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ABSTRACT: Cymbopogon citratus (lemongrass) is an aromatic species whose essential oil is rich in citral, with industrial applications due
to its lemon scent. The effects of environmental factors on the percentage and composition of essential oils are the main challenges in
commercial cultivation. Various studies have indicated the positive effect of cytokinin on terpene production. The present work aimed
to evaluate the effect of N6-benzylaminopurine (BAP) associated with light intensity on the production and composition of essential
lemongrass oil. Plants were grown under field conditions (FIELD) and shade (SHADE). The study employed a 2x7 factorial scheme with two
growing environments, seven BAP concentrations, and five replicates. After seven months of growth, a single application of the synthetic
cytokinin BAP was performed at concentrations 0, 30, 60, 90, 120, 150, and 180 mg L. One week after the BAP application, plants were
harvested and the essential oil was extracted in a Clevenger apparatus. The chemical composition of the essential oil of plants
treated with 60, 120, and 180 mg L™' of BAP was determined by Gas Chromatography (GC). The essential oil percentage was not affected
by the treatments, showing 1.08% on average. On the other hand, the citral percentage was negatively influenced by BAP, and light intensity
had no effects. In plants treated with 60 mg L™ of BAP, citral percentage was 72%, on average, while in plants treated with 180 mg L,
the mean percentage of citral was 33%.
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Physiological and biochemical changes that occur during
plant ontogeny regulate, in a programmed way, gene expression, as
well as the activity of enzymes involved in secondary metabolism
pathways. This genetic program can be influenced by exogenous
factors which alter the physiological status, induce biochemical
changes, and/or are signals triggering a set of responses that will
culminate in the biosynthesis of the secondary metabolites.

Terpenoids are a class of secondary metabolites composed
of isopentenyl diphosphate (IPP), a C_ carbon compound
resulting from the combination between methylerythritol

phosphate and glyceraldehyde 3-P (Rodriguez-Concepcién
2006, Cheng et al. 2007). IPP is the precursor of most
monoterpenes as they are formed by the combination with
an isoprene molecule. Essential oils are formed mainly by
monoterpenes, and are lipophilic and aromatic substances
produced by a range of aromatic plant species, widely used for
their scent and flavor. Cymbopogon citratus (lemongrass) is an
aromatic species whose essential oil is rich in citral and is valued
in many industries for the lemon scent (Budavani et al. 1996).

C. citratus, the West-Indian lemongrass, is the species grown in
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Brazil. The Southern region of Brazil commercially produces
this cultivar, but the low temperatures that occur in this area
hinder its production to some extent (Gomes et al. 2004).
This species is characterized by perennial growth and rusticity,
conferring resistance to drought when compared to C. flexuosus,
the East-Indian lemongrass, which is the one cultivated in Asia.

Discovered in the 1950, cytokinins are associated with cell
proliferation processes. They are also involved in senescence
delay, pigment synthesis, chloroplast production (Chernyad'ev
2000), cellular differentiation (Ioio et al. 2007), regulation of gene
expression, and indirectly influence the synthesis of compounds
such as jasmonate and salicylic acid (Sano et al. 1996). Cytokinin
takes part in light response modulation and affects the circadian
rhythm regulation and phytochrome functions (Chen et al. 2006,
Naito et al. 2007, Yakir et al. 2007).

Environmental conditions can influence essential oil
biosynthesis, since it may alter hormonal balance. Thus,
phytohormones may act as signals that can, directly or indirectly,
induce secondary metabolites biosynthesis (Prins etal. 2010). Light
availability and quality can be positively associated with essential oil
production, as observed with Cymbopogon flexuosus, which showed
an increase of approximately 30% in essential oil biosynthesis
when plants were treated with red light (Sangwan et al. 2001). The
influence of light on essential oil production can occur due to the
increased biomass, as observed in Baccharis trimera (Silva et al.
2006), Aloysia gratissima (Pinto et al. 2007), and Mentha piperita
(Maffei et al. 1999).

The enhancement of essential oil production through plant
growth regulator applications can be verified in vitro and in vivo.
Various experiments indicate the positive effects of cytokinin on
terpene production (El-Keltawiand Croteau 1987, Decendit etal.
1993, Stoeva and Iliev 1997, Khandelwal et al. 2002, Sudrid et al.
2004, Papon et al. 2005, Shah 2007). Nevertheless, responses
vary according to the species, the developmental stage, and other
factors, such as concentration and environmental conditions that
influence the action of growth regulators (Sanches 2000). The
effect of cytokinin on essential oil production can be associated
with an increase in photosynthetic activity, as a consequence
of the higher number of chloroplasts or enhanced chlorophyll
biosynthesis, biomass production, increased secretory storage
formation and senescence delay (since leaves are sites of essential
oil biosynthesis), and interaction with exogenous signals such as
light (Prins et al. 2010).

Although plants with high levels of cytokinin show normal
growth in the dark, it is known that processes regulated by
light can be triggered when high quantities of cytokinin are
applied (Kraepiel and Miginiac 1997). Taking into account the
positive effects of light on the essential oil production, favored

by dry mass production or by the precursor’s synthesis and the

relationship of cytokinin to light, the present work aimed to
evaluate the effects of light and cytokinin application on the
essential oil production and the chemical composition of
lemongrass plants grown in open-field and shade conditions.

Lemongrass (Cymbopogon citratus, a voucher herbarium
specimen is deposited with the number n° 436381, Rio de
Janeiro Botanical Garden) seedlings obtained through vegetative
propagation were grown in 42 L pots (one plant per pot) filled
with soil, sand, and manure (1:1:1, v/v/v). These seedlings
were grown in 1 x 1 m spaces and kept from planting to harvest
under two distinct light conditions, i.e. SHADE, where plants
were grown in a screen-house (30% shade), over which a black
screen (50% shade) was positioned to reduce light incidence,
and FIELD, where pots were kept in an open field.

A randomized block design was employed in a 2x7 factorial
scheme, with two light intensities (SHADE - 183 pmolm?s” on
average, and FIELD - 1210 ymol m? s on average), and seven
N6-benzylaminopurine concentrations, with five repetitions.

A solution of N6-benzylaminopurine (Microbiolégica®) was
applied seven months after planting in the following concentrations:
0, 30, 60, 90, 120, 150, and 180 mg L. BAP was initially diluted
with NaOH (1 M), and after the preparation of the solution, pH
was adjusted with HCL The BAP solution (50 mL containing
Tween 80 as surfactant agent) was sprayed (handy sprayer
Ultrajet S00, Guarany®) on each plant. This volume was previously
tested in order to maintain shoots completely wet.

A week after the BAP treatment, plants were harvested.
Shoots were divided into leaves and tillers, and fresh weight
was determined. Afterwards, the plant material was submitted
to drying (40°C) in order to determine the dry weight of leaves
and tillers. Dried leaves were used for essential oil extraction
by hydrodistillation in a Clevenger apparatus (MASS53/2000,
Marconi, Sao Paulo, Brazil) for a period of 2 hours.

To evaluate the effect of BAP on chemical composition,
essential oil from plants treated with 60, 120, and 180 mg
L' of BAP were submitted to chemical analysis using Gas
Chromatography (A-17, Shimadzu, Kyoto, Japan) and
the citral concentration was determined by the external
calibration with citral standard (Sigma-Aldrich®). Analyses
were carried out for the following conditions: 30 m long
DBS capillary column, with 0.25 mm inner diameter, injector
temperature of 200°C, column temperature of 50°C to
230°C, 15°C min", pressure of 87.5 KPa to 171 KPa, 7 KPa
min’, detector temperature 230°C, split ratio 1:20, and
solvent cut 3 min. The essential oil was diluted in hexane
and a final concentration of 25 yL mL™" was obtained. The
injection volume was 1 pL. Citral percentage was obtained
by an external calibration curve using citral standard (Sigma-
Aldrich®) in the concentrations 10, 15, 20, 25, 30, 50, and 100
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pL mL". The peak area of known concentrations was used to
obtain the citral concentration of the samples.

As the BAP treatment showed an effect on citral percentage,
total protein concentration was determined. Within the
same growth conditions, third and fourth lemongrass leaves
were collected and used for protein extraction according to
Natarajan et al. (2005). The plant material was frozen in liquid
nitrogen and ground into a fine powder, and the extraction
buffer used was thiourea/urea. Protein concentration was
determined using the 2D-Quati Kit (GE-Healthcare®), with
bovine serum albumin (BSA) as standard.

Under FIELD treatment, plants produced a high amount of
tiller and leaf biomass (Table 1). The percentage of essential oil was
notinfluenced by BAP concentrations or light intensity. The average
percentage of essential oil was 1.08% (Table 2), but the content of
essential ol (g per plant) was higher in plants grown under FIELD
conditions. This demonstrates a favorable effect of light for essential
oil production through the effect on biomass.

In the tested experimental conditions, lemongrass essential
oil production was not affected by shade. This indicates that the
species is able to maintain its production under reduced light
availability. However, citral (neral+geranial) percentage was
negatively influenced by BAP. An inverse correlation was observed
between BAP and citral (Figure 1), ie. higher concentrations of
BAP reduced the citral percentage in lemongrass essential oil.

Total protein concentration was determined and an increased
response to BAP was observed (Figure 2). No differences
were observed in relation to growth environment (FIELD or
SHADE). However, the results indicated that the higher the BAP
concentration, the higher the total protein concentration.

The regulation of essential oil biosynthesis is complex
and depends on a wide range of factors. Genetic control and
its interaction with the environment are decisive in essential
oil production, as this class of metabolites is associated with
the plant’s response to its surroundings (Sangwan et al. 2001,
Gershenzon 1994). In this work, C. citratus plants growing
under shade conditions were less developed when compared
to control plants, and, consequently, their biomass (leaves and
tillers) was reduced, which also resulted in a reduced yield of
essential oil. However, the essential oil content was not affected
by the treatments. Although stressful conditions are commonly

associated with alterations in secondary metabolite biosynthesis,
this is not always the case, since responses to environmental
changes are different according to the species, stage of growth,
and stress factors. As it was observed in lemongrass, Ocimum
selloi did not present increased essential oil content (estragole
and anethole) when submitted to partial shading (Gongalves
et al. 2003). In Aloysia gratissima plants, the essential oil yield in
plants grown under full sunlight (0.73 g plant) and 40% shading
(0.88 gplant") was significantly higher than in those grown at 80%
shading (0.26 g plant") (Pinto et al. 2007). In Hyptis marrubioides,
the content of essential oil was not influenced by the levels of
irradiation (20, 60 and 100% of natural light), but the essential oil
yield was higher when plants were grown at the level of 100%
irradiation (Sales et al. 2009). This result is in agreement with our
data, i.e. severe shading led to a decrease in essential oil yield due to
the reduced biomass yield.

Itisknown thatthe high production of photoassimilatesunder
adequate light availability can contribute to improve essential oil
biosynthesis through increased IPP and DMAPP (dimethylallyl
pyrophosphate) availability (Peer and Langenheim 1998,

Table 2. Effect of FIELD, SHADE, and BAP treatments on
lemongrass essential oil (%)

Lemongrass essential oil (%)

BAP
concentration Light intensity Average
(mg L) FIELD SHADE

0 1.10 1.38 1.24
30 1.15 0.90 1.03
60 0.92 1.18 1.05
90 1.10 0.81 0.96
120 0.88 1.06 0.97
150 1.13 1.46 1.30
180 1.12 0.92 1.02
Average 1.064 1.104

Total Average 1.08%
Essential oil yield (g plant)
FIELD SHADE
2.404 0.848

Values followed by the same letters are not significantly different at 0.05 level
by the Tukey's test.

Table 1. Effect of FIELD, SHADE, and BAP treatments on total fresh weight (TFW), leaves fresh weight (LFW), tillers fresh weight (TilFW),
total dry weight (TDW), leaves dry weight (LDW), and tillers dry weight (TiIDW) of lemongrass

TFW LFW TilFW TDW LDW TilDW
Treatments
(g plant™)
FIELD 1566.914 683.914 883.00* 437.654 221.194 216.46*
SHADE 517.198 264.228 252.978 118.158 78.06° 40.098

Values followed by the same letters are not significantly different at 0.05 level by the Tukey's test.
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Figure 1. Percentage of citral in the essential oil of lemongrass
treated with N6-benzylaminopurine (60, 120 and 180 mg L™").

Rodriguez-Concepcién 2006). The increased availability of
these compounds might lead to an increment on essential oil
content, since both IPP and DMAPP are terpenoid precursors.
However, in the present work, no direct effect of light levels was
verified on essential oil content. On the other hand, our results
indicate the influence of BAP on essential oil composition, and
this effect could be related to IPP and DMAPP availability.

When exogenous cytokinin application and essential oil
production were correlated, it was verified that increasing BAP
concentrations caused the reduction on citral percentage. Thus,
cytokinin probably has an inhibitory effect on citral production.
A similar relationship was observed by Gharib (2005) in
tissue cultures of Pelargonium nervosum. The author verified
that cytokinin induced cell differentiation and that this factor
was responsible for quantitative and qualitative alterations in
essential oil (Gharib 2005). According to this author, a reduction
in BAP concentration led to an increased citral percentage.

This effect, which resulted in the reduction of citral
percentages caused by BAP, could be associated with a general
effect on cytokinin as a growth and metabolic enhancer. It
is well known that cytokinin promotes growth and related
pathways could be activated, and thus leading more precursors
to be required. IPP and DMAPP are precursors of a range of
compounds such as terpenoids.

Citral is a mixture of two geometric isomers, neral
and geranial. These isomers originated from geraniol
diphosphate (GPP), the first metabolite formed in the
essential oil biosynthesis pathway. To form GPP, an IPP
and a DMAPP are bond giving origin to a C, compound,
or a monoterpene (Rodriguez-Concepcién 2006). DMAPP
is also present during the cytokinin biosynthesis (Kamada-
Nobusada and Sakakibara 2009). Taking into account that
IPP and DMAPP are precursors of a wide range of primary

Figure 2. Effect of BAP on total protein (ug g') concentration.

and secondary metabolites, the results obtained in the present
work may indicate that the BAP application stimulates
the metabolism of terpenoid precursors in lemongrass,
reducing their availability for citral biosynthesis.

The relationship between precursor availability and terpenoid
biosynthesis was reported by Aharoni et al. (2003), who verified
reduced growth in Arabidopsis plants genetically modified to
overproduce mono and sesquiterpenes. Their results indicated
that precursors could be used for terpenoid biosynthesis or plant
development. Masferrer et al. (2002) evaluated cytokinin levels
on Arabidopsis overexpressing farnesyl diphosphate synthase, an
enzyme present on the sesquiterpenes pathway, and observed a
reduction of endogenous cytokinin levels in transformed plants.
These authors demonstrated that the low level of cytokinins
was due to the alteration of IPP and DMAPP partitioning,
being these compounds redirected to farnesyl diphosphate
biosynthesis. This indicates a close relationship between IPP and
DMAPP availability, growth and terpenoids biosynthesis, in which
those compounds would be allocated to the more active pathway.

The application of different concentrations of indole-3-
acetic acid (IAA), benzyladenine (BA), zeatin (ZEA) and
kinetin (KIN) at 1.0 uM on tissue culture of Thymus vulgaris
caused a decrease in p-cymene production, while the highest
concentration of BA and ZEA increased its proportion (Affonso
etal. 2009). Thus, the type of cytokinin applied can also modify
the responses on the quality and quantity of the essential oil.

According to Manzano et al. (2006), HMG-CoA
(3-hydroxy-methyl-glutaryl coenzyme-Areductase) is the main
regulatory enzyme in IPP and DMAPP biosynthesis, and the
partitioning of these compoundsis finely regulated to preventits
shortage during the synthesis of other isoprenoid compounds.
Such regulation can be shown by experimental data, in which

unbalanced activities of enzymes that supply or compete
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for these substrates limit the synthesis of some isoprenoids
(Masferrer et al. 2002). Sudrii et al. (1999) observed that in
Lavandula dentata, HMG-CoA activity was 140% higher
in plants treated with cytokinin. According to these authors,
the increased activity of this enzyme may be due to enhanced
plant metabolism. So, the increased cytokinin levels, through
exogenous application, may also have an important role to regulate
isoprenoid precursors by its effect on enzyme activity or synthesis.

Our data suggest that cytokinin led to enhanced plant
metabolism by increasing total protein concentration. It has
been shown that the exogenous application of cytokinins
influences mRNA populations or the level of specific mRNAs
of unknown function (Roitsch and Ehnef8 2000). The increase
in crude proteins in Andropogon gerardi, a grass species, was also
observed when BA (S, 10,20 and 40 mg L ') was applied, but its
effects were dependent on the period of year, and it was verified
that some dosages were more efficient than others (Towne
and Owensby 1983). It was demonstrated that exogenous
application of zeatin riboside (ZR) in Agrostis stolonifera L.,
another grass species, alleviated heat stress injury, probably by
slowing down the action of protease and by upregulating heat-
shock proteins. The higher content of total protein in Agrostis
stolonifera was attributed to a reduction in protein degradation
due to cytokinin treatment (Veerasamy et al. 2007).

Recently, Zd’arskd et al. (2013) observed that BAP mediated
the regulation of proteins involved in RNA transport, and
initiation of translation, or protein degradation, revealed
potential BAP targets for this type of regulation. These
authors showed that BAP predominantly regulates proteins
involved in carbohydrate and energy metabolism in the

shoot, as well as protein synthesis and destination in the root.
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