed). Genotype 21
produced the maximum (115.25 kg/fed) protein yield which was significantly different from genotype 45 and
genotype 48 but statistically at par with the rest of the genotypes (Table 5). Egyptian local cultivar Giza 1
produced 113.64 kg/fed protein yield which was statistically at par with the genotypes (G 81 and G 21).

Seed-quality related traits

With respect to seed quality, effect of planting date on most qualities was significant. The results of analysis of
variance showed a significant difference among safflower genotypes for protein, oil, and fatty acid contents of
seed (Table 4). The values for oil and protein content (%), palmitic, oleic, linoleic and linolenic acid content of
safflower genotypes are given in Table (6).

Table 6. Mean effects of planting dates and genotypes on the seed quality-related traits.

Factor Treatment Protein Oil content Fatty acid composition (%)
content (%)
(%) 16:0 1811 182 18:3
Palmitic Oleic Linoleic Linolenic
Planting dates Nov. 1 19.54b 32.40a 7.04 12.10b 79.93a 0.22b
Nov. 15 21.06a 32.28ab 7.02 12.54a 79.86a 0.22b
Dec. 1 18.34c 32.04b 6.98 11.79c¢ 78.26b 0.47a
LSDo.0s 0.21 0.319 NS 0.016 0.233 0.016
Genotypes Gizal 20.41a 29.55d 6.95b 12.14b 79.42b 0.30b
G221 20.17a 33.75b 7.32a 13.15a 78.57c 0.20d
G381l 18.10c 30.12c 6.55¢ 12.10c 78.37c 0.24c
G 45 19.80b 34.21a 7.28a 11.34e 80.06a 0.53a
G 48 19.74b 33.57b 6.94b 11.97d 80.32a 0.24c
LSDo.0s 0.28 0.412 0.223 0.021 0.302 0.021

Means followed by similar letter in the same column are not significantly different at 5% level of probability.

Seed protein content (%)

The effect of planting date on protein content was statistically significant (P<0.01). The data regarding the
seed protein content showed that there were significant differences in the quality of the five safflower genotypes
tested under the varying climatic conditions of the three planting dates. Genotypes differed significantly in their
protein content. The Egyptian commercial cultivar accumulated significantly higher protein (20.41%) than other
genotypes except genotype 21 (20.17%) while genotype 81 gave the lowest (18.10%) protein content. Dajue
and Mundel (1996) assessed safflower accessions from 52 countries for protein and amino acid composition.
They found that protein ranged from 10 (Iran genotypes) to 26.1% (India and Turkey genotypes) with an
average of 17.5%. Besides, protein content values obtained were different from those estimated on a whole
seed basis (Bahlavani 2005 and Vorpsi et al 2010).

Seed oil content (%)

The results of analysis of variance showed a significant difference among planting dates and safflower
genotypes for protein, oil and fatty acid contents of seed (Table 4).

Oil content of seeds is a very important economic trait for safflower cultivars and considered one of the
most important factors affecting the success of safflower introduction in new areas (Bassil and Kaffka 2002). Oil
contents and oil yield were affected significantly by genotypes (G), planting date (D) and (GxD) interaction in
the present study. According to analysis of variance (Table 4), planting date affected significantly oil content (p
< 0.05). Data indicated that delaying planting date reduced oil content. Oil content is known to change
depending on factors like cultivar, soil characteristics and climate (Rahamatalla et al 2001).

Significant differences among the planting dates were observed for oil content in our study. Crop planted on
1* of November accumulated the highest oil (32.40%) among the three planting dates. The least oil (32.04%)
was gained by the crop planted on 1* of December, which was similar to the crop planted on 15" of November.
In third date (1 December) oil content was reduced due to increasing temperature.

Oil seed content existed decreased when planting dates delayed. Although it has proven that a positive
correlation do exist between seed yield and oil seed content, it was observed that as planting date delayed,
both seed yield and oil content decreased. This may be due to short period of growing season and also short
time for synthesis of oil in the late planting dates. Juknevicius and Pekarskas (2002) showed that the highest oil
and crude protein and lowest seed fiber of safflower was found in the optimum sowing date. Sabale and Deokar
(1997) explained that two safflower varieties were planted in 25 September, 25 October and 25 November.
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They observed that both varieties maturated early and oil content of them increased with an average with 6-7 %
in the earliest planting date. Robertson et al (2004) indicated that increasing the temperature by 1 °C lead to
decrease oil content by 1.7%. Rajput et al (1991) contributed decreasing oil content and increasing protein
content to delaying planting date.

Positive linear relationship was obtained between heat units from flower initiation to harvesting and oil
content % (Fig. 6). In that context, Hill and Knowles (1968) noticed that the weight of safflower seed increased
most rapidly during the first 15 days after flowering, and reached maximum weight in about 28 days. They
claimed that oil content increased 5-10 fold in the period 10-15 days after flowering.
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Fig. 6. Relationship between heat units and oil content

The oil content and fatty acids composition of the examined safflower genotypes differed from each other.
Safflower genotypes showed statistical differences on the basis of oil content (p<0.01). According to Table 6,
the lowest oil content of 29.55% was obtained from the commercial cultivar Giza 1. On the other hand, the
highest oil content was obtained from genotypes 45 and 21 (34.21 and 33.75%, respectively), which is related
to genetic potentiality of genotypes 45 and 21. The differences among genotypes were significant.

Oil content of safflower cultivars from different production areas of the world was ranged from 26.72-35.78
% in Greece (Koutroubas and Papadoska 2005), 26.3-28.5 % in rainfed vertisols (Gawand et al 2005), 31.3-
36.3 % in Turkey (Arslan and Kucuk 2005) and 31.26-33.4% in Albania (Vorpsi et al 2010). Evaluating our
results of oil content measurements, it can be established that our results are in accordance with those of
previous reports.

Fatty acid composition

Oil quality is a significant concern of consumers, particularly for the contents of oleic and linoleic acids
which are proven as healthy sources of oil for human body. Safflower is thought to be one of the highest quality
vegetable oils and its oil consists of mainly palmitic, stearic (in a very low percentage), oleic and linoleic acids.
The two healthy unsaturated components (i.e. 18:1 and 18:2) represent more than 92% of the fatty acid
composition (Table 6).

Thus, the quality of safflower oil is generally associated with the relative concentration of oleic and linoleic
acids. A probable reason for low and high palmitic acid concentration in oil of different safflower genotypes may
be due to the effect of temperature during the physiological maturity stage. Due to high linoleic acid the
safflower oil is also being valuable in various types of industry (Eren et al 2005).

Apparently, genotype and sowing time where it is planted are important factors affecting fatty acid
composition of safflower oil. That climatic conditions, particularly temperature during growing season and
development stages of seed, changed composition of fatty acids was indicated by Lajara et al (1990) and
Nagaraj and Reddy (1997). Depending on high or low temperatures, fatty acids affect positively and negatively
on each other (Hamrouni et al 2004). Gecgel et al (2007) reported that there was an inverse relationship
between the development of the C18:1 and the C18:2 acids.

As shown in Table (6), fatty acid composition varied significantly with planting dates. In general, crop
planted on 1* of November and 15" of November produced high oleic and linoleic acids, and very small amount
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of linolenic acid. No significant differences were observed in different planting dates for palmitic acid. Planting
dates significantly affected linoleic acid. The crop planted on 1* of November gave the highest (79.93%) linoleic
acid, which was significantly different from the third planting date. The lowest (78.26%) linoleic acid
concentration was observed in the crop planted on 1% of December.

Ahmad and Hassan (2000) reported that oleic acid of sunflower increased with increasing maturity
temperature. The probable reason for the increase and decrease of oleic and linoleic acid of different safflower
genotypes may be due to the effect of temperature and moisture during the growing season (Fig.7 and 8).
However, Roberston (1981) reported that linoleic acid content varied inversely with the oleic acid content. In
that context, Hill and Knowles (1986) reported that the expression of the genes governing differences in fatty
acid composition began about 10 days after flowering. One of the earliest study on the effects of temperature
on the fatty acid compositions was done on three safflower genotypes in California, USA (Bartholomew 1971).

Positive linear (Fig. 7) relationship was computed between oleic acid and heat units. By contrast, negative
linear relationship (Fig. 8) between linoleic acid and heat units was computed in the period from flowering to
maturity. It is obvious that the increase in olic acid concentration was corresponded with a decrease of similar
magnitude in linoleic acid concentration. Bartholomew (1971) observed in three safflower genotypes that either
the high or the low linoleic types was down slightly and oleic acid was up at a corresponding amount with the
increase in temperature during oil synthesis and until physiological maturity. Our data support that earlier data.
Inverse relationship between oleic and linoleic acid are supportive to earlier findings. Note that, b value in our

data was positive (b= 0.004) for oleic acid while it was negative by a similar magnitude (b= - 0.005) for linoleic
acid.
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Fig. 7. Relationship between heat units and oleic acid
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Fig. 8. Relationship between heat units and linoleic acid
Samanci and Ozkaynak (2003) reported that seed yield, oil content, palmitic acid, stearic acid, and oleic
acid contents decreased as linoleic acid content increased from 50.86 to 55.72% with delay in planting dates.
The effect of genotype on fatty acids was greater than that of environment. They reported that increase in
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climate temperatures resulted in a decrease of linoleic and linolenic acid synthesis and increase in oleic acid
synthesis. Dajue and Mundel (1996) reported the means of fatty acid content of lines of different origin as
palmitic acid 7.1%, stearic acid 3.2%, oleic acid 21.5% and linoleic acid 67.4%.

Fatty acid composition for safflower has been determined by a couple of genes (O/ol). High linoleic (75-
80 %) and low oleic acids (10-15 %) have been determined by the gene pair OIOI, while the gene pair olol has
determined low linoleic acid (12-30 %) and high oleic acid (64-83 %) (Baydar 2000). Based on the results of the
present study, it may be speculated that all genotypes under study are homozygote dominant (OIOI) in terms of
fatty acid composition.

Environmental factors such as soil and climatic ones have played an important role in change of fatty acid
composition and temperature is the most important factor affecting fatty acid composition (Baydar and Turgut
1999). Oleayl-PC desaturaze and linoleayl-PC desaturaze enzymes have converted oleic acid to linoleic and
linoleic acid to linolenic acid, respectively. The activities of both enzymes have been decreased by high
temperatures resulting in the decrease in linoleic and linolenic acids synthesis and the increase in oleic acid
synthesis (Pleines and Friedt 1989). In the light of these findings, it can be concluded that an increase in
temperature promotes a higher synthesis of oleic acid but a lower synthesis of linoleic acid. This is in harmony
with the present results.

The statistical evaluation of the fatty acid composition of safflower seeds was given in Table (6). Palmitic
acid of safflower genotypes ranged from 6.55% in genotype 81 to 7.32% in genotype 21. Oleic acid content
showed the highest variation in the studied genotypes. Oleic acid ranged from 13.15 (genotype 21) to 11.34%
(genotype 45). Linoleic acid content varied from 78.37% in to genotype 81 to 80.32% in No. 48 genotype.

The ranges of 6-8%, 16—-20% and 70-75% for palmitic, oleic and linoleic acids, respectively, for safflower
cultivars have been reported by other workers such as (Fernandez-Martinez et al 1993, Johnson et al 1999 and
Cosge et al 2007). These discrepancies in protein, oil and fatty acid composition of seed of the safflower
genotypes reported here and elsewhere were mainly due to the genes and environmental effects that could
jointly influence these traits in safflower (Knowles and Ashri 1995). Further research to resolve these
discrepancies is needed to understand the direction of gene effects on the one hand, and the knowledge of
interplay between the genes and environments on the other. The high variation observed for the biochemical
traits of the seed of safflower genotypes could be attributed to the influences of these traits by the genotype
used, the prevailing environment and their interactions (Cosge et al 2007).

Thus, we performed oil analyses to determine the content of afore mentioned fatty acids in the present
study. The genotypes 21 and 48 showed the highest content of oleic (13.15%) and linoleic (80.32%) acids could
be considered as good material for oil quality improvement of safflower. More studies are needed to model the
impact of intra-and inter- seasonal variation on yield and quality of safflower genotypes from diverse origins.

CONCLUSION

The results from the present study indicated that seed, oil, protein yield and seed quality-related traits of
safflower have been affected significantly by the genotypes and growing conditions under different planting
dates. To have good output in terms of yield and yield characteristics, GDD accumulation plays a vital role in
modeling safflower to the expected global warming in the years to come. Differences among various safflower
attributes might be due to the different climatic conditions that are based on temperature prevailing during the
crop life cycle. It is therefore, concluded on the basis of the above mentioned results that late planting of
safflower would result in reduction of seed and oil yield along with yield attributes as the crop completes its life
cycle in short duration, accumulating less heat units.
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