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Mentha piperita and Thymus vulgaris are two important species of the family Lamiaceae. Two distinct
experiments were conducted and examined; the first evaluate the effect of different auxin levels on M.
piperita and T. vulgaris growth, while the second examined the effect of two fungi Piriformospora indica
and Sebacina vermifera on plant height, root length, shoots and root weight in in vitro in a completely
randomized design (3 and 20 replication in first and second experiments, respectively). The flrst
experiment showed that the most effective hormone dose for the M. piperita growth was 1 mgl”

indole-3-butyric acid (IBA) and in the T. vulgaris, it was 1 mgl” of indole acetic acid (IAA). Increase of
the hormone doses resulted in reduced growth. The second experiment showed that growth of the
plants inoculated with fungi increased significantly. The data indicated that the plants inoculated with
S. vermifera were of maximum height and the plants inoculated with P. indica had maximum weight

also. The nodes of M. piperita and numbers of shoots in T. vulgaris increased significantly.

Key words: In vitro culture, auxin, peppermint, thyme, Piriformospora indica, Sebacina vermifera.

INTRODUCTION

Peppermint (Mentha piperita) belonging to the Labiatae
family is an important aromatic plant. This plant is native
to the Mediterranean regions but can be commercially
cultured in temperate regions of the world especially in
America, Canada and China. Its extracts and essential oil
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Abbreviations: PGR, Plant growth regulator; AMF, arbuscular
mycorrhizal fungi; 1AA, indole acetic acid; NAA, 1-
naphthaleneacetic acid; IBA, indole-3-butyric acid.

are used for making gum and confectionery industries to
produce different flavors and drugs (Foster, 1990). This
plant is used to treat nausea, bronchitis, flatulence and
anorexia (Fonseka-Kruel and Fernandes, 2003). Essen-
tial oil is also recognized for its carminative, stimulant,
antiseptic, antispasmodic, antifungal and antibacterial
properties (Gueddn Pasquier, 1994; Gershenzon et al.,
2000; Inoue et al., 2002; Samarth and Kumar, 2003; Ruiz
del Castillo et al., 2004; Duarte et al., 2005). Another
important plant of Labiatae family that is used by food
and drug industries is thyme (Thymus vulgaris). The
essential oil was reported to have antimicrobial (bacteria
and fungi), carminative and expectorant activities (Leung



and Foster, 1996; Chao et al., 2000; Horne et al., 2001).
Soil microorganisms could increase the food production
and plant growth regulator (PGR), and have antagonistic
properties against plant pathogens (Bolton et al., 1993).
One of these beneficial microorganisms is arbuscular
mycorrhizal fungi (AMF). They form symbiotic relation-
ships with roots of about 90% land plants in natural and
agricultural ecosystems (Brundrett, 2002). AMF symbio-
sis improved nutrient (especially phosphate) and water
uptake, increased resistance to water stress, increased
levels of available soil, increased root durability, increased
plant growth, prevention of the toxicity of heavy metals,
and improved soil structure (Marschner and Dell, 1994;
Cooper, 1984; Huang et al., 1985; Ellis et al., 1985; Dela
Cruz, 1991; Abbott and Robson, 1982; Jeffries et al.,
2003; Harley and Smith 1983). Gupta et al. (2002)
reported that Glomus fasciculatum increased plant
height, fresh and dry weight of three cultivars of Mentha
arvensis (Kalka, Shivalik and Gomti). In contrast to most
mycorrhizal fungi, Piriformospora indica (Verma et al.,
1998) and Sebacina vermifera (Warcup, 1988) are cultiv-
able fungi and can grow on synthetic or complex media
without hosts (Varma et al., 2001; Peskan-Berghofer et
al., 2004). Many researchers have reported that P. indica
and S. vermifera can improve the growth rate of various
host plants (Varma et al., 1999; Sahay and Varma, 1999;
Rai et al., 2001; Waller et al., 2005; Peskan-Berghofer et
al., 2004; Kumari et al., 2008). In this study, various
concentrations of auxin, indole acetic acid (IAA), 1-
naphthaleneacetic acid (NAA) and indole-3-butyric acid
(IBA) and endophytic fungi P. indica and S. vermifera have
been tested for their effect on the growth and
development of peppermint (M. piperita) and thyme (T.
vulgaris) in in vitro conditions.

MATERIALS AND METHODS
Plant material

Pieces of mint and thyme were prepared from cultivated farms of
the Institute of Medicinal Plants and Natural Products Research,
Karaj, Iran and transferred to an environmentally controlled cham-
ber (25/20°C day/night with 16-h photoperiod). Then plants grown
in pot culture were used as source material for in vitro cultures.

In vitro stock plant

Stock cultures were obtained from stem node explants. These
explants, excised from green house thyme and mint plant, were
washed in running water. Surface sterilization was obtained by
immersion for 5 min in 70% ethanol, followed by soaking for 10 min
in sodium hypochlorite (1%) plus 0.01% Tween 20 as surfactant
and rinsing four times in sterile distilled water. Nodes were cultured
on MS medium (Murashige and Skoog, 1962) supplemented with
30 g/l sucrose, 1 mg/l thiamine and 8 g/l agar in glass bottles. The
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pH was adjusted to 5.8 before autoclaving at 120°C for 20 min. The
explants were placed in a growth chamber at 25°C under cool white
fluorescent lamps in 16 h light/ 8 h dark.

Root endophyte cultures

P. indica and S. vermifera were grown on aspergillus broth and
agar medium at 30°C for 7 days and grown on PDA medium too
(Pham et al., 2003).

In vitro experiments

Thirty days old micro propagated plants were employed as the
source of apex to be used in experiments for in vitro plant inoculation.
Two distinct experiments were carried out separately; first, the
effect of auxin (NAA, IBA and IAA) and its various combinations
were assessed on plant height. Three replications were maintained
for each treatment. Experiment was evaluated in completely
randomized design (CRD). Micro propagated plants were analysed
after 30 days.

Treatments: T1: 1 mgl” IBA; T2: 2 mgl" IBA; T3: 4 mgl"' IBA; T4: 1
mgl” NAA; T5: 2 mgl™" NAA; T6: 4 mgl" NAA; T7: 1 mgr1 IAA; T8: 2
mgl”" 1AA; T9: 4 mgl" IAA; T10: 2 mgl" IAA + 2 mgl" IBA; T11: 4
mgl" IBA + 4 mgl" NAA; T12: 4 mgl" IAA + 4 mgl" NAA; T13: 2
mgl”" IAA + 2 mgl" IBA +2 mgl"NAA and T14: Control.

In the next test, the effect of two fungi P. indica and S. vermifera
were evaluated on plant growth. The transparent culture glass
bottles destined for plant-fungus co-culture were inoculated with a 5
mm diameter mycelial disk of 7 days old culture of P. indica and S.
vermifera at the center into culture glass bottle each containing 50
ml of MS medium, immediately afterward, mint and thyme shoots,
were excised behind the second pair of leaves from the top and
individually inserted inside the fungal disk. For this experiment, 20
inoculated shoots with P. indica, 20 inoculated shoots with S.
vermifera and 20 non-inoculated shoots (20 replication) were used in
a completely randomized design. Micro propagated plants were
analysed for mint and thyme after 45 and 60 days, respectively.

Statistical analysis

The collected data were statistically computed using software
Statistical Package for the Social Sciences (SPSS). Data were
subjected to analyses of variance and treatment means were
compared by an approximate Duncan’s multiple test (DMR).

RESULTS

In the first experiment, plant height was analysed after 30
days (Table 1). The most effective hormone was seen at
1 mgl” of IBA for M. piperita. Increasing concentration of
IBA reduced mint growth. Plant height in glass bottle
containing 4 mgl” IBA, 2 mgl” IAA and 4 mgl” IAA were
compared with control and showed statistically similar
performance (Table 1). The most effective hormone in T.
vulgaris was seen at 1mgl”" of IAA. Increasing
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Table 1. Effect of different densities of auxin on plant height (cm) in T. vulgaris and M. piperita

after 30 days.

Treatment T. vulgaris M. piperita
1mgl" IBA 4.0 +0.26 7.4 +0.70°

2mgl” IBA 3.2 +0.56™ 6.3 +1.37%°
4 mgl”" IBA 3.1 +0.50° 5.6 +0.71
1 mgl NAA 2.9+0.70° 4.2 +1.35%
2 mgl” NAA 2.1+0.70° 3.1 +0.53%
4 mgl” NAA 1.9+0.36° 3.2 +0.40°
1 mgl" IAA 42+017 7.2 +0.35%°
2mgl" IAA 3.9 +0.20% 5.2 +0.82%
4 mgl”" IAA 3.1+0.36° 5.4 +0.87°
2mgl”" IAA + 2mgl” IBA 2.3 +0.53% 5.9 +0.78"
4mgl™" IBA + 4 mgl't NAA 1.6 +0.36° 3.2 +0.60%
4mgl™" 1AA + 4 mglt NAA 2.1+0.30° 2.2+0.32'

2mgl”" IAA + 2 mgl” IBA +2 mgl'NAA 2.0+017° 2.1+0.36'

Control 2.2 +0.26% 5.4 +0.57°

Values followed by a different letter within rows are significantly different using Duncan’s multiple range

test (P < 0.05). Values are reported in mean * standard deviation.

Figure 1. Effects of endophytic fungi on plant growth in micropropagated peppermint. P:
Piriformospora indica; S: Sebacina vermifera; C: control.

concentration of IAA reduced thyme growth. Plants height
in glass bottle containing 2 mgl™" IAA + 2 mgl™" IBA were
compared with control statistically which showed similar
performance (Table 1).

In the second experiment, mint growth was significantly
affected by P. indica and S. vermifera. To assess the
influence of P. indica and S .vermifera on plant morpho-
logy, plant height and root length, numbers of nodes,
green and root weights were analysed. The increase resulted

from the higher mean number of stem nodes and leaf
pairs per plants, as well as increase in total green fresh
and dry weight (Figure 1). Forty-five days after co-culture,
treatments differed for plant height and root length. The
tallest plants and roots were recorded from plants
inoculated with S. vermifera (18.15 and 9.65 cm,
respectively) and the shortest from the control (9.60 and
6.05 cm, respectively). Plant height and root lengths of
plants inoculated with S. vermifera were 89 and 60%,
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Table 2. Effect of two endophytic fungi on plant height, root length, green fresh weight, root fresh weight and number of nodes in M.

piperita after 45 days.

Parameter P. indica S. vermifera Control Merzr;géftf::)il;leer;;es
Plant height (cm) 12.45 +2.14° 18.15+3.73% 9.60 +2.30° +2.85- 8.55
Root length (cm) 9.10 + 1.68% 9.65 +2.01% 6.05 + 1.47° +3.05- 3.60
Green fresh weight (mg) 581.90 + 88.89° 546.80 + 89.09° 163.20 +20.30° +418.70- 383.60
Root fresh weight (mg) 304.25 +61.77° 294.25 + 59.63° 23.00 +5.59° +281.25-271.25
Root : Green 0.53 +0.14% 0.55+0.11% 0.14 +0.04° +0.39- 0.41
Number of nodes 20.30 + 3.10°% 19.70 + 3.85° 12.30 + 2.25° + 8.00- 7.40

Values followed by a different letter within rows are significantly different using Duncan’s multiple range test (P < 0.01). Values are reported in

mean * standard deviation.

Figure 2. Effects of endophytic fungi on plant growth in micropropagated thyme. P: Piriformospora indica;

S: Sebacina vermifera; C: control.

higher than that of non-inoculated control plants,
respectively (Table 2). The highest green fresh weight
biomasses were produced by P. indica, followed by S.
vermifera and the least by the controls. P. indica and S.
vermifera increased green fresh weight (257 and 352%)
in comparison with control plants, respectively (Table 2).
In micro propagated plants inoculation with P. indica and
S. vermifera, the intense lateral branching of roots resulted
in a well-developed herringbone root system. The mean
fresh root ranged from 23.00 to 304.25 mg. The highest
root fresh produced by the plants inoculated with P.
indica and the shortest plants were from the control
plants (Table 2). In addition, inoculation with P. indica
and S. vermifera significantly increased the number of
nodes. The average number of node with P. indica and S.

vermifera (20.3 and 19.7, respectively) were 65 and 60%
higher in comparison with control plants (Table 2).

Thyme growth was significantly affected by P. indica
and S. vermifera (Figure 2). To assess the influence of P.
indica and S. vermifera on plant morphology, several
parameters including plant height and root length,
number of shoots, fresh weight of plant and root were
analysed 60 days after co-culture, the mean plant height
ranged from 6 to 7.15 cm. The tallest plants were
produced with the plants inoculated with S. vermifera and
the shortest plants were the control plants (Table 3).
Similarly, the root length ranged from 1.8 to 3.10 cm,
where the longest roots were those of the plants inoculated
with S. vermifera and the shortest roots were those of the
control plants (Table 3). The highest green and root fresh
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Table 3. Effect of two endophytic fungi on plant height, root length, green fresh weight, root fresh weight and number of shoots in T.

vulgaris after 60 days.

Mean differences

420.65 + 98.46%
179.00 + 20.35°
0.45 +0.12°
4.15+0.88°

Green fresh weight (mg)
Root fresh weight (mg)
Root : Green

Number of shoots

Parameter P. indica S. vermifera Control respectively
Plant height (cm) 6.10 + 1.33% 7.15+1.232 6.00 +1.21° +0.10- 1.15
Root length (cm) 2.90 +0.85° 3.10+0.79° 1.80 +0.52° +1.10-1.30

411.85 + 92.38°
157.35+17.13°
0.40 £ 0.12
4.00 +0.79%

130.95 + 17.36°
51.55 + 19.09°
0.40 + 0.162
2.05+0.76°

+289.70 - 280.90
+127.45- 105.80
+0.05-0.00
+2.10-1.95

Values followed by a different letter within rows are significantly different using Duncan’s multiple range test (P < 0.01). Values are reported in

mean * standard deviation.

weight were produced with the plants inoculated with P.
indica and the shortest were those of the control plants.
P. indica and S. vermifera increased green fresh weight
(221 and 215%), and increased root fresh weight (247
and 205%) in comparison with control plants, respectively
(Table 3). In addition, the average number of shoots with
P. indica and S. vermifera (4.15 and 4, respectively) was
102 and 95% higher in comparison with control plants
(Table 3).

DISCUSSION

Micro propagation of many plant species, including
medicinal plants, has been done in the last few decades
Sarwar et al., 2009; Pandeya et al, 2010). Micro
propagation of medicinal plants has been achieved
through rapid proliferation of shoot-tips and axillary buds
in culture Hashemabadi and Kaviani, 2008; Meena et al.,
2010; Al-Sulaiman and Barakat, 2010). The role of plant
hormones has been proven in tissue culture. Auxins and
cytokinins influence micro propagation of medicinal and
aromatic plants. Cytokinins were shown to be the most
critical for micro propagation of many medicinal plants
(Chen et al.,, 1995; Saxena et al., 1998). In the first
experiment, the best hormones on peppermint and thyme
growth were observed as 1 mgl” IBA and IAA, respectively.

Various fungi colonizing the root surface have positive
effects on host performance by the production of growth-
promoting substances (Hause et al., 2002; Clay, 1984).
Mucciarelli et al. (2003) reported that plant height,
number of nodes, biomass, leaf area and leaf perimeter
in M. piperita were enhanced in the presence of
endophyte. Many researchers have proved that mycorrhizal
fungi colonize the roots of a wide variety of plant species
which promotes their growth. Cabello et al. (2005)
showed that mycorrhizal fungus Glomus mossae increased
growth peppermint (M. piperita). Freitas et al. (2004)

showed that mycorrhizal fungi increased plant growth and
development of M. arvensis. Silveira et al. (2006) reported
that development of vegetative parts, fresh and dry
weight in inoculated plants with Glomus clarum, Glumus
etunicatom and Acaulospora scrobiculata were increased
in M. piperita.

In the second experiment, P. indica and S. vermifera
increased thyme and mint growth. Sirrenberg et al.
(2007) reported that auxin production affecting root
growth is responsible for, or at least contributes to, the
beneficial effect of P. indica on its host plants. P. indica
was shown to produce IAA in liquid culture (Sirrenberg et
al., 2007). Also P. indica produces low amounts of auxins
and produce relatively high levels of cytokinins, and the
cytokinin levels are higher in colonized roots when
compared with the uncolonized controls (Vadassery et
al., 2008). In this study, we showed that plants treated
with P. indica and S. vermifera were superior in develop-
ment to control plants. Rai et al. (2001) reported that root
length and stem weight, leaf size and seed production of
medicinal plants Spilanthes calva and Withania somnifera
were enhanced in the presence of P. indica. This study
confirmed the finding of Prasad et al. (2008) who reported
that P. indica increased growth of Bacopa monniera in in
vitro conditions.
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