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Abstract An efficient micropropagation protocol has been

developed through nodal explant by suppressing apical

dominance for the enhanced production of multiple shoots

by the physical method for the first time in Piper sar-

mentosum. Shoot regeneration was induced from the nodal

explant on MS medium supplemented with varying con-

centrations and combination of different cytokinins (BA,

KIN, and 2-ip) and auxins (IAA, IBA, and NAA). Of the

different cytokinins used, higher number of the shoots

(6.23 ± 0.13) and the higher shoot length

(6.27 ± 0.17 cm) were observed on MS medium with

4.44 lM BA. But a remarkable increase in multiple shoots

produced when suppressing the apical dominance by the

physical method in the optimal concentration of 4.44 lM
BA was observed, and this is the first report in tissue cul-

ture study. Rhizogenesis was observed on MS medium

supplemented with IBA 4.9 lM and plantlets so obtained

were hardened and the plant was established successfully

on the natural environment with the survival rate of

89.68%. The present protocol suggests that by suppressing

the apical dominance through the physical method without

any expensive chemicals in the tissue culture system, shoot

regeneration percentage can be increased, so we can adopt

this method in tissue culture system for the production of a

huge number of plants having strong apical dominance.
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Introduction

The genus Piper, belonging to the family Piperaceae

comprising about 2000 species, is distributed in tropical

and subtropical regions toward the Asian and Southeast

Asia regions [1]. In India, the genus Piper comprises 110

species [2, 3], and it is rather poorly represented in

Andaman and Nicobar Islands with eight species and

almost all the wild Piper species are very rare in distri-

bution and confined to their occurrence in isolated pockets.

Piper sarmentosum is a lesser known rare species reported

from North Bay of the South Andaman and the Nicobar

Islands in 2004 [4] occurring along sea level in isolated

pockets. The tsunami in Andaman and Nicobar islands

during the month of December in 2004 had severely

affected the existence of this species. The natural occur-

rence of this species has not far been reported in Andaman

and Nicobar Islands, elsewhere from the North Bay of the

South Andaman Islands [5].

Piper sarmentosum is a herbaceous creeper with

procumbent flowering and fruiting branches and is widely

used in many Southeast Asian cuisines, especially in

Malaysia and Thailand [1]. On account of its ethnophar-

macology, since centuries ago, various parts of the taxon,

viz. leaves, fruits, and roots, are widely used in Southeast

Asian countries for the treatment of various kinds of ail-

ments such as hypertension, diabetes, joint aches, muscle

pain, cough, influenza, toothache, and rheumatism [6, 7].
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Though the plant is grown in the natural condition through

stem cuttings, it is not sufficient for successful vegetative

propagation and gives only 10% success rate (the data were

not published). So P. sarmentosum being a lesser known

botanical entity of the Indian flora with a limited occur-

rence, while several useful attributes are little known in the

Indian context, highlights its high requisite of ex situ

conservation and protocol standardization for mass multi-

plication. So due to the limited occurrence and its rarity, P.

sarmentosum has never been subjected to in vitro studies

through the materials from the Indian Subcontinent and

also these plants have a strong apical dominance.

Apical dominance is the control in the apical part of the

shoot and the control may extend to orientation and out-

growth of the leaves, branches, flowers, roots, rhizomes,

stolons, tubers, etc. [8]. The presence of auxin in the

meristematic region suppresses the growth of axillary buds

and also cytokinins which enhances the growth of axillary

bud proliferation [9]. The major sources of apical domi-

nance have been considered as the shoot apex and the

young leaves [10]. Apical dominance is the major problem

of this plant, so the breakage of apical dominance is nec-

essary for the vigorous regrowth of this plant. The present

investigation reports, for the first time, the in vitro propa-

gation of P. sarmentosum carried out through suppressing

the apical dominance by removing the apical part through

the physical method for the production of a large number of

multiple shoots.

Material and Methods

Source of Explant

The plants of P. sarmentosum were collected from Anda-

man and Nicobar Islands and maintained in the ex situ

germplasm in Jawaharlal Nehru Tropical Botanic Garden

and Research Institute, Palode (JNTBGRI, Kerala), and the

saplings were also maintained in greenhouse, Department

of Botany, University of Kerala, India. The plant was

properly identified with the help of authentic literature and

documented with their characteristic features, and a vou-

cher specimen (KUBH 9793) was deposited in the Botany

department herbarium, University of Kerala.

Surface Sterilization

Young shoot cuttings having 3–4 nodes were collected

from the acclimatized greenhouse-grown plants, defoliated,

and initially washed under running tap water for

10–20 min. They were then immersed in 10% Labolene

(Galaxo India Ltd., Mumbai) (for 5–10 min), frequently

shaking, and subsequently kept under running tap water for

20–30 min. The washed top cuttings were further rinsed

with distilled water for 2–3 times and surface-sterilized

with 0.1% HgCl2 for 5–6 min. duration. To remove every

trace of sterilant, the explants were washed with sterile

distilled water at least four to six times. The surface-ster-

ilized shoot cuttings were then cut into appropriate size

(1.5–2 cm) single nodal segments and were used as

explant. The sterilized nodal explants were inoculated onto

culture medium, and the whole operations were carried out

under the aseptic condition under the laminar air flow hood

(Klenzaids, India).

Culture Condition

The culture was initiated in MS medium [11] containing

salts and vitamins supplemented with 3% (w/v) sucrose

(SRL, India) and gelled with 0.8% (w/v) agar (SRL, India),

and the pH of the medium was adjusted to 5.8 ± 0.2 with

0.1 N NaOH or 0.1 N HCl after addition of plant growth

regulators. The medium was dispensed into the autoclaved

culture tube (25 9 1.5 cm) and culture bottle (13 9 6 cm)

and autoclaved at 121 �C for 18 min under 15 lbs. pressure

in an autoclave (Nat steel, Mumbai). All the cultures were

maintained in the culture room at 25 ± 2 �C under 16/8 h

photoperiod with light intensity of 2500 lux (lmol-2 s-1)

provided with white fluorescent tubes (Philips Ltd.,

Mumbai) and 55–60% relative humidity. All the cultures

were subcultured on the fresh medium after 45 days.

Influence of Nodal Position

Influence of different positions of the node was also tested

in MS medium supplemented with the optimal dose of

cytokinin—4.44 lM BA. Different nodal positions (first to

the fourth nodes) were selected from the field-grown plants

to find out the nodes having the maximum percentage of

response, number of multiple shoots and the maximum

responding (position) nodes in the presence of 4.44 lM
BA. The cultures were kept at 25 ± 2 �C with 16/8 h

photoperiod, and observations were made after 45 days of

inoculation. The maximum responding node was selected

for the further experiment.

Culture Initiation and Shoot Multiplication

The surface-sterilized nodal segments (1.5–2 cm) were

cultured on MS medium supplemented with varying con-

centration of different cytokinins individually, viz. 6-ben-

zyl adenine (BA 2.22–22.2 lM), kinetin (KIN

2.32–23.2 lM), and 2-isopentenyl adenine (2-ip

2.46–24.6). Effect of the optimal cytokinin BA (4.44 lM)

in combination with different concentrations of cytokinin

and different range of auxins, viz. Indole-3-acetic acid,
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Indole-3-butyric acid and a-naphthalene acetic acid (IAA,

IBA, and NAA) (0.5–6 lM), was also tested for shoot

multiplication. MS medium without plant growth regula-

tors was served as control.

Suppression of Apical Dominance by the Physical

Method

To study the influence of suppression of apical dominance

for the production of multiple shoots in MS medium sup-

plemented with the optimal cytokinin, apical part of the

microshoots developed from the nodal segments on MS

medium supplemented with 4.44 lM BA in the 3-week old

plant in the culture system were excised. The apical regions

were removed by using the simple physical method such as

sterilized forceps and blade without the addition of any

expensive chemicals that suppress apical dominance. After

8 weeks of culture (the apical part removed plant in cul-

ture), the data on total number of shoots and shoot length

(cm) were recorded.

Rooting

For in vitro rooting, the healthy shoots (5 cm) having about

six leaves were excised and transferred to half strength MS

medium supplemented with different individual concen-

trations (2.5–8.5 lM) of auxins (IAA, IBA, and NAA)

used.

Hardening and Field Establishment

After 30 days of culture in the rooting medium, the cultures

were taken from the incubation room and were kept at

room temperature for one week. After one week, the rooted

plants were deflasked and washed with tap water to remove

the traces of agar and transferred to plastic pots

(6.5 9 7.5 cm) filled with sand and garden soil (1:1) and

plantlets were covered with a transparent polythene bag to

maintain humidity. After a month, the plants were trans-

ferred to greenhouse condition and the polythene bags were

removed. The plants were watered daily. Hardened plants

were transferred to plastic pots (17 9 15 cm) containing

garden soil/sand/cow dung (1:1:1) and finally to the field.

Experimental Design and Data Collection

For each treatment, 20 replicates were used and the

experiments were repeated thrice. Observations of the

culture were made at weekly intervals, and the data were

recorded after 45 days of inoculation. Data were statisti-

cally analyzed by ANOVA using SPSS software (version

22.0).

Results and Discussion

Disinfections of Plant Material

The explants were surface-sterilized with 0.1% mercuric

chloride for 4–6 min. The nodal explant showed maximum

survival rate when treated with 0.1% HgCl2 for 5 min. The

nodal explants remained green and also induced single

shoot on basal MS medium.

Influence of Position of Nodal Explants on Shoot

Multiplication

The nodal explant position has played a major role in the

multiple shoot production of in vitro regeneration [12]. The

different positions of nodal explants (first–fourth nodes)

were dissected and inoculated in medium containing

4.44 lM BA, and growth was observed to check which

node gave more effect for shoot initiation and multiplica-

tion. In the present study of the different nodal position

tested, the maximum number of multiple shoots was pro-

duced in second nodes in 4.44 lM BA. The maximum

number of multiple shoots in the second node was also

recorded in Guava cultivars [13].

Effect of Various PGRs on Shoot Multiplication

Mass propagation of plant using nodal segment culture has

proved to be the most suitable and reliable method of

in vitro regeneration [14]. Surface-sterilized nodal explant

(second node) was cultured on MS media supplemented

with various concentration and combinations of cytokinins

and auxins. The response of nodal explant cultured on MS

medium supplemented with various PGRs for shoot mul-

tiplication over a period of 45 days is presented in Table 1.

The surface-sterilized nodal explants were inoculated on

MS medium supplemented with the varying individual

concentration and combinations of different cytokinins like

BA, KIN and 2-ip. Of the different cytokinins used, the

higher number of shoots (6.23 ± 0.13) and higher shoot

length (6.27 ± 0.17 cm) were observed on MS medium

with 4.44 lM BA after 45 days of culture (Table 1).

Compared to BA, KIN and 2-ip and combination of opti-

mal BA with KIN and 2-ip gave reduced number of shoots/

node (Table 1) and also the optimal BA in combination

with different concentrations of auxins like NAA, IAA, and

IBA showed no shoot regeneration, but callus and root

formation was noticed after 3 weeks. The intensity of

callusing was increased when the concentration of auxin

increases.

In the present investigation, 4.44 lM BA showed better

regeneration response as compared to all other tested
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cytokinins like KIN and 2-ip and their combinations. BA

induced more shoots which was also reported in various

explants of cultivated piper species [15]. However, Anand

and Rao [16] observed that BA and KIN combination was

more effective than BAP alone in Piper barberi, a critically

endangered and endemic piper species of Western Ghats of

India, which is contradictory to the present study. The

superiority of BA over other cytokinins in shoot bud

regeneration has been well documented in Syzygium

alternifolium [17], Pterocarpus marsupium [18], and

Gynochthodes umbellata [19].

The combination of BA with different auxins like IAA,

IBA, and NAA in different concentrations did not produce

multiple shoots; instead, basal callusing was observed. This

is in agreement with the finding of piper species where BA

in combination with IAA produced a lesser number of

shoots [20] and the contradictory study reported in P.

nigrum where BA in combination with IAA gave better

response for shoot multiplication [21].

Table 1 Effect of different cytokinins and its combinations on shoot formation from nodal explants of P. sarmentosum in MS medium

Hormonal compositions (lM) % Of response Means no. of shoots/explants M ± SE Mean shoot length in cm ± SE

BA KIN 2-ip

0 0 0 55 1 ± 0g 1.91 ± 0.11e

2.22 62 3.6 ± 0.12c 2.46 ± 0.21d

4.44 73 6.23 ± 0.13a 6.27 ± 0.17a

8.88 79 4.51 ± 0.25b 3.86 ± 0.15b

13.32 80 3.24 ± 0.11d 2.8 ± 0.16c

17.76 82 2.76 ± 0.14e 2.4 ± 0.16d

22.20 85 2.21 ± 0.15f 1.94 ± 0.15e

2.33 52 1.89 ± 0.2e 1.1 ± 0.17e

4.65 60 2.26 ± 0.22d 1.8 ± 0.16d

9.30 72 2.33 ± 0.13d 2.97 ± 0.53b

13.95 78 3.63 ± 0.42a 4.33 ± 0.45a

18.60 79 3.26 ± 0.32b 3.34 ± 0.75b

23.25 81 2.71 ± 0.11c 2.41 ± 0.38b

2.46 62 2.09 ± 0.32c 2.97 ± 0.47c

4.92 65 2.14 ± 0.22c 4.2 ± 0.48b

9.84 70 2.34 ± 0.15c 4.97 ± 0.39a

14.76 72 3.29 ± 0.45a 4.11 ± 0.16b

19.68 89 2.79 ± 0.12b 3.23 ± 0.14c

24.60 82 2.06 ± 0.14d 2.2 ± 0.13d

4.44 4.65 66 2.54 ± 0.05c 4.37 ± 0.14a

9.30 68 4.83 ± 0.21a 3.63 ± 0.14b

13.95 74 3.31 ± 0.11b 3.2 ± 0.12c

18.60 79 1.83 ± 0.08d 2.77 ± 0.14d

23.25 82 1.2 ± 0.12e 1.86 ± 0.1e

4.92 62 2.61 ± 0.09c 1.26 ± 0.1e

9.84 68 3.14 ± 0.15b 1.73 ± 0.1d

14.76 74 5.03 ± 0.74a 3.13 ± 0.26a

19.68 78 3.3 ± 0.11b 2.7 ± 0.11b

24.60 80 2.46 ± 0.15c 2.26 ± 0.1c

Treatment Df(n - 1) = 28 15.62*** 28.4***

Means within a column followed by same letter are not significantly (p\ 0.05) different as determined by Duncan’s multiple range test

NS nonsignificant

***F value is highly significant at p\ 0.001, **significant at p\ 0.01 level, *significant at p\ 0.05 level
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Breakage of Apical Dominance

The experiments carried out to suppress the apical domi-

nance, especially by tissue removal, demonstrated that the

apical portion of the shoot possesses the source of control

for the growth of lateral buds. If the shoot is decapitated,

the lateral bud grows effectively. Removal of apical part of

the plant was carried out in MS medium supplemented with

the optimal cytokinin—4.44 lM BA—and produced a

significantly higher number of shoots than medium sup-

plemented with BA alone. In brief, the excision of the

apical part of the microshoot of the nodal explants resulted

in a threefold increase in shoot number. An average of

19.34 ± 0.26 number of shoots with 5.38 ± 0.18 cm

length was produced (Fig. 1c) within 45 days of culture as

compared to 4.44 lM BA without any breakage of apical

dominance, but the average length of shoot marginally

reduced.

The enhanced multiple shoot production recorded in the

present study explains the apical dominance of the plant

and that might be the reason for the production of less

number of shoots. Tanaka et al. [9] and Chabikwa et al.

[22] reported that auxins are the major reason for apical

dominance suppressing the growth of axillary buds [9, 22].

From the present study, nodal segments cultured under

in vitro at optimal BA (4.44 lM) showed less number of

shoots, due to the apical dominance. So the removal of

apical part showed a significant effect on the suppression of

apical dominance and produced threefold increase of

shoots. The previous study showed that the apical domi-

nance under in vitro system can be suppressed by the

addition of expensive chemicals as reported by several

workers. Incorporation of auxin transport inhibitors (quer-

cetin) under in vitro showed marked enhancement in the

number of shoots in Oldenlandia umbellata [23]. Similar

results were reported in Alnus glutinosa where incorpora-

tion of 1-naphthyl phthalamic acid (NPA) and TIBA in the

medium improved shoot number [24]. However, in the

present investigation, this is the first report based on the

physical method under in vitro culture system to suppress

the apical dominance. The present study revealed the major

fact that breakage of apical dominance that can be done

through physical method is more convenient and adapt-

able than the chemical method (Table 2).

Rooting

Rooting of in vitro shoot is an essential step for successful

completion of any micropropagation program. Auxin-sup-

plemented basal medium is generally referred to as rooting

media, and their role in root development is well docu-

mented [25]. For in vitro rooting, the shoots having 5 cm

length were harvested and transferred to rooting media. For

rooting, half strength MS media supplemented with dif-

ferent auxins (IAA, IBA, and NAA) with different indi-

vidual concentrations (2.5–8.5 lM) were used. The rooting

percentage, number of roots/shoots, and length of roots

were recorded after 30 days of culture (Table 3). Of the

different auxins used, the highest number of roots

(29.34 ± 0.81) with an average length of 3.69 ± 0.20 cm

was recorded on � MS medium with 4.9 lM IBA within

30 days of culture (Fig. 1d). Increased concentration of

IBA showed callusing from the base of microshoots. The

root produced from the medium supplemented by IBA was

thick and strong as compared to IAA. Of the different

individual concentrations of IAA used, 8.5 lM produced

12.09 ± 0.16 roots and an average root length with cal-

lusing at base and NAA showed no root induction in all the

concentrations tried and produced the only callus at the cut

end of the microshoots. The in vitro raised shoots were

transferred to half strength MS medium supplemented with

different concentration of auxins, IBA 4.9 lM was most

effective for root induction. IBA has been used success-

fully to obtain the higher rooting efficiency as reported by

various workers [26–31]. The excellent rooting was found

in P. nigrum in the presence of IBA [21].

Acclimatization and Hardening

After 30 days, the rooted plants were deflasked, washed,

and treated with 1% Indofil M-45 and planted in pots

containing sand and garden soil (1:1) and transferred to

greenhouse condition (Fig. 1e). The rooted plantlets were

successfully transferred to pots and then to the field. The

plant was established in the field with 89.68% of surviv-

ability in the natural environment (Fig. 1f). The established

plants do not show any morphological abnormalities as

compared to that of the mother plant. Hence, this stan-

dardized protocol would be beneficial to rapid in vitro

propagation and conservation of this rare edible and

medicinally valuable plant.

Conclusion

The present study reveals that a remarkable number of

shoots (19.34 shoots/node) can be produced from P. sar-

mentosum using MS media formulation by suppressing the

apical dominance by simply removing the apical part of the

plant using forceps and blade in culture condition. Through

this method, there was a threefold increase in shoot number

than the optimal BAP in normal condition.
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Future Prospects

This is the most reliable and cost-effective protocol for

enhanced shoot multiplication of the species because there

is no addition of any expensive chemicals for the sup-

pression of apical dominance in the medium. The

developed protocol is simple, cost-effective, and repro-

ducible, and this method can be used for mass propagation

and conservation of Piper sarmentosum.
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Fig. 1 In vitro propagation of Piper sarmentosum: a explant inoc-

ulated on MS medium, b shoot with basal callusing in 1 mg/l

BAP ? 2-ip 3 mg/l, c multiple shoot formation by suppressing apical

dominance, d rooting of microshoots in 1 mg/l IBA, e in vitro raised

plantlet transplanted to pot with sand and garden soil (1:1) after

2 week and f established plants on the natural environment after

2 months
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