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Abstract: This research was carried out during the 2016-2017 and 2017-2018 growing seasons at Edirne, Kırklareli, and Tekirdağ 

locations with the aim of determining some agricultural and quality traits of nine registered oat cultivars. The experiments were 

arranged in a randomized complete block design with four replications. According to the results of the examined traits, plant height 

ranged from 101.5 to 132.4 cm, vegetative period from 125.1 to 138.9 days, thousand kernel weight from 26.6 to 40.0 g, test weight 

from 46.2 to 53.2 kg hl-1, protein content from 12.5% to 15.1%, and grain yield from 4011 to 5321 kg ha-1. According to the biplot 

analysis, PC1 and PC2 (accounting for 69.3% and 18.3% of the total variation, respectively) constituted 87.6% of the total variation. 

The angle value between the vectors of grain yield and protein content, thousand kernel weight, and test weight was narrow, indicating 

a high positive relationship between these traits, whereas the angle between the vectors of grain yield and plant height and vegetative 

period was wide, indicating a negative relationship between these traits. According to the correlation analysis, grain yield had a 

positive and significant relationship with test weight (r=0.594**), protein content (r=0.431**), and thousand kernel weight 

(r=0.350**), and a negative and significant relationship with a vegetative period (r=-0.360**) and plant height (r=-0.047**). According 

to the biplot analysis, cultivars Kahraman, Kırklar, Kehlibar and Somun Yıldızı were found outstanding genotypes in terms of grain 

yield. 
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1. Introduction 
Oat (Avena sativa L.) is an important crop used mainly as 

animal feed but also utilized in the human food, 

pharmaceutical and cosmetic industries. There are three 

species of oats cultivated worldwide: Avena sativa L., 

Avena byzantina Koch. and Avena nuda L. (Hoffmann, 

1995; Batalova et al., 2016). In 2021, oat cultivation area 

was 9.4 million ha, with a production of 23.5 million tons 

and an average yield of 2360 kg ha-1 worldwide, while in 

Türkiye, oat cultivation area was 136 thousand ha, with a 

production of 276 tons and an average yield of 2080 kg 

ha-1 (FAO, 2023; TUIK, 2023). In recent years, there has 

been an increasing demand for oat cultivation in Türkiye. 

One of the factors that hinder the desired level of oat 

production in the country is the lack of sufficient 

commercial varieties. Therefore, it is crucial to develop 

appropriate varieties for each region to achieve the 

desired level of oat cultivation (Halil and Uzun, 2019). 

Oat is rich in β-glucan, protein, vitamins, minerals, 

dietary fiber, fat, fatty acids, and some antioxidants. With 

the recent studies demonstrating the benefits of oats in 

the food and health sectors, oat has gained more 

importance in human nutrition (Butt et al., 2008; Jing and 

Hu, 2012; Finnan et al., 2019). The goal of plant breeders 

is to develop superior varieties that are adaptable to 

different ecological conditions and have desired traits. 

GGE Biplot is a combined analysis method that visually 

evaluates the two basic components, genotype (G) and 

G×E (interaction), on the same graph, thus providing 

plant breeders with a two-way evaluation of the data. 

The GGE Biplot analysis method is considered an 

innovative approach in plant breeding because it allows 

for the simultaneous visualization of many traits and 

influences success in selection (Yan and Tinker, 2006). 

Correlation analysis is significant in developing high-

yielding and quality varieties by determining the level of 

binary relationships between the examined traits and is 

used by many researchers (Albayrak and Ekiz, 2004; Erol 

and Carpici, 2020).  

The aim of this study was to investigate some agronomic 

and quality traits of nine registered oat cultivars at 

Edirne, Kırklareli, and Tekirdağ locations and determine 

the relationships between these traits to identify oat 

cultivars that hopeful for grain yield and quality. 
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2. Materials and Methods 
The study was carried out with nine registered oat 

cultivars (Table 1) at Edirne, Kırklareli, and Tekirdağ 

locations in the 2016-2017 and 2017-2018 growing 

seasons according to the randomized complete blocks 

experimental design with four replications. The seeds 

were sown between the end of October and the first 

week of November in both growing seasons, with 500 

seeds per square meter density in 6 m2 plots. Weed 

control was done manually in the trials, and no 

application was made for pests. 50 kg ha-1 of nitrogen 

and 50 kg ha-1 of phosphorus (20-20-0) were applied at 

sowing, and the top dressing was split into two with 90 

kg ha-1 (46% Urea) of nitrogen applied during the 

tillering stage and 60 kg ha-1 (26% Ammonium Nitrat) of 

nitrogen applied during the heading stage. Harvest was 

done in the first week of July in both growing seasons. 

In the study, plant height (PH), vegetative period (VP), 

thousand kernel weight (TKW - Williams et al., 1988), 

test weight (TW – Vasiljevic and Banasic, 1980), protein 

content (PR-NIR), and grain yield (GY) were evaluated. 

According to the results of the homogeneity test, there 

was no significant difference between the years (p>0.05), 

and therefore, the analysis of variance was conducted by 

combining the years (Levene, 1960). Principal 

component analysis was performed using JMP software 

(JMP 15.1 SAS Institute Inc., 2020). 

 

Table 1. The oat cultivars used in the experiment, owner company/institute and registration years and amounts of 

precipitation of environments 
 

Cultivars 
Owner Companies 

/ Institutes 

Registration 

Year 
Environments 

Precipitation (mm) 

2016-2017 2017-2018 

Kehlibar SM 2018 Edirne 408.0 799.6 

Somun Yıldızı SM 2020 Kırklareli 366.3 699.3 

Kahraman TARI 2014 Tekirdağ 451.7 633.0 

Kırklar TARI 2014    

Yeniçeri BDIARI 2013    

Faikbey BDIARI 2004    

Seydişehir BDIARI 2004    

Checota TZARI 1986    

Sebat TASC 2011    

SM= Som Un Seed company, TARI= Trakya Agricultural Research Institute, BDIARI= Bahri Dagdas International Agrıcultural Research 

Institute, TZARI= Transitional Zone Agricultural Research Institute, TASC= Trakya Agriculture Seed company 

 

3. Results and Discussion 
According to the statistical analysis made for plant 

height, years were found to be insignificant, while 

genotypes and locations were found significant at the 

level of 5%. The plant height of the examined oat 

cultivars varied between 101.5-132.4 cm. The longest 

plant height was measured in the cultivar Seydişehir 

(132.4 cm), and the shortest plant height was in the 

cultivar Somun Yıldızı (101.5 cm). Plant height was 

measured as 113.9 cm in the first year of the experiment 

and 114.8 cm in the second year. As for the locations, 

plant height was determined as 115.8 cm at Kırklareli, 

114.2 cm at Tekirdağ, and 113.0 cm at Edirne (Table 2). 

In other studies, plant height was found to vary between 

82.5-172.5 cm (Sari and Imamoglu, 2011; Naneli and 

Sakin, 2017; Kahraman et al., 2021). Plant height is 

influenced by cultivation techniques, environmental 

conditions, and genetic structure. Researchers focused on 

short and non-lodging genotypes in oat breeding studies 

(Kara et al., 2007; Dumlupinar et al., 2016; Kahraman et 

al., 2022). 

In terms of vegetative period, years were statistically 

insignificant, while genotypes and locations were found 

to be significant at the level of 1%. The average 

vegetative period of oat cultivars ranged from 125.1 to 

138.9 days. The cultivar Faikbey had the longest 

vegetative period, while cultivars Kahraman and Kırklar 

had the shortest vegetative period. Tekirdağ had the 

longest vegetative period (136.3 days), while Edirne had 

the shortest (132.0 days) among the trial locations (Table 

2). In studies conducted in different ecologies, the 

vegetative period was reported to vary between 141-183 

days (Dumlupinar et al., 2016; Dumlupinar et al., 2017; 

Naneli and Sakin, 2017). Although the duration of the 

vegetative period in oats is largely influenced by genetic 

structure (Locatelli et al., 2008; Dumlupinar et al., 2016; 

Naneli and Sakin, 2017), it is also affected by 

environmental conditions (Gautam et al., 2006). 

As for thousand kernel weight, years, genotypes, and 

locations were found to be statistically significant at the 

level of 1%. Thousand kernel weight was determined as 

34.7 g in the first year and 34.3 g in the second year of 

the experiment. The thousand kernel weight of the 

cultivars included in the trial varied between 26.0-40.0 g, 

and the lowest thousand kernel weight was obtained 

from the cultivar Sebat (26.6 g), while the highest 

thousand kernel weight was from the cultivar Kahraman 

(40.0 g). As for the locations, thousand kernel weight was 
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determined as 35.1 g at Edirne, 34.0 g at Kırklareli, and 

34.4 g at Tekirdağ (Table 2). In similar studies, thousand 

kernel weight was found to vary between 13.5-51.0 g 

(Sari and Imamoglu, 2011; Dumlupinar et al., 2016; 

Naneli and Sakin, 2017; Sahin et al., 2019). 

The years, genotypes, and locations were found 

statistically significant in terms of test weight. The lowest 

test weight was observed in the cultivar Seydişehir (42.1 

kg hl-1), while the highest was in the cultivar Kahraman. 

The test weight was 45.3 kg hl-1 in the first year and 49.0 

kg hl-1 in the second year. Previous studies have reported 

test weights ranging from 36.6 to 59.8 kg hl-1 (Naneli and 

Sakin, 2017; Sahin et al., 2019; Kahraman et al., 2021; 

Hocaoglu et al., 2022). The shape and size of oat grains 

can affect test weight, along with genetic and 

environmental factors (Dumlupinar et al., 2016; Sahin et 

al., 2019). 

In terms of protein content, genotypes and locations 

were statistically significant, while years were not. The 

protein content was 13.77% in the first year and 13.79% 

in the second year. The study found that protein content 

ranged from 12.56% to 15.10%, with the highest protein 

content observed in the cultivar Kahraman and the 

lowest in the cultivar Sebat. The Kırklareli (13.83%) and 

Edirne (13.81%) locations had statistically similar 

protein content, while the Tekirdağ location (13.70%) 

had the lowest protein content (Table 2). Previous 

studies have reported protein content ranging from 

11.71% to 13.34% (Naneli and Sakin, 2017), 10.59% to 

20.85% (Sahin et al., 2019), and 12.40% to 13.47% 

(Kececioglu et al., 2021). Protein content is an important 

quality factor in oats, and high protein content is 

desirable. Oat grains typically have protein content 

ranging from 11% to 15% (Dumlupinar et al., 2011; 

Rodehutscord et al., 2016). 

In terms of grain yield, years were not significant, while 

genotypes and locations were statistically significant. The 

highest grain yield was obtained from the cultivars 

Somun Yıldızı (5321 kg ha-1), Kahraman (5222 kg ha-1), 

and Kehlibar (5065 kg ha-1), while the lowest grain yield 

was obtained from the cultivars Sebat (4011 kg ha-1) and 

Checota (4037 kg ha-1). When locations were examined, 

the highest grain yield was obtained from the Tekirdağ 

(4744 kg ha-1) location, while the lowest grain yield was 

obtained from the Edirne (4514 kg ha-1) location (Table 

2). Previous studies have reported grain yields ranging 

from 2336 to 4481 kg ha-1 (Naneli and Sakin, 2017), 2150 

to 5810 kg ha-1 (Mut et al., 2018), 5696 to 8127 kg ha-1 

(Hocaoglu et al., 2022), and 4136 to 8104 kg ha-1 

(Kahraman et al., 2021). Oat grain yield can vary 

significantly depending on the variety's genetic potential, 

cultural practices, and climatic and soil conditions 

(Dumlupinar et al., 2016; Gungor et al., 2017). 

 

Table 2. Average data belong to plant height (PH), vegetative period (VP), and thousand kernel weight (TKW), test 

weight (TW) protein ratio (PR) and grain yield (GY) 
 

  
PH  

(cm) 

VP  

(days) 

TKW  

(g) 

TW  

(kg hl-1) 

PR  

(%) 

GY  

(kg ha-1) 

Years 

 ns ns ** ** ns ns 

2016-2017 113.9 133.8 34.7 a 45.3 b 13.77 4658 

2017-2018 114.8 133.7 34.3 b 49.0 a 13.79 4608 

  * ** ** ** ** ** 

Cultivars 

Kehlibar 105.6 d 133.3 d 34.6 d 49.6 c 14.18 c 5065 a 

Somun Yıldızı 101.5 e 136.3 c 34.0 e 48.6 d 14.17 c 5321 a 

Kahraman 105.5 d 125.1 e 40.0 a 53.2 a 15.10 a 5222 a 

Kırklar 108.6 d 125.3 e 38.3 b 50.8 b 14.43 b 4743 b 

Yeniçeri 120.5 c 132.9 d 33.0 f 45.4 f 13.60 d 4612 bc 

Faikbey 128.1 b 138.9 a 37.5 c 43.2 g 12.97 f 4335 d 

Checota 120.3 c 136.2 c 34.2 e 45.1 f 13.25 e 4037 e 

Seydişehir 132.4 a 138.3 ab 32.4 g 42.1 h 13.76 d 4353 cd 

Sebat 106.5 d 137.6 b 26.6 h 46.2 e 12.56 g 4011 e 

Locations 

 * ** ** ** ** * 

Kırklareli 115.8 a 133.0 b 34.0 c 48.0 a 13.83 a 4636 ab 

Tekirdağ 114.2 ab 136.3 a 34.4 b 46.1 c 13.70 b 4744 a 

Edirne 113.0 b 132.0 c 35.1 a 47.2 b 13.81 a 4514 b 

 Mean 114.3 133.8 34.5 47.1 13.7 4633 

 CV (%) 3.7 0.6 1.2 1.5 1.3 10.0 

Year x Genotype * ** ** ** ** * 

Year x Location * ** ** ** ** ** 

Genotype x Location * ** ** ** ** ** 

Year x Genotype x Location * ** ** ** ** ns 

** Significant at 1%, * Significant at 5% and ns: not significant 
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3.1. Principal Components (PCA) and Correlation 

Analysis 

The biplot analysis of the principal components allows 

for a visual representation of the relationships among the 

genotypes and the studied traits, providing ease in 

evaluating the relationships among both the genotypes 

and the traits (Yan and Kang, 2003). According to the 

biplot analysis, PC 1 (69.3%) and PC 2 (18.3%) explained 

87.6% of the total variation (Figure 1). Grain yield, 

thousand kernel weight, test weight, and protein content 

had a positive correlation, while plant height and 

vegetative period had a negative correlation. A positive 

correlation was found between plant height and 

vegetative period. The cultivars Somun Yıldızı, 

Kahraman, Kehlibar, and Kırklar stood out in terms of 

grain yield, protein content, and test weight, while 

cultivars Seydişehir and Faikbey were determined to be 

the leading cultivars in terms of plant height and 

vegetative period. Hocaoglu et al. (2022) reported a 

positive relationship between grain yield and thousand 

kernel weight. The correlation coefficients for the studied 

traits are provided in Figure 2. Grain yield had a positive 

and significant correlation with test weight (r=0.594**), 

protein content (r=0.431**), and thousand kernel weight 

(r=0.350**), and a negative and significant correlation 

with vegetative period (r=-0.360**) and plant height (r=-

0.047**). A positive and significant correlation 

(r=0.410**) was found between plant height and 

vegetative period. Dumlupinar et al. (2012) reported a 

positive correlation between grain yield and thousand 

kernel weight but a negative correlation between grain 

yield and plant height. Sari and Unay (2015) found a 

positive and significant relationship between grain yield 

and test weight and thousand kernel weight. Gungor et al. 

(2017) reported a positive but insignificant relationship 

between grain yield and vegetative period and a negative 

and significant relationship between grain yield and 

plant height. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Relationships among cultivars and traits according to principal components biplot analysis.            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Relationships among investigated traits. 
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4. Conclusion 
The study was conducted out for two years at Edirne, 

Kırklareli, and Tekirdağ locations to examine the 

agronomic and quality characteristics of nine different 

oat cultivars. The results of the principal component 

biplot analysis and correlation analysis showed that 

there was a positive relationship between grain yield and 

thousand kernel weight, test weight, and protein content. 

Tekirdağ location had a higher grain yield compared to 

Edirne and Kırklareli locations. According to biplot 

graph, cultivars Kahraman, Kırklar, Kehlibar, and Somun 

Yıldızı were found prominent for grain yield. 
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