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ABSTRACT

The aroma and fragrance industry is billion dollar world market which grows at the rate of 18 billion
per year and the essential oil in International trade increases 10% annually.ln both developing and devel oped
countries the requirement of aromatic plants containing essential oil has risen exponentially and it is expected that
in future the demand of essential oil could be raised. Plant growth and their primary and secondary metabolite
production is control by the plant growth regulators Plant growth regulators result the effects on plant like plant
growth,number of essential oil storage structures and biosynthesis of essential oil which can alter the yield of
essential oil. Phytohormones play significant role in enhancing the essential oil production. In most of the aromatic
plants such as rose scented geranium, lemongrass, peppermint the quality and content of essential oil can be
enhanced by the application of plant growth regulator.
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INTRODUCTION

The aroma and fragrance industry is billioollat world market which grows at the rafel8 billion per
year and the essential oil in Internatiotralde increases 10% annually. The large numbeompounds used as
aroma and flavor are chemically derived from petnoh derivatives. The required source for themesue of hard
metals in the catalysis process[1]. In Middle Easte 5000BC aromatic plants also termed as spicgéserbs are
used in enhancing medicinal properties as a praseevand also used in increasing flavor and fraggaof
foods[2,3]. In both developing and developed cdastthe requirement ofmedicinal plants containiegeatial oil
has risen exponentially and it is expected thdtiinre the demand of essential oil could be ra#edissential oil
also known as volatile or ethereal oil are obtairfeain different parts of the aromatic plant such as
leaves,flowers,root,bark,wood,seeds,bud,twig andsdh contain odorous, volatile hydrophobic and lighl
concentrated compounds[5,6]. The essential oil tép®n developmental stages of plants, environrhéantsors
and genetic factors. The environmental changesinflence the physiological processes and biochainpiathway
which alter plant metabolism and helps in essemtiiabiosynthesis [7]. Chemical composition andegg®l oil
production can be affected by endogenous as welkagenous application[8].

Due to therapeutic, antimicrobial and antioxidastivéties of essential oils they are used in foad @harmaceutical
industries. Beside this essential oil can be usetheabicides, pesticides and anticancer compoundstal their

biological activities[9,10]. Plant growth and thgirimary and secondary metabolite production istrabrby the

plant growth regulators. It has been demonstrdtatithe herb yield in basil is enhanced by plaoign regulator
[11], similarly in coriander [12,13]and fenugredlid]herb yield is enhanced [15].

Plant growth regulators results the effects omtplixe plant growth,number of essential oil staragjructures and
biosynthesis of essential oil which can alter yield of essential 0il[16]. Several aromatic grassé the genus
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Cymbopogonlike Palmarosa,Citronella and lemongrass are @ik for their essential oil. Aromatic grasses have
soil binding properties, have great significanceagro and social forestry plants and for wasteleexbvery
[17].Farooqiet al studied the responses of plant growth regulatoraromatic grasses [7,17]. In aromatic plants
such as rose scented geranium,lemongrass,peppéhmiguality and content of essential oil can bea@ced by the
application of plant growth regulators [18-20]. &n1940, in agriculture areas to control the dgwalental
processes like reproduction, maturation, vegetagivewth, post harvest senescence and germinatiowtigr
regulators have been used [21]. The effects of tirowgulator on secondary metabolite productioagdriculture
have been little known although it is used from yng@ars in agriculture [22].

Essential Oils

Essential oil is a complex mixture of chemical campds mainly monoterpenes, diterpenes and sesugites.
From the majority of secondary metabolite classegprenoids is the one whose name is related toci@rbon
structure isopentenyldiphosphate (IPP). In plansgprenoids occur as primary metabolites (ubiquénon
gibberellins, brassinosteroid, crotenoid, plastoqgoes and others) [23]. Isoprenoids are also ceresid as
secondary metabolites as they play an essent@limacological functions such as attraction ofipator and seed
dispersion, protection against herbivores and phaty [24].Some of the volatile terpenoids like ftenpenoids
(C5), monoterpenoids (C10),sesquiterpenoids (Ct8) diterpenoids (C20) play role in interactionvieeen plants
and insect herbivores or pollinators and are atggicated in general defense or stress respo@5e27].

Terpenoid pathway: Terpenes are biosynthesized by two pathways: meatdoand methylerythritol phosphate.
Terpenoids are obtained from the basic structuraitsuisopentenyldiphosphate (IDP) and its isomer
dimethylallyldiphosphate (DMADP) [28-30]. In plantise mevalonate (MVA) pathway, which functionstire
cytosol, and the methylerythritol 4-phosphate (MER}hway, which functions in the plastids playerah the
synthesis of isopentenyldiphosphate and dimetijydghosphate [23,31-33]. By the function of thrpeenyl-
transferases, precursors of terpenoid such as @eataphosphate (GDP, C10), farnesyl-di-phosph&®R, C15)
and geranyl-geranyl-di-phosphate (GGDP, C20) armdd. The formation of hemiterpenes (C8), monotaeepe
(C10), sesquiterpenes (C15) or diterpenes (C2@) fre substrates DMADP, GDP, FDP or GGDP are czdlypy
the primary enzymes known as terpene synthases.adltigion of IDP units toprenyl-diphosphates witlyla
double bonds to the diphosphate are catalyzed yyptransferases. Depending on the individual yiren
transferase, most of it bind to GDP or FDP[34=3i]plants, formation of monoterpenes and sesquétep are
based on the GDP and FDP. In metabolic engineerkpgriments, this problem is reduced by the coesgion
ofGDP and FDP synthases with appropriate monoterpenl sesquiterpene synthases over-expressedaoctnb
The sesquiterpenes amorpha-4,11-diene and pat¢rendothemonoterpene S-limonene production wasased
by this technique and with targeting of the overespion to the plastid compartment[38].

The third stage of terpene volatile biosynthestdudes conversion of the different prenyl diphogphdy the large
family of terpene synthases DMADP, GDP, FDP and ®@D hemiterpenes, monoterpenes,sesquiterpenes and
diterpenes, correspondingly. By the condensatiotwo molecules of FDP or GGDP, triterpenes suclstasols

and tetraterpenes such as carotenoids are forniede Ts an evolutionary relationship between plamiterpene,
monoterpene, sesquiterpeneand diterpene synthas#sely are structurally different from triterpeodetraterpene
synthases [39]. From different plant species manyene synthases have been derived [40,41].
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Fig.1: Terpenoid precursors (IPP and DMAPP) .MEP from chloroplast pathway and main precur sors of ter penoid groups GPP, FPP
and GGPP
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The essential oil production can be changed by exogs factors such as biotic, abiotic and endogefectors
such as development stage of whole plants andfapejans [7,42,43].
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Fig.2: Terpenoid Pathway (Mevalonate and Methylerythritolphosphate pathway)

The essential oil production and regulation is deah quantitatively and qualitatively by the factansch as
photosynthetic rate, photoperiod, light qualityjmatic and seasonal changes, ontogeny, nutriti@finity,

temperature, humidity, growth regulators and steragucture. Due to the positive effect on prodeality in

agricultural production the growth regulator uses baen increased. This technology is used for ah@dtion of
better products with high yields and it is commomégd in small countries [22].

Plant Growth Regulators
In different aromatic plants,the plant growth aedpenoid biosynthesis is regulated by plant growedulators
which gives significant effect in both propertieglacontent of terpenoids [44].

Terpenoid biosynthesis is based on primary metaimouch as photosynthesis and oxidative pathwaysaftoon
and energy supply [45]. Triacontanol,a natual plgmawth regulator plays significant role in enhamgcbiomass

735



Ahamad Faiz Khan et al J. Chem. Pharm. Res., 2016, 8(7):733-739

production which results in increased biosynthesfissecondary products.Physiological changes likewt,
photosynthesis, flowering and cellexpansion in plaas observed by the application of phytohormoitzb&rellic
acid (GA3) [46,47]. The metabolic activity withinfbavays increased by the application of GA3 whiehults to
stress and anthocyanin biosynthesis [48]. Planiviraegulator or phytohormone are active at lowosonration
and have particular effect on plant growth [49,50Plant growth regulators are classified as
auxin,cytokinin,gibberellins, abscisic acid and yéthe [50],whereas jasmonate and brassinosteradiesakso
recognized as plant growth regulator [51].

Auxins (AUX) -Auxin play a role in cell elongation that's whyid classified as growth hormone and it function
from embryo formation until tropic stimulus processwide number of genes are regulated by the auxin
response.Indole acetic acid (IAA) is a predominamtin in plants.In the young tissues, on the skt root
meristematic apices biosynthesis of auxin is l@ge. of the factor which enhances the activity ofiais the active
transport and specificity and this property alstedéntiate it from other hormones [50,52,53].

Cytokinin (CYT) - Cytokinin functions in whole plant ontogeny fronttfiized ovule to senescence and death. It
play a role in processes like cell division, shoutiation and growth, senescence delay and photfwgenic
development, control of chloroplast division andwth, modulation of metabolism and morphogenesiggponse

to environmental stimulus [52,54-56].

Gibberellins (GA) - It is a phytohormone that is responsible for thgutation of plant height. Seed germination,
flowering and stem elongation are regulated by gibllins which are diterpenes. Gibberellins playeasential role
in seed germination by activation of embryo vegetagrowth and mobilization of energetic reservesnt
endosperm and they are also linked with juveniladult transition processes and promote fructificaf51,57].

Abscisic acid (ABA)- It play an essential role in seed germination @exeklopment processes because of induction
of seed dormancy, tolerance to desiccation anditidm of the embryonic to vegetative developmemwt@n and
lipid synthesis. ABA functions on the response gete®l by drought through stomata aperture in mature
plants.Beside this it also functions in adaptatmistress conditions such as salinity, hypoxia, lemperature and

in response to pathogen attacks. ABA is recognézed hormone with inhibitory activity on growtharsimple way
[7,52].

Ethylene (ET) -It is a phytohormone which functions on seed geatim, shoot and root growth, flower
development, flower and leaf senescence and almtiaad fruit maturation. Emission by diffusion agas is the
property of ethylene which differentiates it froher hormones. Ethylene is also linked with plagfiedse, acting
on the induction of xylem inclusions and phytoatesxsynthesis. The factors like ozone exposure, exhamical
injury, drought, inundation which linked it withress response are responsible for effecting thdegth production
[51].

Brassinosteroid (BR) - Cell elongation and division is regulated by this/fmhormone. The processes like plant
curvature, reproductive and vascular developmemimbrane polarization and proton pumping, the sesire
relationship, and stress modulation through int&acwith environmental signs are affected by BRhe essential
components of BR are grains of pollen and immaseeds but in tissue the level of BR differ. BR anttation is
greater in immature tissues and by this the ef®d@R on young tissues can be explained. The dparits are
obtained when the mutant plants are treated wilssinosteroids and the growth pattern of plantnislar to the
plant exposed to light even in the absence of BRe altered leaf morphology can be seen irseghmutant plant
when they are exposed to light [57].

Role of PGR on Essential Oil in Aromatic Plants

Abbaset al (2012) carried out the study on lemongr&gsatbopogon citrates) and they studiedthe effects on plant
growth, hormonal content and essential oil contgnthe application of plant growth regulators sashindole
butyric acid(IBA) and mepiquat chloride(MC).The #pation of plant growth regulators 1AA and MC had
significant effect on essential oil content andvgitoin lemongrass[58]. The most important essewtlabf species
Cymbopogon citrates Stapf (lemongrass) belong to family graminae Hgh kontent of citral up to 75% [59]. In
rose-scented geranium the content of essential oil was enhanced by dfiarfapplication of tricontanol [60]. In
Menthapiperita, plant growth regulators IAA and GA has no sigrfit effect on herb and content of essential
0il[61]. Stuartet al. reported that by the foliar application of megitjahloride (MC) plant growth was reduced such
as the height of the plant and area of leaf [62,63]

In aromatic plant Basi(O. gratissmum), Hazzoumiet al (2014) studied the effect of plant growth regulator
gibberellic acid (GA), indole 3-acetic acid (IAAh@ benzyl-amino-purine (BAP) on the yield and cosifion of
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essential oil and also on the main compound (methglicol) and its isomer (the trans-anethole).Tbetent of
essential oil was enhanced by the application & &kd IBA. The effect of GA, IAA and kinetin wasustied inO.
basilicum on the content and composition of essential oédyTkoncluded that the content of essential oil was
reduced by the application of GA whereas by thdiegion of IAA and kinetin the content of essehidl was
enhanced.Due to this the main compound methyl chhwas reduced from 75.16% in the control to 74Ki@&tin
73.2% IAA and 70.7% GA [64]. I@. gratismum L. the content of essential oil is about 0.22%clkiHs comparable
to O. basilicum L.(0.213%) found in Egyptian [65],but the basiufa in Turkish and Iran has higher concentration
about 0.5%[66,67]. Salah el deetral (1996) demonstrated that the composition and obtemethyl chavicol was
reduced and an increment in Eucalyptol.There ignallsvariation in the content of methyl chavicol liye
application of IAA but the content of essential veadhanced [65]. In the specieslaivandul adentata L. Oudinet

al (2007) demonstrated that by the application of Bastiich functions like 1AA results an increment inntent of
essential oil without any change in methyl chavicomposition [68,69]. Similar result was observadSalvia
officinalis, M. spicata, Lavandul avera, M. suaveolens[19] andCymbopogon citrates L.[70]. In Mentha piperita the
dry weight of plant was increased by the applicatbBAP (50 mg/L)[71].

In lemongrass,it was observed that the contenwyergoand properties of essential oil was changedthsy
application of plant growth regulator [20]. Similait was observed in peppermint, sage, spearmidf fnd in rose
scented geranium [18]. In rose scented geraniuenctintent of essential oil was enhanced by tharfalpplication

of tricontanol and mixtalol which is a long chaidiphatic alcohol. Number of branches, height of the
plant,composition and yield of essential oil waftu@nced [60].

In Mentha piperita,the essential oil yield and menthol was enhangeth® application of sodium salt of NAA and
IAA [72]. It was noticed that by the application ldfphenyl pyridyl-thiourea the yield of essentidlwas enhanced
[73]. Similarly, increment in essential oil yield isomenthone and neoisomenthol was observed bgpplcation
of cycocel, diaminozide and phosphon D [19].Mn citrata, increment in herbage and essential oil conterd wa
noticed by the application of gibberellic acid (58P and the linalool content in the essential cdsweduced.
Kinetin (2 mg I-1), sprayed on mint suckers shoiwgsificant effect on essential oil yield and greserb harvest
[74]. It was demonstrated that biomass and essavitieaontent of peppermint was improved by the lagapion of
B9 (Alar) [75]. In M. piperita and M. citrata essential oil content was enhanced by the folfplieation of
cytokinin, kinetin and diphenylurea (1-10 ppm) [7B&roogi and Sharma 1988 observed increment eméatoll
yield by the application of triacontanol [4]. Bcimum sanctum and Ocimum basilicum, yield and properties of
essential oil was enhanced by the application &3 Gand chloremequat [77]. IAA and kinetin apptioa reduced
the basil growth[78].IrCymbopogon citrates it was observed that essential oil yield and citmitent was increased
by the application of chloremquat [78] whereasOnjwarancusa, GA and IAA showed significant effect in
enhancement of essential oil yield [79].Artemisia annua, (Washington strain) Faroogi al(1996) observed up to
42% increment in essential oil yield by the applmaof GA3 and kinetin .By the application of wittanol or GA3
the quality parameter artemisia ketone of esseailiatas enhanced up to 27% [80].

According to Farooget al (2003) the content of essential oil was enhancethbyuse of 200 ppm of cinetine [7]
which resulted in increasing biomass productiomint (Mentha arvensis) [81]. While in another experiment with
M. arvensis L. var. piperascens Mal. Faroogi and Sharma (1988) identified the iasgein content of essential oil
treated with cytokinins and naphthalene acetic &sidA) but resulted in the reduction of plant sizdich was
linked with a higher leaf production [4].

Essential oil are mostly obtained in flowers aravks though they are present in whole plant.As evento control
plants the higher yield of essential oil was seesaige $alvia officinalis) treated with 100 mgtof gibberellic acid
(GA).Due to this the number of leaves was increasetrding to author [22].

Plant height was decreased by the use of ethraHl&oethyl) phosphonic acid] [9], in concentrasoof 50 and
100 mg L* and when it is in contact with plant cell it isgladed and produces ethylene though in comparison t
control plants there was an 38-42% increment ishfrand dry mass of flowers.While the plant heigit 8ower
production was decreased by the use of high corat@nts 250 and 500 mg'LEven the mass of single flower was
not influenced [82]. InVientha arvensis L. fresh matter of leaves and menthol productios wareased by the use
of various forms of brassinosteroids such as ketand lactonicspirostane [83].

Naeemet al (2012) observed that the triacontanol which isastural plant growth regulator play significant rahe
enhancing growth, content, photosynthesis, prosginthesis, uptake of water and nutrients,nitrofjpeation,
enzymes activities and yield of free amino acidducing sugars, soluble protein, and activecomstttiof essential
oil in different crops [84].
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In an aromatic-antibacterial hedArtemisia annua L. Aftab et al (2010) studied stimulation of cropoguctivity,
photosynthesis and artemisinin productionAtemisia annua L. by triacontanol and gibberellic acid applicatio
The treatment of triacontanol with gibberelliddasignificantly increased the artemisinin yielcthdaessential oil
content up to 29% and 61% higher values[85].

CONCLUSION

Thus, it can be concluded that the application lbfttee plant growth regulators (phytohormones) \Aaixin,
Gibberellin, Cytokinin, Abscissic acid, EthylenedaBrassinosteroids enhanced the physiological amchbmical
parameters which directly influenced the terpenpathway. This in turn, improved the quality and rpity
attributes of essential oil.
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