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Tea (Camellia sinensis L.) is one o f the major plantation crops in the 
world and, therefore, of major economic importance to a number o f countries. 
So far, tea crop improvement has been mainly achieved through conventional 
breeding methods that involve selection of superior genotypes f rom existing 
local seedling populations, or f rom progenies obtained by hybridization. 
However , these breeding methods often have l imitations, owing to the plant 
being a woody perennial and having a highly heterozygous and allogamous 
nature. Such breeding methods are also slow in achieving results, and cannot 
keep pace wi th economic demands. 

Breed ing and crop- improvement strategies to improve the overal l 
performance o f superior, existing cultivars by enhancing a particular character, 
without changing most o f the other traits considered desirable, would overcome 
the problems faced in classical tea breeding. 

I n this paper, the use o f polyploidy in tea breeding is reviewed, and reasons 
for its l imited application in the developing o f promising tea cultivars are 
discussed. Attempts made in identifying markers, related to morphological 
and anatomical attributes, to facilitate screening o f polyploid genotypes are 
described. A n overv iew o f developing polyplo id cult ivars, w i th special 
emphasis on commercial exploitation, is presented. 

K e y Words: Camellia sinensis, tea, crop improvement, polyploidy, ploidy 
markers. 

INTRODUCTION 

P o l y p l o i d y p lays a m a j o r ro le i n increasing the a m o u n t o f genet ic mate r i a l i n 
p l a n t s , a n d r e s u l t s i n a c h a n g e i n t h e c h r o m o s o m e n u m b e r . P o l y p l o i d s h a v e 
p r o p o r t i o n a l l y la rger cel ls than the i r d i p l o i d counterpar ts , hence i t is expec ted to 
contr ibute to larger p lan t s ize and h igher y ie lds ( A l l a r d , 1 9 6 0 ) . I n tea, g i g a n t i s m i n 
var ious m o r p h o l o g i c a l characters has been f o u n d to be associated w i t h tetraploids 
( C h a u d h u r i a n d B e z b a r u a h , 198S; A m m a , 1 9 7 4 ) . A p a r t f r o m increasing the b iomass 
o f crops ( A l l a r d , 1 9 6 0 ) , induced po lyp lo ids c o u l d be used as an addi t iona l source o f 
genet ic var ia t ion to i m p r o v e the overa l l pe r fo rmance o f ex is t ing d ip lo ids , or to enhance 
par t icu lar characters such as the shoot s ize t ra i t ( W a c h i r a a n d K i p l a n g a t , 1 9 9 1 ) , w h i l e 
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reta in ing most o f the characterist ics o f the d i p l o i d progenitor . I n add i t ion , they c o u l d 
also be used as a source o f b reed ing mate r i a l f o r the product ion o f secondary p o l y p l o i d 
cult ivars b y crossing w i t h d ip lo ids ( S i n g h , 1 9 8 0 ) . A l t h o u g h the va lue o f p o l y p l o i d s in 
o v e r c o m i n g barr iers to inter-speci f ic g e n e introgression has been recogn ized i n p lan t 
species ( A l l a r d , 1 9 6 0 ) , this has not b e e n f u l l y e x p l o i t e d in perennia l crops ( W a c h i r a 
and N g ' e t i c h , 1 9 9 9 ) . 

T e a (Camellia sinensis L . ) is one o f the m a j o r p lanta t ion crops i n the w o r l d a n d 
is, there fore , o f m a j o r e c o n o m i c i m p o r t a n c e to m a n y d e v e l o p i n g countr ies. I n order to 
sustain the tea industry , i t is needed to increase product iv i ty w h i l e m a i n t a i n i n g the 
qua l i ty o f m a d e tea. H o w e v e r , m a n y i m p r o v e d , h i g h - y i e l d i n g tea cu l t ivars possess 
one or a f e w undesi rable traits such as suscept ib i l i ty to pests and diseases, w h i c h 
prec lude the i r ex tens ive use i n c o m m e r c i a l p lan t ing . T h e r e f o r e to d e v e l o p p r o m i s i n g 
cult ivars, breeding strategies, w h i c h c o m b i n e h i g h y i e l d , good cup qual i ty and resistance 
to b iot ic a n d abiot ic stresses, are requ i red to obta in h i g h product iv i ty a n d to reduce 
the cost o f p r o d u c t i o n . H o w e v e r , o w i n g t o t h e h i g h l y h e t e r o z y g o u s a n d se l f -
incompat ib le nature o f the tea p lant , in t roduct ion o f a specif ic trait o f interest in to a 
proven cul t ivar , so le ly through c o n v e n t i o n a l m e t h o d s , has some l imi ta t ions . O n the 
other h a n d , n o n - c o n v e n t i o n a l methods , such as p o l y p l o i d y breed ing , m a y induce m o r e 
v igour a n d s o m e degree o f resistance to b io t ic a n d abiot ic stresses i n ex is t ing tea 
cul t ivars , w i t h o u t causing changes i n the des i red parts o f the g e n o m e ( S i m u r a and 
Inabe , 1 9 5 2 ) . 

I n tea , tender leaves are processed to m a k e the f i n a l product , and the s ize o f the 
leaf is one o f the m a j o r attr ibutes d e t e r m i n i n g f i n a l y i e l d . T h e r e is a posi t ive corre la t ion 
b e t w e e n s ize o f the l e a f a n d the y i e l d i n tea ( S a t y a n a r a y a n a n d S h a r m a , 1 9 8 2 ) . 
T h e r e f o r e , the genera t ion o f p o l y p l o i d tea genotypes w i t h b igger leaves m a y b e usefu l 
i n d e v e l o p i n g h i g h - y i e l d i n g tea cul t ivars . Fur ther , i n asexua l ly -propagated perenn ia l 
crops such as tea , w h e r e the vegeta t ive organs are o f e c o n o m i c va lue , p o l y p l o i d y 
breeding c a n b e used e f fec t ive ly i n the i r genet ic i m p r o v e m e n t . 

Natural polyploids in tea 

S e v e r a l studies car r ied out o n c h r o m o s o m e n u m b e r in Camellia sinensis h a v e 
revea led that i t is a d i p l o i d ( 2 n = 3 0 ) ( M o r i n a g o et al., 1 9 2 9 ; B a r u a , 1 9 8 9 ) . 

Janak i A m m a l ( 1 9 5 2 ) has h o w e v e r repor ted the occurrence o f in t ra -speci f ic 
po lyp lo ids o f tea. Subsequent ly , in t ra - a n d inter -speci f ic po lyp lo ids o f Camellia w e r e 
reported b y K o n d o ( 1 9 7 7 ) , and most o f these p o l y p l o i d genotypes w e r e f o u n d to be 
natural ly occurr ing in tea populat ions ( B e z b a r u a h , 1 9 7 1 ; Jayasuriya and G o v i n d a r a j u l u , 
1 9 7 5 ) . N a t u r a l l y - o c c u r r i n g po lyp lo ids i n tea m a y arise e i ther through spontaneous 
c h r o m o s o m e d o u b l i n g in somat ic tissues, o r th rough the occurrence o f unreduced 
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gametes. Natural polyploids are more common in Japanese tea varieties than in tea 
populations from other areas (Banerjee, 1992; Simura and Inabe, 1952). Natural 
polyploids have also been found in tea populations in Kenya (Wachira and Kiplangat, 
1991). Although some naturally-evolved triploids, tetraploids, pentaploids and 
aneuploids, resulting from open-pollinated progenies, are found in tea populations in 
India (Bezbaruah, 1968), these polyploids are reported to exist at low frequencies 
(Singh, 1982). 

In Sri Lanka, cultivars such as HS/10A and GF 5/01 were confirmed as triploids 
(Anandappa, 1973). These natural triploid cultivars are selections made on tea estates 
from seedling populations. Although it seems that polyploids occur in natural tea 
populations, there is no estimate available of the frequency of their occurrence. 

Artificial induction of polyploids 

When it was discovered, in 1937, that polyploidy can be induced in plants by 
using colchicine, many geneticists and plant breeders assumed it to be a new path for 
the rapid development of novel and superior types of crop cultivars. It was thought 
that induced autopolyploids might lead to valuable genetic variants in crops. This has 
led to the synthesis of induced polyploids in a large number of crop species. 

In the 1930s, the discovery of the effect of colchicine on cell division was a 
great step forward for mitotic doubling of the chromosome number (Blakeslee and 
Avery, 1937). Colchicine which is derived from the corms of autumn crocus is found 
to be the most effective agent in polyploidy induction (Allard, 1960). Colchicine is a 
narcotic alkaloid, chemically related to morphine and codeine. Its immediate effect 
on growing tissues, even in very small concentration, is to produce stunting and 
distortion. Colchicine inhibits mitosis in cells by interfering with the structure of the 
mitotic spindle, thus resulting in formation of cells with a doubled chromosome number. 

As in many other crops, colchicine has been used to induce artificial polyploids 
in tea. Sebasthiampillai (1976) was able to produce tetraploid plants from five Sri 
Lankan tea cultivars, namely TRI2023,2024,2025,2026 and DT 95, by treating the 
meristematic tissues of the terminal bud with colchicine impregnated in agar, for 2-7 
days. He further found that some cultivars were resistant to the activity of colchicine, 
and concentrations higher than 0.5% would be required for the induction of polyploids 
in their case, indicating a differential response of clones to colchicine treatment. The 
ploidy level of the resultant, induced polyploid was confirmed as tetraploid from 
cytological examination of root-tip cells. Attempts to induce polyploids using ethyl 
methane sulphonate (EMS) at the Tocklai Experimental Station, Jorhat, Assam in India, 
were not successful. However, more than 170 and 70 polyploids were subsequently 
developed through hybridization and colchicine treatment, respectively (Singh, 1999). 
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Attempts that w e r e successful in inducing polyplo ids using co lch ic ine are detai led 
in Tab le 1 . Tab le 1 indicates that the ar t i f ic ia l induct ion o f colchip lo ids in tea is d i f f icu l t , 
the highest success rate b e i n g o n l y about 3 0 % . 

Table 1. Successful attempts reported in induction of colchiploids in tea 

Material used Treatment % Success Reference 

(1.) Axillary buds of 
etiolated shoots 

Cotton wool moistened with 0.2% 
colchicine and treated in the dark 13.0% Katsuo (1966) 

(2.) Terminal buds 
of active shoots 
developing from 
pruned bushes 

Agar impregnated with 0.2% or 
0.5% colchicine for 5-6 days 

13.5% 

Sebastiampillai 
(1976) 

(3.) Terminal buds Immersion in 1-2% aqueous 
colchicines solution for 5-7 days 

6% -17% Goswani and 
Sharma(1979) 

(4.) Flower buds 0.05% colchicine - injection and 
drop application for 2-6 days 

30.0% Osone (1958) 

Morphological, anatomical and cytological markers in polyploid tea 

T h e potent ia l fo r rap id a n d ear ly screening o f po lyp lo ids has not b e e n w i d e l y 
e x p l o i t e d i n tea , o w i n g t o d i f f i c u l t i e s in e m p l o y i n g t i m e - c o n s u m i n g c y t o l o g i c a l 
methods. H e n c e , the ident i f i ca t ion o f markers re la ted to m o r p h o l o g y , a n a t o m y or 
cy to logy is o f great impor tance in screening for po lyp lo ids , w h e t h e r they be ar t i f i c ia l ly 
induced or natura l ly occur r ing . I n the ear ly years , the p l o i d y l eve l i n tea w a s c o n f i r m e d 
b y count ing c h r o m o s o m e numbers in mer is temat ic t issue, such as root - t ip cel ls and 
po l len mother cel ls 

I n some other crop species, h o w e v e r , indirect methods h a v e b e e n successful ly 
e m p l o y e d to screen p o l y p l o i d cul t ivars . I n the l ight o f the f ind ings w i t h other c rop 
species, m a n y attempts h a v e b e e n m a d e fo r iden t i fy ing p l o i d y indicators i n tea using 
m o r p h o l o g i c a l , ana tomica l a n d cy to log ica l attr ibutes. 

A deta i led study o f k a r y o m o r p h o l o g y , together w i t h that o f the m o r p h o l o g i c a l 
and ana tomica l attr ibutes o f open-po l l ina ted progenies o f t r ip lo id tea , w a s under taken 
b y C h a u d h u r i ( 1 9 7 9 ) . T h e results revea led that there w a s a range o f p lo idy , f r o m 
d i p l o i d y to pentaplo idy , w h i c h e x h i b i t w i d e phenotyp ic a n d a n a t o m i c a l var ia t ions, 
such as f requency and size o f s tomata and sclereids ( C h a u d h u r i and B e z b a r u a h , 198S) . 
I n another study, to assess the ef fect o f the p o l y p l o i d y l eve l o n the morphogene t ic 
attributes o f the F l seedl ing p o p u l a t i o n , generated f r o m a cross b e t w e e n d i p l o i d and 
t e t r a p l o i d c u l t i v a r s , a c l e a r r e l a t i o n s h i p w a s s h o w n b e t w e e n p l o i d y l e v e l s a n d 
morphogenet ic var iat ions ( R a s h i d etal., 1 9 8 5 ) . 
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T h e determinat ion o f l e a f area at p l u c k i n g o f e ight t r ip lo id a n d six d ip lo id K e n y a n 
c lones s h o w e d that l e a f area w a s larger i n t r ip lo ids than i n d ip lo ids , w i t h except ion o f 
the d i p l o i d c lone , S 1 5 / 1 0 , w h i c h h a d a s imi la r l ea f area to t r ip lo ids . I n the same study, 
i t w a s s h o w n that the leaves o f d i p l o i d clones ex tend m o r e q u i c k l y than those o f 
t r i p l o i d c l o n e s ( N g ' e t i c h a n d W a c h i r a , 1 9 9 2 ) . I t a p p e a r s , h o w e v e r , tha t these 
phenotyp ica l or m o r p h o l o g i c a l attr ibutes d o not t ru ly re f lec t the l e v e l o f p lo idy , and 
there fore cannot b e used f o r e f f i c ien t screening o f p o l y p l o i d genotypes o f tea. T h e 
reason fo r this m a y be that the attr ibutes considered are m o r e af fected b y env i ronmenta l 
factors than b y genotype . 

S o m e studies h a v e a t tempted to analyse the effects o f p l o i d y o n s tomata l density, 
a n d i t has been f o u n d that s tomata l densi ty can be used as a m a r k e r i n d i f fe rent ia t ing 
b e t w e e n p o l y p l o i d and d i p l o i d cu l t ivars ( A r n m a , 1 9 7 4 ; C h a u d h u r i a n d B e z b a r u a h , 
1 9 8 5 ; W a c h i r a , 1 9 9 4 ) . I t w a s f o u n d that t r ip lo id plants h a v e a l o w e r s tomata l density 
o n the abax ia l l e a f surface than h a v e d i p l o i d cul t ivars , a f e w t r ip lo id cul t ivars excepted 
( W a c h i r a , 1 9 9 4 ) . I t is apparent f r o m these results that this m a r k e r c o u l d n o t a l w a y s be 
used as a re l iab le m a r k e r f o r iden t i f i ca t ion o f po lyp lo ids i n tea , a n d C h a u d h u r i and 
B e z b a r u a h ( 1 9 8 5 ) had indeed repor ted that there is a lack o f corre la t ion b e t w e e n p l o i d y 
and s tomata l density. 

I n c o m p a r i n g a r t i f i c i a l l y - i n d u c e d tetraploids o f the Y a b u k i t a tea var ie ty w i t h 
the i r d i p l o i d progeni tors , A r n m a ( 1 9 7 4 ) f o u n d that guard -ce l l a n d stomata sizes are 
larger in the f o r m e r than in the latter. S im i la r l y , W a c h i r a ( 1 9 9 4 ) repor ted s igni f icant 
d i f ferences b e t w e e n d ip lo ids a n d t r ip lo ids i n guard-ce l l l ength a n d breadth . H o w e v e r , 
he f o u n d that the length: breadth rat ios o f the guard cells w e r e no t s igni f icant ly d i f ferent 
b e t w e e n d ip lo ids and t r ip lo ids . 

A m o n g the other anatomica l and cyto log ica l features studied, chloroplast n u m b e r 
i n the guard cel ls has b e e n i d e n t i f i e d as a re l iab le p l o i d y m a r k e r i n tea, a n d this has 
been p r o v e d b y m a n y w o r k e r s us ing tea populat ions o f d iverse o r i g i n ( Y e D a p e n g , 
1 9 8 9 ; A h m e d and S i n g h , 1 9 9 3 ; K o s k e y and W a c h i r a , 2 0 0 0 ; Ranatunga and Gunasekare , 
2 0 0 2 ) . C h e n and Y e ( 1 9 8 9 ) f o u n d a n increase i n the n u m b e r o f chloroplasts in the 
g u a r d cel ls o f the t r ip lo id a n d te t rap lo id cul t ivars o f tea. 

I n the study b y K o s k e y and W a c h i r a ( 2 0 0 0 ) , the rat io o f the guard-ce l l chloroplast 
n u m b e r s in d ip lo ids , t r ip lo ids and tetraploids was f o u n d to be 2 : 3 : 4 , w h i c h is the same 
as the ra t io o f their c h r o m o s o m e n u m b e r s ( 3 0 : 4 5 : 6 0 ) . T h e same t rend i n chloroplast 
count was repor ted also b y A h m e d a n d S i n g h ( 1 9 9 3 ) . 

F r o m these studies, i t is possib le to der ive a re la t ionship b e t w e e n chloroplast 
n u m b e r and the leve l o f p o l y p l o i d y i n tea. T h e f ind ings ind icate that the p l o i d y l e v e l 
o f tea c o u l d be accurate ly and r a p i d l y ident i f i ed b y the ch lorop last -count m e t h o d , 
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rather than b y cr i ter ia based on the size a n d densi ty o f stomata. I t is possible to assume 
that the at tr ibutes, re la ted to ana tomica l features, are m u c h m o r e precise than the 
m o r p h o l o g i c a l characters w h i c h h a v e been used to screen p o l y p l o i d y genotypes i n 
tea. 

A t t e m p t s h a v e also b e e n m a d e to study, i n c o n f i r m e d or t rue p o l y p l o i d tea 
cult ivars, the variat ions present i n anatomica l features related to the reproduct ive organs. 
T h e size o f the po l l en g ra in i n most o f the induced te t raplo id cul t ivars d e v e l o p e d in 
Sr i L a n k a is h igher than that o f its d i p l o i d counterparts (Gunasekare , 2 0 0 0 ) . H o w e v e r , 
a f e w except ions h a v e b e e n repor ted , suggest ing that this character does no t a l w a y s 
ref lect the ef fect o f p lo idy . 

A l t h o u g h extens ive w o r k has b e e n d o n e to ident i fy precise markers f o r p l o i d y 
leve l i n tea, i t is c lear f r o m the a b o v e discussion that the results ob ta ined are not 
consistent. H o w e v e r , a m o n g the cr i ter ia s tudied, the n u m b e r o f chroloplasts in the 
guard cel ls and the stomata l density can b e used w i t h some re l iab i l i ty fo r p l o i d y l e v e l 
analysis. T h e s e markers m a y be used fo r the screening o f po lyp lo ids f r o m a larger 
n u m b e r o f tea genotypes , and this p rocedure c o u l d m i n i m i z e the t i m e and resources 
needed fo r subsequent cy to log ica l studies. A k n o w l e d g e o f the ef fect o f p o l y p l o i d y o n 
m o r p h o l o g i c a l , a n a t o m i c a l a n d cy to log ica l features o f p o l y p l o i d tea is necessary pr io r 
to e m b a r k i n g o n a p o l y p l o i d b reed ing p r o g r a m m e . 

M o r e prec ise c y t o l o g i c a l techniques used i n i d e n t i f y i n g p o l y p l o i d s i n c l u d e 
c h r o m o s o m e count ing i n po l l en mother ce l ls , root - t ip cel ls , and mer is temat ic tissue 
cel ls at the shoot t ip . W a c h i r a and M u o k i ( 1 9 9 7 ) dev ised a n e w cy to log ica l techn ique 
to assess the a c t i v i t y o f n u c l e o l i a n d n u c l e o l u s - o r g a n i z i n g r e g i o n s , based o n a 
compar ison o f the results o f s i lver -sta in ing o f po lyp lo ids and d ip lo ids . T h e i r study 
revea led that the m o d e o f nuc leo lar n u m b e r corresponded to mul t ip les o f the somat ic 
ce l l number , a n d w a s a g o o d m a r k e r f o r p lo idy . 

W i t h regard to r e p i o d u c t i v e characters, p o l l e n grains g e r m i n a t e d in vitro s h o w 
p o o r e r p o l l e n - t u b e g r o w t h i n t e t r a p l o i d c u l t i v a r s t h a n i n d i p l o i d c u l t i v a r s 
( T h i r u k k u m a r a n and Gunasekare , 2 0 0 1 ) . O n l y t w o per cent o f the p o l l e n gra ins o f 
natura l t r ip lo ids w e r e f o u n d to be v i a b l e , and thousands o f po l l inat ions o f t r ip lo ids 
w i t h t r ip lo id p o l l e n , and w i t h po l len f r o m m a n y d ip lo ids , f a i l ed to set f ru i t ( B e z b a r u a h , 
1 9 7 1 ) . I t h a d been repor ted that po l l en v i a b i l i t y and fer t i l i ty o f t r ip lo ids are usual ly 
poor (Visser , 1 9 6 9 ) . T h e s e f ind ings are support ive o f the fact that m a n y p o l y p l o i d 
cul t ivars are unab le to set seeds and f ru i ts . 

I t is b e l i e v e d that p o l y p l o i d y has b e e n associated w i t h h i g h ster i l i ty , o w i n g to 
aberrant chromosomal synapsis and segregation, dur ing the process o f gamete fo rmat ion 
( Y e D a p e n g , 1 9 8 9 ) . I n m o s t cases, a r t i f i c i a l l y d o u b l e d g e n o m e s su f fe r m e i o t i c 
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i r regular i t ies ( H a n c o c k , 1 9 9 7 ) . H o w e v e r , this is less o f a p r o b l e m i n a c rop l i k e tea , 
w h i c h is g r o w n b y means o f vegeta t ive p ropagat ion fo r c o m m e r c i a l harvest ing o f the 
lea f , a l t h o u g h w h e n used i n subsequent h y b r i d i z a t i o n p r o g r a m m e s reduced fe r t i l i t y o f 
p o l y p l o i d s m a y grea t l y h a m p e r seed p r o d u c t i o n a n d f r u i t d e v e l o p m e n t . S e v e r a l 
p o l y p l o i d tea cul t ivars h a v e been conver ted in to seed bearers and used f o r c rea t ing 
natura l hybr ids , but i n f o r m a t i o n on the resul tant progenies are not w i d e l y ava i l ab le . 

Use of polyploids in tea breeding 

P o l y p l o i d y breed ing in tea c o m b i n e s the advantages o f h y b r i d and p o l y p l o i d 
v igour . M o s t o f the tea po lyp lo ids o f ten lack desirable traits ( B e z b a r u a h , 1 9 6 8 ; S a r m a h 
a n d B e z b a r u a h , 1 9 8 4 ) , a n d p o l y p l o i d y b r e e d i n g t h e r e f o r e r e q u i r e s p l a n n e d 
h y b r i d i z a t i o n , select ion o f p r o m i s i n g p o l y p l o i d s , a n d proper e v a l u a t i o n to c o n f i r m 
the i r p e r f o r m a n c e as potent ia l cul t ivars . E v e n a m o n g the most successful co lch ip lo ids , 
cons iderab le b reed ing i m p r o v e m e n t s h a v e to be m a d e be fore they are re leased o n a 
c o m m e r c i a l scale. F o r this reason, var ious at tempts h a v e b e e n m a d e t o i n c l u d e these 
p o l y p l o i d s i n p l a n n e d h y b r i d i z a t i o n p r o g r a m m e s , w i t h a v i e w o f i m p r o v i n g the i r 
characters further. 

H i g h - y i e l d i n g p o l y p l o i d c lones, w h i c h possess l o w qua l i ty trai ts, h a v e b e e n 
i m p r o v e d th ro ugh h y b r i d i z a t i o n w i t h a d i p l o i d cu l t i va r o f h i g h qua l i ty traits ( S a r m a h 
a n d B e z b a r u a h , 1 9 8 4 ) . T r i p l o i d s h a v e b e e n a r t i f i c i a l l y p r o d u c e d b y h y b r i d i z i n g 
te t rap lo id tea w i t h d ip lo ids in Japan ( O s o n e , 1 9 5 8 ) , in I n d i a ( C h a u d h u r i , 1 9 7 9 ) , a n d i n 
B a n g l a d e s h ( R a s h i d et al., 1 9 8 5 ) . I t has b e e n s h o w n that it is possible to c o m b i n e 
g o o d c u p qua l i ty , w i t h the superior v i g o u r a n d hardiness o f the p o l y p l o i d s , b y crossing 
te t raplo ids w i t h h igh -qua l i t y d i p l o i d c lones, a n d then select ing e l i te c lones f r o m the 
t r i p l o i d p r o g e n y fo r c o m m e r c i a l i z a t i o n . O p e n - p o l l i n a t e d progenies o f a t r ip lo id w e r e 
f o u n d in fe r io r i n cup qual i ty , though the i r g r o w t h was v igorous ( B e z b a r u a h , 1 9 7 6 ) . 
Subsequent ly , these po lyp lo ids w e r e u t i l i z e d fo r breed ing t r ip lo ids , b y crossing w i t h 
h i g h - q u a l i t y d i p l o i d clones as the m a l e parent . R e c i p r o c a l crosses w e r e not successful . 
P rogen ies o f the crosses w e r e tested as cul t ivars and three o f t h e m g a v e h i g h y i e l d 
w i t h super ior qua l i t y ( B e z b a r u a h , 1 9 9 1 ) . H o w e v e r , there is n o ind ica t ion o f the p l o i d y 
l e v e l o f the p r o m i s i n g cul t ivars . 

T h e g r o w t h and p e r f o r m a n c e o f some S r i L a n k a n genotypes produced f r o m 
o p e n - p o l l i n a t e d seedl ings o f T R I 3 0 6 9 , w h i c h is an induced te t raplo id o f T R I 2 0 2 5 , 
s h o w e d that a l l the genotypes w e r e d i p l o i d ( A n o n . , 1 9 9 2 ) . T h i s suggests that, a l t h o u g h 
the seedl ings w e r e generated f r o m seeds o f a c o n f i r m e d tetraploid seed-bearer, v i a b l e 
seeds are o n l y f o r m e d w h e n the e m b r y o s are d i p l o i d . T h e clones w e r e o f the ' l a rge -
l e a f t y p e a n d , w h e n eva lua ted w i t h other c lones fo r y i e l d p e r f o r m a n c e , none o f the 
progenies w a s f o u n d to b e p r o m i s i n g ( A n o n . , 1 9 9 2 ) . O u t o f 2 3 8 hybr ids p r o d u c e d 
t h r o u g h h y b r i d i z a t i o n b e t w e e n tet raplo ids a n d d ip lo ids at the T o c k l a i E x p e r i m e n t a l 
Sta t ion in A s s a m , o n l y 7 9 hybr ids w e r e f o u n d to be t r ip lo id ( B a r b o r a et al., 1 9 9 6 ) . 
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T h e convent iona l m e t h o d o f produc ing t r ip lo ids th rough ar t i f i c ia l induct ion o f 
tetraploids, f o l l o w e d b y h y b r i d i z a t i o n w i t h d i p l o i d cu l t ivars , is a l o n g process. O s o n e 
( 1 9 5 8 ) used d i p l o i d i z e d p o l l e n o f i m m a t u r e f l o w e r s to po l l ina te d i p l o i d plants fo r 
producing t r ip lo ids . H o w e v e r , there is n o ev idence that this m e t h o d has been w i d e l y 
practised in p o l y p l o i d b reed ing p r o g r a m m e s . 

Commercial exploitation of polyploid cultivars 

A l t h o u g h m a n y studies h a v e been a t tempted to i d e n t i f y natura l po lyp lo ids and 
to synthesize a r t i f i c ia l p o l y p l o i d s , reports on the i r p e r f o r m a n c e a n d trait eva lua t ion 
are scarce. A f t e r the d iscovery o f natura l po lyp lo ids f r o m tea populat ions in var ious 
c o u n t r i e s ( K a r a s a w a , 1 9 3 2 ; B e z b a r u a h , 1 9 7 1 ; A r n m a , 1 9 7 4 ; K a t s u o , 1 9 6 6 ; 
S e b a s t h i a m p i l l a i , 1 9 7 6 ) , n a t u r a l p o l y p l o i d s w e r e i n c l u d e d i n c u l t i v a r se lec t ion 
programmes to ident i fy desirable agronomic traits. Cer ta in studies indicated that natural 
po lyp lo ids f o u n d i n S o u t h I n d i a possess attr ibutes f o r h i g h y i e l d a n d qua l i ty ( S h a r m a 
and R a n g a n a t h a n , 1 9 8 5 ) . O n the other hand , Baner jee ( 1 9 9 2 ) has repor ted that t h o u g h 
po lyp lo ids s h o w h i g h v i g o u r and resistance to e n v i r o n m e n t a l stresses, they d o not 
a lways contr ibute towards h i g h y ie lds . 

B e z b a r u a h ( 1 9 6 8 ) repor ted that some natural t r ip lo ids a n d tetraploids are k n o w n 
to produce tea o f poor qual i ty . S a r m a h and B e z b a r u a h ( 1 9 8 4 ) also f o u n d that polyplo ids 
studied w e r e o f l o w qua l i ty , e v e n though they w e r e v igorous in g r o w t h . T h e pro l i f i c 
g r o w t h in p o l y p l o i d s m a y be at t r ibuted to increased photosynthesis o w i n g to the 
increase in chloroplast n u m b e r in the guard cel ls . 

T h e effects o f p l o i d y o n y i e l d and its components h a v e been studied b y A r n m a 
( 1 9 7 4 ) , Baner jee ( 1 9 9 2 ) , W a c h i r a ( 1 9 9 4 ) and W a c h i r a a n d N g ' e t i c h ( 1 9 9 9 ) . I t was 
found that t r ip lo id cul t ivars p roduced larger and heav ier shoots, w i t h f e w e r harvestable 
shoots per uni t area , c o m p a r e d to d ip lo ids . T h i s compensa tory e f fect o f shoot mass 
w i t h shoot n u m b e r part ly expla ins w h y tr iploids y ie ld less than d ip lo ids , despite heavier 
shoot w e i g h t ( W a c h i r a , 1 9 9 4 ) . I n another study b y S i n g h ( 1 9 8 0 ) , i t was f o u n d that out 
o f the d i f ferent types o f po lyp lo ids produced in I n d i a , the d ry w e i g h t s o f f i v e f u l l y -
f o r m e d leaves i n t r ip lo ids a n d tetraploids w e r e h igher than that o f d i p l o i d leaves b y 
1 4 % and 1 0 9 % , respectively. O t h e r pentaploids and aneuploids, however , had re la t ive ly 
l o w l e a f d ry we ights . 

A l t h o u g h i t w a s s h o w n that po lyp lo ids in tea c o u l d enhance and m a x i m i z e y i e l d 
(Jayasuriya and G o v i n d a r a j u l u , 1 9 7 5 ; K u l a s e g a r a m , 1 9 8 0 ; S h a r m a a n d R a n g a n a t h a n , 
1 9 8 6 ) , this is not a l w a y s the case, as there are instances w h e r e increased p o l y p l o i d y 
was d e m o n s t r a t e d to depress the p r o d u c t i v i t y ( B a n e r j e e , 1 9 9 2 ; W a c h i r a , 1 9 9 4 ) . 
H o w e v e r , it is c lear f r o m these studies that, though increased p l o i d y depressed y ie lds 
signif icant ly, a s igni f icant d i f f e rence i n product ion c o u l d a lso b e observed a m o n g 
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genotypes o f the same p l o i d y l e v e l . I n cer ta in cases, t r ip lo ids ou t -y ie lded d i p l o i d s , 
w h i c h i n d i c a t e the p o t e n t i a l fo r se lec t ing o r d e v e l o p i n g h i g h - y i e l d i n g p o l y p l o i d 
cu l t ivars . 

I t has b e e n f o u n d that root ing abi l i ty , l e a f s ize a n d l e a f d r y we ights o f t r ip lo ids 
and tetraploids w e r e h igher than that o f d ip lo ids . H o w e v e r , pentaploids and aneuplo ids 
are p o o r rooters and h a v e smal ler leaves than those o f d ip lo ids , t r iploids and tetraploids 
( B a n e r j e e , 1 9 9 2 ) . 

C o m m e r c i a l exp lo i ta t ion o f p o l y p l o i d teas i n Sr i L a n k a has led to the release o f 
t w o c o m m e r c i a l cu l t ivars . T h e f irst cul t ivar , T R I 3 0 6 9 , w h i c h is an induced te t rap lo id 
o f T R I 2 0 2 5 , has b e e n accepted i n c o m m e r c i a l p lan ta t ions a n d possesses m a n y 
i m p r o v e d traits c o m p a r e d to T R I 2 0 2 5 . T h e second cul t ivar , H S 1 0 A , w h i c h is a natura l 
t r i p l o i d selected f r o m a seedl ing- tea p o p u l a t i o n o n Hetherse t t Esta te , w a s f o u n d t o b e 
bet ter a d a p t e d to h i g h e leva t ions than d i p l o i d cu l t ivars ( K u l a s e g a r a m , 1 9 8 0 ) . I n 
a d d i t i o n , s o m e open -po l l ina ted and cont ro l l ed -po l l ina ted progenies , generated f r o m 
p o l y p l o i d c lones, have s h o w n promis ing per formances i n c lone eva lua t ion tr ials. T h e s e 
clones are n o w b e i n g assessed fo r var ious characterist ics be fore be ing re leased as 
potent ia l c lones f o r c o m m e r c i a l - s c a l e p lan t ing i n S r i L a n k a . 

I t has b e e n repor ted that t r ip lo id f o r m s o f tea w e r e hard ier and m o r e resistant to 
c o l d condi t ions than d ip lo ids ( S i m u r a a n d I n a b e , 1 9 5 2 ) , and a c lone w h i c h is w i d e l y 
r e c o m m e n d e d f o r p lan t ing i n South I n d i a is reported to be a natura l t r ip lo id (Jayasur iya 
and G o v i n d a r a j u l u , 1 9 7 5 ) . 

C o m m e r c i a l l y - a c c e p t a b l e p o l y p l o i d tea cul t ivars deve loped in some t e a - g r o w i n g 
countr ies are de ta i l ed i n T a b l e 2 . I t is apparent f r o m T a b l e 2 that o n l y e ight p o l y p l o i d s 
h a v e f o u n d their w a y in to cu l t i va t ion , i n c l u d i n g one a r t i f i c ia l l y - induced p o l y p l o i d . 
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Table 2 . Commercial exploitation of polyploid tea cultivars in the world and 
their improved and promising characteristics 

Country Polyploid 
cultivar 

Level of 
ploidy 

"type of 
polyploidy 

Promising 
characteristic(s) 

Reference 

India Sundaram 3n Natural High yield and 
quality 

Venkataramani 
(1969); 
Sharma and 
Ranganathan(1986) 

India UPASI3 3n Natural High yield and 
overall quality 

Satyanarayana and 
Sharma (1993) 

India UPASI20 3n Natural Moderate yield, 
highly tolerant 
to drought 

-do-

India TV 29 3n Natural High quality Barbora et al. (1996) 

Japan Not known 3n Natural Hardier and 
cold resistant 

Simura and Inabe 
(1952) 

Kenya 382/1 3n Natural High yield Wachira (1994) 

Sri Lanka TRI 3069 4n Artificial High yield and 
drought tolerant 

Kulasegaram (1980) 

Sri Lanka HS 10A 3n Natural Cold resistant -do-

CONCLUSIONS 

Severa l points o n the fu ture use o f po lyp lo ids i n pract ica l tea-breeding e m e r g e 
f r o m this rev iew . I n tea , i n d u c e d po lyp lo ids h a v e not a c h i e v e d m u c h c o m m e r c i a l l y . 
T h e r e m a y be several reasons w h y ar t i f ic ia l po lyp lo ids h a v e been underut i l i zed in 
tea-breeding p r o g r a m m e s . P r i m a r i l y , as tea is a l a t e - f l o w e r i n g , w o o d y perenn ia l , the 
d e v e l o p m e n t o f induced po lyp lo ids to g i v e cul t ivars is a l o n g a n d tedious process. 

I t is apparent , h o w e v e r , that na tu ra l l y -evo lved , des i rab le po lyp lo ids are c o m m o n 
i n tea popula t ions a r o u n d the w o r l d . I t is necessary to eva lua te a n d character ize these 
polyplo ids i n order to ident i fy suitable mater ials f o r use i n fu ture breeding programmes. 
A s the tea p lant is vegeta t ive ly propagated, i t is possible to u t i l i ze d i rect ly any desirable 
variants th rough mass p ropaga t ion o f selected po lyp lo ids . 

I n d u c e d po lyp lo ids also l a c k some desirable traits f o u n d i n natura l p o l y p l o i d 
genotypes. M o r e o v e r , i t has b e c o m e clear that the d o u b l i n g o f c h r o m o s o m e n u m b e r is 
m u c h m o r e l i k e l y to p r o d u c e types that are in fer ior to the i r d i p l o i d progeni tors and 
rarely e n d o w e d w i t h super ior characters. A l t h o u g h i n d u c e d p o l y p l o i d s cannot be 
expected to produce s t r ik ing i m p r o v e m e n t s in an establ ished, h igh ly -se lec ted crop 
l ike tea, i t does p r o v i d e n o v e l genet ic var iab i l i ty , w h i c h c o u l d be an addi t iona l source 
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fo r b reed ing . T h e r e f o r e , i t is w o r t h w h i l e cont inu ing these n o n - c o n v e n t i o n a l b reed ing 
methods fo r ob ta in ing e l i te genotypes i n tea, as p o l y p l o i d - b r e e d i n g i n tea is st i l l i n its 
ear ly stages, a l t h o u g h the possibi l i t ies are i m m e n s e . T h e att i tude towards p o l y p l o i d y 
m a y g radua l l y change w i t h increas ing exper ience a n d its use as a r a w mate r i a l i n 
p lan t -b reed ing p r o g r a m m e s . 

Iden t i f i ca t ion a n d c o n f i r m a t i o n o f po lyp lo ids th rough cy to log ica l methods are 
tedious. O n the other h a n d , the markers studied, i n re la t ion to m o r p h o l o g i c a l a n d 
a n a t o m i c a l features , are n o t accurate e n o u g h to c lear ly di f ferent iate , p o l y p l o i d tea 
genotypes , w i t h the sole except ion o f the n u m b e r o f chloroplasts i n g u a r d cel ls . 

H o w e v e r , the use o f the f l o w - c y t o m e t r y technique , to est imate g e n o m e size b y 
measur ing D N A content , has so fa r no t been app l ied to tea p l o i d y de te rmina t ion . Such 
an app l ica t ion w o u l d carry tea p o l y p l o i d b reed ing a step further. 
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