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Abstract

The effect of different concentrations and combinations of plant growth regulators were tested for in vitro callus
induction and indirect plant regeneration of Mentha piperita L. from young leaves and internodal explants. Greenish,
organogenic and nodular nature of callus was achieved only from leaf disc explant when cultured on MS medium
containing 1.5 mg/l NAA+ 0.2 mg/l BAP and then subsequent plant regeneration was obtained on MS medium
supplemented with 2.0 mg/1 BAP+0.5mg/1 NAA from leaf derived callus. The highest frequency of shoot regeneration
(90%) with the maximum number of shoots (15.1+£0.11) was achieved in this medium. In vitro raised microshoots
showed 90% response with maximum number of roots (16.3+0.23) on 1.0 mg/1 IBA after 11-12 days. Then in vitro
rooted plantlets were move to polybags bearing soil and vermiculite mixture in 1:1 ratio for hardening and hardened
plantlets showed 95% survivability on field conditions.
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Abbreviations

NAA = a-Naphthalene acetic acid; 2, 4-D = 2, 4-Dichlorophenoxyacetic acid; IAA = 3-Indole acetic acid; BAP = 6-
Benzylaminopurine; Kn = Kinetin and IBA = 3-Indole butyric acid.

1. Introduction

Medicinal plants have long been used for health care purpose throughout the world since ancient times by Ayurvedic,
Unani, and the folk medicinal systems and still are extensively using as remedies in modern remedial practices for its
powerful medicinal properties [1]. Archaeological evidences revealed that, peppermint (Mentha piperita L.) is the
world’s oldest medicine used since at least ten thousand years ago [2].

Mentha piperita L. is supposed to be a sterile natural hybrid of M. aquatica (2n = 96) and M. spicata (2n = 48) belonging
to limiaceae family which is allohexaploid (2n = 72) [3]. Mentha piperita is found as a perennial plant grown all countries
around the world and seen as both wild and cultivated, and might be proliferated by vegetative and reproductive means
in nature [4]. The family members of limiaceae have a big pharmacological and commercial importance. M. piperita and
M. arvensis leaves have been usually used for obtaining peppermint oil that is widely used for the manufacturing of
commercial products such as shampoo, chewing gum, toothpaste, ice cream, soap, tea and more [5].
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Peppermint essential oils e.g. Limonene, cineol, polygon, piperitone have a natural antibacterial, antiviral, anti-fungal,
anti-parasitic, analgesic (pain reliever), insecticidal, immuno modulating and anti-aging properties [6-8]. According to
German Commission E monographs [9] peppermint oil has also been used internally and externally e.g. to treat irritable
bowel syndrome, as an antispasmodic (upper gastrointestinal tract and bile ducts), inflammation of the oral mucosa,
catarrh of the respiratory tract, and for myalgia and neuralgia.

There have few problems for improvement of Mentha species by sexual crosses of conventional breeding methods. In
this case, conventional breeding approaches are often difficult even unsuccessful because of its high ploidy number and
pollen sterility problems. It has been demonstrated in one previous report that only six viable seeds have produce after
fertilization whereas 18,000 peppermints floral spikes bearing more than 2.75 million ovules [1, 10].

Therefore, in vitro technique might be a useful method for huge amount production of disease free plantlets of M.
piparita for manufacture of drug and other industrially valuable products. Moreover, this method could be a potential
tool for creating genetic diversity in peppermint genotypes by inducing somaclonal variation, construction of somatic
hybrids and creation of transgenic plants [11]. For this, firstly requires developing a reliable plant regeneration protocol
under least cost to applied plant biotechnology in the development of Mentha species [1]. In this case, plant tissue
culture technology such as in vitro callus induction and subsequent plant regeneration from callus tissue could be a very
functional and promising technology to overcome the problem and can play a very important role in the rapid mass
proliferation, secondary metabolite production, new germplasm generation and conservation, and overall potential use
of this plant. Moreover, in vitro mutant selection, genetic improvement at cellular level and understanding the stress
physiology of cell can be achieved by callus culture. In vitro callus induction and indirect plant regeneration by plant
growth regulators (PGRs) accelerate the proliferation of plantlets all over the year overcoming the seasonal barrier [12].

Previously, a number of investigator have been efficiently cultured Mentha piperita [1, 2, 13-21], and other species of
mint including M. viridis [22-24], M. spicata [25, 26], M. pulegium, M. suaveolens, and M. arvensis in vitro using shoot tip,
node, leaf disc, inter node, and other propagule as explants following organogenesis or callogenesis on MS medium [27]
either presence or absence of plant growth regulators. But limited studies were attempted specifically on in vitro callus
induction and indirect plant regeneration via callus culture of peppermint. Therefore, the present investigations were
attempted to develop a unique, clear, simple and reliable protocol with aims and objectives to a fast, suitable
regeneration protocol of M. piperita via callus culture that make sure high frequency of regeneration and high survival
rate of plants after acclimatization within a short time in view of high medicinal value and increased demand in the
pharmaceutical industry of this plant.

2. Material and methods

2.1. Plant material

Young leaf and internodal segments from in vitro developed plantlets were used as explants in this experiment which
are excised from the previously micropropagated shoots of M. piperita. Intended for micropropagtion, Mentha piperita
plants were obtained from Medicinal Village of Natore, Bangladesh (this works were carried out by same authors in
their earlier experiment).

2.2. Surface sterilization

Since in the present study, in vitro developed plant materials were directly used as explants source, so, there is no need
to surface sterilize the plant material. However, primary explants (Shoot tips and nodal segments) used for
micropropagtion in earlier experiment of the authors was washed about 30 minutes under tap water and then cleaned
with a mild liquid detergent solution for 5 min. and a quick wash in 70% alcohol for disinfection. Surface sterilization
was finished by 0.1% HgCl: solution for 3-5 min. and finally 3-4 times washings were carried out by double distilled
water.

2.3. Outline of the experiment

Three phase regeneration systems were followed for carrying out the present experiment. In first stage, callus formation
was induced from explant sources. In second stage, de novo shoot proliferation was enhanced from callus tissues and in
third and final stage; root initiation of proliferated shoots was achieved and then successfully acclimatization of
regenerated plantlets to ex vitro conditions were done.
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Explants Sources

1st Stage: In vitro callus induction

Callus Formation

2nd Stage: Shoot regeneration from callus derived tissue

Callus derive regenerated plantlets excluding root

31 Stage: Rooting of regenerated plantlets

Rooted Plantlets

Figure 1 Schematic representation of in vitro procedure of callus induction and subsequent plant regeneration

2.4. Culture medium, culture conditions and sub culturing

The explants were cultured on MS [27] supplemented 0.8% (w/v) agar medium containing different types of auxins
mentioned as NAA, 2, 4-D and [AA in various concentrations and combination with various types of cytokinins like as
BAP and Kn for callus induction. The cultures were further subcultured by routine intervals of 14 days on fresh medium
for in vitro enhancing of shoot proliferation and root initiation. In this case, different concentrations and combination
of cytokinin and auxins ratio were used for in vitro shooting and rooting from callus tissue. The pH of the medium was
adjusted to 5.8 before autoclaving at 121°C and 1.06 kg/cm? pressure for 20 min. The cultures were maintained in a
growth chamber at 25 * 2°C for first 3 days in dark and then transferred to 16 h photoperiod (cool, white fluorescent
light with 3000 lux light intensity) with 50 - 70% relative humidity.

2.5. Observed parameters

Callus formation quantity, callus texture and colour, callus induction period, callus induction frequency (%), callus
diameter (cm) and weight (gm) were the observed parameters for callus induction experiment. Callus induction
frequency was calculated by implementing the following formula-

) ) No. of explants produced calli
Callusinductionfrequency (%) = No. of explants cultured x 100

In shoot proliferation experiment, the observed parameters were shoot proliferation percentage (%), shoot induction
period, shoot length (cm) and shoot number and number of nodes and leaves. Moreover, root emerging frequency (%),
root initiating period, root number and root length (cm) were also the observed parameters for root initiation
experiment.

2.6. Statistical analysis

All statistical analyses were done followed by one-way ANOVA using DMRT Test (P < 0.05) and data were presented as
the mean * standard error (SE). A minimum of 20 explants were cultured in each experiment and all treatments were
recurring at least three times.

3. Results and discussion

3.1. Callus induction

In vitro grown juvenile leaf and internodal segments of Mentha piperita were inoculated on MS supplemented different
types of auxin growth regulators like NAA, 2, 4-D and I1AA with cytokinin namely BAP and Kn at various concentrations
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and combinations for callus induction. Callus tissues were initiated within 10-15 days of culture from both explants and
show a degree of differential response to separate ratio of plant growth regulators (Table-1 & Figure-2). Type of
response was relying on both explants and plant growth regulators supplements to the medium. Although, callus
induction was achieved from both explants types, however, leaf disc explants showed better performance as explant
source than internodal segments for callus induction. This result indicates that different types of explants contain
varying levels of endogenous auxin concentrations and callus induction ability is determined by their endogenous
hormone variability [28]. It is mentioning that callus formation was not observed on MS control medium. The intensity
of callus induction and percentage of response was significantly influenced by the type of explants source and plant
growth regulators.

3.2. Effect of auxin and cytokinin combination ratio on callus induction

Previous studies [2] describe that in vitro callus stimulation and successive plantlet regeneration in Mentha piperita
need the presence of proper amount and different concentrations of auxins and cytokonins either singly or in combined
with each other in MS medium. Although, theoretically it has been said that equal amount of auxin and cytokinin
promote callus stimulation but in practice, a huge level of variation was observed due to variations of phytohormones
in the endogenous levels of individual plants [12, 29, 30].

3.3. Effect of NAA, 2, 4-D and IAA in combination with BAP on callus induction from leaf disc and internodal
explants

Leaf disc and internodal explants were inoculated on MS medium containing NAA, 2, 4-D and IAA with combination of
BAP at various concentration (0.5- 2.0 mg/l) for callus induction. Callus induction was achieved from both the leaf disc
and internodal explants from 10 to 15 days of incubation. A broad range of dissimilarity was observed in rate of callus
formation as well as nature of callus.

Atlower concentration of NAA and BAP combination (0.5 mg/l NAA+0.1mg/1 BAP) both the leaf and internodal explants
showed swelling but no callus formation was observed, whereas at higher concentrations (0.2 mg/1 NAA+0.2mg/1 BAP)
callus formation was not occurred at all. But at moderate concentrations of NAA in combination with BAP (1.0 mg/I
NAA+0.1 mg/1 BAP), leaf explants produced high intensity, brownish fragile callus which exhibit good performance than
low and high concentrations of NAA in combination with BAP. Whereas internodal explants produced yellowish
compact to green nodular character of callus on 1.0 mg/l NAA and 0.1 mg/1 BAP supplemented medium. Only greenish
and organogenic high intensity callus was achieved on 1.5 mg/l NAA + 0.2 mg/l BAP concentrations from leaf explants.

MS supplemented with 2, 4-D and IAA in combination with BAP was also tested for callus initiation from leaf disc and
internodal explants. At lower concentration of 2,4-D in combination with BAP (0.5 mg/1 2,4-D+0.1mg/1 BAP) also gave
rise same results as like as NAA and BAP combination and showed swelling but no callus formation in both leaf disc and
internodal explants. At moderate and higher concentrations of 2,4-D in combination with BAP (1.0-2.0 mg/1 2,4-D+0.1-
0.2 mg/1 BAP) showed good performance than lower concentrations and observed a wide nature of callus such as light
greenish fragile, brownish fragile, light greenish compact, dark greenish compact, dark greenish fragile, cremish white
fragile in both explants. At the start of callusing, leaf folding and bulging of internodal was observed and various colours
of callus was observed ranging from colourless to yellowish and then light green. Light green colours of callus were
turned into dark green after two weeks of incubation.

Undifferentiated and unorganized mass of parenchyma cells formed by the enhancement of parent tissue is known as
callus. Callus tissue is seems to be a good potentiality of genetic variability such as somaclonal variation through
adventitious shoot formation [31]. Usually callus formation begins at the cutting surface area of the explant and rapidly
it covers the whole explant following mitosis division and resulted due to wound reaction or effect of exogenous growth
regulator in the medium [30]. Exogenous application of auxin and cytokinin induces callus in various plant species. An
intermediate ratio of auxin and cytokinin promotes callus induction, while a high ratio of auxin-to-cytokinin or
cytokinin-to-auxin induces root and shoot regeneration, respectively [32].
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Table 1 Effect of various concentrations of auxins and cytokinins ratio on callus induction from in vitro cultured leaf
disc and internodal explants of M. piperita

Plant growth regulators Type of explant
(mg/1) Leaf disc Internode
Intensity of Intensity of
NAA 24D IAA BAP Kn callus Texture and Nature callus Texture and Nature
. of callus . of callus
formation formation
Swelling, no callus Swelling, no callus
0.5 - - 0.1 - - . - .
formation formation
1.0 - - 0.1 - ++ Brownish, fragile ++ Yellowish green,
compact
1.5 - - 02 - +++ Greenish, organogenic +++ Light green, compact
2.0 - - 0.2 - - No callus formation - No callus formation
Swelling, no callus Swelling, no callus
0.5 - - - 0.1 - . - .
formation formation
1.0 - - - 0.1 ++ Light green, compact ++ Light brown, fragile
. . Creamish white,
1.5 - - - 0.2 + Light green, fragile ++ fragile
2.0 - - - 0.2 - No callus formation - No callus formation
Swelling, no callus Swelling, no callus
- 0.5 - 0.1 - - . - .
formation formation
- 1.0 - 01 - + Light green, fragile ++ Brownish, fragile
- 1.5 - 0.2 - ++ Light green, compact + Dark green, compact
- 2.0 - 02 - ++ Dark green, fragile ++ Creamlsh' white,
fragile
i 1.0 i i 01 . Creamlsh white, . Creamlsh white,
fragile fragile
- 1.5 - - 0.2 +++ Dark green, nodular +++ Greenish, compact
- 2.0 - - 0.2 - No callus formation - No callus formation
- - 1.0 01 - + Light brown, compact + Light brown, fragile
- - 20 0.2 - - Swelling, n.o callus - No callus formation
formation
i i 1.0 i 01 . Creamlsh green, . Creamlsh. white,
fragile fragile
Swelling, no callus )
- - 2.0 - 0.2 - - No callus formation

formation

Note: (-) indicates no response, (+) indicates slight callusing, (++) considerable callusing, (+++) profuse callusing.

Different combinations of auxin and cytokinin ratio were evaluated for the induction of callus and among them, 1.5 mg/1
NAA +0.2 mg/]1 BAP combinations showed better response for induction of high frequency greenish and organogenic
nature of callus formation. Similar observations were stated in Stevia rebaudiana [33] and Solanum viarum [34]. Hence,
Sujana and Naidu [2] reported that 1.0 mg/1 2, 4-D + 0.5 mg/l BAP combinations showed best response for induction of
greenish organogenic fragile callus in Mentha piperita from leaf explants. It was also reported that MS supplemented
NAA and BAP combination produce maximum number of callus formation and highest percentage of shoot proliferation
within very short time from leaf [35] and internodal explants [36] in potato. It has also been recommended that
naphthalene acetic acid (NAA) is important for callus induction.
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Figure 2 In vitro callus induction from leaf disc (a-f) and internodal (g-1) explants and nature of different types of
callus, a, b and g, h = 2 weeks after culture, ¢, d and i, j = 3 weeks after culture, e, f and k, | = 4 weeks after culture

3.4. Effect of NAA, 2, 4-D and IAA in combination with Kn on callus induction from leaf disc and internodal
explants

Leaf disc and internodal explants were also cultured on MS medium supplemented with NAA, 2, 4-D and IAA in
combination with Kn at various concentration (0.5- 2.0 mg/1) for callus induction. Callus induction was observed within
10-15 days of culture from both explants and produced moderate callusing. The leaf and internodal explants showed
swelling but no callus was formed at lower concentration of NAA and Kn (0.5 mg/1 NAA+1.0 mg/I1 Kn), whereas at higher
concentrations (0.2 mg/l NAA+0.2mg/1 Kn) callus formation was not occurred yet. High frequency of callus with
different color such as light green, compact, fragile in nature was formed when explants were cultured at moderate
concentrations of NAA and Kn combination ranging from 1.0-1.5 mg/1 NAA+0.1-0.2 mg/I Kn.

It was observed that callus initiation also accelerate on MS supplemented different auxins such as 2, 4-D and IAA with
Kn like cytokinin combined medium. Kn in combination with 2, 4-D or IAA at various concentrations (Table-1) induced
profuse intensity of callus formation with different color ranging from whitish to greenish as well as yellow whereas,
callus nature was compact, nodular and fragile. Similar response of callusing report was noted in justicia gendarussa
[37], Erythrina variegate [38] and Solanum viarum [34].

3.5. Plant regeneration from leaf disc derived callus

Plant regeneration via callus culture requires first, the induction of greenish organogenic and nodular nature of callus.
Greenish organogenic and nodular nature of callus is essential for adventitious shoot proliferation and also for other in
vitro genetic development including introduction of somaclonal variations and somatic embryogenesis. The source of
explant origin and its physiological state are critical factors for organogenic callus induction [39]. In this investigation,
green-organogenic and nodular callus was achieved only from leaf disc explant. It was confirms in the present study
that the leaf explants of the Mentha piperita showed faster response to induce callus formation than internodal explants.
This finding is similar to the investigation of Sujana and Naidu [2], Sridar and Naidu [40], Verma et al., [41], Haque et al.,
[42], Dhital et al,, [43] in Mentha piperita, Solanum nigrum, Crocus species and Potato species. Haque et al., [42] reported
that leaf derived callus of potato showed best diameter and weight. Dhital et al,, [43] also reported that leaf explants
showed higher callus induction frequency compared to the callus induction frequency of internode and petiole explants.
On the contrary, this results in contrast with Demeter et al., [44] experiment, who might not achieve callus formation
from leaf. This are also differ with Shirin et al., [45] and Huda et al., [46] in Potato species. They reported that, internodal
segment is the best as an explants source than leaf for callus induction.

Callus induction was obtained within 10 days of inoculation from the explants on MS medium supplemented with any
other auxins (IAA, NAA and 2, 4-D) and cytokinin (BAP/Kn) combination. NAA along with BAP was found to be potent
hormone for stimulating callus initiation from leaf explants and green organogenic nodular nature of callus was
observed on 1.5 mg/1 NAA + 0.2 mg/1 BAP concentrations and combination (Table -1 and Figure - 2).
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3.6. Effect of BAP/Kn alone or/and in combination with IAA / NAA on indirect shoot regeneration from leaf
disc callus

The combination of cytokinin and auxins is necessary for indirect shoot regeneration. What types of organ will be
regenerated from undifferentiated callus tissue is determined by the combination of cytokinin to auxin ratio. It was
observed that, when callus cultured on media containing high cytokinin to low auxin ratio usually produces maximum
number of shoots and minimum number of roots while few shoots and many roots were produced when callus tissue
were cultured on media containing low cytokinin to high auxin ratio [32].

Table2 Effect of different cytokinins (BAP/Kn) alone or in combination with IAA/NAA on indirect shoot organogenesis
of in vitro derived callus from the leaf explants of Mentha piperita

Plant Growth Regulators
(mg/1) Regeneration Mean No. of shoots Mean shoot length
frequency (%) per callus (cm)
BAP Kn IAA NAA
0.5 - - - 65 1.3+0.222 3.6+0.11def
1.0 - - - 70 3.1+0.30b 3.4+0.19¢«d
2.0 - - - 75 3.2+ 0.31c 3.0+0.21ab
3.0 - - - 78 4.6+0.304 2.5+0.292
1.0 - 0.5 - 60 1.94£0.49¢ 1.4+0.25)
2.0 - 0.5 - 65 4.1+0.30d 5.1+0.408
3.0 - 0.5 - 72 5.3+0.41 4.1+0.31f
- 1.0 0.5 - 75 6.2+0.32f 5.5+0.41si
- 2.0 0.5 - 80 9.1+0.29h 2.1£0.744ef
- 3.0 0.5 - 85 12.0+0.11 4.2+0.10cde
1.0 - - 0.5 85 8.9.+0.211 4.8+0.41¢s
2.0 - - 0.5 90 15.1+0.11! 2.9+0.254ef
3.0 - - 0.5 82 11.9+0.21% 2.8+0.10bc
- 1.0 - 0.5 70 3.7+0.13¢ 5.0+0.38i
- 2.0 - 0.5 82 7.5+0.158 4.9+0.158
- 3.0 - 0.5 70 7.1+0.21b 2.1+0.15¢f

Data represent means * SE followed by different letter(s) within column indicate significant differences according to ANOVA and DMRT test (P <
0.05).

Application of differential growth regulators such as BAP, Kn, IAA and NAA in medium enhance the induction of callus
and subsequent differentiation and organogenesis. Well profuse callus derived from young leaf explants was
subcultured on fresh MS medium supplemented with different concentrations of BAP or Kn alone or/and in combination
with auxins such as IAA or NAA. Shoot buds were emerged on leaf derived callus surface after two weeks of subculture.
These authors found that highest rate of shoot regeneration (90%) and maximum shoot number (15.1£0.11) was
induced on 2.0 mg/1 BAP + 0.5 mg/l NAA. It was observed that increase of cytokinins and auxin combination ratio
ranging from 1.0-3.0 mg/l in the medium resulted gradually increase the proliferation of shoot per culture from
regenerated callus. The highest shoot length (5.5+0.41cm) was observed on BAP (3.0 mg/1) and IAA (0.5 mg/1) where
lowest shoot length (1.4+0.25cm) was recorded on BAP (1.0 mg/l) and IAA (0.5mg/1). Minimum regeneration rate
(60%) and shoot number (1.9+0.49) were recorded on BAP (0.5 mg/1). But when Kn were used singly then callus
showed the poor regeneration performance or no shoots formation at all. In this study, BAP and NAA combination
exhibit superior morphogenesis than others (Table-2). In the present investigation, mixing of auxins (NAA or IAA) in
combination with cytokinin (BAP or/and Kn) to the culture medium induces the rate of multiple shoot initiation. Similar
results were also reported in Mentha piperita [2], Rawolfia tetraphylla [47], Withania somnifera [48], Asteracantha
longiflia [49] and Solanum nigrum [40]. Sujana and Naidu [2] were reported in the investigation of indirect plant
regeneration from leaf explants of Mentha piperita that, BAP (2.0 mg/1) alone showed maximum regeneration frequency
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with maximum number of shoot. Sridhar and Naidu [40] were also reported that high rate of shoot proliferation was
accomplished by MS supplemented BAP alone in Solanum nigrum. Such type of results were also reported in Vigna
radiate [50] and Piper longum [51].

3.7. Invitro rooting from callus regenerated shoots

In vitro regenerated healthy shoots from leaf disc derived callus with approximate length of 2.0 to 4.0 cm were cut and
move to MS medium containing various concentrations (0.5-2.0 mg/1) of IAA and IBA singly. Among the different
concentration of auxins tested for rooting in this investigation, IBA showed comparatively better response than the [AA.

Table 3 Effect of IBA and NAA on root formation from in vitro regenerated shoots of Mentha piperita L.

Plant growth o Root Days to
% of No. of
regulator response roots/explants length/explants emergence of

(mg/1) (cm) roots
IBA
0.5 85 13.0+0.18¢ 3.8+£0.21b 12-15
1.0 90 16.3+0.23f 3.1+0.164 11-12
1.5 82 14.5+0.28¢ 2.5+0.220bc 12-14
2.0 80 11.6+0.324d 1.740.252 12-13
IAA
0.5 78 6.3+0.182 2.6+0.26¢ 13-14
1.0 80 9.5+0.21¢ 3.5+0.32¢ 10-12
1.5 85 12.6+0.318 3.0+0.234 12-13
2.0 82 7.4+0.22b 2.0£0.16f 14-15

Data represent means * SE followed by different letter(s) within column indicate significant differences according to ANOVA and DMRT test (P <

0.05).

Figure 3 Successive stages of plantlets regeneration via in vitro callus induction from leaf explants and subsequent
indirect regeneration of Mentha piperita L. Callus formation and turned into shoot regeneration (A-C); indirect shoot

regeneration (D-F); in vitro rooting and hardening (G-I)
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Highest number of roots and root length were observed on IBA supplemented MS medium compared to [AA
supplemented medium. High rate (90%) with highest number of roots (16.3+0.23) was obtained on 1.0 mg/1 IBA after
12 days of inoculation. However, the highest root length (3.9+£0.25) was achieved on MS supplemented 0.5 mg/] IBA.
Although IBA showed better response than IAA, however all concentrations of IBA or IAA enhance the root initiation
which appeared between 12-15 days of culture. Similar in vitro root initiation was observed in Anisochilus carnosus [52],
Centella asiatica [53] and Quisaqualis indica [54]. Similar observations were also reported in Ocimum amaricannum [55]
Tylophora asthmatica [56] Mentha viridis [22] Hybanthus enneaspermus [57].

3.8. Hardening and field establishment

Well-developed rooted plantlets were transferred to polypots containing sterile soil and vermiculate (1:1) and
maintained inside a growth chamber for hardening at room temperature with 75 - 80 % relative humidity and finally
hardened plantlets were move to natural environment at field conditions. Survival rate of rooted plants were 95% and
not found any visible morphological variation or any change of growth characteristics among this regenerated plant
when differentiated to the naturally grown plants.

4., Conclusion

The described protocol is, simple, reliable, reproducible and highly-efficient. In the present study, leaf disc explant
produces a huge amount of adventitious shoots via callus formation. The protocol described here, may shows to be a
potential method of propagation of peppermint through callus induction and subsequent plant regeneration from in
vitro cultured leaves and internodal explants of Mentha piperita. Despite any visible variation was not showed
morphologically in the study, however, there has a good possibility of regenerants may be characterized by somaclonal
variation. Such regenerants may prove to be a potential source of somaclonal variants generating to new traits which
have a lot of agronomic importance. Moreover, callus induction with maximum regeneration capacity of shoots can also
be used for advance experiment such as Agrobacterium mediated genetic transformation systems.
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