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Abstract: This research was carried out to determine the yield and yield characteristics of some sweet fennel (Foeniculum vulgare Mill. 

var. dulce) populations obtained from different regions in Yozgat ecological conditions. The experiment was established in Yozgat 

Bozok University, Faculty of Agriculture, Research and Application Area in the vegetation period of 2019, according to the random 

blocks trial pattern with 3 replications. In the study, the emergence of four different sweet fennel populations, biological yield (kg/da), 

plant height (cm), number of branches per plant (pieces/plant), number of umbellets per plant (pieces/plant), number of small 

umbellets per plant (pieces/plant), number of seed per plant (pieces) /plant), seed yield per plant (g/plant), seed yield (kg/da), 1000 

seed weight (g), essential oil content (%), essential oil yield (L/da) were investigated. According to the results, the plant height of 

sweet fennel is 48.33-59.56 cm, the number of branches in the plant is 5.00-5.96, seed yield is 8.52-13.60 g per plant; one thousand 

seed weight is 3.82-7.435 g biological yield 708.70-1972.00 kg/da seed yield, 67.96-198.43 kg/da essential oil ratio 3- 4.20% essential 

oil yield 5.35-15.06 L/da was observed. Consequently, it has been concluded that the population of Tokat was found to have 

outstanding characteristics in terms of seed yield and essential oil yield. 
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1. Introduction 
Medicinal and aromatic plants are used in fields such as 

herbal tea, essential oil, especially medicine, due to their 

pleasant smell, spices and flavors (Baydar, 2005). 

Foeniculum vulgare L. (fennel), belonging to the 

Umbelliferae (Apiaceae) family, is a medicinal and 

aromatic plant of Mediterranean origin that has been 

used by humans since ancient times. Although Fennel 

(Foeniculum vulgare Mill.) is natural plant of the 

Mediterranean climate zone, it has emerged and has been 

cultivated in many regions (Damjanovic et al., 2005). F. 

vulgare Mill. is one of 300 genera in the Apiaceae family 

(Davis, 1984). There are two subspecies and three 

varieties of the fennel plant. Of these, sweet fennel 

(Foeniculum vulgare Mill. var. dulce) is cultivated and 

Foeniculum vulgare var. vulgare generally spreads 

naturally in natüre (Ceylan, 1997; Baydar, 2013). Today, 

fennel, which is cultivated in some countries such as 

Egypt, China, India, Italy, Germany, Bulgaria and 

Romania, is cultivated in the northern, southern and 

western regions of Türkiye in the provinces of Istanbul, 

Zonguldak, Kastamonu, Artvin, Bursa, Çanakkale, 

Kırklareli, Kocaeli, Samsun, Sinop, Trabzon and Hatay 

province in the south Anatolia (Davis, 1984; Koru, 2019). 

All parts of fennel are used. Especially the leaves and 

fruits are used in the production of essential oil (Erberk 

et al., 2019). Fennel has a rich content of essential oil 

components. It has been reported that anethole and 

other compounds in the fennel essential oil contain 

galactagogue, which causes the secretion of breast milk 

(Rosti et al., 1998). Fennel is used as an antiseptic in 

medicine. Compared to other plants in the Umbelliferae 

family, fennel is known to have a more relaxing and 

stimulating effect. Its use as a carminative is increasing in 

low-level digestive system disorders (Erberk et al., 

2019). The genetic variability of medicinal plants with 

natural evolution increases the importance of these 

plants as a gene source in breeding studies, as well as the 

diversity of their usage areas. Fennel production in 

Türkiye is mostly sweet fennel (Foeniculum vulgare var. 

dulce). However, in some regions, it is collected and used 

in fennel, which spreads naturally. The effect of 

ecological factors on yield and quality is important in 

medicinal and aromatic plants than in the other 

cultivated plants. Thus, it is important to find high-

quality and high-yielding varieties that are adapted to 

different ecologies. In this study, it was aimed to 

determine the yield and yield components of some sweet 

fennel (Foeniculum vulgare Mill.var. dulce) populations in 

Yozgat ecological conditions. 
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2. Materials and Methods 
2.1. Material 

The research was carried out in the spring of 2019. Sweet 

fennel (Foeniculum vulgare Mill. var. dulce) populations 

obtained from the provinces of Isparta, Konya and Tokat 

were used as material in the study. One of the fennel 

populations was obtained from the Central Black Sea 

Transition Zone Agricultural Research Institute (Tokat), 

the other from Süleyman Demirel University Faculty of 

Agriculture (Isparta) and the other two populations from 

local producers in Konya province. The research was 

carried out in Yozgat Bozok University, Faculty of 

Agriculture, Topçu Application and Research Area, in 

May-September 2019. Topçu site has an altitude of 1165 

m and is located 17 km south of Yozgat province. 

2.2. Methods 

The trial was established according to the Random 

Blocks Trial Design with three replications. Each plot is 

12 m2, each block is 48 m2 and the total area covered by 

the experiment is 144 m2. Weed hoeing was done on 

05.07.2019 as maintenance work. No fertilizer was used 

in the experiment. The soil characteristics of the area 

where the experiment was conducted are given in Table 

1. 

 

Table 1. Experimental field soil analysis results 

Variant Measurement Values 
Clay (g/kg) 476 - 

Silt (g/kg) 138 - 

Sand (g/kg) 386 - 

Ph 7.09 C 

Salt (%) 0.178 Neutral 

CaCO3 (%) 7.15 Lightly salted 

Organic matter e (%) 2.49 Medium chalky 

Total N (%) 0.15 Medium 

P (µg/g) 78 Sufficient 

K (µg/g) 728 Much 

Ca (µg/g) 7060 Much 

Mg (µg/g) 5604 Too much 

Fe (µg/g) 8.08 Much 

Cu (µg/g) 2.84 Sufficient 

Zn (µg/g) 0.62 Little 

Mn (µg/g) 4.07 Little 

 

The searched phenological observations included: 

Sowing – Emergence Time (days), Emergence – 

Branching Time (days), Emergence – Flowering Time 

(days), Emergence – Fruit Setting Time (days), Sowing – 

Ripening Time (days). Morphological and Yield Related 

Characteristics were included: Biological Yield (kg/da), 

Plant Height (cm), Number of Branches Per Plant 

(pieces/plant), Number of Umbellets Per Plant 

(pieces/plant), Number of Small Umbellets Per Plant 

(pieces/plant), Number of Seed Per Plant (pieces) 

/plant), Seed Yield per Plant (g/plant), Seed Yield 

(kg/da), 1000 Seed Weight (g), Essential oil content (%), 

Essential oil yield (L/da) (Kalkan (2015, Özyılmaz 

(2015), Karataylı (2020)). The abbreviations used in 

Principal Components Analysis are: BB: Plant height, 

BDS: Number of branches per plant, BBSS: Number of 

umbellats per plant, BBSMS: Number of small umbellats 

per plant, BBMS: Number of seed per plant, BBMV: Seed 

yield per plant, BMA: 1000 seed weight, BVER: Biological 

yield, MVER: Seed yield, UYAGOR: Essential oil rate, 

UYAGVER: Essential oil yield.  

 2.3. Statistical Analysis  

The data obtained from the examined features were 

analyzed using the SAS 9.1 package program according to 

the randomized blocks experimental design. When a 

significant difference emerged as a result of the statistical 

analysis, the LSD multiple comparison test was applied at 

a significance level of P≤0.05 to compare the means. The 

data of the yield characteristics of the populations were 

subjected to Principal component analysis (TBA) and 

Biplot analysis in the XLSTAT 2020 (Addinsoft, New 

York, USA) statistical program (SAS, 1998). 

 

3. Results and Discussion  
3.1. Phenological Observations 

The sowing of fennel populations was done on 02 May 

2019. The seed emergency and ripening time of 

populations are given in Table 2. 

 

Table 2. Phenological observations 

Phenological 

Observations 
Day Date 

Sowing – Emergence 

Time (days), 
19 21 May 2019 

Emergence – Branching 

Time (days) 
28 18 June 2019 

Emergence – Flowering 

Time (days) 
60 19 July 2019 

Emergence – Fruit 

Setting Time (days)  
78 6 August 2019 

Sowing – Ripening Time 

(days) 
128 07 September 2019 

 

3.2. Yield and yield components 

In this study, which was carried out to determine the 

yield characteristics of some sweet fennel populations. 

The biological yield (kg/da), plant height (cm), number of 

branches per plant (pieces/plant), number of umbellets 

per plant (pieces/plant), number of small umbellets per 

plant (pieces/plant), number of seed per plant (pieces) 

/plant), seed yield per plant (g/plant), seed yield (kg/da), 

1000 seed weight (g), essential oil content (%), essential 

oil yield (L/da) were investigated. According to Table 3, it 

was observed that the biological yield values varied 

between 708.70-1972.00 kg/da. The highest value was 

observed in the Tokat population with 1972.00 kg/da, 

and the lowest value was observed in the Isparta 

population with 708.70 kg/da. When our study was 
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compared with other studies, Karataylı (2020) found that 

the average of biological yields in his study in 

Kahramanmaraş ecological conditions changed between 

2310.10-3035.40 kg/da. According to another study, it 

was determined that the biological yield was between 

484.00-2663.90 kg/da in Tokat conditions and similar 

results were obtained with our data (1517.47 kg/da) 

(Özyılmaz, 2015). The highest plant height was 

determined from the Tokat population with 59.56 cm, 

followed by the Isparta population with 53.33 cm and the 

Konya 1 population with 49.80 cm. The shortest plant 

height was obtained in Konya 2 population with 48.33 cm 

(Table 2). In the study conducted by Karataylı (2020) in 

Kahramanmaraş, the plant height was found as between 

79.73-89.66 cm. According to similar studies, the plant 

height of the fennel plant was found to be 55.57-76.23 cm 

(Cosge et al., 2007), 73.1-79.2 cm (Özyılmaz, 2007) and 

51-64 cm (Yıldırım et al., 2008). When our data is 

compared with other studies, it is thought that these 

differences are affected by climate, genotype and 

growing times. According to Table 2, in the data of the 

sweet fennel populations in the study, the lowest value in 

the number of branches per plant was found in the 

Isparta population with 5.00, while the highest value was 

the Tokat population with 5.96 branches. Number of 

umbellate per plant was found to be 14 in the Tokat 

population, followed by 10.83 in the Isparta population. 

The lowest values were obtained as 10.66 in Konya 2 

population and 8.96 in Konya 1 population, respectively. 

While the number of small umbellate per plant was 

obtained from the Tokat population (163.83), the lowest 

values were determined as 110.47 in the Isparta 

population, 108.30 in the Konya 2 population and 81.33 

in the Konya 1 population, respectively (Table 3). 

According to other studies conducted with sweet fennel, 

the number of branches per plant is 7.56-12.26 according 

to the study conducted in Kahramanmaraş conditions 

(Karataylı, 2020), the number of branches in the study 

conducted under Tokat conditions is 3.4-5.7 (Özyılmaz, 

2007), the number of branches in the study conducted in 

Tokat conditions is 9.7 number/plant (Dirican, 2013) The 

number of branches obtained in Erzurum climatic 

conditions was found to be 5.0-6.5 (Çoban et al., 2019). 

Mahfouz and Eldin (2007) stated that the number of 

branches is 6.20-8.11 in his study to determine the 

difference between organic and mineral fertilizers. 

Looking at other studies, Tunçtürk et al. (2011) found 

that the average number of umbellate between years was 

10.55-8.66 in the study of the effect of different nitrogen 

and phosphorus doses on yield and quality in Van 

conditions. Uzun et al. (2011) Considering the 

characteristics of fennel populations in Central Black Sea 

conditions, the number of umbellate was stated as 4.61-

9.59. When we look at these studies, the effects of 

fertilization applied to the plant and different climates on 

plant growth have been observed. In the study conducted 

by Karataylı (2020) in Kahramanmaraş conditions, the 

number of umbellate per plant was determined as 

112.70-143.33. It is similar to our data. However, in the 

study conducted by Özyılmaz (2015) in Tokat conditions, 

the average number of umbellate was stated as 188.41. 

 

Table 3. Some morphological characteristics of fennel populations 

Population 
Biological yield  

(kg/da) 

Plant height 

(cm) 

Number of 

branches per plant 

Number of 

umbellats per 

plant 

Number of small 

umbellats per 

plant 

Konya 1 1299 49.80ab 5.33 8.96b 81.33b 

Konya2 1242 48.33b 5.20 10.66b 108.30b 

Isparta 709 53.33ab 5.00 10.83ab 110.47b 

Tokat 1972 59.56a 5.96 14.00a 163.83a 

CV:  38.05 6.78 13.77 9.65 11.81 

LSD: 1504.10 10.83 2.241 3.2493 41.49 

CV= coefficient of variation, LSD= least significant difference 

 

According to Table 4, the highest number of seeds per 

plant was obtained from the Tokat population with 

967.37, followed by the Isparta population with 888.80 

and the Konya 2 population with 796.50. The lowest 

value was obtained in Konya 1 population as 741.07. In 

addition, the highest seed yield per plant was obtained 

from Konya 1 population with 13.60 g, while the lowest 

values were determined as 9.63 g in Tokat population, 

8.69 g in Konya 2 population and 8.52 g in Isparta 

population, respectively. According to the study 

conducted by Özyılmaz (2015), the average number of 

seeds per plant was determined as 993.27 and it is seen 

to be compatible with our data. However, according to 

the study conducted by Yıldırım and Kan (2006) in Konya 

ecological conditions, the number of seeds per plant was 

determined as 98-194. According to the literature, in the 

study of Karataylı (2020) in Kahramanmaraş conditions, 

seed yield per plant was 16.66-35.13 g, and Coşge et al. 

(2007) reported 5.04-11.21 g in their study in Ankara 

conditions, 0.8-1.7 g in Yıldırım and Kan (2006)'s study 

in Konya conditions, and 2.87-4.67 g in Özkan and 

Gürbüz (2000)'s studies in Ankara conditions. 

When we look at Table 4, the 1000 seed weight of the 

sweet fennel plant was determined by the Konya 1 

population at the most, 7.34 g, while the least weight was 

obtained from the Konya 2 (4.06 g), Tokat (3.98 g) and 
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Isparta (3.82 g) populations, respectively. In addition, the 

highest seed yield was determined as 198.43 kg in Tokat 

population per decare. In the second place, the highest 

seed yield was obtained from Konya 1 population 

(115.00 kg/da), while the lowest yield was determined 

from Konya 2 (76.70 kg/da) and Isparta (67.96 kg/da) 

populations, respectively. Karataylı (2020) stated that 

the 1000 seed weight was 5.93-7.85 g in their study, 

while Çoban et al. (2019) in Erzurum ecological 

conditions, it was determined that it was 8.31 g in 

different water levels, and Ayritman (2015) found that 

the 1000 seed weight was 5.82 g in his study at different 

nitrogen levels. Kalkan (2015) found that the 1000 seed 

weight was 8.52 g (different row spacings) in Erzurum 

conditions, Ehsanipour et al. (2012) stated that the 1000 

seed weight in Iran was 3.79-4.01 g. When we look at 

these studies, we can conclude that maintenance studies 

(irrigation, fertilization, etc.), genetic characteristics of 

plants, climate and environmental factors may have 

effects on 1000 seed weight. Ghanbari-Odivi et al. (2013) 

stated that the yield was between 474-1019 kg/da in the 

study where fennel was carried out at different planting 

times, whereas Malik et al. (2009) found the seed yield to 

be lower (202.4-215.00 kg/da) in his study in India. In 

addition, Kırıcı et al. (2010) stated that the seed yield was 

43-331 kg/da in their study in Adana ecological 

conditions. Nakhaei et al. (2012) examined the effects of 

different nitrogen applications and planting frequency on 

the yield characteristics of fennel plants in Iranian 

ecological conditions, and they stated that the effect of 

planting distances and nitrogen doses were important in 

all data. 

In Table4, the lowest essential oil ratio was obtained 

from Konya 2 population with 3.64%, while the highest 

was found in Konya 1 population with 4.14%. Also, the 

highest yield of essential oil was obtained from Tokat 

population with 15.06 L, followed by Konya 1 population 

with 9.49 L/da, and the lowest yield was Konya 2 (5.61 

L/da) and Isparta populations (5.35 L/da), respectively 

(Table 4). Environmental factors (temperature, 

precipitation, duration and intensity of lighting, altitude, 

direction, drought, salinity, soil texture and nutrients, 

etc.) affect the synthesis and accumulation of the active 

substance. The alkaloid and essential oil contents of 

medicinal and aromatic plants grown in hot and arid 

regions are higher than those grown in cool and rainy 

regions (Baydar, 2020). Karayel (2019) obtained 1.83% 

essential oil in Kütahya conditions, and Karataylı (2020) 

found 1.60-2.00% essential oil in Kahramanmaraş 

conditions. In the study conducted by Şahin (2013) in 

Konya conditions, it was stated that the essential oil ratio 

was between 2.4-4.2% and Doğan (2020) was between 

2.37-3.24%. According to other studies, the essential oil 

yield of fennel was determined as 6.24-14.65 L/da in 

Karayel (2020) and 3.65 L/da in Özyılmaz (2015). 

 

Table4. Yield, yield component, essential oil percentage and yield characteristics of fennel populations 

Population 

The number 

of seed per 

plant  

Seed yield per 

plant 

(g/plant) 

1000seed 

 weight  

(g) 

Seed yield 

(kg/da) 

Essential oil 

percentage 

(%)  

Essential oil 

yield (L/da) 

Konya 1 741.07b 13.60a 7.34a 115.00b 4.14 9.49 b 

Konya2 796.50ab 8.69b 4.06b 76.70c 3.64 5.61 c 

Isparta 888.80ab 8.52b 3.82b 67.96c 3.96 5.35 c 

Tokat 967.37a 9.63b 3.98b 198.43a 3.80 15.06 a 

CV: 7.21 7.98 2.49 3.53 12.09 8.30 

LSD: 185.41 2.45 0.36 12.27 1.42 2.23 

CV= coefficient of variation, LSD= least significant difference 

 

3.3. Principal Component Analysis of Yield 

Characteristics 

Principal components analysis (PCA), which is a 

dimension reduction method, was performed using the 

yield characteristics data set and 100% of the total 

variation was obtained from the 3 principal component 

axes (Table 5). The amounts, percent variances and 

percent cumulative values of the principal components 

are given in Table 3. The first component (TB1) 

represents 61.817% of the total variation. In the first 

component, BBSEMS, BBSS, BB, BDS, BBMS, MVER, 

UYAGVER and BVER had the highest coefficients, 

respectively. In the second component (TB2), 30.015 % 

of all variation was explained. In this component, BBMV, 

BMA, UYAGOR, UYAGVER, MVER, BVER, BDS and BB 

showed the highest coefficients. The third component 

(TB3) explained 8.168% of the total variation. In this 

component, UYAGOR, BB, BBMS, BBSS, BBSEMS, BBMV 

and UYAGVER had the highest coefficients, respectively. 

In principal component analysis, the fact that the 

eigenvalues of the principal component weight are 

greater than 1 indicates that the values are in the reliable 

range. 

3.4. Biplot Analysis of Yield Characteristics 

A biplot plot showing the relationship with 11 traits 

examined in sweet fennel populations is given in Figure 

1. The biplot plot, where 61.82% of the represented 

variation is represented by principal component 1 (First 

major component) and 30.02% by principal component 2 

(Second main component), explains 91.84% of the total 

variation (Figure 1, Table 5). 

According to Principal Component Analysis results, the 

distribution of traits is between 0 and 1 and between 0 

and -1, and the distribution of populations is between 0 
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and 4; It ranged from 0 to -2. It shows the closeness of 

the features as the angle of the vectors gets narrower, 

and the weaker the relationship between the features as 

it gets wider. 

Biplot plot shows that sweet fennel populations are 

located in three different regions (Figure 1). It has been 

determined that the vector that affects TB1 the most is 

BBSEMS, and the vector that affects TB2 the most is 

BBMV (Figure 1). BBŞEMS vector showed positive 

correlation with BBMS, BBSS, BB, MVER, UYAGVER and 

BVER vectors. On the other hand, in the region where 

Konya 1 population is located, it was determined that 

BBMV vector showed a positive relationship with BMA 

and UYAGOR properties. The vectors MVER, BVER, BDS, 

UYAGVER showed a partially negative correlation with 

the BBMV trait (Table 5, Figure 1). It is seen that the 

Tokat population has a close positive relationship with 

the characteristics of BBMS, BBSS, BB, MVER, UYAGVER 

and BVER. Konya 2 and Isparta populations were found 

to be negatively correlated with all characteristics. It can 

be said that genotypes located in the same direction and 

in the same circle have values close to each other. In this 

study, populations with high yield and quality in terms of 

some agricultural characteristics were tried to be 

determined. 

 

Table 5. Principal component analysis of the yield traits studied 

Yield characteristic PC1 PC2 PC3 

BB 0.348 0.031 0.438 

BDS 0.338 0.242 -0.185 

BBSS 0.373 -0.124 0.031 

BBSEMS 0.375 -0.114 0.024 

BBMS 0.332 -0.186 0.389 

BBMV -0.121 0.522 0.004 

BMA -0.188 0.479 -0.030 

BVER 0.303 0.255 -0.422 

MVER 0.330 0.279 -0.039 

UYAGOR -0.159 0.362 0.664 

UYAGVER 0.313 0.318 0.003 

Eigen value 6.800 3.302 0.898 

Variance (%) 61.817 30.015 8.168 

Cumulative (%) 61.817 91.832 100.000 

BB= plant height, BDS= number of branches per plant, BBSS= number of umbellets per plant, BBSMS= number of small umbellets per 

plant, BBMS= number of seed per plant, BBMV= seed yield per plant, BMA= 1000 seed weight, BVER= biological yield, MVER= seed 

yield, UYAGOR= essential oil rate, UYAGVER= essential oil yield 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Principal COMPONENT ANALYSIS. BB= plant height, BDS= number of branches per plant, BBSS= number of 
umbellets per plant, BBSMS= number of small umbellets per plant, BBMS= number of seed per plant, BBMV= seed yield 
per plant, BMA= 1000 seed weight, BVER= biological yield, MVER= seed yield, UYAGOR= essential oil rate, UYAGVER= 
essential oil yield. 
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4. Conclusion 

According to the results of this study on some yield 

characteristics of sweet fennel, it is thought that sweet 

fennel can be grown in Yozgat conditions. When this 

study and the studies in the literature were compared, it 

was observed that there were similarities and 

differences. The reason for these differences is thought to 

be due to factors such as climate, irrigation, fertilization, 

planting frequency and differences between genotypes. 

According to principal component analysis, Tokat 

population has a close positive relationship with the 

characteristics of BBMS, BBSS, BB, MVER, UYAGVER and 

BVER. Konya 2 and Isparta populations were found to be 

negatively correlated with all characteristics. 

Considering the examined characteristics,it is thought 

that the populations that are found to be important can 

be used for production purposes in future studies and 

can be evaluated as materials in breeding studies. The 

prominent population in this study was the Tokat 

population. 
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