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Abstract. Canola is a significant alternate oilseed crop in Southeastern Anatolia, Turkey. While, there is 

no evidence for good yield potential canola cultivars are available in this area. Therefore, the study was 

conducted with three canola cultivars in consecutive two seasons (2013-14 and 2014-15) to find out the 

appropriate canola cultivars which are suitable to grow under the environmental condition of South-

eastern Anatolia, Turkey. The experiment was carried out in a randomized complete block design with 

three replications. After two years of observation, it was found that plant height and branches plant-1 of all 

cultivars were varied significantly in both years. Considering the growing season, the maximum seed 

yield (2593.7 kg ha-1) was recorded in the first season (2014-15), while the minimum was recorded in the 

second season (2015-16). Among the cultivars, seed yield varied significantly and the maximum seed 

yield (2617.1 kg ha-1) was achieved in the variety ‘Licrown’. The variety, ‘Licord’ was produced the 

highest oil content (37.92%) and protein (22.48%), while, variety ‘Express’ achieved the lowest oil 

content (37.43%). The greatest palmitic acid (4.67%), stearic acid (2.06%) and oleic acid (65.5%) content 

were produced by the variety ‘Express’. While the variety ‘Licord’ produced the smallest value of stearic 

acid (1.86%), linoleic acid (17.17%). The variety ‘Express’ produced the lowest saturated fatty acid 

content (12.63%), while, the variety ‘Licrown’ achieved the highest (12.97%), although, the variety 

‘Licrown’ produced the lowest (85.14%), and variety ‘Express’ produced the highest (85.47%) 

unsaturated fatty acid content. It is concluded that all cultivars have a good potential for the winter season 

of Southeastern Anatolia of Turkey. Accordingly, in the future the cultivar ‘Express’ could be used as a 

cultivar with high oleic and linoleic acid content and high yield under investigation conditions. 
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Introduction 

Canola (Brassica napus L.) is an essential oil seed crop in the world. Its oil is used as 

biofuel, human consumption (edible oil), feeding animals, and used in chemical and 

pharmaceutical industries (Friedt and Snowdon, 2009). It belongs to the family of 

Brassicaceae, which is becoming one of the major sources of the vegetable oil in the 

world (Baghdadi et al., 2013). It is the second largest oil seed after soybean worldwide, 

producing high-protein meal used for animal feed during processing (FAO, 2018). 

Presently, over 50% of vegetable oil, consumed in Turkey, is imported from abroad 

(İkiel and Kaymaz, 2005). To reduce the gap between oil consumption and the 

production of oilseed in Turkey, it is essential to grow alternate oilseed crops such as 

canola in crop rotation system in this region. Thus, the supplementary production of 

oilseed can meet up vegetable oil, increase biodiesel production, and decrease the 

import of vegetable oil (Öztürk, 2010; Cosgun and Öztürk, 2014). 

Canola is a specific type of rapeseed correlated with high quality oil and meal. It is a 

special type of rapeseed that have less than 2% erucic acid in the oil and less than 30 

micromoles per gram of glucosinolates in the oil-free meal (Anonymous, 2002). 

Moreover, canola contains 40-45% oil and 39% protein, and oil contains a desirable 
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profile of saturated fatty acids (~7%), high level of unsaturated fatty acids like oleic 

acids (61%) and medium level of linoleic acid (21%) and linolenic acid (11%) 

(Molazem et al., 2013; El Sabagh et al., 2017; El Sabagh et al., 2018; Joughi et al., 

2018). Hence, it represents a healthy edible oil. Oil seed of canola provide over 13.2% 

of edible oil in the world (Eskandari and Kazemi, 2012; Joughi et al., 2018). Gheorghe 

et al. (2013) found that grain yields significantly differences among fifty rapeseed 

cultivars grown under Romanian conditions. The agronomic management factors 

influenced the yield of the crop (Anonymous, 1992) and the cultivars with high yield 

potential play an important role in the increase of the yield per unit area (Sana et al., 

2003). However, winter canola is a relatively new crop for Turkey, but the suitable 

cultivars for winter canola have not yet been established for this region of study 

(Coşgun and Öztürk, 2014). Therefore, in this study we considered three cultivars to 

evaluate the varietal performance of these cultivars, considering agronomic 

characteristics, oil quantity and quality parameters in Southeastern Anatolia of Turkey. 

Materials and methods 

Location, duration, edaphic and climatic conditions 

Two field experiments were conducted during 2013/14 and 2014/15 growing seasons 

at the research area of Dicle University to evaluate the yield and quality properties of 

some canola cultivars in the Southeastern Anatolia region of Turkey. Soil samples at 

sowing were analyzed and was observed the soil was classified as clay (71.6%), 1.25% 

organic matter, Available Phosphorus 1.63 kg/da, 13.02% alkaline, 0.01-0.02% salt and 

7.73 pH. The average, and minimum temperatures, monthly rainfall and relative air 

humidity data for 2013/2014-2014/2015 during the canola vegetation period are 

presented in (Fig. 1). 

 

  

Figure 1. Monthly average air temperatures °C, totally rains (mm) and humidity (percentage), 

respectively during the growing seasons 

 

 

The monthly rainfall, humidity and average temperatures for 2013-14 and 2014-15 

within the growing period of canola (October-May) are presented in Figure 1. 

The average temperature was around 14.5 °C. The average rainfall was 42.07 mm. 

The highest rainfall was observed in March in 2013-14 as 60.6 mm and in March in 

2014-15 as 122.2 mm. Air temperatures and humidity were close to the long term 

averages during the two growing seasons and but annual rainfall is different in the 
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experimental years. 2013-14 growing season was a relatively dry year and monthly 

rainfall during the growing season (October–May) were lower than 2014-15 and long-

term averages. Frost damage was not seen in 2014 and 2015 years. 

 

Experimental design, plant materials, treatments and experimentation 

The experimental area is located (37°532588 N, 40°162356 E) at 670 m above sea 

level. The field experiments were arranged in a randomized complete block design with 

three replications. Three canola (Brassica napus L.) cultivars i) Express, ii) Licord, and 

iii) Licrown were used as material in this study, which these cultivars are consider the 

most preferred are variants in Turkey. It has been used to determine the most suitable 

cultivars in southeastern of Anatolia. The area of each plot was including 6 rows with 

0.7 m row distance, 5 m row length, plants in the row were 5 cm apart from each other 

and seed rate of 60 seed m-2. All plots were received at 36 kg N ha-¹ and 92 kg P2O5 ha-

¹ (18-16-00) before the sowing of crop and 80 kg N ha-¹ was added as top dressing 

during stem elongation. The source of N was ammonium nitrate (33%N). The crop was 

sown on October 20 in both years (2013/14 and 2014/2015). The crop was harvest on 

June 20 in both years (2013/14 and 2014/15). 

 

Data collection 

Yield attributes: Randomize selected 10 plants each plot. Plant height, branch 

number, pod number and seed number. 1000-seed weight, and seed yield were 

examined. Plants were harvested 11.2 m2. Seed yield (kg ha-1) was calculated from the 

plants of the four ridges in each plot and the yield per hectare was measured. 

 

Quality properties 

Oil content, protein content and Fatty acid content: Protein content (%) was 

measured by Kjeldahl method (AOAC, 2000). Oil content (%) was measured by 

Soxhlet instrument with n-hexane (60 °C) as organic solvent. Fatty acid compositions of 

seeds were measured with a gas chromatography and the analyses were performed at the 

central laboratories of Tubitak–Mam (Marmara Research Center) according to the 

method described by Slover and Lanza (1979). 

 

Statistical analysis 

Data for the experiment was analysed by JMP 5.0 software program for comparison 

of data was analyzed by JMP package program Mean tested by Tukey at the 1% level. 

Results and discussion 

Agronomic traits 

The results of ANOVA for agronomic traits are presented in Table 1. Statistical 

analysis for the yield attributes, the analysis of variance, year, and year x cultivar 

interactions were found significant on the plant height, and the number of branches per 

plant except for pod number, seed number, 1000-seed weight and seed yield. Moreover, 

the cultivars were insignificant for all parameters. According to the mean of two years 

were revealed that, the highest number of pod (122.5) was produced from Licrown and 

the lowest value (112.2) was produced from Express. These findings showed that, the 
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highest value of seed number was achieved from Expres with 25.9, while the lowest 

value was produced from Licrown with 24.5 (Table 2). 

 
Table 1. Analysis of variance and means of some yield traits of canola genotypes 

Source of 

variation 
Df 

Plant height 

(cm) 

Pod 

number/plant 

Seed 

number/pod-1 

1000-seed 

weight (g) 

Branch 

number/plant 

Seed yield 

(kg ha-1) 

Block (B) 2 - - - - - - 

Years (Y) 1 ** ns ns ns * ns 

Cultivars (C) 2 ns ns ns ns ns ns 

Y × C 2 * ns ns ns * ns 

Error 10       

CV  10.04 11.33 6.17 6.96 19.09 8.46 

ns: not significant, *significant at P < 0.05, **significant at P < 0.01 

 

 
Table 2. Response of canola cultivars on seed yield attributes and yield 

Cultivars 
Plant height (cm) Pod number/plant Seed number/pod-1 

2013/14 2014/15 Mean 2013/14 2014/15 Mean 2013/14 2014/15 Mean 

Express 124.7 b 121.1 122.9 112.4 112.1 112.2 25.9 25.9 25.9 

Licord 154.2 a 124.2 139.1 105.6 121.1 113.3 26.2 24.6 25.4 

Licrown 159.2 a 120.4 139.8 127.2 117.9 122.5 25.3 23.7 24.5 

Mean 146.0 a 121.9 133.9 115.1 117.0 116.0 25.8 24.7 25.3 

LSDcaultivars 22.29 - - - - -    

LSDyear 13.81  - - -    

 

Cultivars 
1000-seed weight (g) Branch number/plant Seed yield (kgha-1) 

2013/14 2014/15 Mean 2013/14 2014/15 Mean 2013/14 2014/15 Mean 

Express 3.27 3.34 3.31 3.7 2.8 3.25 2317 2560 2439 

Licord 3.38 3.57 3.47 4.0 2.9 3.45 2285 2652 2468 

Licrown 3.27 3.58 3.42 3.6 3.3 3.45 2665 2568 2617 

Mean 3.31 3.50 3.40  3.8 a 3.0 b 3.40 2422 2593 2508 

LSDcultivars - - - - - - - - - 

LSDyear -  - 0.7 - - - - 

In each column, means followed by the same letter within columns are not significantly different (P < 0.01) 

according to Tukey test, ns: not significant 

 

 

Considering the average two years yield, the greatest seed yield was achieved from 

second (2014-15) growing season with 2593.7 kg ha-1 and the minimum seed yield was 

achieved in first (2013-14) growing season. Regarding the averages, the difference 

between cultivars were statistically non-significant in terms of seed yield and the 

highest seed yields were produced from cultivar ‘Licrown’ (2617.1 kg ha-1) in Table 2. 

Several factors affect the seed yield and yield attributes in crop, including cultivar, 

seasonal variation, location, planting date, soil nutrient, moisture availability, growing 

conditions in different crops (Abdelaal et al., 2017; Barutçular et al., 2017; Gormus et 

al., 2017a, b). Zhang et al. (2011) who pointed out the seed yield of different canola 

cultivars was significantly varied among them. Also, El Habbasha and El salam (2009) 

observed that there are significant differences among canola cultivars on the seed yield. 

It was assessed several genotypes of Brassica napus L. and found significant 
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differences for some yield attributes. Likewise, various investigators studied for various 

mustard and canola cultivars, and observed the seed yield differences among the 

cultivars were significantly (Khehra and Singh, 1988; Stingram et al., 2002). 

 

Quality traits 

The statistical analysis (ANOVA) of data of quality traits are presented in (Table 3). 

It was observed that, the cultivars differed significantly and various cultivars non-

significant in in oil quality traits. The means of some of quality properties of canola 

cultivars are given (Table 4). As it can be seen from (Table 4), the oil and protein 

content among peanut varieties was significant, the cultivar Licord was recorded the 

highest oil content (37.92%) and protein (22.48%), while, the cultivar Express was 

produced the lowest oil content (37.43%). Oil content of canola depends on several 

factors such as variety, growth environment, agrotechnics and fertilization (Laaniste et 

al., 2004; Coşgun and Öztürk, 2014). It was found that the oil and protein percentage in 

various crops depending on genotype and growing conditions, and influenced by 

genotype, climatic conditions, geographical location, growing season and growing 

conditions (Yıldırım et al., 2018; Akdeniz et al., 2018a,b). Oil content is negatively 

related with protein content (Gül et al., 2005). Although, protein content may be 

affected by environments, they differ due to the genetic properties (Atakişi, 1977). 

Generally, more work required to enhance oil quality among canola cultivars under 

investigation conditions. The main aims in canola breeding to reduction the long chain 

and saturated fatty acids in canola cultivars. Statistically significant differences among 

cultivars were found for fatty acids. The saturated fatty acids content in canola oil were 

affected by cultivars, the greatest value of palmitic acid (4.67%), stearic acid (2.06%) 

and oleic acid (65.5%) were produced from the variety Express. On the other hand, the 

cultivar Licord achieved the smallest value of stearic acid (1.86%) followed Licrown it 

statically group. According to Hassan et al. (2005) observed that significant differences 

for saturated fatty acids were due to the variances of the genotypes. However, the 

saturated fatty acids content in oil were affected by genotype (Isleib et al., 2008). 

 
Table 3. Analysis of variance and means of some quality properties of canola genotypes 
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Block (B) 2 - - - - - - - - - - - - - - - - - - 

Year (Y) 1 ns * ns ** ** ns ns ns ns ns ns * ns ns ns ns ns ns 

Cultivars (C) 2 ns ns * ns ** ** ** ns * ** * ns * ns ** ns ** ** 

Y x C 2 * * ns * ns ns * ns ns ns ns ns ns ns ns ns ns ns 

Error 10                   

CV  2.31 5.03 4.05 2.77 4.57 0.64 1.27 5.88 9.04 4.63 9.92 11.06 8.87 10.11 0.83 0.14 0.96 1.80 

ns: not significant, *significant at P < 0.05, **significant at P < 0.01 
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Table 4. Response of canola cultivars on protein and oil fatty acid contents 

Cultivars 
Oil content (%) Protein content (%) Palmitic acid (%) 

2013/14 2014/15 Mean 2013/14 2014/15 Mean 2013/14 2014/15 Mean 

Express 36.27 38.60 37.43 20.62 23.91 22.26 4.68 4.66 4.67 b 

Licord 38.33 37.50 37.92 21.57 23.40 22.48 4.19 4.42 4.30 b 

Licrown 38.10 37.70 37.90 23.74 23.15 23.44 4.52 4.49 4.50 ab 

Mean 37.57 37.93 37.75 21.98 23.48 22.73 4.46 4.52 4.92 

LSD - 0.87 - - - - - - 0.23 

Cultivars 
Palmitoleic acid (%) Stearic acid (%) Oleic acid (%) 

2013/14 2014/15 Mean 2013/14 2014/15 Mean 2013/14 2014/15 Mean 

Express 0.173 0.177 0.175 1.99 2.12 a 2.06 a 65.2 65.8 a 65.5 a 

Licord 0.160 0.180 0.170 1.74 1.98 b 1.86 b 64.4 64.9 b 64.6 b 

Licrown 0.173 0.177 0.175 1.87 1.95 b 1.91 b 64.2 64.4 c 64.3 b 

Mean 0.169 0.178 0.173 1.87 2.02 1.94 64.6 65 64.8 

LSDv - - - - 0.06 0.11 - 0.4 0.54 

Cultivars 
Linoleic acid (%) Alpha-linoleic acid (%) Gamma-linolenic acid (%) 

2013/14 2014/15 Mean 2013/14 2014/15 Mean 2013/14 2014/15 Mean 

Express 17.37 b 16.96 c 17.17 b 1.2 1.24 1.22 0.706 0.747 0.727 a 

Licord 18.23 a 17.80 b 18.01 a 1.15 1.11 1.13 0.567 0.653 0.610 b 

Licrown 17.93 b 18.24 a 18.09 a 1.22 1.13 1.17 0.653 0.653 0.653 a 

Mean 17.84 17.67 17.75 1.19 1.16 1.17 0.642 0.684 0.663 a 

LSDv 0.48 0.16 0.29 - - - - - 0.077 

In each column, means followed by the same letter within columns are not significantly different (P < 0.01) 

according to Tukey test, ns: not significant 

 

 

Generally, in case of average values of both years, the variety Express achieved the 

smallest value (12.63%), while, the cultivar Licrown generated the greatest (12.97%) 

saturated fatty acid. In contrary, the maximum value (85.47%) and the minimum 

values (85.14%) of unsaturated fatty acid were observed in the variety Express and 

Licrown, respectively. Accordingly, the variety ‘Express’ achieved the highest rate for 

saturated fatty acids/unsaturated fatty acids (6.75%) and oleic/linoleic (3.82%). The 

potential impact of seed maturity is dependent on genotype, climatic conditions, and 

genotype/climate interactions was reported by (Onat et al., 2017). Lower temperature 

during the seed development normally is associated with more unsaturated oil due to 

the increased activity of oleatedesaturase, which promotes the synthesis of linoleic 

acid (Bovi, 1982). The increase in oleic acid with seed maturity is normally 

accompanied by a decrease in palmitic, linoleic, arachidic, eicosenic, behenic and 

lignoceric acid (Holaday and Pearson, 1974). 

Concerning, the Erucic concentration, Erucic acid is one of the most essential fatty 

acids within Brassica genus. Low or zero erucic acid contents are desirable in edible 

oil. Data in Table 5 revealed that the amount of Erucic percentage in all canola 

cultivars used ranged from the lowest (0.182) in Express to the highest (0.252 and 

0.243) in Licord and Licrown. These results were supported by another investigations 

finding, who reported that, the safe limits for these compounds have been described as 

less than 2% of erucic acid in oil (Grombachr and Nelson, 1992; El sabah et al., 

2016). 
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Table 5. Response of canola cultivars on oil fatty acid contents 

Cultivars 
Arachidonic acid (%) Eicosadienoic acid (%) Erucic acid (%) 

2013/14 2014/15 Mean 2013/14 2014/15 Mean 2013/14 2014/15 Mean 

Express 5.85 b 5.60 b 5.73 b 0.380 0.387 0.383 a 0.203 0.160 0.182 

Licord 6.71 a 6.26 a 6.48 a 0.313 0.333 0.323 b 0.243 0.260 0.252 

Licrown 6.45 a 6.33 a 6.39 a 0.357 0.347 0.352ab 0.313 0.173 0.243 

Mean 6.34 6.06 6.20 0.350 0.355 0.352 0.350 0.198 0.225 

LSDvear 0.59 0.21 0.36 - - 0.045 0.076 - - 

 

Cultivars 
Lignoceric acid (%) Nervonik acid (%) Saturated fatty acids (SFA) (%) 

2013/14 2014/15 Mean 2013/14 2014/15 Mean 2013/14 2014/15 Mean 

Express 0.177 0.180 0.178 a 0.127 0.123 0.125 12.70 12.56 b 12.63 c 

Licord 0.143 0.157 0.150 b 0.133 0.120 0.127 12.79 12.81 a 12.80 b 

Licrown 0.173 0.163 0.168 ab 0.140 0.120 0.130 13.01 12.94 a 12.97 a 

Mean 0.164 0.167 0.165 0.133 0.121 0.127 12.83 12.77 12.80 

LSDvear - - 0.019 - - - - 0.13 0.14 

 

Cultivars 
Unsaturated fatty acids (%) UFA/SFA (%) Oleic/linoleic (%) 

2013/14 2014/15 Mean 2013/14 2014/15 Mean 2013/14 2014/15 Mean 

Express 85.39 85.56 a 85.47 a 6.70 6.80 a 6.75 a 3.75 a 3.88 a 3.82 a 

Licord 85.21 85.34 ab 85.27 ab 6.66 6.64 b 6.65 b 3.53 b 3.65 b 3.59 b 

Licrown 85.03 85.25 b 85.14 b 6.63 6.67 c 6.65 c 3.58 b 3.53 c 3.55 b 

Mean 85.21 85.38 85.29 6.63 6.67 6.65 3.62 3.68 3.65 

LSDvear - 0.21 0.21 - 0.06 0.08 0.13 0.05 0.08 

In each column, means followed by the same letter within columns are not significantly different (P < 0.01) 

according to Tukey test, ns: not significant 

 

 

The differences in the fatty acids among cultivars are due to differential growth habit, 

environmental factors and genetic variations. The statistically analysis of data indicated that 

cultivars differed significantly for oil content among cultivars, locations and their 

interactions in present study was confirmed the earlier by (Pritchard et al., 2000). Oil 

content of canola depends on several factors such as variety, growth conditions and 

fertilization (Laaniste et al., 2004). Bengtsson (1988) recorded 9% difference between two 

cultivars of winter canola, while, it was reported less difference of 2.3% between different 

Brassica carinata lines for seed oil content (Gentent et al., 1966). The protein contents of 

cultivar examined in the study varied between 21.98 to 23.48%. The protein content may be 

affected by environmental conditions (Barszczak et al., 1993), and Sargın (2012) noted that 

the variation largely depends on the genetic properties of variety. 

The various cultivars of canola crop are differed to fatty acid under the current 

environments. It was observed that the most important fatty acid in rapeseed is oleic acid 

with 70-80% (Schierholt, 2000). Although the low level of palmitic acid and other saturated 

fatty acids (less than 5%) in canola oil is considered to be nutritionally desirable (Kay, 

1988). In this concern McCartney et al. (2004) found that the major of the variation in the 

palmitic (C16:0) due to the impact of genotypic. The oil composition in peanut is affected 

by different factors involving environmental factors, genetic factors, and interaction 

between environmental and genetic factors (Mzimbiri et al., 2014; Gulluoglu et al., 2016). 

Fatty acid composition is the function of genotype, climate conditions, morphology and 

physiology as well as crop management (Arsalan, 2007). 
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Conclusion 

The results of the study suggested that, that all cultivars have a good potential for the 

winter season of Southeastern Anatolia of Turkey. Regarding the production, all 

cultivars were surpassed in yield as well as, others quality parameters such as high 

oleic, linoleic (Express) as well as high content in unsaturated Fatty Acids SFA/UFA. 

All cultivars produced low erucic acids, while the cultivar ‘Licord’ produced low 

linolenic acid content. The cultivar, ‘Express’ was produced a high oleic and linoleic 

acid content and these findings could be useful in maintaining the required yield and 

quality attributes of canola cultivars under investigation condition for future breeding 

programs. 
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