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Abstract: The experiment was conducted in a research greenhouse using soil and floating as a soilless system.
Essential oils of Aloysia citriodora L. leaves produced in these systems were extracted and their percent (based
on dry weight), yield (per plant) and composition were determined. The mumber of leaves, leaf area and fresh
and dry weight of plants were also measured. For all vegetative parameters, there was a significant difference
between two growing systems and plants grown in floating system showed drastic increase compared with soil
cultured ones. Growing plants in the soil had a result as 90% reduction in leaf area compared with floating
system. Lemon verbena plants oil production was same in two growing systems while because of more
expansion of leave and increased biomass in floating system, the vield of essential oil was higher than those
of so1l. The major components of essential o1l was geramal, neral, ¢-curcumene, D-limonen, geraniol and nerol,
although the relative percent of each component were different m tow growing systems. Concentration of
geranial (36.32% of total oil) and neral (27/88% of total) was higher in the soil while growing plants in the
planting system resulted in more D-limonene, geraniol, nerol and ¢-curcumene. According to the results,
floating system can be defined as an efficient method for obtaimng high productivity and more extraction of

volatile o1l n Aloysia citriodora L. plant.
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INTRODUCTION

Medicinal herbs have always been the subject of
mterest in all over the world. These plants are cultivated
and processed for using of their bicactive substances
which are known as secondary metabolites. Since the
accumulation of these materials are affected by
environmental factors so the proper management of
growing environment can result in more productivity and
bioactive substances consistency of medicmal and
aromatic plants (Charles et al., 1993). Production of
medicmnal herbs m controlled environment specially n
hydroponic systems can led to high quality materials, free
from weeds, pathogens and soil or environmental
contamination particularly in root medicinal herbs
(Dorais et al., 2001 ; Pagliarulo and Hayden, 2000).

Hydroponic as the method of production plants
without soil has long been the technique for commercial
production of many plants in most parts of the world. This
system 18 an efficient system for intensive production of
plants specially in dry lands and countries with water
sources shortage. Production of different plants under
hydroponic condition has been investigated and this
system has been employed for production of vegetables
and flowers in last few decades (Schwarz, 1995).

Soilless production of medicinal herbs 1s a new trend
in agricultural system specially in intensive and organic
agriculture (Hassanpouraghdam et al., 2008). Hydroponic
systems can provide a unique environment for plants by
more aeration and water availability in the root zoon. High
quality and more biomass production of medicinal and
aromatic plants have been proved in many researches
(Dorais et al., 2001, Hyden, 2006; Leonhart et al., 2002,
Mairapetyan, 1999, Pagliarulo and Hayden, 2000). All
these advantages can be employed by shifting from labor
consuming, expensive traditional culture of medicinal
herbs to industrial production m open air or greenhouse
hydroponic systems (Mairapetyan, 1999).

Lemon verbena is a perennial aromatic plant which
grows to 3 m and is characterized by presence of fragrant,
lemon scented narrow leaves. Due to antispasmodic,
antipyretic, carminative, sedative and stomachic effects,
this plant has been used as a medicinal plant for
centuries. The leaves and flowering topes are used in tea
and beverage flavor. Its fragrant 1s used in perfumery
(Simon et al., 1984). Extracted essential o1l constituents
are a little varied in different studies. However, the major
part of volatile oil is consisted of granial, neral, limonene
and 1.8 sineol (Bellakhtar ef al., 1993; Montes et al., 1973).
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The aim of this study was to compare the growth and
essential o1l yield and composition of Aloysia citriodora
L. n two different culture systems and suggest the more
efficient system to reach high vield and more productivity.

MATERIALS AND METHODS

The experiment was conducted at hydroponic
greenhouse of Horticultural Department, University of
Tabriz. Aloysia citriodora 1. cuttings were rooted in
greenhouse and after for weeks, 6 rooted plants were
transplanted to production systems including floating and
soil. Bach production system was a box frame covered
with a thick polystyrene layer. Nutrient solution aerated
through a compressor pump was used to fill the floating
boxes and 6 holes on the surface of each box were used to
hold the plants which their roots were floated in the
solution. For soil treatment, boxes were filled with the
garden soil. These boxes were randomly placed n
greenhouse where the temperature was set 2813 and 2043
at the day and night, respectively and was under natural
light. Nutrient solution was adapted from Hogland and
Arnon (1950) and was adjusted twice a day. The pH and
Ec of nutrient solution were adjusted to 6-6.5 and 2-2.5 dS
m™ using H,30, or KOH and water, respectively.
Treatments were arranged m the completely randomized
design with four replicates.

Plants were harvested after 5 months at their
flowering time in order to study their growth parameters
and essential oil production. Leaves fresh weight was
measured mmmediately after harvesting and then samples
dried for 24 h at 80°C in a air forced oven to measure dry
weight. Leaf area was determined after harvesting by a
leaf area meter (LI-Cor, Model 1.i-1300, Lincoln, TTSA).
Chlorophyll index was measured with a spad-502 leaf
chlorophyll meter (Minlta, Osaka, Japan) in central leaves
of plants.

After drying plants at room temperature, essential oil
was extracted using hydrodistillation. Analysis of volatile
compound was done by GC-MS (Schimmadzu GCMS-
QP5050a gas chromatograph mass spectrometer), DB-5
capillary column.

Analysis of data was down using generalized linear
model in the SAS program. Difference between means was
tested by LSD at p<0.05.

RESULTS AND DISCUSSION

For vegetative parameters including fresh and dry
weight of leaves, leaf number and leaf area of plants
grown in floating system showed significantly higher
value compared with soil grown ones (Table 1). Leaf fresh
weight was 250.3 and 18.1 g in floating and soil systems,
respectively. According to the results both leaf area and
leaf fresh weight reduced >90% in plants produced in soil
plants grown in planting system had more chlorophyll
level than floating system grown ones.

The essential o1l percent (based on dry weight) and
yield (per plant) are shown in Table 1. No significant
difference was observed in essential oil percent of two
systems while the o1l yield had sigmificant difference in
two system owing to the different biomass production.
Plants grown in floating system has more essential oil
yield as a result of more biomass production. The oil yield
i soil grown plants showed a reduction by 90%
compared with plants grown in floating. Major
constituents of essential ©il were geranial, neral,
D-limonene and «-curcumene. Relative proportion of
these components in o1l varied in two different systems.
In soil grown plants neral (36.32% of total oil) and geramal
(27.88% of total oil) had higher percent while -curcumene
and d-limonene accumulation in plants grown in soil was
more than plants grown in soil (Table 2).

Hydroponic cultivation can be employed as a great
tool to study effect of environmental factors on the
productivity and quality of medicinal herbs. This
technique provides an opportunity to evaluate the root
zoon parameters affecting the growth and raw maternal
production of these plants. Higher biomass production of
plants in hydroponic relative to soil has been reported by
other researchers.

Boyle et al. (1991) described that soil grown rosemary
plants had lower stem and root dry weight compared with
hydroponically grown ones. Aerial part dry weight of
Stellaria medica, Artemisia vulgaris and Inula helenium
was 1.9, 3.22 and 12.7 times, respectively, higher in the
floating rafts system compared with field grown plants
(Dorais et al., 2001).

Expansion of leaf area is one of the most important
indexes to estimate the wvegetative growth of plants.
Increased leaf area 15 a sign of appropriate growth
condition for plants (Cowling and Field, 2003). High
biomass production of plants in floating system as

Table 1: Characteristics of Aloovsia citriodora plants grown in soil and floating sy stems

Production system  Leaf No. Leaf fwt. (g) Leaf dwt (g) Chlorophyll index  Leaf area (¢cm®Qil percent (mL/100 g DW) Qil yield (per plant)
Floating 1290.0 250.3 58.0 33.00 12394 1.42 0.710
Soil 185.0 18.1 4.9 39.43 1233 0.87 0.060
Significance 0.0001 0.0001 0.0001 00.05 0.0001 NS 0.001
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Table 2: Percent of essential oil components produced in tow growing

systems
Total oil (20)

Components Floating Soil
Geranial 2298 36.32
Neral 15.98 27.88
D- limonene 6.84 3.06
Geraniol 4.43 2.25
Nerol 2.95 1.64
r-curcumnene 7.01 5.98
Eucalyptol 3.66 2.81
6- Methyl-5-Hepten- 2-on 4.02 1.35
1-octen-3-ol 1.01 0.03
Germacrene -D 2.20 0.26
w-Terpineol 1.84 1.36
Nerolidol 1.75 1.31
Caryophyllen oxide 2.74 2.87
Gamnma elemen 1.25 -
B-Caryophylen 4.94 2.28
Sabinen 0.55 0.34
Alloaromadendrene 0.48 046
Trans-3-ocimene 0.69 -
Linalol 0.53 -
z-Copaen 0.76 043
(-) Spatholenol 5.60 3.76
Geraniol formate - 0.26
Delta cadinol - 0.75
Citronellal - 047
Cironellol - 0.35
Geranyl acetate - 1.45

compared with soil was due to increased leaf area as a
photosynthetic unit. Expansion of leaves led to increase
photosynthetic  capacity of plant and subsequently
increase m assimilation and more dry matter accumulation.
Providing the highest aeration and balanced distribution
of nutrients at all plant growing period is needed to
achieve high yields.

The root environment of hydropomic plants 1s
abundantly provided with water, nutrients and air and
corresponding increase of the metabolic and absorbing
activity of roots and subsequent increase m biological
activity m aerial part. This 15 a long with some
physiological and biochemical changes such as increase
of photosynthetic potential, chlorophyll and essential oil
content and early development of maximal assimilation
surface (Mairapetyan, 1999; Taiz and Zeiger, 2002).

This experiment finding indicated that floating system
may be an efficient system for growing of Alovsia
citriodora results which are accordant with other studies.
Mairapetian evaluated growing of some aromatic plants in
hydroponic system and showed hydrponically grown
aromatic plants have higher productivity, in addition to
accumulate 3-6 times more essential o1l compared with
field grown ones (Mairapetyan, 1999). Pagliarulo assessed
some root medicinal herbs under hydroponic system.
Plants produced in this study had better roots and more
vields compared with conventional produced ones
(Pagliarulo and Hayden, 2000).
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Providing an optimum growth condition in root zoon
including adequate aeration, nutrient adjustment and
water availability m addition to multiple harvest and more
plants density can be the effective factors on high
productivity in hydroponic systems.

Results showed changing in essential oil vield and
characteristics as it has been illustrated by other study
that growing condition can affect the yield and alter active
substances in medicinal herbs (Charles et al., 1993).
Accumulation of secondary metabolites can be changed
by different environmental factors. Thus, different
condition around the zoon in soil and floating systems
can be a main reason for dramatic productivity difference
with these two growing media.

Although, concentration of essential oil 1s same 1n
tow growmg media, however more production of leaf
weight can be a reason of drastic difference in total oil
production in this system. However, results implied that
more and superior production of Aloysia citriodora 1.
plants 1s possible in floating production system.

CONCLUSION

Floating production system can be suggested as an
appropriate technique for lemon verbena plants
considering the drastic increase in essential oil yield
compared with soil production. High density cultivation,
multiple harvest and off-season production of plants can
significantly increase yvields compared with conventional
production. Tn addition, elimination of some soil problems
such as soil born disease, weeds and no need to
loosening or herbicide application should also be
considered. In general, floating system can be
recommended as an efficient system for production of
Aloysia citriodora L. plants and may some other leaf
aromatic plants. Some additional cares can be used to
obtain more productivity and even change the relative
proportion of components.
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