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Abstract 

The main objective of the experiment was determined suitable sunflower candidate genotypes. The experiment was conducted 

under Konya-Ilgın conditions in 2018 growing seasons in Randomized Complete Block Design with three replications. The 

experiment materials were the sunflower candidate genotypes which were developed by Associate Proffessor Rahim Ada and some 

sunflower varieties. The observations were made hull ratio (%), oil content (%), protein content (%). According to the results of the 

experiment, significant differences were found in all properties among the varieties and candidate genotypes statistically. The hull 

ratio values were obtained from 4CMS X SARM 6, 4CMS X NP, Bosfora, 4CMS X SB and 4CM X C75 as 28.57 %, 27.53 %, 27.35 %, 

26.84 %, 26.38 % respectively. In addition to, the oil content values were obtained from 4CMS X CO, 4CMS X C21, 4CM X C75 as 

48.29 %, 47.65 %, 46.75 % respectively. Finally, the highest protein content was obtained from 4CMS X YK-YRKKY with 20.84 %. 

The increase in sunflower production will be possible by expanding plantation areas, increasing the yield per unit area and 

producing varieties with high yield. In addition to high yield, improvement of important quality properties is also comprised of the 

important yield components. The experiment results indicated that in terms of the important quality properties of 4CMS X CO was 

a promising candidate genotype for sunflower production in Turkey. 
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INTRODUCTION 

Oilseed Plants are of great importance in the nutrition of living beings in terms of the fat, protein, 

carbohydrate, vitamins and minerals they contain. Sunflower plant, which is one of the most preferred 

vegetable oil sources in the world and in our country, is an oil plant with an important nutritional value 

due to its high oil content of 22-50 % and its high rate of polyunsaturated fatty acids (69 %) (Arioglu et 

al.., 2010 and Kaya, 2005). In 2018, 51.9 million tons of sunflower seeds were produced on 26.7 million 

hectares of land in the world. Sunflower oil is seen as the most important vegetable oil source in many 

countries, especially in Russia, Ukraine and many European countries. In our country, 1.9 million tons 

of production was realized in 734 thousand ha cultivation area in 2018 (Anonymous, 2020a). Sunflower 

seed is considered as a good animal feed in addition to the high percentage of oil it contains. Its pulp 

contains 30 % protein, 5 % fat, 19 % carbohydrate. (Gecit et al., 2009). The vegetable oil deficit of our 

country increases in parallel with the increase in population and the expansion of oil usage opportunities 

and maintains its position among net importer countries. In 2019, 3.8 million tons of oilseeds ($ 1.5 

billion), 2 million tons of crude oil ($ 1.4 billion), 3.5 million tons of pulp ($ 658 million), totaling 8.1 

million tons of vegetable oil, oilseed and pulp imported (Anonymous, 2020b). In this sense, and with 

the effect of consumption habits, our country mostly prefers sunflower oil among the vegetable oil 

groups and producers often plant hybrid varieties. Producers prefer hybrid varieties; because of their 

high yield performance, quality and uniformity (Kaya, 2005). There is important genetic variability for 

seed yield in sunflower. Hybrid varieties obtained using lines developed based on heterosis are resistant 

to diseases and pests in addition to giving high yield, and they are also preferred because they have a 

high oil content. The inheritance of seed yield in sunflower is closely related to yield components such 

as the number of seeds per head, thousand seed weight and head diameter (Miller and Fick, 1997). But 

for breeders, the main purpose is the oil rate in the seed and the seed yield. Considering that the import 

of hybrid varieties and hybrid seeds cannot be used in other years, it is of great importance to create and 

develop local hybrid varieties with high yield and high oil content (Merren and Champolivier, 1992; 

Muhammed et al., 2012). The effect of the environment on seed yield and yield factors varies. Because 

the share of genetic effects on quantitative characters with low heritability is low, they are highly 

affected by environmental conditions (Tan, 1993). For this reason, it is of great importance to grow the 

materials in different climatic conditions during the breeding process, to evaluate the yield and yield 

components. In sunflower farming, inbred parental lines with different genetic resources are required 

for high yield (Kaya, 2004). The aim of this study was to evaluate the important quality characteristics 

of some sunflower varieties and candidate genotypes in Konya-Ilgın ecological conditions and to 

determine the prominent candidate genotypes in terms of these characteristics. 
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MATERIALS and METHODS 

Experimental location, design and treatments/varieties 

The experiment was conducted under Konya-Ilgın conditions in 2018 growing seasons. Twelve 

candidate genotypes of sunflowers (4CMS x ALP57, 4CMS x NP, 4CMS x ALPTEM, 4CMS x SARM6, 

4CMS x MHMD, 4CMS x CO, 4CMS x C21, 4CMS x EMRDG, 4CMS x SB, 4CMS x YK-YRKKY, 

4CMS x TRHL, 4CM x C75) which were developed by Associate Professor Rahim Ada and three 

varieties of sunflowers (Bosfora, Napoli, Cadix) have been investigated for their important quality 

properties by using Randomized Complete Block Design with three replications. 

Experimental methodology 

The experiment was conducted in 6 m long, 3 row plots with a 70 x 35 cm plant density. It was 

sown on April 20, 2018 and the harvest time was on September 20, 2018. Recommended cultural 

practices were followed from sowing till harvesting. Fertilizers in the form of DAP and urea was applied 

at the rate of 120 and 60 kg ha-1 respectively. All phosphorous and half nitrogen was applied at the time 

of seedbed preparation, while the remaining half of nitrogen was applied at first irrigation.  

Data collection 

The data were collected on hull ratio (%), oil content (%), protein content (%). Hull ratio (%) was 

germinated in parallel with the dry shell of 100 seeds in each repetition and dried at 65oC for 12 hours 

and the average value was calculated as % from the difference of dry shell weights (Nur, 1969). Oil 

content was determined by Soxhlet method (AOCS, 1993) and protein content was determined by 

Kjeldahl method. 

Statistical analysis 

Statistical analysis has been performed using JMP Version 7, SAS Institute Inc. Cary, NC 

programs. 

RESULTS and DISCUSSION 

Weather data of the experimental area 

The weather data of the experimental area in 2018 with growing seasons for the sunflower with 

the long-term climatic data were depicted in Table 1. Data showed that the average temperature was 

14.5 oC, 18.1 oC, 21.8 oC, 24.8 oC, 24.1oC and 20.3 oC; whereas, the total amount of rainfall was 17.9 

mm, 49.6 mm, 53.6 mm, 11.5 mm, 6.6 mm and 3.5 mm during the month of April, May, June, July, 

August and September, 2018 respectively (Table 1). 
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Table 1. Weather data of the experimental areas (Ilgın-Konya) 

Anonymous,2020c. General Directorate of Meteorology-Ankara.* 2000-2017.  

Hull ratio (%) 

The data regarding hull ratio (%) was shown in Table 2 and Table 3. The variance analysis of hull 

ratio in sunflower varieties and candidate genotypes showed that the means of all candidate genotypes 

and varieties were statistically highly significant (p<0.01) (Table 2). The data presented in Table 3 

explains that the mean value was 25.24 % for hull ratio. The maximum hull ratio (28.57 %) was taken 

by 4CMS X SARM 6 followed by 4CMS X NP, Bosfora, 4CMS X SB and 4CM X C75 taking 27.53 

%, 27.35 %, 26.84 % and 26.38 %, respectively. The minimum hull ratio (21.56 %) was taken by 4CMS 

X MHMD followed by Napoli, 4CMS X ALP57 and 4CMS X ALPTEM having 23.14 %, 23.49 %, 

23.50 %, respectively. In sunflower seeds, generally the seed coat constitutes 21-30 % of the total weight 

and the shell contains substances such as cellulose, hemicellulose and lignin (Wan et al., 1979; and 

Dorrell and Vick, 1997). Since there is a negative relationship between the oil ratio and the shell ratio 

in sunflower seeds, reducing the shell ratio is one of the important breeding purposes. Reducing the shell 

ratio below 25% is one of the important breeding goals (Evci et al., 2011; Erbas and Senates, 2020). The 

hull ratio values obtained from this study was lower than the values obtained by Tan et al. (2017) as 

35.95-44.62 %, it was close to the lower limit from of Erbas and Senates (2020) as 26.6-31.9 %.  

Oil content 

The data regarding oil content (%) was shown in Table 2 and Table 3. The variance analysis of 

oil content in sunflower varieties and candidate genotypes showed that all candidate genotypes and 

varieties were statistically highly significant (p<0.01) regarding oil content (%) (Table 2). The data 

presented in Table 3 explains that the mean value was 43.83 % for oil content (%). The maximum oil 

contents (48.29 % and 47.65 %) were taken by 4CMS X CO and 4CMS X C21 followed by 4CM X C75 

The long-term* April May June July August September 

Max. T. (oC) 25.5 29.1 32.9 36.5 36.1 32.9 

Min. T. (oC) -2.3 3.2 6.7 10.3 9.4 4.1 

Avg. T. (oC) 12.1 21.0 24.4 24.0 19.6 13.5 

T. Rain. (mm) 43.6 50.4 38.4 15.9 13.1 22.2 

Humd. (%) 58.9 59.1 53.6 45.8 47.2 51.9 

2018 April May June July August September 

Max. T. (oC) 27.9 28.6 32.4 34.2 35.3 33.9 

Min. T. (oC) -1.4 6.6 9.3 12.6 10.3 5.8 

Avg. T. (oC) 14.5 18.1 21.8 24.8 24.1 20.3 

T. Rain. 

(mm) 

17.9 49.6 53.6 11.5 6.6 3.5 

Humd. (%) 47.3 56.3 49.9 39.8 37.2 40.7 
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which took 46.75 %. The minimum oil content (39.34 %) was taken by 4CMS X ALP57 followed by 

4CMS X SARM 6 and 4CMS X YK-YRKKY having 40.58 %, 41.91 % respectively. 

Oil and protein content in sunflower is an important selection criterion in breeding programs. For 

this reason, sunflower varieties with high oil and protein content are used in breeding programs (Hassan 

et al., 2012). More than 85 % of the oil found in sunflower seeds constitutes oleic acid, which is called 

beneficial for health (Monotti, 2004). Oil content values obtained from this experiment were in harmony 

with Kaya et al. (2007)’s values as 40.0-45.0 %, Caliskan and Kevseroglu (1997)’s values as 36.4-41.6 

%, Katar et al. (2012)’s values as 36.83 - 46.13 %, Baydar and Erbas (2005)’s values as 44.4-45.6 %, 

Siddiqi et al. (2012)’s values, 35-42 %, Gur et al. (1997)’s value as of 36.5-45.3 %, while it remained 

lower than the values of obtained by Alpaslan and Gunduz (1999) (44.1-51.2 %) and was also higher 

than the values of obtained by Tan et al. (2017) (16.70-31.90 %). Different environmental factors, 

including the diversity of varieties used in sunflower, temperature, irrigation frequency, and drought, 

seriously affect the oil content values (Connor and Hall, 1997). The differences between the values 

obtained in this experiment and the results found by the researchers can be explained in this way. 

Protein content 

The data regarding protein content (%) of studied candidate genotypes and varieties of sunflower 

was presented in Table 2 and Table 3. The variance analysis of protein content in sunflower candidate 

genotypes and varieties showed that the means of all candidate genotypes and varieties were statistically 

highly significant (p<0.01) (Table 2). The data presented in Table 3 explains that the mean value was 

16.33 % for protein content. The highest protein content (20.84 %) was recorded in 4CMS X YK-

YRKKY candidate genotypes and it was at par with the group (b) 4CMS X EMRDG and  4CMS X 

ALP57 having 18.25 % and 17.98 %, respectively. The lowest protein content (13.53 % and 13.54 %) 

was recorded in the varieties and candidate genotypes named Napoli and 4CM X C75. It is stated that 

there are 17.0-18.3 % protein in the raw form of sunflower seeds and 32.3-46.8 % in the part after the 

oil is taken (Arioglu, 2007). Protein content values obtained from this experiment; was closer to the 

lower limit than Khan et al. (2018)’s limits as 18.72-23.41 % and lower than Day (2011 )'s limits as 

26.37- 32.33%. The reason for these differences may vary depending on the variety and ecological 

conditions. 
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Table 2. Variance analysis of characteristics examined in sunflower varieties and candidate genotypes 

**= Significant at p< 0.01 

 

Table 3. Average values and groups for the characteristics examined in the study 

 

Conclusion 

There are many significant changes in the seed, oil and protein of sunflower during seed maturity 

or development. Our results could be improved by proficient including more genotypes, years and 

locations. In conclusion, maximum oil contents (48.29 % and 47.65%) were taken by 4CMS X CO and 

4CMS X C21 followed by 4CM X C75 which took 46.75 %. The highest protein content was obtained 

from 4CMS X YK-YRKKY with 20.84 %.  The increase in sunflower production will be possible by 

expanding plantation areas, increasing the yield per unit area and producing varieties with high yield. In 

addition to high yield, improvement of important quality properties is also comprised of the important 

yield components. The experiment results indicated that in terms of the important quality properties of 

4CMS X CO was a promising candidate genotype for sunflower production in Turkey. 

Sources of 

Variation 
D.F. 

Hull ratio (%) Oil content (%) Protein content (%) 

Mean square Mean square Mean square 

Total 44 - - - 

Replication 2 1.1919 0.49316 0.811775 

Genotypes 14 11.63491** 17.93743** 11.06427** 

Error 28 1.1716 1.6230 1.01041 

LSD Genotypes  (0.01) 2.442 2.874 2.268 

Genotypes Hull ratio (%) Oil content (%) Protein content (%) 

BOSFORA 27.35 ab 43.18 cd 15.44 cdef 

CADIX 25.60 bcd 42.34 cd 16.31 bcde 

NAPOLI 23.14 ef 44.69 bc 13.53 f 

4CMS X ALP57 23.49 def 39.34 e 17.98 b 

4CMS X NP 27.53 ab 43.18 cd 17.65 bc 

4CMS X ALPTEM 23.50 def 44.18 bc 15.66 cdef 

4CMS X SARM 6 28.57 a 40.58 de 16.95 bcd 

4CMS X MHMD 21.56 f 43.67 c 15.50 cdef 

4CMS X CO 23.67 cdef 48.29 a 14.66 ef 

4CMS X C21 25.20 bcde 47.65 a 17.25 bcd 

4CM X C75 26.38 ab 46.75 ab 13.54 f 

4CMS X SB 26.84 ab 42.65 cd 15.07 def 

4CMS X YK-YRKKY 25.82 bcd 41.91 cde 20.84 a 

4CMS X TRHL 23.85 cdef 44.67 bc 16.31 bcde 

4CMS X EMRDG 26.10 bc 44.38 bc 18.25 b 

Mean 25.24 43.83 16.33 
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