
MYOhAORPHOLOGICAL STUDIES ON PIPER BETLE L. 

JOSEPH J m *  AND ARWN KUMAR SHARMA 1 

CBNTRB SOR ADVANCED STUDY IN CELL AND CHROMOSOME RESEARCH, DEPARTMWT OF BOTANY, 
UMWRSlY 06 CALCUlTA. CALCUTTA 700019 

In the present study thirty three genotypes have been studied, including tfiree wild 

~variaties of pip& betle L. The number of chromoeome ranges from 2n-42 to 
2n=?95 and polyploidy is an impartant factor In evolution. The extenslve 

, - ~ w t a t i v e  propagation of the species has evidently established these polyploid 
variations fn the cultiv8rs. Numerical variations in the same individual are 
recotled. However, in view of the regularity of chromosome number, in  
rnar0rit.g of the varieties, in  spite of certain individual numericat alterations, i t  
appears that the number'ln=78, which is  deep seated, has a wide selective value. 
All the varieties of Piperbetle L. show a gross uniformity in the karyotype. 
However, differences in the number of nucleolar chromosomes havs been recorded. 
Notwithstanding the high chromosome number (2n =105) i n  the wild variety ckuva 
of p.  belle L., the number of nucleolar chromosome Is not high. I t  has been 
sug*sM that mutations or cryptic alterations of chromosomes are mainly 
responsible for the evolution and origin of different genotypes of P. beile L. 
However, i n  the sbsence of flowering, which is a rare phenomenon in P. belle L., 
vegetative reproduction ts of considerable importance. 

I 
piper kt* L. (Family kperaceae) consists of 9 genera and about 1,400 species 
[Huoker 1885). They are distributed in the tropical and subtropical regions of 
the world. A large number of distinct varieties are cummerciatly cultivated in 
In&=, Sri Lanka and Bangladesh and severat wild varieties are also found growing 
in the forestsuf the Eastern an3 Western Ghats. In India alone more than 
100 typeslvarieties are recqnised by the cultivators and traders (Khoshoo 1982). 
The use of betel leaf (P. betle L.) is a part of convention, hospitality, a habit and 

innocat after meal breath-sweetening practice, involving over one fourth of 
human race in the world. Despite the very great economic and medicinal 
i m w w e  of this group, it is remarkable that so little attention has so far been 
paid to  the chromosome constitution. Paucity of cytological data on Piper 
betie L. may be largely due to the extremely small size but high number of 
chmmosornes, i n t r a c f ~ d  variations and very heavy cytoplasmic contents making 
critical mdysis difficult and time-consuming (Mathew 1958 ; Sharma and 
Bhattacharyy8 1959 ; Dasgupta and Datta 1976 ; Samuel and Bavappa I981 ; Jose 
Igg2). - The present study aims to bridge thk gap through a comprehensive 
investigation on the somatic chromosomes of 33 genotypes, including 3 wild 
+en& strains. Improved techniques have been adopted (Sharma and Sharma 
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1980) with a view to understand the number, structure and behaviour of their 
chromosomes. Such studies may yield valuable data to  be utilized for any project 
involving the improvement of the crop to  maximise the yield of aromatic 
compounds. 

MATERIAL AND METHODS 

For the study of somatic chromosomes thirty cultivated and three wild varieties 
of Piper betle L. have been selected. These varieties do not belong to the 
category of any definite botanical taxon since they differ only in certain subtle 
morphological features of the leaves, texture and taste. In most cases the names 
of the types indicate the original place of cultivation. For karyotype analysis, 
temporary aceto-orcein squash preparations was used. Young root tips were 
collected from cuttings, planted in the experimental botanical garden of the 
University, were pretreated in different chemical agents for varying periods. 
Best results were obtained by pretreatment with a mixture of saturated solution 
of paradichloroben~ene and aesculin (1 ; 1) with a little saponin at 0-5OC for 3-5 
minutes and then at 14-15°C for 3$ hours. They were fixed in acetic acid-ethyl 
alcohol mixture (1 : 2) for 2 hrs, treated in acetic acid (45%) for 10 minutes. 
The usual schedule for aceto-orcein staining was followed. 

OBSERVATIONS 

In the present investigation, thirty three taxa have been studied. The normal 
somatic chromosome number ranges from 2n=42 to 195. However, numerical 
variations have been recorded in most of the genotypes. The morphology of the 
chromosome in all the varieties of Piper betle L. shows a homogeneity in the 
extremely short size (2.41 p to 0.56 p). The chromosomes decrease in size 
progressively and bear nearly median or  nearly submedian primary constriction. 
In the karyotypes, ratio of the short arm to  the total length of chromosome in 
percentage or F% was calculated to  classify the nature of primary constrictions. 
On the basis of position of constrictions and lengths, the chromosomes may be 
classified into the following types. 

Type A-Comparatively short chromosome with two constrictions, one median and the other 
nearly submedian in position (2.41 p to 1'48 y). 

Type B-Comparatively short chromosome with nearly median to nearly submedian primary 
constriction and a satellite at the distal end of shorter arm, joined by a SAT thread. 

Type C-Short chromosomes (2.04 p to 0.56 p) with nearly median to nearly submedian primary 
constrictions. 

On the basis of the above description of chromosome types, the karyotype 
i t of the different genotypes of Piper betle L. may be described in the following way 

(Tnhl- I \  



TABLE I. ~crrni,arl$otr of the mfiatb cfitonrosqm* of Qe diffetmt genotypes of P@@r bcrlc L. Invatigated. c* 

* -., . '  @ 
Incality Ah, in 2n bmatik: Karyo- Chroma: Range t ' Total T, F. 

Nme of the of meters vatktion t pe some paws of  chromo- 4m v a h  
material , collecti~n &mula with a c .  ram. 

conetns. - some length &, 
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knglh(r1 (r) &I - 

(1) (2) 3 (4) (5) (6) (7) (8) (9) Cl01 (11) 
C 7 - .  

Pipr  bet18 L. .- 
var. j h l  bangla * Calcutta 6 0  78 42.52, 70, A0B,C7, 4 1.85456 78-10 28.15 35-76 

72. 76 

var, pullyk~dv Mannackaaad 10.0 78 - AoC7a 3 1.67456 77-96 27.40 35.15 

vat, sawhipon Mechada 4.5 78 29 A&,, 2 1.814~6 79.62 2926 16.14 8 
var, ranlpan Ramnagar la.@ 58 26,36,52 A , C ~  2 2W-O.56 57.40 20.56 35.81 k 

var, karpurka~thl Mechada 4.5 42 46.48 A,Co 2 2.2L0.56 49.62 17.96 36.19 8 
var. metha-rum-bongka k,, 1.5 78 - AeGz 3 2.22-0.74 85-92 30.93 35.99 

4.9 78 - 2.04-056 73.34 27-22 37-12 
c 

var. metha thackpala I m AeC7.2 3 3: 
;P 

var. met& gothpala .* 4.5 78 54.58. 64, Aoqa 3 1-85-0.74 92.96 34.81 37.45 
68.72 

2.41474 86.30 31-30 36.27 

222-0-74 86.30 31.67 36.70 

2.04-0.74 80.74 29.81 36.93 

2.046.74 79.62 29.44 36.98 

68.88 25'93 37 63 

27-03 36.14 

(Table i continued} 
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Figs. 1-10. 1-9. Somatic metaphase of Piper betle L. varieties sanchipan, meflta thackpala, mcrha 
garhpala, bangla, sadadohl, gachpan, karpuri-pune, rnalvi and desawari respectively. All shows 
2n - 78 chromosomes x 1060. 10. Somatic variation nucleus of P. betle var. jhol bangla 
2n = 143 chromosomes ( x 905). 

DISCUSSION 

( i )  Chromosome numbers in the genotypes studied 

'In the present study thirty three varieties of Piper betle have been included 
within the scope of the present investigation. Majority of the varieties show the 
chromosome number of 2n =78. In addition, there are 2n=42 chromosomes in 
the var. karpurkanthi, 2n=52 in the varieties ramrelc kapoori, andaman-wild, 
gottipan-wild, 2n=58 in var. ranipan and 2n= 195 in the wild variety chara. 
Piper betle in general, therefore, represents a polyploid species of which certain 
varieties show higher or  lowcr levels of polyploid series with a basic set of 
13 chromosomes. Previous reports have, however, given chromosome numbers 
as 2n=26 and 52 (Samuel and Bavappa 1981), 2n=32 ; 2n=64 (Sharma and 



11-18. Idiograms showing types of Figs. 19-26. Idiograms of P. belle varieties 
soma present in varieties of P. betle, bangfa, gonogalke, hajwikComnli, desi-mnhobo, 
fa, pullykoa~, smbipan, ranipan, desi-banglc, kafi-bangla, sanehi b a r n s  and 
l i ,  methd-nrm-bpngfa, metha sarlbdohl respectively ( x  1575 ca). 
and mtha garhpalo respectively 

Bhattacharyya 1959 ; Dasgupta and Datta 1976) and 2n=78 chromosumes 
1 (Mathew 1958 ; Jose 1982). However, it is evident that polyploidy bad pbyed an 

important role in the evolution of P. kt le .  The extensive vegetative pmpagp 
tion of this species, which is its only method of reproduction, has evidently f- established these polyploid variations in cultivars. There are only occasional 

5- - reports of flower formation after bng intervals without, bowever, any seed, 
f m t i o n .  It is remarkable that, inspite of vegeta*ive reproduction, there is 
constancy in the chromosome number in majority of the varieties which laay b 

' 

', attributed to judicious selection. Moreover, numerical variations wittria Qe 
m e  individual have been-noted in several varieties namely, jhd bctrtgttl, sancki, 
tqff#pm, karpwkanthi. metha gathpaia, h g t a ,  desi-mahoba, sanehi-barroras, g~celpk, 
wm, hoe&, bhabm, m t e k  kopmn', gottipan-wild and chaw-wild [vide TsMs Q, - 
such variance has been found principally when the roots were takm fromfbs a& 
stock. Numerid variations have been also reported earlier by ShanrrLsand 
Bkttacharyya (1959). However, in view of the regularity of chr- 
number in majority of the varietjes, inspite of certain indivirtu&nu311Wa;- 
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Figs. 23-34. Idio&ramS of P. bait varieties Figs. 35-43, Idiograms of P. bet& rariaies 
bLtAori,~dgw, grim, wiraB. kore, ramfnk bongla bonarasi, bhobn~, m r e k  kapori, d i ,  
bmg?e, k u l w  am? kapoori-#me respec- karpuri, desmrf, mdam~n-wild, gottiplll~wi!d 

thfy(x Imal. 

and chava-wild respectively, ( x  1575 ca). 

attttatioas it appears that the number 2n=78 has a wide selective value possibly 
due tb certain adaptive advantage. In any case, the occurrence of certain 
varieties with the -number other than 78 may be attributed to such somtltic 
variaats pSayihg an effective role in the origin of new genotypes through their 
partitzipation of the formation of daughter shoots. In majority of the cases, 
however in P. betle, such variant nuclei are possibly eliminated during selection. 

(ii) Structural patterns of chromosomss in Piper belle 

As fat as the chromosome structure is concerned all varieties of Piper betle show 
a gross uniformity in the karyotype. The chromosomes, in  general, rue medium 
sized to smalf in a graded karyotype. The number of chromosomes with secondary 
constridion varies f r m  2 t o 4  pairs. Certain varieties, however, differ from 
each othm in the number of chromosomes with secondary constriction, eGen 
though the chromosome number remains constant. For example, the varieties 
such as sonclriijernnn, bmgIa, gonagathe, hajurikiamvli, desi-malioba, desi-bang&, 
swkS bras, s&&l, belhri, garhpmr, rumtek bangla, ksrljedtt kapmOofl-we, 
b r a d ~ i  attd b A a b ~  have two pairs with secondary constrictions, whereas 
in pufIykwIy, m e t h m - h g i a ,  merha .thackpcr&, metha gothpala, green, k t w ,  
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Fig. 44. Histogram showing the total length of chromatin matter in rhe BapIsid 
different varieties of Piper bet&. 

mlvi, karpuri and deswari, three pairs are present. Similarly &&, &Q& 
bangla and nagoli have four pairs of chromosomes with secondltry mwctjon, 
All these varieties have 2n =78 as the normal somatic & r O r n ~ s o m e ~ a u ~ r .  
Except such variations, uniformity is observed in the karyolype. 

The uniformity in the koryotype, with certain exceptions, taken in 
conjunction with the phenotypic differences, suggests that gene mutatims of 
imperceptible chromosome changes have been principally responsible for &e 
evolution and the origin of different genotypes of P. betle. The occasional strains 
with different numbers of chromosomes with secondary constriction no doubt 
indicate the importance of minute structural alterations in the origin of S Q ~  of 
the strains. The presence of two pairs of chromosomes with secondary consttic. 
tions even in a highly polyploid strain like var. chava-wild (2n=I9S) is &her 
remarkable. It appears that along with polyploidy there must have been 
structural changes leading to loss of secondary constrictions in FWO &the 
chromosomes during the evolution. Amphiplasty, often noted following hybri&fty, 
may however, be ruled out in view of the absence of any flower proth&on or 
sexual reproduction in the cultivated varieties. Tbe cytologic& d a b  obtaimd 
during the present investigation, where the chromosomes have been worked out 
with the aid of improved techniques, to be utilized for any project invoiving the 
improvement of the crop t o  rnaximise the yield of aromatic compounds. 
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