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Abstract

Mentha spicata is a valuable annual medicinal plant from Lamiaceae family that is found in
various countries of the world both in cultivated and wild forms. This study reports in vitro
micropropagation of Mentha spicata subsp. spicata using cotyledon node explants isolated from
10 days old in vitro regenerated plantles and cultured on MS medium containing 0.25, 0.50, 1.00,
2.00 ng/ul BAP, 0.00, 0.25, 0.50, 1.00 ng/ul NAA (16 combinations). Maximum callus induction
percentage was determined on MS medium supplemented with 2.00 ng/ul BAP + 1.00 ng/ul NAA.
Contrarily, maximum shoot regeneration percentage was noted on MS medium containing 2.00 ng/ul BAP.
Whereas, maximum number of shoots per explants was observed on MS medium containing 0.50 ng/ul BAP +
0.50 ng/ul NAA. Well developed micropropageted shoots were rooted on MS medium containing
0.50 ng/ul IBA. The rooted plants were easily acclimatized in greenhouse.
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1. Introduction

The genus Mentha include large number of medicinally important economic essential
oil-yielding plants like basil sage Salvia officinalis L., Ocimum basilicum L., Rosmarinus
officinalis L, Origanum majorana L., Lavandula angustifolia Mill., Mentha pulegium L., and
Thymus sp. etc...

Mentha spicata subsp. spicata or mint is a medicinal and aromatic herbaceous perennial
plant that grows to a height of 10 to 90 or 100 cm. The plant is a main source of natural
menthol and DMO (dementholised oil). It is commercially grown in the tropical and
subtropical countries all over the world. Menthol is used in manufacture of large number of
mouth washes, cosmetics, medicines to treat cold and to flavor various types of dental creams
and confectionary (SINGH & al. [1]; UPADHYAY & al. [2]). China, USA and India are three
major producer of menthol-mint oil; where the plant is largely propagated vegetatively using
root suckers. Successive use of same planting material results in carrying of any associated
fungal, viral and bacterial, infections to the next generation. Rapid and convenient
regeneration and micro propagation procedures are required for cleaning of planting material
free of infection and modification of monoterpene pathway towards more economic
production of essential oil of better quality (JOSE and THOPPIL [3]).

Mints are considered as the most important commercial essential oil bearing plant from
the standpoint of worldwide production. The economic importance is due to the production of
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mint oil as a row material for confectionary, pharmaceutical and cosmetic industries as well
as for flavouring food, beverages, tobacco, candies, medicines, tooth pastes, mouth wash and
chewing gums (BANTROPE [4]). Owing to its diversified uses the demand for mint oil is ever
increasing. Decline of potential for the production of active principle or essential oil content is
a common feature with cultivation of aromatic plants. A number of mint species including
M. arvensis, M. piperita, M. pulegium, M. suaveolens, M. suaveolenshybrid, M. viridis have been
cultured and propagated in vitro (RECH and PIRES [5]; VAN ECK and KITTO [6]; SATO & al.
[7]; CAISSARD & al. [8]; REED [9]). So, the present study was designed for efficient micro-
propagation of Mentha spicata subsp. spicata (Spear mint) using cotyledon node as explant.
Cotyledon node has been used by many researchers for direct shoot regeneration as it is faster
regeneration approach to obtain whole plant (SEVIMAY& al. [10]; KHAWAR & al. [11]).
So, the present study was designed for standardization of efficient the micropropagation is an
effective technique for rapid multiplication of species in which it is necessary get high uniformity.
Micropropagation could help in maintaing uniformity and produce large amount of
improved, healthy and disease free somaclones (CONSTABLE [12]). The study aimed to produce
rapid, convenient regeneration and micropropagation procedures of M. spicata subsp. spicata
that could ensure cleaning of planting material free of infections using cotyledon node explant.

2. Materials and Methods

The seeds M. spicata subsp. spicata were obtained from the department of Biology, Faculty
of Art and Science, Bitlis Eren University, Bitlis, Turkey. Voucher specimens of plants are
deposited at Herbarium of the Faculty of Science, Firat university, Elazig, Turkey. The seeds
were treated with 100% commercial bleach (5% NaOCl Ace, Turkey) for 20 min followed by
3 x 3 min rinsing with sterilized distilled water. These were cultured in petri dishes on agar
solidified MS medium (MURASHIGE and SKOOG [13]) containing 3% sucrose to sprout
them under 16 h light photoperiod (35 pmol m > s™') in Aralab versatile growth chamber at
24+1 C. Cotyledon node explants were obtained from 10 days old young seedlings and cultured
on MS medium containing 0.25, 0.50, 1.00 and 2.00 ng/ul BAP (6-benzylaminopurine) and
0.00, 0.25, 0.50 and 1.00 ng/ul NAA (o naphthaleneacetic acid) [16 combinations] suplemented
with 3% (w/v) sucrose and 0.65% (w/v) plant agar (Duchefa) to regenerate and multiply them.
Well developed shoots induced on cotyledon node explant were rooted using 0.50 ng/ul IBA.
All regeneration and rooting media were autoclaved for 20 min at 1.4 kg cm 2. The pH of all
media was adjusted to 5.7 + 0.1 with IN NaOH or 1 N HCI. After acclimatization of well-rooted
and healty plantlets, agar was removed from roots under running tap water followed by
transfer to pots containing peat moss. These plantlets were maintained in greenhouse during
acclimatization. Each replication contained 10 explants and each treatment was replicated thrice
using thirty explants per treatment. Statistical analysis was done following Snedecor and
Cochran (SNEDECOR and COCHRAN [14]) after subjecting the experimental data to one-way
analysis of variance and the Post hoc Tukey’s b test using IBM SPSS v. 20 for Windows.

3. Results and Discussion

Variation in shooting response was observed according to the exogenous levels of
growth regulators in medium. The result showed that the combinations and rates of plant
growth regulators used in the study sharply affected callus induction percentage (Table 1).
Callus induction was recorded on explants irrespective of the concentration of plant growth
regulators used in the study. Callus induction ranged 0.13 to 73.33%. Maximum callus
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percentage was induced on MS medium containing 2.00 ng/ul BAP + 1 ng/ul NAA followed
very closely by 1.00 ng/ul BAP + 1.00 ng/ul NAA (Table 1). Callus induction percentage
increased with increase in NAA concentration in all treatments.

Shoot regeneration began 7-8 days after callus induction with initiation of shoot
primordia. Thereafter, shoots began to emerge from shoot meristems after 15 days followed
by development of lateral shoots. The result showed that the combinations and rates of plant
growth regulators used in the study sharply affected shoot induction percentage (Table 1).
Plant growth regulator combinations effected shoot regeneration in range of 0.67 - 100.00% with
maximum (100%) shoot regenaration recorded on MS medium suplemented with 2.00 ng/ul BAP
(Figure 1). Shoot regeneration percentage decreased with increase in NAA concentration in
all treatments supplemented with NAA.

The result further showed that combinations and rates of plant growth regulators used in
the study also affected the mean number of shoots per explant Number of shoots per explant
ranged 13.33 to 1.33. the highest number (13.33) of shoots per explant were recorded on MS
medium containing 0.50 ng/ul BAP + 0.50 ng/ul NAA. It was followed by a significantly reduced
number of 10.13 and 9.67 shoots per explant on MS medium containing 1.00 ng/ul BAP +
0.50 ng/ul NAA and 0.50 ng/ul BAP + 0.25 ng/ul NAA respectively (Table 1).

Table 1. Effect of various concentrations of BAP-NAA on shoot regeneration
from cotyledonary node explants of M. spicata subsp. spicata

Treatments Callus induction Shoot Number of shoots
percentage (%) regeneration per explant
percentage (%)
BAP (ng/pl) NAA(ng/ul)
0.25 0.00 0.13° 66.67° 2.60F
0.50 0.00 13.33" 70.13° 3.87
1.00 0.00 20.008 86.67° 413"
2.00 0.00 26.67" 100.00° 4.67°
0.25 0.25 33.13° 66.67° 5.60"
0.50 0.25 33.33° 60.00° 9.67°
1.00 0.25 39.67° 56.33° 6.33°
2.00 0.25 43331 50.13° 6.87°
0.25 0.50 46.67° 46.67" 7337
0.50 0.50 50.13° 43.33F 13.33°
1.00 0.50 56.67° 43.13" 10.13°
2.00 0.50 60.00° 26.338 4.608
0.25 1.00 63.13° 20.00¢ 3.67
0.50 1.00 66.67° 13.13" 2.60F
1.00 1.00 70.13° 9.67 1.87"
2.00 1.00 73.33% 0.67% 1.33™

All values in a single column showed by different small letters are significantly different at 0.05 level of
significance using Tukey’s b test.

1.00 ng/pl NAA had inhibitory effect and resulted in sharp decrease in the number
shoots per explant. Data on number of shoots per explant showed positive effect of the
presence of higher concentrations of BAP in the regeneration medium. However presence
of 1.00 ng/ul NAA in MS medium inhibited number of shoots per explant and shoot
regeneration percentage.
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Well developed shoots were rooted on MS medium containing 0.50 ng/pl IBA (Figure 1).
All of the rooted plants were acclimatized in greenhouse. These plants did not show any
morphological variation when compared with non-tissue cultured plants. The results showed
that it was possible to multiply M. spicata subsp spicata using cotyledon node explant on MS
medium containing variants of BAP + 0.25 or 0.50 ng/ul NAA.

Efficient in vitro regeneration of M. spicata subsp. spicata under in vitro conditions is
an important step toward improvement of this neglected but important medicinal and aromatic
plant. In vitro micropropagation techniques have aided plant breeders for a long time and
identifying culture conditions that favour micropropagation. Secondary metabolites vary from
season to season and developmental stage of the plant. Sustainable production of drugs in
the pharmaceutical industry depends on continuous supply of healthy material for which that
plant provides a major contribution (FLOWER [15]).

Figure 1. Maximum shoot regeneration on MS medium containing 2 ng/ul BAP (a, b), developing and growing
rooted shoots on 0.5 ng/ul IBA (c, d).
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The study made use of 16 different combinations of plant growth regulators for
regeneration from cotyledon nodes of in vitro regenerated seedlings. Presence of NAA
increased the callus induction percentage which had effects on shoot regeneration percentage.
The result are in agreement with Aasim et al. (AASIM & al. [16]); who found that addition of
NAA to the MS medium containing BAP reduced mean number of shoots per shoot meristem
explants in cv. Akkiz of cowpea with increased callusing on shoot tips. All concentrations
of BAP in this study with or without NAA induced shoot regeneration. It is also very clearly
indicated that MS medium containing 2.00 ng/ul BAP was optimum for shoot regeneration
percentage (Figure 1). This results are in agreement with Ozel et al., (OZEL & al. [17]) who
used different concentrations of BAP-IBA, BAP-NAA and obtained high shoot regeneration
from Plantago lanceolata and Ornithogalum oligophyllum. Callus induction inhibited
shoot regeneration percentage. It varied due to interaction among physical chemical factors
affecting tissue cultured explants. The results are in agreement with Aasim et al. (AASIM &
al. [16]) who noted different treatments and combinations of BAP + NAA resulted in
induction of variable number of shoots on calli induced on embryonic axes of cv. Akkiz of
cowpea. Similarly Dong et al., (Dong & al. [18]) used callus to induce adventitious buds on
rosemary that grew to intact plants. Also the results of this study are in agreement with Kendir
et al. (KENDIR & al. [19]), Sivanesan and Jeong (SIVANESAN and JEONG [20]) and Ozdemir
et al., (OZDEMIR & al. [21]) who emphasize that a combination of cytokinin and auxins is
necessary for shoot regeneration and morphogenesis. The results of the present study also
revealed that shoot bud induction and shoot regeneration from cotyledon node is in significant
relation to levels of NAA.

Regenerated shoots were easily rooted on MS medium supplemented with 0.50 ng/ul
IBA (Figure 1). The result of this study is agreement with Khawar et al., (KHAWAR & al.
[22]), Daneshvar-Royandezah et al., (DANESHVAR-ROYANDEZAH & al. [23]) and
Ozdemir et al., (OZDEMIR & al. [21]), who emphasize the role of auxins in in vitro rooting
of micropropagated medicinal plant. Contrarily, Sarwar et al., (SARWAR & al. [24]) reported
rooting of mint using %2 x MS medium containing IBA.

This is the first report of plantlet regeneration from cotyledon node explants of
M. spicata subsp. spicata. In conclusion, present work opens a new window of opportunity
to micropropagate M. spicata subsp. spicata using cotyledon node.
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