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As a product of secondary metabolism, essential oils may exhibit variation in their composition
according to mode of plant cultivation. The application of organic manure has been considered one of
the key factors for increasing biomass and essential oil production in most of medicinal plants, as it
provides nutrients and increases their uptake. This study aimed to evaluate the influence of organic
fertilizer and lime doses on the biomass production of Mentha arvensis, as well as the content, yield
and chemical composition of its essential oil. The experiment was conducted in a greenhouse and was
performed according to a double factorial design consisting of four doses of dolomitic limestone (0.0,
0.25, 2.0 and 3.72 g dm™, corresponding to a pH of 4, 5, 6 and 7, respectively) and five doses of the
organic compost (0, 5, 10, 20 or 40 g dm™) with ten replicates. There was an interaction between organic
fertilization and liming for biomass production, with maximum leaf biomass averaged 8.61 g plant™ and
essential oil yield with application of 26 to 29 g dm™ of organic compost and 1.7 to 2.0 g dm™ of
limestone into soil. Neo-iso-menthol was the major component of the M. arvensis essential oil.
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INTRODUCTION

Fertilization is extremely important for obtaining high
yields in most crops. On the other hand, intensive farming
systems with fertilizer-responsive crops that have a high
demand for inorganic fertilizers often lead to non-

sustainable production and can also cause a serious
threat to soil health (Hendawy, 2008). In recent years, the
world has been growing increasingly concerned with
environmental and health issues. The desire for
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conservation has resulted in the search for technologies
by the productive sector for the implementation of
sustainable organic production systems. The use of
organic nutrient sources with little or no use of inorganic
fertilizers is being adopted due to a positive influence on
the biological processes of decomposition and
mineralization of organic matter, which provide the soil
with greater resilience and buffering capacity (Karlen et
al., 1992).

Organic fertilizer provides nutrients and is considered
one of the key factors for increased biomass production,
and especially for the quality of essential oil in medicinal
plants, as well as being safer for human and animal
health and the environment, providing benefits in the form
of improvements in physical, chemical and biological soil
properties (Priyadarshani et al., 2013; Rosal et al., 2011;
Al-Fraihat et al., 2011 Brant et al., 2010; Corréa et al.,
2010). An additional benefit of using organic compost to
provide nutrients for plant growth is that they provide an
alternative for the management and disposal of farm
residues.

The growing demand for food produced without the use
of pesticides and with respect for the environment is a
global trend. In general, consumers are increasingly
purchasing natural or organic products and this includes
herbal and medicinal plants (Naguib, 2011), which have a
growing market, as they are a source of biologically
active natural products (Matos and Innecco, 2002).

Mentha arvensis L., popularly known as peppermint or
Japanese mint is an aromatic and medicinal plant that
belongs to the Lamiaceae family (Lorenzi and Matos,
2002). Its leaves and flowers are rich in essential oils and
contain menthol which has great economic importance,
especially for the food, cosmetics and pharmaceutical
industries (Ram and Kumar, 1997; Simbes and Spitzer,
2000), and preparations made with leaves serve as local
anesthetics, anti-irritants as relief for headaches and as
an antiseptic for the respiratory tract (Kumar et al., 2012).
In folk medicine, mint is used in the form of tea for the
treatment of gastrointestinal disorders, respiratory and
parasitic diseases (Lorenzi and Matos, 2002). Studies
have shown that the essential oil is a potential antifungal
agent against the human parasite Candida albicans
(Lund et al., 2012) and against pathogenic fungi, such as
Aspergillus sp., Penicillium rubrum, Fusarium moniliforme
(Diniz et al.,, 2008) and Moniliophthora perniciosa
(Chaussé et al., 2011). The economic value of pepper-
mint oil depends on the quality, which is determined by
the amount of menthol (Srivastava et al., 2002).

Organic fertilizers are known to play an essential role in
many agricultural production systems but there is little
information available about the effect of the interaction
between organic compost and lime on growth and
accumulation of secondary metabolites in medicinal
plants. This study thus aimed to evaluate the effect of
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liming and the application of organic fertilizer on the
accumulation of plant biomass, as well as the yield,
content and chemical composition of the essential oil of
M. arvensis.

MATERIALS AND METHODS
Experimental conditions

The experiment was conducted in a greenhouse, under natural light
and temperature, from May to September, 2011 using a typical
dystrophic  Ultisol (surface layer) that had the following
characteristics: pH (CaCl,) = 3.9, organic matter content = 58 g dm"
% P (in resin) = 5 mg dm”, K, Ca, Mg, Al, SB and CEC (mmol dm™)
=04, 4, 4, 5.42, 84 and 72.7, Cu, Fe, Zn, Mn and B (mg dm?) =
0.7, 88, 1.7, 0.7, 0.34. The texture of this sandy soil was as follows
(g kg™): coarse sand (142), fine sand (720), silt (13) and clay (125).
The experiment was arranged in a double factorial design with four
doses of limestone (0.0, 0.25, 2.0 and 3.72 g dm™, corresponding to
pH 4, 5, 6 and 7, respectively) and five doses (0, 5, 10, 20 or40 g
dm®) of organic compost previously prepared with sheep manure
and straw of Brachiaria humidicola that had the following attributes:
pH (CaCl,) = 8.9; P, K, Ca, Mg and S (g kg™") = 11.7, 21.6, 32.2, 8.0
and 5.3, respectively; Cu, Mn, Zn, Fe and B (mg kg'1) = 57, 185,
195, 7656 and 16, respectively. Doses of the organic compost were
defined from concentration of K in menthe leaves obtained by
Garlet and Santos (2008), while doses of limestone were defined
from a previously incubation curve using experimental soil.
Dolomitic limestone was applied twenty days prior to seedling
transplantation into 5 dm® plastic pots that were irrigated regularly
with deionized water.

Plant harvest

The plants were harvested at 115 days after transplanting and
separated into leaves, stems and roots, dried in a forced circulation
oven at 70°C and finally weighed to obtain the total plant and leaf
dry biomass.

Content, yield and composition of essential oil

For essential oil evaluation, samples of dry leaves of each
treatment were dried at 40°C and then submitted to extraction
processes by hydro distillation in a modified Clevenger apparatus
for one hour using 10 g of dry leaves in 1 L flasks containing 400 ml
of distilled water. Quantitative analysis of the essential oil was
performed on a Varian saturn 3800 gas chromatograph equipped
with a flame ionization detector (FID), using a fused silica capillary
column (30 m x 0.25 mm x 0.25 pym) with stationary phase VF5-ms
(0.25 mm thick film). Helium was used as carrier gas with a flow
rate of 1.2 ml/min. The temperature of the injector and detector
were 250 and 280°C, respectively. The temperature of the column
at the start of the analysis was 70°C and increased by 8°C per min
to 200°C followed by an increase at 10 to 260°C and maintained at
this temperature for 5 min. A solution (1 pl) containing essential oils
in 10% chloroform was injected with a split ratio of 1:10. The
identification of compounds (NISTO8 database) was performed
using a Agilent 5975C mass spectrometer operated with an
electron impact ionization at 70 eV using a DB-5 column (30 m x
0.25 mm x 0.25 mM) and injector temperature of 250°C under the
same conditions used in quantitative analyzes.
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Figure 1. Response surface graphs showing interaction effects of limestone and organic compost on the dry mass
production of the leaves (A) and of the total plants (B) of Mentha arvensis.

Statistical analyzes

All data were subjected to analysis of variance considering the
completely randomized design with ten replicates, with five
repetitions for dry biomass and five for essential oil extraction. The

response surface data was adjusted by multiple linear regression
equation using the software R.2.15.1.

RESULTS
Biomass production

The dry biomass of plants was significantly affected by
the interaction between organic compost and limestone
doses (Figure 1). The maximum production of dry leaf
biomass was 8.61 g plant” with the application of 23.3 g
dm™ of compost and of 3.72 g dm™ of limestone (which is
equivalent to pH 7) (Figure 1A). Similar results were
shown for leaf biomass which reached a maximum
production of 27.43 g with the application of 18.5 g dm?

compost at the same dose (3.72 g dm™) of limestone
(Figure 1B).

Content, yield and composition of essential oil

The essential oil content of M. arvensis was affected by
fertilization, while the essential oil yield was affected by
the interaction between fertilization and liming (Figure 2).
Increased levels of organic compost resulted in an
increase in the essential oil content of M. arvensis. The

estimated dose of lime and organic compost applied to

the soil to achieve a maximum of 5.47% essential oil in

leaves (Figure 2A) was 29.2 and 2.04 ¢ dm’,

respectively. With respect to essential oil yield in M.

arvensis, application of organic compost resulted in

maximum production of 0.39 g plant‘1 (Figure 2B)
obtained after an interaction of doses of 25.8 g dm™ of
compost and 1.68 g dm™ of limestone.

Analysis of the chemical composition of M. arvensis
essential oil demonstrated the presence of fourteen
components in total (Table 1), twelve of them identified
by peak areas in the chromatograms. However, no
treatment resulted in all fourteen compounds, with the
actual number varying from one to thirteen, depending on
the treatment. Clearly, the chemical composition of the
essential oil of M. arvensis was affected by the
treatments, with the number of constituents of the
essential oil increasing with organic compost doses
(Table 1). Despite this wide variation in compounds within
M. arvensis essential oil, the major component was neo-
iso-menthol, which was always present at levels above
89%. In treatments where no organic compost was added
to the soil there was a reduced number of constituents
(Table 1) and surprisingly, 100% of neo-iso-menthol (see
chromatogram of Figure 3) was recorded with the highest
dose of lime (3.72 g dm's) in the absence of organic
compost.

Treatments resulting in plants with the highest number
of essential oil components (13) received an organic
compost dose of 20 g dm™ with the addition of 2.0 g dm™
of limestone. This large diversity in the constituents of the
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Figure 2. Response surface plots showing the effects of limestone and organic compost doses on the essential
oil content of leaves (A) and of leaf oil yield (B) of Mentha arvensis.

M. arvensis essential oil did not affect the content of neo-
iso-menthol, which ranged between 89.35 and 100% for
the various compost and limestone doses.

DISCUSSION

The pronounced effect of the interaction between organic

compost and limestone observed on the growth of M.

arvensis may be attributed to the increase in soil pH

which contributed to the greater availability of nutrients
from compost for the uptake of growing plants. Soil pH
influences nutrient availability and is modified by the
application of lime for example, macronutrients tend to be
less available in soils with low pH, whereas
micronutrients tend to be less available in soils with high

pH (Hossain et al., 2011).

The biomass of the M. arvensis plants increased
accordingly with organic compost fertilization, as same as
observed for other studies of medicinal plants, such as
Vetiveria zizanioides (Rotkittikhun et al., 2007),
Cymbopogon winterianus (Tanu, 2004), Majorana
hortensis (Al-Fraihat et al., 2011), Ocimum selloi (Costa
et al., 2008), Stevia rebaudiana (Xiangyang et al., 2011),
Mentha piperita var. piperita (Pegoraro et al., 2010). The
greater dry matter production can be explained by the
availability of nutrients due to the increasing doses of
organic compost.

The effect of the compost in the presence of lime
improves the soil with respect to pH, conductivity, the
content of organic matter and the supply of adequate
nutrients for better growth and yield (Priyadarshani et al.,

2013). Al-Fraihat et al. (2011) confirmed that the effect of
organic fertilizer improves the physical, chemical and
biological properties of soils, increasing their cation
exchange capacity and water retention, resulting in better
plant growth.

The beneficial effect of lime on Melissa officinalis and
Mentha piperita was reported by Blank et al. (2006) who
showed that a lack of lime, even with N and P fertilization,
resulted in reductions in leaf production, and the
complete omission of liming did not allow for the growth
of M. officinalis plants. Liming and fertilization were also
essential for the growth of Cordia verbenacea (Arrigoni-
Blank et al., 1999). Souza et al. (2010) reported that soil
liming is essential for the development of Lippia
citriodora. On the other hand, Sales et al. (2009) did not
observe any influence of liming on the accumulation of
dry mass of leaves, stems and roots of Hyptis
marrubioides. For M. arvensis the positive effect of
organic fertilization and liming demonstrates that the
application of compost and soil amendment should be
adopted with the aim of obtaining higher production of the
leaves, which are the organs of greatest interest as they

contain the active ingredients used by industry.

The content of essential oil in M. arvensis leaves
verified on our greenhouse experiment can be consider
high when comparing with a field experiment using
manure fertilization, where Chagas et al. (2011) obtained
from 2.83 to 3.14% of essential oil content in the shoot of
M. arvensis. On the other hand, working with different
doses of industrial K fertilizer (KCI) in hydroponic
conditions, Garlet et al. (2007) reported only 0.79 and
1.07% of oil content in leaves of M. arvensis. The
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Table 1. Kovats indices (IK) and percentage of the chemical constituents of the essential oil of the biomass of the leaves of
Mentha arvensis plants submitted to five doses of organic compost and four doses of limestone.

0 g/dm*® of limestone

0.25 g/dm® of limestone

Constituents

IK C0 C5 C10 C20 C40 CO0 C5 C10 C20 C40
Relative percentage (%)
3-octanol - - 0.35 054 0.53 - 0.37 0.44 0.50 0.38
Limonene - - - - - - - - 0.32 -
Linalool - 0.34 037 051 0.50 - 0.38 0.45 0.51 0.51
p-ment-3-enol - 0.55 0.37 038 0.37 - 0.33 - 0.38 0.41
Mentone - - 0.81 177 213 0.71 0.88 1.31 2.33 2.56
Iso-mentone - 178 1.02 160 1.39 0.66 1.10 1.40 1.71 1.75
neo-menthol 0.39 - - - - - - - - -
n.i - - 099 122 133 0.83 1.04 1.10 1.21 1.1
neo-iso-menthol 92,57 96.29 94.95 92.81 92.66 96.68 9444 9420 90.68 91.02
n.i - - - - - - - - - -
Piperitone - 047 055 075 0.71 0.37 0.61 0.70 0.80 0.73
Cariofilene - - 0.34 042 0.38 - 0.38 0.40 0.44 0.47
germacrene D - - 0.25 - - - - - 0.29 0.34
di(2-etilexil)phtalate 7.04 0.57 - - - 0.75 0.46 - 0.82 0.73
Total (%) 108'0 108'0 108'0 108'0 108'0 100.00 99.99 100.00 100.00 100.00
2 g/dm® of limestone 3.72 g/dm° of limestone

IK C0 C5 C10 C20 C40 CO0 C5 C10 C20 C40
3-octanol 991 031 051 050 055 0.62 - 0.48 0.51 0.58 0.47
Limonene 1031 - - 025 031 041 - - - - -
Linalool 1097 029 047 049 056 0.55 - 0.40 0.48 0.51 0.46
p-ment-3-enol 1149 032 036 0.38 047 0.39 - 0.34 0.37 0.39 0.39
Mentone 1157 0.97 150 204 254 3.29 - 1.24 1.89 2.40 2.38
Iso-mentone 1168 082 157 171 212 2.00 - 1.22 1.56 1.67 1.55
neo-menthol 1167 - - - - - - - - - -
n.i 075 1.08 113 114 1.25 - 1.15 1.23 1.20 0.92
neo-iso-menthol 1178 9295 93.40 91.53 89.66 89.35 100.00 94.18 9245 9149 92.86
n.i - - - 0.25 - - - - - -
Piperitone 1247 048 072 0.80 0.98 0.90 - 0.64 0.80 0.84 0.66
Cariofilene 1424 027 039 045 056 042 - 0.34 0.40 0.37 0.32
germacrene D 1485 - - 0.33 042 0.32 - - 0.32 - -
di(2-etilexil)phtalate 2553  2.85 - 0.39 043 0.49 - - - 0.55 -
Total (%) 1000 1000 1000 1000 1000 100,00 100.00 100.00 100.00 100.00

IK obtained by capillary column VF5-ms (30m X 0,25mm X 0,25um), with the temperature of the injector and detector at 250 and
280 ° C, respectively; **ND = not determined; C0, C5, C10,C20 and C40 correspond to 0, 5, 10, 20 e 40 g/dm3 organic compost

dose, respectively, incorporated into soil.

influence of organic fertilization on the content of
essential oil can be variable between species for
example, Priyadarshani et al. (2013) observed that higher
oil content (3.74%) was recorded in Vetiveria zizanioides
planted with 75% of organic and 25% inorganic fertilizer.
The leaf oil yield of M. arvensis was positively influenced
by organic fertilizer as same as reported by Chagas et al.

(2011), with same species and with Ocimum selloi
fertilized with cattle manure compost (Costa et al., 2008).
The constituents of the M. arvensis essential oil are
sensitive to environmental changes, especially to stress
caused by lack of nutrients. The production of secondary
metabolites is regulated by biotic and abiotic factors and
is usually drastically altered when the plant is under
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Figure 3. Chromatographic profile of Mentha arvensis essential oil from plants subjected to highest dose of
limestone and without organic compost fertilization. GC/MS (Agilent 5975C, 70 eV), DB-5 (30 m) column. The
first peak corresponds to the solvent (chloroform) injected together with the oil sample in the chromatograph,
and the second peak (arrow) was identified as iso-neo-menthol.

stress (Farooqi et al., 1999; Patra and Kumar, 2012).

The changes in the composition of essential oil that
were mediated by nutritional stress were most
prominently reflected in the main oil constituent, neo-iso-
menthol, which varied with applied limestone doses. We
observed that the content of neo-iso-menthol was high,
whereas, iso-menthone was low probably because in the
final step of reduction via iso-menthone it is reduced to
neo-iso-menthol and menthol is a menthone derivative
produced by the cytoplasmic enzyme menthone reduc-
tase (Davis et al., 2005; Mcgarvey and Croteau, 1995). In
Mentha piperita, Gershenzon et al. (2000) observed that
the proportions of limonene decreased with plant age,
while menthol, neo-menthol substantially increased.

Simoes and Spitzer (2000) stated that approximately
90% of the volatile oils are composed of terpenes. In our
study, M. arvensis cultivated under increasing doses of
limestone and organic compost gave, in addition to neo-
iso-menthol as the major compound, other monoterpenes
such as limonene, linalool, p-ment-3-enol, menthone, iso-
menthone, neo-menthol, piperitone and two sesquiterpe-
nes: caryophyllene and germacrene. The monoterpenes
are the major components of the essential oil of many
species of the genus Mentha (Gershenzon et al., 2000;
Mahmoud and Croteau, 2003; Oliveira et al., 2012).

Conclusion

Liming and organic compost fertilization is essential, not

only for biomass accumulation, but also for essential oil
production in M. arvensis. By applying, on average, 25.8
g dm™® of compost and 1.68 g dm® of limestone
(equivalent to 51.6 and 3.36 t ha™, respectively) we
obtained high biomass and essential oil production, which
are features desirable for the market and for trading.
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