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           Lavender is an important medicinal plant that is sensitive to various environmental 

factors. Lavender essential oils have been shown to improve human health in response to many 

diseases. Lavender is grown all over the world, which indicates its ability to adapt to different 

climates. There are no reports of its commercial cultivation in Mississippi. It has been proven 

that there are many factors that directly affect the plant growth and concentration of essential oils 

in lavender. Studying these factors that affect plant growth and essential oils will be beneficial 

for lavender producers. The aim of this study is to increase the production of essential oil 

through cultural techniques and analyze the active compounds of three Lavandula species (L. 

intermedia, L. angustifolia, L. stoechas) using HPLC (High performance liquid chromatography) 

and GC-MS (Gas Chromatography, Mass spectrometer) technology. Applications of gibberellic 

acid, iron chelate, Mycorrhizae, humic acid, DAP, and potash fertilizer were studied to promote 

plant growth and production of essential oils. The essential oils were extracted using a Soxhlet 

distillation. The quantity and quality of the essential oils was also evaluated using HPLC and 

GC-MS. The linalool, linalyl acetate, and other compounds from Lavandula may be considered 

natural raw material source for pharmaceuticals and cosmetic products. These vital components 
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of the essential oil of lavender leaves, flowers, and stems (linalool, linalyl, and other compounds) 

were affected by chelated iron treatments, gibberellin, humic acid, and mycorrhizae. The 

essential oil compounds of L. angustifolia and L. x intermedia cultivars make them worth 

cultivating.  
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INTRODUCTION 

       Lavender is cultivated for its aromatic flowers in the around the world, especially in the United 

State, Bulgaria, France, Spain, Britain, Australia, and Russia where large quantities of this herb 

are grown annually (Verma et al, 2010). Lavender belongs to the Lamiaceae and contains more 

than 25 to 30 species of flowering plants native to the Mediterranean region south to tropical Africa 

and to many regions of Asia. They are shrubs or herbs, perennial, or biennial in habit. The genus 

includes annuals, herbaceous plants, subshrubs, and small shrubs with a wide diversity in growth 

characteristics, leaf size, flower color, physical appearance, and aroma (Piccaglia et al., 1993). 

Lavender, also called Luanda, is known, and loved for its aromatic, blue flower spikes which can 

be more than 30 to 60 cm long. 

Lavender falls into four main classes: Lavandula latifolia, a lavender like Mediterranean 

kelp; Lavandula angustifolia, a plant with full blooms, commonly known as English lavender 

(previously known as L. vera or L. officinalis); Lavandula stoechas, which has butterfly-like bracts 

above the flowers and is known as French lavender; and Lavandula x intermedia, which is a sterile 

cross between L. latifolia and L. angustifolia. The various lavenders have similar ethnobotanical 

properties and major chemical constituents (Agricultural Research Service, 2000). Lavender 

essential oil is an important raw material for perfumery and cosmetics (Webb et al., 1984). 

Essential oils from L. angustifolia are among the best and most sought-after lavender oils in the 
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beauty and aromatherapy industries. However, these valuable oils are produced in relatively low 

quantities (Lis-Balchin, 2002).  

Aromatic plants contain mixtures of volatile compounds called essential oils which are a 

small part of the plant's composition (Buchbauer et al., 1993; Asbahani et al., 2015). These 

compounds are used in food, cosmetic and pharmaceutical applications. The composition of 

essential oils is complex and most of these components include terpenes, mostly monoterpenes 

and sesquiterpenes. However, there are allyl and propenylphenol (phenylpropanoid) components 

of some essential oils (Zakaria,1991; Hay and Waterman, 1993; Bilia et al., 2014; Hay, 1998). 

Essential oils are composed mainly of terpenes and phenylpropenes with most essential oils 

containing predominantly (90%) terpenes. These terpenes contain mono terpenes with ten carbons, 

sesquiterpenes with fifteen carbons and diterpenes with twenty carbons (Hay and Waterman, 1993; 

Zakaria 1991). Terpenoids are the main ingredients found in Lavender (Lavandula dentata) and 

Nutmeg (Myristica fragrans) essential oils. These oils contain compounds containing antioxidants, 

antimicrobials, anti-inflammatories, anti-tumors, hypoglycemia, anticonvulsants, and pesticides 

(Aprotosoaie et al., 2017; Cossetin et al., 2018). Since the base oils are hydrophobic, this often 

limits production, viability and biological activity, and the low water solubility of these compounds 

shows high oil / water separation coefficients (Prakash et al., 2015). 

Essential oils are found in different parts of the plant and when exposed to the air at normal 

temperatures they evaporate easily, so they are called volatile oils or etheric essential oils because 

they represent the "essence". (Tanker et al., 1990). Many essential oils contain powerful and active 

anti-microbial agents (Deans and Balchin, 1997). Some have pharmacological properties ( Lis 

Balchin and Hart, 1999; 1995). Lavender has been very popular since ancient times being traced 
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back from the ancient Romans and Greeks to the present day as an aromatic plant as well as a 

medicinal agent. Lavender’s importance was confirmed recently when it was named "The herb of 

the year 1999" by Herb Growing and Marketing Network in the United States (Evelegh, 1996; 

Anonymous, 1999). Lavender essential oil is extracted usually by steam distillation from both 

flower heads and foliage, but the chemical composition varies greatly with sweetest essential oil 

derived from flowers (McGimpsey and Porter, 1999). 

The main chemical ingredients of lavender include linalool, linalyl, eucalyptol, geraniol, 

limonin, cineol, coumarins, flavonoids and triterpenoids (Prashar et al, 2004; Hajhashemi et al, 

2003). Linalool and linalyl are the main components of lavender oil (Buchbauer et al., 1991). 

Linalool forms 70% of terpenoids of floral scents. Linalool also accounts for 60 - 90% of cosmetics 

as a component of the top perfumes (Cal and Krzyzaniak, 2006). Lavender is a perennial plant of 

high medicinal use in the European Pharmacopoeia (2008). Medicinal and aromatic plants are used 

by 80% of the world's population for therapeutic, pharmacological effects (WHO, 2008). The top 

150 prescription drugs are based on natural  sources derived from plants (74%), fungi (18%), 

bacteria  (5%), and vertebrate species such as snakes and frogs  (3%). Many of these plants 

manufacture many secondary metabolites, of which no less than 12,000 have been isolated which 

are beneficial for maintaining health in humans and animals, and most of which are phenols, 

alkaloids, glycosides, and saponins (Lai, 2004; Tapsell, 2006).  

The essential oils in lavender depend on the original habitat and the environmental factors 

where grown as well as the stage of plant growth. The extraction method also affects the quantity 

of oil produced (Lakusić et al., 2014). Lavandula  angustifolia essential oil contains linalool and 

linalyl acetate. Linalyl acetate is the main compound found in flowers. The plant also contains 
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rosmarinic acid and coumarin (Lis Balchin, 2002) as well as carvacrol (26.2%), limonene (19.6%), 

1,8-cineole (11.8%), terpene-4-ol (7.6%), spathiolenol (4.9%), alpha pinene (4.2%), p-cimin 

(4.2%). ), caryophyllene oxide (2.7%) and terpinolene (2.6%) (Bakhsha et al., 2014). 

Lavender varieties are characterized by having the same ethnobotanical characteristics. 

French lavender (Lavandula stoechas) is characterized by the presence of  bracts resembling 

butterflies at the top of the brightly colored flowers often used to treat headaches, while the English 

lavender (Lavandula angustifolia) is used as a diuretic. The species L. x intermedia is a sterile 

cross between L. angustifolia and L. latifolia (Agriculture Research Service, 2000). Lavandula x 

intermedia is characterized by high production of essential oils up to 120 kg per hectare. Other 

species and hybrids of lavender are not used in the perfume industry because they contain high 

amounts of camphor, but they are used for their antifungal and antiseptic properties. Essential oils 

are produced in the lavender plant from glands located on the surface of flowers and leaves (Lis-

Balchin, 2002). Lavender has been an important source of medical materials since ancient times 

and a major source of many modern medicines. In its different growth stages, it builds up a range 

of metabolic materials developing terpenes, phenols, and alkaloids (secondary metabolites in the 

plant). These compounds are important for the survival of the plant in the natural environment. 

Some of the compounds constitute defensive mechanisms against attack from pathogens.  

These secondary metabolites can be pharmaceutical substances, food flavors, pigments, 

fragrances, or pesticides (Tripathi and Tripathi, 2003). The process of detecting the presence of 

these compounds and extracting them to identify their precise chemical composition is a 

complex process and requires advanced equipment and techniques such as multiple column 

chromatography (CC), Mass spectroscopy (MS), Nuclear Magnetic Resonance (NMR), Gas 
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Chromatograph - Mass Spectrometry (GC – MS), MS - matrix-assisted laser desorption 

/ionization (MALDI), and high-performance liquid chromatography (HPLC) (Eja et al., 2011; 

Nascimento et al., 2000).  

Lavender plants need a limited amount of fertilizer necessary for the development of 

flowers rich in oil (Lis-Balchin, 2002). Organic fertilizers improve  biodiversity )Enwall et al, 

2005), increase the abundance of soil microorganisms, and provide organic matter and micro-

nutrients to organisms such as fungi (Pimentel et al, 2005), which help plants absorb nutrients 

(Mäder et al., 2002(. There is much research on medicinal and aromatic plants. Some of the 

research explains the positive effect of chemical fertilizers and organic fertilizers on growth, as 

well as the promotion of the content of active ingredients at certain rates of supplementation. 

Recently, there has been much interest in using environmentally friendly stimuli in 

promoting plant growth (Zhu, 2001; Akula and Ravishankar, 2011; Gupta et al., 2015). It has been 

shown that the use of plant growth regulators (plant hormones) is an advanced way to nourish 

plants and increase their production due to the important role these hormones play in plant growth 

(Forde and Lorenzo, 2001; Meixner et al., 2005). These hormones are organic materials mainly 

produced in active plant tissues and they have a great influence on some physiological processes. 

This is because plant hormones move from their sites of production to sites of influence (Weyers 

and Paterson, 2001; Davies, 2010; Wani et al., 2016). Plant hormones play a great role in the 

growth and development of various plant structures. In addition to its effect on metabolic 

processes, it also affects many specialized physiological processes (Davies, 2010; Keurentjes et 

al., 2011). The application of gibberellic acid affects plant growth and development by increasing 

plant height, number of leaves and number of branches (Roy et al., 2010; Qureshi et al., 2013). 
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Research has shown that GA3 promotes growth and photosynthesis (Rood et al., 1990; Khan and 

Samiullah, 2003).  

There has been great interest in using natural organic matter and substances, such as humic 

acid, that act as powerful fertilizers. Humic acid has hormone-like activity that stimulates plant 

growth and development (Ferrara and Brunetti, 2010). It has been observed that humic substances 

have a positive effect on vegetative properties, root, leaf and vegetative growth, and germination 

of different crop species (Piccolo et al., 1993). The chemical composition of plants, such as bean, 

grape, and tomato, was also improved significantly by using humic substances  (Ferrara and 

Brunetti, 2010; Abbas, 2013). Humic acid is the main ingredient for humic substances, which are 

the main organic matter (humus). Humic substances have many beneficial effects on the physical 

composition of the soil as well as in stimulating plant and cell growth, nutrient absorption, and 

yield increase (Cimrin and Yilmaz, 2005; Asik et al., 2009). Foliar spray of humic acid works to 

increase photosynthesis and antioxidant metabolism (Fujiu et al., 1995).  

Iron (Fe) plays a major role in the regulation of many cellular processes, including 

chlorophyll biosynthesis, photosynthesis, and mitochondrial respiration and is an essential nutrient 

for plants (Ghasemi et al., 2014).  

There has been increased interest in beneficial soil microbes including arbuscular 

mycorrhizal (AMF) fungi. Notably, under natural conditions, plants often interact with microbes, 

with which some micro-plant interactions mitigate stress-related damage and improve plant 

tolerance to stressful conditions (Ngumbi and Kloepper, 2016). Arbuscular mycorrhizal fungi 

(AMF) are soil microorganisms which can form a symbiotic bond with terrestrial plants. These 

beneficial microbes offer many benefits to the host plants (Bonfante and Genre, 2010). During 
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mycorrhization,  besides improving plant nutritional status, AMF can enhance plant performance 

to withstand many environmental stresses (Balestrini and Lumini, 2018). Previous studies showed 

the great contributions of  the coexistence of AMF (Arbuscular mycorrhizal fungi) including 

various innate benefits such as nutrient absorption, modifications in  host physiology, 

photosynthesis, plant hormones, and more efficient antioxidant systems (Ruiz et al., 2015; Duc et 

al., 2018). 

Mycorrhizae also play an important role in enhancing the survival and development rate of 

seedlings, standardizing crops, and reproductive capacity (Lu and Koide., 1994). Mycorrhizae can 

reduce inputs of P and N fertilizers and increase environmental stress tolerance (Birhane et al., 

2012; Duc and Posta, 2018). Trichoderma is a mycorrhizal biological agent used to stimulate plant 

growth (Oliveira et al., 2016, Roese et al., 2017). Growth-promoting mechanisms in plants are 

related to microorganisms through metabolism, plant hormone production or nitrogen fixation 

(Carvalho et al., 2011; Péres-Montaño et al., 2014). Trichoderma spp. are widely used as biological 

control agents (BCAs) due to their ability to reduce the incidence of fungal diseases (Cooney and 

Lauren, 1998).  

This study explores the use of gibberellic acid, iron chelate, humic acid, and mycorrhiza to 

enhance essential oil production of lavender in cultivation. 

Problem Statement 

           With over 45 species in the Lavandula (lavender) genus and over 450 named varieties or 

cultivars grown as annuals, short-lived perennials, or perennials, it may be a challenge to identify 

specific species with the highest production of essential oils. There are three species which 

predominate at plant nurseries in the United States: L. angustifolia, L. x intermedia, and L. 
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stoechas. Each species has its own unique traits and not all lavender is created equal. In addition, 

there is insufficient published research on biological fertilizers in the production of lavender and 

the effects on plant growth and yield of essential oils. 

Justification of the study 

            One of the essential oil components of lavender, eucalyptol, has been shown to 

significantly improve memory and performance on cognitive tasks. Lavender is considered an 

adaptogen helping the body deal with stress or imbalances and helping promote calmness and 

wellness (Cavanagh and Wilkinson, 2005). With increased demand for use in natural remedies, 

perfumes, food items and traditional herbal medicines, there is a need for increasing essential oil 

yield in lavender production.  

Research Objectives 

The general objective of this research was to investigate the effects of production practices 

on essential oil yield in three lavender species: L. angustifulia, L. x intermedia, and L. stoechas. 

Specifically, the objectives were to 1) investigate the effects of gibberellic acid, iron chelate, humic 

acid, mycorrhiza, Trichoderma, diammonium phosphate (DAP), and potash on plant growth and 

essential oil yield and 2) determine the essential oils chemical composition for three lavender 

species using GC-MS, and HPLC.  

Significance of the study 

       This study yielded data and information useful in producing essential oil of lavender. The 

study findings and recommendations will be beneficial to lavender growers, herbalists, and 

vendors of essential oils. This study aims to rely on research data about how essential oils are 

produced and extracted. 
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Scope and limitations of the study 

         This study focused on three species of lavender plants and the research was conducted in the 

Department of Plant and Soil Sciences greenhouses on the Mississippi State University campus. 

This study investigated the species’ richness, characteristics, abundance of essential oils, and the 

influence of production factors on production of essential oils. Of over 45 species of lavender, only 

three species were investigated due to available time and resources. 
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LITERATURE REVIEW 

General Characteristics, Classification and Distribution of lavender 

The lavender plant (Lavandula sp.) is a medicinal herb consumed by people around the 

world since antiquity. Today it is regarded as one of the most important aromatic herbs (Barata et 

al., 2011; Duke, 1985).  The Latin name Lavandula is from the ancient use of this plant to scent 

shower water, and it is derived from the Latin word lavare which means to be washed (Lis-

Balchin, 2002). Lavender, also known as medicinal lavender, true lavender, or common lavender 

(Lavandula angustifolia, L. officinalis, L. vera), is an evergreen perennial plant. It is native to the 

Mediterranean region (France, Spain, Andorra, and Italy).  

Lavender is a perennial shrub plant of the mint family (Lamiaceae). The genus Lavandula 

includes more than 30 species. The three primary commercial species are lavender (Lavandula 

angustifolia mill), lavender spike (Lavandula latifolia L.) and lavandin - a sterile hybrid 

developed by crossbreeding L. angustifolia × L. latifolia. Lavender plants can be propagated 

from seeds, from cuttings, or through tissue culture. Lavender in production is pruned regularly 

to stimulate plant growth and promote flowering. The flowering period lasts from July to August. 

Harvesting should take place on dry, sunny days. The flowers are collected before opening and 

are dried in bundles in shaded, well-ventilated places. There are two types of products harvested, 

flowers (Flos Lavandulae) or the aerial parts (Herba Lavandulae) of the flowering plant (Góra 

and Lis, 2005). Lavender is cultivated across the world with Bulgaria, France, United Kingdom,  
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China, and Spain the major producers of lavender oil. It is also cultivated in other countries, 

including Poland (Boelens, 1995; Śmigielski et al., 2009). Lavandin plants are mainly grown in 

France which produces 90% of the world's production of lavender oil. Lavender is the primary 

species grown for essential oil in Spain.  

Lavender has been cultivated on a large scale since ancient times. The increased 

cultivation of lavender and the production of essential oils in Europe during the first half of the 

last century stimulated the improvement of lavender in France and the Soviet Union (Russia, 

Ukraine, and Moldova). Improvement programs have focused on a wide range of lavender 

properties, including flower yield, essential oils compounds, quality, and content of linalyl 

acetate and linalool (Romanenko, 1973; Singh et al., 1989).  

Lavender has been used as a therapeutic, essential oil for centuries. For medicinal 

products it is stated the extract of the flowers or the leaves, the essential oil, has curative 

properties, including antiseptic, anti-inflammatory, anti-fungal, analgesic, cleansing, balance, 

and calming affects (Kasper et al., 2010; Woelk and Schlafke 2010). There is evidence 

Lavandula angustifolia extract protects neurons from glutamate toxicity (Büyükokuroğlu et al., 

2003; Kaka et al. 2016). Recent studies have proven L. angustifolia extract works as an 

improvement in treating spinal cord injury by reducing nerve function damage (Kaka et al. 2016; 

Yaghoobi et al., 2016).  

Lavender oil is of higher quality than lavandin oil. Lavebder 0-0.6% camphor L. 

angustifolia  while lavandin 6-10% camphor L. intermedia. Both lavender and lavandin essential 

oils are widely used in various industrial products including perfumes, pharmaceuticals, 

cosmetics, personal care, and home maintenance products (Cavanagh and Wilkinson, 2005; 

Lesage-Meessen et al., 2015). Additionally, lavender oil has been widely used in aromatherapy 
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and integrative medicine. It has a positive effect in treating anxiety and insomnia (Kashani et al., 

2011; Sienkiewicz et al., 2011; Soltani. et al., 2013).  

Lavandula cultivars in America 

This study focused on three species of lavender: L. angustifulia, L. x intermedia, and L. 

stoechas. These species differ in terms of morphology, habitat, and chemical composition 

(Lesage-Meessen et al., 2015). Because of their essential oils (EOs) content they have been 

cultivated in various regions of the world as in Europe, Canary Islands, Madeira, North Africa, 

Southwest Asia, the Arabian Peninsula, India and North and South America (Lis-Balchin 2002; 

Benabdelkader et al., 2015). Lavender is grown in many of the United States of America, 

including Washington, which contains large lavender farms around Sequim, WA.  

                Lavender farms around Sequim provide great support for the local economy and form 

a part of the local tourist industry. There are lavender festivals, tours featuring lavender farms 

and a lavender street fair showcasing lavender products and services from the Sequim-

Dungeness area, as well as regional garden products and natural crafts. There is an outdoor 

market, lavender crafting demonstrations, food, and aromatherapy. Olympic Lavender Farm, 

located near Scheme, WA, has 1,200 lavender plants on a five-acre area and provides a viewing 

tour of lavender oil distillation. The processes of developing the essential oils industry began in 

the United States of America about 1985 with the oils being used in perfumery and aromatherapy 

(Adam, 2006).  

Foliar Nutrition 

Foliar feeding means spraying nutrients on the vegetative or foliar portions of plants. It can 

result in higher returns as well as higher quality products. Foliar fertilizers allow direct nutrient 
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supply to the leaves within the period needed (Fageria et al., 2009; Kostadinov and Kostadinova, 

2014). It is a quick response feeding system to meet the requirements of the plant because 

transporting nutrients through the roots requires a long time. The plant nutrition influences many 

physiological and biochemical processes that affect growth, development, and yield (Stojanova 

et al., 2016). 

Some researchers, such as Bozorgi (2012), Sadeghzade et al. (2012) and Saykhul et al. 

(2014), consider foliar feeding more efficient than ground feeding if applied according to crop 

requirements. It is not a substitute for root absorption as it is somewhat specialized and requires 

little energy to transport the elements to the action centers such as chlorophyll. It is a good way 

to supply plants with nutrients, especially micro-nutrients, to meet their needs faster compared 

to soil applied fertilization. This is especially true when used in accordance with the requirements 

of the crop, considering the nature of the fertilizer, the concentration of the active ingredient, the 

number of applications, the time of application, and the type of crop. The absorption of nutrients 

through the leaves occurs in two ways: 

1-Apoplast: Through stomata and interstitial spaces between the leaf cells until they reach the 

transporting vessels and then to other parts of the plant. 

2- Symplast: Through cytoplasmic bridges or tubes located under the cuticle layer of the 

epidermal cells of the leaves and then through the cytoplasm and from it to other parts of the 

plant (Fernandez et al., 2013; Buckley, 2015). 

            There are many factors affecting the absorption of nutrients through the leaves that must 

be considered such as the type of plant, the thickness of the cuticle layer and the surface area of 

the leaves. The nutritional status of the plant, the nature of the nutrient in the solution, and its 
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concentration will also affect efficacy of foliar applications of nutrients. In addition to the 

environmental factors surrounding plant growth, the rate of absorption of nutrients is affected by 

leaf age and physiological state as the penetration of ions is faster in new leaves compared to 

mature leaves which have a thick cuticle layer (Wojcik, 2004; Li et al., 2017).  

The addition of nutrients to the plant by foliar spray can be very effective under certain 

conditions, some of which are related to the soil. There are many reasons preventing the plant 

being provided with the nutrients it needs. Some are related to the plant as some plants have a 

weak root system or sparse branching limited to the surface layer of the soil. This does not enable 

the plant to absorb nutrients in the amounts it needs which allows foliar feeding to provide these 

nutrients to the plant (El-Fouly et al., 1995). It appears the importance of foliar feeding emerged 

from the possibility of mixing fertilizers with pesticides, which provides an opportunity to reduce 

the energy consumption required for the transport of elemental ions within the plant (Akanbi et 

al., 2007). This secures the plant's nutrient needs during the critical and sensitive stages of its 

growth that the roots are unable to provide (Khan et al., 2009). 

Choosing the right time for foliar feeding has a major role in increasing spraying efficiency. 

It is important when spraying to avoid times when evaporation is high so the leaf can absorb the 

largest possible amount of solution from its surface. The more time the nutrients remain in a 

solution on the surface of the leaf the greater the absorption of the nutrients (Raafat and Tharwat, 

2011). Evening and early morning are also good times for foliar fertilization due to low 

temperatures (Saeed et al., 2012).  
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Gibberellic Acid (GA3) 

          Gibberellic acid is a plant hormone that stimulates growth through cell enlargement. 

Gibberellins are naturally found in all plant kingdoms with growing peaks, fresh leaves, fruit, 

and newly grown seed embryos primary sources of these compounds (Taiz and Zager, 2010). 

The response of different plants to gibberellins varies according to the types of plants, their stage 

of growth, the amount and quality of internally formed gibberellin, the length of the light period 

to which the plant is exposed, and other factors (Kariali and Mohapatra, 2007). Gibberellins 

affect the promotion of stem elongation by stimulating cell elongation, overcoming genetic 

dwarfism, and encouraging cell division and expansion, as young cells respond by dividing, 

while older cells respond only with expansion (Shani et al., 2013). Gibberellins work to regulate 

the permeability of cellular membranes and encourage plant transition from vegetative to the 

flowering stage. Gibberellins also regulate plant growth and development in response to 

environmental conditions by modifying the production, distribution, or transmission of the signal 

from these hormones (Colebrook et al., 2014). The physiological effect of gibberellin is due to 

its control of enzymatic activity and its activation of metabolism processes (AL-Rumaih, 2007).  

Gibberellins activate the formation of nucleic acids and treatment with gibberellin further 

directs nutrients toward growth sites (Iqbal et al., 2011). The plant's content of gibberellins is 

usually associated with the growth and development of the plant. Roots also produce types of 

gibberellins that travel to the stems and the rest of the plant. The movement of the gibberellins 

is free within the plant as it moves down and to the top of the plant without hindrance (Tanimoto, 

2012). The biosynthesis of gibberellins inside a plant can modify the plant's tolerance to the 

surrounding environmental conditions (Iqbal and Ashraf, 2013). The use of plant growth 

regulators can improve growth, yield, and flower quality (Nuvale et al., 2010). Plant growth 
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regulators are of two types: Biotic inhibitors such as methylamine and (ABA) and inducers such 

as gibberellins, auxins, and cytokinin’s (Giannakoula et al., 2012). Growth regulators can control 

biochemical and physiological processes in plants such as controlling the chemical composition 

of plants, dormancy, amount of mineral absorption from soil, flowering, fruit set, and crop 

development (Sarkar et al., 2002). Application of growth regulator substances to regulate 

endogenous hormones and inhibit or stimulate flowering depends on the concentration and time 

of application (Shakarami et al., 2013).  

           The phytohormone gibberellic acid regulates nearly all plant development and growth 

processes, including seed growth, germination, stem and root growth, cell division, and 

flowering time. GA, when first discovered, was named after the fungus Gibberella fujikuroi 

that causes uncontrolled cell elongation and various pathological symptoms in rice (Davière 

and Achard, 2013). GA has essential functions in, pollen formation, and pollen tube 

development (Kwon et al., 2015). Gibberellic acid has many functions, such as promoting seed 

germination and seed development, promoting leaf and flower growth, promoting stem 

elongation, increasing pollen production, tolerating salinity, preventing chlorophyll 

breakdown, increasing plant life, and preventing plant aging (Rosenvasser et al., 2006; Rieu et 

al., 2008; Tuna et al., 2008).  

           Gibberellin, as a phytohormone, can modify the growth of plants throughout their life 

cycle. This is achieved through the signaling and biosynthesis pathway (Fleet and Sun, 2005). 

It is noteworthy that this high complementarity of signaling pathways is derived from the 

combined action of gibberellins and other plant hormones and other regulatory factors (Bottini 

et al., 2004). The function of gibberellic acid signaling is de-suppression, being responsible for 
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transcription regulators known as DELLA domain proteins that inhibit GA responses (Fleet  

and Sun, 2005). Basically, the activation or suppression of processes associated with GA 

signaling (growth and development) depends on the absence or presence of DELLA protein 

inhibitors (Schwechheimer and Willige, 2009). 

Effect of gibberellin on the characteristics of growth and essential oil: 

The effect of GA on plants has been demonstrated by many researchers (Brian and 

Hemming, 1955; Marth et al., 1956; Chrispeels and Varner, 1967; Roy et al., 2010; Saptari and 

Dewi, 2013). Gibberellins primarily affect cell elongation, cell division, or both. Gibberellin 

affects the plant life cycle, such as germination, seed set, flowering, leaf stretching, and fruit 

development (Phillips et al., 1998; Gomi and Matsuoka, 2003). It has been reported the application 

of GA3 is an important growth-stimulant for L. angustifolia with GA treatments increasing growth, 

rapid fruiting, and plant improvement (Heller et al., 2006). 

Al-Rawi et al. (2016) concluded that foliar spraying of gibberellic acid at a concentration 

of 100 mg L-1 on peach trees (Prunus persica L.) increased the leafy area of the plant and the 

content of the chlorophyll and carbohydrates, as well as increasing nitrogen and zinc. Sardoei and 

Shahdadneghad, (2014) found the use of gibberellin at 250 mg L-1 significantly increased leaf 

chlorophyll content in calendula (Calendula officinalis L.). Singh et al. (2017a) found a significant 

increase in chlorophyll in Capsicum annum (L.) ‘Indra’ when using 30 mg L-1 GA. In a study by 

Neware et al. (2017) on the orange plant (Citrus sinensis L. Osbeck), the treatment of the plant 

with GA at 20 mg L-1 resulted in a significant increase in leaf chlorophyll content.  

Gibberellins are involved in the growth of buds and meristems. They often work to break 

bud dormancy (Machado et al., 2011). Gibberellins affect many development processes and 

control  various aspects of seed germination, including dormancy, moreover, GAs influence the 
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transition from juvenile to maturity stage and flowering stimulation (Taiz and Zeiger, 2004).  Plant 

hormones are modified and can increase in response to environmental factors including 

photosynthesis and biotic stresses. In fact, due to some environmental changes, hormone-like 

messages are generated, and these hormonal messages are recycled between the roots and buds as 

the roots import hormones and the buds act as active hormonal pools (Jackson, 1993).  

Gibberellins have been shown to affect oil content in plants. Sofy et al. (2016) in their study 

on Chenopodium quinoa showed a significant increase in the percentage of fats in seeds when 

using gibberellin at 50 mg L-1. Selim et al. (2017) in their study on Polianthes tuberosa ‘Double’ 

found the use of GA at 150 mg L-1 caused a significant increase in plant height and an increase in 

the percentages of oil components. Chetouani et al. (2017) showed the most significant effects 

were obtained at 50 ppm and 1000 ppm of GA for each of Thymus satureioides and Lavandula 

dentata. In addition, GA3 foliar spray application increased height and oil production in Mentha 

arvensis L. (Bose, 2013). In research on lavender grown in the greenhouse, Hassanpouraghdam et 

al. (2011) assessed the effects of applying foliar GA3 on growth characteristics, essential oil 

content, yield, and some macronutrients content of French lavender (Lavandula officinalis Chaix.). 

The greatest amounts of lavender essential oil content and yield were obtained from plants treated 

with 300 mg L-1 GA3 with concentrations of more than 300 mg L-1 GA3 likely to be the preferred 

foliar application level to enhance the growth and production of the essential oil from lavender. 

Hajisamadi  et al. (2011) investigated the influence of foliar applied GA3 on growth, essential oil 

content, and lavender yield. The highest content and yield of essential oils for both offshoots and 

flowers was obtained using 300 mg L-1 GA3. Fresh and dry weight of leaves and stems were highest 

when 300 mg L-1 GA3 was applied. Application of GA3 at 300 mg L-1 significantly increased flower 

numbers. As with other traits, this concentration also achieved maximum plant height. GA3 at 300 
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mg L-1 was the most effective foliar spray treatment for lavender plants in terms of growth 

characteristics, essential oil content and yield.  

The importance of iron for the plant 

Plants need iron in small quantities, and it is one of 16 essential elements for plant growth 

and reproduction. Most plants need about 100-500 mg iron Kg-1 leaf dry weight. Iron toxicity 

appears when it is more than 500 Mg Kg-1 dry weight. Iron deficiency appears when its content 

in the leaves is about 50-100 mg Kg-1 dry weight (Barker and Stratton, 2015). Iron is found in 

the soil in several forms, and the most abundant form of iron is Fe2O3 or hematite, which is 

insoluble and gives a red color to the soil (Journet et al., 2014). Iron influences increasing the 

yield and quality of various agricultural crops (Imtiaz et al., 2010). Among the most important 

symptoms of iron deficiency are yellowing of newly formed leaves and the edges of leaves 

turning brown and, in severe cases, burn the entire leaf. The appearance of symptoms on new 

leaves is due to the difficulty of the transfer of the element in the plant. The yellowing of leaves 

is due to the breakdown and loss of chlorophyll (Taiz and Zeiger, 2010).  

Iron is important in the plant in several ways: 

• It is included in the synthesis of some enzymes such as catalase and peroxidase (as it is 
found in the porphyrin ring complex), as the catalase enzyme stimulates hydrogen 
peroxide hydrolysis into water and oxygen, and peroxidase is a family of enzymes that 
lead to metabolism of reactive oxygen species. 

• It is part of the structure of Ferredoxin which acts as an electron transporter in the 
processes of photosynthesis, nitrate reduction, sulfite reduction and nitrogen fixation. 

• It is included in the composition of Cytochromes which act as the oxygen transporter 
for photosynthesis. 

• It is included in leghemoglobin synthesis and works as an oxygen carrier in nitrogen 
fixation, and iron is an important part of the nitrogenase enzyme that affects nitrogen 
fixation in nitrogen fixing plants. 
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• Iron is the electron donor to the NADPH energy compound in the first photovoltaic 
system (Barker and Stratton, 2015). 
 

Effect Iron Chelate Fertilizer on Essential Oils 

Chelated iron fertilizer is a plant source rich in divalent iron and is effective because of 

its high stability and gradual release of iron in a wide range of pH (3-11). The advantage of 

chelating iron is the increase in the ratio of ferrous iron ion to ferric iron ion in the chelating 

surface which leads to increased chlorophyll production in the plant (Roosta et al., 2015).  

             Iron chelate has been shown to increase the yield and quality of lavender essential oils 

(Badri et al, 2015). In addition to the elements zinc and manganese (Kaviani et al., 2014), iron 

helps to increase photosynthesis, thereby increasing the production of active substances in the 

plant (Singh et al., 2016). Farahani et al (2015), indicated the use of nano iron fertilizer 

increased flower number and wet flower yield of Crocus sativus by 10 kg. But the application 

of 5 kg nano-chelate increased dry stigma and dry leaf yield, leaf iron and total iron 

concentrations. Another study reported that the effect of the significant interaction between the 

time of iron spraying and concentration on the flower yield of pot marigold,  the highest flower 

yield of pot marigold (Calendula officinalis) was obtained at the first, second and third harvest. 

The highest yield of essential oil (2.397 kg / ha) was obtained with application of humic acid 

(Amuamuha et al., 2012). Abdel-Wahab (2008) reported that micronutrients, such as iron, play 

important roles in plants. Growth and yield of aromatic and medicinal plants, such as Mentha 

pipperita, have apocrine glands in the leaves containing the essential oils. Oil content was 

increased in the plant due to the addition of nutrients. Nasiri et al. (2010) show the percentage 

of essential oils, the essential oil yield and the flower yield of M. chamomile increased by 
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adding iron. Misra et al. (2006) declared that the biosynthesis of essential oils is strongly 

influenced by iron in basil plants. 

Effect of humic acid on the growth and production of essential oils: 

Organic acids, including humic acid, Fulvic acid, and humin play an active role in plant 

growth and plant nutrient uptake. Seen and Kingman (1998) explained the acid enters the plant to 

increase the vitality of the plant as a complementary source of phenol which acts as a chemical 

intermediary increasing enzymatic efficacy and increasing the division of cells and development 

of the root system thus increasing the production of dry matter. Mataroiev (2002) also pointed 

out that humic acid has an effective role in improving soil and chemical properties through its 

interaction with soil minerals and its effect on improving the air and water properties of soil 

while increasing the absorption capacity of nutrients. Humic acid inhibits IAA Oxidase activity 

which stimulates IAA activity. IAA plays an important role in stimulating plant and root growth 

(Wandruszka et al., 1999).  

Humic acids improve the capacity of nutrient retention in the soil by its association with 

sodium, which helps the plant tolerate high concentrations of this element and protects against 

toxicity and osmotic problems (Stevenson,1994). Piccolo et al. (1993) also found alumic acid 

improves plant growth and increases its resistance to stress conditions by acting as a regulator of 

the concentration of plant hormones within the plant. Humic acid has a direct effect through the 

development of roots and nutrient intake by the plant and an indirect effect by increasing the 

absorption of both water and nutrients by plant roots (Lobartini et al., 1997). Hunic acid it 

increases the nutrient uptake by the plant and promotes absorption of calcium, potassium, 

phosphorus, and magnesium from the soil. It also plays an important role in minimizing the 
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harmful effect of adding foliar fertilizers to the soil (Hartwigson and Vans, 2000; Turkman et al., 

2004).   

               The high acidity of humic acid increases the efficiency of the soil to retain ketones and 

reduce the loss of nitrogen (Tan, 2003). Adding humic acid to the soil and plants leads to an 

increase in the percentage of nutrients absorbed by the decomposition of organic matter, which 

in turn affects the acidic nature of the soil (pH) (Harpe et al., 2000). The addition of humic acid 

activates the growth of the plant by increasing the permeability of the cellular wall and thus 

increases the absorption of water, nutrients, and oxygen, especially in the roots and increases the 

expansion of stem cells and their division and thus increases the activity of photosynthesis and 

absorption of phosphorus (Faust, 1998). Humic acid has an important role in stimulating the 

activity of microorganisms in soil improving the soil and increasing the efficiency of roots in the 

absorption of water and nutrients (Phelpstek, 2002). The addition of humic acid to the soil helps 

to reduce the loss of nutrients and leaching in the soil as it acts as a claw compound to reduce 

loss (Leonardo, 2008). Badri et al. (2015) indicated humic acid concentrations of 2500 mg 

resulted in the highest shoot dry weight and improvement in plant height, dry weight, plant fresh 

weight, number of leaves and increased lavender essential oils yield and quality.  

            Humic acid increases biomass and essential oil production. Concentrations of humic acid 

at 300 mL L-1 resulted in greater production of biomass and essential oils. Hyssop (Hyssopus 

officinalis) produced greater biomass and oil with 300 ml L-1 humic acid in the second year of 

the experiment compared to the first year (Khazaie et al., 2011). Humic acid is a natural, 

bioavailable organic matte.r  It has a great effect on plant growth and quality. However, the 

enhanced effect of humic acid was largely on the volatile oils in thyme (Noroozisharaf and 
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Kaviani, 2018). Humic acid has been widely considered a natural chelate for cationic 

micronutrients (Varanini and Pinton, 1995). Sanchez-Sanchez et al. (2006) reported the addition 

of humic acid might ameliorate Fe uptake by chelating free Fe and so hamper its immobilization. 

Humic acid is a stimulant of bacterial activity. This biologically increased activity enhanced P 

and total N content (Busato et al., 2012). Different levels of humic acid formulation significantly 

increased all quantitative and qualitative characteristics of Rosemary (Jalayerinia et al., 2017). In 

a study conducted by on potato plants, spraying with humic acid increasing the growth of shoots, 

increasing photosynthesis and leaf area activity (Ghorbani et al., 2010). 

Biological Fertilizers 

          The use of organic and bio fertilizers has a long history in agriculture and specifically 

sustainable and organic agriculture (Gryndler et al., 2006). Organic and Biodynamic agriculture 

has spread rapidly around the world helped by the rapid demand for organic farming products 

(Yasseen, 2002; Abd El-Malek, 2005). Biofertilizers are produced after isolating fungi or 

bacteria from soil. The type of microorganism is dependent on the purpose for which it is 

propagated. Then it is developed in an appropriate environment under sterile conditions. It is 

then joined to suitable special carriers to prevent contamination with other organisms that may be 

a competition or antagonist to the original organism (Alexander, 1971). The carriers are usually 

various organic materials (Lucy et al., 2004). The fertilizer is kept under appropriate conditions 

until it is used as a soil inoculant. It is added to the soil in various ways, either near the roots of 

plants, directly to the permanent field, by fogging the roots of the seedlings before transplanting 

them, or by mixing the seeds with them before planting (Lakshmana, 2000).  
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         Vermicompost has been considered a biological fertilizer. Microbiologically, 

vermicompost is an organic compound rich in macronutrients and microelements also produced 

by the interaction of earthworms and microorganisms that decompose organic matter (Yanga et 

al, 2015). Fernandez et al. (2009), also mentioned that using vermicompost in sustainable 

agriculture helps improve soil porosity and availability of nutrients. Different microorganisms 

release acids such as oxalic acid and humic acid, which helps to increase the solubility of 

nutrients in the soil (Adak et al., 2014). In this line, Blaize et al. ( 2005), mentioned that animal 

fertilizers are also considered an organic source of nutrients for sustainable plant production 

which contributes to an increase in soil organic matter, thus increasing the percentage of seed 

germination and the growth and development of roots and stems.  

Effect of Mycorrhizae fungus on the growth and essential oil 

The symbiotic association between fungi and plant roots is called mycorrhizae, which is a 

compound word of two words: Mycoss, which in Greek means fungus, and rhizae, which means 

microscopic plant roots (Hamel et al., 1991). Mycorrhizae work to improve the properties and 

composition of soils by causing physical, chemical, and biological changes by secreting 

glomalin, a protein compound that binds soil molecules between them (Wright and Upadhyaya 

1996). Mycorrhizae have a positive role in several physiological processes of plants, especially 

those related to plant nutrition (Gianinazzi, 1983). Mycorrhizal fungi may have a positive effect 

on the structure of plant and bacterial community environmental stability (Diagne et al., 2020). 

Arbuscular mycorrhizal fungal (AMF) symbiosis is known as bio enhancers of plants. These root 

colonizers influence the growth and productivity of plants (Habibzadeh et al., 2013; Begum et 

al., 2019). Baslam and Goicoechea (2012( indicated mycorrhiza improves photosynthesis 

efficiency, strengthening and regulating the antioxidant system and plant osmotic balance. The 
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mycorrhiza helps plants absorb nutrients. These processes increase growth and productivity 

under stress conditions (Abdul Latif and Miransari 2014; Habeeb et al., 2020).  Plant responses 

to fungal symbiosis differ depending on the species of plants and the type of fungi (Murphy et 

al., 2015; Zhang et al., 2013).  

Mycorrhizal fungi are divided into two types, external and internal fungi, the last one is 

considered the most important in plant growth as they form a symbiotic relationship with most 

plant species (i.e., about 80% of the plant species). These fungi grow in live media and do not 

have the ability to grow in artificial media. Mycorrhizae are found in the soil, but they are in the 

form of dormant spores or live inside the roots of dead plants before entering any symbiotic 

relationship with plants as these parts tolerate unfavorable weather  conditions such as drought 

and high temperatures (Orcutt and Nilsen, 2000). However,  when the appropriate moisture is 

available, the process of coexistence between plants and fungi begins with the hydration phase. 

Then, the activity of enzymes and metabolic activities that play a role in the formation of the 

germ tube increases. As this tube grows to connect to the root of the plant host, it secretes the 

chemical compounds that make contact between the hypha that was formed from the germ tube 

and the root surface by a structure called Apperssorenum.  New structures are then formed that 

transfer nutrients from the soil to the plant (Fig.2.1). Mycorrhizae have a positive role in several 

phylogenetic processes of the plant as it enables plants to absorb phosphorous many times 

greater than plants not inoculated (Gianinazzi, and Gianinazzi,1983).  There is sharing of the 

nutritional benefits between the symbiotic associates (Chen et al.,2018).  

In mycorrhizal plants the nutrition is transferred to the leaf of lavender much more than 

in non-mycorrhizal associated plants (Armada and Azcon, 2014). In dry soil, plants depend on 
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mycorrhizal activity to increase nutrients and  absorb water. Lavender, rosemary, and thyme were 

inoculated with fungi forming successful colonization (Pirzad and Muhammadzadeh, 2018). 

Ouahmane et al. (2006), indicated mycorrhizal inoculation with Glomus intraradices had a 

significant effect on increases in root growth and shoots of Lavandula species. While 

mycorrhizal dependency of L. stoechas was much less than that recorded for other Lavandula 

species. Differences in mycorrhizal colonization has been tested among Lavandula species. Binet 

et al. (2020), reported that in lavender, the mycorrhizal root colonization was significantly higher 

in the healthy plant compared to the diseased plant. Azcón, and Barea, (1997) reported lavender 

response to acid phosphatase activity. However, mycorrhizal inoculation largely improved P, N, 

and K uptake thereby restoring the biochemical cycling of plant nutrients. There are several 

factors which may explain the implementation of symbiosis between AMF and host plants such 

as the root exudates (Hugoni et al., 2018). The mycobacterial associations communities’ range 

along a continuum of parasitism to mutualism (Johnson et al., 1997). Li et al. (2013) indicated 

AMF regulation of plant aquaporin genes helps improves plant water status and drought 

tolerance.  Mycorrhiza caused Fe chelating and increased its uptake and mobilization in peanuts 

and sorghum by exuding different kinds of siderophores (Caris et al., 1998).  

              In a study to investigate the effect of adding three types of mycorrhizae fungi on the 

growth and yield of potatoes, Glomus mossea  led to an increase in plant height, fresh and dry 

weight of the shoots, and an increase in the number of tubers with an increase in the absorption 

of nitrogen and phosphorous (Gong et al., 2001). In a study to determine the effect of AMF on 

pollinating tomato plants , it was found that fungi had a significant effect in increasing the 

carbohydrate content of leaves, total yield, fruit weight, and fruit size (Abdel Latef and Hamed, 

2010). Most importantly, Svenningsen et al. (2018) demonstrated suppressive activity incurred 
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upon AMF by the surrounding microbiota. AMF are well known to colonize many plants. The 

activity mycorrhiza induces in plants is expected to be under the control of plant hormones, and 

these hormones may be jasmonic acid (JA), salicylic acid (SA), ethylene and abscisic acid 

(ABA) which also play an important role as signal compounds in biotic or abiotic reactions (Nair 

et al., 2015; Pozo et al., 2015). Herrera et al. (2008), also indicated that AMF colonization in 

tomato is strongly controlled by the JA signaling pathway. Moreover, JA has been shown to 

contribute to the susceptibility of tomato plants to infection with AMF and play a regulatory role 

in the development of mycorrhizal colonization (Foo et al., 2013). 

Mycorrhizal fungi were investigated for their role in the production of auxin-, 

gibberellin- and cytokinin-like substances that stimulated the growth of plants (Barea and Azcon-

Aguilar, 1982). Moreover, higher concentrations of chlorophyll have been indicated in AMF-

associated plants with increased chlorophyll level helping increase photosynthetic rates (Mathur 

and Vyas, 1995). The specialized microorganism competes with symbionts to colonize the root 

surface due to its inability to reproduce significantly in the soil, its dependence on sugars, amino 

acids, and organic acids, released by the plant and which are short-lived (Garbaye, 1991) 

(Fig2.1).  
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Figure 2.1 Nutrient exchanges and communication between a mycorrhizal fungus and plants. 
Within mutualistic mycorrhiza, the plant gives carbohydrates (products of 
photosynthesis) to the fungus, while the fungus gives the plant water and minerals 
in exchange, (https://en.wikipedia.org/wiki/Mycorrhiza). 

 

Effect of Trichoderma harzianum on growth and yield of essential oils of lavender. 

The use of fungal species against plant pathogens has received a great deal of interest 

from researchers worldwide as potential biocontrol agents in many crops, and among the most 

well-studied fungal genera is Trichoderma (syn. Hypocrea) (Yacoub et al., 2017). Qi and Zhao 

(2013) indicated that use of Trichoderma spp. is considered a new technology that has received 

https://en.wikipedia.org/wiki/Mycorrhiza
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great attention as it plays a pivotal role in helping to improve the growth and development of 

plants. Trichoderma is a genus of fungi in the Hypocreaceae family found in all types of soils 

where it is considered the most widespread cultured fungus (Harman et al., 2004). This genus 

can form mutual internal relationships with many plant species (Bae et al., 2011). Trichoderma 

are beneficial microorganisms associated with plant roots and can enhance the absorption and 

use of nutrients promoting plant growth and stimulate plant defenses and the inhibitory effects of 

plant pathogens through the synergistic activity of antibiotics and cell wall-degrading enzymes 

(Abdul Wahid et al., 2007; Aleandri et al., 2015).  Trichoderma colonizes the roots of the plant 

which promotes growth and enhances resistance to systemic diseases in the plant by endophytes 

(Doley et al., 2019). Trichoderma is very important in the fight against many pathogens because 

of its ability to release toxic substances that inhibit or limit the activity of these pathogens 

(Naseby et al., 2000). Inoculating fluorescent Pseudomonas mycorrhizal fungi with Trichoderma 

spp. significantly improved plant height and reduced Panama wilt in banana plants (Mohandas et 

al., 2010). Trichoderma as a biological control agent has been widely used to control different 

Pythium species.  

           Trichoderma has many important activities such as breaking down cell walls, producing 

hydrogen cyanide and indole acetic acid, and dissolving phosphate (Vainayarani and Prakash, 

2018. Some studies have indicated the use of applying different types of Trichoderma spp. to 

broccoli, sugar beets, tobacco, hot peppers, cucumbers, and tomato plants (Muthukumar et al., 

2011; Mbarga et al., 2012; Kipngeno et al., 2015). A study of applying the fungus 

Piriformospora indica (Pi) and Trichoderma harzianum (Th) on the morphology, yield and 

essential oils of mint showed positive effects on plant morphology and essential oil ratio. 

Trichoderma harzianum inoculated compost-modified growth medium showed suitable physical 
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properties and similar growth in the production of lavender and rosemary plants compared to the 

commercial substrate (Agulló et al., 2011). The inoculation with Th improved plant productivity 

and quality. The highest yield of essential oil was observed with the combined application of two 

fungi (Vafayi et al., 2019). A study was performed using Piriformospora indica and 

Trichoderma virens to assess the growth, morphological and physiological parameters of mung 

bean (Vigna radiate L.) (Tamalla et al., 2014). Only P. indica increased plant length and root 

length. Additionally, the fresh and dry bean weights were increased as was stem, bud, and whole 

plant dry weights when the bean seed were inoculated.  

Habitat and cultivation of Lavandula plants 

The genus Lavandula includes species of short-lived to annual shrubs which vary in their 

aroma and tolerance to drought and high temperature (Upson, 2004). Lavender originates in the 

Mediterranean basin and grows in limestone rocky areas (Swanepoel and Alberts, 2009). 

Lavender is found in North Africa, the Mediterranean, Europe, and western India (Knosravi and 

Sendi, 2013). It has been cultivated since the time of the ancient Greeks and Romans. The 

species L. angustifolia is the most important commercial species of lavender. Other important 

species are L. x intermedia and L. spica. All types of lavender are used in medicinal preparations, 

although they have different medicinal properties. Lavender can be grown in fields, gardens, or 

containers. It is cultivated commercially all over the world mainly in France, the United 

Kingdom, Bulgaria, Italy, Romania, Australia, China, Russia, and India (Lawrence,2004).  

Lavender needs the maximum amount of sunlight and heat, so it is best to plant it in full 

sun. Seedlings are planted either in the fall or in the spring. Spring cultivars are smaller and 

maintain a healthy rooting system. Lavender is planted at 120 cm between rows and 30 cm to 40 
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cm between plants. This distance between plants depends on the available moisture, size, and 

variety of cultivar as well as mechanical cultivation and harvest time (Kimbrough and Swift, 

2009). Lavender needs abundant watering for the first two years to help the plant grow well. 

Irrigation should also be done regularly in the various stages of plant growth, especially in the 

stage of flower formation, which is the stage in the life of the plant on which the percentage of 

essential oils obtained from the plant depends. Watering may increase oil production in mature 

plantings. Drip irrigation is recommended as it helps control weed growth (Ernst, 2017). There 

are very few pests or disease problems at flowering time. Excessive watering during summer, 

poor drainage and excessive moisture are the main causes of fungal diseases in lavender (Adam, 

2006). 

The genus Lavandula 

The genus Lavandula contains many different species (Fig. 8). It belongs to the 

Lamiaceae (syn. Labiatae) family and is of the Mediterranean countries of origin (Baytop, 1984). 

Varieties of this family are distinguished by their multiple pharmacological effects, such as 

anticonvulsants, calming, antispasmodic, analgesic, antioxidant, and topical anesthetics 

(Hosseinzadeh et al., 2004; Kovacheva et al., 2001). Lavandula species are distinguished by their 

high content of essential oil (EO) productivity which has economic value in the fragrance 

industry (Kovatcheva et al., 2001). The native species of lavender L. angustifolia Mill. (syn. L. 

officinalis Chaix.; L. vera DC); spike lavender, L. spica DC (syn. L. latifolia Mill.), and lavandin, 

L. x intermedia Emeric (syn. L. hybrida Revr.) are consider the most economically important 

(Gamez et al, 1990). Lavender is propagated mainly by seed, cuttings, layers, tissues culture, and 

division of roots (Hassiotis et al., 2010). Varieties derived from Lavandula angustifolia produce 

different types of lavender essential oil and are widely distributed throughout the world. The 
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different species of lavender differ in genetics and cultivation, or the conditions of growth and 

climatic factors, which have a broad influence on the chemical composition of essential oils 

(Gouyon et al., 1986; Vokou et al., 1993). Different lavender species have unique botanical 

properties and chemical ingredients with differences in the reported therapeutic uses for the 

different species. (Agricultural Research Service, 2000) (Fig.2.2). 
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Figure 2.2 Subgenus, sections, species, and cultivars within the genus Lavandula (Credit by 
AL-Garallaa) (https://www.perennials.com/plants/lavandula-angustifolia-platinum-
blonde.html). 
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Description of Lavandula species used in this study: 

According to the morphological characteristics, the genus Lavandula is divided into three 

subgenera: Lavandula, Fabricia and Sabaudia. Each subgenera is diversified into sections which 

are divided into species. For example, Lavandula includes the Divisions Lavandula, Dentatae 

and Stoechas; L. angustifolia, L. latifolia and L. lanata are species of Lavandula (Fig.2.2). 

Moreover, there are also interspecific hybrids which arise from the natural or artificial crossing 

of two species. Lavandin (Lavandula x intermedia) is derived from the cross of L. latifolia x L. 

angustifolia. It is an important type of lavender known worldwide (Upson and Andrews, 2004), 

(Fig. 2.2).   

Lavandula angustifolia 

Lavandula angustifolia is also known as true lavender and has many varieties such as 

‘Hidcote Superior’, which has a dark purple flower color, green foliage, stem length 6-8 inches, 

and blooms once a year in spring. The plant height is 20 inches. L. angustifolia contains over 51 

varieties that differ according to the original habitat and flower color (Bader, 2012). The flower 

spike consists of cymes, a branching determinate inflorescence with a flower at the end of each 

branch (Fig.2.3) either in an opposite decussate or alternate spiral arrangement, which are 

subtended by bracts (Lis-Balchin, 2002). L. angustifolia is considered the most important 

commercial species of lavender. The plants of this species are grown all over the world. This 

species has a sweeter aromatic scent that differs from other lavender species (Bader, 2012). L. 

angustifolia is also characterized by rapid growth and high yields of oil from accumulated 

monoterpenes.  L. angustifolia is widely cultivated in the Mediterranean regions to produce basic 

materials essential oils used in perfumes, cosmetics, and flavorings (Segura and Calvo, 1991). L. 

angustifolia tolerates high humidity and creates a beautiful round shape in greenery. It has many 
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important varieties including: ‘Hidcote Superior’, ‘Dwarf Blue’, ‘Thumbelina Leigh’, and ‘Blue 

River’. 

 

Figure 2.3 Lavandula angustifolia “ Hidcote” 

 

Lavandula x intermedia 

          Lavandula x intermedia varieties or lavandins are sterile hybrids of  L. angustifolia and L. 

latifolia (spiked lavender). They produce more spikes than other lavenders. It has an acquired 

camphor odor somewhat like the smell of wood. Moreover, it is characterized by the high 

production of essential oils that are superior by up to five times that of L. angustifolia varieties.  It 

is also distinguished by its beauty in the gardens. Lavandula x intermedia has several varieties, the 
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variety used in this study was ‘Provence”, which is characterized by light purple flower color, 

green foliage color, stem length 24-30 inches, and blooming once a year in early summer . The 

plant height is 48-60 inches. Lavandula x intermedia is resistant to fungi (Bader, 2012) (Fig.2.4).   

 

Figure 2.4 Lavandula x intermedia ‘Provence” 

 

Lavandula stoechas 

                Lavandula stoechas can be easily identified by its cylindrical, rolled-up flowers 

resembling rabbit ears or butterfly wings. It is characterized by plum flower color, moss green 

foliage, floral stem length of 2-4 inches, and it blooms continuously starting in early spring. It is 

known as a healing plant natively growing on the islands of Stoechades (now known as Hyeres) 

(Festing, 1989). The plant height is 25-30 inches (Bader, 2012).  Lavandula stoechas is an 
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evergreen shrub growing up to one meter (Benabdelkader et al., 2011). This species was named 

stoechas relative to a former name of the island group off the coast of France. Lavandula 

stoechas, is also known as ‘cantueso’, French lavender, Spanish lavender, or topped lavender 

(Da Porto and Decorti, 2008). Varieties of this species are distinguished by their tolerance of 

high humidity. The species often grows as small evergreen shrubs having aromatic foliage and 

flowers (Allaby, 1992). Lavandula stoechas is cultivated to extract essential oils on a small scale 

mainly in Spain for use in air fresheners and deodorants. It is widely cultivated as an ornamental 

shrub. This species has been classified as an invasive weed in a part of Australia and therefore 

strictly controlled. It is also known as French or Italian lavender (Lis-Balchin, 2002) (Fig.2.5). 
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Figure 2.5 Lavandula stoechas ‘Otto Quast’ 

Lavandula angustifolium ‘platinum blonde’ 

 ‘Momparler' lavender or ‘platinum blonde’ (Lavandula agustifolia) is an aromatic herb, 

characterized by its beautiful flowers and attractive gray leaves marked with a cream color. It is 

considered an evergreen plant but does not tolerate extreme cold in the winter. The plant needs 

pruning after flowering in early spring before new growth begins. Flower color is light blue 

blooming in early Summer, mid-Summer, and late Summer. Foliage color is grey green, 

variegated white with the plant growing to 16-23 inches (40-60 cm). ‘Platinum Blonde’ is a 
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multiple award winner including a nomination for Plant of the Year at the Chelsea Flower Show 

in 2013 (http://www.perennialresource.com/variety.php?ID=LAVPB) (Fig. 2.6). 

  

Figure 2.6 Lavandula angustifolia ‘Platinum Blonde’ (English Lavender)                                      

Chemical composition of lavender essential oils 

Natural Products 

 

Natural products are of natural origin and includes organisms, whether a plant or an 

animal, which have not undergone any kind of treatment other than simple preservation, such as 

drying. Natural products can be dried leaves or flowers of plants, an isolated animal part, 

secretions, or pure compounds, such as alkaloids, coumarins, flavonoids, glycosides, peels, 

steroids, polysaccharides, terpenoids, etc., isolated from plants, animals, or microorganisms 

(Samuelsson, 1999). However, in most cases the term natural products refer to secondary 

metabolites. Natural products can also be sourced from land or marine (Sarker  and Nahar, 

http://www.perennialresource.com/variety.php?ID=LAVPB
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2012).  The current increased interest in natural products is attributed to the need for new 

therapeutic compounds. The distinguished diversity in the chemical composition and the 

biological activities of the natural secondary metabolites along with the development of modern 

and sensitive technologies for the identification of bioactive natural products and improvement 

of techniques for isolation, purification, and chemical composition of these active compounds 

has increased interest and availability of natural products (Rout et al., 2009).  

Classification of natural products: 

 

Natural products are classified into two large sections (Mullen et al., 2006; 

Harborne1973). The first section contains the compounds involved in the initial reactions 

resulting in carboxylic and amino acids, sugars, fats, proteins, and nucleic acids. The second 

section contains secondary biological compounds, which may be classified according to the 

natural sources from which they are produced, or according to their physiological effects or 

structure, the most important of which are terpenes, steroids, alkaloids, and flavonoids. There are 

three main substances: shikimic acid, acetate, and amino acids which are the building blocks of 

secondary metabolism. The products of secondary metabolism are classified into terpenes and 

their derivatives, phenolic compounds, alkaloids and their equivalents, and antibiotics and 

vitamins.  

Methods for identifying the structural composition of natural products: 

■ Physical methods: used to determine the melting point, boiling point, solubility, aroma, and 

activity.  

■ Chemical methods: used to identify the active groups present in the natural compound 

followed by the preparation of derivatives of the same compound.  
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■ Spectroscopy methods: used to identify the structure of organic compounds and have 

facilitated identifying the natural compounds isolated. 

■ Ultraviolet spectrum: enables identification of organic compounds containing active groups 

with free electrons, or compounds containing reciprocal double bonds like turbines, as the 

wavelength containing reciprocal double bonds. 

■ Infrared spectrum: gives information about the compound and the functional groups present. 

■ Nuclear magnetic resonance spectrum provides information on the structure of organic 

molecules and the structural structure of organic compounds. 

■ Mass spectroscopy: to determine the molecular weights and identity of molecular components 

of a substance (Harborne, 1998). 

Active compounds 

Terpenes  

 

Terpenes act in plant defense as a deterrent against feeding on herbivores (Langenheim, 

1994) and as attractants for pollinators. They are widely found in nature. More than 22,000 

unique terpenoids are known today, making terpenoids the largest group of natural products. 

Among its properties are its usefulness in the storage of agricultural products, such as 

germination inhibitors in potatoes. The biotransformation of terpenes is important by producing 

enantiomerically pure flavors and fragrances under mild reaction conditions, terpenes constitute 

the largest class of plant secondary metabolites (Dudareva et al., 2004). Terpenes volatilize 

easily at room temperature and are considered major components of floral scent and essential oils 

in herbs, vegetables, and fruits (Dudareva et al., 2004; Dudareva and Pichersky, 2008).  
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All plant terpenes consist of the carbon precursor 5-isopentenyl diphosphate, and 

dimethylallyl diphosphate, both of which are derived from two alternative pathways, the 

mevalonate pathway in the cytosol or the methyl erythritol phosphate pathway in the plastids. 

Then they are converted into monoterpenes, sesquiterpenes, and diterpenes through the activity 

of terpene synthase enzymes (TPS) (Tholl, 2006). The components of the essential oil of 

lavender consist mainly of monoterpenoids and sesquiterpenoids (Shellie et al., 2002; Fakhari et 

al., 2005; Jung et al., 2005). The percentages of these components vary greatly, with (R) -linalool 

and (R) -linalyl acetate being the most abundant compounds. Other ingredients identified are (R) 

-limonene, 1,8-cineol, camphor, terpinen-4-ol, lavandulol, lavandulyl acetate and α-terpineol 

(Kreis  and Mosandl, 1992; Jung et al., 2005). Landmann et al. (2007) noted the cloning and 

biochemical characterization of two monoterpene synthases and a sesquiterpene synthase have 

been used to make significant contributions to the flavor of L. angustifolia essential oil and to 

improve essential oil production through molecular biological techniques or conventional 

breeding of economically important lavender. 

 

Terpene synthesis in lavender 

 

Lavender essential oil is a complex blend of mainly monoterpenes, for example, linalool, 

camphor, and 1,8-cineole (Lawrence 2004). Several terpenes have been isolated and cloned in 

relatives of lavender including mint and sage (Darshan and Doreswamy, 2004; Huber et al., 

2004). The functional roles of terpenoids are characterized as hormones (gibberellins), 

photosynthetic pigments (phytol, carotenoids), electron carriers (ubiquinone, plastoquinone), as 

well as communication and defense mechanisms (Langenheim, 1994). The lipophilic nature of 

many monoterpenes and sesquiterpenes  coupled with the wide and high structural diversity 
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calculate its role as chemical carriers of information (Williams et al., 1989; Croteau et al., 2000). 

The essential oils in lavender species primarily contain volatile monoterpenes and sesquiterpenes 

which are linear or monocyclic or dicyclic hydrocarbons, alcohols, or ketones (Upson and 

Andrews, 2004). Vranova et al. (2013) noted the relative contribution of each pathway to the 

biosynthesis of different classes of terpenes or even a particular terpenoid is not certain and may 

depend on specific plant species or different environmental conditions. In this line, research has 

been conducted to understand the biosynthetic pathways of essential oils. Several genes that 

encode terpene synthases (TPSs) and contribute to the production of essential oils have been 

described in different species of lavender, including D-xylulose-5-phosphate synthase DXS, 

reductoisomerase (DXR), (S) -linalool synthas (sLiS), (R) -linalool synthase (rLiR) and alcohol 

acetyltransferase (AAT) (Sarker et al., 2013; Jullien et al., 2014; Benabdelkader et a.l., 2015; 

Adal et al., 2017). Li et al., (2017) it reported that essential oils from Lavandula angustifolia 

consist mainly of monoterpenoids and sesquiterpenoids, however, the fluctuations of the volatile 

terpenoids showed a regular change in each axis. The results of the research also indicated the 

molecular mechanism underlying the regulation of volatile terpenoids during the flowering 

process is poorly understood in lavender. However, lavender blossoms are typically used for 

studying regulation of terpenoid synthesis in molecular and cellular environmental levels (Adal 

et al., 2019). Only 15 lavender-derived chains were revealed to terpenoid biosynthesis, which is 

considered insufficient compared to the frequency of identification of volatile compounds in 

lavender (Guitton et al., 2010). 
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Figure 2.7 The mono- and sesquiterpenes are derived through the condensation of the 
universal isoprenoid precursor isopentenyl diphosphate (IPP) and its allylic isomer, 
dimethyl allyl diphosphate (DMAPP) (Lane et al., 2010). 
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Figure 2.8 Schematic illustration of biosynthetic pathways to terpenoids (Ajikumar et al., 
2008). In higher plants, the MVA and MEP pathways are effective. Many mono- 
and diterpenes are produced in the plastid compartment by the non-mevalonate 
pathway. The picture is complicated by the exchange of certain terpene precursors 
between the two compartments. Cross-linking of the two pathways leads to the 
synthesis of terpenes in plastids that can be partially derived from the mevalonate 
pathway in the cytoplasm and vice versa (Bick and Lange, 2003; Laule et al., 
2003) 
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Table 1.1 Major mono- and sesquiterpenes in English lavender, lavandin and spike lavender 
(Lis-Balchin, 2002). 

Terpine 
 

English lavender Lavandin Spike lavender 

Camphor  0.5-1%  4-11%  10-20%  
 
Caryophyllene  

 
3-12%  

 
n.d.  

 
n.d.  

 
1,8-Cineole  

 
1-2%  

 
5-10%  

 
20-30%  

 
Linalool  

 
30-49%  

 
30-40%  

 
40-50%  

 
Linalool acetate  

 
30-45%  

 
20-30%  

 
<1%  

 
Ocimene  

 
2.5-6%  

 
n.d.  

 
n.d.  

 
Pinene (α and β)  

 
n.d.  

 
n.d.  

 
1-3%  
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Figure 2.9 Linalool biosynthesis pathway.  

Abbreviations used: geranyl diphosphate synthase (GDS), pyrophosphate ester (OPP), 
isopentenyl pyrophosphate (IPP), dimethylallyl pyrophosphate (DMAPP), geranyl 
pyrophosphate (GPP). Stereogenic centers are indicated by an asterisk (Woronuk et al., 2011.; 
Dewick, 2002; Cseke et al., 1998; Iijima et al., 2004). 

The history of lavender use: 

The common name lavender is derived from the Latin larvae. It is believed the first use of 

essential oils in folk medicine was by Ibn al-Baitar (1188-1248) an Andalusian doctor and 

pharmacist (Houtsma, 1993). Lavender is perhaps best known for its common use in perfumery 

and has been used medicinally throughout history. Many types of lavender are grown around the 

world. It is believed each species has different properties. Today, interest in lavender has 

increased for aromatherapy. Flowers and lavender leaves were used in the ancient Roman and 

Carthaginian washrooms to give an aromatic aroma to the water of the bathrooms where they 

were washing. They found, through experience, that lavender was good for washing their heads 

https://en.wikipedia.org/wiki/File:Linalool_Biosynthesis.png
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and that it appeared to be effective in treating mental illness. It was said that Mary Magdalene 

had an alabaster box containing lavender oil which she opened and wiped off Jesus' feet. Queen 

Elizabeth owned a farm of lavender flowers and was even named after the queen plant. 

Shakespeare also had a share of this plant where he mentioned it in a tale of the middle ages. 

Lavender was sold in the city of Neruda in Syria in the time of the Greeks where its blossoms 

were sold for 100 dinars per pound, then a very large sum.  

The Romans called it the name of girlfriends, believing there was a viper living among 

the lavender and to be careful when picking the plant as most of them thought the plant was 

closely related to ginger. In England, the prevailing belief was that it kept the clothing white, 

pure, and free of insects when washed with lavender and was called Lavyndull. Commercially, 

lavender has been grown in England for centuries. Prices of lavender grown in England were 

much higher than lavender grown in France since it contained the best oils, and the varieties of 

English lavender produced the most beautiful smells of all varieties. The use of lavender is 

attributed to the Romans and the ancient Greeks as the most famous aromatic and medicinal 

plant (Cavanagh and Wilkinson, 2002). The traditional uses of lavender range from its use as a 

fragrance to an antimicrobial agent. This herb with its powerful and effective compounds has 

been used throughout ancient times and is still considered a popular household item today. 

Recent studies have found that lavender essential oils were historically used to preserve 

potato tubers in storage instead of chemical methods (Vokou, 1993). Medicinal remedies of 

lavender were used in the 1st century AD and were mentioned by the Greek naturalist, 

Dioscorides. Lavender was used as a perfume and as a main ingredient for incense in ancient 

Egypt. It was also known as the love herb in the Middle Ages. Lavender in China was named 
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white flower oil. Its oil has been used to embalm corpses, treat animals for lice, and tame lions 

and tigers throughout historical ages (Joe et al., 1999). Flowers were used in ancient Rome and 

North Africa to smell good in public baths and were carried Roman army for use as an anti-

infectious substance (Barrett et al.,1996). Lavender was also used in the Middle Ages and 

Renaissance to store laundry. It was also said that the ancient Egyptians used lavender flowers in 

the mummification process (Duke, 1985). Lavender has also been used in Chinese medicine to 

treat many conditions including infertility, infection, anxiety, and fever (Kenner, 1998).  

Lavender has long been used in Arabic medicine to treat stomach pain and kidney problems 

(Ghazanfar, 1994). Lavender has been used in various folk traditions to treat dizziness and hair 

loss (Hay, 1998; Duke, 1985). Lavender was recognized as an herb in 1999 by Herb Growing 

and Network Marketing in the United States of America (Evelegh, 1996; Anonymous, 1999(. 

Morphology and growth habit of Lavandula:  

Lavender is an herbaceous plant (Fig. 1) commercially cultivated for the extraction of 

essential oils in France, Spain, America, Bulgaria, and England (Cawthorn 1995; Vakili et 

al.,2014). It is also cultivated in India as well as other parts of the world because of its 

characteristic aromatic oil with medicinal properties found in its flowers (Basch et al., 2004; 

Naðalin, 2014). The plant height is between 50 to 70 cm, a shrub that blooms in mid-July and 

prefers to grow in sunny areas  (Upson, 2002) with leaves that are different by species. In 

general, the leaves are simple, covered with soft hair and small glands containing essential oils. 

The leaves have curly edges and are colored in silver and green and covered with indumentum 

that protects them from strong sunlight and desiccation (Upson and Anderson, 2004). The 

flowers are carried on a petiole where the flower rises above the leaves. In some species, the 

bracts of bright colors may be blue or purple and sometimes a yellowish purple color. The bracts 
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are tubular with five lobes (Upson and Anderson, 2004). Lavender is suited to warm conditions, 

temperatures of 26℃, and develops best under long days in sun and needs dry, well-drained soil 

with a 6.0-8.0 pH (Grieve, 1971; Ernst, 2017). The harvest is done manually or mechanically 

according to the required use (Ernst, 2017). 

 

Figure 2.10 Lavender plants in the field. 

(https://www.google.com/search?q=picture+of+lavender&sxsrf=ALeKk01keTVtO8tBcPLedbdP
lVZ5p-m2oQ:1623011650120&tbm=isch&source)  
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L. intermedia     L. stoeches     L. angustifolia 

Figure 2.11 The three species of lavender used in the current study (photo credit : Keefah Al 
Garallaa). 
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Figure 2.12 Lavandula angustifolia ‘Platinum Blonde’. 

(https://www.easytogrowbulbs.com/products/lavender-platinum-blonde?variant) 

The stages of maturity 

Lavender inflorescences are spikey, that is, inflorescences of an indeterminate main axis 

(central flower stalk) arranged in circles of opposite pairs (Fig.2.11). Lavandula angustifolia is 

characterized by a perpendicular remote control at the base of its non-branching center stem and 

all vertical columns are equal in size to the top of the inflorescence, while the L. x mediator 
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produces a branched inflorescence (Figure 2.13) lateral inflorescences, and an unlimited number 

of vertical columns of equal size at first and then at an increasingly smaller size towards the top 

of the inflorescence. In lavender species, VOCs are produced and accumulate in specialized 

trichomes scattered on the surface of all green tissues such as leaves, calyces, stems and bracts 

(Schmiderer et al., 2008). The stage of development of inflorescences is known to affect the 

nature of the volatile terpenes that accumulate in the leaves of many plant species including 

members of the Lamiaceae such as lavender, sage, and mint (Sangwan et al., 2001). No study 

has evaluated the effect of flora development on biosynthesis and accumulation of volatile 

terpenes in lavender.  
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Figure 2.13 A. Lavender seeds, B. Lavandula stoechas growing in the greenhouse, C and E L. 

angustifolia ‘Platinum Blonde’, D. experiment in the greenhouse, Fand G. L 

angustifulia, H. L. x intermedia, I. development of flowers, J, K, L, flowering for 
three species of lavender, M, N, and O. flowering of L. angustifulia and L. x 

intermedia, P. the Soxhlet used to extract essential oils of lavender, Q and R. the 
samples after the extraction. (photo credit: Keefah Al Garallaa) 
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Description of flowering and flowering areas 

Lavender inflorescences are spikey, i.e., inflorescences of an indeterminate main 

axis (Central flower stalk) which are organized in rings of opposite pairs. Lavender 

blossoms are distinguished by their floral arrangement’s  different stages of ripening, 

from immature to pale colored, while open flowers are distinguished by being scattered 

on different columns during the stages of flowering development (Guitton et al., 2010). 

Lavandula essential oils are stored in glandular hair distributed over the aerial parts of the plant, 

especially in flowers (Sudria et al., 1999). The oils from Lavandula species are easily released 

from glandular filaments in flowers during the distillation process (Werker, 1993). The essence 

accumulates in an area under the skin and then the essence is released   by tearing of the 

epidermis (Figueiredo et al., 1994). Bloom time of lavender depends on the variety and 

your growing conditions particularly sun and warmth. Some lavender blooms once a 

season for 3-6 weeks while a few blooms continuously all summer. Others can bloom 

twice and even three times if the finished flowers and stems are removed promptly 

 )https://empressofdirt.net/grow-lavender/). 

Oil provenance 

It could be only climatic factors that affect volatile oil production and chemical 

composition (Elena and Daniela, 2017). The accumulation of terpenoids in plants determines 

their synthesis according to different temperatures in the soil, air, rain, and hours of sunshine. 

Perhaps the most important factor is the distribution of sunlight hours over the volatile portion of 

plant matter. Fresh lavender flowers are the basis of volatile oil and fresh flowers have more 

complex formation while the dried flowers change their odor and pharmacokinetics. 

https://empressofdirt.net/grow-lavender/
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Lavandula harvest 

The best time to harvest lavender is early morning. Harvesting in early spring gives the 

plant enough time to produce another crop of flowers again in late summer through fall. This is 

typical of a short summer growing season. In frost-free climates, some types of lavender may 

bloom year-round, so that small crops may be harvested over and over throughout the year  

(Deanna, 2020). Wahyuni et al. (2021) mentioned that post-harvest drying affects the volatile 

composition of flavor components. Erbas and Baydar (2008) indicated the fresh yield of 

flowering stems harvested by hand was about 2.5 tons/hectare and about 1-2% oil extracted 

using steam distillation after air drying in the sun. The harvest method has a great influence on 

the essential oil yield (Çiğdem et al., 2021). 

Environmental conditions and their effect on lavender oil: 

         One of the important factors contributing to increased production of essential oils with 

good quality is the length of the day (Ellis, 1960). Low temperatures adversely affect the 

increase in production of essential oils (Sangwan et al., 2001). Environmental conditions, genetic 

characteristics, harvest time and plant fraction used (flowers vs. foliage) have a direct impact on 

content of essential oils (Marotti et al., 1996; Munoz-Bertaneu et al., 2009). The method of 

planting and cultivation may affect the production of oils (Atalay et al., 2008). There is also an 

impact on essential oil production due to distillation and drying methods of plant parts (Pinto et 

al., 2007; Baydar and Erbas, 2007). Production of linalool in lavender depends on temperature, 

flower growth and rainfall (Prusinowska and Emigielski, 2014; Hassiotis et al., 2014). 

Environmental factors such as temperature, precipitation, moisture, and minerals affect the 

productivity of secondary metabolites of plants as they affect gene expression pathways (Nair et 

al., 2000). There is a reverse relationship between the production of essential oils and 
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temperature on lavender (L. angustifolia) during the flowering period (Silva et al., 2013). As in 

lavender, the production of aromatic oil in mint increased with high temperatures and sunny 

days, although excessive temperatures lead to a loss of essential oils (Evans, 2002). The oil 

content of the leaves in aromatic plants may decrease when exposed to low temperatures and 

rainfall (Hassiotis et al., 2014). However, low soil moisture may lead to an increase in essential 

oils (Sonmez and Bayram, 2017). Hassiotis et al. (2014) pointed out the essential oils of lavender 

may be affected by climatic conditions when harvested during the day further explaining why the 

aromatic oil content and quality of lavender may change after harvest. In addition, soil nutrients 

may have a significant effect on the production of essential oils in medicinal plants (Tayade et 

al., 2013). 

Baydar, H.A.S.A.N. and Erbaş, S., 2007, April. Effects of harvest time and drying on 

essential oil properties in lavandin (lavandula× intermedia emeric ex loisel.). In I International 

Medicinal and Aromatic Plants Conference on Culinary Herbs 826 (pp. 377-382). 

Essential oil compounds: 

Essential oils are oils that contain the "essence" of the plant, such as its smell or flavor. 

Essential oil compounds in plants are secondary products. Only 20-30% of all plants have been 

researched so far for their essential oils (Wink, 1999; Ceylan, 1997). Some of these secondary 

compounds are malodorous while others are very pleasant. They are produced in small 

quantities, from 0.01- 20% of the plant, based on tissue fresh weight (Rumbangh, 1999). 

Essential oils are used in aromatic products and to add flavor to food and beverages. A primary 

use is for aromatherapy. Some oils, such as tea tree oil, are prescribed as a home remedy for a 

variety of different diseases from acne to dandruff. Tea tree oil makes up 36 percent of the global 
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essential oil market, more than any other type of essential oil. Another popular essential oil, 

lavender oil, is expected to grow in market value. According to Runham (1998), the global trade 

in essential oils increased by 40% from 1984 to 1998.  The global demand for essential oils is 

expected to increase dramatically between 2018 and 2025; From about 226.9 kt to 404.2 kt 

(Shahbandeh, 2019) (Fig.2.14). 

 

Figure 2.14 Market demand of essential oils worldwide from 2018-2025 (Source: Global 

demand of essential oil 2018-2025; Shahbandeh, 2019). 

 

Volatile oils are one of the primary products produced by plants, especially medicinal and 

aromatic plants. These oils are a mixture of various organic substances of varying composition 

such as hydrocarbons, aldehydes, ketones, alcohols, esters, and others which are volatile at 
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normal temperatures. Most oils exist in a free, liquid state while a few are solids or resins. 

Essential oils oxidize when exposed to light and air and turn into solid resins. The volatile oils 

are single terpenes and sesquiterpenes. Volatile oils evaporate or volatilize without decomposing 

distinguishing them from fixed oils. Volatile oils do not become rancid with exposure to direct 

light and air (Hariharan et al., 2009). 

The volatile oils are divided into two main groups: 

Oleoptenes (syn: eleoptene) 

Oleoptenes are the liquid part of the essential oil. These hydrocarbons are made up of 

isotopes of terpene hydrocarbons with each isoprene unit consisting of 5 carbon atoms and their 

chemical isoprene unit. The isoprene units are combined with the formation of volatile oils in the 

plant. 

Stearoptenes 

Stearoptenes are the oxygenated solid parts of an essential oil. The medicinal effect of oil 

is usually attributed to oxygenated compounds which have the odor and taste of the essential oil. 

Most of the important essential oil components may be oxygenated compounds (Tyler et al., 

1988). 

Lavender Essential oil compounds  

Lavender oil has been used in folk medicine as an aromatherapy treatment to relieve pain, 

relieve anxiety and promote energy (Lahlou, 2004; Kako et al., 2008; Kiecott-Glase et al., 2008). 

Lavender oil is added to cleaning materials, furniture cleaning materials and to food and drinks. 

It gives flavor and fragrance. The chemical composition of essential oils in lavender has been 

investigated since the 1930s. Aromas extracted from flowers used in the perfume industry are 
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made up of 70% terpenoids (Stashenko and Marlinez, 2008). Lavender flowers are the main 

source of lavender oil for perfumes (d’Acampora Zellner et al., 2006).  Acyclic 

monoterpene compounds are essential oils used in the composition of flavors and perfumes 

(King and Dickins, 2003). Linalool is an acyclic monoterpene alcohol and an important 

component of the essential oil in lavender. Linalool is found in more than 200 species of plants 

belonging to different families (Stashenko and Martinez, 2008). Linalool and linalyl are 

considered the most essential compounds in lavender oil (Fig.2.15) (Buchbauer et al., 1993).  

As a result of environmental influences, lavender oil undergoes many chemical modifications 

(Hagvall et al., 2008). Oxolinalod, 8-hydroxylinalool, and 8- carboxylinalool are derivatives of 

linalool (Aprotosoaie et al., 2017). Studies have also shown lavender leaves contain cytochromes 

that generate linalool metabolites (Boachon et al, 2015). The medicinal and olfactory properties 

of lavender oil are mainly attributed to monoterpenes, which are the group of volatile organic 

compounds that make up the essential oil of lavender and are responsible for lavender's 

distinctive aroma. There are forty to fifty different monoterpenes in lavender essential oil, with 

linalool, linalool acetate, 1,8-cineole, beta-osmine, terpinene-4-ol and camphor the main 

ingredients (Kreis and Mosandl, 1992; Flores et al., 2005). The quality of the oil used 

medicinally is determined by the ratio of monoterpenes with the required biological activity. For 

example, linalool acetate and linalool, which are present in large quantities in L. angustifolia, 

have sedative and local anesthetic effects, however the use of the variety in disease treatment 

depends on the type of compounds of the essential oils present in it (Chu and Kemper, 2001). 

There are three types of lavender, Lavandula angustifolia (formerly L. officinalis, English 

lavender), L. latifolia (Spike lavender) and L. x intermedia (Lavandin), primarily used for 
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producing quality lavender oil (Table. 2.2). Each species of lavender has a unique chemical 

composition as follows: 

• Lavandula angustifolia – predominately esters and alcohols  

• Lavandula stoechas – predominately ketones 

• Lavandula latifolia – predominately oxides, alcohols, followed by ketones and  

monoterpenes. 

 

Figure 2.15 structures of linalool and linalyl acetate 
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Figure 2.16  The Structure of major chemical components of Lavandula angustifolia (Salehi et 
al., 2018). 

 

 Many compounds, the most important of which are linalool, linalyl and camphor, can be 

obtained from the process of distillation of lavender flowers or leaves (Table.2.2). These 

compounds are responsible for the medicinal properties of lavender oil (Umezu et al., 2006; Dupuy 

et al., 2014). (Miri et al., 2015). Lavender oil containing high amounts of linalool and linalyl 

acetate and a low quantity of camphor is considered positive for the pharmaceutical and cosmetic 
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industry (Cavanagh and Wilkinson, 2002; Shellie et al., 2002). The aromatic oil in lavender may 

vary between 2.19-4.45% (Hassiotis et al., 2014). 

Table. 2.2 Chemical components of lavender essential oil (Hui et al, 2010).  

 

NO. Compound % 

1 a-Phellandrene 0.09 
2 1S-_-Pinene                                                                                            0.3 
3 Camphene 0.27 
4 1-Octen-3-ol 0.17   
5 Bicyclo[3.1.0]hexane, 4-methylene- 1-(1-methylethyl)- 0.15 
6 ꞵ -Pinene 0.43 
7 Bicyclo[3.1.0]hex-2-ene, 4-methyl- 1-(1-methylethyl)- 0.39 
8 Acetic acid, hexyl ester 0.25 
9 3-Carene 0.16 
10 Benzene, 1-methyl-4-(1-methylethyl)- 0.04 
11 Benzene, 1-methyl-2-(1-methylethyl)- 0.19 
12 D-Limonene 0.55 
13 Eucalyptol 7.32 
14 1,3,7-Octatriene, 3,7-dimethyl- 0.99 
15 1,4-Cyclohexadiene, 1-methyl-4-(1- methyl ethyl)- 0.05 
16 cis-_-Terpineol 0.13 
17 Linalool oxide trans 0.30 
18 1S-_-Pinene 0.34 
19 1,3,7-Octatriene, 3,7-dimethyl- 25.10 
20 Octen-1-ol, acetate 0.62 
21 Butanoic acid, hexyl ester 0.12 
22 Camphor 3.79 
23 4-Hexen-1-ol, 5-methyl-2-(1-methylethenyl)-, (R)- 0.22 
24 Borneol 1.54 
25 3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)- 1.56 
26 Butanoic acid, octyl ester 0.48 
27 p-menth-1-en-8-ol 0.98 
28 1,5-Dimethyl-1-vinyl-4-hexenyl butyrate 43.73 
29 Bornyl acetate 0.17 
30 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate 1.42 
31 4-Hexen-1-ol, 5-methyl-2-(1-methylethenyl)-, acetate 0.27 
32 1H-Benzoimidazole, 5-amino-1-ethyl 0.07 
33 4-Hexen-1-ol, 5-methyl-2-(1-methylethenyl)-, acetate 0.40 
34 1,3,6,10-Dodecatetraene, 3,7,11-trimethyl-, (Z, E)- 0.06 
35 Caryophyllene 4.38 
36 Di-epi-. alpha. -cedrene 0.20 
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Table 2.2 (continued) 

37 Isocaryophillene 0.05 
38 a-Caryophyllene 0.11 
39 1,6,10-Dodecatriene, 7,11-dimethyl -3-methylene-, (Z)- 0.58 
40 1,6-Cyclodecadiene, 1-methyl-5-met hylene-8-(1-methylethyl)-, [s-(E, E)]-  0.68 
41 1,6,10-Dodecatriene, 7,11-dimethyl -3-methylene-, (E)- 0.07 
42 Spiro [5.5] undec-2-ene, 3,7,7-trime thyl-11-methylene-, (-)- 0.07 
43 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate, (E)- 0.20 
44 Bicyclo[4.4.0]dec-1-ene, 2-isopropyl-5-methyl-9-methylene- 0.20 
45 1-Methylene-2-vinylcyclopentane 0.05 
46 Caryophyllene oxide 0.61 
47 Copaene 0.17 

 

Use of lavender oil: 

Lavender oil has been used in the treatment of sedative disorders, antidepressants, infections, 

antivirals, and antibiotics, as well as gastrointestinal, systemic, and rheumatic disorders (Danh et 

al., 2012; Wilkinson, 2002) (Fig.2.17). Lavender oil has been shown to improve sleep in older 

people (Hudson, 1996) and in infants (Field et al, 2008). It increases deep sleep when inhaled 

during sleep (Goel et al., 2005). Lavender oil also works to reduce anxiety by improving the 

nervous system receptors of amino butanoic acid (Kessler et al., 2012). It was also found 

lavender oil vapor works to remove the odors found in some hospitals (Millot and Brand, 2001). 

Lavender oil is associated with emotion such as happiness and joy and has been classified as one 

of the oils most associated with the autonomic nervous system. (Ismaili et al., 1997). Walsh and 

Wilson (1999) found mixing lavender oil with rosemary increased the improvement of patients 

in intensive care with no negative results. They also found that people who inhaled lavender oil 

for a period of 3 minutes were more relaxed, less worried and increased their sleepiness (Diego 

et al., 1998). The use of lavender oil for a period of 10 to 15 minutes significantly improved 

cognition in people with dementia (Kilstoff and Chenoweth, 1998). 
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Lavender oil is thought to have a function like benzodiazepines (Tesserand, 1988). 

Benzodiazepines are the therapeutic agents most often used in the treatment of generalized 

anxiety disorder and insomnia and they also find utility in the treatment of panic disorder 

(Beaumont, et al., 1990; Uhlenhuth, et al., 1999). They can act as anticonvulsants, sedatives / 

hypnotics, anxiolytics, and muscle relaxants. They produce heterogeneous memory loss and are 

used as anesthesia or anesthesia aid (Ashton,et al., 1994). It is also prescribed to treat sleep or 

anxiety disorders. Lavender oil is quickly absorbed through the skin by nerves and muscles 

within 19 minutes after topical application with a massage (Jager et al., 1992). Linalyl acetate 

has been used in traditional medicine because of its anesthetic effect (Tisserand and Balacs, 

1999). Lavender oil from L. stoechas is characterized by high content of camphor, which leads to 

convulsions when used at high concentrations (Tisserand and Balacs, 1999). Linalool also affects 

brain activity (Yamada et al., 1994). Lavender was officially recognized as a treatment when it 

was named by Herb Growing and Network as the United States of America Herb of the year 

1999 (Evelegh, 1996). The plant is also used for decorations spices and disinfectant against 

germs and fungi (Hanamanthagouda et al., 2010). Lavender oil has also been used as an anti-

inflammatory and anti-cramp and to reduce anxiety and stress (Hajhashemi et al., 2003; Gilani et 

al., 2000; Field et al., 2008). It is also an antidepressant, sedative, and immune stimulant 

(Cavanagh and Wilkinso, 2002; Yang et al., 2010).  

As studies suggest, the use of essential oil of lavender may be safer and more effective since 

it has low toxicity and few side effects in the treatment of inflammatory diseases (Gosselin et al., 

2011). Lavender oil was used as a pain reliever and for rheumatism (Hajhashemi et al., 2003). 

There are also studies on the use of lavender oil in the treatment of the heart muscle for problems 

caused by isoproterenol (Singal et al., 1981). Lavender oil is also used in the manufacture of 
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sweets, drinks, ice cream and chewing gum (Hassiottis et al., 2010). The large quantities of the 

residues from oil extraction from the lavender plant have also been used as fertilizer (Lubbe and 

Verpoorte, 2011; Schmidt, 2010).  

There are three ways in which essential oils can be absorbed in the human body: 1) through 

the respiratory system, 2) transdermal via direct contact, and 3) oral ingestion (Perry, 2006). 

Some evidence indicates the absorption of essential oil has a greater effect in the bloodstream, 

whether by inhalation or by skin contact, in the treatment of pain, anxiety, sleep disturbances and 

depression (Heuberger et al., 2001). Frey et al. (2002) showed the therapeutic agents could 

bypass the blood-brain barrier by absorbing the oil through the sense of smell in mice. This was 

later confirmed in humans (Born et al., 2002; Hallschmid et al., 2004). Lavender is commonly 

used today to make perfumes, soaps, bath powders, talcum, and candles, scented sachets and 

small quantities used to flavor teas and foods, as in the French Herbs de Provence (Szejtli et al., 

1986). The oil extracted from flowers, is considered one of the most beneficial and versatile 

essential oils commonly used in aromatherapy (Welsh, 1995). Lavender essential oil has also 

been used to treat a wide range of ailments including stress, anxiety, depression, fatigue, motion 

sickness and high blood pressure. Treating colic and stimulating the appetite (Duke, 1985). A 

mixture of lavender and peppermint essential oils is also recommended to relieve tension 

headache (Anonymous,1998). 
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Figure 2.17 Benefits of lavender essential oils (created by Keefah Al Garallaa). 
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General qualities of essential oils 

1- Odor: Essential oils are characterized by a distinctive aromatic smell, as each oil has its own 
distinctive aroma. 

2- Texture: All essential oils are liquid at normal temperature. 
3- Color: The essential oils are primarily colorless, but some have a pale-yellow color, and some 

have a slight redness. This is when the oil is fresh and has not undergone oxidation or 
decomposition factor and has not been subjected to any abnormal factors during the process 
of extraction. 

4-  Volatilization: Essential oils are volatile substances when at normal temperatures. This 
distinguishes them from fixed oils that do not volatilize at normal temperatures. 

5- Solubility: Essential oils melt in most organic solvents such as ether, absolute alcohol, and 
petroleum ether, but have low solubility in water. 

6- Refractive index: Essential oils are known for their high refractive index. 
7- Specific gravity: Most essential oils are lighter than water, except for some oils such as 

cinnamon oil and clove oil. 
8- Optical rotation: Essential oils have the properties of optical rotation, through which it is 

possible to identify the quality of oil and its detection (Langeveld et al., 2014; Reeds et al., 
2000). 

Biological activity of Lavandula essential oil 

Lavender is one of the most popular perfumes used in commercial aromatherapy (Burnett 

et al., 2004).  However, the bioactive compounds of Lavandula species can be used as novel drug 

treatments. Antioxidant, anti-inflammatory, antibacterial, anti-fungal, antiseptic, antibacterial, 

anticholinergic, antiepileptic, antispasmodic, neuroprotective, anxiolytic, sedative, analgesic, 

hyaluronidase, and lipid-inhibitors are the most common biological activities of Lavandula spp. 

These activities have been examined in-vitro, and in-vivo in clinical trials in numerous studies  

(Başer and Buchbauer, 2016).  
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Table 2.3 Chemical description of Linalool. 

Molecular Formula: C10H18O 

Synonyms: 

(-)-Linalool 
126-91-0 
L-Linalool 
(3R)-Linalool 
(R)-(-)-Linalool  

Molecular Weight: 154.25 g/mol 

(https://pubchem.ncbi.nlm.nih.gov/compound/Linalool). 

 Linalool acetate belongs to the class of organic compounds known as cyclic 

monoterpenoids (Table. 2.3). These monoterpenes are cycle-free. Linalool acetate is 

characterized as a solid and is considered practically insoluble (in water), Linalool acetate is 

mainly located in the cytoplasm. Linalool acetate is found in all eukaryotes, from yeast to 

humans. Linalool acetate is a potentially toxic compound 

(https://pubchem.ncbi.nlm.nih.gov/compound/Linalyl-acetate). 
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Table 2.4 Chemical and Physical Properties of linalool  

 

(https://pubchem.ncbi.nlm.nih.gov/compound/3R_-3_7-dimethylocta-1_6-dien-3-ol.2020). 

Property Name Property Value 

Molecular Weight 154.25 g/mol 

XLogP3-AA 2.7 

Hydrogen Bond Donor Count 1 

Hydrogen Bond Acceptor Count 1 

Rotatable Bond Count 4 

Exact Mass 154.135765 g/mol 

Monoisotopic Mass 154.135765 g/mol 

Topological Polar Surface Area 20.2 Å² 

Heavy Atom Count 11 

Formal Charge 0 

Complexity 154 

Isotope Atom Count 0 

Defined Atom Stereocenter Count 1 

Undefined Atom Stereocenter Count 0 

Defined Bond Stereocenter Count 0 

Undefined Bond Stereocenter Count 0  

Covalently Bonded Unit Count 1  

Compound Is Canonicalized Yes   

https://pubchem.ncbi.nlm.nih.gov/compound/3R_-3_7-dimethylocta-1_6-dien-3-ol
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Figure 2.18 Chemical structure depiction linalyl (C12H20O2) 

 

Table 2.5 Chemical description of Linalyl  

Molecular Formula: C12H20O2 or CH3COOC10H17 

 

Synonyms: 

LINALYL ACETATE 
115-95-7 
Linalyl acetate 
 
Bergamiol 
 
3,7-dimethylocta-1,6-dien-3-yl acetate  

Molecular Weight: 196.29 g/mol 

(https://pubchem.ncbi.nlm.nih.gov/compound/Linalyl-acetate).  

https://pubchem.ncbi.nlm.nih.gov/#query=C12H20O2
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Table. 2.6 Chemical and physical properties of linalyl 

 

Property Value 

Molecular Weight 196.29 g/mol 

XLogP3-AA 3.3 

Hydrogen Bond Donor Count 0 

Hydrogen Bond Acceptor Count 2 

Rotatable Bond Count 6 

Exact Mass 196.14633 g/mol 

Monoisotopic Mass 196.14633 g/mol 

Topological Polar Surface Area 26.3 Å² 

Heavy Atom Count 14 

Formal Charge 0 

Complexity 237 

Isotope Atom Count 0 

Defined Atom Stereocenter Count 1 

Undefined Atom Stereocenter Count 0 

Defined Bond Stereocenter Count 0 

Undefined Bond Stereocenter Count 0 

Covalently Bonded            Unit Count         1 

Compound is canonicalized       Yes 

(https://pubchem.ncbi.nlm.nih.gov/compound/3R_-3_7-dimethylocta-1_6-dien-3-ol.2020). 

https://pubchem.ncbi.nlm.nih.gov/compound/3R_-3_7-dimethylocta-1_6-dien-3-ol
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IMPACT OF IRON CHELATE AND GA3
 
ON GROWTH AND PRODUCTION OF 

ESSENTIAL OILS IN LAVANDULA 

Abstract 

The diversity of medicinal and aromatic plants requires special attention through 

improved production of some species, such as Lavandula sp. L. A greenhouse experiment was 

performed to assess the effects of GA3 and iron chelate on the growth characteristics and 

essential oil content and yield of three lavender species: Lavandula x intermedia, L. angustifolia, 

and L. stoechas. The following treatments were applied in a factorial using a RCBD with five 

replications: GA3 foliar spray at 0, 200, or 400 mg/L, and iron chelate foliar spray at 0, 1, 2, or 3 

g/L. The experiment was repeated two times. The essential oil was extracted from the air-dried 

flowers, leaves, and stems using 70% ethanol in a Soxhlet distillation apparatus for 9 h per 

sample. Growth parameters measured included plant material dry weight, plant height, number 

of branches, number of flowers. Essential oil production was evaluated based on the plant 

material dry weight. Both quantity and quality of oil were examined. GC/MS analysis was used 

to quantify essential oil content and identify essential oil components of the dried flowers, 

leaves, and stems. Essential oil ratio and yield were greatest in all species with applications of 

400 mg/L GA3, and 3 g/L iron chelate. Only 400 mg/L GA3 with 3 g/L of iron chelate affected 

growth parameters. Lavandula stoechas flower number was not affected by GA3 or iron chelate.  

Iron chelate at 3 g/L increased the production of essential oil. The preferred treatment to enhance 
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growth and essential oil production of Lavandula was determined to be 400 mg/L GA3 with 3 

g/L iron chelate.  

Keywords: Lavender, Iron chelate, Gibberellic acid, essential oil, GC-MS 

Introduction 

The genus Lavandula belongs to the Lamiaceae family and is native to the Mediterranean. It is 

cultivated worldwide for its therapeutic and economic value as well as for ornamental and 

decorative purposes (González-Coloma et al., 2011; Touati et al., 2011). The genus consists of 

about 30 species and 100 varieties grown mainly for essential oils. In addition to the essential oil 

economic value, lavender contains phenolic compounds known as antioxidants and has 

pharmacological properties. Lavender is used as a spasmolytic, carminative, gastric, or diuretic 

and is nowadays used as a mild sedative and medicine in various phytopharmaceuticals (Basch et 

al., 2004; Cavanagah and Wilkinson, 2002). There are  three important lavender species with 

high commercial value in the world: Lavender (Lavandula angustifolia. Syn. L. officinalis, L. 

vera), Lavandin (Lavandula × intermedia [L. angustifolia × L. latifolia] Syn. L. hybrida), and 

Spike lavender (Lavandula spica Syn. L. latifolia) (Tucker, 1985). Lavender flowers contain an 

essential oil of primarily linalyl acetate (40%), linalool (30%), limonene, beta-osmine, 1,8-

cineole, camphor, beta-terpineol, and borneol, but also, phenolic acids (rosmarinic acid), ursolic 

acid, coumarin (umbelliferone, herniarin), flavonoids and sterols (Nartowska J., 2012). Lavender 

essential oil contains high levels of linalool and linalyl acetate and the mild essential oils 

lavandolyl acetate, terpenine-4 ole, and lavandulol. Lavender may contain different levels of 1,8 

cineole and camphor (McGimpsey 1999). The calming effect of lavender appears to be due to the 

presence of the compound linalool, a mono terpene, one of the main components of lavender oil 
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(Linck et al., 2009). Research indicates lavender oil acts on the gamma-aminobutyric acid 

(GABA) pathways thus acting as a general inhibitor of neurotransmission )Huang et al., 2008).  

Essential oils are widely used in cosmetics, and perfumes. Due to the aroma and 

properties of lavender essential oil, it can be used as an insect repellant, a relaxant, antioxidant, 

and anti-microbial agent (Sabara and Kunicka-Styczynska, 2009). Many internal and external 

factors influence growth, development, and secondary development metabolite biosynthesis and 

accumulation in medicinal and aromatic plants (Hassanpouraghdam et al., 2008). Gibberellins 

are among the plant hormones that encourage growth and are found naturally in all plants of the 

plant kingdom in the developing stems, young leaves, fruits, and early seed germination (Taiz 

and Zeiger, 2010). Gibberellins are plant growth regulators (PGRs) that stimulate accelerated cell 

division and enlargement causing unique effects on the flowering behavior of plants (Abdul et 

al., 2009; Akter et al., 2007). Treatment with gibberellins contributes to the transferring of 

nutrients to a greater degree towards the site of growth. (Iqbal et al., 2011). The use of PGRs is 

one of the techniques that helps in increasing the growth and the active substances of many 

medicinal plants. Iron, although it may be required more than other trace minerals, is considered 

a trace mineral essential for plants (Taiz and Zeiger, 2010). It is the primary co-factor for 140 

enzymes that include biochemical reactions (Brittenham, 1994). Jensen (2004) showed that 

seaweed extracts contain auxins, gibberellins, and cytokinins and spraying on plants increases 

roots absorption of nutrients, stem thickness and growth.  

Micronutrients improve the vegetative growth and increase plant yield. They are 

necessary components for building organic compounds and improving the course of vital 

activities inside the plant, which is reflected in the growth and active substances in the plant 

(Haynes and Goh, 2013). In this specific context about lavender, more clarification is needed 
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regarding the advantages and disadvantages of using minerals to improve the production volume 

and quality of essential oils (Shekofteh et al., 2013).  

The aim of this study was to evaluate the effect of different rates of iron chelate and GA3 

on greenhouse production of lavender (Lavandula sp.). This work was carried out to study the 

performance of three varieties of lavender in response to foliar applications of chelated iron and  

GA3 under greenhouse conditions. In this investigation we studied the effects of chelated iron 

and GA3 on essential oil yield and quality and morphological characteristics of three species of 

lavender aiming to the future cultural management of this high- value aromatic plant.  

Materials and methods 

Plant material and experimental design 

The experiments were conducted in two seasons in the greenhouse from February to 

August 2019-2020. Lavender cuttings were obtained for three cultivars (Fig 3.1) Lavandula × 

intermedia ‘Provence’, L. angustifolia ‘Hidcote’ (Fig 3.1), and L. stoechas ‘Otto Quast’ (Fig 3.3) 

(Emerald Coast Growers, Inc., Pensacola, FL). They were planted in 15 cm (1 L) containers in a 

peat-based substrate (Pro Mix BX, Premier Tech Horticulture, Quakertown, PA) when their 

height was 15 cm. A total of 180 plants were potted in the greenhouse between 2019-2020. No 

pesticides were used throughout the trial period. The experiment was carried out in a 

Randomized Complete Block Design (RCBD) with five replications. The following treatments 

were applied as a foliar spray: GA3 (Fine Americas, Inc., Walnut Creek, CA) at 0, 200, or 400 

mg/L, and iron chelate (Miller Chemical & Fertilizer Corp., Hannover, PA) at 0, 1.5, 2.5, or 3.5 

g/L. 

The growing substrate was tested in the Mississippi State University soil testing 

laboratory (Mississippi State, MS) (Table 3.1). Plants were grown in Mississippi State 
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University's Department of Plant and Soil Sciences greenhouses (latitude 27-33 ° N; longitude 

88-47 ° W) (Fig 3.2) with the temperature set points at 24/20° C Day/Night.  

Table 3.1 Chemical and Physical properties of the potting soil of experimental/ Mississippi 
State University (Soil Testing Laboratory) 

Characteristics Units Values 
Soil Ph ----- 6.3 
Phosphorus lbs./acre 905 
Potassium lbs./acre 3956 
Magnesium lbs./acre 2924 
Zinc lbs./acre 36.0 
Calcium lbs./acre 8000 
Total soluble salts  0.4 (Low) 
Soil texture ----- Peatmoss 

pH of soil is slightly acid. 
No lime recommended for this crop. 

Plants were grown for 8 months (2019-2020) and the experiment repeated twice. When 

50% of the plants were flowering, the plants and flowers were harvested at the soil line, placed in 

24.5 x 17 x 4 cm paper trays (#500 unbleached paper food trays; Specialty Quality Packaging, 

Scotia, NY) and air dried at 20°C for one month with the plant samples being turned daily (Fig 

3.4). After one month the herbs were totally dried without any molding problems, and stored in 

paper bags (Bettina and Helge, 2015). Dry samples were weighed to determine the dry weight 

(Dw-g) of total plants (buds, flowers, leaves, and stems) (Table 3.2). 
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L. intermedia      L. stoechas     L. angustifolia 

Figure 3.1 The three species of lavender used in the study.      

 

 

Figure 3.2 The experiment in the greenhouse.                                         
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Figure 3.3 Lavandula stoechas “Otto Quast” 

 

Measurements of vegetative growth: 

Vegetative growth was recorded at the end of the growing season for all plants, with the 

following assessments made: Plant height (cm) was measured from the soil to the growing top, 

number of branches was counted as the number of main branches of each plant, number of 

inflorescences on each plant at harvest, and shoot dry weight (DW-g).  
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Figure 3.4 Method of drying plants in the lab. Dry lavender plants in the lab in kraft paper 
food trays. 

 

Table 3.2 Lavender genotypes profiled in this study, Their geographic distribution, main 
characteristics, and dates of harvest in the study. 

Species  Distribution notes      harvest date 

L. angustifolia  the Mediterranean region (Demas, et al, 2018) Augustin 2019-and the     

second study also in August in 2020 for all species. 

L. intermedia  mainly distributed in the Mediterranean (Shan, et al, 2005)  

L. stoechas   France and north Europe (Cavanagh and Wilkinson, 2002)  
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Soxhlet extraction of essential oils and GC-MS analysis 

Essential oils were extracted from the air-dried samples from the three cultivars of 

lavender and treatments using a Soxhlet extraction apparatus (Reverchon and Della, 1995) (Figs 

3.5, 3.6). Samples were prepared by placing 5 gm of dried, finely ground (Cuisinart Spice and 

Nut Grinder MODEL SG-10, East Windsor, NJ) leaves and flowers in a 33 x 80 mm paper 

thimble filter. 150 mL ethyl alcohol was placed in the boiling chamber and the samples were 

extracted over 9 hours. After the extraction, the samples were filtered from the plant tissues 

deposited at the bottom of the flask so that the oil-based plant extract is 100% pure of impurities 

that affect the analysis stages using GC-MS. Then the samples were transferred to the oven at 

68°C to evaporate the ethanol from the extracted oil leaving a small yield of the extracted oil 

(about 2 to 3 mL) in the glass flask. After that, the total weight of the oil was taken. Oils were 

kept in glass bottles at room temperature (approx. 20ºC) until GC-MS analysis (Fig.3.7). 
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Figure 3.5 The Soxhlet used in the study (Photo credit Dr. Richard L. Harkess). 



www.manaraa.com

 

113 

 

Figure 3.6 Diagram of Soxhlet extraction equipment. Credit Keefah AL-Garallaa. 
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Figure 3.7 The sample after extraction ( photo credit Keefah AL-Garallaa) 

 

GC-MS Chemical identification and quantification 

Linalyl and linalool (98% pure) standards (batch: LD80S110 and LP40O145 

respectively) were supplied by J&K Scientific (Beijing, China). For the biological assays, the 

essential oil and its two pure components were dissolved in Ethanol at 5 mg/ml and serially 

diluted in RPMI 1640 broth (Frontier- Scientific) (concentrations expressed as %vol./vol.). The 

standards were used as Gas chromatography reference standards. 

The chemical analysis of lavender oil and its extract was performed by gas 

chromatography (GC) and gas chromatography - mass spectrometry (GC-MS) techniques 

(Adams, 1995; Betts, 1992). Samples were compared to the standards. Quantitative data were 

based on normalization of the peak area without using factor correction. The essential oil content 

of the flowers and leaves was measured using GC-MS where 2 microliters were injected into the 
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GC-MS (Fig.3.8) which includes the automatic compound determination unit depending on the 

mass spectra according to the following conditions: 1. The separation column consists of 100% 

dimethyl multichannel and dimension (30nm × 0.25nm × 1μm). 2. Carrier helium gas at a flow 

rate of 1 ml. 3. The temperature of the injector is 250°C and the temperature of the ion source is 

200°C. The oven temperature was automatically programmed to obtain a thermal gradient 

starting from 40°C (equal temperature for 3 minutes) and increasing 15°C every 1 minute to 

180°C and then increasing 10°C every 3 minutes up to 300°C, and then the temperature 

stabilizes at 300℃.  
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Figure 3.8 AOC 201 Gas Chromatograph Mass Spectrometer GC/MS System(photo credit 
Keefah AL-Garallaa). 
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Pyroprobe -GC/MS  

About 2 mg of each extracted dry oil was individually held in a CDS quartz tube and 

packed with quartz wool. Each prepared sample was pyrolyzed individually and the pyrolysis 

products were identified. All pyrolysis experiments were conducted using a 5200 model 

pyrolyzer (CDS Analytical Inc.) at 300°C. Each pyrolysis experiment was repeated twice to 

determine the consistency of the experimental results. The pyrolysis heating rate was 1000°C/sec 

at 10 second pyrolysis time for all experiments. The interface temperature was set at 300°C with 

the ramp at 100°C/min. The pyrolysis vapors were carried directly by ultra-high purity helium 

carrier gas stream (99.99%) through the transfer line to a Perkin Elmer Clarus 500 Gas 

Chromatograph /Mass Spectrometer (GC/MS) system. The transfer line temperature was set at 

300°C and the carrier gas rate was 2 mL/min. The gas chromatograph was equipped with a DB-

5MS capillary column of 30m x 0.32mm ID x 1 mm film thickness. Samples were injected in the 

split less mode and the injector temperature was 280°C. The initial oven temperature of the GC 

was 40°C for 4 min. and then programmed at a rate of 10°C/min to 280°C and maintained for 2 

minutes with a total run time of 30 min. The mass spectrometer detector was an electron impact 

ionization device operating at 70 eV with a source temperature of 210°C and interface 

temperature of 225°C. The chemical component data obtained from GC/MS was analyzed using 

a chemical integration program together with NIST mass spectral search library. The peak area 

percentage was calculated for each identified compound. However, compounds that were 

associated with some peaks were not identified. 
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Recorded Data 

210 days after transplanting, 3 replicates each with 18 plants of 3 lavender cultivars were 

used to determine the following criteria: Plant height (cm), number of branches/plant, number of 

flowers /plant, dry weight of /plant (g), and oil weight. 

Following extraction, essential oils were collected using Pasteur pipettes and their mass 

was used to determine essential oil content, calculated by the formula: 

 
 

 

Statistical analysis 

A Randomized Complete Block Design (RCBD) was used in a factorial experiment including three 

factors. Four concentrates of iron chelate, three concentrations of gibberellic acid, and three 

species of lavender.  SAS statistical software (SAS® ver 9.4, SAS Institute, Cary, NC) was used 

for statistical analysis. The significant differences between means of experimental units among 

each treatment were compared using the least significant difference (LSD) at Pα = 0.05. Data were 

subjected to analysis of variance (ANOVA) separation of means by the LSD test at Pα ≤ 0.05; the 

significance of iron chelate, GA3, cultivars, and their interaction was calculated. 

The interaction between species and fertilization, was evaluated by calculating the least-

squares means (LS means) selecting P ≤ 0.0001, P ≤ 0.01, and P ≤ 0.05 for significance of 

comparisons. Normalized (average = 0, variance = 1) data were submitted to principal 

component analysis (PCA) with the aim of discriminating species based on the studied variable 
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association. All statistics were performed with SAS 8.2 for Windows (SAS Institute, Cary, NC ) 

(Maher, 3019).  

Results and Discussion  

Plant height (cm) 

 The results of the analysis of variance in table (3.3) show there is a significant effect of 

the experiment factors and their interaction on the plant height for the two seasons of experiment. 

A significant superiority of angustifolia was observed over the other two cultivars in this 

characteristic and it achieved the greatest height of 44.83 and 38.17 cm for the two seasons 

respectively, followed by the intermedia and stoechas with heights of 40.97 and 35.33 cm for the 

first season and 36.17 and 35.82 for the second season, respectively. It was also found that 

spraying chelate iron with a concentration of 3 g iron/L led to a significant increase in plant 

height, which reached 42.26 cm, compared to 1 g iron/L, which amounted to 38.72 cm for the 

first season.  

The spraying of GA3 at a concentration of 400 mg /L resulted in a significant superiority 

of plant height at 42.2 and 37.53 cm, while the shortest of the plants was the control sprayed with 

distilled water(Table 3.3). However, the results of the two-way interaction between chelated iron 

and the species indicate a significant superiority for the interaction treatment between 2 g iron / L 

and intermedia. The height was 47.03 cm for the first season, and 2 g iron /L and angustifolia the 

height reached 41.64 cm for the second season, respectively, while the minimum plant height 

with the interaction treatment was 3 g iron / L and angustifolia which gave 32. 97 cm for the first 

season and 3 g iron/ L and stoechas which gave 34.27 cm for the second season, respectively.  
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             The treatment of the two-way interaction between spraying iron chelate at 3 g / L and 

400 mg GA3/ L was significantly superior. The lowest average resulted in the control from 

spraying only distilled water without iron chelated or GA3. Significant superiority was observed 

for the treatment of the two-way interaction between angustifolia and 400 mg GA3 / L with the 

highest mean recorded at 47.8 cm and 39.08 cm for the two seasons, respectively. It is also noted 

the significant superiority of the three-way interaction treatment 3 g iron chelate / L by 400 mg 

GA3 / L by angustifolia which produced the greatest heights of 52.20 and 43.60 cm for the two 

experiment seasons, respectively. The shortest height resulted from treatment with 2 g iron 

chelated by stoechas by 0 mg GA3 /L. The reason may be attributed to the increased plant height 

due to GA3 treatment in that gibberellin has a role in cell division and increase cell absorption of 

water, which is reflected in the increase in their protoplasmic volume and the increase in the 

surface area of the plant, its tissues, and its size. Another reason may be that gibberellin has a 

role in increasing the leaf area and increasing the effectiveness of the photosynthesis process in 

the manufacture of nutrients in the leaves and their transfer to the plant, thus encouraging plant 

growth (Byers et al., 1990). Machado et al. (2011) indicated gibberellins are involved in the 

growth of buds and meristems; moreover, they also promote the breaking of bud dormancy. 

Considering all the results 300 mg GA3/L was the most appropriate treatment for foliar spray of 

lavender plants regarding increasing plant height.  

               Hassanpouraghdam et al. (2011) also, indicated that considering the promoting effects 

of 300 mgl/L GA3 foliar application upon most of the studied traits it seems that this and likely 

more than 300 mg GA3 /L would be the preferable foliar application level for promoting the 

plant height and essential oil production of this value-added aromatic plant. These results are 

also consistent with what Sajjad et al, (2014), found where the plant morphological 
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characteristics like plant height, spike length, spike diameter and number of florets per spike 

were significantly affected by foliar application of GA3 as shown that GA3 at 1mM concentration 

increased the plant height (122.14cm) of white Prosperity' Gladiolus. The foliar application of 

GA3 increased the growth characters of mung bean (Vigna radiata L.). The growth responses 

were higher in all GA3 treated plants compared to control plants.  The results indicated the 

growth character was maximum with 50 mg/L GA3,  (Baliah et al, 2018). In this study, Baliah et 

al. (2018) reported that the foliar application of GA3 increased the growth characters such as 

shoot length of mung bean. Fahmy and Nosir (2021) reported the spraying of iron chelate 

recorded the highest values of plant height with differences in iron chelate and the control in 

lavender plant. Similar results were demonstrated by Zehtab-Salmasi et al. (2008) on 

peppermint. Medicinal plants (2012) reported the maximum plant height was obtained by use of 

iron chelate fertilizer at a concentration of 0.5 g / L with methanol at a concentration of 30%. It 

was also indicated iron chelate fertilizers at a concentration of 0.5, 1, and 1.5 g /L had similar 

effects on plant height of sweet basil (Ocimum basilum L.)
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Table 3.3 Effect of Gibberellic acid and iron chelate treatments on plant height cm in three 
species of lavender. 
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2019-2020  2020-2021 

Iron 
Chelate   
(g.L-1) 

Lavender 
Species 

Gibberellic acid 
 (Mg.L-1) 

Iron 
Chelate 

× 
Species 

Gibberellic acid 
(Mg.L-1) 

Iron 
Chelate 

× 
Species 0 200 400 0 200 400 

0 Intermedi
ate 

35.00 42.00 42.20 39.73 34.20 35.12 35.83 35.05 

Angustifo
lia 

40.20 46.10 46.70 39.53 35.87 36.40 36.70 35.88 

Stoechas 34.50 37.20 35.00 41.97 34.27 35.13 35.87 36.62 
1 Intermedi

a 
40.00 35.40 43.20 42.63 35.20 35.63 36.80 37.13 

Angustifo
lia 

41.80 39.50 44.20 44.33 35.50 36.30 36.87 36.32 

Stoechas 35.00 36.70 32.70 41.83 35.53 36.07 36.33 36.22 
2 Intermedi

a 
41.60 43.00 41.30 47.03 36.04 36.57 37.27 38.48 

Angustifo
lia 

42.40 44.10 44.60 46.13 37.80 38.50 39.13 41.64 

Stoechas 31.60 32.70 34.60 35.57 35.70 36.77 37.40 35.09 
3 Intermedi

a 
37.60 43.30 47.00 34.8 36.50 37.13 37.77 35.98 

Angustifo
lia 

39.80 46.40 52.20 32.97 39.73 41.60 43.60 36.62 

Stoechas 34.20 40.60 39.20 38.00 34.27 35.77 36.73 35.59 
LSD (0.05) 4.12 2.38 0.38 0.22 

 Species 
 Means 

 Pecies
Means 

Species × 
Gibberelli

c 

Intermedi
a 

38.55 40.92 43.43 40.97 35.49 36.11 36.92 36.17 

Angustifo
lia 

42.55 44.15 47.8 44.83 37.23 38.20 39.08 38.17 

Stoachas 33.83 36.8 35.38 35.33 34.94 35.93 36.58 35.82 
LSD (0.05) 2.06 1.19 0.19 0.11 

 Iron 
Chelate 
Means 

 Iron 
Chelate 
Means 

Iron 
× 

Gibberelli
c 

0 36.57 41.77 41.3 39.88 34.78 35.55 36.13 35.49 
1 38.93 37.2 40.03 38.72 35.41 36.00 36.67 36.03 
2 40.53 40.1 41.33 40.66 36.51 37.28 37.93 37.24 
3 37.2 43.43 46.13 42.26 36.83 38.17 39.37 38.12 
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Table 3.3 (continued) 

 

Number of branches/plants 

 The results of the analysis of variance in (Table 3.4) show a significant effect of the 

experiment factors and the interaction between them in the of the number of branches for the two 

seasons of the experiment. The species angustifolia averaged more branches than the other two 

species (Table 3.4). Spraying iron chelate at 3 g iron/L led to a significant increase in the number 

of branches compared to spraying with distilled water. The number of branches was significantly 

greater than 3 g iron chelate / L in the second season. The spraying of GA3 at a concentration of 

400 mg GA3 / L resulted in the greatest average branch number for the two experiment seasons, 

as the highest average number of branches was 28.25and 27.84 branch respectively, while the 

number of branches without GA3 and sprayed with distilled water only reached 22.17and 21.97 

branches for two seasons, respectively. 

The results of the two-way interaction between iron chelate and the cultivars resulted in 

more branches for the interaction between 2 g iron / L and angustifolia, which, the branch 

number reached 38.1 for the first season and 2 g/L and intermedia where branch number reached 

37.7 branch for the second season. The lowest mean of branch number was in the interaction of 0 

g iron / L and intermedia which gave 19.6 and 19.2 branches for the first and second season, 

respectively. 

LSD (0.05) 2.38 1.37  0.22 0.12 

Gibberellic acid 
Means 

38.31 40.62 42.2  35.88 36.75 37.53  

LSD (0.05) 1.19 0.11 
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The two-way interaction between spraying iron chelated and gibberellic acid was 

significantly superior at 3 g iron / L and 400 mg GA3 / L compared to the lowest average branch 

number achieved by spraying distilled water and 0 mg GA3 /L. Significance was observed for the 

two-way interaction between angustifolia and 400 mg GA3 /L where the highest average number 

of branches was observed compared to the lowest average with stoechas and 0 g GA3 /L. 

There was a significant three-way interaction treatment of 3 g iron / L x angustifolia x 

400 mg GA3 / L which produced the highest number of plant branches compared to the lowest 

average obtained with 0 g iron / L x stoechas x 0 mg GA3 / L. It is possible that GA3 has the 

potential to accelerate nutrient diversion towards cells and active growth locations and 

concomitant increased nutrient absorption by increasing root potential, and finally, the minerals 

condense with the accumulation of associated biomolecules. As with many of the studied traits, 

the treatment 400 mg GA3 /L resulted in greatest branch number in lavender. Fahmy and Nosir. 

(2021) indicated the concentration from iron spraying recorded the highest number of branches 

per plan, with significant differences due to concentrations in lavender. Similar results were 

demonstrated by Ziedan and Eisa (2016) on dill and Mehrab (2017) on lemon balm plants. In this 

study, Nemati et al (2018) reported the results showed iron significantly increased chlorophyll 

content and stem number of peppermint (Mentha piperita L.). In a study of Medicinal Plants 

(2012) using different concentrations of methanol an interaction between methanol and iron 

chelate fertilizer with the largest number of branches in sweet basil (Ocimum basilum L.) 

obtained by applying methanol at 40% with iron chelate at 0.5 and 1 g/ L . 
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Table 3.4 Effect of GA3 and iron chelate on number of branches per plant in three species of 
lavender. 

2019-2020  2020-2021 

Iron 
Chelate   
(g.L-1) 

Lavender 
Spicies 

Gibberellic acid 
 (Mg.L-1) 

Iron 
Chelate 

× 
Species 

Gibberellic acid  
(Mg.L-1) 

Iron 
Chelate 

× 
Species 0 200 400 0 200 400 

0 Intermedi
a 

16.60 20.00 22.20 19.60 16.20 19.70 21.77 19.22 

Angustifo
lia 

20.60 22.40 24.20 28.20 20.20 21.03 23.80 27.68 

Stoechas 18.20 21.40 24.40 25.20 17.80 21.00 23.70 24.37 
1 Intermedi

a 
26.60 28.40 29.60 24.80 26.07 27.70 29.27 21.68 

Angustifo
lia 

26.40 30.40 31.60 22.40 25.90 29.97 31.30 29.06 

Stoechas 19.40 20.00 22.20 29.47 18.77 19.50 21.23 29.20 
2 Intermedi

a 
21.20 26.00 28.40 30.67 20.67 25.17 27.27 37.66 

Angustifo
lia 

19.80 35.80 36.40 38.07 19.30 33.27 35.03 20.83 

Stoechas 20.40 33.40 23.80 21.33 21.30 32.13 26.42 19.83 
3 Intermedi

a 
22.20 24.60 27.60 20.53 22.50 24.40 27.50 26.62 

Angustifo
lia 

32.00 40.40 41.80 25.87 32.20 40.47 40.30 24.56 

Stoechas 22.60 24.60 26.80 24.67 22.73 24.43 26.50 19.22 
LSD (0.05) 2.74 1.58 1.36 0.78 

 Species
Means 

 Species 
 Means 

Species × 
Gibberelli

c  
Acid 

Intermedi
a 

21.65 24.75 26.95 24.45 21.36 24.24 26.45 24.02 

Angustifo
lia 

24.70 32.25 33.50 30.15 24.40 31.18 32.61 29.40 

Stoechas 20.15 24.85 24.30 23.1 20.15 24.27 24.46 22.96 
LSD (0.05) 1.37 0.79 0.68 0.39 

 Iron 
Chelate 
Means 

 Iron 
Chelate 
Means 

Iron 
× 

Gibberelli
c 

0 18.47 21.27 23.60 21.11 18.07 20.58 23.09 20.58 
1 24.13 26.27 27.80 26.07 23.58 25.72 27.27 25.52 
2 20.47 31.73 29.53 27.24 20.42 30.19 29.57 26.73 
3 25.60 29.87 32.07 29.18 25.81 29.77 31.43 29.00 
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Table 3.4 (continued) 

 

Number of flowers/plants 

 The results of the analysis of variance in (Table 3.5) indicate a significant effect of some 

experiment factors and their interaction on the of the number of flowers per plant for season one 

experiment. The species angustifolia had more flowers than intermedia followed by stoechas. 

Spraying iron chelate at 3 g/L increased the number of flowers per plant.  The lowest average 

flower number was from spraying plants with distilled water only.  In the second season, 3g iron 

chelate/ L produced an average of 62.5 flowers / plant, compared with 1g/L which had the lowest 

average. Plants sprayed with 400 mg GA3/L also produced the highest average flower number in 

season two.    

The results of the two-way interaction indicate there was no significant effect of the 

treatments between iron chelate and the species. To the presence of a significant interaction of 2g 

iron chelate/L× intermedia which reached 113.9 and 124.9 flowers/plant in season two 

experiment, respectively. The species stoechas receiving 0 or 400 mg GA3/ L never bloomed. 

Two-way interactions between 1mg GA3/L × 400m g iron chelate /L produced the greatest 

number of flowers per plant for season two. The lowest average flower numbers occurred when 

treated with 3mg GA3/L in season two. A species by GA3 resulted in the highest average flower 

numbers at 0 mg GA3/ L. A significant three-way interaction between species, iron chelate and 

GA3 was observed. In this interaction 1g /L iron chelate× angustifolia × 400 mg GA3/ L 

produced the highest average number of flowers. 

LSD (0.05) 1.58 0.91 0.78 0.45 

Gibberellic acid 
Means 

22.17 27.28 28.25   21.97 26.56 27.84  

LSD (0.05) 0.79 0.39 
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          The effects of GA3 on flower number may be due to the role it has in seed germination, 

endosperm nutrient mobilization, stem elongation, leaf expansion, reducing maturation time, and 

increasing flower and fruit set (Roy and Nasiruddin 2011). According Hassanpouraghdam et al. 

(2011), GA3 with its stimulant effects has been reported to boost the morphological, 

physiological, and biochemical aspects of plant growth and have additional effects on all-around 

growth and plant development. These effects lead plants toward the flowering growth phase in 

lavender. EL-Naggar et al. (2009) reported GA3 foliar application had stimulating effects on the 

floral induction of Dianthus caryophyllus L. and thus resulted in increased flowering biomass 

and essential oil production. Fahmy and Nosir (2021) reported the lavender plant growth and 

yield due to iron and zinc application also had a direct link in improving growth and 

development and increased volatile oil production of dill (Mershkary and Siamese, 2014). 

Similar results were observed by Amini et al. (2018) on hyssop plants. Nemati et al (2018) 

concluded that foliar application of Nano iron (0.5 g/l) in the flowering stage increased dry 

matter yield and essential oil content and composition of peppermint (Mentha piperita 

L.). Samadiyan et al (2013) found applying chelated iron to the flowers of the Damascene rose 

plant increased the number of flowers, flower yield and oil. These results were consistent with 

other studies on Damascene rose (Daneshkhah et al., 2007; Rezaie et al., 2003), Amaranthus 

retroflexus (Amir-Rezaie, 2011) and Coriandrum sativum. Rahimi et al. (2008) reported iron 

promoted good vegetative growth, which led to an increase in the number of flowers. This led to 

an increase in the weight of the flowers due to an increase in photosynthesis and more 

carbohydrates stored in the flowers. 
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Table 3.5 Effect of GA3 and iron chelate treatments on number of flowers per plant in three 
species of lavender. 

2019-2020  2020-2021 

Iron 
Chelate   
(g.L-1) 

Lavender 
Species 

Gibberellic acid 
 (Mg.L-1) 

Iron 
Chelate 

× 
Species  

Gibberellic acid 
 (Mg.L-1) 

Iron 
Chelate 

× 
Species 0 200 400 0 200 400 

0 Intermedi
a 

19.2 4.6 60.0 27.9 23.3 59.7 69.3 50.8 

Angustifo
lia 

156.4 51.2 38.8 38.5 166.0 64.3 42.7 44.3 

Stoechas 0.0 30.8 0.0 23.6 0.0 27.7 0.0 32.1 
1 Intermedi

a 
73.8 13.2 28.4 46.6 84.7 16.2 32.0 56.0 

Angustifo
lia 

98.4 59.4 88.0 82.1 102.7 62.7 93.0 91.0 

Stoechas 0.0 0.0 0.0 81.9 0.0 0.0 0.0 86.1 
2 Intermedi

a 
25.8 34.0 11.0 113.9 35.7 46.3 14.3 124.9 

Angustifo
lia 

205.4 102.0 34.4 104.9 219.0 108.0 47.7 114.8 

Stoechas 0.0 0.0 0.0 10.3 0.0 0.0 0.0 9.2 
3 Intermedi

a 
28.8 50.0 61.0 0.0 32.0 60.7 75.3 0.0 

Angustifo
lia 

141.6 139.0 34.0 0.0 157.0 145.7 41.7 0.0 

Stoechas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
LSD (0.05) 82.5 47.6 25.1 14.5 

 Species
Means 

 Species
Means 

Species × 
Gibberelli

c 

Intermedi
ate 

36.9 25.5 40.1 34.2 43.9 45.7 47.8 45.8 

Angustifo
lia 

150.4 87.9 48.8 95.7 161.2 95.2 56.2 104.2 

Stoechas 0.0 7.7 0.0 2.6 0.0 6.9 0.0 2.3 
LSD (0.05) 41.2 23.8 12.5 7.2 

 Iron 
Chelate 
Means 

 Iron 
Chelate 
Means 

Iron 
× 

Gibberelli
c 

0 58.5 28.9 32.9 40.1 63.1 50.6 37.3 50.3 
1 57.4 24.2 38.8 40.1 62.4 26.3 41.7 43.5 
2 77.1 45.3 15.1 45.8 84.9 51.4 20.7 52.3 
3 56.8 63 31.7 50.5 63.0 68.8 39.0 65.9 
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Table 3.5 (continued) 

 

Dry weight /plant (g) 

The results of the analysis of variance in (Table 3.6) show a significant effect of the 

experiment factors and the interaction between them in the dry weight for the two seasons of the 

experiment. The species angustifolia had greater dry weight than the other two cultivars. Iron 

chelate at 3 g iron / L increased dry weight over the other treatments. Treatment with 400 mg 

GA3/ L resulted in greater plant dry weight for both experiment seasons. 

The results of the two-way interaction between iron chelated and the species indicate 2 g 

iron / L × angustifolia resulted in the greatest plant dry weight. Higher rates of iron at 3g iron / L 

on intermedia resulted in the lowest plant dry weights. The two-way treatment between iron 

chelate and GA3 resulted in greatest plant dry weights when 3 g iron chelate / L and 400 mg GA3/ 

L was applied. The least plant dry weights were observed when plants were treated with 1 g iron 

chelate/L and 0 mg/l GA3.  A two-way interaction between species and GA3 was observed where 

400 mg GA3/L applied to angustifolia resulted in the greatest plant dry weight.  The least 

average dry weight was observed in intermedia when 0 mg GA3/L was applied. 

There was a three-way interaction of iron chelate, GA3 and species. The treatment 

combination of 3 g iron chelate / L x angustifolia x 400 mg GA3/ L produced the greatest dry 

weight. The lowest average dry weight was with treatment 0 g iron chelate / L x intermedia x 0 

mg GA3/ L. Sure et al. (2012) indicated GA3 is an important PGR that affects plant growth and 

LSD (0.05) 47.6 27.5 14.5 8.4 

Gibberellic acid 
Means 

62.5 40.4 29.6   68.4 49.3 34.7  

LSD (0.05) 23.8 7.2 
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development by inducing metabolic activities and regulating nitrogen use. GA3 can delay aging 

and improve the growth and development of chloroplasts, thereby increasing photosynthetic 

efficiency leading to higher yields (Yuan & Xu, 2001). Hassanpouraghdam et al. (2011) found 

the dry weight of lavender was increased by GA3 applications. GA3 affects cell division and 

amplification and thus growth parameters such as accumulation of dry weight and biomass. 

These results are consistent with the results from Akter et al. (2007) in mustard. Likewise, it has 

been found that the application of GA3 raised fresh and dry biomass of lavender 

(Hassanpouraghdam et al, 2011). Baliah et al. (2018) reported the foliar application of GA3 

increased fresh weight and dry weight of mung bean. Fahmy and Nosir. (2021) also indicated the 

maximum average values of total plant yield/plant and the total dry weight/acre on lavender were 

recorded using 200 mg iron /L. These results are in accordance with those found by 

Salamatbakhsh et al. (2012) on castor bean and by Yadegari. (2015) on Borage, thyme, and 

marigold and Abd-Elkader. (2016) on garlic. Nemati et al. (2018) concluded foliar application of 

Nano iron (0.5 g/l) during the flowering stage increased dry matter yield of peppermint (Mentha 

piperita L.).  
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Table 3.6 Effect of GA3 and iron chelate treatment on plant dry weight (g) in three species of 
lavender. 

 

 

2019-2020  2020-2021 

Iron 
Chelate   
(g.L-1) 

Lavender 
Species 

Gibberellic acid 
 (Mg.L-1) 

Iron 
Chelate 

× 
Species 

Gibberellic acid  
(Mg.L-1) 

Iron 
Chelate 

× 
Species 0 200 400 0 200 400 

0 Intermedi
a 

10.42 10.79 11.58 10.93 9.83 9.97 10.54 10.11 

Angustifo
lia 

10.96 11.49 11.49 11.32 9.45 11.02 11.95 11.13 

Stoechas 11.91 10.60 10.58 11.44 9.65 10.12 10.33 11.26 
1 Intermedi

a 
11.11 11.32 11.52 11.56 10.96 11.11 11.33 11.35 

Angustifo
lia 

11.28 11.67 12.11 11.31 11.07 11.43 11.93 10.81 

Stoechas 10.65 10.67 10.92 11.69 10.42 10.54 10.75 11.48 
2 Intermedi

a 
11.06 11.47 11.77 11.65 11.03 11.22 11.52 11.46 

Angustifo
lia 

11.24 11.73 11.99 12.20 11.09 11.54 11.76 12.08 

Stoechas 10.72 11.21 11.57 11.03 10.56 11.06 11.38 10.03 
3 Intermedi

a 
11.19 11.60 11.89 10.75 11.00 11.41 11.62 10.57 

Angustifo
lia 

11.38 12.51 12.71 11.17 11.12 12.34 12.79 11.00 

Stoechas 10.78 11.95 11.80 11.51 10.57 11.73 11.65 11.32 
LSD (0.05) 0.47 0.27 0.14 0.08 

 Species 
 Means 

 Species
Means 

Species × 
Gibberelli

c  
Acid 

Intermedi
ate 

10.95 11.30 11.69 11.31 10.70 10.93 11.25 10.96 

Angustifo
lia 

11.21 11.85 12.08 11.71 10.68 11.58 12.10 11.46 

Stoechas 11.02 11.11 11.22 11.11 10.30 10.86 11.03 10.73 
LSD (0.05) 0.23 0.13 0.07 0.04 

 Iron 
Chelate 
Means 

 Iron 
Chelate 
Means 
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Table 3.6 (continued) 

 

         

 

Oil yield /plant  

The results of the analysis of variance in (Table 3.7) show a significant effect of the 

experiment factors and the interaction between them in the of the percentage of oil for the two 

seasons of the experiment. The species angustifolia produced more oil than intermedia which 

produced more oil than stoechas. Iron chelate applied at 3 g/L significantly increased oil yield 

over the control. Oil yield was greatest at 1 g iron chelate/L in the second season. GA3 at 400 mg 

/L resulted in the highest average oil yield while the treatment without GA3 had the least oil 

yield.  

There was a two-way interaction between iron chelate and variety. Oil yield was 

improved with application of 2 g iron/L to angustifolia which provided the greatest oil yield of 

the treatments. The second highest oil yield was when iron chelate was applied at 1g/L to 

stoechas. The lowest mean oil yield occurred in intermedia when treated with 3 or 1g iron/L. The 

two-way treatment between iron chelate and GA3 resulted in the highest oil yields with 3 g iron/L 

and 400 mg GA3/ L.  The lowest average oil yield occurred with 0 g iron/L and 0 mg GA3/ L. 

Iron 
× 

Gibberelli
c  

Acid 

0 11.10 10.96 11.22 00.09  9.64 10.37 10.94 10.32 

1 11.02 11.22 11.52 11.25 10.82 11.03 11.34 11.06 
2 11.01 11.47 11.78 11.42 10.89 11.27 11.55 11.24 
3 11.12 12.02 12.14 11.76 10.90 11.83 12.02 11.58 

LSD (0.05) 0.27 0.15 0.08 0.05 
Gibberellic acid 

Means 
11.06 11.42 11.66  10.56 11.13 11.46  

LSD (0.05) 0.13 0.04 
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There was also an interaction effect of GA3 and species. The species angustifolia when treated 

with 400 mg GA3/L produced the greatest average oil yield in season one while stoechas at 400 

mg GA3/L produced the most oil in season two. The lowest oil yields occurred when 0 mg GA3 

was applied to any of the species. 

In the three-way interaction of iron chelate, GA3, and variety, 3 g iron/L x angustifolia x 

400 mg GA3/ L produced the highest oil yield for the first season and  3 g iron/L x stoechas x 

400 mg GA3/ L produced the highest oil weight in season two. In general, when 0 g iron and 0 

mg GA3 /L were applied, oil weight was greatly reduced.  

Several factors influence the quantity and quality of secondary metabolites in medicinal 

and aromatic plants. Hassanpouraghdam et al. (2008) noted PGRS critically affect the primary 

and secondary metabolism of plants. The production of essential oils and the accumulation of 

plants carrying volatile oils is affected in a positive manner. Among PGRs, there is strong 

evidence GA3 has consistent effects on plant growth and development, and hence on active 

ingredient content and productivity. Applying GA3 to lavender plants appeared to increase the 

light efficiency and assimilation potential of the plants resulting in intensified production of 

secondary metabolites and increased biosynthesis and storage of essential oils. Moreover, it is 

possible the number of branches and the dry weight of the plants under the application of 400 mg 

L of GA3 resulted in suitable primary and secondary metabolism reactions favoring the essential 

oil production (Hassanpouraghdam et al., 2008; Marshner, 1995). The highest amounts of 

essential oil content and yield after GA3 application fully agrees with the growth traits of 

lavender in this study and consistent with the results of Hassanpouraghdam et al. (2011).  It was 

found that the foliar application of 300 mg GA3/L had a significant effect on most of the studied 
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traits. It appears this concentration of GA3 may be the preferred foliar application level to 

enhance the growth properties and production of the essential oils of aromatic lavender.  

Several authors confirm the effect of iron on essential oil production (e.g., Amuamuha et 

al., 2012; Tavallali, 2018; Yousefzadeh and Sabaghnia, 2016). These scientists reported similar 

results on the essential oil yield in other essential oil-bearing crops. The type of iron compound 

seems to be a crucial factor and have an efficacy in enhancing the content of essential oils in 

lavender. Nemati et al. (2018) concluded that foliar spraying of nano-iron (0.5 g / L) at the 

flowering stage increased the essential oil content and mint composition. In other studies, by 

Zehtab-Salmasi et al. (2008), the positive effect of foliar application of iron chelate is reported 

on the essential oil yield of peppermint, cress (Salarpour et al., 2013) and chamomile (Nasiri et 

al., 2010). Due to the role iron plays to influence plant growth, one of the reasons for increased 

photosynthetic activity is the role of this element in the structure of chloroplasts, which leads to 

the production of more essential oil glands in the leaves (Evans, 2009).  

The findings of an experiment conducted by Ziaeyan and Malakouti )1998) indicated 

micronutrients increase the essential oil yields through their effect on dry matter. This increase in 

oil content is because of the important role in controlling the biosynthesis pathways which led to 

the production of various metabolic compounds including the oil (Cseke et al., 2006).  Tavallali 

et al. (2019) reported the basil essential oil yields under the influence of different iron sources. 

Foliar application of iron contributed to a considerable increase in the essential oil yield. Other 

research (Tavallali, 2018; Amuamuha et al., 2012; Yousefzadeh and Sabaghnia, 2016) indicated 

a beneficial effect of iron on the essential oils production in some essential oil-bearing crops.  
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Table 3.7 Effect of GA3 and iron chelate treatments on oil yield/plant (g) in three species of 
lavender.  

 

 

2019-2020  2020-2021 

Iron 
Chelate  
(g.L-1) 

Lavender 
Species  

Gibberellic acid 
 (Mg.L-1) 

Iron 
Chelate 

× 
Species 

Biofertilizer 
 (Mg.L-1) 

Iron 
Chelate 

× 
Species 0 200 400 0 200 400 

0 Intermedi
a 

23.32 24.17 25.46 24.32 19.37 20.84 21.37 20.53 

Angustifo
lia 

24.66 25.49 25.96 25.69 22.23 22.5 22.67 24.93 

Stoechas 21.98 22.4 23.02 25.95 22.43 22.87 23.4 23.79 
1 Intermedi

a 
24.4 25.98 26.7 26.28 23.73 25.17 25.9 23.36 

Angustifo
lia 

25.24 26.52 27.14 25.37 23.53 26.3 27.9 22.47 

Stoechas 20.76 21.8 22.3 26.30 24.3 25.5 27.47 25.91 
2 Intermedi

a 
24.6 26.28 26.96 26.54 23.3 23.53 24.53 24.33 

Angustifo
lia 

25.51 26.66 27.44 27.54 22.8 24.4 25.8 25.28 

Stoechas 21.19 22.05 24.76 22.47 24.3 25.3 25.9 22.90 
3 Intermedi

a 
24.74 26.52 27.57 21.62 21.3 23.4 25.37 25.76 

Angustifo
lia 

25.8 28.04 28.78 22.66 23.6 25.37 26.87 25.17 

Stoechas 21.52 23.5 24.92 23.31 23.4 25.67 27.77 25.61 
LSD (0.05) 0.58 0.33 0.43 0.25 

 Species
Means 

 Species
Means 

Species × 
Gibberelli

c  
Acid 

Intermedi
a 

24.27 25.74 26.67 25.56 21.92 23.24 24.29 23.15 

Angustifo
lia 

25.3 26.68 27.33 26.44 23.04 24.64 25.81 24.86 

Stoechas 21.36 22.44 23.75 22.52 23.61 24.83 26.13 24.50 
LSD (0.05) 0.29 0.16 0.21 0.12 

 Iron 
Chelate 
Means 

 Iron 
Chelate 
Means 
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Table 3.7 (continued) 

 

 

Results and discussion of GC-MS (Essential oil composition) 

Essential oil composition 

Chromatogram of lavender oil from GC-MS analysis of Lavandula oil were obtained 

from essential oil extracts of plants treated with different concentrations of iron chelate and GA3, 

from the first and second seasons, 2019/2020 (Figs 3.9, 3.23). The main ingredients of the 

lavender essential oil are linalool, linalyl acetate, camphor, Cis linalool, lavandulol,camphene, α 

pinene, and myrcene (Tables 3.8, 3.9).  

  

Iron 
× 

Gibberelli
c  

Acid 

0 23.32 24.02 24.81 24.05  21.34 22.07 22.48 21.96 

1 23.47 24.77 25.38 24.54 23.86 25.66 27.09 25.53 
2 23.76 24.99 26.39 25.05 23.47 24.41 25.41 24.43 
3 24.02 26.02 27.09 25.71 22.77 24.81 26.67 24.75 

LSD (0.05) 0.33 0.19 0.25 0.14 
Gibberellic acid 

Means 
23.64 24.95 25.92  22.86 24.24 25.41  

LSD (0.05) 0.16 0.12 
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GC-MS Chromatographs of lavender oil 

 

Figure 3.9 Chromatogram of essential oil extracted from 2g/l iron chelate, 400 mg/l GA3, 
with L. angustifolia 

 
 

Figure 3.10 Chromatogram of essential oil extracted from 1g/l iron chelate, 400 mg/l GA3, 
with L. intermedia. 
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Figure 3.11 Chromatogram of essential oil extracted from 2g/l iron chelate, 400 mg/l GA3, 
with L. intermedia 

 

Figure 3.12 Chromatogram of essential oil extracted from 0g/l iron chelate, 0 mg/l GA3 with L. 
stoechas. 
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Figure 3.13 Chromatogram of essential oil extracted from 1g/l iron chelate, 200 mg/l GA3, 
with L. stoechas 

 

 

Figure 3.14 Figure: 3.14 Chromatogram of essential oil extracted from 1g/l iron chelate, 400 
mg/l GA3, with L. stoechas 
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Figure 3.15 Chromatogram of essential oil extracted from 2g/l iron chelate, 200 mg/l GA3, 
with L. stoechas 

 

Figure 3.16 Chromatogram of essential oil extracted from 3g/l iron chelate, 400 mg/l GA3, 
with L. angustifolia . 
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Figure 3.17 Chromatogram of essential oil extracted from 0g/l iron chelate, 400 mg/l GA3, 
with L. intermedia 

 

Figure 3.18 Chromatogram of essential oil extracted from 0 g/l iron chelate,0 mg/l GA3 with L. 

angustifolia . 
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Figure 3.19 Chromatogram of essential oil extracted from 3G/L iron chelate, 200 mg/l GA3, 
with L. angustifolia . 

 

Figure 3.20 Chromatogram of essential oil extracted from2g/l iron chelate, 200 mg/l GA3, with 
L. intermedia.  
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Figure 3.21 Chromatogram of essential oil extracted from 3g/l iron chelate, 200 mg/l GA3, 
with L. angustifolia . 

 

Figure 3.22 Chromatogram of essential oil extracted from 3g/l iron chelate, 0 mg/LGA3, with L. 
stoechas 
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Figure 3.23 Chromatogram of essential oil extracted from 3g/l iron chelate, 200 mg/l GA3, with 
L. intermedia 
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Table 3.8 GC-MS analysis identification and relative percentage concentration for lavender 
essential oil with species (L. angustifolia, L. intermedia, and L. stoechas). 

N

o. 

RT(m

in) 

Essential Oil 

Compound 

Formul

a 

percentage

% 

Molecular class  

 

Identified 

Methods 

 

1 1.008 Carny acetate C12H18
O2 

  

0.192549812 
 Pyro-GC-

MS 
2 1.679 Trans- β-Ocimene C10H16 0.439794 Monoterpene Pyro-GC-

MS 
3 2.254 Hexanol C₆H₁₄O 1.332310156 Aliphatic alcohol Pyro-GC-

MS 
4 2.491 1-Penten -3-ol C6H12 0.628748541 Monoterpene Pyro-GC-

MS 
5 2.839 α-Pinene C10H16 1.35064767 Monoterpene Pyro-GC-

MS 
6 3.233 β-pinene C10H16 0.669156872 Monoterpene Pyro-GC-

MS 
7 4.201 3-Carene C10H16 0.393119149 Monoterpene Pyro-GC-

MS 
8 4.685 Cis-β -Ocimene C9H16O

2 
0.258659199 Monoterp.alcohol Pyro-GC-

MS 
9 5.099 Myrcene C10H16 1.409498356 Monoterpenoids Pyro-GC-

MS 
10 5.447 Cymene C10H16 2.287461117 Monoterpene Pyro-GC-

MS 
11 5.951 - terpinene-4-ol C10H16

O 
0.291386732 Monoterpene Pyro-GC-

MS 
12 6.319 unknown / 0.409573426 / Pyro-GC-

MS 
13 6.455 Sabinene hydrate C10H18

O 
0.457893432 Monoterpene Pyro-GC-

MS 
14 6.662 Limonene C10H16 1.45379587 Monoterpene Pyro-GC-

MS 
15 7.217 Lavandulol C10H18

O 
0.492380375 Monoterp.alcohol Pyro-GC-

MS 
16 7.292 γ-Terpinene C10H16 0.616937659 Monoterpene Pyro-GC-

MS 
17 7.358 2-methyl-1-butanal C5H12O 0.346796732 Monoterp. ether Pyro-GC-

MS 
18 7.514 Bicyclo (4.1-

0)hept-3-ene 
C7H8O 0.557129136 Monoisotopic Pyro-GC-

MS 
19 7.6 Terpinolene C10H16 0.781592822 Monoterpene Pyro-GC-

MS 
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Table 3.8 (continued) 

20 7.781 -7-Trans- Linalool 
oxide 

C10H18
O2 

0.255958234 Monoterp.alcohol Pyro-GC-
MS 

21 7.953 Hexyl butyrate C10H20
O2 

0.344285033 Aliphatic ester Pyro-GC-
MS 

22 8.402 trans-3-Caren-2-ol C10H16
O 

1.000915334 Monoisotopic Pyro-GC-
MS 

23 8.487 Toluene C7H8 0.667027161 Methylbenzene Pyro-GC-
MS 

24 8.966 3,4-hexanedione C6H10O
2 

0.588212315 Monoisotopic Pyro-GC-
MS 

25 9.103 Linalool oxide C10H18
O2 

0.518074081 Monoterp.alcohol Pyro-GC-
MS 

26 9.168 (Z)-
Cinnamaldehyde 

C9H8O 1.176005655 Monoisotopic Pyro-GC-
MS 

27 9.319 α- Thujone C10H16
O 

1.022646462 Monoisotopic Pyro-GC-
MS 

28 9.405 Limonene oxide C10H16
O 

2.141247091 Monoterpene Pyro-GC-
MS 

29 9.481 Camphene C10H16 1.251525003 Monoterpene Pyro-GC-
MS 

30 9.627 Linalool C10H16
O 

2.233760957 Monoterp.alcohol Pyro-GC-
MS 

31 9.788 Sabinene C10H16 0.422233368 Monoterpene Pyro-GC-
MS 

32 10.01 Butanoic acid C4H8O2 0.422149502 Monoisotopic Pyro-GC-
MS 

33 10.44
9 

Linalyl acetate C12H20
O2 

1.861968756 Monoterp. ester Pyro-GC-
MS 

34 10.82
2 

α- Terpinene C10H16 0.653615571 Monoterpene Pyro-GC-
MS 

35 10.89
8 

Par-Cymenene C10H14 0.928306709 Monoterpene Pyro-GC-
MS 

36 10.97
3 

Camphor C10H16
O 

0.710154277 Monoterp. ketone Pyro-GC-
MS 

37 11.50
8 

3-Caren-10-al C10H14
O 

0.723946095 Monoterpene Pyro-GC-
MS 

38 12.39
6 

Cumin aldehyde C10H12
O 

0.4123527 Monoterpene Pyro-GC-
MS 

39 12.48
1 

D-Carvone C10H14
O 

1.05792457 Monoterpene Pyro-GC-
MS 

40 12.59
7 

Geraniol C10H18
O 

1.385554837 Monoterp. ether Pyro-GC-
MS 
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Table 3.8 (continued) 

41 12.85 -1,8-Cireole C10H18
O 

1.328351869 Monoterp.alcohol  Pyro-GC-
MS 

42 13.48
5 

Cis-Linalool oxide C10H18
O2 

1.876236291 Monoterp.alcohol Pyro-GC-
MS 

43 14.00
9 

Nerol C10H18
O 

.792425201 Monoterp.alcohol Pyro-GC-
MS 

44 14.11
5 

3- Carene C10H16 0.800928203 Monoterpene Pyro-GC-
MS 

45 14.84
6 

α-Terpineol C10H18
O 

4.592931332 Monoterpene Pyro-GC-
MS 

46 15.55
8 

Borneol C10H18
O 

3.293906627 Monoterp.alcohol Pyro-GC-
MS 

47 15.98
6 

Caryophyllene 
oxide 

C15H24
O 

0.910607198 Sesquiterpene Pyro-GC-
MS 

48 16.57
6 

-Cadinol 15H 0.549516129 Sesquiterpenoid Pyro-GC-
MS 

49 17.25
7 

(E,E)-Farnesol C15H26
O 

0.895903525 Monoisotopic  Pyro-GC-
MS 

50 17.62
5 

Thuja-2,4(10)-
diene 

C10H14 0.350204307 Monoterpene Pyro-GC-
MS 

51 17.91
8 

Cis-α-
Bergamotene 

C15H24 0.290768582 Sesquiterpene Pyro-GC-
MS 

52 18.29
1 

Geranyl acetate C12H20
O2 

9.767224029 Monoterp. ester Pyro-GC-
MS 

53 18.57
3 

Trans-α-
Bergamotene 

C15H24 0.317684787 Sesquiterpene Pyro-GC-
MS 

54 18.71 Di isobutyl 
phthalate 

C16H22
O4 

0.324690403 Monoterp. ester Pyro-GC-
MS 

55 19.32 Myrlenyl acetate C12H18
O2 

0.961492764 Monoisotopic Pyro-GC-
MS 

56 19.69
3 

Neryl acetate C12H2
0O2 

0.492731271 Monoisotopic  Pyro-GC-
MS 

57 19.96
5 

unknown / 0.308380609 / Pyro-GC-
MS 

58 20.07
1 

Trans-Linalool 
oxide 

C10H18
O2 

3.948007842 Monoterp.alcohol Pyro-GC-
MS 

59 20.13
2 

α-Caryophyllene C15H24 0.82842743 Sesquiterpene Pyro-GC-
MS 

60 20.37
4 

α- Long pinene C10H16 3.634527334 Monoterpene Pyro-GC-
MS 

61 20.57
6 

E-Caryophyllene C15H24 10.08404173 Sesquiterpene Pyro-GC-
MS 
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Table 3.8 (continued) 

62 20.81
8 

β-Caryophyllene C15H24 0.265155555 Sesquiterpene Pyro-GC-
MS 

63 20.94
9 

1-Tricosene C23H46 0.1780754 Monoisotopic Pyro-GC-
MS 

64 21.87
7 

Germacrene D C15H24 0.306505569 Sesquiterpenes Pyro-GC-
MS 

65 21.96
2 

Neryl acetate C12H20
O2 

0.880270706 Monoterp. ester Pyro-GC-
MS 

66 22.06
3 

Benzaldehyde C6H5C
HO 

0.212411536 Monoisotopic Pyro-GC-
MS 

67 22.24
5 

α-Cedrene C15H24 4.166936997 Monoterpenoids Pyro-GC-
MS 

68 22.42
6 

Lavandulyl acetate C12H20
O2 

2.330746741 Monoterp.alcohol Pyro-GC-
MS 

69 22.49
7 

α-Bergamotene C15H24 0.638138505 Sesquiterpene Pyro-GC-
MS 

70 22.77
9 

Methoxy 
cinnamaldehyde 

C10H10
O2 

0.191081033 Aliphatic alcohol Pyro-GC-
MS 

71 23.08
2 

α-Bulnesene C15H24 0.19898576  Sesquiterpenoids Pyro-GC-
MS 

72 24.08
6 

Eugenol C10H12
O2 

0.252126818 Phenylpropene Pyro-GC-
MS 

73 24.20
2 

Limonene diol C10H18
O2 

0.271911769 Monoterpene Pyro-GC-
MS 

74 24.51
4 

Cadala-1(10)-3-8-
triene 

C15H22 7.885120051 Monoisotopic Pyro-GC-
MS 

75 24.6 Trans-Cadinene 
ether 

C15H24 0.577726498 Monoisotopic Pyro-GC-
MS 

76 24.71
6 

α-Element C15H24 0.148524836 Actinium Pyro-GC-
MS 

Total Molecular class identified of essential oils  in this study are:  
Monoterpene hydrocarbons  
Sesquiterpene hydrocarbons  
Oxygenated monoterpenes  
Oxygenated sesquiterpenes  
Esters  
Others  
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Table 3.9 GC-MS Data for essential oil components identified in lavender. Total chromatogram (GC-MS) of lavender (leaves, 
flowers, and stems) essential oil, name, and retention time (min) of compounds: linalool (10.73), linalyl acetate (7.64), 
Camphor (7.31) , Cis-linalool (2.29),  Lavandulol (5.94),  Camphene (3.28),  α -pinene (7.67), myrcene (4.94). 

N
o RT Compound                                          Treatment 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 1.008 Caray acetate  -    0.17  0.17        
2 1.679 Trans-β-Ocimene  0.27 0.90 1.02  0.38 0.85  0.85 0.42 0.83 0.67 0.54 0.68 0.72 0.72 
3 2.254 Hexanol 1.22 1.51 2.40  2.07 3.54 3.36 2.05 0.87 2.49 1.81 2.53 3.08 2.51 1.06 
4 2.491 1-penten-3-ol  1.60 2.59  4.68  3.07 3.19   3.26 3.78 1.18 3.08 2.18 
5 2.839 α-Pinene 0.95 2.93 4.87  3.64 7.67 2.94 2.29 1.93 3.98 1.50 6.14 5.49 5.00 1.69 
6 3.233 β-pinene  0.30 1.21  0.71 0.58 0.18 0.20 0.12 0.43 1.55 1.19   0.31 
7 4.201 3-Carene     0.20  0.19 0.19 0.11  0.22 0.14  0.51 0.16 
8 4.685 Cis- β-Ocimene  -   0.11  0.13         
9 5.099 Myrcene  1.83 1.63  1.79 0.87 0.35 1.26 4.94 1.01 0.96 0.45 1.80 1.77 0.44 
10 5.447 Cymene  2.65 4.24  1.45 2.61 1.34 1.77 0.71 1.89 1.47 1.25 3.07 4.14 0.65 
11 5.951  -terpinen-4-ol     2.03 0.24 0.93 0.22 0.11  0.50     
12 6.319 Unknow                
13 6.455 Sabinene hydrate -    1.21 0.23 0.60  0.23  0.42 033 0.31 0.97 0.65 
14 6.662 Limonene   2.87  0.11 1.75 0.38 1.24 1.06  1.11 1.34 1.13 4.55 2.26 
15 7.217 Lavandulol  1.03     0.35  1.30       
16 7.292 γ-Terpinene  1.03   0.32 0.37 1.38 0.39   0.30 0.15 0.21   
17 7.358 2-methyl-1-butanol      0.13 0.12    0.35 1.12    
18 7.514 Bicyclo 

(4.1.0)hept-3 
0.61  2.29  0.81 2.31 3.98 0.32 0.16 1.30 1.98 2.37  3.68 5.33 

19 7.6 Terpinolene     0.34  0.57 0.42   0.31  0.27  0.64 
20 7.781  -7trans-Linalool 

oxide 
  0.23 1.20 0.81 0.58 0.63  1.32 0.26 0.26 0.26 0.37 0.38 0.64 

21 7.953 Hexyl butyrate      0.29 0.17 0.18 0.41   0.27   0.11 
22 8.402 trans-3-Caren-2-ol 

 
 1.19 0.33  0.180

.23 
0.34 0.48 0.34 0.18 0.42 0.45 0.29 0.23 1.53 1.90 
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Table 3.9 (continued) 

23 8.487 Toluene 0,86 1.68    0.30 0.37 0.20 1.20  0.25  0.24  0.30 
24 8.966 3,4-hexanedione - 0.95   0.46 0.83 0.26 0.16 0.28 0.44 0.16 0.17 1.05   
25 9.103 Linalool oxide     0.14 0.15     0.50  0.44  0.90 
26 9.168 (Z)-cinnamaldehyde     0.10  0.46 0.25   1.86 0.24   4.16 
27 9.319 α-Thujone  1.24   0.12 0.23 0.17 0.39 0.18  0.28 0.14 0.18  0.14 
28 9.405 Limonene oxide 

 
  2.59 2.48  1.62 4.66 1.07 1.10  3.32 1.20 0.89 3.59 8.83 

29 9.481 Camphene  1.17 1.34  1.00 0.32 2.09 0.30 0.33  1.80 0.34 0.26  3.28 
30 9.627 Linalool   1.71  1.00 1.56 1.38 0.56 1.00  1.71 1.09 10.7

3 
0.84 2.53 

31 9.788 Sabinene     0.20  0.38  0.16  0.18 0.29 0.16  1.22 
32 10.01 Butanoic acid     0.21 0.44 0.25 0.24 0.18  0.19 0.14   0.72 
33 10.449 Linalyl acetate 

 
3.01 8.11 7.46  2.79 24.2

6 
1.10 7.64 0.60  4.18 1.18 2.83 4.60 0.44 

34 10.822 α-Terpinene 1.43 0.68   0.21 0.13   0.18  0.16 0.14   2.48 
35 10.898 Paracymene 0.51      0.29 0.47     3.18  0.56 
36 10.973 Camphor  14.3

0 
7.31  0.13 0.26 0.60 0.42 1.00  0.39 0.71 0.35  0.52 

37 11.508 3-Caren-10-al 
 

0.99  0.79  0.95 1.15 1.15 1.26 0.90 0.35 1.89 0.24 0.90 0.40 1.08 

38 12.39 Cumin aldehyde     0.20 0.45 0.23 0.16 0.33   0.27   0.25 
39 12.48 D-carvone  1.47 1.16  0.19 0.20 0.40 0.69   0.32 0.14 0.92 1.41 0.31 
40 12.59 Geraniol 0.36 0.97   0.76 0.38 0.41 0.80 0.50  0.70 0.17 1.03 1.31 0.55 
41 12.85 -1,8-Cireole 0.29    10.87 1.66 4.01 0.90 7.56 4.31 0.73 22.2

2 
0.91  21.53 

42 13.485 Cis-Linalool oxide 
 

0.49  0.87 0.40 0.50 1.00 0.87 0.32 0.54  0.88 0.54 0.19 0.44 2.29 

43 14.00 Nerol 0.35  3.46  3.46 4.95  1.32 2.78 2.66 1.42 1.21 1.70 5.51 0.28 
44 14.115 Z-caryphyllene     2.92  5.04 0.25 0.24  0.18    3.10 
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Table 3.9 (continued) 

45 14.846 α-Terpineol 16.1
1 

 19.0
3 

38.8
7 

89.43 5.07 0.35 31.7
6 

16.7 17.9
5 

12.29 7.01 49.3
4 

1.72 0.96 

46 15.558 Borneol  2.74 1.98  0.15 0.13  0.25 0.11  0.32  0.67  0.22 
47 15.986 Caryophyllene oxide            0.15   0.32 
48 16.576 -Cadinol     0.18 0.12   0.18  0.18 0.19 0.21  0.12 
49 17.257 (E,E)-Farnesol  1.03 1.53   0.80 1.25 1.43 0.84 1.71 1.73 1.04 1.60 0.45 0.30 
50 17.625 Limonene oxide     0.14 0.20 1.98 0.19  0.54 0.19  0.27  1.19 
51 17.918 Cis-α-Bergamotene    0.53    0.24 0.22  0.25 0.30 0.24  0.12 
52 18.291 Geranyl acetate 

 
  18.7

4 
5.00  0.80 3.97 0.88  3.35 33.87 7.47 0.26  0.59 

53 18.573 Trans-α-
Bergamotene 

1.33    0.32  0.31 0.21 0.50 25.8
8 

0.48 0.87 0.18  0.14 

54 18.71 Diisobutylphthalate     0.20  0.15  0.15  0.20 0.28 0.22   
55 19.32 Myrlenyl acetate 0.39    0.18 0.18 0.36 0.42 0.27  0.58 0.16 0.19  0.25 
56 19.693 Neryl acetate 1.36 3.80     0.24 0.36 0.87 0.58 0.23 0.17 0.27  0.15 
57 19.965                 
58 20.071 Trans-Linalool oxide 

 
 0.31      0.55   1.88   2.71  

59 20.132 α-caryophyllene 1.30   2.08    0.50 0.15  0.19  0.33  0.29 
60 20.374 α-Long pinene 1.40 1.04 1.36 26.5

6 
3.01 5.86 0.12 0.90 1.70 6.42  0.21 0.54  0.52 

61 20.576 E-Caryophyllene 
 

20.4
2 

   1.41 0.59 3.08 3.56 1.84  3.02 1.54 4.56  3.85 

62 20.818 β-caryophyllene 2.70      0.19 0.16       0.22 
63 20.949 1-Tricosene      0.19          
64 21.877 Germacrene D                
65 21.962 Unknow                
66 22.063 Benzaldehyde             0.29   
67 22.245 Lavendulol 5.94 0.16  7.82 0.33 0.14 1.08 0.36 2.17  4.44 0.98 0.43 0.93 0.35 
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Table 3.9 (continued) 

68 22.426 Lavandulyl acetate 
 

2.48   2.78 2.86  0.40 0.72   1.01  1.51   

69 22.497 α-Bergamottin     1.49 0.25 1.34 0.26   1.83 0.41 0.19  1.06 
70 22.779 Methoxy 

cinnamaldehyde 
               

71 23.082 α -Bulnesene      45.3
7 

0.54         

72 24.086 -Eugenol             0.21  0.13 
73 24.202 Limonene diol                
74 24.514 Geraniol  1.54 2.59   0.24 0.76  0.32 11.8

1 
17.37 4.65    

75 24.6 Trans-Cadinene 
ether 

       0.34  0.87   0.55  0.26 

76 24.716 α-Element                
1=2g/l iron chelate, 400 mg/l GA3, with L. angustifolia 

2=1g/l iron chelate, 400 mg/l GA3, with L. intermedia 

3=2g/l iron chelate, 400g/l GA3, with L. intermedia 

4=0g/l iron chelate, 0mg/l GA3 with L. stoechas. 
5=1g/l iron chelate, 200mg/l GA3, with L. stoechas 

6=1g/l iron chelate, 400mg/l GA3, with L. stoechas 

7=2g/l iron chelate, 200mg/l GA3, with L. stoechas 

8=3g/l iron chelate, 400mg/l GA3, with L. angustifolia . 

9=0g/l iron chelate, 400mg/l GA3, with L. intermedia 

10=0 g/l iron chelate,0mg/l GA3 with L. angustifolia . 

11=3G/L iron chelate, 200mg/l GA3, with L. angustifolia . 

12=2g/l iron chelate, 200mg/l GA3, with L. intermedia.  

13=3g/l iron chelate, 200mg/l GA3, with L. angustifolia . 

14=3g/l iron chelate, 0g/LGA3, with L. stoechas 
15=3g/l iron chelate, 200mg/l GA3, with L. intermedia , RT= Retention Time, unit measure=% 
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Statistical analysis for GC-MS 

The study which included 3 rates of GA3, 4 rates of iron chelated, and 3 species of 

lavender resulted in 36 treatments which were replicated 5 times and the study repeated 

twice. This resulted in 360 samples for analysis. This would be costly and require a long time 

to complete the analysis of essential oils using GC-MS technology. To reduce analysis, 

duplicates of each treatment were combined, and one homogeneous sample was analyzed to 

represent that treatment in the statistical analysis (Table 3.10) (Fig. 3.24). For estimating the 

significance of the statistical differences, the mean of the control parameters was used as a 

constant for the purpose of the assay using the T test of one sample at a probability level of 

0.05 of SPSS (Statistical Package for the Social Sciences version 26, IBM Inc., Armonk, 

NY) (Daniel, 1974).   

Table 3.10 Results of analysis of effect of iron chelate and gibberellic acid in diagnosing 
essential oils of Lavandula using Gas Chromatography Mass Spectroscopy (GC-
MS).  

Essential oils compounds 

Samplesz 
Lin
aloo

l 

Linalyl 
acetate 

Camph
or 

Cis- 
Linalool 

Lavandul
ol 

Camphe
ne  α-Pinene Myr

cene 

I2 × 
Angustifolia × 
GA400 

0.02 3.01 0.04 0.49 5.94 0.03 0.95 0.02 

I1× Intermedia 
× GA400 0.05 8.11 14.3 0.03 0.16 0.35 2.93 1.83 

I2 × Intermedia 
× GA400 1.71 7.46 7.31 0.87 0.3 1.34 4.87 1.63 

Stoechas  0.04 0.02 0.03 0.4 7.82 0.02 0.05 0.03 
I1 × Stoechas × 
GA200 1.0 2.79 0.13 0.5 0.33 1.0 3.64 1.79 

I1 × Stoechas × 
GA400 1.56 24.26 0.26 1.0 0.14 0.32 7.67 0.87 
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Table 3.10 (continued) 

I2 × Stoechas  1.38 1.1 0.6 0.87 1.08 2.09 2.94 0.35 
I4 × 
Angustifolia × 
GA400 

0.56 7.64 0.42 0.32 0.36 0.3 2.29 1.26 

 Intermedia × 
GA400 1.0 0.6 1.0 0.54 2.17 0.33 1.93 4.94 

Angustifolia  0.05 0.03 0.02 0.04 0.02 0.04 3.98 1.01 
I4 × 
Angustifolia × 
GA200 

1.71 4.18 0.39 0.88 4.44 1.8 1.5 0.96 

I2 × Intermedia 
× GA200 1.09 1.18 0.71 0.54 0.98 0.34 6.14 0.45 

I2 × 
Angustifolia × 
GA200 

10.7
3 2.83 0.35 0.19 0.43 0.26 5.49 1.8 

I4 × Stoechas  0.84 4.6 0.03 0.44 0.93 0.04 5 1.77 
I4 × Intermedia 
× GA200 2.53 0.44 0.52 2.29 0.35 3.28 1.69 0.44 

Constant value 0.03 0.05 0.04 0.2 3.91 0.02 1.99 
0.50

5 

(p value=0.05) 
0.03

3 0.012 
0.109 

ns 0.011 0.00 0.00 0.022 
0.02

7 

T test 
2.36

3 2.876 1.71 2.951 -3.569 3.047 2.574 
2.46

1 
zI=iron chelate at 1, 2 or 4 g/L:  GA3= Gibberellic Acid at 200 or 400 mg/l  
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Figure 3.24 Figure: 3.24 Lavender essential oil components identified by GC-MS from 
treatments with iron chelate and GA3. 
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Essential oil components and their rates obtained with GC-MS in lavender species are 

shown in (Table 3.10). Linalool, linalyl acetate, camphor, Cis linalool, lavandulol, , Camphene, 

α-pinene, myrcenes,  was determined to be the main essential oil constituents in the dried foliar 

and floral tissues of lavender. The highest linalool content was determined to occur in plants 

treated with iron 2g/L × L. angustifolia × 200 mg/L GA3. The lowest linalool content was obtaine 

from treatment with iron 2g/l × L. angustifolia × 400 mg/l GA3. The highest linalyl acetate 

content was found in plants treated with iron 1g/l × L. stoechas × 400 mg/l GA3. Iron chelate 

increased the proportion of linalool in the oil compared to other treatments. Camphor highest 

content was in plants treated with iron 1g/l× L. intermedia ×400 mg/l GA3 and iron 2g/l ×L.  

intermedia ×400 mg/l GA3. The highest Cis- Linalool content was from the treatment iron 4g/l × 

Intermedia × 200 mg/l GA3 and iron 4g/l × L. angustifolia × 200 mg/l GA3. The lowest Cis-

linalool content was obtained from treatment iron1g/l× L. intermedia ×400 mg/l GA3. The 

highest Lavandulol content was obtained when treated with iron 2g/l× L. angustifolia ×400mg/l 

GA3 and L. stoechas. The lowest Lavandulol content was obtained from angustifolia. The highest 

Camphene content was determined from treatments with iron 4g/l × L. intermedia × 200 mg/l 

GA3
 and iron 2g/l× L. stoechas. The lowest Camphene content was obtained from L. stoechas. 

The highest α-Pinene content was determined from treatment iron 1g/l × L. stoechas ×400 mg/l 

GA3 and iron 2g/l × L. intermedia × 400 mg/l GA3. The lowest α-Pinene content was obtained 

from L. stoechas. The highest Myrcene content was determined from L. intermedia × 400 mg/l 

GA3 and iron 1g/l × L. intermedia × 400 mg/l GA3.  

There are significant differences between the species and linalool, linalyl acetate, Cis- 

Linalool, Lavandulol, Camphene, α-Pinene, and Myrcene compounds in essential oils of 

lavender. There were no differences between the species, iron chelate levels, or GA3, for 
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camphor essential oils content. Depending on the different species of lavender, differences in 

chemical composition have been found. Generally, L. angustifolia was higher linalool or linalyl 

acetate content in all the lavender cultivars. These results are agreement with what Smigielski et 

al. (2009) reached from analyzes of the essential oil from L. angustifolia. Seventy-eight 

compounds have been identified making up 99.4% of the total essential oil. The main 

components were Linalool, Linalyl Acetate, Cis linalool, lavandulol, camphene, α -pinene, 

myrcene. Baydar and Kineci  (2009) reported the main compounds in lavender were Linalyl 

acetate, linalol, alpha bisabolol, borneol, camphor, Farnesyl acetone, caryophylline oxide, and 

1.8-cineole. In lavender, volatile solvents and extraction procedures can affect the yield and 

composition of the essential oil. Guo and Wang (2020) reported that a total of thirty-three 

volatile compounds were determined by GC-MS (extraction with pure water) of lavender volatile 

substances belonging to different chemical groups, including alkenes, alcohols, ketones, esters, 

and aldehydes. Linalool was the most abundant alcohol in the samples and was considered the 

key aroma-active compound imparting a floral note for lavender (Wang et al., 2000; Djenane et 

al., 2012).  

          Fu et al. (2017) reported that the GC-MS analysis, was able to identify 39 compounds 

from three varieties of lavender. Jalali-Heravi et al. (2015) reported a total of 143 components 

identified by the GC-MS for Iranian lavender essential oil from which 47 had concentrations 

greater than 0.1%. These components accounted for 89.90% of the total relative content of the 

lavender essential oil. This research also demonstrated that the Iranian lavender essential oil is 

rich in α-pinene and could be a good source for this compound. On the other hand, Zagorcheva 

et al. (2013) indicated the GC / MS analysis identified a total of 32 individual volatiles including 

all 11 volatiles listed in the ISO 3515 lavender standard. In addition, the relationship of the GC-
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MS data on volatiles to the composition of distilled lavender essential oils was assessed by 

analyzing the volatile recovery rates of the analyzed species. Dong et al. (2020) reported the 

chemical composition of lavender essential oil obtained from aerial parts by pGC and GC-MS 

equipped with three capillary columns of different polarity was studied for the first time and 15 

newly identified compounds were identified. Stierlin et al. (2020) indicated thirty compounds 

were separated and detected in all lavender above‐ground samples in only 3 min of analysis by 

GC-MS. Tavallali et al. (2019) indicated that in total, 72 compounds were identified accounting 

for over 99% of the total oils. A few compounds belonging to different chemical classes have 

been reported, among which phenylpropanoids have been shown to play a significant role in the 

establishment of chemotypes in O. basilicum: linalool, methyl chavicol, linalool-methyl 

chavicol, linalool-eugenol, and methyl chavicol-methyl eugenol chemotypes are common ones. 

Nurzyńska-Wierdak (2013) explained that the essential oil biosynthesis in plants has a genetic 

determination and environmental conditions play an important role. The growing conditions 

(such as the method of planting, fertilization, and irrigation) largely determine the productivity of 

raw materials, as well as the quality of the raw materials. Chemically speaking, essential oils are 

very diverse compounds, as they are biosynthesized in plants along different metabolic 

pathways, through the presence and availability of nutrients in the surrounding environment. 

Conclusion  

This study dealt with application of iron chelate and GA3 to three species of lavender to 

enhance growth, flowering, and essential oil yield. English lavender (L. angustifulia) responded 

most favorably with increased growth and essential oil yield followed by L. x intermedia to the 

application of GA3. The increasing trend of growth and oil yield with the highest tested rates of 

GA3 makes it possible that higher levels of GA3 may need to be explored in future research on 
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this high-value crop. Foliar applications of iron chelate also enhanced growth and essential oil 

yield. The combination of 400 mg GA3/L with 3 g iron chelate/L resulted in the greatest plant 

response. L. angustifulia responded most favorably with increased growth and essential oil yield 

followed by L. x intermedia and then L. stoechas. 
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MYCORRHIZAE AND HUMIC ACID ON LAVANDULA ESSENTIAL OIL PRODUCTION 

 

Abstract 

The study investigated applications of humic acid and Mycorrhizae on growth and yield 

of essential oils in lavender. A factorial experiment with 4 rates of humic acid, 3 rates beneficial 

fungi (Mycorrhizae), and 3 species of lavender in a randomized complete block design with 5 

replications was conducted for two successive growth seasons (2019/2020). The study was 

conducted in glass glazed greenhouses. Treatments included humic acid foliar spray at 0, 1.5, 

2.5, or 3.5 g/L,  Mycorrhizae fungi at 0, 10g Trichoderma, or 5g/L Mycorrhiza and 3 species of 

Lavandula (L. x intermedia, L. angustifolia, L. stoechas). Humic acid at 3.5 g/L resulted in the 

greatest rate of growth, plant height, number of branches, number of flowers, dry weight, and oil 

weight. All Mycorrhizae treatments indicated positive synergistic interactions with humic acid 

on the growth of lavender. The essential oil was extracted by Soxhlet. The composition of the 

essential oil was determined via GC-MS analyses. The characteristics of the essential oils of 

three species of lavender were comprehensively investigated by GC-MS. Seventy-seven volatile 

compounds were identified. The concentration of these compounds was affected by humic acid 

and mycorrhizal fungi. It was found the lavender plants treated with mycorrhizae had a high 

essential oils content and increased growth more than the non-mycorrhizae treated plants. The 
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use of mycorrhizal fungi may increase plant growth and increase the aromatic plants' production 

of essential oils. 

Keywords: Humic acid, Mycorrhiza, Trichoderma, Three species of lavender, GC-MS 

Introduction 

The Lamiaceae plant family is represented by about 224 genera and 5600 species across the 

world. The most important medicinal and aromatic species for this family are mint, thyme, 

oregano, sage, rosemary, and lavender (Kan, et al., 2006). Oil of lavender is one of the most 

popular essential oils. It has a delightfully clear, refreshing and yet sweet odor which blends with 

many other essential oils.  It is used as a carminative and spasmolytic in the form of a compound 

tincture. It is also used as a coloring and flavoring agent.  Lavender is used largely in perfumery, 

toilet waters, soap manufacture and occasionally to cover disagreeable odors in ointments and 

other preparations.  The oil contains chiefly linalool and linalyl acetate. It also contains pinene, 

limonene, geraniol and sesquiterpene (Guenther, 1961). Lavender essential oil is used in a wide 

variety of aromatherapy applications (Glenn, 2007). Moreover, lavender essential oil is used as an 

organic pesticide by mixing with rosemary essential oil (Anonymous, 2009). In addition to both 

industrial and traditional uses, lavender is valuable as an ornamental and landscaping plant 

(Kotsiris, et al., 2012; Matysiak and Nogowska, 2016).  

In recent times, sustainable farming has become an important production practice in the world 

(El-Koni, 2002). Compost, with its content of humic and microbial substances, improves the 

physical, chemical, and microbiological conditions, and reduces the leaching of soil nutrients 

(Amin et al., 1999). Fertilization and mineral uptake/plant accumulation are among the most 

important factors in terms of plant growth and production (Marschner, 1995).  
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Lavender is a small shrub native to the mountains of the Mediterranean, the Arabian 

Peninsula, Russia, and Africa, and cultivated in southern Europe, the United Kingdom, the 

United States and Australia (Basch et al., 2004). Since lavender is a perennial plant, harvests can 

be made at least 15 years from the same plantation of lavender so, it is considered an economical 

crop. Lavender is produced and propagated in two main ways, sexually and vegetatively. Some 

types of lavender can be easily and quickly reproduced in both methods (Bajaj, 1988; Baydar, 

2010a). Lavender is mostly planted in early spring.  

An important aspect of humic acid is it is an organic acid without damaging effects to the 

environment (Ceylan, 1996). However, more environmentally friendly production should 

continue to be pursued. Many bio-fertilizers used mainly for plant growth have beneficial effects 

on the plant and this relates to the development and increased availability of nutrients for the host 

plants (Vessey, 2003). Environmentally friendly products have been widely used in agricultural 

applications. Increasing the safe production of food is a global concern and increasing yields is 

the most important agricultural economic goal for farmers. While fertilization with conventional 

micro and macro elements has a great effect on plant growth and productivity, it is costly and 

environmentally dangerous due to the pollution it causes to groundwater and the destruction of 

beneficial microorganisms (Hilman and Asandhi, 1987). Humic acid enhances plant growth and 

its physiological activities as well as stimulates microorganisms in the soil such as bacteria and 

fungi. Humic acid acts as a good chelate helping increase nutrient availability in the soil such as 

phosphates, calcium and trace elements as well as affecting the soil pH. Humic acids protect 

against negative changes that may occur due to the use of chemical fertilizers (Leonard, 2008). It 

is considered an alkali-soluble polymeric organic acid having an aromatic structure substituted 
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by carboxyl, phenol, hydroxyl, and alkyl groups bound together by ester bonds (Gaines and 

Yilmaz, 1983).  

Essential oils are a mixture of chemical compounds, primarily monoterpenes and 

sesquiterpenes (Andrys and Kulpa, 2017; Sharopov, et al., 2015), which have antibacterial, 

antifungal and antioxidant properties (De Rapper, et al., 2016; Mahmoudi, et al., 2020). Essential 

oils synthesis in plants is likely to occur in different pathways. The formation of these 

compounds may link the formation of turbines with the conversion of carbohydrates while others 

link them to the transformation of proteins (Dubey et al., 2003(. They are analyzed by gas mass 

spectrometry (GC-MS) to assess the contribution of each plant to the mix of VOCs from 

harvested plants, to identify linalool (Landmann et al., 2007). 

Fungal symbiosis plays an essential role in ecosystem sustainability (Bethlenfalvay and 

Schi.iepp, 1994; Giannenazi and Schiepp, 1994). The innate symbiosis has been shown to be an 

important determinant of plant diversity, ecosystem diversity and productivity (Van der Hejden 

et al., 1998). Mycorrhizae activity and humic acids enhance plant growth and therefore may 

enhance essential oils production. The aim of this study is to investigate the effect of humic acid 

and mycorrhizal fungi on plant growth and yield of essential oils in three species of lavender.  

Materials and methods 

Plant material and experimental design 

The experiment was conducted twice from February to August 2019-2020. Lavender 

cuttings were obtained for three cultivars (Fig 4.1) Lavandula × intermedia ‘Provence’, L. 

angustifolia ‘Hidcote’ (Fig. 4.3), and L. stoechas ‘Otto Quast’ (Fig. 4.4) (Emerald Coast 

Growers, Inc., Pensacola, FL). They were planted in 15 cm (1 L) containers in a peat-based 
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substrate (Pro Mix BX, Premier Tech Horticulture, Quakertown, PA) when their height was 15 

cm. A total of 180 plants were potted in the greenhouse between 2019-2020. No pesticides were 

used in the study area throughout the trial period. The experiment was carried out in a 

Randomized Complete Block Design (RCBD) with five replications. The following treatments 

were applied as a foliar spray: humic acid (Natural Guard, Ferti-lome Voluntary Purchasing 

Groups, Inc., Bonham, TX) at 0, 1.5, 2.5, or 3.5 g/L and mycorrhizae at 0 g, 10g Trichoderma 

(RootShield PLUS+WP, BioWorks, Victor, NY) or 5g Mycorrhiza (Earth-Juice Rooter’s 

Mycorrhizae, Earth Juice, Inc. Chico, CA). Plants were grown in Mississippi State University's 

Department of Plant and Soil Sciences greenhouses (latitude 27-33 ° N; longitude 88-47 ° W) 

with the temperature set points at 24/20° C Day/Night. Plants were fertilized twice weekly with 

2-5-1 organic fertilizer (Drammatic “O”, Dramm Corp., Manitowoc, WI).  

 

 
 

L. intermedia      L. stoechas     L. angustifolia 

Figure 4.1 The three species of lavender used in the study.                                              
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Measurements of vegetative growth and essential oils 

Plants were grown for 8 months, and the experiment repeated twice. When 50% of the 

plants were flowering, the plants and flowers were harvested at the soil line. Vegetative growth 

was recorded at the end of the growing season for all plants, with the following assessments 

made, Plant height (cm) was measured from the soil to the growing top, number of branches was 

counted as the number of main branches of each plant, number of florets on each plant at harvest, 

and shoot dry weight (g). Harvested plants were placed in 16x25x5 cm kraft paper food trays 

(Specialty Quality Packaging, Scotia, NY) and dried at room temperature (20°C). Samples were 

turned daily until dried to a continuous weight. After one month the plants were totally dry 

without any molding problems. Dried samples were weighed to determine the total plant dry 

weight (Dw-g) (buds, flowers, leaves, and stems) and stored in paper bags (Bettina and Helge, 

2015).  

 
Essential oils were extracted from the air-dried samples using a Soxhlet extraction 

apparatus (Reverchon and Della, 1995). Samples were prepared by placing 5 gm of dried, finely 

ground leaves and flowers (Cuisinart Spice and Nut Grinder MODEL SG-10, East Windsor, NJ) 

in a 33 x 80 mm paper thimble filter. 150 mL ethyl alcohol was placed in the boiling chamber 

and the samples were extracted over 9 hours. After the extraction, the samples were filtered from 

the plant tissues deposited at the bottom of the flask. Then the samples were transferred to the 

oven at 68°C to evaporate the ethanol from the extracted oil leaving the extracted oil (about 2 to 

3 mL) in the glass flask. After that, the total weight of the oil was taken. Oils were kept in amber 

glass bottles at temperature room until GC-MS analysis using the method described in Chapter 3. 
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The chemical components of lavender oil were determined by GC-MS. Treatment 

samples were compared to pure standards for linalool and linalyl to compare their spectra. 

Quantitative data were based on the normalization of the peak area without using factor 

correction. 

Statistical analysis 

A Randomized Complete Block Design (RCBD) was used in a factorial experiment 

including three factors: humic acid, mycorrhizal fungi, and lavender species. SAS statistical 

software (SAS® ver. 9.4, SAS Institute, Cary, NC) was used for statistical analysis. The 

significant differences between means of experimental units among each treatment were 

compared using the least significant difference (LSD) at P α = 0.05. Data were subjected to 

analysis of variance (ANOVA) and separation of means by the LSD test at P ≤ 0.05. Normalized 

(average = 0, variance = 1) data were submitted to principal component analysis (PCA) with the 

aim of discriminating species based on the studied variable association.  

Statistical analysis for GC-MS 

The large number of treatments and replications which amounted to 360 samples for 

two experiments (2019, 2020), required much time and money to complete the essential oil 

analysis using GC-MS. In this study, duplicates of each treatment were collected, and one 

homogeneous sample was taken to represent that treatment in the statistical analysis process 

to estimate the active compounds. For estimating the significance of the statistical 

differences, the mean of the control parameters was used as a constant for the purpose of the 

assay using the T test of one sample at a probability level of 0.05. The data were analyzed 

using the Statistical Package for the Social Sciences (SPSS) version 26 (IBM, Inc, Armonk, 
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NY). Peak features were considered significant when comprising a signal-to-noise (S/N) ratio 

greater than 50 (and p-values < 0.05). All the data were analyzed with analysis of variance 

(ANOVA) using the SAS Statistical Package Program. 

 

Results and Discussion  

Effect of humic acid and mycorrhizae on plant growth 

           There was a significant effect of the experiment factors and their interaction on the plant 

height for the two experiment seasons (Table 4.1).  L. intermedia grew taller than the other 

species in both experiments. Humic acid at 2.5 g/L resulted in taller plants than the control in the 

first experiment while 3.5 g/L humic acid produced taller plants in the second experiment. 

Mycorrhizae at a concentration of 5 g Mycorrhiza /L increased plant height in both experiments. 

The results of the two-way interaction between humic acid and species showed plant height was 

tallest in intermedia at 3.5 g/L. The shortest plant height was in stoechas at 0 g/L. The two-way 

interaction of humic acid and mycorrhizae resulted in the tallest plants at 3.5 g/L humic acid  and 

5 g Mycorrhiza/L. The interaction between species and mycorrhizae had intermedia with the 

tallest plants  when 5 g Mycorrhiza /L was applied for both experiments.  The shortest plants 

were in the treatment stoechas x 0 g mycorrhizae/L. There was a three-way interaction where 3.5 

g humic acid/L × intermedia × 5 g Mycorrhizae/L produced the greatest plant height for the two 

experiments. The shortest plants were with 0 g humic acid/L × stoechas × 0 g mycorrhizae/L.  
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Table 4.1 Effect of humic acid and mycorrhizae on plant height (cm)in three species of lavender. 

 

 

     
 

    

2019-2020 

  

2020-2021 

Humic 

Acid   

(g L-1) 

Lavender 
Species 

Mycorrhizae 
 (g L-1) 

Humic 
Acid   

× 
Species 

Mycorrhizae 
 (g L-1) 

Humic 
Acid   

× 
Species 0g 10 g 

Trico 
5 g 

Mycor
. 

0g 10 g 
Trico 

5 g 
Mycor

. 
0.0 Intermedia 39.20 40.40 44.00 41.2 34.00 35.00 40.00 36.3 

Angustifolia 31.00 33.80 36.80 33.9 33.00 36.00 39.67 36.2 
Stoechas 21.60 22.50 29.20 24.4 22.83 24.67 27.00 24.8 

1.5 Intermedia 40.40 42.00 50.20 44.2 39.83 40.67 44.00 41.5 
Angustifolia 34.20 37.60 47.20 39.7 35.33 39.50 43.33 39.4 
Stoechas 22.50 23.00 29.80 25.1 23.33 25.33 28.67 25.8 

2.5 Intermedia 45.60 48.20 53.10 49.0 40.67 45.17 49.67 45.2 
Angustifolia 36.60 39.60 43.50 39.9 42.33 44.67 47.67 44.9 
Stoechas 25.60 27.00 35.60 29.4 26.33 28.67 31.33 28.8 

3.5 Intermedia 47.40 56.60 61.10 55.0 50.67 55.00 63.17 56.3 
Angustifolia 39.00 41.80 45.00 41.9 49.33 50.33 54.00 51.2 
Stoechas 28.80 34.60 38.80 34.1 30.00 33.00 34.67 32.6 

LSD (0.05) 2.45 1.41 2.37 1.36 
 Species 

 Means 
 Species 

 Means 
Species 

× 

Mycor

rhizae  

Intermedia 43.15 46.8 52.10 47.35 41.29 43.96 49.21 44.82 
Angustifolia 35.2 38.2 43.12 38.84 40.00 42.62 46.17 42.93 
Stoechas 24.63 26.78 33.35 28.25 25.62 27.92 30.42 27.99 

LSD (0.05) 1.22 0.70 1.18 0.68 
 Humic 

Acid   
 Humic 

Acid   
Humic 

Acid   

× 

Mycor

rhizae  

0.0 30.60 32.23 36.67 33.17 29.94 31.89 35.56 32.46 
1.5 32.37 34.20 42.40 36.32 32.83 35.17 38.67 35.56 
2.5 35.93 38.27 44.07 39.42 36.44 39.5 42.89 39.61 
3.5 38.40 44.33 48.30 34.68 43.33 46.11 50.61 46.69 

LSD (0.05) 1.41 0.81 1.36 0.79 
Mycorrhizae Means 34.33 37.26 42.86  35.64 38.17 41.93  

LSD (0.05) 0.70 0.68 
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Mycorrhizae have been shown increase uptake of nutrients as well as stimulate plant 

production of phytohormones (Fitter, 1985).  Humic acids make nutrients more accessible to the 

plant and promote plant growth and development (Amarowicz et al., 2008). Harper et al. (2000), 

found humic acid, when added to the soil or the plant, leads to an increase in the percentage of 

absorbed nutrients through the decomposition of organic matter, which in turn affects the acidic 

function of the soil (pH). These results are agreement with Badri et al. (2015) who reported 

humic acid improved plant height of lavender. Similar results were also reported in marjoram 

(Majorana hortensis) (El-Khateeb et al., 2017), calendula (Calendula officinalis) 

(Mohammadipour et al., 2012), dill (Anethum graveolens) (Said-Al Ahl, et al., 2016), niger 

(Guizotia abyssinica) (Tadayyon et al., 2017), chamomile (Matricaria chamomilla) (Mohammed 

et al., 2019), mint (Mentha piperita var. citrate) and basil (Ocimum basilicum) (Hendawy et al., 

2015, Jamali et al., 2015 and Vafaei et al., 2015). Bayat and Belopukhov (2019) found plant 

height increased with humic acid and mycorrhizae in basil (Ocimum basilicum L.). Humic acid 

increases nutrient absorption, cell division, and photosynthesis. Furthermore, the use of humic 

acid on leaves and soil works to increase levels of auxin, cytokinin, and gibberellin in plants. 

Likewise, humic acid acts like a hormone-like substance whose auxin-like activity stimulates cell 

division and cell elongation (Schnitzer and Weightman, 1974).  

 Several mechanisms may explain the positive effects of mycorrhizae on plant growth, 

including enhanced protection from soil pathogens, hormone synthesis or mineralization of soil 

organic compounds (Mandyam and Jumpponen, 2005; Wu et al., 2010; Newsham, 2011). It has 

been highly acknowledged that mycorrhizal symbiosis improves the shoot biomass of the plant 

(Chaudhary et al., 2008; Kapoor et al., 2007; Mandal et al., 2013). Podila et al. (2000) reported 

mycorrhizae have importance due to its capability to increase plant growth and yield under stress 
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conditions. Inoculation with mycorrhizal fungi may increase plant growth in basil and mint 

(Aslani et al., 2014; Gupta et al., 2002). In a study conducted by Zubek et al (2012) mycorrhizae 

and soil microbial groups had a positive effect of lavender growth. Lavender plants are 

representative plant species in Mediterranean shrublands and belong to the natural succession in 

some semiarid Mediterranean ecosystems (Barea et al., 1992). They have been classified as 

‘‘obligatory mycorrhizal’’ (Brundrett, 1991) or as ‘‘highly dependent on mycorrhiza’’ (Habte 

and Manjunath, 1991). More recent studies have confirmed the high mycorrhizal dependency of 

these plant species (Azcon and Barea, 1997). Mycorrhizal fungi resulted in improved lavender 

plant growth (Azcón and Barea,1997).  

Number of branches/plants 

There was a significant interaction of the trial factors on number of branches for the two 

experiments (Table 4.2).  The species stoechas had the most branches followed by angustifolia 

and intermedia. Humic acid at 3.5 g/L increased number of branches compared to the control.  

Mycorrhizae at 5 g Mycorrhiza/L also increased the number of branches more than the control. 

The two-way interaction of humic acid and species indicated greatest branch numbers occurred 

in the treatment 3.5 g humic acid/L and stoechas. The least number of branches occurred in the 0 

g humic acid/L and intermedia treatment. The two-way interaction between humic acid and 

mycorrhizae resulted in the greatest branch number in the 3.5 g humic acid/L and 5 g 

Mycorrhiza/L treatment. The lowest average branch number was in treatments with 0 g humic 

acid/L and 0 g mycorrhizae. In the species by mycorrhizae interaction, stoechas with 5 g 

Mycorrhiza/L had the greatest number of branches while intermedia with 0 g mycorrhizae/L had 

the least number of branches. There was a significant three-way interaction where 3.5 g humic 

acid/L × stoechas × 5 g Mycorrhiza/L produced the greatest number of branches. The least 
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number of branches was observed in the treatment 0 g humic acid/L × intermedia × 0 g 

mycorrhizae/L for the two experiments.  

 

Table 4.2 Effect of humic acid levels and biofertilizer on number of branches/plants in three 
species of lavender. 

2020-2019  2021-2020 

 Humic

Acid   

)1-(g L 

Lavender 
Species 

Mycorrhizae 
)1-(g L  

Humic 
Acid   

× 
Species 

Mycorrhizae 
)1-(g L  

Humic 
Acid   

× 
Species g0 10 g 

Trico 
5 g 

Mycor
. 

g0 10 g 
Trico 

5 g 
Myco

r. 
0.0 Intermedia 6.7 8.2 8.7 7.9 6.3 8.3 8.0 7.5 

Angustifolia 10.7 12.3 14.0 12.3 10.3 11.3 13.3 11.6 
Stoechas 15.3 16.7 19.3 17.1 13.7 15.5 17.3 15.5 

1.5 Intermedia 13.7 14.0 15.3 14.3 12.5 13.3 14.2 13.3 
Angustifolia 15.0 17.7 21.0 17.9 14.5 15.7 19.0 16.4 
Stoechas 21.7 22.7 23.3 22.6 20.0 20.7 22.5 21.1 

2.5 Intermedia 16.3 17.0 20.3 17.9 14.0 15.3 17.3 15.5 
Angustifolia 17.0 20.0 24.7 20.6 16.0 18.0 20.7 18.2 
Stoechas 22.0 23.0 23.2 22.7 20.7 22.3 22.7 21.9 

3.5 Intermedia 19.7 20.3 23.0 21.0 16.7 18.7 21.0 18.8 
Angustifolia 18.7 22.0 26.0 22.2 25.0 26.0 28.0 26.3 
Stoechas 25.0 29.0 32.3 28.8 24.3 31.7 33.7 29.9 

LSD (0.05) 1.93 1.11 1.52 0.88 
 Species 

anseM  
 Species 

anseM  
Species 

× 

Mycor

rhizae 

 

Intermedia 14.1 14.9 16.8 15.3 12.4 13.9 15.1 13.8 
Angustifolia 15.3 18 21.4 18.2 16.5 17.8 20.2 18.1 
Stoechas 21.0 22.8 24.6 22.8 19.7 22.5 24.1 22.1 

LSD (0.05) 0.96 0.56 0.76 0.44 
 Humic 

Acid   
 Humic 

Acid   
Humic 

Acid   

× 

Mycor

rhizae 

0.0 10.9 12.4 14.0 12.4 10.1 11.7 12.9 11.6 
1.5 16.8 18.1 19.9 18.3 15.7 16.6 18.6 16.9 
2.5 18.4 20.0 22.7 20.4 16.9 18.6 20.2 18.6 
3.5 21.1 23.8 27.1 24.0 22.0 25.4 27.6 25.0 
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Table 4.3 (continued) 

 

Humic acid contains many elements that increase the availability of nutrients and thus 

affect plant growth (Akinci et al., 2009). The concentration of humic acid was reported to 

increase shoots in lavender (Badri et al., 2015). Similar results were found by Ahmed et al. 

(2011) on roselle, Mohammadipour et al. (2012) on marigold, Hendawy et al. (2015) on Mentha 

piperita var. citrate, El-Khateeb et al. (2017) on marjoram and Yousif (2018) on garlic. 

Muhammad et al. (2019) indicated the maximum number of branches of the stevia plant was 

when plants received the highest level of humic acid. Humic acid increases the porosity of soil 

and improves growth of the root system which leads to increases in the crop shoot system 

(Garcia et al., 2008). As humic acid increases soil porosity it also affects root development which 

in turn can induce shoot growth (Katalinić et al., 2009). Khanam et al. (2012) noted that humic 

substance has a remarkable impact on physical and chemical properties of the soil and 

consequently ameliorates nutrient mineral uptake. Humic acid contains many elements which 

improve the soil fertility and increases the availability of nutrient elements by holding them on 

mineral surfaces, consequently, affecting plant growth and yield (El-Sharkawy and Abdel-

Razzak, 2010).  

Mycorrhizae symbiosis modifies root functions and microbial equilibrium in the 

rhizosphere (Leyval and Berthelin, 1993). Mycorrhizal fungi are usually generalists with the 

plant hosts they colonize to be functionally equivalent in their effects on a host and on the soil 

microflora (Hart et al., 2003). However, it has been recently demonstrated that mycorrhizal 

LSD (0.05) 1.11 0.64 
 

0.88 0.51 

anseMMycorrhizae  16.8 18.6 20.9  16.2 18.1 19.8  
LSD (0.05) 0.56 0.44 
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fungal growth and species is host specific when different plant species and fungi are grown 

together (Van der Hejden et al., 1998). Ouahmane et al. (2006) reported native mycorrhizal fungi 

seemed to have a better capacity to impact lavender seedling growth. They confirmed the role of 

mycorrhizal fungi as a major factor contributing to the growth and co-existence of each of the 

lavender species. Gianinazzi-Pearson (1984) and Brundrett (1991) found mycorrhizal 

dependency is a botanical characteristic. Growth improved due to mycorrhizal performance, such 

as relative contribution from the root compared to the nutrient mediated by fungi absorption 

(Gianinazzi-Pearson, 1984; Brundrett, 1991). 

Number of flowers per plant 

The species angustifolia produced the greatest number of florets followed by intermedia 

and stoechas (Table 4.3). Treating with humic acid at 3.5 g/L resulted in a greater number of 

florets compared to the 0 g humic acid/L control. Foliar applications of mycorrhizae at 5 g 

Mycorrhiza/L resulted in a greater number of florets than treatments without mycorrhizae. The 

two-way interaction between humic acid and the species produced the greatest florets numbers 

when  angustifolia was treated with 3.5 g humic acid/L. Plants of  stoechas did not bloom when 

treated with any concentration of humic acid in the second experiment. The two-way interaction 

of humic acid and mycorrhizae resulted in the greatest number of florets when plants received 

3.5 g humic acid/L and 5 g Mycorrhiza/L.  The least number of florets occurred when plants 

received no humic acid and no mycorrhizae. The species L. angustifolia produced the most 

florets when also treated with 5 g Mycorrhizae/L while stoechas treated with 0 g mycorrhizae/L 

had the fewest florets. There was a significant three-way where the greatest number of florets 

were produced in the treatment 3.5 g humic acid/L × angustifolia × 5 g Mycorrhizae/L for the 

two experiments. The species stoechas did not bloom with any of treatments.  
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Table 4.3 Effect of humic acid and mycorrhizae on number of flowers per plant in three species 
of lavender. 

 

2019-2020  2020-2021 

Humic 

Acid   

(g L-1) 

Lavender 
Species 

Mycorrhizae (g L-1) Humic 
Acid   

× 
Species 

Mycorrhizae  (g L-1) Humic 
Acid   

× 
Species 0g 10 g 

Trico 
5 g 

Mycor
. 

0g 10 g 
Trico 

5 g 
Myco

r. 
0.0 Intermedia 64.7 105.3 118.3 96.1 53.7 89.9 99.3 81.0 

Angustifolia 121.0 210.0 227.0 186.0 113.7 143.7 162.0 139.8 
Stoechas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1.5 Intermedia 79.0 110.3 128.7 106.0 64.7 94.7 112.7 90.7 
Angustifolia 128.0 161.7 184.3 158.0 116.3 136.7 154.7 135.9 
Stoechas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2.5 Intermedia 124.3 134.3 156.0 138.2 119.0 129.3 143.3 130.5 
Angustifolia 188.7 203.3 225.0 205.7 164.3 184.7 195.0 181.3 
Stoechas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

3.5 Intermedia 141.0 157.7 169.0 155.9 125.7 140.3 156.0 140.7 
Angustifolia 195.3 233.0 251.7 226.7 174.7 193.7 203.0 190.5 
Stoechas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

LSD (0.05) 6.52 3.77 6.75 3.90 
 Species 

Means 
 Species 

Means 
Species 

× 

Mycor

rhizae 

Intermedia 102.3 126.9 143.0 124.0 90.8 113.6 127.8 110.7 
Angustifolia 158.2 202.0 222.0 194.0 142.3 164.7 178.7 161.9 
Stoechas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

LSD (0.05) 3.26 1.88 3.38 1.95 
 Humic 

Acid   
 Humic 

Acid   
Humic 

Acid   

× 

Mycor

rhizae 

0.0 61.9 105.1 115.1 94.0 55.8 77.9 87.1 73.6 
1.5 69.0 90.7 104.3 88.0 60.3 77.1 89.1 75.5 
2.5 104.3 112.6 127.0 114.6 94.4 104.7 112.8 104.0 
3.5 112.1 130.2 140.2 127.5 100.1 111.3 119.7 110.4 

LSD (0.05) 3.77 2.17 3.90 2.25 
Mycorrhizae Means 86.8 109.6 121.7  

 
77.7 92.7 102.2  

LSD (0.05) 1.88 1.95 
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Singh and Wasnik (2013) and Jalayerinia et al. (2017) found foliar humic acid in well 

fertilized rosemary plants produced the greatest number of flowers. Similar results were 

observed in gerbera where higher rates of humic acid increased the number of harvested flowers 

(Nikbakht et al., 2008). Similar results were also reported on chamomile (Matricaria 

chamimilla) where humic acid levels increased the number of air-dried flower heads/ plant (g) 

and per acre (Mohammed et al., 2019).  

Humic acids have a reducing capacity with respect to Fe uptake (Sanchez-Sanchez et al., 

2002). Humic acid also serves as a catalyst in promoting the activity of microorganisms in the 

soil (Chen and Aviad, 1990; Sharif et al., 2002). Bohme and Thi Lua (1997) reported on humic 

acid’s beneficial effects on plant nutrient uptake, and micronutrient transport and availability. 

Hypotheses explaining the stimulatory effects of humic acid are numerous, the most compelling 

of which is the “direct action” on the plant, which is hormonal in nature, along with the “indirect 

action” through positive effects on seed germination, seedling growth, root growth, and bud 

development. Zhang and Ervin (2004) showed humic acid has cytokinin activity. Other 

hypothetical mechanisms include enhanced uptake of metabolic ions and increases in cell 

permeability (Chen and Aviad, 1990). Varanini and Pinton (1995) reported that humic acid 

enhanced absorption of micro- and macro-elements in plants. Humic acid can enhance plant 

growth by promoting the bioavailability of nutrients (Chen et al. 2004). Consequently, the use of 

humic substances has often been proposed as a method to improve crop production. Boehme et 

al. (2005) reported humic acid influences the respiration process, the amount of sugars, amino 

acids, and nitrate accumulated.  

 
  Lavender plants are representative botanical species in Mediterranean shrubs (Barea al., 1992). 
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It is rated as "compulsory mycorrhizal" (Brundrett, 1991) or as " highly dependent on 

mycorrhizal fungi" (Habte and Manjunath, 1991). Mycorrhizal fungi can solubilize surrounding 

weatherable minerals through excretion of organic acids (Landeweert et al., 2001). The results in 

this study emphasize there is a role for mycorrhizae as a major factor contributing to growth of 

species of lavender. Golubkina et al. (2020) explained that mycorrhizae stimulated the growth of 

tarragon and lavender plants. Previous studies show the positive effects of mycorrhiza on plant 

growth (Ortas and Akpınar, 2006; Miransari et al., 2009; Wu and Zou, 2010). Wu and Zou 

(2010) indicated the beneficial effects of mycorrhizae could contribute to high chlorophyll and 

therefore high photosynthetic activity. Therefore, knowledge of the relationship between plants 

and fungi is of considerable importance for the successful use of mycorrhizae fungi (Tian et al., 

2004). 

Plant dry weight (g) 

The species stoechas had the greatest plant dry weight followed by angustifolia and 

intermedia (Table 4.4). Humic acid applied at 3.5 g/L led to a significant increase in the plant dry 

weight over the control. The use of mycorrhizae at 5g Mycorrhiza/L also increased dry weight 

above the Tricoderma and the control treatments.   

The humic acid/species two-way interaction between 3.5 g humic acid/L and stoechas 

resulted in the greatest dry weight while the least dry weight was in the 0g humic acid/L and 

intermedia. Humic acid also interacted with mycorrhizae where 3.5 g humic acid/L and 5 g 

Mycorrhiza/L resulted in the greatest plant dry weight. The control of 0 g humic acid/L and 0 g 

mycorrhizae had the least plant dry weight. Species and mycorrhizae interacted whereby 
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stoechas and 5 g Mycorrhiza/L had the greatest plant dry weight. The species intermedia 

receiving 0 g mycorrhizae/L had the least plant dry weight. 

The three-way interaction of 3.5 g humic acid/L x stoechas x 5 g Mycorrhiza /L produced 

the greatest plant dry weight. The least plant dry weight was observed in the treatment 0 g humic 

acid/L x intermedia x 0 g mycorrhizae/L.  

Table  4.4 Effect of humic acid and mycorrhizae on plant dry weight (g) in three species of 
lavender. 

2019-2020  2020-2021 

Humic 

Acid   

(g L-1) 

Lavender 
Species 

Mycorrhizae (g L-1) Humic 
Acid   

× 
Species 

Mycorrhizae (g L-1) Humic 
Acid   

× 
Species 0g 10 g 

Trico 
5 g 

Mycor 
0g 10 g 

Trico 
5 g 

Mycor 
0.0 Intermedia 7.6 9.3 9.6 8.8 6.5 7.9 7.9 7.4 

Angustifolia 10.2 11.2 11.5 11.0 9.3 10.1 10.8 10.1 
Stoechas 12.3 12.8 13 12.7 11.2 11.7 12 11.6 

1.5 Intermedia 8.3 9.1 10.6 9.3 7.5 8.2 9.1 8.3 
Angustifolia 11.2 11.9 12 11.7 10 10.5 11.6 10.7 

Stoechas 12.6 12.8 13.1 12.8 11.9 12.3 12.3 12.2 
2.5 Intermedia 11.2 11.4 11.7 11.4 10.6 10.7 10.9 10.7 

Angustifolia 11.6 11.9 12.0 11.8 11.2 11.5 11.8 11.5 
Stoechas 12.5 12.8 12.9 12.7 12 12.2 12.4 12.2 

3.5 Intermedia 11.3 11.6 11.8 11.6 10.9 11 11.2 11.0 
Angustifolia 11.8 12.0 12.3 12.0 11.4 11.7 11.9 11.7 

Stoechas 12.7 12.8 12.9 12.8 12.1 12.3 12.4 12.3 
LSD (0.05) 0.54 0.31 0.33 0.19 

 Species  
Means 

 Species  
Means 

Species × 

Mycorrh

izae 

Intermediate 9.6 10.4 10.9 10.3 8.9 9.5 9.8 9.4 
Angustifolia 11.2 11.8 11.9 11.6 10.5 11 11.5 11.0 

Stoechas 12.5 12.8 13.0 11.9 11.8 12.1 12.3 12.1 
LSD (0.05) 0.27 0.16 0.17 0.10 

 Humic 
Acid   

 Humic 
Acid   

Humic 

Acid   

× 

0.0 10.0 11.1 11.3 10.8 9 9.9 10.3 9.7 
1.5 10.7 11.3 11.9 11.3 9.8 10.3 11.1 10.4 
2.5 11.8 12.0 12.2 12.0 11.3 11.5 11.7 11.5 
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Table 4.5 (continued) 

 

Humic acid improves the physical and chemical properties of the soil increasing the 

absorption and transfer of elements from the source to the plant (El-Hak et al., 2012). This 

results in increasing chlorophyll content in the leaves thus increasing the efficiency of 

photosynthesis and increasing its products carbohydrates (Abdul-Al- Hayani, 2016). The 

increase in chlorophyll and the subsequent increase in the products of photosynthesis result in an 

increase in the proportion of synthesized carbohydrates (Al-Ali and Majid, 2013). Badri et al. 

(2015) reported the consumption of humic acid increased the dry weight of the plant. They used 

2.5 g humic acid under normal conditions which had the greatest effect on lavender to increase 

the yield and quality.  Humic acid application at 2 to 5 g/L increased shoot dry weight of Mentha 

piperita var. citrate, basil plants, and Calendula officinalis (Hendawy et al. 2015; Jamali et al., 

2015; Mohammadipour et al., 2012; Vafaei et al., 2015). Furthermore, this result is in harmony 

with the results of Moraditochaee (2012) and Bakry et al. (2013) who showed significant 

increases in peanut and wheat grain yield due to the addition of humic acid. Likewise, Dawood et 

al. (2019) indicated humic acid application at 5% positively affected dry weight in fava bean.  

Plant growth promoting mycorrhizae increased dry weight in basil and chamomile 

(Matricaria chamomilla) (Mohammed et al., 2019). Many studies support the beneficial effects 

of mycorrhizae such as Ameri and Tehranifar (2012) on strawberry (Fragaria ananasa), and 

Boghdady et al. (2016) on chickpea seedlings. According to Gupta et al. (2002), Mentha arvensis 

Mycorrh

izae 

3.5 11.9 12.1 12.3 12.1 11.5 11.7 11.8 11.7 

LSD (0.05) 0.31 0.18 
 

0.19 0.11 

Mycorrhizae Means 11.1 11.6 11.9  
 

10.4 10.8 11.2  
LSD (0.05) 0.16 0.10 
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plants inoculated with Mycorrhizae resulted in increased dry weight compared to non-fungal 

plants. Mycorrhizae inoculation significantly increased dry weight of flaxseed (Linum 

usitatissimum) (Ansari et al., 2016). Inoculation of basil with mycorrhizae not only enhanced 

growth but improved shoot dry weight, percent of essential oil and composition of essential oils 

(Aslani et al., 2014). Martinez et al. (2011) explained it is widely accepted mycorrhizal 

symbiosis creates hormonal changes in the roots of the host plant; however, there is only limited 

evidence of the system effects of plant-mycorrhizal fungi interactions. Gutjahr (2014) stated 

mycorrhizae have a broad host range and thus are the most credible group to enhance secondary 

production metabolites in plants. Swaminathan and Verma (1979) found the greatest benefit of 

mycorrhizae to the host plant is increased absorption of mineral nutrients, especially phosphorus. 

Karagiannidis et al. (2011) reported mycorrhiza-treated oregano plants produced double the dry 

weight compared to the control plants. Similarly, Gupta et al. (2002) reported that treatment of 

Mentha arvensis with mycorrhiza increased fresh and dry biomass. According to Karagiannidis 

et al. (2012) Glomus lamellosum inoculation to L. angustifolia resulted in increased plant 

biomass.  

Oil yield /plant  

               The species stoechas had the highest average essential oil yield followed by 

angustifolia  and intermedia (Table 4.5). Humic acid at 3.5 g/L was beneficial in increasing the 

oil yield over the control. Mycorrhizae at 5 g Mycorrhiza/L increased oil yield over use of 

Tricoderma or no mycorrhizae. The two-way interaction between humic acid and the species 

indicated 3.5 g humic acid/ L on stoechas increased oil yield while 0g humic acid/L on 

intermedia resulted in the least oil yield. The two-way treatment between humic acid and 

mycorrhizae showed 3.5 g humic acid/L with 5 g Mycorrhiza/L recorded the highest oil yield. 
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The lowest oil yield was from the treatment with 0 g humic acid and 0 g mycorrhizae. In looking 

at the interaction of species and mycorrhiza stoechas with 5 g Mycorrhiza/L had the greatest oil 

yield while intermedia with 0 g Mycorrhizae/L produced the least oil. The three-way interaction 

humic acid, species, and Mycorrhizae was significant. The treatment 3.5 g humic acid/L x 

stoechas x 5 g Mycorrhiza/L produced the greatest oil yield. The least oil yield was in the 

treatment 0 g humic acid/L x intermedia x 0 g mycorrhizae/L.  

Table 4.5 Effect of humic acid levels and mycorrhizae on oil yield in three species of lavender.  

2019-2020  2020-2021 

Humic 

Acid   

(g L-1) 

Lavender 
Species 

Mycorrhizae 
 (g L-1) 

Humic 
Acid   

× 
Species 

Mycorrhizae 
 (g L-1) 

Humic 
Acid   

× 
Species 0g 10 g 

Trico 
5 g 

Mycor
. 

0g 10 g 
Trico 

5 g 
Myco

r. 
0.0 Intermedia 18.77 20.03 20.73 19.84 20.1 21.8 23.4 21.8 

Angustifolia 21.40 21.73 21.90 25.19 22.6 23.5 25.4 23.8 
Stoechas 22.17 23.33 24.27 23.87 20.2 22.3 23.6 22.0 

1.5 Intermedia 23.93 25.43 26.20 24.43 22.3 24.4 26.3 24.3 
Angustifolia 23.73 26.43 28.10 21.68 25.5 26.8 28.4 26.9 
Stoechas 24.20 26.20 27.77 26.09 22.4 23.6 25.7 23.9 

2.5 Intermedia 23.20 23.67 24.73 25.17 24.3 26.6 27.6 26.2 
Angustifolia 23.07 25.83 26.60 26.16 25.5 26.6 27.7 26.6 
Stoechas 24.03 25.70 26.20 23.26 23.3 26 27.8 25.7 

3.5 Intermedia 22.00 24.60 26.70 26.06 23.7 27.5 31.3 27.5 
Angustifolia 24.60 26.53 27.33 25.31 24.6 28.5 29.4 27.5 
Stoechas 24.57 26.60 31.00 27.39 25.5 26.5 31.8 27.9 

LSD (0.05) 0.96 0.55 0.63 0.36 
 Species 

Means 
 Species 

Means 
Species 

×  

Mycor

rhizae 

 

Intermedia 21.98 23.43 24.59 23.33 22.6 25.1 27.2 24.9 
Angustifolia 23.20 25.13 25.98 24.68 24.6 26.3 27.7 26.2 
Stoechas 23.74 25.46 27.31 25.96 22.9 24.6 27.2 24.9 

LSD (0.05) 0.48 0.27 0.32 0.18 
 Humic 

Acid   
 Humic 

Acid   
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Table 4.5 (continued) 

 

Badri et al. (2015) indicated humic acid increased the conditions for improvement in 

linalool and geraniol oil production. The use of 2.5 g humic acid under normal conditions had the 

greatest effect on herbs and lavender essential oils increasing the yield and quality (Hendawy et 

al., 2015). Noroozisharaf and Kaviani (2018) indicated humic acid positively changed biological 

activities increasing essential oil content and its major constituents in Thymus vulgaris under 

greenhouse conditions. Juarez et al. (2011) indicated essential oil percentage and yield were 

higher at the highest humic acid levels compared to control. Humic acid application at 2 to 5 g/l 

increased essential oil of Mentha piperita var. citrate and basil plants (Hendawy et al. 2015, 

Jamali et al. 2015 and Vafaei et al. 2015). Other investigators found spraying dill plants with 

humic acids increased oil yield (Said-Al Ahl, et al., 2016) and its use on Guizotia abyssinica 

increased plant growth, oil, and protein content (Tadayyon et al., 2017). Humic acids stimulate 

biological processes in the plant, especially photosynthesis, which is the biocentre of the plant to 

produce secondary compounds such as glycosides (Zahra et al., 1984; Bowes et al., 2004). 

Sardashti et al (2012), reported the percentage chemical composition of the essential oil from A. 

Humic 

Acid   

× 

Mycor

rhizae 

 

0.0 20.78 21.70 22.30 21.59 

 

21 22.5 24.1 22.5 

1.5 23.96 26.02 27.36 25.78 23.4 24.9 26.8 25.1 
2.5 23.43 25.07 25.84 24.78 24.4 26.4 27.7 26.2 
3.5 23.72 25.91 28.34 25.99 24.6 27.5 30.9 27.7 

LSD (0.05) 0.55 0.32 0.63 0.21 
Mycorrhizae Means 22.97 24.68 25.96  

 
23.3 25.3 27.4  

LSD (0.05) 0.27 0.18 



www.manaraa.com

 

189 

sieberi increased when its root was exposed to humic acid.  Essential oil increased as the humic 

acid level was increased (Bayat and Belopukhov, 2019).  

Rhizobacteria have been shown to increase essential oils in basil and chamomile 

(Mohammed et al, 2019). Karagiannidis et al. (2011) found that oregano and mint treated with 

mycorrhizal fungi were higher in essential oils and nutrients than non-treated plants. In addition, 

the essential oil composition of mycorrhizae treated plants differed from that of non-treated 

plants. Inoculation of basil not only enhanced growth but also improved the percent of essential 

oil and composition of essential oil (Aslani et al., 2014). Karagiannidis et al. (2011) found 

mycorrhizal isolates led to a significant increase in plant growth and total production of essential 

oil in both thyme and mint plants. The results of this study indicate it may be possible to use 

mycorrhizal fungi to influence essential oil quality and production. Mycorrhizal fungi improve 

plant development, nutrition, and essential oil content (Nell et al., 2010). There are many reports 

on improved nutrient uptake, especially of phosphorus, by mycorrhizal plants compared to non-

mycorrhizal plants (Cabello et al., 2005; Clark et al., 1999; Kanias et al., 1998; Raˇzi ´c et al., 

2005). 

             According to Gupta et al. (2002) application of mycorrhiza to Mentha arvensis 

increased the production of essential oils. Kapoor et al. (2004) indicated that inoculation with 

mycorrhizal fungi increased the total essential oil concentration of Artemisia annua and  Lactuca 

sativum, especially geraniol and linalool. Khaosaad et al. (2006) and Copetta et al. (2006) 

reported the qualitative and quantitative improvement of essential oil production elicits a high 

commercial interest.  
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Discussion results of GC-MS (Essential oil composition) 

Essential oil composition 

Lavender oil obtained from three species of lavender treated with humic acid and 

mycorrhizae was analyzed by GC-MS (Fig 4.2-4.16). The main ingredients of lavender essential 

oil are cis- linalool, limonene, linalyl acetate, γ -terpinene, and cis-sabinene hydrate sabinene 

hydrate, sabinene, γ-terpineol, and terpinen-4-ol. The plants treated with humic acid at a high 

level (3.5 gm) as well as Mycorrhiza at 5 g/L were found to be rich in cis-sabinene hydrate, 

while terpinen-4-ol was found to be abundant in the essential oil of plants treated with at 3.5 g 

humic acid/L or mycorrhizae. Humic acid at all tested levels increased the proportion of linalool 

in the oil compared to the control. Sabinene and γ-terpineol decreased with all mycorrhizae 

treatments compared to the control group. Novak et al (2002) showed the formation of cis-

sabinene and acetate hydrates appears to be due to a specific enzymatic mutation in oregano 

plants. 

 

 

Figure 4.2 Chromatograph of essential oil extracted from L. angustifulia treated with 3.5g/l 
humic acid and 5g Mycorrhiza. 
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Figure 4.3 Chromatograph of essential oil extracted from L. stoechas treated with 3.5g/L 
humic acid and 10g Trichoderma. 
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Figure 4.4 Chromatograph of essential oil extracted from L. stoechas treated with 2.5 g /L 
humic acid and 5g/L Mycorrhiza. 
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Figure 4.5 Chromatograph of essential oil extracted from L. stoechas treated with 3.5 g /L 
humic acid and 5g/L Mycorrhiza. 
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Figure 4.6 Chromatograph of essential oil extracted from L. stoechas treated with 0g/L humic 
acid, 0g/L Mycorrhiza. 
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Figure 4.7 Chromatograph of essential oil extracted from L. intermedia treated with 1.5g/L 
humic acid and 5g/L Mycorrhiza . 
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Figure 4.8 Chromatograph of essential oil extracted from L. intermedia treated with 0g/L 
humic acid and 0g/L Mycorrhiza . 
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Figure 4.9 Chromatograph of essential oil extracted from L. angustifulia treated with 2.5g/L 
humic acid and 5g/L Mycorrhiza . 
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Figure 4.10 Chromatograph of essential oil extracted from L. intermedia treated with 2.5g/L 
humic acid and 5g/L Mycorrhiza. 
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Figure 4.11 Chromatograph of essential oil extracted from L. angustifulia treated with 1.5g/L 
humic acid and10g/L Trichoderma. 
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Figure 4.12 Chromatograph of essential oil extracted from L. angustifulia treated with 3.5g/L 
humic acid and 5g/L Mycorrhiza .   
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Figure 4.13 Chromatograph of essential oil extracted from L. intermedia treated with 3.5g/L 
humic acid and 5g/L Mycorrhiza. 
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Figure 4.14 Chromatograph of essential oil extracted from L. angustifolia treated with 0g/L 
humic acid and 0g/L Mycorrhiza. 
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Figure 4.15 Chromatograph of essential oil extracted from L. angustifulia treated with 1.5g/L 
humic acid and 5g/L Mycorrhiza. 
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Figure 4.16 Chromatograph of essential oil extracted from L. angustifulia treated with 3.5g/L 
humic acid, 10g/L Trichoderma.  
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(2011) found the large quantities of monoterpenes containing oxygen in oils support the dynamic 

assembly of plastid hydroxylases and hydrogen trends involved in the subsequent modification 

of the primary hydrocarbons.  

 

Chemical identification and quantification 

Table 4.3 Table 6: GC-MS identification and relative percentage concentration of 
components found in the lavender essential oil.  

No

. 

RT(min

) 

Essential Oil 

Compound 

Formul

a 

percentage

% 

Molecular 

class  

 

Identifie

d 

Methods 

 

1 1.008 Carny acetate C12H18O
2 

  

0.19254981
2 

 Pyro-
GC-MS 

2 1.679 Trans- β-Ocimene C10H16 0.439794 Monoterpene Pyro-
GC-MS 

3 2.254 Hexanol C₆H₁₄O 1.33231015
6 

Aliphatic 
alcohol 

Pyro-
GC-MS 

4 2.491 1-Penten -3-ol C6H12 0.62874854
1 

Monoterpene Pyro-
GC-MS 

5 2.839 α-Pinene C10H16 1.35064767 Monoterpene Pyro-
GC-MS 

6 3.233 β-pinene C10H16 0.66915687
2 

Monoterpene Pyro-
GC-MS 

7 4.201 3-Carene C10H16 0.39311914
9 

Monoterpene Pyro-
GC-MS 

8 4.685 Cis-β -Ocimene C9H16O2 0.25865919
9 

Monoterp.alcoh
ol 

Pyro-
GC-MS 

9 5.099 Myrcene C10H16 1.40949835
6 

Monoterpenoid
s 

Pyro-
GC-MS 

10 5.447 Cymene C10H16 2.28746111
7 

Monoterpene Pyro-
GC-MS 

11 5.951 - terpinene-4-ol C10H16O 0.29138673
2 

Monoterpene Pyro-
GC-MS 

12 6.319 Unknown / 0.40957342
6 

/ Pyro-
GC-MS 

13 6.455 Sabinene hydrate C10H18O 0.45789343
2 

Monoterpene Pyro-
GC-MS 
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14 6.662 Limonene C10H16 1.45379587 Monoterpene Pyro-
GC-MS 

15 7.217 Lavandulol C10H18O 0.49238037
5 

Monoterp.alcoh
ol 

Pyro-
GC-MS 

16 7.292 γ-Terpinene C10H16 0.61693765
9 

Monoterpene Pyro-
GC-MS 

17 7.358 2-methyl-1-butanal C5H12O 0.34679673
2 

Monoterp. ether Pyro-
GC-MS 

 

Table 4.7 (continued) 

18 7.514 Bicyclo (4.1-0)hept-3-ene C7H8O 0.557129136 Monoisotopic Pyro-
GC-
MS 

19 7.6 Terpinolene C10H16 0.781592822 Monoterpene Pyro-
GC-
MS 

20 7.781 -7-Trans- Linalool oxide C10H18O2 0.255958234 Monoterp.alcohol Pyro-
GC-
MS 

21 7.953 Hexyl butyrate C10H20O2 0.344285033 Aliphatic ester Pyro-
GC-
MS 

22 8.402 trans-3-Caren-2-ol C10H16O 1.000915334 Monoisotopic Pyro-
GC-
MS 

23 8.487 Toluene C7H8 0.667027161 Methylbenzene Pyro-
GC-
MS 

24 8.966 3,4-hexanedione C6H10O2 0.588212315 Monoisotopic Pyro-
GC-
MS 

25 9.103 Linalool oxide C10H18O2 0.518074081 Monoterp.alcohol Pyro-
GC-
MS 

26 9.168 (Z)-Cinnamaldehyde C9H8O 1.176005655 Monoisotopic Pyro-
GC-
MS 

27 9.319 α- Thujone C10H16O 1.022646462 Monoisotopic Pyro-
GC-
MS 

28 9.405 Limonene oxide C10H16O 2.141247091 Monoterpene Pyro-
GC-
MS 
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29 9.481 Camphene C10H16 1.251525003 Monoterpene Pyro-
GC-
MS 

30 9.627 Linalool C10H16O 2.233760957 Monoterp.alcohol Pyro-
GC-
MS 

31 9.788 Sabinene C10H16 0.422233368 Monoterpene Pyro-
GC-
MS 

 

Table 4.7 (continued) 

32 10.01 Butanoic acid C4H8O2 0.422149502 Monoisotopic Pyro-
GC-
MS 

33 10.449 Linalyl acetate C12H20O2 1.861968756 Monoterp. ester Pyro-
GC-
MS 

34 10.822 α- Terpinene C10H16 0.653615571 Monoterpene Pyro-
GC-
MS 

35 10.898 Par-Cymenene C10H14 0.928306709 Monoterpene Pyro-
GC-
MS 

36 10.973 Camphor C10H16O 0.710154277 Monoterp. ketone Pyro-
GC-
MS 

37 11.508 3-Caren-10-al C10H14O 0.723946095 Monoterpene Pyro-
GC-
MS 

38 12.396 Cumin aldehyde C10H12O 0.4123527 Monoterpene Pyro-
GC-
MS 

39 12.481 D-Carvone C10H14O 1.05792457 Monoterpene Pyro-
GC-
MS 

40 12.597 Geraniol C10H18O 1.385554837 Monoterp. ether Pyro-
GC-
MS 

41 12.85 -1,8-Cireole C10H18O 1.328351869 Monoterp.alcohol  Pyro-
GC-
MS 
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42 13.485 Cis-Linalool oxide C10H18O2 1.876236291 Monoterp.alcohol Pyro-
GC-
MS 

43 14.009 Nerol C10H18O .792425201 Monoterp.alcohol Pyro-
GC-
MS 

44 14.115 3- Carene C10H16 0.800928203 Monoterpene Pyro-
GC-
MS 

45 14.846 α-Terpineol C10H18O 4.592931332 Monoterpene Pyro-
GC-
MS 

 

Table 4.7 (continued) 

46 15.558 Borneol C10H18O 3.293906627 Monoterp.alcohol Pyro-
GC-
MS 

47 15.986 Caryophyllene oxide C15H24O 0.910607198 Sesquiterpene Pyro-
GC-
MS 

48 16.576 -Cadinol 15H 0.549516129 Sesquiterpenoid Pyro-
GC-
MS 

49 17.257 (E,E)-Farnesol C15H26O 0.895903525 Monoisotopic  Pyro-
GC-
MS 

50 17.625 Thuja-2,4(10)-diene C10H14 0.350204307 Monoterpene Pyro-
GC-
MS 

51 17.918 Cis-α-Bergamotene C15H24 0.290768582 Sesquiterpene Pyro-
GC-
MS 

52 18.291 Geranyl acetate C12H20O2 9.767224029 Monoterp. ester Pyro-
GC-
MS 

53 18.573 Trans-α-Bergamotene C15H24 0.317684787 Sesquiterpene Pyro-
GC-
MS 

54 18.71 Di isobutyl phthalate C16H22O4 0.324690403 Monoterp. ester Pyro-
GC-
MS 
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55 19.32 Myrlenyl acetate C12H18O2 0.961492764 Monoisotopic Pyro-
GC-
MS 

56 19.693 Neryl acetate C12H20O2 0.492731271 Monoisotopic  Pyro-
GC-
MS 

57 19.965 
  

0.308380609 - Pyro-
GC-
MS 

58 20.071 Trans-Linalool oxide C10H18O2 3.948007842 Monoterp.alcohol Pyro-
GC-
MS 

59 20.132 α-Caryophyllene C15H24 0.82842743 Sesquiterpene Pyro-
GC-
MS 

 

Table 4.7 (continued) 

60 20.374 α- Long pinene C10H16 3.634527334 Monoterpene Pyro-
GC-
MS 

61 20.576 E-Caryophyllene C15H24 10.08404173 Sesquiterpene Pyro-
GC-
MS 

62 20.818 β-Caryophyllene C15H24 0.265155555 Sesquiterpene Pyro-
GC-
MS 

63 20.949 1-Tricosene C23H46 0.1780754 Monoisotopic Pyro-
GC-
MS 

64 21.877 Germacrene D C15H24 0.306505569 Sesquiterpenes Pyro-
GC-
MS 

65 21.962 Neryl acetate C12H20O2 0.880270706 Monoterp. ester Pyro-
GC-
MS 

66 22.063 Benzaldehyde C6H5CHO 0.212411536 Monoisotopic Pyro-
GC-
MS 

67 22.245 α-Cedrene C15H24 4.166936997 Monoterpenoids Pyro-
GC-
MS 
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68 22.426 Lavandulyl acetate C12H20O2 2.330746741 Monoterp.alcohol Pyro-
GC-
MS 

69 22.497 α-Bergamotene C15H24 0.638138505 Sesquiterpene Pyro-
GC-
MS 

70 22.779 Methoxy cinnamaldehyde C10H10O2 0.191081033 Aliphatic alcohol Pyro-
GC-
MS 

71 23.082 α-Bulnesene C15H24 0.19898576  Sesquiterpenoids Pyro-
GC-
MS 

72 24.086 Eugenol C10H12O2 0.252126818 Phenylpropene Pyro-
GC-
MS 

73 24.202 Limonene diol C10H18O2 0.271911769 Monoterpene Pyro-
GC-
MS 

 

Table 4.7 (continued) 

74 24.514 Cadala-1(10)-3-8-triene C15H22 7.885120051 Monoisotopic Pyro-
GC-
MS 

75 24.6 Trans-Cadinene ether C15H24 0.577726498 Monoisotopic Pyro-
GC-
MS 

76 24.716 α-Element C15H24 0.148524836 Actinium Pyro-
GC-
MS 

Total chromatograph (GCMS) of lavender (leaves, flowers, and stems) of essential oil, name, 
and retention time (min) of compounds: linalool, linalyl acetate, cymene, trans linalool, sabinene 
hydrate, β-pinene, linalool oxide, camphor. 

  



www.manaraa.com

 

211 

Table 4.4 Qualitative and quantitative GC-MS data for essential oil components identified in 
lavender.  

No RT Compound                                   Treatment 
1 2 3 4 5 6 7 8 9 10 11 12 

1 1.008 Caray acetate  -           
2 1.679 Trans- β-Ocimene 1.28 1.61 1.24 1.32 1.04 0.96 1.23 1.54  0.71 1.78 1.35 

3 2.254 Hexanol 3.38 4.09  3.00 2.69 2.23 2.97 2.52 2.19 1.72 2.70 3.70 

4 2.491 1-penten-3-ol   2.41   1.10 1.59    2.59 4.34 

5 2.839 α-Pinene 2.84 3.37  3.01 1.99 2.16 3.55 2.80 3.87 3.84 3.77 6.66 

6 3.233 β-pinene 0.72 1.60 2.02 1.18 0.64 1.22 1.99 1.56 1.42 1.38 0.98 1.00 

7 4.201 3-Carene  0.82  0.85 0.29 0.69 1.19 1.10  1.21   

8 4.685 Cis- β-Ocimene  -  0.37 0.18 0.39 0.60 0.60 0.40    

9 5.099 Myrcene 1.42 2.46 3.17 2.69 1.19 1.61 2.67 3.30 2.25 2.85 3.74  

10 5.447 Cymene 2.99 5.50 5.81 5.47 2.35 2.78 5.42 4.02 5.26 4.80 2.31 5.45 

11 5.951  -terpinen-4-ol  0.84           

12 6.319              
13 6.455 Sabinene hydrate - 0.88 1.13 0.86  0.37  0.58 0.91  0.30 0.73 

14 6.662 Limonene 2.52 3.34 3.78 2.15 2.01 2.29 3.90 2.58 1.41 1.77 1.76  

15 7.217 Lavandulol  2.16  0.45  0.52     0.39  

Table 4.8 (continued) 

16 7.292 γ-Terpinene    0.96  0.56     0.91 1.72 
17 7.358 2-methyl-1-butanol 0.41   0.45         

18 7.514 Bicyclo (4.1.0)hept-3    1.03 0.36 0.55 2.09   2.35 1.67  

19 7.6 Terpinolene           0.66  

20 7.781  -7trans-Linalool 
oxide 

0.31 0.51   0.22    1.79  0.93  
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21 7.953 Hexyl butyrate   0.59 0.49  0.48 0.59 0.27 0.58 0.79 0.28  

22 8.402 trans-3-Caren-2-ol 
 

 0.90 1.59 0.63  0.80 1.50 1.60 1.18 1.57 1.38 0.81 

23 8.487 Toluene   0.93   0.79 0.85 0.90   0.55  

24 8.966 3,4-hexanedione - 1.03  1.28   0.75 0.37 0.97 0.82  0.89 

25 9.103 Linalool oxide  3.28 3.30 2.53 1.04 1.43 2.78 3.00 1.93 2.09 1.31 1.56 

26 9.168 (Z)-cinnamaldehyde        1.70   0.17  

27 9.319 α-Thujone 1.59          0.81  
28 9.405 Limonene oxide 

 
 3.28 3.30 2.53 1.04   3.00   1.56  

29 9.481 Camphene 1.15 1.35 1.65 1.09 1.37 1.56 1.92 1.32   1.22  

30 9.627 Linalool 1.21 2.17 1.68 1,23 1.01 0.78 1.03 3.40   2.55  

 

Table 4.8 (continued) 

31 9.788 Sabinene           0.21  

32 10.01 Butanoic acid    2.35 0.29      0.17  

33 10.449 Linalyl acetate 
 

  1.69 1.17  4.82 1.27 2.92 6.35 8.46 1.95  

34 10.822 α-Terpinene 0.77    1.50 1.32  1.37   0.48  

35 10.898 Para-cymenene 10.37    18.27  6.52 3.33   2.95  

36 10.973 Camphor 0,89 0.98  1.10 0.54 14.00  1.42   0.46  

37 11.508 3-Caren-10-al 
 

  0.91     2.48 0.83  0.48  

38 12.396 Cumin aldehyde   0.35     0.78   0.19  

39 12.481 D-carvone  0.52 1.44     2.61     

40 12.597 Geraniol  1.54 0.53 1.00    2.63   0.13  
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41 12.85 -1,8-Cireole 5.43 3.39 3.34 3.92 4.43  0.74  1.21  0.34 6.72 

42 13.485 Cis-Linalool 
oxide 
 

 0.50           

43 14.009 Nerol  6.73 6.95 7.95  3.37 5.37 2.94 4.49 3.49 0.69 5.15 

44 14.115 Z-caryophyllene             

 

Table 4.8 (continued) 

45 14.846 α-Terpineol 0.66 0.58 10.31 1.41 11.19 7.23 12.10 9.10  14.56  

46 15.558 Borneol           0.15 

47 15.986 Caryophyllene 
oxide 

        4.77   

48 16.576  -Cadinol     0.46 0.95  1.17   0.19 

49 17.257 (E,E)-Farnesol 1.16 0.91 1.60 2.02 2.99 5.22 4.91 2.76 3.55 8.56 1.91 

50 17.625 Thuja-2,4(10)-
diene 

0.41  0.82 0.61 0.48 0.56 0.95    0.15 

51 17.918 Cis-α Bergamotene 0.54 0.54 0.71 0.46 0.49 0.40     0.33 

52 18.291 Geranyl acetate 
 

14.90 11.32 13.77 15.34   13.64 8.66 18.88 16.65 24.87 

53 18.573 Trans-α-
Bergamotene 

0.50    0.43  1.78 1.37   0.42 

54 18.71 Diisobutylphthalate   0.53 0.51 0.39      0.31 

55 19.32 Myrlenyl acetate 1.24 0.21 0.54 0.41    2.61   0.57 

56 19.693 Neryl acetate 0.27  0.23 0.19 1.01 0.49  0.34   0.22 

57 19.965             

58 20.071 Trans-Linalool 
oxide 
 

 1.36 0.68 1.15  0.22 0.60   2.14  
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Table 4.8 (continued) 

59 20.132 α-caryophyllene           0.15  

60 20.374 α-Long pinene        0.46  1.56 1.03 1.46 

61 20.576 E-Caryophyllene 
 

        1.17 6.18 2.95  

62 20.818 β-caryophyllene           0.14  

63 20.949 1-Tricosene             

64 21.877 Germacrene D             

65 21.962 Neryl acetate  0.52           

66 22.063 Benzaldehyde             

67 22.245 Lavendulol         0.44 0.65 3.29  

68 22.426 Lavandulyl acetate 
 

0.36   0.47 0.41 0.30     0.75  

69 22.497 α-Bergamotene      0.23    0.33 1.29  

70 22.779 Methoxycinnamaldehde             

71 23.082 α -Bulnesene             

72 24.086 -Eugenol             

73 24.202 Limonene diol             

Table 4.8 (continued) 

74 24.514 Cadala-1(10)-3-8-triene 6.16 3.02 2.59 4.00 3.69 0.26  0.51   2.43 3.46 

75 24.6 Trans-Cadinene ether             

76 24.716 α-Element             

1=3.5g/l humic acid, 5g mycorrhiza, with L. angustifulia . 
2=3.5g/L humic acid, 10g Trichoderma, with L. stoechas. 
3=2.5 g /L humic acid, 5g/L Mycorrhiza, with L. stoechas. 
4=3.5 g /L humic acid, 5g/L Mycorrhiza with L. stoechas. 
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5=0g/L humic acid, 0 biofertilizer with L.stoechas. 
6=1.5g/L humic acid, 5g/L Mycorrhiza, with L. intermedia. 

7=0g/L humic acid, 0g/L biofertilizer with L. intermedia. 
8=2,5g/L humic acid, 5g/L Mycorrhiza, with L. angustifulia. 

9=2.5g/L humic acid, 5g/L Mycorrhiza, with L. intermedia. 
10=1.5g/L humic acid, 10g/L Trichoderma, with L. angustifulia. 

11=3.5g/L humic acid, 5g/L Mycorrhiza, with L. angustifulia.   

12=3.5g/L humic acid, 5g/L Mycorrhiza, with L. intermedia. 
13=0g/L humic acid, 0g/L biofertilizer, with L.angustifolia 

14=1.5g/L humic acid, 5g/L Mycorrhiza, with L. angustifulia.   
15=3.5g/L humic acid, 10g/L biofertilizer, with L.angustifulia., RT= Retantion Time, unite 
measure= % 
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Table 4.5 Humic acid and mycorrhizae effects on essential oils of Lavandula analyzed using GC-MS.  

Essential oils compounds  

Samples Linalo
ol 

Linalyl 
acetate 

Sabinene 
Hydrate 

Trans 
Linalool 

β-
Pinene Cymene Linalool 

Oxide 
Camph

or 

H3.5  × L. angustifolia 
× T10 1.21 0.03 0.02 0.31 0.72 2.99 0.05 0,89 

H3.5  × L. stoechas × 
M5 2.17 0.05 0.88 0.51 1.6 5.5 3.28 0.98 

H2.5  × L. stoechas × 
T10 1.68 1.69 1.13 0.04 2.02 5.81 3.3 0.02 

H3.5  × L. stoechas × 
T10 1,23 1.17 0.86 0.3 1.18 5.47 2.53 1.1 

L. stoechas 1.01 0.02 0.03 0.22 0.64 2.35 1.04 0.54 

H1.5  × L. intermedia 
× T10 0.78 4.82 0.37 0.05 1.22 2.78 1.43 14 

L. intermedia 1.03 1.27 0.04 0.05 1.99 5.42 2.78 0.06 

H2.5  × L. angustifolia 
× T10 3.4 2.92 0.58 0.03 1.56 4.02 3 1.42 

H2.5  × L. intermedia 
× T10 0.02 6.35 0.91 1.79 1.42 5.26 1.93 0.07 

H1.5  × L. angustifolia 
× M5 0.03 8.46 0.06 0.02 1.38 4.8 2.09 0.07 

L. intermedia × T10 2.55 1.95 0.3 0.93 0.98 2.31 1.31 0.46 
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Table 4.9 (continued) 

H3.5  × L. intermedia 
× T10 0.04 0.05 0.73 0.03 1.00 5.45 1.56 0.07 

L. angustifolia 2.23 1.86 0.45 0.04 0.66 2.28 0.51 0.71 

H1.5  × L. stoechas × 
T10 1 0.7 0.35 0.24 0.66 1.67 0.03 0.02 

H3.5  × L. angustifolia 
× M5 3.34 4.02 0.02 0.23 0.42 1.55 0.66 0.61 

Constant value 1.42 1.04 0.15 0.07 1.10 3.35 1.44 0.42 

(p value=0.05) 
0.332 

ns 0.67 ns 0.013 0.117 ns 0.63 
ns 2.54 ns 0.369 ns 0.267 

ns 

T test 1.004 1.989 2.826 1.668 0.493 1.191 0.876 1.157 

H= Humic acid & mycorrhizae ( M=Mycorrhiza 5 g/l & T=Trichoderma 10g/l 

 



www.manaraa.com

 

218 

Lavandula essential oil components and their concentrations were obtained with GC-MS 

using linalool and linalyl standards. The oil components and concentrations were analyzed by 

humic acid and mycorrhizae treatments (Table4.7-4.8) (Fig. 4.17). Linalool, linalyl acetate, 

sabinene hydrate, trans linalool, β-pinene, cymene, linalool oxide, and camphor were determined 

to be the main constituents in the essential oil of lavender fresh stem, flowers, and leaves. The 

highest linalool content was determined in L. angustifolia with 3.5 g humic acid/L and  5g 

Mycorrhiza /L. The lowest linalool content was obtained from L. intermedia treated with 2.5 g 

humic acid/L and 10g Trichoderma/L.  The highest linalyl acetate content was found in L. 

angustifolia treated with humic acid at 1.5 g /L and 5g Mycorrhizae/L while L. stoechas with no 

humic acid or mycorrhizae had the least linalyl acetate.  Both levels of humic acid increased the 

concentration of linalool in the oil compared to other treatments. Sabinene hydrate concentration 

was highest in L. stoechas and L. intermedia receiving 2.5g humic acid/L and 10g 

Trichoderma/L. The highest trans linalool content was determined in L. intermedia treated with 

2.5g humic acid/L and 10g Trichoderma/L and L. stoechas treated with 3.5g humic acid/L and 5g 

Mycorrhizae/L. The lowest trans linalool content was obtained from L. angustifolia treated with 

1.5g humic acid/L and 5g Mycorrhiza/L. The highest β-Pinene content was obtained from L. 

stoechas and L. intermedia receiving 2.5g humic acid/L and 10g Trichoderma/L. The lowest β-

Pinene content was obtained from L. angustifolia treated with 3.5g humic acid/L and 5g 

Mycorrhizae/L. The highest cymene content was determined from L. stoechas at 2.5g or 3.5 g 

humic acid/L and 10 g Trichoderma/L. The lowest cymene content was obtained from L. 

angustifolia at 3.5g humic acid/L and 5g Mycorrhizae/L. The highest linalool oxide content was 

determined from L. stoechas treated with 3.5g humic acid/L and 5 g Trichoderma/L and in L. 

stoechas treated with 2.5 g humic acid/L and 10 g Trichoderma/L. The lowest linalool oxide 
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content was obtained from L. stoechas treated at 1.5g humic acid/L and 10 g Mycorrhizae/L. The 

highest camphor content was determined from L. stoechas treated with 1.5 g humic acid/L and 

0g Trichoderma/L and  L. angustifolia treated with 2.5 g humic acid/L and 10 g Trichoderma/L. 

The lowest camphor content was obtained from L. stoechas treated with 2.5 g humic acid/L and 

10 g Mycorrhizae/L. There are no interspecific differences, humic acid, and mycorrhizae in the 

concentration of most of the essential oil components identified by GC-MS analysis due to the 

difference between lavender species. 

The specific essential oil components are responsible for the properties of lavender flavor 

and their biological and therapeutic properties. The essential oil composition of lavender and 

lavandin can vary depending on the genotype of the plant (Lawrence, 1994), growth stage on the 

date of harvest, parts of the plant, and time of day or year when harvested (Baydar, 2009; Avcı, 

2010) as well as the drying conditions and extraction technology (Pinto et al., 2007). There is a 

wide variation in the quantitative composition of lavender oil depending on the genotype of the 

plant and the area of cultivation, and the composition of lavender oil. It has been recognized that 

they differ significantly according to altitude, and local climate (Lawrence, 1991; 1994). 

Srinivasan, (2007) and Abbasi et al. (2011) explain the production of secondary metabolites in 

plants is significantly affected by environmental stress. As biotic and cellular abiotic stresses 

delay differentiation through the production of reactive oxygen species, which directly destroy 

cells by producing secondary metabolites.  

Verma and Rahman (2010) reported the principal components of lavender essential oils 

were linalyl acetate, linalool, lavandolyl acetate, alpha-terpineol, geranyl acetate,  caryophyllin 

oxide and 1.8-cineole along with other secondary ingredients including β-caryophyllene, 
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borneol, epi-α-cadinol, nerol, terpinen-4-ol, β-myrcene, limonene, and 1-octane-3-ol. Shawl et al. 

(2005) found lavender oil from the Kashmir valley contained large amounts of limonene, 

citronellol, and α-terpineol and low amounts of linalool. In addition, the application of humic 

acid caused a significant increase in the content of essential oils and a slight increase in the 

content of carvacrol and para semin reduced in contents -terpinene, β-bisabolene, and myrcene. 

Ghelardini et al. (1999) described the chemical composition of the essential oil of L. angustifolia 

of Italian origin, which was characterized by linalool (31.5%), linalyl acetate (43.0%), and -

caryophyllene (5.0%) as the main compounds. While Jianu et al. (2013) reported Romanian 

lavender essential oil was richer in camphor and 1,8-cineole. In the same line, Verma et al. 

(2010) indicated the essential oil of lavender grown in India consisted of linalool (28.06%) and 

linalyl acetate (47.5%). Generally, in the present study, linalyl acetate content was higher than 

linalool content in all the lavender species. According to quality standards of lavender essential 

oil composition determined by the International Organization for Standardization (ISO 

3515:2002), cymene, terpinen-4-ol and camphor should be between 25.0-38.0 %, 25.0-45.0 %, 

4.0-10.0%, 2.0-6.0 %, and 0-0.5 %, respectively (Anonymous, 2009). Baydar (2009) stated that a 

lower camphor content was better quality for lavender essential oil. The camphor content of 

high-quality lavender oil should be between 0.5 and 1% and and between 5.0 and 10.0% in 

lavandin. 
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Figure 4.17 Essential oils components of lavender oil from plants treated with humic acid and 
Mycorrhizae as determined by GC-MS.  
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Conclusion  

Humic acid and mycorrhizae affect essential oil content (quantity and quality of chemical 

formulations) in lavender. The use of humic acid and mycorrhizae may be a powerful method for 

enhancing plant growth and essential oil production. Specifically, the highest rate of humic acid 

(3.5 g/L) and Mycorrhiza were beneficial in enhancing essential oil content in lavender. The 

cultivar L. angustifolia was identified as a high-yielding species. The highest content of linalyl 

acetate was higher than that of linalool. L. stoechas tended to have lower linalyl acetate and 

linalool and higher concentrations of camphor and other compounds noted in lesser quality 

essential oils.  
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DIAMMONIUM PHOSPHATE AND POTASH AFFECT GROWTH, FLOWERING AND 

ESSENTIAL OILS CONTENT OF LAVENDER 

Abstract 

Production of aromatic plants is subject to cultural practices such as management, 

irrigation, nutrition, and soil fertility, in addition to external factors which may affect the 

chemical composition of the secondary metabolites. The aim of this study is to evaluate the 

effects of diammonium phosphate (DAP) and potash fertilizers on plant growth and essential oils 

content in three varieties of lavender. An experiment was conducted in a greenhouse at during 

Spring 2020 to study the effect of DAP fertilizer (0, 1 g, or 2 g/L) and potash fertilizer (0 or 2 

g/L) on the growth and essential oils composition of lavender (Lavandula angustifolia ‘Hidcote’, 

L. angustifolia ‘Platinum Blonde’, or L. intermedia “province ). DAP fertilizer increased plant 

height, branch number, flower length, essential oil content, and essential oil components. Potash 

at 2g/L increased growth but decreased quantitative and qualitative essential oil production. 

Essential oil extracts were analyzed by high performance liquid chromatography (HPLC) to 

determine the composition of the volatile fraction, the base oil compounds, and the volatiles 

selected.  

Keywords: Lavandula angustifolia ‘Hidcote’, L. angustifolia ‘Platinum Blonde’, or L. intermedia 

“provence, fertilizer, HPLC 
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Introduction 

Lavender (Lavandula spp.) is an evergreen perennial shrub which can survive for 10-15 

years. Lavender is grown for its flowers or inflorescences, from which the essential oils is 

obtained by distillation (Biesiada et al., 2008; Crummitt, Keenen, and Dan Drost, 2012). All 

Lavandula (Lamiaceae) species and hybrids are aromatic plants which produce essential oils in a 

complex formation of glands on the surface of flowers and leaves (Lis-Balchin, 2002). Lavender 

should be pruned every year after flowering to stimulate new growth and a more vibrant plant. 

This will lead to a longer life span and improved productivity ( Crummitt, Keenen, and Dan 

Drost, 2012). 

Recently, interest in medicinal and aromatic plants has increased in both industry and 

scientific research due to their strong pharmacological properties, in addition to the fact they 

contain many natural antioxidants, vitamins, carotenoids, chlorophyll, phytoestrogens, and 

minerals (Parejo et al., 2002). Lavender and its essential oils are used in alternative medicine and 

aromatherapy (Woronuk et al., 2011). Linalyl acetate (25-46%) and linalool (20-45%) are the 

main components of lavender oil, which have soothing, carminative, and antimicrobial properties 

attributed to them (Biesiada et al., 2008). Due to the many uses of lavender oil, it is an important 

part of the essential oils industry, and its share is increasing in the global herbal market (Touati et 

al., 2011). The annual world production of lavender oil is about 200 tons (Curtis, 2005).  

Lavender does not require a lot of fertilizer so, it grows well in soil not suitable for most 

other crops. However, to obtain a high yield of foliage and quality essential oils, fertilization is 
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important. Optimum mineral fertilization is essential to the successful production of lavender 

(Klados and Tzortzakis, 2014). The type of fertilizer and dosage used greatly affects the quality 

of the oil extracted from the plant. Plant fertilization and mineral absorption/accumulation are the 

most important factors to increase plant production. Nitrogen (N), phosphorous (P) and 

potassium (K) affect plant growth and synthesis of essential oils in medicinal plants (Sell, 2003).  

Of all the essential nutrients, nitrogen, phosphorous, and potassium have the greatest 

influence on lavender growth and formation of essential oils. Fertilization has a positive effect on 

the function and level of enzymes involved in terpene biosynthesis (Hafsi et al., 2014). Nitrogen 

has been reported to increase essential oil yield in thyme (Thymus vulgaris L.) (Baranauskienne 

et al., 2003) and in cumin (Cuminum cyminum) (Azizi and Kahrizi, 2008). Diammonium 

phosphate (DAP) [(NH4) 2HPO4)] is a water-soluble ammonium phosphate salt produced when 

ammonia reacts with phosphoric acid (John, 1958). Diammonium phosphate is the most widely 

used phosphate fertilizer (Robertsa, 2014).  It provides phosphorus necessary for all living 

organisms, as nuclear proteins form the basic materials for the cell and allows the cell to divide 

and develop meristematic tissues. 

Potash is produced in large quantities worldwide (K2O) by electrolysis of potassium 

hydroxide (Knight, 1992). It is also obtained from sedimentary rocks. The total potassium 

content in different potash fertilizers is expressed in equivalent weight (by weight) % of K2O. 

(Anderson, 1985; Rawashda and Maxwell, 2014). Potassium is the monovalent cation used by all 

living cells and is found in high concentrations in plants. The plant needs a large amount of 

potassium fertilizer for healthy growth, as well as to increase crop production. Due to the lack of 
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studies on the effects of fertilizers on the essential oils of lavender plants, this study was 

conducted.  

             The aim of this research was to study the effect of DAP and potash fertilizer on the 

vegetative growth and essential oil yield of lavender. This study investigated the effects of 

nitrogen and phosphorous, and potassium on growth characteristics, and the quality and quantity 

of the essential oil of three varieties of lavender. High-Performance Liquid Chromatography 

(HPLC) was used to determine the composition of volatile substances, including linalool, in 

lavender essential oil.  

Material and methods 

Lavender cuttings were obtained for three cultivars, Lavandula angustifolia ‘Platinum 

Blonde’, L. angustifolia ‘Hidcote’, and L. x intermedia ‘Provence’ (Emerald Coast Growers, 

Inc., Pensacola, FL). The experiment was conducted summer 2020. The cuttings were planted 

and grown in 15 cm (1 L) containers in a peat-based substrate (Pro Mix BX, Premier Tech 

Horticulture, Quakertown, PA) until when their height was 15 cm before starting treatments. No 

pesticides were used in the study area throughout the trial period. The experiment was carried out 

in a Randomized Complete Block Design (RCBD) with 3 replications.  The following treatments 

were applied: DAP (Ferti-lome; Voluntary Purchasing Groups, Inc., Bonham, TX) at 0, 1, or 2, 

g/L and foliar application of potash at 0 or 2 g/L. Plants were grown in Mississippi State 

University's Department of Plant and Soil Sciences greenhouses (latitude 27-33 ° N; longitude 

88-47 ° W) with the temperature set points at 24/20° C Day/Night. Plants were fertilized twice 

weekly with 2-5-1 organic fertilizer (Drammatic “O”, Dramm Corp., Manitowoc, WI).  
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Plants were grown for 8 weeks before the plants and flowers were harvested at the soil 

line in August 2020. Vegetative growth was recorded at harvest for all plants with the following 

assessments made: Plant height (cm) was measured from the soil to the growing top, number of 

branches was counted as the number of branches of each plant greater than 5 cm, and number of 

florets on each plant at harvest. Harvested plants were placed in 16x25x5 cm unbleached paper 

food trays (500 kraft food trays, Specialty Quality Packaging, Scotia, NY) and dried at room 

temperature (20°C). Samples were turned daily until dried to a continuous weight. After one 

month the plants were totally dry without any molding problems. Dried samples were weighed to 

determine the total plant dry weight (Dw-g) (buds, flowers, leaves, and stems) and stored in 

paper bags (Bettina and Helge, 2015).  

Essential oils were extracted from the air-dried samples using a Soxhlet extraction 

apparatus (Reverchon and Della, 1995). Samples were prepared by placing 5 gm of dried, finely 

ground leaves and flowers (Spice and Nut Grinder MODEL SG-10 Cuisinart, Stanford, CT in a 

33 x 80 mm paper thimble filter. 150 mL ethyl alcohol was placed in the boiling chamber and the 

samples were extracted over 9 hours. After the extraction, the samples were filtered to remove 

plant tissues deposited at the bottom of the flask. Then the samples were transferred to the oven 

at 68°C to evaporate the ethanol from the extracted oil leaving the extracted oil (about 2 to 3 mL) 

in the glass flask. After that, the total weight of the oil was taken. Oils were kept in glass bottles 

at room temperature until HPLC analysis. The chemical components of lavender oil were 

determined by HPLC (Fig. 5.1). Treatment samples were compared to pure standards for linalool 

and linalyl. 
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Analysis of Linalool and linalyl acetate 

 
Each oil sample was dissolved in methanol, and the dissolved samples were analyzed by 

1100 Agilent High Performance Liquid Chromatography (HPLC) equipped with ZORBAX 

eclipse plus a C18 (5 μm, 4.6×150 mm) column connected to a UV detector (Fig. 5.1). The 

HPLC tests were ran using an autosampler with the flow rate set to 1 mL/min with UV detection 

at 210 nm. The column temperature remained constant at RT, and the mobile phase was 70% 

acetonitrile–water. 10 μL was injected for 60 minutes with an interval of 1 minute between 

samples, where only the mobile phase was injected. The concentrations of linalool and linalyl 

acetate were calculated based on the area  of each peak in the chromatograph. The peak positions 

of linalool and linalyl acetate were detected based on the injection of prepared standards of 

linalool and linalyl acetate. The concentrations of the separated compounds were calculated by 

the following: 

Concentration (mg/kg) = standard (ng) x sample peak area x total sample volume (ml).  
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Figure 5.1 Schematic diagram of the HPLC (Credit AL-Garallaa). 
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Statistical analysis 

A Randomized Complete Block Design (RCBD) was used in a factorial experiment 

including the factors: DAP, potash, and lavender varieties. Statistical software (SAS® ver. 9.4, 

SAS Institute, Cary, NC) was used for statistical analysis. Data were subjected to analysis of 

variance (ANOVA). The treatment means were compared using the least significant difference 

(LSD) at p α = 0.05 ( Maher, 2019).  

Statistical analysis for HPLC 

Three replications of each treatment were analyzed for statistical analysis to estimate 

the active compounds. For estimating the significance of the statistical differences, the mean 

of the control parameters was used as a constant for the purpose of the assay using the T test 

of one sample at a probability level of 0.05. Along with the use of the Statistical Package for 

the Social Sciences (SPSS) version 26 to carry out these analyses ( Daniel, 1974). 

 

Results and discussion 

Effect of DAP fertilization and potash on plant growth in three lavender varieties. 

Plant height (cm) 

 
DAP and Potash fertilizers increased lavender plant height compared to control during 

both seasons (Table 5.1). The variety Provence was taller than the varieties Hidcote and Platinum 

Blonde. Potash at 2 g/L led to an increase in plant height compared to the control. DAP at 2 g/L 

had greater plant height than at 0 g/L, but it did not differ from 1 g/L. In the two-way interaction 

between the variety and potash, ‘Provence’ with 2 g potash/L was taller than the rest of the 

treatments. The shortest plants were ‘Platinum Blonde’ at 0 g potash/L. In the two-way 



www.manaraa.com

 

242 

interaction between DAP and variety, the tallest plants were from the interactions between 

‘Provence’ and 2 g DAP/L and ‘Provence’ and 1 g DAP/L. In the two-way interaction between 

DAP and potash, the tallest plants were in the treatment 2 g DAP/L and 2 g potash/L while the 

shortest plants were in the treatment 0 g DAP/L and 0 g potash/L. In the three-way interaction, 

plant height was greatest in the treatment ‘Provence’ with 2 g DAP/L and 2 g potash/L. The least 

plant height was in ‘Platinum Blonde’ with 0 g DAP/L and 0 g potash/L.  
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Table 5.1 Effect of DAP fertilization and potash on plant height (cm) in three species of 
lavender.  

 

 

Lavender 

Species 

Potash 

g L-1 

 

DAP g L-1 

SpeciesX 

Potash 

 

 

Species

Means 

 

 0 1 2  
‘Provence’ 2 64.0       64.5       73.7      67.4    57.8   

0 34.2     53.3     57.2      48.2    
‘Hidcote’ 2 41.7    42.2      42.8      42.2     57.8  

0 40.2      41.3     40.5      40.7    
‘Platinum 

Blonde’ 

2 21.7   22.8    23.5     22.7   57.8  
0 20.2    21.7      25.0      22.2    

DAP 

X 

Species 

‘Provence’ 49.1     58.9     65.4      Potash 
Means ‘Hidcote’ 40.9    41.8     41.67    

‘Platinum 
Blonde’ 

20.9     22.2    24.3      

DAP 

X 

Potash 

 

 
2 

42.4       43.2      46.7    44.1  

0 31.5     38.8      41.7      37.1  

DAP 

Means 

 
37.0     

 
41.0     

 
43.8    

 

LSD (0.05)  2.93 

 

Nitrogen application at different rates significantly affected the plant height rate of 

lavender. Elshorbagy et al. (2020) found that fertilizer levels of nitrogen, phosphorous and 

potassium (NPK) increased lavender plant height. Moreover, plant height increase was gradual 

by increasing the level of NPK fertilization. Biesiada and Kucharska (2008) also indicated an 

impact of nitrogen dose on the growth and development of lavender, as the plants fertilized with 

nitrogen at a rate of 200 kg N ha-1 were taller and wider than those planted in plots with a total 

nitrogen dose of 50-100 kg N ha. Karik et al. (2017) found plant height of lavender can be 

affected by environmental factors and genetic potential. Ceylan et al. (1996) and Arabaci and 
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Bayram (2005) confirmed that plant height evolves according to taxa and environmental factors. 

The results of this study agree with Westervelt’s (2003) findings that the height of the rosemary 

plant (Rosmarinus officinalis), which belongs to the same family as lavender, increases with 

increasing nitrogen fertilization.  

Number of branches/plants 

          The greatest branch number for each variety of lavender was observed with the highest 

level of DAP (Table 5.2). ‘Hidcote’ produced more branches than ‘Platinum Blonde’ or 

‘Provence’. Adding potash fertilizer increased the number of branches per plant compared to no 

additional potash. Fertilization with DAP at 2 g/L increased the number of branches more than 1 

or 0g/L. In the two-way interaction between varieties and potash, ‘Hidcote’ treated with 2 g 

potash /L had the greatest number of branches. ‘Provence’ without adding potash resulted in the 

fewest branches. In the two-way interaction between DAP and varieties, the greatest number of 

branches was from the interaction between ‘Hidcote’ and 2g DAP/L, which had more branches 

than most other treatments. ‘Provence’ with 0 g DAP /L produced the least number of branches. 

In the two-way interaction between DAP and potash, the greatest number of branches was in 

plants receiving 2 g DAP/L and 2 g potash/L. In the three-way interaction, ‘Hidcote’ receiving 

2g DAP/L and 2 g potash/L had the greatest number of branches. ‘Provence’ at 0 g DAP/L and 0 

g potash/L had the fewest branches.   
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Table 5.2 Effect of DAP fertilization and potash on number of branches/plants in three species of  
lavender. 

 

Lavender 

Species 

Potash 

 

g L-1 

 

DAP g L-1 

Species X 

Potash 

 

 

Species 

Means 

 

 1 2 3  
‘Provence’ 2 16.3      37.0       36.7       30.0    22.9  

0 8.7     14.0      25.0  15.9    
‘Hidcote’ 2 28.3  38.3     44.7       37.1    33.6    

0 23.3  33.3  34.0  30.2     
‘Platinum 

Blonde’ 

2 27.3  23.0  29.0  26.4     25.2    
0 24.7  20.7  26.7  24.0     

DAP 

X 

Species 

‘Provence’ 12.5      25.5      30.8      Potash 
Means ‘Hidcote’ 25.8     35.8       39.3      

‘Platinum 
Blonde’ 

26.0     21.8     27.8      

DAP 

X 

Potash 

 

 
2 

24.0       32.8      36.8      31.2     

0 18.9      22.7    28.6       23.34      

DAP  Means 21.4  27.7  32.7   

LSD (0.05) 0.79 

 

Nitrogen promotes abundant vegetative growth through its effect on photosynthesis and 

protoplasmic construction (Kelly and Thomson, 1957). The increase in the number of main 

branches of the plant may be the additional fertilizer, nitrogen, phosphorus, and potash, 

stimulating new growth from lateral shoots (Krideum and Leopold, 1975). The increased levels 

of phosphorus may also enhance carbohydrate production from the process of photosynthesis to 

help in the formation and division of cells and the formation of amino acids and proteins 

(Devasagayam and Jayapaul, 1997). Nitrogen and phosphorous also assist in producing zeatin 

which stimulates cell division and branching (Thimann et al., 1971). These results are in 

accordance with those of Elshorbagy (2020) which showed in general, all fertilization levels 
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increased the number of branches in lavender by 40 to 44%. Potassium has an especially 

important role in improving plant growth and metabolism contributing to the survival of plants 

subject to various abiotic stresses. It is an essential nutrient and is also the most abundant cation 

in plants. In addition, it has essential roles in enzyme activation, protein synthesis, 

photosynthesis, osmoregulation, stomatal movement, energy transfer, phloem transport, cation 

anion balance, and stress resistance (Marschner, 2012; Pettigrew, 2008; Shabala and Pottosin, 

2010). The availability of potassium at the branching and flowering stages of growth is necessary 

to obtain good crop yields (Tisdale et al., 1985; Fuentes et al., 2008). Yasemin et. al. (2017) 

indicated lavender plant growth is especially affected by available nitrogen. Biesiada et al. 

(2008) confirmed the vegetative growth of L. angustifolia was enhanced by nitrogen applications 

at 50 to 200 kg N/ha, while stating the most appropriate use of nitrogen was an average nitrogen 

level of 100 kg N/ha. The results of the study mirror those found by Cheang et al. (1987) in mint 

where branch number increased as the levels of nitrogen fertilization increased. 

Number of flowers/ plants 

            ‘Hidcote’ produced more florets than ‘Provence’ while ‘Platinum Blonde’ did not flower 

(Table 5.3). The addition of potash at 2 g/L increased florets number per plant as did the addition 

of 2 g DAP /L. In the two-way interaction between variety and potash, it was found ‘Hidcote’ 

with or without potash had more florets than the other treatments. In the two-way interaction 

between DAP and variety, the greatest number of florets was with ‘Hidcote’ and 2 g DAP /L. In 

the two-way interaction between DAP and potash, the highest levels of fertilization, 2g DAP /L 

and 2 g potash/L, resulted in the greatest number of florets per plant while the lowest number of 

flowers (64.89 flowers) was from the treatment adding the least amount of additional fertilizer, 

0g DAP/L and 0 g potash/L. In the three-way interaction, ‘Hidcote’ treated with 2 g DAP/L and 
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2 g potash/L increased florets numbers more than in other treatments. ‘Platinum Blonde’ did not 

flower in this study.  

Table 5.3 Effect of DAP fertilization and potash on number of flowers/plants in three species of  
lavender. 

 

Lavender 

Species 

Potash  

g L-1 

DAP  

g L-1 

Species 

X 

Potash 

 

 

Species 

Means 

 

 1 2 3  
‘Provence’ 2 102.7     110.0     322.7      178.4    127.1   

0 35.7     63.3     128.7       75.9     
‘Hidcote’ 2 179.0      320.7       587.3      362.3    323.8    

0 159.0      276.0     420.7      285.2     
‘Platinum 

Blonde’ 

2 0.0  0.0  0.0  0.0   
0 0.0  0.0  0.0  0.0  

DAP 

X 

Species 

‘Provence’ 
 

69.1  
      

86.7       225.7      Potash 
Means 

‘Hidcote’ 169.0       298.3      504.0      
‘Platinum 
Blonde’ 

0.00    0.00     0.00    

DAP 

X 

Potash 

 

 
2 

93.9      143.6     303.3     180.3      

0 64.9      113.1      183.1     120.4      

DAP  Means  
79.3       

 
128.3      

 
243.2     

 

LSD (0.05) 27.33  

 

The increase in flower number may be related to the increased vegetative growth and the 

number of branches per plant. Since the flowers are terminal, the increased branch number in 

‘Hidcote’ would be expected to also show increased flower numbers (Hamman et al, 1996). 

These results agree with Biesiada and Kucharska (2008) where the rate of nitrogen increased the 

lavender flowers. Chrysargyris et al. (2016) stated medium phosphorous levels were more 

growth promotive than low or high phosphorous levels in lavender. Ma et al. (2001) reported 
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limited levels of phosphorous slowed down the development of floral structures of lavender 

plants. According to Erbas et. al. (2017), an increase in phosphorus improved such 

characteristics as the flower length and the number of florets in lavender plants. Previous 

experiments on the effects of nitrogen and phosphorous levels on lavender revealed the necessity 

of examining an optimal potassium application (Chrysargyris et al., 2016). Potassium shortage 

during plant growth can lead to a decrease in chlorophyll content and photosynthetic rate 

(Gerardeaux et al., 2010), enzymes activation, poor growth, and reduced yield (Kanai et al., 

2007). Sanghamitra et al. (2015) indicated high levels of potassium improved the growth and 

production of Tagetes erecta flowers. Silva et al. (2017) also found that using DAP improved 

flower yield for L. dentata.  

Dry weight/plant (g) 

‘Platinum Blonde’ had a greater dry weight than ‘Provence’ which was heavier than 

‘Hidcote’ (Table 5.4). Adding potash at 2 g/L did not affect plant dry weight. The addition of 

DAP fertilizer at 1 and 2 g/L increased plant dry weight more than 0 g DAP/L. In the two-way 

interaction between variety and potash, ‘Platinum Blonde’ treated with 2 g potash/L had the 

greatest dry weight while the least dry weight was in the treatment ‘Hidcote’ and 0 g potash/L. In 

the two-way interaction between DAP and variety, the greatest dry weight was in the treatments 

‘Platinum Blonde’ and 1or 2 g DAP/L and ‘Provence’ at 2 g DAP/L. ‘Hidcote’ treated with 0 g 

DAP/L had the least dry weight. In the two-way interaction between DAP and potash, the 

highest rates of DAP and potash, 2g/L of DAP and 2 g potash, resulted in the greatest dry weight 

while the least dry weight was in the treatment with the least fertilizer, 0 g DAP/L and 0 g 

potash/L. In the three-way interaction, ‘Platinum Blonde’ treated with 2 g DAP/L and 2 g 

potash/L had greater dry weight than any of the DAP and potash treatments for ‘Provence’ and 
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‘Hidcote’ but was like 1 g DAP/L and 2 g potash/L. ‘Hidcote’ at the lowest DAP and potash 

treatments had the least dry weight.  

Table 5.4 Effect of DAP fertilization and potash on plant dry weight in three species of  
lavender. 

 

Lavender 

Species  

Potash 

 g L-1 

 

DAP g L-1 

Species X 

Potash 

 

 

Species 

Means 

 

 1 2 3  
‘Provence’ 2 14.4      17.8       19.8      17.4      17.0    

0 12.89      17.8     19.2      16.6      
‘Hidcote’ 2 9.6     12.2   13.1      11.6       11.0     

0 7.8    11.1      11.9      10.3    
‘Platinum 

Blonde’ 

2 15.6     20.8     24.0     20.1      20.0  
0 15.7      21.8     19.6      19.2     

DAP 

X 

Species 

‘Provence’ 13.7  17.8    19.5      Potash 
Means ‘Hidcote’ 8.7  11. 7     12.5    

‘Platinum 
Blonde’ 

15.6  21.3    21.8    

DAP 

X 

Potash 

 

 
2 

13.2      17.0    18.9     16.4  

0 12.1      17.0    16.9     15.3  

DAP Means 12.7      17.0     16.92      

LSD (0.05) 1.08 

 

         Nitrogen has an important role in the structure of living plants and comprises 1.5-2.0% of 

plant dry matter (Huston and Pinchak, 1991). Kokate and Varme(1971) and Van Ginkel (1972) 

found adding nitrogen fertilizer to lemongrass plants at rates of 80-100 kg/ha led to a 60% 

increase in dry weight. Growing in a greenhouse may lead to greater growth and higher 

production of lavender (Morais, 2009). The soil conditions, precipitation and light period are 

controlled which may lead to a change in the yield and chemical composition of the essential 
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oils. Biesiada et al. (2008) found that providing 100 kg N/ha in the form of ammonium nitrate 

increased inflorescence fresh and dry weight in L. angustifolia. A potassium deficiency during 

plant growth leads to a decrease in chlorophyll content and photosynthetic rate (Gerardeaux et 

al., 2010). Chrysargyris et. al. (2016) reported that the application of 50 mg/L P increased weight 

and dry matter content. Phosphorous affects many metabolic events such as chlorophyll, protein, 

carbohydrates, and oil formulations, which contributes to an increase in yield (Rathore et al., 

1985; Ramezani et al., 2009).  

Oil Yield /Plant  

           ‘Platinum Blonde’ produced more essential oil than ‘Hidcote’ or ‘Provence’ (Table 5.5). 

Adding potash fertilizer at 2 g/L decreased the oil content from the 0 g potash treatment. Oil dry 

weight increased as DAP fertilizer concentration increased. In the two-way interaction of variety 

and potash, ‘Platinum Blonde’ without the addition of potash produced more oil than the other 

treatments while the least oil was produced in ‘Provence’ receiving 2 g potash/L. In the two-way 

interaction between DAP and variety, greatest oil yield was from ‘Platinum Blonde’ regardless 

the DAP treatment and ‘Hidcote’ and ‘Provence’ at 2 g DAP/L.  The least oil yield was from 

‘Provence’ and ‘Hidcote’ receiving 0g DAP/L. In the two-way interaction between DAP and 

potash, the greatest oil yield was from plants receiving the highest DAP and lowest potash 

treatments, 2g DAP/L and 0 g potash/L. As potash increased and DAP decreased, oil yield 

decreased. In the three-way interaction, as DAP decreased, and potash increased oil yield 

decreased in every variety.  
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Table 5.5 Effect of DAP fertilization and potash on oil yield in three species of lavender.  

 

Lavender 

Species 

 

Potash  

g L-1 

 

DAP g L-1 

Species 

X 

Potash 

 

Species

Means 

 

 1 2 3  
‘Provence’ 2 20.1     22.4      23.3    21.9     23.5       

0 22.7      24.3      28.2     25.0     
‘Hidcote’ 2 21.8       22.9     24.3      23.0    23.7    

0 22.2       24.3          26.7      24.4   
‘Platinum 

Blonde’ 

2 22.5        25.3    23.5    23.8     25.4    
0 25.6       25.7       29.5     26.9    

DAP 

X 

Species 

‘Provence’ 21.4  23.3  25.7  Potash 
Means ‘Hidcote’ 22.0  23.6        25.5      

‘Platinum 
Blonde’ 

24.1       25.5        26.5       

DAP 

X 

Potash 

 

2 21.5       23.5       23.7        22.9  

0 23.5        24.8      28.1        25.5  

DAP Means 22.5          24.2       25.9        

LSD (0.05) 0.93     

 

Nitrogen fertilizer increases vegetative growth of plants, increases flowering, and 

increases the concentration of secondary metabolites. Essential oils are secondary metabolic 

compounds that increase synthesis with the increase and accumulation of carbohydrates (Dickes  

and Nicholas, 1978). Also, nitrogen is included in the composition of many compounds found in 

essential oils (Duhan et al., 1975; Chang et al., 1987). Corrêa et al. (2010) explained the 

accumulation of secondary metabolites is directly related to the plant genotype and indirectly 

related to fertilization (types of fertilizer and rates) and environmental variables such as light, 

temperature, and photoperiod. High-quality lavender oils used in perfumery should contain high 

levels of linalool and linalyl acetate. High levels of camphor reduce the quality of the product 
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(Adam, 2006). Fertilization with phosphorous in some species of Apiaceae resulted in an 

increase in total carbohydrates, total dissolved sugar, total oil, and vegetative productivity of 

plants (Khaled, 2012). Similar results were found in chamomile (Naderidarbaghshahi et al., 

2011), sweet basil (Sharafzadeh et al., 2011), mint (Alsafar and Al.-Hassan (2009), and sage (Lu 

et al., 2004). Phosphorous plays an important role in the formation of aromatic compounds 

because it is the building block of the phosphoinol pyruvate (PEP) molecule (Qadry, 2010). 

Hussain et al. (1996) stated essential oil content increased with the addition of foliar applied 

phosphorous in lavender. Lis-Balchin (2002) noted that monoterpenes are the main group of 

essential oils of lavender, followed by the hydrocarbon group. Turbines with lower molecular 

weights result from the condensation of isopentenyl diphosphate (IPP, C5) and dimethyl allyl 

diphosphate (DMAPP, C5), the universal terpene precursor. While monoterpenes are generally 

synthesized from geranyl diphosphate (GPP), sesquiterpenes are synthesized from farnesyl 

diphosphate (FPP) (Woronuk et al., 2011). Khaled (2013) stated that potassium is necessary to 

activate the essential oil enzyme; however, in the current study, addition of potassium reduced 

oil content. Ramzani et al. (2009) stressed that phosphorous use significantly increased the basil 

essential oil content, but the fresh and dry weight of the herb was not affected.  Potassium affects 

the growth and synthesis of essential oils in medicinal plants, and these components influence 

levels of enzymes in the biosynthesis of terpenoids (Sell, 2003). 

HPLC Discussion Results 

High-performance liquid chromatography (HPLC) chromatographs of lavender (flowers, 

leaves, and stems) samples were generated for each treatment (Fig5.2-5.10) and  peaks were 

linalool, linalyl acetate, trans linalool, Cis-linalool acetate, limonene only 5 compounds listed , 
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respectively. The peaks before 3 min were recognized as solvent peaks. Peak identification: 1 –

linalool; 2 – linalyl acetate (Table 5.6). 

Effect of DAP and potash fertilizer on essential oils of Lavandula 

Lavender essential oils contain 24 main molecules determined from the HPLC 

analysis on chemical composition and homology ratios (Table 5.7), for essential oils  for 

typical chromatography. Nine samples were subjected to quantification, all of them showing 

a common composition pattern. The composite tariffs were performed using stabilization 

indicators and co-saturation with the parameters of the 24 examined compounds. Differences 

in the composition, values, and mean ranges of five compounds of lavender essential oils 

were found (Table 5.8-5.9). 

The results of separation and diagnosis in the data received using HPLC indicate the 

oil extracted from the lavender plant contained several oil compounds. Linalool and linalyl were 

identified and the percentage of these compounds was affected by the fertilization with DAP 

and potash. The essential oil compounds increased in general with DAP when compared with 

the control treatment. Linalool increased at the level 1g/L DAP and 0 g potash/L. As for the 

linalyl acetate compound, its percentage increased at the 0g/L DAP and 2g/L potash level.   

The effect of fertilizing with DAP and potash on increasing the concentrations of the 

compounds that make up the essential oil of lavender may be due to increasing plant growth. 

Note that essential oils are secondary metabolites, and their synthesis increases with the increase 

in sugars and carbohydrate accumulation (Dhan et al., 1975). Cheang et al. (1987) noted 

nitrogen is included in the composition of many compounds found in volatile oils. The results of 

the study demonstrated that high quantities of linalool and linalyl present in three species of 

lavender. Nine of HPLC chromatographs were developed from the aqueous extract of 
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Lavandula (Figs. 5.2-5.10). Five compounds were identified in greatest abundance (Table. 5.9) 

(Fig.5.11). All analyzed samples showed wide diversity in both the number and concentration of 

the essential oils. The chromatographic profiles ranged from simple (containing as little as one 

or two components) to complex (containing more than ten components). Many other peaks were 

detected, such as camphor and a-pinene. Such diversity in composition resulted in the 

generation of HPLC fingerprints that were unique for almost every one of the analyzed samples.  

Linalool was increased with DPA 1g/L × ‘Hidcote’ × Potash 2g/L. The lowest linalool 

content was obtained from treatments with the lowest fertilization in ‘Platinum Blonde’.  The 

highest linalyl acetate content was determined in the essential oil for plants from DAP 1g/L × 

‘Provence’ × potash 2 g/L and DAP 0g/L× ‘Hidcote’ × potash 2 g/L. The lowest linalyl acetate 

content was obtained from DAP 1g/L × ‘Provence’. The highest content of cis-linalool was 

obtained from ‘Platinum Blonde’ while the lowest Cis-linalool acetate content was obtained from 

DAP 2g/l × ‘Provence’. The highest trans linalool content was obtained from ‘Platinum Blonde’ . 

The lowest trans-linalool content was obtained from DAP 1g/l × ‘Provence’. The highest limonene 

content was determined from DAP 0g/l × ‘Provence’. The lowest limonene content was obtained 

from DAP 1 g/l× ‘Hidcote’ × Potash 2 g/l. However, there were differences between the varieties 

and trans-linalool, and limonene compound of essential oils of lavender. Depending on the 

different varieties of lavender, differences in chemical composition have been found. These results 

agree with Lesage et al. (2015) that the most abundant components were linalool and linalyl 

acetate, followed by eucalyptol and terpinen-4-ol, while lavandulyl acetate and borneol were 

identified as secondary compounds. Wellwood and Cole (2004) and MunnéBosch et al. (1999) 

indicated that variability obtained for content may express the dependence of these compounds’ 

generation on their geographical and agronomic parameters.  
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Figure 5.2 Chromatograph of Lavandula angustifolia ‘Hidcote’ oil extract from 2g/l DAP, 
2g/l potash. 

 

 

Figure 5.3 Chromatograph of Lavandula angustifolia ‘Platinum Blonde’ oil extract from 1g/L 
DAP, 1g/L potash. 
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Figure 5.4 Chromatograph of Lavandula x intermedia ‘Provence’ oil extract from 2g/l DAP, 
0g/l potash. 

  

Figure 5.5 Chromatograph of Lavandula angustifolia ‘Platinum Blonde’ oil extract from 0g/l 
DAP, 0g/l potash. 
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Figure 5.6 Chromatograph of Lavandula angustifolia ‘Hidcote’ oil extract from 0g/l DAP, 
0g/l potash. 

 

Figure 5.7 Chromatograph of Lavandula angustifolia ‘Platinum Blonde’ oil extract from 2g/l 
DAP, 1g/l potash. 
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Figure 5.8 Chromatograph of Lavandula x intermedia ‘Provence’ oil extract from 1g/l DAP, 
1g/l potash. 

 

Figure 5.9 Chromatograph of Lavandula x intermedia ‘Provence’ oil extract from 0g/l DAP, 
0g/l potash. 
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Figure 5.10 Chromatography of Lavandula angustifolia ‘Hidcote’ oil extract from 1g/l DAP, 
1g/l potash. 

 

Table 5.6 Quantification of linalool and linalyl acetate in three Lavandula species extract by 
HPLC. 

Compound  RT Concentration % 

 L. intermedia ‘Provence’ 

Concentration %  

L. angustifolia ‘Hidcote’ 

Concentration %  

L. angustifolium 

‘Platinum Blonde’ 

Linalool 2.73 71.21 90.32 81.33 

Linalyl 

acetate 

3.52 15.06 4.70 3.62 

 



www.manaraa.com

 

260 

Table 5.7 Chemical components identified by HPLC and quantitative composition for the 
lavender essential oil extracts. 

No RT Compound 

 
Percentage 

% 

 
Formula 

  
1 2.79 linalool 63.47 C10H16O 
2 3.14 Linalyl acetate 11.74 C12H20O2 
3 3.67 luteolin 5-O-glucoside 5.81 C21H20O11 
4 4.57 tyrosol 1.18 C8H10O2 
5 4.76 Chlorogenic acid 2.09 C16H18O9 
6 5.73 Vanillic acid 2.39 C8H8O4 
7 5.94 Terpinene-4-ol 1.27 C10H12O2 
8 6.64 Limonene 0.57 C10H16 
9 7.04 p-couma 0.42 C19H16O4 
10 8.14 Ocimene 4.63 C10H16 
11 10.03 Cis-linalool acetate 0.31 C10H18O2 
12 11.14 Trans linalool 0.34 C10H18O2 
13 13.04 vanillin 0.20 C8H8O3 
14 13.66 Stearic acid 0.11 C18H36O2 
15 14.06 Trans caryophyllene 0.46 C15H24 
16 15.31 α-phellandren-8-ol 0.08 C10H16O 
17 15.91 Unknown / / 
18 16.85 Eugenol 0.38 C10H12O2 
19 18.83 Trans carveol 0.08 C10H16O 
20 26.68 β -citronellol 0.27 C10H20O 
21 36.68 Sabinene 0.17 C10H16 
22 43.48 β -caryophyllene 0.18 C15H24 
23 46.11 α -pinene 0.32 C10H16 
24 49.95 α -cedrene 3.26 C10H20O 
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Table 5.8 HPLC data for essential oil components identified in lavender. 

No RT Compound                               Treatment 
1 2 3 4 5 6 7 8 9 

1 2.79 Linalool 90.32 81.33 85.25 63.47 88.81 80.23 71.21 79.47 71.21 
2 3.14 Linalyl 4.70 3.62 2.56 11.74 3.78 3.96 15.06 6.54 15.06 
3 3.67 luteolin 5-O-gluco 

side 
  1.62 5.81   5.89  5.89 

4 4.57 Tyrosol  1.02  1.18   0.56  0.56 
5 4.76 Chlorogenic acid  1.35  2.09    1.06  
6 5.73 Vanillic acid 0.49  0.82 2.39 1.71 0.37    
7 5.94 Terpinene-4-ol  1.49 1.59 1.27    1.11  
8 6.64 Limonene  0.90 0.58 0.57 0.19 0.63 0.17 0.64 0.17 
9 7.04 p-couma 0.18   0.42  0.59 0.08   
10 8.14 Ociemne 0.12   4.63 0.18   0.51  
11 10.03 Cis-linalool acetate 0.24   0.31   0.03 0.15 0.03 
12 11.14 Trans linalool    0.34 0.12 0.08    
13 13.04 Vanillin    0.20      
14 13.66 Stearic acid    0.11    0.28  
15 14.06 Trans caryophyllene    0.46      
16 15.31 α-phellandren-8-ol  0.25  0.08 0.07     
17 15.91 Unknown          
18 16.85 Eugenol   0.53 0.38    3.71  
19 18.83 Trans carveol    0.08      
20 26.68 β -citronellol    0.27 0.19 0.18    
21 36.68 Sabinene 0.90   0.17      
22 43.48 β -caryophyllene  0.12  0.18      
23 46.11 α -pinene    0.32      
24 49.95 α -cedrene    3.26      

Sample 1 = Lavandula angustifolia ‘Hidcote’ oil extract from 2g/l DAP, 2g/l potash, 
2=Lavandula angustifolia ‘Platinum Blonde’ oil extract from 1g/L DAP, 1g/L potash. 
3= Lavandula x intermedia ‘Provence’ oil extract from 2g/l DAP, 0g/l potash. 
4= Lavandula angustifolia ‘Platinum Blonde’ oil extract from 0g/l DAP, 0g/l potash. 
5= Lavandula angustifolia ‘Hidcote’ oil extract from 0g/l DAP, 0g/l potash. 
6= Lavandula angustifolia ‘Platinum Blonde’ oil extract from 2g/l DAP, 1g/l potash. 
7= Lavandula x intermedia ‘Provence’ oil extract from 1g/l DAP, 1g/l potash. 
8= Lavandula x intermedia ‘Provence’ oil extract from 0g/l DAP, 0g/l potash. 
9= Lavandula angustifolia ‘Hidcote’ oil extract from 1g/l DAP, 1g/l potash. 

RT= Retention Time. 

Unit measure = % 
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Table 5.9 Effect of DAP and potash fertilizer in diagnosing essential oils of Lavandula using 
high performance liquid chromatography (HPLC).  

 

 

 

DAP=Diammonium phosphate g/l    P=Potash g/L  
Unit measure= %  

 

                       

Essential oils extraction 

Treatment  linalool Linalyl 
acetate 

Cis-
linalool 
acetate 

Trans 
linalool 

Limonen
e 

DAP2 × ‘Hidecote’ × 
P2 90.32 4.7 0.24 0.03 0.02 

DAP1 × ‘Platinum 
Blonde’ × P2 81.33 3.62 0.04 0.05 0.9 

DAP2 ×  ‘Provence’  85.25 2.56 0.03 0.02 0.58 

‘Platinum Blonde’ 63.47 11.74 0.31 0.34 0.57 

‘Hidcote’  88.81 3.78 0.02 0.12 0.19 

DAP2 × ‘Platinum 
Blonde’ × P2 80.23 3.96 0.03 0.05 0.63 

DAP1 ×  ‘Provence’ 
× P2 71.21 15.06 0.03 0.08 0.17 

DAP1 ×  ‘Provence’ 79.47 6.54 0.15 0.06 0.64 

DAP1 × ‘Hidecote’ × 
P2 71.21 15.06 0.03 0.03 0.17 

Constant value 77.25 7.35 0.15 0.15 0.47 

(p value=0.05) 0.564 ns 0.956 
ns 

0.138 
ns 0.045 0.033 

T test 0.601 0.057 -1.649 -2.368 2.569 
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Figure 5.11 Results of HPLC of essential oils compounds in three varieties of lavender treated 
with DAP and potash. 

 

Conclusions 

            HPLC is suitable for detecting components of essential oils in lavender. Fertilization with 

DAP increased growth and essential oil content as DAP concentration increased. Potash 

increased growth but decreased essential oil production. ‘Platinum Blonde’ produced more oil 

than the other varieties; however, the plants did not flower, and the oil was of lower quality. The 

present results highlight that the growth of aromatic plants and the production of essential oils 

may be affected positively or negatively by the percentage and quantity of minerals. The HPLC 

method was successful in identifying and quantifying linalool and linalyl-acetate.  The method 

0

10

20

30

40

50

60

70

80

90

100
%

 C
o

m
p

o
u

n
d

s

Coumpound name

 'Platinum Blonde'

 'Hidcote'

DAP2 × 'Hidcote' ×
P2
DAP1 × 'Platinum
Blonde' × P2
DAP2 ×  'Provence'

DAP2 × 'Platinum
Blonde' × P2
DAP1 ×  'Provence' ×
P2
DAP1 ×  'Provence'

DAP1 × 'Hidcote' ×
P2



www.manaraa.com

 

264 

was a simple, fast, and efficient method for determining linalool and linalyl in lavender samples. 

The results showed that all varieties of lavender tested contained a relatively high concentration 

of linalool and linalyl.  

  



www.manaraa.com

 

265 

Literature Cited  

Adam, K.L. 2006. Lavender Production, Products, Markets, and Entertainment Farms National 
Center for Appropriate Technology, Butte, Montana, USA. 

Anderson, D.L. 1985. Market power and the Saskatchewan potash industry. Can. Public Policy. 
11: 321-328. 

Arabaci, O. and A. Ceylan. 1990. Research on yield and ontogenetical variability of some 
perfume plants plants (Lavandula angustifolia Mill., Melissa officinalis L., Salvia sclerea 

L.). Journ. E.U. Sci. Fac. 1(1): 233-236 . 

Arabaci, O. and E. Bayram. 2005. Effect of plant density and nitrogen fertilizers on some 
agronomic and quality characteristics of lavander (Lavandula angustifolia Mill.) under 
the ecological conditions of Aydın. ADU. J. Agr. Fac. 2(2): 13-19. 

Azizi, D. Kahrizi. 2008. Effect of nitrogen levels, plant density and climate on yield and quality 
in cumin (Cuminum cyminum) Asian J. Plant Sci. 7: 710-716.  

Alsafar, M.S. and Y.M. Al-Hassan. 2009. Effect of nitrogen and phosphorus fertilizers on growth 
and oil yield of Indigenous mint (Mentha longifolia L.). Biotechnol. 8(3): 380-384. 

Baranauskienne, P.R., P. Venskutonis, and  E. Viskelis. 2003. Dambrausience Influence of 
nitrogen fertilizer on the yield and composition of thyme (Thymus vulgaris) J. Agr. Food 
Chem. 51(26): 7751-7758. 

Biesiada A, A. Sokoi-Letowska, A. and A Kucharska. 2008. The effect of nitrogen fertilization 
on yielding and antioxidant activity of lavender (Lavandula angustifolia Mill). Acta. Sci. 
Pol. Hortorum. Cult. 7 (2): 33-40.  

Bettina M. and Helge S. 2015. The essential oil maker’s handbook, Ⅳ TP958.M27513 661: 806.  

Corrêa, R. M., J.E.B.P., Pinto, E.S. Reis, L.C.B. Costa, P.B. Alves, E.S. Niculan, and R.S. Brant. 
2010. Organic fertilization on phytomass production and essential oil conten and quality 
of oregano (Origanum vulgare L.) under protected cultivation. Rev. Bras. Plant. Med. 
12(1): 80-89.  

Chrysargyris, A., C. Panayiotou, and N. Tzortzakis. 2016. Nitrogen and phosphorus levels   
affected plant growth, essential oil composition and antioxidant status of lavender plant 
(Lavandula angustifolia Mill.). Ind. Crop Prod. 83: 577-586. 

Crummitt, K. and Drost, D., 2012. English Lavender in the Garden. USA, Utah State, published 
of May 8 and June 30, 1914 

Ceylan, A., E. Bayram and N. Ozay. 1996. Effects of different plant densities and nitrogen doses 
on some agronomic and technological characteristics of Lavender (Lavandula 

angustifolia Mill.). Turk. J. Agri. Forest. 20: 567-572. 



www.manaraa.com

 

266 

Curtis, B. 2005. Lavender Production and Marketing Washington State University (WSU) 
Cooperative Extension Bulletin.  

Cheang, K.H., J.H. Hwan, K.B. Park, D.J. Kang, and Y.S. Lee. 1987. Effect of application levels 
of nitrogen fertilizer on the growth and chemical compositions of mint. Research reports 
of the rural development administration crops Korea R. 29(1):289-293. 

Daniel, W.W., 1974. Biostatistics; a foundation for analysis in the health sciences. USA, New 
York : 448 p.m. 

  Dickes, G.J., P.V. Nicholas. 1978. Gas chromatography in food analysis. Butterworths, London. 

 Devasagayam, M.N. and Jayapaul. 1997. Varietal’s response to graded levels of nitrogen in 
sesame. Sesame and Safflower. Newsletter. 12: 37-40.  

 Duhan, S.P.S., B.C. Gulati and A.K. Bhattacharya. 1975. Effect of nitrogen and rew spacing on 
the yield and quality of essential oil in Japanese mint. Indian J. Agronomy (India). 20(1): 
14-16. 

 Elshorbagy, A. I. 2020. Effect of some amino acid concentration on growth and yield of 
lavender (Lavandula officinalis, CHAIX) Plant under different NPK fertilization 
levels. Zagazig J. Agric. Res. 47(4): 895-907. 

 Erbas, S., Z. Kucukyumuk, H. Baydar, I. Erdal, and A. Sanli. 2017. Effects of different   
phosphorus doses on nutrient concentrations as well as yield and quality characteristics   
of lavandin (Lavandula× intermedia Emeric ex Loisel. var. Super). Turkish J. Field 
Crops. 22(1): 32-38. 

Fuentes, B., M. De La Luz Mora, N.S. Bolan, and R. Naidu. 2008. Assessment of phosphorus   
bioavailability from organic wastes in soil. Dev. Soil Sci. 32: 363-411.  

Daniel, W.W., 1974. Biostatistics; a foundation for analysis in the health sciences (No. 574.0182 
D3).  

Gerardeaux, E., L. Jordan-Meille, J. Constantin, S. Pellerin, and M. Dingkuhn. 2010. Changes in    
plant morphology and dry matter partitioning caused by potassium deficiency 
in Gossypium hirsutum (L). Environ. Exp. Bot. 67(3): 451-459.  

Huston, J.E., and W.E. Pinchak. 1991. Range animal nutrition. In: Grazing Management 
Ecological Perspective. (Eds, R.K: Heitshmidt and J.W. Stuth). Timber Press. Oregon. P. 
27-63. 

Hussain, M.J., M. Peakman, H. Gallati, S.S.S., Lo, M. Hawa, G.C. Viberti, P.J. Watkins, R.D.G. 
Leslie, and D. Vergani. 1996. Elevated serum levels of macrophage-derived cytokines 
precede and accompany the onset of IDDM. Diabetologia. 39 (1): 60-69. 



www.manaraa.com

 

267 

Hafsi, C., Debez, A., and Abdelly, C. 2014. Potassium deficiency in plants: effects and signaling 
cascades. Acta Physiol. Plant. 36(5): 1055-1070. 

Kelly, K.O. and R. H.K. Thomson. 1957. Solubility studies on arachin. Journal of Applied 
Chemistry, 7(8), pp.432-435. 

Khalid, A.K. 2013. Effect of potassium uptake on the composition of essential oil content in 
Calendula officinalis L. flowers. Emir. J. Food Agric. 25: 189-195. 

Knight, D. 1992. Humphry Davy: Science and Power. Oxford: Blackwell. 

Karik, U., F. Cicek and O. Cınar. 2017. Determination of morphological, yield and quali              
characteristics of lavender (Lavandula spp.) species and varieties under                
ecological conditions. ANADOLU, J. AARI. 27(1): 17-28. 

Khalid, K.A. 2012. Effect of phosphorous fertilization on anise, coriander, and sweet fennel 
plants growing under arid region conditions. Med. Aromat. Plant. Sci. Biotechnol. 6 (1): 
127-131. 

Klados, E. and N. Tzortzakis. 2014. Effects of substrate and salinity in hydroponically grown 
Cichorium spinosum. J. Soil Sci. Plant Nutr. 14 (1): 211-222. 

Kokate, C.K. and K.C. Varma. 19971. Cultivation of lemon grass and cirtronella grass Roudle of 
sagar of Madhya Pradesh. Indian J. Agric. Sci. 41(4): 382-385. 

Krideum, M. and B. Leopold. 1975. Anise oils progress in essential oils. 25: 25-27.  

Kanai, S., K. Ohkura, J.J. Adu-Gyamfi, P.K. Mohapatra, N.T. Nguyen, H. Saneoka, K. Fujita.      
2007. Depression of sink activity precedes the inhibition of biomass production in tomato 
plants subjected to potassium deficiency stress. J. Exp. Bot. 58(11): 2917-2928.  

Lis-Balchin, M. 2002. Lavender essential oil: Standardisation, ISO; adulteration and its detection 
using GC, enantiomeric columns, and bioactivity. In Lavender. CRC Press. 131-137. 

 Lu, H.T., H.B. Li, F. Chen, M.H. Wong, and Y. Jiang. 2004. Determination of triphenyltin and 
its metabolite diphenyl tin in culture medium by high-performance liquid 
chromatography with UV detection. Chromatographia. 60(1): 113-116. 

Morais, L.A.S. 2009. Influência dos fatores abióticos na composição química dos óleos 
essenciais. Hortic. Bras. 27(2): 4050-4063. 

Marschner, P. 2012. Marschner’s Mineral Nutrition of Higher Plants, 3rd ed.; Academic Press: 
London, UK. 178-189.  

Ma, J.F., Y. Miyake, and E. Takahashi. 2001. Silicon as a beneficial element for crop 
plants. Studies Plant Sci. 8: 17-39. 

https://archive.org/details/isbn_9780631168164


www.manaraa.com

 

268 

Maher, H.S. 2019. GenStat for Analyzing Agricultural Experiments, AL-Qassim Green 
University- Agriculture College. (Book).          

Munné-Bosch, S., S. Nogués, L. Alegre. 1999. Diurnal variations of photosynthesis and dew 
absorption by leaves in two evergreen shrubs growing in Mediterranean field conditions. 
New Phytol. 144(1): 109-119. 

Naderidarbaghshahi, M. S.M. Monemian H. Zeynali and B. Bahari. 2011. Effects of different 
levels of nitrogen, phosphorus, and potassium fertilizers on some agro-morphological and 
biochemical traits of German chamomile (Matricaria chamomilla L.). J. Med. Plants Res. 
6(2): 277-283.  

Parejo, F., J. Viladomat, A. Bastida, N. RosasRomero, J. Flerlage, C. Burillo. 2002. Coding 
Comparison between the radical scavenging activity and antioxidant activity of six 
distilled and nondistilled Mediterranean herbs and aromatic plants. J. Agric. Food 
Chem. 50(23): 6882-6890.  

Pettigrew, W.T. 2008. Potassium influences on yield and quality production for maize, wheat, 
soybean, and cotton. Physiol. Plant. 133(4): 670-681. 

Qadry, J.S. 2010. Pharmacognosy.16th Ed., Somya Printers. Delhi-5. Edn. 2010. 15: 305-15. 

Rawashdeh, R.A and P. Maxwell. 2014. Analysing the world potash industry. Resour. 
Policy. 41: 143-151.  

Ramezani, M.R., P. Rezaei, and P. Sotoudehnia. 2009. Improved growth, yield and essential oil 
content of basil grown under different levels of phosphorus sprays in the field J. Appl. 
Biol.  Sci. 3(2): 105-110.  

Reverchon, E. G. Della Porta. 1994. Food Chem. J. Agric. 43: 16-54.  

Robertsa, L. 2014. Cadmium and phosphorous fertilizers: The issues and the science, 
International Plant Nutrition Institute, Norcross, GA. 

Rathore, S.V.S., D.K. Dera and U. Chand. 1985. Studies of nitrogen nutrition through foliar 
spray of urea on the performance of African marigold. Udyarika. 5: 37-40.  

Sell, C.S. 2003. A fragrant introduction to terpenoid chemistry. The Royal Society of Chemistry, 
Thomas, Graham House, Scientific Park Miltron Roasd Cambidge, UK.  

Sanghamitra, M., V.V. Bhaskar, A.V.D.D. Rao, and P. Subbaramamma. 2015. Effect of different 
sources and levels of potassium on yield and carotenoids content of African Marigold 
(Tagetes erecta Linn.) cv.“Maxima Yellow”. Plant Archives, 15(2): 633-636. 

Sharafzadeh, S. M., A.H. Esmaeili, and A.H. Mohammadi. 2011. Interaction effects of nitrogen, 
phosphorus and potassium on growth, essence, and total phenolic content of sweet basil. 
Adv. Environ. Biol. 5(6): 1285-1289. 



www.manaraa.com

 

269 

 

Silva, S.M., J.M.Q. Luz, P.A.M. Nogueira, A.F. Blank, T.S. Sampaio, J.A.O. Pinto, and A.W. 
Junior, 2017. Organo-mineral fertilization effects on biomass and essential oil of   
Lavender (Lavandula dentata L.). Ind. Crops Prod. 103: 133-140.  

Shabala, S., I.I. Pottosin. 2010. Potassium and potassium-permeable channels in plant salt 
tolerance. Signal. Commun. Plants. 87-110.  

Thimann, K.V., T. Sachs, and K.N. Mathur. 1971. The mechanism of apical dominance in coleus 
plant. Plant Physiol. 24(1): 68-72.  

Tisdale, S.L., W.L. Nelson, and J.W. Beaton. 1985. Soil and fertilizer potassium. In: Soil 
Fertility and Fertilizers 4th ed., S.L. Tisdale, W.L. Nelson, and J.D. Beaton (eds.), 
MacMillan Publ. Co., New York. 249-291 

Touati, B., H. Chograni, I. Hassen, M. Boussaid, L. Toumi, and N.B. BrahiMm. 2011.  Chemical 
composition of the leaf and flower essential oils of Tunisian Lavandula dentata L. 
(Lamiaceae). Chem. Biodivers. 8(8): 1560-1569.  

Van Ginkel, B. 1972. Botanical and carrying capacity change through fertilization of 
Cymbopogon themed veld type. Safr. Dept. Agric, Tech. Serv. Common. 98: 1-11. 

Woronuk, G., Z. Demissie, M. Rheault, and S. Mahmoud. 2011. Biosynthesis and therapeutic 
properties of Lavandula essential oil constituents. Planta medica. 77(1): 7-15. 

Westervelt, P.M. 2003. Challenges in the greenhouse production of Rosmarinus officinalis 
L (Doctoral dissertation, Virginia Tech). 

Wellwood, C.R.L., Cole R.A. 2004. Relevance of carnosic acid concentrations to the selection of 
rosemary, Rosmarinus officinalis L., accessions for optimization of antioxidant yield. J. 
Agric. Food Chem. 52(20): 6101-6107 

Yasemin, S., A. Ozkaya, N. Koksal, and B. Gok. 2017. The effects of nitrogen on growth and 
physiological features of lavender. Full Text Proceedings Book Adana, Turkey, published 
May 10, . 


	Phytochemical and biological strategies to improve essential oils content in lavender
	Recommended Citation

	Phytochemical and biological strategies to improve essential oils content in Lavender

