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Abstract 

 

This research was carried out on the individual plants of lavender (Lavandula angustifolia Mill.). In this research, the 

main aim was to find out the characteristics of the individual plants; to determine the existence of promising plants to 

continue the study under Mediterranean condition, and lastly to determine the genotypes which are able to supply the  

highest yield with better quality. In the study, the characteristics such as the plant height (cm), the flower height (cm), fresh 

plant yield (g/plant) and the essential oil rate (%) of 260 plants in the first year and 256 plants in the second year were 

measured. In the individual plants, the highest drug flower yields were 84.70 and 113.30 g/plant in first and second years of 

study respectively. The essential oil content varied between 0.07% and 4.58% in 2015, 0.05% and 3.55% in 2016 

respectively. The results indicated that there was great variation among the individual plants in intrapopulation of Lavandula 

angustifolia Mill. The seeds of population as palnt material obtained from Pharmasaat GmbH (Germany). Thus the superior 

genotypes in terms of drug flower yield and essential oil contents can be used in plant breeding programs to develop useful 

variations for enhancing the oil yield. 
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Introduction 
 

There are three main lavender species which have 

high commercial values in the world. The lavender 

species which are called British lavender (Lavandula 

angustifolia Mill. = L. officinalis L. = L. vera DC) has 

higher essential oil quality whereas lavandin (Lavandula 

intermedia Emeric ex Loisel. = L. hybrida L.) which is 

called crossbreed, has higher essential oil yield and Spike 

lavender (Lavandula spica = L. latifolia Medik.).  

Apart from these three types, there are some other 

types which are used for decorative purpose such as L. 

dentata (French lavender), L. stoechas L. (Spanish 

lavender), L. latifolia Medik. (Broad Leaf lavender), L. 

multifida (Fern leaf lavender), L. canariensis (Canarien 

Island lavender), L. lanata (Wollen lavender), L. 

heterophylla and L.× allardii (L. dentata × L. latifolia 

Medik.) (Tucker, 1985).  Among these, only L. stoechas 

species of lavandula is exist in Turkish flora and it is 

called Karabas grass, locally (Baydar, 2013). 

The lavender which is a member of Lamiaceae 

family is grown, especially, in the West Mediterranean 

Region. Lavender is one of the wild plants that are mostly 

grown in South France, Middle Italy, Spain and Greece. 

Lavender has a rooting depth about 80-100 cm 

downwards in accordance with the soil and climate 

conditions. The plant has plenty of side branches. The 

leaves are opposite to each other and are 2-6 cm long. 

Inflorescence is a terminal branched spike, 16-20 cm 

long. On the axis of spike, there are 4-6 bunches of 

flower. Each bunch of flower has 6-14 florets changing 

accordingly to some factors. The color of fruit ranges 

from dark brown to black. The weight of 1000 seeds is 

lower than 1 g (Ceylan, 1997). The lavender is cultivated 

in some countries such as Bulgaria, England, U.S.A. and 

North Africa (Ceylan, 1997). Mostly, the both of lavender 

(L. angustifolia Mill.) and lavandine (L. × intermedia 

Emeric ex Loisel.) species are cultivated in the 

worldwide, but only lavandine is cultivated as commercial 

species in Isparta/Turkey. Lavender has adapted under 

Turkey ecological conditions especially in drought and 

slope like fields during the several years (Baydar & Erbas, 

2007; Baydar, 2010). 

The essential oil of Lavender is generally used in 

cosmetics, perfumes, drugs and other industrial branches. 

It is antiseptic and also it is used in the field of aroma 

therapy due to its sedative effects like tranquilizer or 

insomnia-reliever (Ceylan, 1997; Baydar, 2007). The 

quality of lavender essential oil is especially evaluated 

according to the rate of linalyl acetate and linalool 

components. On other hands, the luteolin types of 

flavonoids in the content of the essential oil have 

bacteriostatic and spasmodic effects. Also, there are other 

minor components such as β-pinen, linalool, camphor, 

terpineol, borneol, and cineol in lavender essential oil 

(Baser, 1993). Verma et al., (2010) was of the opinion 

that India was the best quality lavender oil producer when 

compared with the other countries such as Hungary, 

China and France. The lavender cultivation area has been 

increased in Turkey from 50 to 570 hectares since 2012 

until 2017 (Anonymous, 2017).  

The aim of this research is to determine some 

individual plants that are high yield and quality of 

Lavandula angustifolia Mill. under Izmir/Bornova in 

Turkey where is prevailing Mediterranean climate 

conditions for obtained superior types. 
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Material and Method 

 

In this research, the Lavandula angustifolia Mill. 

population seeds were used, which were supplied from 

Pharmasaat GmbH (Germany) as research material. 

Lavender is an allogamous plants, so Lavandula 

angustifolia Mill. plants were propagated easily from 

vegetative cutting, field trials were carried out by the 

clonal selection method (Hoffman et al., 1971). 

According to this method, first year plant population was 

generated and some plants with high yield and quality 

characters were selected among them during two years 

study. This research was first step of clonal selection 

method to obtain desired types. The seeds were sown on 

seedbeds on 24
th

 December, 2012 and the grown 

seedlings were planted on the field 70 cm between row × 

50 cm intra row on 27
th 

March 2013. The experimental 

fields was fertilized with 50 kg N ha
-1

 (21% ammonium 

sulphate) and 50 kg P ha
-1

 (46% granulated triple 

superphosphate) fertilizers in each years. The trial was 

conducted on the trial area of Ege University, Faculty of 

Agriculture, in 2014-2015 and 2015-2016 cultivation 

seasons Izmir-Turkey.   

Izmir, where the trial was carried out has a typical 

Mediterranean climate. The highest temperature in the 

area was recorded as 28.8 C° in August in the first year, 

and 26.9 C° in July in the second year. Experimental area 

was 31 m above sea level with mild Mediterranean 

climate condition. Average temperature and total 

precipitation are presented in Table 1. 

In this research, 260 and 256 individual plants were 

harvested during first and second years respectively. The 

individual plants were harvested at blooming period 

between 1 June to 1 July and 26 May to 22 June in the 

first and second years, respectively. In the individual 

plants, the plants heights measured from the soil surface 

to the top level of the plant and inflorescence lengths 

were measured from the bottom to top of each 

inflorescence by ruler at blooming times. The plants 

were harvested manually about 10 cm under the flower. 

The harvested plants were dried at 35 C
°
 in the drying 

boxes for 72 hours. After the drying process, flowers 

and stems were separated and weighed for obtained drug 

flower yield. Also, in this research, extraction of 

essential oil was carried out by weighting 10 g of drug 

flowers materials then were subjected to 3 hours water-

distillation using Neo-Clevenger apparatus. The 

essential oil ratios of the plants were determined by the 

volumetric method (ml/100 g) (Wichtl, 1971). 

 

Results  
 

The highest, lowest and mean performances with 

CV values are presented on the Table 2. In measured 

characteristics, the high value of CV demonstrated that 

there were considerable variations among individual 

plants in intra-population of examined L. angustifolia. 

These extensive variations are quite advantageous for 

obtaining superior plants with plant selection methods in 

plant breeding programs. The plant height values in the 

second year were higher than the first years in the 

present study.  The highest and the lowest plant height 

values were obtained 2.70 cm and 33.00 cm in the first 

year. Also, in the second year of study the plant height 

values were changed between 6.42 cm-57.00 cm. The 

mean plant height value was 19.00 cm in 2015 and 23.96 

cm in 2016. Lavandula angustifolia Mill. is known as a 

perennial plant, for this reason, lavender plants are 

expected to develope in the second year. Therefore, the 

yield performances of the second year were higher than 

first year.  

The flower height values were recorded between 0.70 

and 7.00 cm in 2015 and 1.40-20.90cm in 2016. The 

highest flower height 20.90 cm was obtained in the 

second year (Table 3). Also, Frequency distribution of 

flower height shown that 76.84% of flower height values 

were changed between 1.40- 4.20 cm in first year and 

97.01% of flower height values were less than 9.20 cm in 

second year of study.    

The fresh flower yields means values of individual 

plants were 54.84 g in the first year and 83.26 g in the 

second year. The highest fresh flower yield of individual 

plant was obtained from the second year as 305.42 g. 

Furthermore, the results indicated that the fresh flower 

yields values in the second year were higher than the fresh 

flower yields values in first year.  According to the results 

of frequency distribution analysis, the highest ratio of 

flower yield was obtained between 41.34 g and 59.36 g 

among 260 harvested plants in the first year.  

 

Table 1. Trial years and long years mean temperature (oC) and total precipitation (mm) values of  

Bornova ecological conditions. 

Claimate factors Years 
Months 

Avrage 
Jan. Feb. March April May June July August Sept. Oct. Nov. Dec. 

Average 

temperature (°C) 

2015 11.7 11.5 13.3 17.0 21.1 25.2 28.1 28.8 24.1 18.7 14.1 12.0 18.8 

2016 5.8 11.0 10.6 16.2 17.9 25.0 26.9 26.8 22.1 16.5 11.2 10.2 16.7 

Long 

years 
8.1 8.7 10.9 15.1 20.3 25.4 27.9 27.2 22.9 18.0 13.0 9.9 17.3 

              Total 

Precipitation 

(mm) 

2015 21.6 163.4 133.3 70.1 57.8 21.0 96.2 30.9 0.2 1.0 12.9 48.1 656.5 

2016 232.9 84.9 122.0 28.4 37.1 2.6 0.0 0.4 8.6 0.5 123.8 20.2 661.4 

Long 

years 
112.2 99.7 82.9 46.4 25.4 7.5 2.1 1.7 19.9 43.2 109.7 137.9 688.6 
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Table 2. Maximum, minimum, mean and CV values of agronomic characteristics of  

Lavandula angustifolia Mill. individual plants. 

 

Plant height  

(cm) 

Flower height  

(cm) 

Fresh flower yield 

(g/plant) 

Drug flower yield 

(g/plant) 

Essential oil content 

(%) 

Years Years Years Years Years 

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 

Maximum  33.00 57.00 7.00 20.90 185.50 305.42 84.70 113.30 4.58 3.55 

Minimum 2.70 6.42 0.70 1.40 5.30 9.98 1.60 2.90 0.07 0.05 

Mean  19.00 23.96 2.94 4.94 54.84 83.26 23.56 34.93 0.87 1.00 

CV (%) 25.28 53.94 41.90 52.33 56.47 53.28 58.54 54.42 72.15 70.65 

 
In this study, the drug flower yield values in the 

second year were higher than in the first year. The ranges 

of flower yield values were 1.60-84.70 g and 2.90-113.30 

g in first and second years respectively. The results of 

essential oil contents manifested that the essential oil 

contents in first year (2015) were higher than the essential 

oil contents in second year. The highest essential oil 

contents were 4.58 % and 3.55% in first and second years 

respectively. The frequency distribution analysis indicated 

that 18.42% of individual plants of population had more 

than 1.42% essential oil content in first experimental year. 

Also, 20.30% of evaluated plants had more than 1.45% of 

essential oil content in second year.  

In addition, in this study we have been able to 

recognize remarkable individual plants with high content 

of essential oil. These individual plants are very important 

in lavender breeding with selection method.  

 

Discussion 

 

Chrysargyris et al., (2016b), published that plant 

height in lavender plants were changed between 19.26 

and 22.27 cm/plant in different nitrogen doses while this 

parameters were varied from 18.49 to 22.95 cm/plant in 

various phosphorus levels. The comparision of the results 

of this study with the results of Chrysargyris et al., 

(2016b), indicated that there were higher plant heights in 

both years of this study. In another study, Ceylan et al., 

(1996) reported that the lavender plant height values 

varied between 20 and 60 cm. The results of the both 

years of this research were in accordance with Ceylan et 

al., (1996) values. Arabaci and Bayram (2005) reported 

that the plant height values of lavender species between 

43.7 and 69.5 cm. Also, Atalay (2008) mentioned the 

values between 46.1 and 59.8 cm while Kara & Baydar 

(2011), whose research was performed under the 

ecological conditions of Isparta (Turkey), stated that the 

plant height of lavandine type varieties (86.20 cm) have 

been higher than the lavender type varieties (63.20 cm). 

Karik et al., (2017) carried out their study under the 

ecological conditions of Aegean and they found that the 

plant height of lavender type varieties were between 

38.50-44.25 cm. We have demonstrated that even the 

plant height values could be affected by the 

environmental factors, the genetically potential of the 

varieties. Ceylan et al., (1996) and Arabaci & Bayram 

(2005) confirmed that the plant height is evolving 

according to the varieties and environmental factors. In 

our study, the highest value of plant height was in 

accordance with Karik et al., (2017). There are no reports 

on the yield and quality characteristics of lavender 

populations using individual plants nowadays. 

In previous studies, the value of fresh flower yields 

was obtained between 5.57-14.99 ton ha
-1

 (Arabaci & 

Bayram 2005) and7.89-12.52 ton ha
-1 

(Ceylan et al., 

1997) under the Aegean ecological conditions of Turkey. 

However, considering to results of fresh flower yields 

could not be obtained from individual plants hence 

comparison with previous studies could not be performed. 

Ceylan et al., (1988) reported that the dry drug flower 

yield of the lavender varied between 1.02- 1.95 ton ha
-1 

and the mean value of the five years was 1.47 ton ha
-1

. 

Arabaci & Ceylan (1990), found that the drug flower 

yield was 2.86 ton ha
-1

 and in continuation of Arabaci and 

Ceylan (1990)’s research, Ceylan et al., (1996) found the 

mean values of drug flower yield 2.30 ton ha
-1

, 2.86 ton 

ha
-1 

and 1.42 ton ha
-1 

for the second, third and fourth years 

of study under Bornova (Turkey) ecological conditions, 

respectively. Arabaci & Bayram (2005) found that the 

drug flower yield of lavender varied between 0.70-5.78 

ton ha
-1

, while Baydar & Erbas (2007) determined the 

mean dry drug flower yield of the variety Super 

Lavandine as 0.50 ton ha
-1 

under the ecological conditions 

of Turkey (Isparta). Kara (2011) obtained that the drug 

flower yield of lavender as 0.46- 1.46 ton ha
-1 

under 

ecological conditions of Turkey (Isparta). Atalay (2008) 

determined the drug flower yield of L. angustifolia as 

0.64-1.13 ton ha
-1 

and Karik et al., (2017) estimated the 

yield of the same species between 0.21- 0.62 ton ha
-1 

under Bornova ecological conditions. The researchers 

reported that the drug flower yield of the lavender 

affected by variety characteristics, harvest time, 

environmental factors, growing conditions, sowing 

density and cultivation techniques (Arabaci & Ceylan, 

1990; Ceylan et al., 1996; Arabaci & Bayram, 2005; 

Salinas et al., 2007; Atalay, 2008; Karik et al., 2017).  

In the present study, the experiment design wasn't 

conducted according to replication base method in field 

trial, for this reason, the converting of obtained values 

from individual plants to per hectare are not confident. 

Due to the similar reason, the drug flower yield results 

were not able to compare with previous research results. 
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Table 3. The Frequency distribution belonging to the characteristics plant height (cm), spike height (cm), fresh 
herb yield (g/plant), dry flower yield (g/plant) and essential oil content (%) of Lavandula angustifolia Mill. 

2015 
 

2016 

Plant height (cm) 

Scale Range Number % 

 
Range Number % 

1 2.70-5.73 5 1.95 
 

6.42-11.48 78 18.46 
2 5.73-8.76 0 0 

 
11.48-16.54 42 16.15 

3 8.76-11.79 1 0.39 
 

16.54-21.59 53 20.39 
4 11.79-14.82  30 11.72 

 
21.59-26.65 34 13.08 

5 14.82-17.85 71 27.73 
 

26.65-31.71 6 2.31 
6 17.85-20.88  69 26.95 

 
31.71-36.77 14 5.39 

7 20.88-23.91 43 16.80 
 

36.77-41.83 25 9.62 
8 23.91-26.94   21 8.20 

 
41.83-46.88 23 8.85 

9 26.94-29.97  6 2.34 
 

46.88-51.94 10 3.85 
10 29.97-33.00 10 3.91 

 
51.94-57.00 5 1.92 

Flower (spike) height (cm) 

Scale Range Number % 

 
Range Number % 

1 0.00-0.70 0 0  1.40-3.35 54 21.09 
2 0.70-1.40 17 6.56  3.35-5.30 127 49.61 
3 1.40-2.10 54 20.85  5.30-7.25 48 18.75 
4 2.10-2.80 68 26.26  7.25-9.20 20 7.81 
5 2.80-3.50 49 18.92  9.20-11.15 1 0.39 
6 3.50-4.20 28 10.81  11.15-13.10 0 0 
7 4.20-4.90 21 8.11  13.10-15.05 1 0.391 
8 4.90-5.60 12 4.63  15.05-17.00 2 0.781 
9 5.60-6.30 7 2.70  17.00-18.95 2 0.781 
10 6.30-7.00 3 1.16  18.95-20.90 1 0.391 

Fresh flower yield (g/plant) 

Scale Range Number %  Range Number % 

1 5.30-23.32 33 12.69  9.98-39.52 26 10.16 
2 23.32-41.34 60 23.08  39.52-69.07 83 32.42 
3 41.34-59.36 72 27.69  69.07-98.61 75 29.30 
4 59.36-77.38 41 15.77  98.61-128.16 31 12.11 
5 77.38-95.40 28 10.77  128.16-157.70 23 8.98 
6 95.40-113.42 15 5.77  157.70-187.24 11 4.30 
7 113.42-131.44 5 1.92  187.24-216.79 4 1.56 
8 131.44-149.46 3 1.15  216.79-246.33 1 0.391 
9 149.46-167.48 0 0  246.33-275.88 1 0.391 
10 167.48-185.50 3 1.15  275.88-305.42 1 0.391 

Drug flower yield  (g/plant) 

Scale Range Number %  Range Number % 

1 1.60-9.91 37 14.23  2.90-13.94 24 9.36 
2 9.91-18.22 65 25.00  13.94-24.98 59 23.05 
3 18.22-26.53 73 28.08  24.98-36.02 79 30.86 
4 26.53-34.84 38 14.62  36.02-47.06 45 17.58 
5 34.84-43.15 25 9.62  47.06-58.10 21 8.20 
6 43.15-51.46 10 3.85  58.10-69.14 14 5.47 
7 51.46-59.77 6 2.31  69.14-80.18 7 2.73 
8 59.77-68.08 2 0.77  80.18-91.22 0 0 
9 68.08-76.39 3 1.15  91.22-102.26 4 1.56 
10 76.39-84.70 1 0.39  102.26-113.30 3 1.17 

Essential oil content (%) 

Scale Range Number %  Range Number % 

1 0.07-0.52 93 35.77  0.05-0.40 46 17.97 
2 0.52-0.97 84 32.31  0.40-0.75 79 30.86 
3 0.97-1.42 35 13.46  0.75-1.10 41 16.02 
4 1.42-1.87 29 11.15  1.10-1.45 38 14.84 
5 1.87-2.33 12 4.62  1.45-1.80 16 6.25 
6 2.33-2.78 4 1.54  1.80-2.15 16 6.25 
7 2.78-3.23 2 0.77  2.15-2.50 6 2.34 
8 3.23-3.68 0 0.00  2.50-2.85 5 1.95 
9 3.68-4.13 0 0.00  2.85-3.20 6 2.34 
10 4.13-4.580 1 0.36  3.20-3.55 3 1.17 



 SOME YIELD AND QUALITY CHARACTERISTICS OF LAVENDER POPULATION 2289 

 

The essential oil is one of the most important criteria 

of medicinal and aromatic plants quality. Therefore, the 

essential oil content was a remarkable attribute in this 

research. According to some previous researches, the 

essential oil content of lavender should be contain at least 

1.50% (Wichtl, 1971; Wagner, 1980), 1.0%, (Ceylan, 

1997) and 0.5-1.0% (Baytop, 1999) for pharmaceutical 

and commercial purposes. In addition, Chrysargyris et al., 

(2016a), obtained 3.01-4.07% of lavender essential oils 

under different water stres conditions. Also, Nurzynska & 

Zawislak (2016), reported 3.2% of essential oil in flower 

of L. angustifolia L. species. Furtheremore, Zheljazkov et 

al., (2013), in their study about the effect of distilation 

time on lavender essential oil yield and composition 

concluded that the maximum content of lavender essential 

oil was acquired in 180 minutes distilation time (6.83 

wt/wt%). This amount of essential oil was more than the 

essential oil content in present study. Ceylan et al., (1988) 

reported a range between 1.26-3.14% for the essential oil 

rate of L. officinalis. Renaud et al., (2001) found that the 

dry flower bud of lavandin contained 7.1-9.9% of 

essential oil while lavender varieties have a rate of 2.8-

5.0%. Baydar (2013) mentioned that the variety Super 

Lavandine grown in Isparta has an essential oil rate of 

1.0-1.5% for the fresh flowers with the stem and it varies 

between 5-6% for the drug flowers. Kara and Baydar 

(2012) found the essential oil rate of lavandin (L.x 

intermedia var. Super) for the drug flower between 7.50-

8.60% while Atalay (2008) reported that the essential oil 

rate of drug flowers were 2.1-2.6%. Also, Arabaci & 

Bayram (2005) observed that rate of essential oil 

percentage 1.54-2.34% for the same species. Kara (2011) 

observed that essential oil contents were 2.10-9.62 % and 

Karik et al., (2017) determined between 1.32 and 3.10%. 

It is stated by many researchers that the active 

ingredients of the medicinal and aromatic plants may 

change according to genotype (Marotti & Piccaglia, 1992; 

Munoz- Bertomeu et al., 2007), growing methods (Atalay, 

2008), ecological conditions, harvest time (Arabaci & 

Ceylan, 1990), parts of the plant (Aburjai et al., 2005; 

Baydar and Erbas, 2007), distillation method (Marotti & 

Piccaglia, 1992) and drying methods (Pinto et al., 2007). 

Hassiotis et al., (2014) mentioned that essential oil 

rate was changed between 2.19 and 4.45% while Dudaa et 

al., (2015) obtained the values between 1-6%. Also, 

Chrysargyris et al., (2016b) stated that essential oil of 

lavender varied from 0.71 to 1.14% among different 

fertilizer treatments. Another research was conducted by 

Kirimer et al., (2017) who found that range of its values 

was 0.7% and 2.6% under Ankara ecological condition in 

middle of Turkey. Rasheda et al., (2017) determined that 

essential oil content of lavender fluctuated between 0.61-

0.81% in different extraction methods. 

The results of present research were in accordance 

with the results of Hassiotis et al., (2014), Dudaa et al., 

(2015), Kirimer et al., (2017) and Ceylan et al., (1988); 

However in the results of Ceylan et al., (1988), these 

values remained restricted only 2-4% of the populations. 

The essential oil rate values obtained in present study 

were higher than the results of some previous studies 

(Rasheda et al., 2017; Chrysargyris et al., 2016b). 

Conclusion 
 

The results of this study, demonstrated that there was 
much variation about investigated characteristics in the 
individual plants of lavender population. According to 
German Pharmacopoeia (DAP 8), essential oil of lavender 
drug flower should be more than 1.5%. Moreover, 
frequency distribution analysis results indicated that, 
approximately 18.44% and 20.30% of individual plants 
had more than 1.42% and 1.45 % essential oil values in 
first and second years of this study respectively. In 
additional, it can be said that there were high level 
diversity of drug flower yield among individual plant in 
evaluated population. Essential oil content and drug 
flower yield acceptable values are very important and 
considerable for obtaining superior types of lavender 
breeding. These individual plants can be used as benefit 
materials in future breeding program with selection for 
achieving the high performance and superior genotypes 
under Mediterranean ecological condition in Turkey. 
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