
Abstract

Arbuscular mycorrhizal (AM) symbiosis is widely investigated in
aromatic herbs. Several studies have shown different effects on sec-
ondary metabolites, biomass production, as well as oil quantitative and
qualitative aspects. The seeking to increase the yield of plants and
their oils is an interesting topic in the world of medicinal and aromatic
plant production. In tune with that, this study evaluated the effective-
ness of two mycorrhiza fungi, Funneliformis mosseae (syn. Glomus
mosseae) and Septoglomus viscosum (syn. Glomus viscosum), on three
species from Lamiaceae family: Salvia officinalis L., Origanum vulgare
L., and Thymus vulgaris L. besides untreated control. It was found that
the effect of symbiosis on growth was more favourable with S. visco-
sum than other AM fungus. The S. viscosum inoculation raised the
yield of essential oil in oregano. Analysis of gas chromatography/mass
spectrometry showed that manool obtained the highest abundance in
leaf essential oil of inoculated sage; thymol was the major component
whatever the treatment in thyme and lower relative content of car-
vacrol was reported with arbuscular mycorrhizal fungi inoculation in
oregano. The results suggest the mycorrhizal inoculation as a promis-
ing technology in sustainable agricultural system to improve the plant
productivity performance. Specific inocula are strategic to enhance the
chemical profile of essential oils.

Introduction

Most of medicinal and aromatic plants (MAP) are used around the
world for different purposes. In general, products derived from second-
ary metabolism are responsible for the efficacy of medicinal plants, for
food and pharmaceutical industries (Cabello et al., 2005), for their
antimicrobial potential (Bagamboula et al., 2004), and for their natural
properties as sources of phytochemicals and active compounds
(Toussaint 2007; Toussaint et al., 2007). 
Since the low productivity and poor quality of MAP production, are

results of different factors like climatic conditions, seasonal varia-
tions, geographic sites, harvest periods and agronomic management of
the crop, building up a strategy for a large scale production of MAP
with constant composition combined with high amounts of the active
compounds is a basic goal for global market. Thus, it is of interest to
define cropping systems to improve essential oils yield by an adequate
use of irrigation (Moro et al., 2011), chemical fertilisers and plant
growth regulators (Prins et al., 2010). 
Although chemical fertilisers greatly lead to improve the yield and

quality of aromatic plants production, their application has to be bal-
anced ensuring the safety of the products obtained as well as the envi-
ronment (Watson et al., 2002). In order to reduce the agrochemical
input, effective soil management along with exploitation of mycorrhiza
fungi to increase the uptake of plant nutrients can be planned (Kapoor
et al., 2004). The fungal symbionts have acquired a great reputation in
the biofertilisation and crop production since the close contact
between plant roots and fungus hyphae creates bidirectional nutrient
transfer between plant-fungus (Smith et al., 2004). The fungi increase
the uptake of relatively immobile phosphate ions, while the host plant
supplies the fungus with carbohydrates (Smith and Read, 1997). Since
the symbiotic associations by arbuscular mycorrhiza (AM) fungi could
induce plant to absorb more easily phosphorus (Smith and Read, 2008)
that affects mainly the biosynthesis of essential oil (Loomis and
Corteau, 1972), the aim of present study was to evaluate the effects of
different inoculants of AM fungi on the growth, essential oil content
and composition of Salvia officinalis L., Origanum vulgare L., and
Thymus vulgaris L.

Materials and methods

Plant material 
Seeds of S. officinalis L. cv Regula (sage), O. vulgare L. spp. viridu-

lum (Martrin-Donos) Nyman × O. vulgare L. spp. hirtum (Link)
Iestwaart, cv Carva (oregano) and T. vulgaris L. cv Varico 3 (thyme)
were provided by mediSeeds Sàrl (Conthey, Switzerland).
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Experimental design
The experimental trial was conducted at a glasshouse located at the

Department of Agriculture and Environmental Science (DiSAAT),
University Aldo Moro of Bari, Italy. Seeds of the three species were
sown in 3-L pots, contained an autoclaved substrate (20 min at 120°C),
consisting of soil, sand and perlite (1: 1: 1 v/v/v), under controlled con-
ditions with temperature range (23-25°C) and a relative humidity
(RH=50%) in a complete randomised design, including two mycor-
rhizal inoculants Funneliformis mosseae H.T. Nicolson (G.M) and
Septoglomus viscosum Nicol. & Gerd (G.V), besides one unfertilised
and non-AM fungus control. The fungi were initially provided by the
Department of Crop Plant Biology (University of Pisa, Italy) and then
were multiplied on strawberry (Fragaria × Ananassa L.) plants chosen
for their high mycotrophy according to Dalpé and Monreal’s method
(2004). Each inoculum consisted of sand soil containing spores, exter-
nal mycelium, and infected root fragments. 
The mycorrhizal infection was done by adding 30 g (about 300

spores) to each pot of F. mosseae or S. viscosum inoculum before sow-
ing. Seven replications were used for each treatment where one repli-
cate represented by a single pot with three plants.

Biometric parameters and arbuscular mycorrhiza
colonisation 
After 4 months of growth, the plants were harvested. The shoot dry

weight was evaluated and the density of glandular trichomes was deter-
mined by counting the peltate hairs using stereomicroscopy (Leica
DMLB100; Leica Microsystems GmbH, Wetzlar, Germany), in the cen-
tral portion of an abaxial surface on representative leaves, having the
same age and position. The roots were cleared and stained according to
Phillips and Hayman (1970). The assessment of mycorrhizal coloniza-
tion was done following slide method (Giovannetti and Mosse, 1980).
The aforementioned parameters were performed starting from plants
selected randomly from each treatment.

Extraction of the essential oil 
Air-dried leaves of plants were submitted to water distillation in a

Clevenger type-apparatus with a flask of 500 mL and 250 mL water for 4 h,
as per the European Pharmacopeia standards (Council of Europe, 2007).

Gas chromatography/mass spectrometry analysis 
The essential oil was analysed using gas chromatograph Agilent

6890N coupled to an Agilent mass spectrometer 5973N (Agilent
Technologies, Cernusco sul Naviglio, MI, Italy). Volatile components
were separated on a capillary column HP-5MS (5%- phenylmethy-
polysiloxane, 0.25 mm × 30 m × 0.25 mm film thicknesses). The tem-
perature of injector and transfer line were set to 250 and 300 respec-
tively. The oven was heated to 60ºC, subsequently 3.0ºC/min up to
240ºC, then up to 280 to be hold for 5 min. The following conditions
were adopted: split ratio 1:25, at flow 1.1 mL min–1, with helium as car-
rier gas, and injection volume of 1 mL of essential oil diluted in
dichloromethane (1:300 v/v). The acquisition data and instrument con-
trol were carried out using ChemStation software (G1701DA, version
D.03.00.611). The components of the essential oils were identified by
comparison of their retention indices relative to (C8-C30) n-alkanes
(Sigma, Milan, Italy), either with those from the literature or Wiley 7
n.L mass spectral library.

Statistical analysis
The collected data were subjected to analysis of variance according

to a completely randomised design using the Statistical Analysis
System Version 9 (SAS V9; SAS Institute, Inc., Cary, NC, USA); the sig-

nificance of differences between treatments was determined by
Duncan’s multiple range test.

Results and discussion

The AM fungal species colonised the host plants successfully with
high percentage (data not shown). Results of shoot biomass reported
different mycorrhizal effects depending on the species of plant and fun-
gus, as shown in Figure 1. The positive response of inoculated shoots
was translated into an increasing of dry weight whatever the inocu-
lants, both in oregano and sage. The best inoculation efficiency was
shown by oregano mycorrhized by S. viscosum, with an increase of 3-
fold biomass compared to the control. According to previous studies of
Klironomos (2003), Munkvold et al. (2004) and Smith et al. (2004) the
application of different AM inoculants leaded to different responds in
the plants. Generally, mycorrhizal plants increased the shoot dry weight
in accordance with finding on O. vulgare plants inoculated with Glomus
mosseae (Khaosaad et al., 2006) or Glomus etunicatum (Karagiannidis
et al., 2012). 
Higher density of glandular trichomes was observed in leaves collect-

ed from mycorrhizal plants (Figure 2). Data showed that the best
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Figure 1. Shoot biomass in three species of Lamiaceae family
inoculated with Funneliformis mosseae or Septoglomus viscosum
compared to uninoculated plants (control). Values with different
letters are statistically significant at 0.05 (Duncan’s test).

Figure 2. Density of glandular trichomes/mm² and the content of
essential oil (v/w%) in thyme, sage, and oregano inoculated with
Funneliformis mosseae or Septoglomus viscosum, 120 days after
mycorrhizal inoculation.
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inoculum was S. viscosum in term of essential oils yield obtained from
oregano, whereas the colonisation in T. vulgaris L. and S. officinalis L.
has no effect on oil accumulation once compared to the control (Figure
2). Several studies on many species of Lamiaceae family, such as
Mentha arvensis (Freitas et al., 2004), Ocimum basilicum (Copetta et
al., 2006) and Origanum sp. (Khaosaad et al., 2006) described consis-
tent findings about increasing the oil quantity in favour of inoculation
by AM fungi. The major role of AM to improve the quantitative and qual-
itative yield of essential oils has been proved (Kapoor et al., 2002,
2004). In our study not only the quantitative aspect affected by AM
species but also the chemical profile of oil was changed. Thymol was
the major component (Lee et al., 2005) among all the identified com-
pounds regardless of the three thyme treatments. F. mosseae leaded to
high content of thymol (66.66%), while its precursor r-cymene
increased with S. viscosum (13.01%). Whereas the treatments deter-
mined significant differences regarding the percentage of measured
compounds and oil quality in S. officinalis, particularly mycorrhizal
symbiosis produced an increase in the amount of manool with a
decrease of cis-thujone. This chemical profile of the inoculated plants
is usually found in some S. officinalis biotype from Cuba (Pino et al.,
1997). In Origanum vulgare, carvacrol was the most abundant compo-
nent (69.40-77.73%), followed by thymol (5.80-13.84%), g-terpinene
(3.86-5.45%), r-cymene (2.43-4.67%) and trans-caryophyllene (3.02-
3.40%). Even if the percentages of carvacrol and thymol were different
depending on mycorrhizal treatments and in comparison to the control,
the total amount of phenolic monoterpenoids and their precursors (g-
terpinene and r-cymene) was quite similar.

Conclusions

This study confirmed the role of AM fungi in the productivity per-
formance of aromatic plants; all the three species demonstrated an
increase in biomass in symbiosis presence, as already reported by pre-
vious studies in the literature. The inoculation with AM fungi can
reflect a friendly strategy to enhance the sustainability of the agricul-
tural practices and the production of bioactive molecules in the
Lamiaceae species studied. Even if the positive effect of AM fungi on
biomass production or the content of bioactive compounds in aromatic
plants is not general, but it depends on the specific plant-AM fungus
interaction and the bioactive compound.
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