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EFFECT OF IBA CONCENTRATION ON IN VITRO ROOT REGENERATION
OF DIFFERENT MINT EXPLANTS
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Abstract
An experiment was conducted in the Tissue Culture Laboratory of the Department of
Horticulture, Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur
1706, from March 2013 to February 2014 for in vitro root regeneration of mint (Mentha
sp.) using different explants and IBA in full strength MS media. Three different explants
(viz., nodal segment, shoot tip and leaf) were evaluated using three levels of IBA (1.0,
2.0, and 3.0 mg/L) along with control for root regeneration. Results revealed that shoot
tip and nodal segment performed better than leaf as explant in all the studied characters.
Shoot tip and nodal segment initiated root within the shortest time of 13.8 and 14.6 days,
respectively, with 1.0 mg/L of IBA; while in leaf, it took the shortest time of 34.8 days
with 2.0 mg/L of IBA. Statistically similar results in number of roots per explant and
length of the longest root were recorded in shoot tip and nodal segment along with 1.0
mg/L of IBA in almost all days after inoculation. Leaf showed the poorest performance
regarding root regeneration. Therefore, for in vitro root regeneration of mint 1.0 mg/L
of IBA may be used with shoot tip or nodal segment explant.
Keywords: In vitro root, IBA, explants, mint.

Introduction
Mint (Mentha sp.) is an aromatic and
medicinal plant widely cultivated all over the
world for its essential oils. Components of the
oil are used commercially in herbal products,
as well as in flavorings for foods, beverage,
tobacco, mouthwashes, toothpaste, and
medicinal products (Islam et al., 2003). Mint
is rich in Vitamin A and C and also contains
smaller amount of Vitamin B2. They also
possess a wide range of essential minerals,
such as manganese, copper, iron, potassium,
and calcium (Anon., 2014). In Bengali, it is
commonly known as pudina; which is an erect
herbage plant with dark green leaves and is
usually found near rivers, ponds and humid
places. This perennial plant belongs to the

family Lamiaceae and has approximately 25
species (Bhat et al., 2002).
The United States of America is the main
producer of peppermint and spearmint
followed by India. World total production
of Mentha is more than 32,000 tons per year
where India is considered one of the largest
producer and exporter with 27% commodity
market share (Pandya and Saxena, 2000). The
average yield range of mint is 5.35-11.40 t/
ha where the maximum yield is 13.75 t/ha in
some cultivars (Anon., 2008).
The crop improvement program of mint
through conventional breeding has been
unsuccessful; because, commercial cultivars
are pollen-sterile and have a high ploidy

Department of Horticulture, Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur 1706. 2Seed
Certification Agency, Gazipur 1701. *Corresponding author: azizul@bsmrau.edu.bd

1

50

number. Only a few mint species, such as M.
arvensis L., M. pulegonium L. and M. spicata
L. could be propagated by seed (Heidari et
al., 2012). But commercial mint could not be
propagated through seed. Mint is propagated
by vegetative method mainly through stolon,
which is a slow process of propagation
and they are susceptible to many diseases
(Safaeikhorram et al., 2008). Several types
of control measures have been followed in
mints but limited success has been obtained in
controlling disease causing pathogens (Bhat
et al., 2002). To overcome this problem, in
vitro propagation of mint may be beneficial.
It also offer year-round production, precise
crop production scheduling and reduce stock
plant space of crops (Kane, 2014). The main
advantage of in vitro propagation lies not
only in the mass scale production but also
in the production of high quality and uniform
planting material that can be multiplied on a
year-round basis under disease-free conditions
anywhere irrespective of the season and
weather. Many authors worked on in vitro
propagation of Mentha species using different
explants and growth regulators (Kukreja et
al., 1991; Sato et al., 1993; Caissard et al.,
1996; Reed, 1999; Ruseva, 1999 and Islam
et al., 2003). In mint, root induction is very
difficult during in vitro culture initiation, shoot
formation, and shoot multiplication even in
the cytokinin regime. Individual shoots when
implanted in growth regulator free half or full
strength MS medium, poor and a few number
of roots were elicited (Ghanti et al., 2004).
Therefore, attempt should be made to develop
protocols for in vitro root regeneration of
locally available Mentha sp. using growth
regulators. So far, several works have been
done in Bangladesh scatteredly on in vitro
propagation of mint (Islam et al., 2003; Tuly et
al., 2015; Islam and Bari, 2012). Considering
the above facts, the present investigation has
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been undertaken to find out the best explant(s)
and optimum concentration of IBA for in vitro
root regeneration of mint.
Materials and Methods
The experiment was conducted in the Tissue
Culture Laboratory of the Department of
Horticulture, Bangabandhu Sheikh Mujibur
Rahman Agricultural University (BSMRAU),
Salna, Gazipur 1706 from March 2013 to
February 2014. Explants of mint were taken
from previously collected genotype (MP-12)
grown in the Research Field of Department
of Horticulture, BSMRAU, Gazipur. The
genotype was collected from Mymensingh
under a completed project of Ministry of
Science and Technology, GoB. Tender
and actively growing nodal segments (E1),
shoot tips (E2) and leaves (E3) were used as
explants. Four levels of IBA (mg/L) viz., I10.0 (control), I2-1.0, I3-2.0, and I4-3.0 were
included in the experiment.
Preparation of stock solution of IBA
(Indole-3-Butyric Acid)
For preparing stock solution, 10 mg of IBA
was weighed by an electric balance and
placed on a clean beaker and then dissolved
by few drops of NaOH (0.1N). The mixture
was then collected in a 100 ml measuring
cylinder and volume was made up to 100 ml
by addition of distilled water. The strength of
prepared stock solution was 100.0 mg/L. The
prepared solution was then poured into a glass
bottle, labeled properly and then stored in a
refrigerator at 4°C.
Preparation of culture media
The medium contained full strength (4405.19
mg/L) Murashige and Skoog’s (MS) inorganic
salts and vitamins. To prepare 400 ml of the
MS medium; 1.76 g MS powder was weighed
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and dissolved in 300 ml of distilled water in a
1.0 L beaker (Tuly et al., 2015). Therefore, 24 g
sucrose along with different concentrations
of hormonal supplements of IBA was added
to the solution in the beaker required as per
treatment and the mixture was mixed properly
by using magnetic stirrer. The pH of the
medium was adjusted to 5.7±1 and finally,
the volume of the solution was made to 400
ml by adding distilled water. High brand agar
of 2.8 g was added to the solution and boiled
in a microwave oven for 10–12 minutes until
the agar was dissolved completely. After
that, about 10 ml prepared melted media was
dispensed into each culture tube. The culture
tubes were sealed with aluminum foil and
marked with a marker pen to indicate specific
treatment. The culture tubes were then
sterilized at 1.06 kg/cm pressure at 121°C for
25 minutes. in an autoclave. After autoclaving,
the culture media was left overnight within
the autoclave to become cool and solid.
Inoculation was done in the following day.
Preparation of explants and inoculation
Samples for explants were collected from
the research field of the Department of
Horticulture, BSMRAU. For establishing the
plant in media, the tender actively growing
mint shoots were collected as a sample and
used in this study. The collected samples
were taken in a beaker and washed in running
tap water for 15 minutes. The samples were
sterilized with 1% osbam for 15 minutes and
were again washed with tap water three times.
Finally, sterilization was carried out in the
aseptic condition under a laminar flow cabinet.
The prepared materials were taken in a sterile
pot and suspended in 0.1% HgCl2 solution
for 10 minutes to ensure contamination free
samples. Then the samples were washed
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for 3-4 times with double distilled water to
remove all traces of HgCl2. Then, the leaves
around the shoot tips were carefully removed
and shoot tips were placed inside the test
tubes carefully. After placing the explants
in the test tubes, they were kept inside the
growth chamber, where physical condition
for growth and development of cultures
were maintained. The temperature was set to
22±1°C with a light intensity of 2000–3000
lux from fluorescent tubular lamps and the
photoperiod maintained generally 16 hours
light and 8 hours dark (16L/8D) with 60-70%
relative humidity. Each test tube was observed
regularly and the days to root initiation was
recorded for the respective test tube. Other
data were collected from 25 to 65 days after
inoculation (DAI) at 10 days interval on
number of roots per explant and length of the
longest root. The experiment was laid out in
two factors Completely Randomized Design
(CRD) with 10 replications where one culture
tube represented a replication. Collected data
were analyzed using MSTAT-C statistical
package. Differences among the means were
compared following Duncan’s Multiple Range
Tests (DMRT) at 1% level of significance.
Results and Discussion
High rooting frequency is important for
successful in vitro propagation of crops. For
in vitro rooting, specific auxin at particular
level is essential. In vitro grown shoots were
cultured in root induction media. Various
concentration of IBA were used for different
explants separately with control in full
strength MS medium to see its effect on days
to root induction, number of roots, and length
of the longest root for all explants. Results
regarding response of explants, IBA and their
interaction on different aspects on in vitro
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root regeneration of mint are presented in the
following heads.

Significant variation on days to root
initiation was also observed in the different
concentrations of IBA (Fig. 2). The highest
number of days (30.40) required for root
initiation in the control treatment where no
BAP was used, which was statistically different
from other treatments where BAP was used at
different concentrations. The lowest number
of days required for root initiation in 1.0 mg/L
50
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Fig. 1. Response of explant on days required for
root initiation in mint after inoculation. Significant
differences (p<0.01) between treatments are
indicated by different letters according to DMRT.

40
Days

Days to root initiation
Statistically significant response of explant
was observed on days required for root
initiation in in vitro condition (Fig. 1). The
shortest days required for root initiation
in shoot tip (15.80 days) followed by that
of nodal segment (17.35 days) and leaf
(41.55 days). The findings of the present
investigation differed from Samantaray et al.
(2012) who reported that a range of 22.6-28.0
days required for root initiation from shoot tip
and leaf in mint. The response of shoot tip and
nodal segment was statistically similar but
differed from other explant. It might be due
to variation in species and different organs of
plant (Van, 2009). Sujana and Naidu (2011a)
reported a range of 7-10 days to initiate roots
in Mentha piperita after inoculation.
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Fig. 2. Effect of IBA dose on days required for
root initiation in mint after inoculation. Significant
differences (p<0.01) between treatments are indicated
by different letters according to DMRT.

of IBA (22.53 days), which was statistically
similar with the result of 2.0 mg/L (22.67
days) and 3.0 mg/L (24.00 days). Though, the
result at 1.0, 2.0 and 3.0 mg/L was statistically
similar but it was also revealed that days
required for root initiation was increased with
the increase of IBA concentration. The above
findings were in agreement with Samantaray
et al. (2012); Xiao et al. (2007); Chisti et al.
(2006) and Godoy et al. (2005).
In case of interaction of explant and IBA on
days required to root initiation, the highest
number of days required for leaf without IBA
(E3I1) (53.40 days) and that was statistically
different from other treatments (Fig. 3). The
lowest number of days required for in vitro
root initiation in the treatment E2I2 (where
shoot tip used in 1.0 mg/L IBA), although,
it was statistically similar with the treatment
combinations E1I1, E1I2, E1I3, E1I4, E2I1, E2I3,
and E2I4. Results presented in Fig. 3 also
confirmed that days required for root initiation
in shoot tip and nodal segment increased with
the increased concentration of IBA, which
might be due to auxin content of the different
organs are qualitatively different in plant and
inhibiting capacity of high concentration of
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Fig. 3. Interaction effect of explant and IBA on days
required for root initiation in mint after inoculation.
Significant differences (p<0.01) between treatments
are indicated by different letters according to DMRT.

auxin that induces ethylene- a root growth
inhibitor (Van, 2009).
E1= Node, E2= Shoot tip and E3= Leaf; I1= 0.0,
I2= 1.0, I3= 2.0 and I4= 3.0 mg/L of IBA.
Number of roots per explant
Results presented in Fig. 4 revealed that the
highest number of roots per explant produced
by shoot tip at different days after inoculation
(1.20 at 25 DAI, 2.10 at 35 DAI, 3.10 at 45
DAI, 3.85 at 55 DAI and 4.30 at 65 DAI)
followed by nodal segment and leaf. The data
obtained from shoot tip and nodal segment
was statistically similar but differed from leaf.
This variation might be due to the presence of
different levels of endogenous hormones in the
6.0
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45
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Fig. 4. Response of explant on number of root in mint
at different days after inoculation. Vertical bars
represent ± SE at 1% level of probability.

explants. Eck and Kitto (1992) successfully
regenerated roots from pepper mint and orange
mint using leaf as explants; while, many
other researchers put their opinion about the
superiority of shoot tip and node for successful
regeneration of root from mint in vitro (Chishti
et al., 2006; Sujana and Naidu, 2011a; Vasile
et al., 2011; Ivanova et al., 1996). This
discrepancy might be due to the difference
in culture media and growth regulators (both
exogenous and endogenous).
While studying the effect of IBA on in vitro root
regeneration of mint, statistically significant
variation was observed at 25-65 DAI, except at
35 DAI. The effect of IBA on number of roots
was non-significant at 35 DAI. At 25 DAI, the
highest number of roots was recorded at1.0
mg/L of IBA concentration followed by that
in 2.0 and 3.0 mg/L of IBA. Similar trend was
observed at 45, 55, and 65 DAI. At 65 DAI, the
highest number of roots (4.93) produced from
the treatment that contained 1.0 mg/L of IBA
and the second highest (3.67) from 2.0 mg/L
of IBA concentration (Fig. 5). This result was
in agreement with the findings of Manik et al.
(2012) and Bariya and Pandya (2014), who
reported to have the highest number of roots
from 1.0 mg/L of IBA in Mentha piperata L.,
but slightly differed from Sujana and Naidu
(2011b); Senthil and Kamaraj (2012) and Raja
and Arockiassamy (2008), who recorded the
highest number of roots from 1.5 mg/L of
IBA for different explants. This difference
might be due to explants or culture condition
of the experiment. The lowest number of
roots was produced by leaf without IBA. It
revealed the positive effect of auxin on root
regeneration of in vitro mint and also revealed
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Fig. 5. Effect of IBA on number of root in mint
at different days after inoculation. Vertical bars
represent ± SE at 1% level of probability.

the poor regeneration capacity of mint leaf as
regeneration capacity of leaf differed from
species to species.

In case of interaction effect of explant with
different concentrations of IBA on number
of roots, it was observed that the number of
roots increased gradually from 25 to 65 DAI
in all treatments (Table 1). At 25 DAI, the
highest number of roots (1.60) was found to
be initiated in the treatment combination E2I2
(where shoot tip was used with 1.0 mg/L of
IBA) and E1I2 (where nodal segment was
used with 1.0 mg/L of IBA). Similar trend
was observed at other days of data recorded
i.e., at 35, 45, 55, and 65 DAI. Roots failed
to produce in the treatment combinations E3I1,
E3I2, E3I3, and E3I4 upto 35 DAI; in E3I1 and
E3I2 upto 45 DAI, and in E3I1 upto 55 DAI.
This might be due to low concentration of

Table 1. Interaction effect of explants and IBA on number of root in mint in vitro at different
days after inoculation
Treatment
combination

25 DAI

E1I1

35 DAI

No. of roots/explant
45 DAI

55 DAI

65 DAI

0.60 bc

1.20 abc

2.20 b

2.40 b-e

2.60 bc

E1I2

1.60 a

2.80 ab

3.00 b

4.40 ab

5.20 ab

E1I3

1.20 ab

2.00 abc

2.80 b

3.60 bc

4.00 bc

E1I4

1.20 ab

1.80 abc

1.80 bc

2.80 bcd

4.00 bc

E2I1

1.00 ab

2.00 abc

2.40 b

3.40 bcd

3.80 bc

E2I2

1.60 a

3.00 a

4.80 a

5.80 a

6.80 a

E2I3

1.20 ab

2.20 ab

3.00 b

3.60 bc

3.80 bc

E2I4

1.00 ab

1.20 abc

2.20 b

2.60 b-e

2.80 bc

E3I1

0.00

0.00

0.00

0.00

1.40 c

E3I2

0.00

0.00

2.00 b

2.40 b-e

2.80 bc

E3I3

0.00

0.60 bc

1.80 bc

2.00 cde

3.20 bc

E3I4

0.00

0.60 bc

1.40 bc

1.40 de

2.20 c

Mean
0.78
1.45
2.28
2.92
3.55
Means followed by same letter(s) in a column do not differ significantly at 1% level by DMRT. E1= Node,
E2= Shoot tip and E3= Leaf; I1= 0.0, I2= 1.0, I3= 2.0 and I4= 3.0 mg/L of IBA
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endogenous auxin in leaf. This also confirmed
the effectiveness of exogenous auxin for in
vitro root regeneration. All combinations
of shoot tip and nodal segment showed a
decreasing order on number of roots with
the increasing order of IBA concentration.
This supported the outcome of Sujana and
Naidu (2011b), Bariya and Pandya (2014) and
Senthil and Kamaraj (2012); who asserted
that with the increase of IBA concentration,
the number of roots decreased. Van (2009)
documented that high concentration of auxin
inhibits root initiation by producing ethylene:
a root growth inhibitor.
Length of the longest root
Root length was found to be varied
significantly among the explants (Fig. 6 and
7). Results presented in the Figure revealed
that the length of longest root increased at
different days after initiation. At 25 DAI, the
longest root was found in shoot tip (0.38 cm),
which was statistically similar with nodal
segment (0.37 cm), but leaf produced no root
with different levels of IBA (Fig. 6). Similar
trend was observed at other days of data
recorded (35, 45, 55, and 65 DAI).

Length of longest root (cm)

While studying the effect of different
3.0

Node
Shoot tip
Leaf

2.5
2.0
1.5
1.0
0.5
0.0
25

35
45
55
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65

Fig. 6. Response of explant on length of the longest root
in mint at different days after inoculation. Vertical
bars represent±SE at 1% level of probability.
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I4= 3.0

2.5
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1.5
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0.5
0.0

25

35

45
55
65
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Fig. 7. Effect of IBA on length of the longest root in
mint at different days after inoculation. Vertical bars
represent ± SE at 1% level of probability.

concentrations of IBA, significant variation
was found at 25, 45, 55, and 65 DAI regarding
length of the longest root. A non-significant
difference was recorded at 35 DAI (Fig. 7).
Statistically similar results were found in case
of no IBA, 2.0 mg/L and 3.0 mg/L, and result
of these three concentrations of IBA was
significantly different from1.0 mg/L of IBA.
This trend was recorded at 25, 45, 55, and 65
DAI. The longest root produced at 1.0 mg/L
of IBA in every case (0.31 cm at 25 DAI,
0.51 cm at 35 DAI, 0.95cm at 45 DAI, 1.39
cm at 55 DAI and 1.87 cm at 65 DAI). This
was in harmony with the finding of Bariya
and Pandya (2014) and Manik et al. (2012),
who obtained the highest number of roots in
1.0 mg/L of IBA in Mentha arvensis L. and
Mentha piperata L, respectively. Senthil and
Kamaraj (2012) recorded the highest root
length by using 1.5 mg/L of IBA in Mentha
viridis L, which differed from the findings of
the present investigation. It might be due to
differences of genetic character from species
to species or culture condition. The Figure
also revealed that the length of root decreased
with the increase of IBA concentration which
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also agreed with the findings of Bariya and
Pandya (2014) and Manik et al. (2012) (Fig. 8).
Significant variation was observed at each
day of data recording (25, 35, 45, 55, and 65
DAI), while interaction effect of explants and
different concentrations of IBA were studied.

There was an increasing trend observed on
length of the longest root in all the treatments
with different days after inoculation (Table 2).
The longest length of root was recorded in
nodal segment with 1.0 mg/L of IBA (0.78
cm at 35 DAI, 1.18 cm at 45 DAI, 1.74 cm at

a

b

c

a1

b1

c1

Fig. 8. In vitro regeneration of root in mint (a, b and c= explant from nodal segment, shoot tip and leaf,
respectively; a1, b1 and c1 is regenerated root from nodal segment, shoot tip and leaf, respectively).
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Table 2. Interaction effect of explant and IBA on length of the longest root in mint in vitro
at different days after inoculation
Treatment
combination
E1I1

25 DAI
0.20 b

Length of the longest root (cm)
35 DAI
45 DAI
55 DAI
0.76 cde
1.04 bcd
0.46 b

65 DAI
1.28 c

E1I2

0.46 a

0.78 a

1.18 a

1.74 a

2.12 ab

E1I3

0.36 ab

0.60 a

0.88 a-d

1.22 a-d

1.62 abc

E1I4

0.44 a

0.72 a

0.92 abc

1.10 bcd

1.50 bc

E2I1

0.40 a

0.70 a

1.00 abc

1.36 abc

1.62 abc

E2I2

0.48 a

0.76 a

1.16 ab

1.60 ab

2.34 a

E2I3

0.32 ab

0.48 ab

0.80 b-e

1.06 bcd

1.38 bc

E2I4

0.30 ab

0.48 ab

0.78 cde

0.98 cd

1.28 c

E3I1

0.00

0.00

0.00

0.00

0.38 d

E3I2

0.00

0.00

0.52 de

0.82 cd

1.16 c

E3I3

0.00

0.16 bc

0.50 e

0.76 d

1.06 cd

E3I4
0.70 de
1.14 c
0.46 e
0.00
0.20 bc
Mean
0.25
0.45
0.75
1.05
1.41
Means followed by same letter(s) in a column do not differ significantly at 1% level by DMRT. E1= Node,
E2= Shoot tip and E3= Leaf; I1= 0.0, I2= 1.0, I3= 2.0 and I4= 3.0 mg/L of IBA

55 DAI, and 2.12 cm at 65 DAI) followed by
shoot tip (0.76 cm at 35 DAI, 1.16 cm at 45
DAI, and 1.60 cm at 55 DAI) with the same
concentration of IBA. At 25 and 65 DAI,
shoot tip produced the longest root (0.48 cm at
25 and 2.34 cm at 65 DAI) followed by nodal
segment (0.46 cm at 25 DAI and 2.12 cm at 65
DAI) using 1.0 mg/L of IBA. But these were
statistically similar. A decreasing trend of root
length with the increase of IBA concentration
was observed which corroborates the findings
of Senthil and Kamaraj (2012). Effect of high
concentrations of auxin on inhibition of root
elongation instead of enhanced adventitious
root formation might be the reason behind

this (Van, 2009). No root in leaf with different
concentrations of IBA might be due to
variation of toti-potency of leaf from species
to species.
Conclusion
Full strength MS media supplemented with
1.0 mg/L of IBA was found the best for in
vitro root regeneration of mint; where the
explants may be shoot tip or nodal segment.
Acknowledgments
The authors are gratefully acknowledge the
research fund from Bangabandhu Sheikh
Mujibur Rahman Agricultural University
(BSMRAU) to carry out this research work.

58

References

Anonymous. 2014. A guide to mint with information
on the nutritional value of mint and ideas for
use. [http://www.helpwithcooking. com/herbguide/mint.html].
Anonymous. 2008. Final report on cultivation of
mint as a viable alternative livelihood in East
and North East of Afghanistan (RALF 02-011).
International Center for Agricultural Research
in the Dry Areas; Ministry of Agriculture,
Irrigation & Livestock and Faculty of
Agriculture, Kabul University. Pp. 1-44.
Bariya, R. R. and H. A. Pandya. 2014. Evaluation
and establishment of promising large-scale in
vitro production of corn mint. Intl. J. Recent
Sci. Res. 5: 509-512.
Bhat, S., P. Maheshwari, S. Kumar and A. Kumar.
2002. Mentha species: In vitro regeneration
and genetic transformation. Molecular Biol.
Today. 3: 11-23.
Caissard, J. C., O. Faure, F. Jullien, M. Colson
and A. Perrin. 1996. A direct regeneration in
vitro and transient GUS expression in Mentha
piperita. Plant Cell Rep.16: 67-70.
Chishti, N., A. S. Shawl, Z. A. Kaloo, M. A. Bhat
and P. Sultan. 2006. Clonal propagation of
Mentha arvensis L. through nodal explant.
Pakistan J. Biol. Sci. 9: 1416-1419.
Eck, V. J. M. and S. L. Kitto. 1992. Regeneration
of peppermint and orange mint from leaf disks.
Plant Cell Tissue Org. Cult. 30: 41-49.
Ghanti, K., C. P. Kaviraj, R. B. Venugopal, F. T.
Z. Jabeen and S. Rao. 2004. Rapid regeneration
of Mentha pipertia L. from shoot tip and nodal
explants. Ind. J. Biotech. 3: 594-598.
Godoy, L., E. Hector, B. Diaz, A. Chea and A.
Torres. 2005. The effect of growth regulators
on the in vitro multiplication of Mentha piperita
and Mentha citrata. Cult. Trop. 26: 73-75.
Heidari, F., S. Jahanbakhsh, M. Talebi, C. Ghobadi
and M. A. S. Kandi. 2012. Regeneration and
in vitro cultivation of three Iranian Mentha
species using meristem, node and leaf disk
cultures. Intl. J. Farming Allied Sci. 1: 48-53.

iba concentration on in vitro root regeneration
Islam, M. S. and M. A. Bari. 2012. In vitro
regeneration protocol for artificial seed
production in an important medicinal plant
Mentha arvensis L . J. Bio-Sci. 20: 99-108.
Islam, M. T., S. Leunufna, D. P. Dembele and E.
R. J. Keller. 2003. In vitro conservation of
four mint (Mentha sp.) accessions. Plant Tissue
Cult.13: 37-46.
Ivanova, K., M. Manov, L. Iliev and B. Stefanov.
1996. Effect of cytokinins on the essential oil
composition of in vitro produced peppermint
plants. Biotech. Equipment. 10: 44-48. [http://
dx.doi.org/10.1080/13102818.1996.10818896].
Kane, M. 2014. Plant micropropagation.
Environmental Horticulture Department.
University of Florida, USA.
Kukreja, A. K., O. P. Dhawan., A. K. Mathur, P.
S. Ahuja and I. S. Manda. 1991. Screening and
evaluation of agronomically useful somaclonal
variations in Japanese mint (Mentha arvensis
L.). Euphytica 53: 183-191.
Manik, S. R., G. M. Yatoo, Z. Ahmad and V. N.
Nathar. 2012. Direct organogenesis of Mentha
piperata L. from shoot tip, nodal and sucker
explants. J. Agril. Tech. 8: 663-669.
Pandya, H. A. and O. P. Saxena. 2000. “Role
of PGRs on tissue culture raised plantlets
of Gladiolus, Chrysanthemum and Lily”
(abst.) Role of plant growth regulators and
plant biotechnology to improve growth and
productivity of plants, Botany Department,
Gujarat University, Ahmedabad, India.
Raja, H. D. and D. I. Arockiasamy. 2008. In vitro
propagation of Mentha viridis L. from nodal
and shoot tip explants. Plant Tissue Cult.
Biotech. 18: 1-6.
Reed, B. M. 1999. In vitro storage conditions for
mint germplasm. Hort. Sci. 34: 350-352.
Ruseva, R. 1999. In vitro cultivation of mint (M.
piperita) with high multiplication rate. Plant
Sci. 36: 201–203.
Safaeikhorram, M. S., S. Jafarneha and S.
Khosroshahi. 2008. The world’s most
important medicinal plants. Compilation Eric

K. T. Akter, M. A. Hoque and T. Yeasmin

59

von Ben Vick, Michael Vynk . Iran Releases
Green Farm Training Complex : 422.

Mentha piperita L. an important multipurpose
medicinal plant. J. Phytol. 3: 19-22.

Samantaray, A., P. Sial and M. Kar. 2012. Micropropagation and biochemical analysis of Spear
Mint (Mentha spicata). Indian J. Innovations
Dev. 1: 489-493.

Tuly, J. A., M. A. Hoque and M. M. Hossain. 2015.
In vitro shoot regeneration of mint (Mentha
sp.) using different explants and genotypes.
Ann. Bangladesh Agric. 19: 53-64

Sato, H., S. Enomoto, S. Oka, K. Hosomi and Y.
Ito. 1993. Plant regeneration from protoplasts
of peppermint (Mentha piperita L.). Plant Cell
Rep. 12: 546-550.

Van. L. B. 2009. Plant tissue culture (overview)
Part II. Plant Biotechnology. University of
Science. Vietnam Open Course Ware.

Senthil, K and M. Kamaraj. 2012. Direct shoot
regeneration from inter nodal explants of
Mentha viridis L. Intl. J. Pharmaceutical Sci.
Res. 3: 1101-1103.
Sujana, P. and C. V. Naidu. 2011a. High frequency
rapid plant regeneration from shoot tip and
nodal explants of Mentha piperita L.- an
important multipurpose medicinal plant. J.
Phytol. 3: 9-13.
Sujana, P. and C. V. Naidu. 2011b. Indirect
plant regeneration from leaf explants of

Vasile, L., Z. Maria, V. Simona and A. Eliza.
2011. Use of nodal explants in “in vitro”
micropropagation of Mentha piperita L.
Analele Universităţii din Oradea, Fascicula
Protecţia Mediului. XVI:247-251. [http://
protmed.uoradea.ro/facultate/anale/protectia_
mediului/2011A/hor/10.LasloVasile1.pdf.].
Xiao L., D. C. Zhi, H. W. Zhi, H. W. Chen and
R. Cong. 2007. Tissue culture and plantlet
regeneration of penny royal mint (Mentha
pulegium). J. Northwest A. F. Univ–Nat. Sci.
Edu. 35: 87-90.

