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Abstract. Morphogenet ic  potential  of  root,  leaf, 
node and internode explants of  3 cult ivated Piper 
species was investigated to develop a reliable plant 
regeneration protocol .  P. longum (pipit) was the 
most responsive fo l lowed by P. betle (betel vine) 
and P. nigrum (black pepper) .  In P. longum the 
highest number  of  shoot  buds was produced on root  
explants fol lowed by node,  in ternode and leaf  
explants. In P. betle and P. nigrum adventi t ious 
shoot buds different iated only from internodal and 
nodal ring reg ions ,  r e spec t ive ly .  His to log ica l  
examination in P. longum showed that adventi t ious 
shoot buds originate direct ly  from the cortical  cells 
of  the root  and the internode without  an intervening 
callus phase. Benzyladenine was superior  to kinetin 
for shoot induction and its opt imum concentrat ions 
for P. longum, P. berle and P. nigrum were 1-2, 10 
and 10 )aM, respect ively.  Shoot e longat ion and 
rooting were achieved in B 5 medium containing 0.5 

)aM benzyladenine and 1 juM indoleacetic acid, 
respectively.  Regenerated plants were established 
in soil. 

Abbreviations." BA: N 6 benzyladenine;  B 5 medium: 
Gamborg et al. (1968) medium; IAA: indole-3- 
acetic acid. 

Introduction 

The genus Piper has over  1000 species of  which the 
3 important  cult ivated species are P. nigrum L. 
(black pepper),  P. betle L. (betel vine) and P. 
longum L. (pipli),  in that order.  Cul t ivat ion of  P. 
longum is restr icted to India and its spikes are used 
in pickles,  medicine and Indian cooking.  Leaves of  
P. betle are chewed with betelnut  (Areca catechu 
L.) in many countries from Tanzania (Zangibar  
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Islands) through South and Southeast Asia and into 
the Pacific (The Wealth of  India 1969). P. nigrum 
is highly valued all over  the world for its unique 
f lavour and is rout inely used in seasoning food and 
curing meat. 

In Piper both dioecious and hermaphrodi te  forms 
occur,  and cult ivated forms are clonally propagated 
through cuttings. In black pepper  hermaphrodite  
forms are preferred,  while most of  the betel vine 
cultivars grown in India are male (The Wealth of  
India 1969). A number o f  factors such as high 
heterozygosi ty ,  polyplo idy ,  dioecious nature etc. 
hamper breeding improvement  o f  Piper species. So 
far only one cult ivar  of  black pepper,  Panniyur  1, 
has been released for cul t ivat ion in India. 

Tissue culture techniques can play an important  
role in clonal propagat ion,  germplasm conservat ion 
and plant improvement  of  Piper species. Limited 
work on tissue culture of  Piper has shown that in 
vitro establishment is severely hampered by high 
incidence of  bacterial  contaminat ion (Mathews & 
Rao 1984, Fitchet 1990). Recently micropropagation 
of  black pepper (Philip etal. 1992) and regeneration 
of  plants from callus cultures o f  P. longum (Bhat et 
al. 1992) and P. betle (Aminuddin et al. 1993) have 
been reported.  With the object ive of  employing 
tissue culture techniques for genetic manipulat ion 
and somaclonal improvement ,  we examined plant 
regenerat ion potential  of  three cult ivated Piper 
species from various explants.  

Materials and methods 

Establishment of aseptic cultures. In vitro cultures of P. 
nigrum, P. betle and P. longum were initiated from terminal 
portions of the vines raised in pots. Cuttings bearing 4-5 nodes 
were thoroughly washed in detergent water and swabbed with 
cotton wool dipped in rectified spirit. Explains were surface 



steri l ized in 0 .1% mercu r i c  ch lor ide  solut ion for 10-12 min  
fol lowed by at least  6 r inses  in s ter i le  dist i l led water .  S ingle  
nodal pieces were  prepared and inoculated vert ical ly in semisol id  
Murash ige  and Skoog (1962) m e d i u m  con ta in ing  3% sucrose  
and 1 juM BA. Cul tu res  were  incuba ted  at 25 + 2~ 16 h 
photoperiod (30jumol m -2 s -1) provoded by cool white f luorescent  
l amps .  Af t e r  d i s c a r d i n g  c o n t a m i n a t e d  c u l t u r e s ,  s u r f a c e  
steri l ization was repeated dur ing first 2 subcu l tu res ,  and heal thy 
cul tures  were  mul t ip l ied  by subcu l tu re  at 8 week  in tervals  on 
B 5 med ium (Gamborg  et al. 1968) wi th  1 /aM BA. All media  
contained 0 .8% agar ,  pH was  adjus ted  to 5.8, were  d i spensed  
into tubes and au toc laved  for 15 min  at 121~ 

Shoot bud induction and plant regeneration. Shoot  regenera t ion  
potential  o f  4 types  o f  explants ,  root,  leaf,  in te rnode  and node,  
was assessed  on B 5 m e d i u m  supp lemen ted  with BA or kinet in  
(1, 2, 5 and 10juM). Root  exp lan t s  (2-3 cm) were  taken f rom 
cul tures  raised on B~ m e d i u m  supp lemen ted  with 1 /aM IAA 
whi le  other  explants  (1-2.5 cm size) were  der ived f rom shoot  
cul tures  g rowing  on B 5 m e d i u m  conta in ing  l luM BA. Nodal  
explants  were  placed ver t ica l ly  wi th  the  nodal  ring in contact  
with the medium whereas  other  explants  were placed horizontal ly 
on the  med ium.  Exp lan t s  wi th  induced  shoot  buds  were  
t ransfer red  to B 5 m e d i u m  con ta in ing  0.5  /~M BA for shoot  
growth ,  and later rooted on B 5 m e d i u m  with I ~ M  IAA. Each 
t rea tment  was repl icated at least  12 t imes  and the  expe r imen t  
was repeated twice.  Obse rva t ions  on shoot  bud induct ion  were  
recorded after  6 weeks .  

Hardening and establishment in soil. Four -week-o ld  in vitro 
regenera ted  plants  were  w a s h e d  in tap water  and t ransp lan ted  
into pots filled with s ter i l ized ' S o i l  r i te ' .  Pots were  covered  
with poly thene  bags  to provide  h igh  humid i ty  a round  plants  
and kept in shade in a ne thouse .  Po ly thene  covers  were  
gradual ly  r emoved  over  a period o f  2 weeks ,  and after  4 weeks  
plants were t ransfe r red  to soil.  

Histology. Explants  were  col lected after  va r ious  per iods  o f  
cul ture  and f ixed in fo rma l in : ace t i c  ac id :e thanol  (1:1:18)  for 
48 h. Mater ia l  was dehydra ted  by pass ing  th rough  a graded  
series o f  t -butanol  and embedded  in paraff in  wax.  Serial 
sect ions o f  6-8 um th i cknes s  were  cut  and s ta ined with 1% 
Tolu id ine  blue O in 50% e thanol  and examined  unde r  a 
b inocular  mic roscope .  

Results and Discussion 

Establishment of in vitro cultures of Piper species 
was slow and difficult. Bacterial contaminations 
were observed in more than 90 % of primary cultures. 
Even apparently healthy cultures showed bacterial 
growth following subculture. However, by repeating 
surface sterilization of newly emerging shoots during 
the first 2 subcultures, healthy cultures could be 
established in all 3 species. 

Endogenous bacterial contamination causing 
severe setback to in vitro establishment of P. nigrum 
has been reported by several workers (Mathews and 
Rao 1984, Fitchet 1990, Philip etal. 1992). Repeated 
surface sterilization has been reported to delay the 
onset of bacterial growth but not to eliminate them 
(Fitchet 1990, Philip et al. 1992). Our success may 
be attributed to careful excision and surface 
sterilization of newly emerging shoots, rather than 
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repeating the surface sterilization on the original 
explants as done by previous workers. Perhaps the 
titre of slow-growing bacteria is reduced and 
ultimately eliminated during successive surface 
sterilizations. 

Morphogenic potential of P. longum explants in 
B 5 medium supp lemen ted  with var ious  
concentrations of BA or kinetin is summarised in 
Table 1. All explants produced some callus at the 
cut ends in almost all treatments. Number of shoot 
buds induced varied greatly between treatments and 
their counting was difficult in some cases. Hence, 
instead of the average, the range of shoot buds 
induced per explant in each treatment is presented. 

Among the 4 types ofexplants, root was the most 
responsive and gave rise to numerous shoot buds 
from all over the explant (Fig. 1A). Shoot buds 
regenerated from the surface of the leaf explants 
(Fig. 1 B) whereas ~nternode explants produced shoot 
primordia at the cut ends (Fig. 1C). Besides axillary 
shoots, nodal explants regenerated adventitious 
shoot buds from the proximal end of the internode 
and also around the nodal ring (Fig. ID). Maximum 
number of shoot bud differentiation at the nodal 
ring was observed at low concentrations (1-2./uM) 
of BA, whereas higher concentrations led to the 
formation of soft, friable callus. The response at the 
proximal end of the node was similar to the internode 
explants, and hence in the table shoot buds 
originating at the nodal ring only are given. Shoot 
bud differentiation was recorded in 100 per cent of 
the induced explants. 

BA was more effective than kinetin for de novo 
shoot bud formation (Table 1). For all explants 
except the internode, the highest nmnber of shoot 
buds was produced at 1-2 t iM BA; higher  
concentrations suppressed shoot regeneration and 
gave rise to green, nodular callus. The internode 
explants gave the best response at 10)tM kinetin. In 
kinetin-supplemented media internode explants 
regenerated roots as well as shoots. Kinetin, 
however, failed to induce shoot buds on leaf explants 
and was less effective than BA for shoot regeneration 
on root and node explants. 

Root and leaf explants of P. betle and P. nigrum 
produced callus but failed to show organogenesis. 
Callus of betel vine was soft and friable whereas 
that of black pepper was spongy and white. In P. 
betle shoot bud regeneration was observed on 
internode and nodal explants (Table 2). However, 
nodal explants produced adventitious shoot buds 
from only the proximal end of the internode (Fig. 
2A); nodal ring tissue gave rise to soft, friable 
callus. In contrast to P. betle, internodal region of 
P. nigrum failed to produce shoot primordia while 
adventitious regeneration was obtained from the 
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Table 1. Response of P. longum explants to varying cytokinin levels in B 5 medium containing 3 % sucrose. 

Cytokinin E X P L A N T 

(~M) Root Leaf Internode Node 

1 BA C, S (>50)  a C, S (10-15) C, S (15-20) R, S (>30)  
2 BA C, S (>50)  C, S (10-15) C, S (15-20) R, S (>30)  
5 BA C, S (4-5) C, S (1-2) C, S (5-7) C 
I0 BA C C C, S (3-5) C 
1 Kinetin C, S (10-15) C R, C R, C 
2 Kinetin C, S (10-25) C R, C, S (1-2) R, C 
5 Kinetin C, S (>30)  C R, C, S (5-7) C, S (2-5) 
10 Kinetin S (>30)  C R, C, S (20-25) C, S (5-10) 

a: C-Callus, R-Root, S-Shoot bud. Figures in parentheses indicate the number of shoot buds formed per explant. 

Fig. 1. Plant regeneration from various explants o fP .  longum. A-D, Shoot bud differentiation from root (A), leaf (B), internode 
(C) and node (D) explants. E, Rooting of shoots in B 5 medimn with 1 uM IAA. F, Regenerated plants established in soil. 
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nodal ring tissue (Fig. 2D, Table 2). About 10 
adventitious buds were produced per explant around 
the nodal ring. 

As with P. longum, BA was better than kinetin 
for shoot bud regeneration in betel vine and black 
pepper. A higher concentration of BA (5-10 jaM) 
was necessary to elicit good response. However, 
even at the best concentration only 40 % of the nodal 
explants of P. nigrum responded with adventitious 
shoot buds. Kinetin failed to induce shoot buds in 
Piper nigrum but  s u p p o r t e d  ax i l l a ry  bud 
proliferation. Our results are in agreement with that 
of Philip et al. (1992), who found 13 .6~M BA to 
be optimum for micropropagation of P. nigrum. 

Shoot buds induced using 5-10juM BA had to be 
transferred to a medium containing 0.5juM BA for 
further development into shoots. After 4-6 weeks, 
1-3 cm shoots were produced in all species. All 
shoots regenerated 2-4 roots within 2 weeks of 
transfer to a medium containing 1,)uM IAA (Figs. 
1E, 2B, 2E). Such regenerated plants were 
successfully established in soil (Figs. IF, 2C, 2F). 

Histological examination of adventitious shoot 
regeneration was carried out in P. longum. Roots of 
P. longum show typical dicot anatomy with a 
single-layered epidermis, multilayered cortex, 
endodermis, xylem and phloem (Fig. 3A). Mitotic 
activity in cultured roots was first observed in 

Table 2, Response of P. betle and P. nigrum explants to 
varying cytokinin levels in B 5 medium containing 3 % sucrose. 

Cytokinin P. betle P. nigrum 
~uM) Internode Node Internode Node 

1 BA 1-2 S (60) a 1-2 S (100) C (100) S (18) 
2 BA 3-5 S (70) 1-2 S (100) C (100) S (18) 
5 BA 10-15 S (100) >2 0  S (100) C (100) S (30) 
10 BA >20  S (100) >2 0  S (100) C (100) S (40) 
1 Kinetin R (100) R (33) R, C (100) A 
2 Kinetin R (100) R (30) R, C (100) A 
5 Kinetin R (100) R (30) R, C (100) A 
10 Kinetin 3-5 S (100) 4-5 S (30) R, C (100) A 

a: Number of shoot buds produced per explant. Figures in 
brackets show % explants responding. 
S-Shoot bud, R-Root, C-Callus, A-Axillary sprouts. 

cortical cells, which ultimately led to disruption of 
the epidermis (Fig. 3B). Such meristematic activity 
was seen at several places and in different layers of 
the cortex. The meristematic regions, on further 
division, formed a notch-like structure (Fig. 3C) 
which u l t imate ly  gave rise to shoot  buds.  
Regeneration from the internode explants also 
followed a similar pattern and, as in the root, 
cor t ica l  cel ls  were  i nvo lved  in shoot  bud 
differentiation (Fig. 3D). Some loose callus was 
produced as a result of disruption of the epidermis, 
but it did not produce shoot buds. 

Fig. 2. Plant regeneration in P. betle (A-C) and P. nigrum (D-F). A, Adventitious shoot buds on anin ternodal  explant. B, Rooted 
plants. C, Plants established in soil. D, Shoot buds originating around the nodal ring region. E, Rooted plants. F. Plants 
established in soil. 
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Fig. 3. Histology of shoot regeneration in P. longum. A. Transverse section of root showing meristematic activity in the cortex 
cells. B. Same as A, showing disruption of epidermis. C. Formation of notch like structure in meristematic cells of the cortex. 
D. Transverse section of an internode explant showing regeneration of shoot buds from the cortex cells. 

The results clearly demonstrate that Piper species 
are amenable to in vitro culture. P.longum was the 
most responsive followed by P. betle. Further, the 
results highlight the importance of the choice of 
proper explant for regeneration. High frequency 
shoot bud regeneration from root explants of  P. 
longurn is significant because roots of relatively 
few plant species have been found to give rise to 
shoot buds in culture (Bhat et al. 1992; Sharma et 
al. 1993). Shoot buds on cultured root segments of 
P. longum arose directly from the cortex cells as in 
Linaria vulgaris (Bakshi and Coupland 1960). We 
have observed similar shoot regeneration propensity 
in root explants of 2 other Piper species, P. hapnium 
and P. attenuatum. Adventitious shoot bud formation 
from the nodal ring region ofP.  nigrum is interesting 
and resembles the mode of  regeneration reported 
with the axillary buds of carnation (Miller et al. 
1991). Further, our histological study confirmed 
the Statement of Philip etal. (1992) that adventitious 
shoot buds arise from the stem tissue in axillary bud 
cultures of black pepper. 

The results  show that sa t i s fac tory  plant 
regeneration can be achieved in all the 3 cultivated 
species of Piper. Because shoot buds arise from the 
explant without an intermediate callus phase, they 
may be less variable but not strictly clonal. The 

protocol reported here potentially will be useful in 
somaclonal improvement, mutation breeding and 
genetic transformation of  Piper species. 

Acknowledgements. We thank Dr. R.S. Rana, Director, N BPGR 
for encouragement and the Department of Biotechnology, 
Government of India for financial support. 

References 

Aminuddin, Johri JK, Anis M, Balasubrahmanyam VR (1993) 
Curr Sci 65:793-796 

Bakshi TS, Coupland RT (1960) Can J Bot 38:243-249 
Bhat SR, Chitralekha P, Chandel KPS (1992) Plant Cell Tiss 

Org Cult 29:19-25 
Bhat SR, Kackar A, Chandel KPS (1992) Plant Cell Reports 

11:525- 528 
Fitchet M (1990) Acta Hort 275:285-291 
Gamborg OL, Miller RA, Ojima K (1968) Exp Cell Res 50:151- 

158 
Mathews VH, Rao PS (1984) Curr Sci 53:183-186 
Miller RM, Kaul V, Hutchinson JF, Richards D (1991) Ann Bot 

67:35-42 
Murashige T, Skoog F (1962) Physiol Plant 15:473-497 
Philip VJ, Joseph D, Triggs GS, Dickinson NM (1992) Plant 

Ceil Reports 12:41-44 
Sharma K, Yeung EC, Thorpe TA (1993) Ann Bot 71:461-466 
The Wealth of  India (1969) Vol 8, Publications and Information 

Directorate, CSIR, New Delhi, pp 83-1 !8 


