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T he Para rubber tree, H evea brasiliensis M uell. Arg. belongin g  to  the fam ily  
E uphorbiaceae is the m ost im portant com m ercial source o f  natural rubber. T he 
genus H evea  has nine species. W ork on the cytogenetical aspects o f  the genus in 
general, and that o f  H . brasiliensis in particular, is rather m eagre. S ince the geneitc  
base o f  cu ltivated H . brasiliensis is lim ited, every effort has to  be m ade to  broaden  
the breeders’ stock. A n im portant m ethod to  cause genetic variability is the induc­
tion  o f  p olyp loidy by artificial m eans and this technique has a lso  been tried in H evea  
(Shepherd 1969, M arkose 1975, Z heng X uequin  et al. 1980). T he R ubber R ese­
arch Institute o f  India has succeeded in inducing p olyp lo idy  in H evea, by the appli­
cation  o f  colch icine. T his paper deals with the cytom orphologica l analysis o f  an 
induced polyploid  in H evea brasiliensis.

M aterials and m ethods

C lone R R II 105, evolved  by the R ubber R esearch Institute o f  India through  
hybrid isation  and selection  w ith Tjir 1 and G1 1 as parents, w as used for the present 
investigation . P lants raised in budw ood m ultiplication  nurseries were cut back and  
at the tim e o f  bud break they were sw abbed w ith cotton . 0 .75%  aqueous colch icine  
was dropped on  to  these tender bud sprouts so that the co tto n  gets w et. T he tre­
atm ent w as continued  daily for seven days. T he sh o o t develop ing  from  th e treated  
buds were regularly observed. T he basal buds o f  th ose w hich show ed m orph ologi­
cal variations were utilised for vegetative m ultiplication . Subsequent vegetative  
generations were a lso  raised em ploying  the basal buds o f  the respective shoots.

O bservations on  m orphologica l characters w ere recorded from  one year old  
budgrafts o f  the VM  10* generation. N orm al one year old budgrafts o f  R R II 105 
were a lso  observed for com parative purpose. A ssessm ent o f  foliage characters was 
m ade from  the m iddle leaflet o f  tw enty selected  leaves. M itotic  studies were m ade 
on tender lea f tips.

Three year old  budgrafts were ringbarked for early induction  o f  flow ering (S a­
rasw athy A m m a 1975). For m eiotic  studies young m ale flowers at the appropriate  
stage o f  developm ent w ere fixed in 1 : 3 acetic  a lcoh ol m ixture. A nther co lu m n s  
were dissected ou t and kept in 2%  acetocarm ine, overnight. M eiotic  preparations

* Vegetatively m ultip licated  10th



were m ade in 45%  acetic acid . T he tem porary preparations were m ade permanent 
in acetic  acid -b utanol series. T he m eiotic  data were recorded from  50 pollen mother 
cells. P ollen  grains were collected  ju st prior to  anthesis, stained in 1 : 1 aceto- 
carm ine-glycerol m ixture, for assessing stainability . M eiotic  studies o f  the normal 
budgrafts w ere a lso  m ade for com parison .

R esults

D a ta  on  m orph olog ica l characters o f  the induced p olyp lo id  and norm al diploid  
are given  in T able 1. T he p olyp lo id  p lant show ed m ore vigour in term s o f  height and 
diam eter com pared  to  the con tro l. T he leaves o f  the p o lyp oid  were thicker and 
dark green in  co lou r. T he lea f size and petiole length  were a lso  m ore for the induc­
ed  p o lyp lo id . T he num ber o f  leaflets varied from  2 -5  w hereas the norm al plant 
sh ow ed  typical trifoliate leaves (F ig . I). T he veins in the lea f o f  induced polyploid

Table 1. Morphological characters o f diploid and induced 
polyploid clone of H. brasiliensis

C harac ter D ip lo id
M ean

Induced  polyploid 
M ean

H eigh t (cm ) 133.1 ±  6 .4 8 166 .5  ±  6 .16
D iam eter (m m ) 1 3 .4  ±  0 .3 9 16 .9  ±  0 .6 9
W horl length (cm ) 15 .2  ±  3.01 1 4 .4  ±  2 .0 9
In terw horl length (cm ) 19 .0  ±  2 .6 8 2 1 .0  ±  3.01
L eaf L  X B (cm) 159.3 ± 1 2 .6 0 2 0 8 .4  ± 2 0 .4 0
L eaf th ickness (m m ) 0 .1 2 ±  0 .0 3 0 .2 2 ±  0
Petiole length (cm ) 19 .0  ±  I .01 2 4 .6  ±  1.20
N u m b er o f  veins 4 3 .9  ±  1.08 3 6 .3  ±  1.55
F low er size (mm) 4 .4  X 2 .7 10 .4  X 4 .4
Pollen  size (/^m) 39 X 36 5 5 x 5 2
P ollen  sta inab ility  (% ) 9 2 .8 80 .0

were very prom inent. T he num ber o f  secondary veins were less, com pared to  that 
o f  th e norm al. T he flow ers w ere bigger in size (F ig . 2). T he pollen  grains were 
also  bigger and 30%  o f  them  show ed  four germ pores instead o f  the usual three in 
the dip loid .

M ito tic  studies o f  the norm a! p lant have show n 36 ch rom osom es in  the som atic  
cells. K aryotype studies from  yo u n g  lea f tips o f  colch icine treated budgrafts show ed  
2 n = 7 2  ch rom osom es confirm ing its tetraploid  nature (F ig . 3). M eiosis in  the di­
p lo id  H evea  w as norm al w ith the form ation  o f  18 b ivalents a t m etaphase I (F ig . 4). 
H ow ever, the stick iness o f  ch rom osom e is a  com m on  feature. D eta ils o f  chrom o­
som e associa tion s at m etaphase I in the induced p olyp lo id  are given  in T able 2. A t 
m etaphase I o f  the p o lyp lo ids, besides predom inant bivalent form ation , univalents, 
trivalents and  quadrivalents were a lso  observed  (F igs. 5 and 6). U n ivalents, biva­
len ts, trivalents and quadrivalents show ed a range o f  1 -9 , 2 1 -3 2 , 0 -4  and 0 -4  re­
spectively. A naphase I show ed  unequal segregation , form ation  o f  laggards, m icro­
nuclei, etc. T he subsequent d iv ision  d id  n ot sh ow  any abnorm alities.



1984 C ytom orphological S tudies in an  Induced Polyploid o f  H. brasiliensis 111

D iscussion

T he induced polyp loid  o f  R R II 105 show ed m ore vigour associated  w ith auto- 
tctraploidy. M endes (1969) had reported m ore vigour in a polyploid  Hevca  clone  
o f  IA N -873. H ow ever, stunted grow th had been observed in G T  I polyploid

a  b a i ’’ ^

Figs. 1-6. 1, leaves o f  the con tro l (norm al d ip lo id) and  induced polyploid . 2, flowers o f  diploid
and polyploid, a . a , : d ip lo id ; b, b , : polyploid. 3, chrom osom e com plcm cnl o f the induccd poly­
plo id  2 n --7 2 . X1500. 4, m etaphase I o f  the d ip lo id  18n. x l5 0 0 . 5 and 6, m etaphase I o f

induced polyploid show ing univalents, bivalents and  m ultivalents. X 1500.

(A n on ym ou s 1976). T he leaves o f  polyploid  were reported to  be thicker and deep  
green in co lou r (Shepherd 1969, M arkosc 1975, Z heng X uequin  et al. 1980). T he  
veins and vein lets were very prom inent and num ber o f  leaflets show ed variation  
ranging from  2 to  5. T he dark green co lou r o f  the polyp loid  leaves m ay be due to  
m ore th ickness as has been reported in Ipom oea  species (V ijayabai et al. 1976). T he



length  o f  the petio le o f  polyp lo id  was com paratively  m ore, especially  in the base oF 
the storey, enabling m ore exposure o f  the leaves to  sunlight. T he floral parts were 
a lso  larger than th ose o f  the norm al plants as in the case o f  induced polyp lo ids o f  
C apsicum  (Indira and Susan A braham  1977) and M atricaria  (A rora and M ad- 
h u sood an an  1981).

H evea brasiliensis (2n==36) is  believed to  be tetrap loid  since m ost o f  the species 
under the fam ily E uphorbiaceae have a 2n com plem ent o f  18 ch rom osom es (M a- 
jum dar 1964). In the induced  p o lyp lo id , the som atic ch rom osom e num ber was 
confirm ed to  be I n — 1 1 . C ytogenetic stability  is an  im portant aspect o f  induced  
p olyp lo id s for further im provem ent. It was found that this character can be m ain­
tained in  H evea brasiliensis by m aking use o f  vegetative propagation . E ven after 
ten  generations o f  vegetative m ultip lication  th e induced  p o lyp lo id s o f  R R II 105 
m aintained its p o lyp lo id  characters.

T he induced p olyp lo id  show ed the form ation  o f  a  large num ber o f  bivalents 
and a few  univalents and m ultivalents sh ow in g  its ch rom osom e diversity. A  decre­
ase in  num ber o f  quadrivalents and increase in bivalents, frequency is a  general in­
d ication  that the genom es are divergent. T hese support th e w iew  that H evea

T ab le  2. C hrom osom e associa tions a t  m etaphase I  in 
induced p loyploid  (2 n = 7 2 )

T o ta l no . o f 
cclls analysed R ange M ean

U nivalen ts  50 1-9  5 .9 ± 0 .3 8
B ivalents 50 21-32 2 6 .5 ± 0 .4 6
T rivalcn ls 50 0 -4  1 .7 ± 0 .2 1
Q uatirivalen ls 50 0 -4  2 . 0 i 0 . l 8

brasiliensis is an am phid ip lo id  (Shepherd 1969, O ng 1975). P o lyp lo id y  is one o f  
the best evolu tion ary processes in producing radically different and well adapted  
genotypes (S tebbins 1968).

T he induced polyp lo id  has been fou n d  to  be fertile a lthough  the percentage o f  
fruit set was very low . This has enabled  the synthesis o f  a  triploid  progeny by cros­
sing d ip loid  (2n=^36) w ith  tetraploid  (2 n = 7 2 )  (Sarasw athy A m m a et al. 1980). T he 
p o lyp lo id  can  thus enrich  the genetic stock  o f  H evea  and can  be used  for future 
breeding program m e.

Sum m ary

T he cy tom orp h olog ica l investigations o f  an induced  p olyp lo id  o f  H evea  
brasiliensis are given. T he induced polyp loid  show ed m orphologica l variations like  
m ore le a f  th ickness, prom inent veins and vcin lets, varied num ber o f  leaflets and 
large floral parts. M ito tic  studies have confirm ed that the p lan t is a tetraploid  w ith  
2 n = 7 2  chrom osom es. A t m etaphase I, besides b ivalent form ation , univalents, 
trivalents and quadrivalents were a lso  observed. It supports the view  o f  am phi­
d ip loid  origin o f  H evea brasiliensis.
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