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HEOLCOY CYTOGENETICS ANT) PIOIDY OF SPECI5S OP THE

GENUS HEVEA
( 1 5 )  { 7'SBy i»au lo  de Souza GoJacalves' * , M ario C ardos' ,  Marco

C 2 )  ( 3 )
A.M. B oaven tu ra  , A nton io  L u cio  M e llo  K a r t in s  and
C esar L a v o ren ti^  .

I*  In  tr o d u c t io n

!I!he gen u s Hevea "belongs to the BuphortcLaceae f a n i l y  w hich  

i n c lu d e s  o th e r  im p o r ta n t g e n e ra  o f  t r o p ic a l  crops, such as  

]£Lcinus C C astor), M anihot ($ e ^ io c a )  and A le u r it e s  ( O i t i c i c a ) ,  

H evea b r a s i l i e n s i s  ( w i ld ,  e x . A. J u s s . ) M u e ll. Arg* i s  the m o st  

im p o r ta  n t  s p e c i e s  o f  t h i s  g e n u s . In  A s ia  i t  i s  c u lt i iv a te d  as 

the m ain so tirce o f  n a tu r a l  rafcher,. more than 809̂  o f  the produc­

t io n  b e in g  c o n c e n tr a te d  in  M a la y s ia , I n d o n e s ia  and T h a ilan d , 

l l ie  t o t a l  a r ea  u n d er  ru b b er c t i l t iv a t io n  in  the w orld  i s  e s t im a te !  

a t  7 m i l l i o n  h e c t a r e s .  T r a d it io n a l ly  Havea i s  c u l t iv a t e d  in  the  

e q u a t o r ia l  r e g io n ,  s i t u a t e d  betw een lO^N and 1 0 °S  o f  the eq-uatos^. 

Unique emong n a l;a ra l p r o d u c ts ,  n a tu r a l  in b b e r  com bines e l a s t i c i t y  

p l a s t i c i t y ,  r e s i s t a n c e  to f r i c t i o n  and im p e r m e a b ility  to  l i q u i d s  

and g a s e s .  A lth ou gh  s y n t h e t ic  rubb er p r e s e n t s  b e t t e r  q u a l i t i e s  

f o r  some u s e s ,  i t  i s  n o t  as good f o r  th e  ty r e  in d u s tr y  iiriiich 

consum es 75^ o f  the w orld  p r o d u c tio n  o f  n a tu r a l  i^ b b e r .

A n a t iv e  o f  the M azon r e g io n , i t s  n a tu r a l o c cu rr en ce  i s  

l i m i t e d  to  the Amazon r e g io n  o f  B r a z i l ,  where th ere  are ten  

s p e c i e s  o f  t h i s  g en u s , and to  b o r d e r in g  c o u n tr ie s  such as 

B o l iv i a ,  P e r u , C olom bia, E cu ad or, G uayanas, Surinani and Vene­

z u e la  (WYCHBHLEY, 1 9 7 7 ) .

(1 )  R esea rch er  o f  EMBRAPA/CflPDA, com m issioned  in  the S e r in g a  
programme o f  the I n d u s t r ia l  P la n t s  D iv is io n  ( l )  p l )  o f  the  
A gronom ical I n s t i t u t e  ( lA C ), P o s t  Box 28, 13001  C anpinas, 3

(2 )  S e r in g a  Progranm e, 33PI, lAC
(3 )  E x p er im en ta l S ta t io n  o f  P in d orsm a, IAC
(4 )  R esea rch er  o f  the S e r in g a  P rogrsnm e, liP I, IAC
(5 )  S c h o la r sh ip c h o ld e r  o f  CNPq.
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As t y p ic a l  gen u s o£ H i l e i a  ^ a z o n i c a ,  vd th fgreat a a p litu d e  

o f  e c o l o g i c a l  em b ien ce, i t  p r e s e n t s  g r e a t  m o r p h o lo g ic a l v a r ia -  

b il i1 ;y  (SBIBERT, 1 9 4 7 ) r a n g in g  from M gh  f o r e s t s  to  buahy f o r e s t s  

(BRASIL, 1 9 7 1 ) .

H evea i s  n o t  an i d e a l  p la n t  fo r fe e n e t ic  r e s e a r c h . I t s  number 

o f  Ghromosomes, 2n -  36 , was d e te m in e d  about 50 y e a r s  age tiy 

'RMASH ( 1 9 3 5 ) .  Among the u n fa v o u r a b le  f a c t o r s  we may m ention  

th e  s i m i l a r i t y  o f  fo n n s o f  chromosomes o f  m etaphase and t h e i r  

sm a ll s i z e  (MaJTMDaR, 1964)*  H owever, b e in g  an a llo g sm o u s  

p l a n t ,  i t  i s  i d e a l  f o r  i n t e r s p e c i f i c  h y b r id iz a t io n  and f o r  

im provem ent w orks, e v e n , w ith  i t s  lo w  p e r c e n ta g e  o f  f r u c t i f i c a ­

t i o n ,  aix)und A lth o u ^  th e  p la n t  can g2?ow in  p o o r  s o i l s ,  i t

r e sp o n d s  v e iy  w e l l  to  s u i t a b le  m anures,

03ie o b j e c t iv e  o f  t h i s  p ^ e r  i s  to  summarize and in t e g r a t e  

the a v a ila liL e  in fo im a t io n  on d i f f e r e n t  a s p e c t s  o f  c y t o g e n e t ic s  

end p l o i d i z a t i o n  o f  H evea. Even w ith  sc a r c e  l i t e r a t u r e ,  we hope 

t h a t  th e  in fo r m a tio n  w i l l  be o f  u t i l i t y  in  fu tu r e  r e s e a r c h  on tte 

t o p ic s  m en tio n ed  ab ove, as w e l l  as in  fu tu r e  programmes o f  

g e n e t i c  impro.vement o f  the g en u s .

2 . Botany and Taxonomy

A ccord in g  to  PIRBS ( 1 9 7 3 ) ,  the genus H evea i s  a n a tu r a l  

ta x o n , t h a t  i s ,  a  group-,., a d e f i n i t e  ta x o n o m ica l e n t i t y ,  very  

w e l l  d e f in e d  and e a sy  to  r e c o g n iz e ,

B o t a n ic a l ly  t h i s  B r a z i l ia n  Rubber T ree , l o c a l l y  c a l l e d  

"SeringflL " i s  a d ic o ty le d o n o u s  m on oeciou s p la n t^ th a t  i s ,  i t  h a s  

m ale  and fem ale  f lo w e r s  in  a sane p la n t .  The f lo w e r s  are 

u n is e x u a l ,  a a a l l ,  y e l lo w is h ,  and arran ged  in t o  ra cem es. The 

l e a v e s  are l o n g - p e t i o l a t e  and d iv id e d  in t o  th ree  l o b e s .  The 

f r u i t  i s  a b ig  c s p s u le  v ^ c h  ^renerally  c o n ta in s  th r ee  s e e d s .
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A ll  th e  s p e c i e s  are woody and ar'boi'eo'us; in  ^:«neral th ey  range 

from a v e r a -e  t r e e s  to v ery  t a l l  f o r e s t s ,  w ith  the e x c e p t io n  o f  

H. Caniponmi and H. cem argoana, w hich are sa ia ll  t r e e s  o f  the  

s i z e  o f  f i e l d  sh ru b s (GOVOALVSS e t  I 983) .

The geii'us a s  a whole show s e v id e n t  s ig n s  o f  p e i a o d i c i t y

su ch  as: s e n e sc e n c e  ( w in t e r in g ) ;  i n t e i m i t t e n t  grow th , v a r ia t io n  

in  th e  d is t a n c in g  o f  l e a v e s  a lo n g  th e  hrasnches and form ation  o f  

m o d e r a t i ly  m arked s c a ly  r o s e t t e s ,  whiia^ p o s s ib ly  sh o u ld  be re­

l a t e d  w ith  the fo im a tio n  o f  g r a ^  rin^^s in  the wood (SEIBERT, 

1 9 4 7 ) .

+ The f i r s t  d i s c r ip t io n  o f  a s p e c ie s  b e lo n g in g  to  the genus

H evea d a te s  back to  174g* A ccord in g  to B0UYGH01T(1969) , i t  was 

the French e n g in e e r  F r e n c o is  F resnau  who f i r s t  d e s c r ib e d  the  

p r o p e r t i e s  o f  th e  B r a z i l ia n  ru b b er tr e e  (S e r in g a )  and i t  was 

the b o t a n i s t  Pusee A u b le t who c l a s s i f i e d  i t  in  the genus H evea,

and w ith in  i t ,  in  th e  s p e c i e s  H. g u ia n e n s is .

'■̂ he m o st r e c e n t  taxonom ic s t u d ie s  are th o se  con d u cted  “by 

BALMK JWOR ( 1 9 4 7 ) ,  SEIEBRT (1 9 4 7 ) ,  PIRES (1 9 7 3 ) and, more  ̂

r e c e n t l y ,  SCHUl^ES (1 9 7 7 ) .  EALDWrN JUIUOR (1 9 '47 ), b ased  on 

an a c cu ra te  stu d y  o f  Heveae n a t iv e  to the Amazon r e g io n , and com­

b in ed  w ith  c y t o l o g i c a l  o b s e r v a t io n s ,  cane to  the c o n c lu s io n  

^hat th e  gen u s H evea p o s s e s s e d  .nine s p e c i e s .  In  P eru  SEIBERT 

( 1 9 4 7 ) r e c o g n iz e d  e ig h t  s p e c i e s .  Ilhe s t u d ie s  o f  SCHtlJHEBS (1 9 7 7 )  

r e c o g n iz e d  n in e  s p e c i e s  and fo u r  v a ^ r ie t i e s  and PIR ES(1973) 

r e c o ^ i g e d  e le v e n  s p e c i e s ,  in c lu d in g  in  the group th e  m ost recen*  

s p e c i e s ,  H. ca a a rg o a n a , found in  the i s l a n d  o f  H a ra jo  (PIR ES,/19^  

The p r e s e n t  c l a s s i f i c a t i o n  o f  the s p e c i e s  d f th e  genus  

H evea i s  b ased  on th e  s t u d ie s  con d u cted  by B a ilo n  and M u e lle r  

A r g o v ie n s is ,  c i t e d  by ALHjqUERQUB (1 9 7 8 ) ,  and by HCBBBR PAX



end B 0C O , c i t e d  by BIUSIL, (1 9 7 1 )  and SC7HULI!S(1977). E leven  

s p e c i e s  are r e c o g n iz e d  in  B r a z i l  (GOKGALVBS e t  s i . ,  19 8 3 ) , w h i l e  

i n  A s ia  o n ly  n in e  are r e c o g n iz e d  (WYCHSHLBY, 1 9 7 7 ) .  Of tiie 

e le v e n  s p e c i e s  laiown i n  B r a z i l .  H. Gruianensis Autii,. H .'bentha- 

m ia n ia  I t u e l l .  A r g . , H. b r a s i l i e n s i s  ((W llld . e x .  A. J u s s . )

M u e l l .  A r g . ,  H. p a u c i f l o r a  I  ^ r «  e x .  ELfe.)Muell. A r g . ,  H. n i t i d a  

M art. e x .  M u e l l .  A r g . ,  H. m ic r o p h y l la  U le ,  H. i^ r u c ea n a  t S K i . )  

M u e l l .  A r g .,  H. p ^ u d o s u  U le  J a h r b . , H. n i g i d i  f o l i a  (S p r .  ex .

B t h . ) M u e l l .  A r g . ,  H. canporum Ihicke and H. canargoana  P i r e s ,  

o n ly  H. b r a s i l i e n s i s ,  H. b en th aE ian a  and H. g u i a n e s i s  produce  

co m m erc ia lly  a c c e p ta b le  lateac( fflCKES, I 9 8 1 ) .

H y b i ld i z a t io n  and i n t r o g r e s s i o n  between s p e c i e s  o c c u r  

f r e q u e n t l y .  E x p er im e n ta l  c r o s s i n g s  show a b se n c e s  o f  g e n e t i c a l  

b a r r ie r s  o f  r e p r o d u c t io n  (GONCALVBS and CARDOSO, 1 9 8 7 ) WTCHERLEY 

( 1 9 7 9 ) advan ces the  h y p o t h e s i s  t h a t  the  s p e c i a t io n  o f  HBVBa o c c u  

i n  r e l a t i o n  to the autonomy o f  f l i g h t  o f  p o l l i n a t i n g  i n s e c t s  and 

synchronieta  i n  the f l o w e r in g  o f  th e s e  s p e c i e s .

3. Re-prodaotive BLologf

3 , 1 .  P h y e io X o g ic a l  a s p e c t s  o f  s e n e s c e n c e  ( w in t e r in g )  and 

f lo w e r in g

The B r a z i l i a n  rubber t r e e  (S e r in g a )  i s  a p l a n t  o f  deciduou  

h a b i t ,  ijiore pronounced  in  r e g io n s  inhere dry p e i l o d s  a r e  c o n s ta n t  

In  Amazon r e g i o n s ,  vtSiere th e  dry p e r io d s  are l e s s  r i g i d ,  f a l l i n g  

o f  l e a v e s  and f lo v /e r in g  are i r r e g u l a r .  A ccord in g  to WE0150HB 

(1 9 7 5 ) ,  in  d e c id u o u s  f o r e s t ,  the  a v a i l a b i l i t y  o f  w a te r  i s  perhg^ji 

the m o st  in ^ jo r ta n t  e c o l o g i c a l  f a c t o r  w hich a f f e c t s  w in t e r in g  and 

f l o w e r i n g ,  a lth o u g h  both E£re i n f l u e n c e d  by the g f i o g r ^ h i c a l  

s i t u a t i o n ,  c o n d i t i o n s  o f  c l im a te  and n a tu r e  o f  the v e g e t a l  

m a te r ia l*



A ccord in g  to  PINHBIRO ( I 98I ) ,  i n  -the c o n d i t io n s  o f  Belem, 

P A jv d th  a c l im a te  w ith o u t  a maiteed dry s e a s o n ,  dep en d in g  upon th  

c lo n e  th e re  i s  a  d i s u n i f o r m it y  o f  f l o w e r in g ,  a l t h o u ^  thespe may 

"be a g r e a t e r  c o n c e n tr a t io n  in  the months o f  J u ly  and August.

I n  r e g i o n s  o f  c l im a te  w ith  marked d.ry se a so n  m n t e r i n g  o c c u r s  

i n  t h i s  peidLod, as i s  the c a se  o f  T racu ateu a  i n  P a r a ,  which h a s  

a dry se a so n  w hich g o e s  from A ugust to  November and w in te r in g  

o c c u r r in g  from A ugust to  O cto b er . A nother ex a a p le  i s  th e  case  

o f  A c a i la n d ia ,  i n  RIeranhao, w hich h a s  a dry sea so n  o f  fo u r  

m onths and f lo w e r in g  o c c u r s  in  t h i s  p e r io d .

I n  the S ta te  o f  Sao P e w lo ,  i t  i s  found t h a t  the r e g io n s  

s t u d ie d  in  th e  Sao P a u lo  p l a t e a u ,  l i k e  th o se  o f  Sao J o s e  do Rio 

P r e t o ,  C anpinas, Ri'beirao P r e t o  and K a i a l i a ,  e p t  f o r  the c u l t i ­

v a t io n  o f  ru b b er  f o r  p r e s e n t i n g  d e f i n i t e  dry c l im a t e .  In  th e se  

r e g i o n s ,  n o m a l l y ,  w in t e r in g  o c c u r s  in  the p e ii .o d  o f  June-A ugust  

I t  i s  o b se r v e d  t h a t  i n  Csmpinas the f a l l i n g  o f  s e e d s  o c c u r s  in  

the month o f  i^iarch to  A p r i l ,  t h a t  i s ,  one month a fte i?  the f a l l  

o f  s e e d s  in  the  r e g io n  o f  Sao J o se  do i i io  P r e l o .

In  rubber  p l a n t a t i o n s  i n  g e n e r a l ,  w in te r in g  s t a r t s  v\hen 

th e  t r e e  ch an ges  i t s  h a b i t  o f  growth and t h i s  o c c u r s ,  g e n e r a l ly ,  

a f t e r  the t h i r d  o r  fo u r th  y e a r  a f t e r  the p la n t in g ;  a l t h o u ^  vaa>- 

i a t i o n s  o c c u r  i n  r e l a t i o n  to c lo n e ,  d e n s i t y  o f  p l a n t i n g ,  g e n e t i c  

m a t e r i a l  and o t h e r  f& c to r s  (BOUYGHOU, 19 6 9 ) ,  th ere  e x i s t  g r a f t e d  

t r e e s  which f lo w e r  in  one to two y e a r s ,  as v /e l l  as th e r e  e x i s t  

o t h e r s  which f lo v /e r  a f t e r  seven  y e a r s .

T rees  o f  H. b r a s i l i e n s i s  f lo w e r  once i n  a y e a r  i n  the  

Amazon r e g i o n ,  n o r m a lly  d u r in g  A p r i l - J u l y .  In  M a la y s ia  they  

f l o w e r  tw ice  a y e a r ,  n o r m a lly  between March and A p ia l  and 

betw een Au^;ust and Septem ber, w ith  more pronounced  f lo w e r in g



d u r in g  the  f i r s t  sea so n  (PARAf.^JOTHY, I 98O ). In  Vietnam and Caa- 

■bodia, a c c o r d in g  to B0UYCH0U(19 69) > w in t e r in g  o c c u r s  from 

February to  March.

The fo ra ia t io n  o f  annual r i n g s  o f  grow th, o b s e r v e d  i n  the  

t r a n s v e r s e  d i r e c t i o n  o f  the s t e : i ,  r'.ii a 33o'3-rat:.on feh ir.n^o:r’-n 

h a s  been q u i t e  marked, s i m i l a r  to  the p l a n t s  o f  tem perate  c l im a te  

(HAO, 1 9 7 2 ) .  M ean w hile , a c c o r d in g  to La R u e^ ^ \ c i t e d  "fciy 

SEIBERT 1947) » the f o m a t i o n  o f  the annual r in g s  o f  growth i s  

rel®ft«d^ w ith  r e g i o n s  o f  d e f i n i t e  s e a so n s  o f  r a in  and d r y n e ss .  

S e i b e r t  o b se r v e d  i n  the I b e r i a  reg ion fe f  P eru  211 annual r in g s  ■ 

i i f  graw^th in  a t r e e  o f  84 cm d ia m e ter  a f t e r  the f i r s t  y e a r  o f  

d e c o m p o s it io n ,  l e a d i n g  .us to  b e l i e v e  t h a t  th e s e  x an gs  v.-ere re­

l a t e d  vjith the a l t e r n a t i o n  o f  th e se  s e a s o n s .

3* 2 . I n f l o r e e e n c e  and f lo v /e r

A l i t t l e  a f t e r  the  annual w in t e r in g ,  m onoeciou s i n f l o r e s ­

c e n c e s  appear i n  the e x t r e m i t i e s  o f  the b r a n ch es , They c o n s i s t  

o f  a main a x i s ,  w i th  about *twelve p u b e s c e n t  a x e s ,  on which the 

f l o w e r s  are d i s t r i b u t e d  in  th e  form o f  a raceme.

The sm a ll  H o w o r s  are o f  two "types, t h a t  i s ,  m ale and fem­

a l e ,  s i t u a t e d  in  the  e x t r e m i t i e s  o f  the main a x i s  and secondary  

a x e s .  The p r o p o r t io n  o f  m ale f lo w e r s  to  fem ale  i s  g e n e r a l ly  

6 0 :1 ,  t h a t  i s ,  one fem ale  f l o w e r  f o r  60 m ale  f lo w e r s  (BOXJYCHOU, 

1 9 6 6 ) ,  p r o p o r t i o n a l l y  v a r y in g  between the d i f f e r e n t  c lo n e s  

(GBOROB, 1 9 6 7 ) .

'I'he f lo w e r  do n o t  show p £ . t a l s ,  b u t  th e re  i s  a p e i l a n t h

w ith  f i v e  l o b u l e s .  The m ale f l o w e r s  are smalla:', more p o in te d

than the fem ale  f l o w e r s  and i t s  i n v o lu c r e  i s  d i r e c t l y  i n s e r t e d  

on the  p e d u n c le .  The fem ale  f l o w e r s  are d i s t i n g u i s h e d  by the

p r e s e n c e  o f  a s w o l le n  d i s c  a t  i t s  b a s e ,  from TAhere o r i g i n a t e s

t



the  f l o r a l  i n v o l u c r e .

In  the c o n d i t i o n s  o f  th e  Sao P a u lo  PlatesRi^ th e  i n f l o r e ­

sc e n c e  m atu res  in  a p e r io d  o f  1  to  2 w eek s. The m ale f lo w e r s ,  

i n  g e n e r a l ,  open e a r l i e r  than the fem ale  f lo w e r s  and a n t h e s i s  

( : ^ i l l  "bloom) g e n e r a l ly  o c c u r s  in  the secon d  h a l f  o f  the m orning,  

rnih i s  com p leted  by noon , 'because o f  which c o n t r o l l e d  p o l l i n a ­

t io n  sh o u ld  be c a r r i e d  o u t  in  the m orn ing  tim e.

A f l o r a l  bud p r o ^ c e s ,  on an a v e ra g e ,  about ten  racem es, 

each  o n e , on an a v e ra g e ,  w ith  s i r  fem ale  f l o w e r s ,  H o w e r in g  

t ^ e s  p la c e  a t  the b e g in n in g  o f  th e  v e g e t a t i v e  c y c l e  o f  the  

ra'b'ber t r e e ,  s t a r t i n g  a l i t t l e  b e fo r e  o r  a f t e r  the la u n c h in g  

o f  the new l e a v e s  and g e n e r a l ly  i s  sp read  o v e r  the whole p e r io d  

o f  r e f o l i a t i o n .  (BRASIL, 1971)*

L ike  a l l  the p l a n t s  n a t i v e  to  t r o p i c a l  z o n e s ,  rubber  tiree,  

a c c o r d in g  to  BOUYGHOO ( 1 9 6 9 ) ,  i s  a p l a n t  o f  s h o r t  days f o r  i t s  

f l o w e i i g g .  I t s  p h o to p e r io d  d o e s  n o t  seem to  have been s t u d ie d  

y e t ,  and we do n o t  have t i l l  now any d a /^ a  on the l i m i t s  o f  

d a i l y  n e c e s s i t y .

2he m ale f l o w e r s  p o s s e s s  ten  s e s s i l e  s t a a e n s ,  d i r e c t l y  

i n s e r t e d  on a em ail c o n t r o l  c o n ic a l  column c a l l e d  aa^ troph ore .

3!he stam ens are arranged  i n t o  two eCLtemados v e r t i c i l o s  o f  f i v e  

s e s s i l e  s t a n e n s  ea ch  (GOZCALVBS, 1 9 7 9 ) .  'Che s t a n e n s  have e lo n g ­

a te d  shegpe, o r i e n t e d  tow ards -tJie sane d i r e c t i o n  as the androphor< 

and a d i s t i n c t  groovB on the e x t e r n a l  su r fa c e  ( H g . l ) ^

( 6) LA RUfi, C.D. (Che H evea ru b b er  t r e e  i n  the Amazon v a l l e y ,  
*«^ashington, US Departm ent o f  A g r ic u l t u r e ,  1 9 2 6 , 70P. 
(D epartm ent B u l l e t i n  1 9 2 2 ) .
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Diagranme o f  m ale and fem ale  f lo w e r s  o f  the genus Hevea  
( s o u r c e :  30TJYCH0U, 1 9 6 9 ) .

(1 )  S e p a ls  (2 )  R e c e p ta c le  (3 )  d o s e d  m ale f lo v /e r  (4 )  C losed  
fem a le  f lo v /e r  ( 5 )  Androphore (6 )  S e s s i l e  s t a a e n s  (7 )  Groove (8 )  
P o l l e n  g r a in s ,  (9 )  Ovary (1 0 )  S e s s i l e  s t i g a a  (1 1 )  C arp e l, (12^ 
Staminodiums (1 3 )  R e c e p ta c le  (1 4 )  Androece-um o f  a m ale f lo w e r  
a f t e r  rem oval o f  s e p a l s  (1 5 )  Ovary o f  a fem ale  f lo w e r  a f t e r  
rem oval o f  s o p a l s .

The fem a le  f l o w e r  i s  i s o l a t e d  a t  the  end o f  the main a x i s  

and i n  the  seco n d a ry  r a n i f i c a t i o n s  o f  the racem es, o r  s t i l l  

l e s s  f r e q u e n t l y ,  in  the  t e r t i a r i e s .  I t  i s  e a s i l y  d i s t i n g u i s h e d  

hy n o t i n g  t h a t  the  base o f  the  cE lyx  i s  much more volum inous than  

i n  them ale f l o w e r ,  and we can o b ser v e  a l s o  a rreen  c o lo r a t io n  in  

the b a s e ,  which i s  n o t  found  in  the m ale f lo w e r .  I t  c o n s i s t s  o f  

a t r i a n g u l a r  o v a iy  fonned by th r ee  w elded  ca iT fp els , on ^ i c h  i s  

m ounted a s e s s i l e  s t i ^ n a ,  which i n  the p r o c e s s  o f  p o l l i n a t i o n  

r e c e i v e s  p o l l e n  g r a in s  (GONCJiLVES, 1 9 7 9 ) .  Between the  ovary  

and the p e r ia n t h  th e re  e x i s t  ten  s t a a i n o d i a  arranged  on the  r e c e ­

p t a c l e  ( H g . l ) .

Both i n  th e  fem ale  f lo w e r  and in  the male th ere  are r u d i­

m en ts  o f  o t h e r  o r g a n s .  A ccord in g  to  JERRAND ( 1 9 4 4 ) ,  t h i s  i s

(i^ESTAMINdoiQS



due to  the f a c t  t h a t  the f l o w e r s  are c o n s t i t u t e d  on a p lsnj^f  

h e r w - a ^ h r o d i t e  f lo w e r s  and t h a t  in  the c o u r se  o f  t h e i r  d e v e lo p ­

m ent one o f  the  o r g a n s  i s  r e t a i n e d  i n  the  e v o l u t i o n .

3- 3. Male s t e r i l i t y

The phenomenon o f  m ale  s t e r i l i t y  d e s c r ib e d  bJTmany au th ors  

i n  d i f f e r e n t  t a x o n s  o f  angiosperm s (LASEH and LBRS^TT, 19 7 2 ,

GHUK, 1976) i s  a p h y s i o l o g i c a l  anomely o f  l i t t l e  im portance  f o r  

the r e s e a r o h e r  who w ish e s  to  u t i l i z e  the se x u a l  way f o r  produc­

i n g  a h e t e r o z y g o t i c  s t z u c t u r e  on a M g  s c a l e  (DTJVICK;, 1959)^  

A ccord in g  to  DUVICK (1 9 5 9 )  > w h atever  eiay he i t s  o r i ^ n ,  

s t e r i l i t y  p e r m lta  t-o p r o fo u n d ly  m od ify  the  system  o f  r e p r o d u c t io n  

o f  a p l a n t .  U t i l i z i n g  i t ,  th e  r e s e a r c h e r  h a s  the p o s s i M l i t y  

o f  p r o d u c in g  a l lo g a n y  in  two autoganous p l a n t s ,  w ith  the  o b je c ­

t i v e  o f  o b t a i n in g  the e f f e c t  o f  h e t e r o s i s .

In  the c a se  o f  Hevea, the o c cu rr en ce  o f  male s t e r i l i t y  was 

r e p o r t e d  f o r  the f i r s t  time lî y RAMBR ( 1 9 3 5 ) ,  who d e s c r ib e d  i t  

as i r r e g u l a r i t y  i n  the  m y o s is  o f  the m oth er  c e l l  o f  the p o l l e n .  

Through the cytologiC Ea. s tu d y  o f  m other  c e l l s  o f  the p o l l e n  g r a in  

t h i s  au th or  o b s e r v e d  c lo n e s  o f  H. b r a s i l i e n s i s  which showed com­

p l e t e  o r  p a r t i a l  m ale s t e r i l i t y ,  and co n c lu d ed  t h a t  i r r e g u l a r  

m y o s is  was r e s p o n s ib l e  f o r  the s t e x l l i t y .

M eanw hile , i t  was i n  the  p e r io d  o f  1962  to  1 9 6 4  t h a t  re ­

s e a r c h e s  were c a r r ie d  o u t  i n  M a la y s ia  (MAJIMDAR, 1967) to  d ia -  

c o v e r  macho s t e r i l i t y  iVi c lo n e s  o f  H, b r a s i l i e n s i s .  The o b j e c t i v  

was to e s t a b l i s h  s e e d  farm s f o r  e c o n o m ic a l ly  p r o d u c in g  h y b r id  

s e e d s  on l a r g e  s c a l e .  A cco rd in g  to  t h i s  au th or  in  t h a t  p e r io d ,  

o u t  o f  the two thousand c lo n e s  exam ined th r e e  c lo n e s  w ith  comp­

l e t e  m ale s t e r i l i t y  were found.



Tn p r E C t ic a l  works o f  im provem ent con d u cted  in  I n d o n e s ia  

(BIJK&IAK, 1951) and i n  B r a z i l  by I  AG (C M P IN lS , I 989) v a r io t is  

g r a d e s  o f  m ale s t e r i l i t y  was o b ser v ed  in  d i f f e r e n t  c l o n e s ,  rang­

i n g  from p o o r  p r o d u c t io n  to  com plete  a>bsence o f  p o l l e n s ,  because  

o f  *whicli c lo n e s  l i k e  GTl can be u s e d  as  fem ale  p a r fen ta ls  in  cross
♦

i n g s .  S t e r i l e  m ale , c lo n e s  are n o t  d i f f e r e n t  from normal c lo n e s  

i n  t b e i r  m o r p h o lo g ic e l  ch aracter i^ s  1 9 6 7 ) ,  a l th o u g h  tie

m ale f l o w e r s  take more tim e to  a t t a i n  m a t u r i ty .

3- 4. L o n g e v i ty  o f  p o l l e n

Hhe p o l l e n  o f  Hevea shows the c h a r a c t e r i s t i c  o f  b e in g  

st id fey  (5 )̂RWERDA, 1969) and, i f  s t o r e d  w ith o u t  s p e c i a l  p recau ­

t i o n s ,  q u ic k ly  l o s e s  v iab ility^^pIJM A R  (1 9 3 8 )  > s t o r i n g  andro-  

phore (column o f  a n th er s )  i n  67 to  r e l a t i v e  h u m id ity  and 

a t  + 6^ 0  tem p er a tu r e ,  a c h ie v e d  v i a b i l i t y  o f  p o l l e n  f o r  seven ­

tee n  days , S to ra g e  s t u d i e s  condu cted  by MaJIMDAR (19  66) Showed 

t h a t  a good d eg ree  o f  v i a b i l i t y ,  around 20^, c o u ld  be o b ta in e d  

f o r  a week i f  the p o l l e n  i s  s t o r e d  in  a tem perature  between 5 ant 

0 ° c  and 75- 819  ̂ r e l a t i v e  h u m id ity .  P o l l e n  s t o r e d  i n  t h i s  way 

makes a faood f e r t i l i z a t i o n  p oss iK L e.

3. 5» f e r t i l i z a t i o n  and f r u o t L f ic a l : io n

A f t e r  the f e r t i l i z a t i o n l o f  the  o v u l e s  the  f r u i t ,  g e n e r a l ly  

w ith  th r e e  s e e d s ,  ta k e s  about f i v e  m onths to  a t t a i n  com plete  

d eve lop m en t • D u U n g  the p e r io d  o f  d ev e lop m en t a l a r g e  q u a n t i t y  

o f  a a e l l  f r u i t s  are a b o r ted , e s p e c i a l l y  d u r in g  the  f i r s t  two vfetty 

m onth s. A ccord in g  to  WlfCHERLEY ( 1 9 7 9 ) ,  f r u c t i f i c a t i o n  su c c e e d s  

in  l e s s  than o f  the fem ale  f lo w e r s  i n  n a t u r a l  c o n d i t i o n s ,  and 

about 4^ i n  th e  ca se  o f  a r t i f i c i a l l y  p o l l i n a t e d  f l o w e r s .  In  the 

Sao P a u lo  P l a t e a u  the  g r e a t e r  o r  l e s s e r  p e r c e n ta g e  o f  f r u c t i ­

f i c a t i o n ,  in  n a t u r a l  o r  a r t i f i c i s i L  c o n d i t i o n s ,  i s  r e l a t e d  to  the



lo w  r e l a t i v e  *humidity o f  the  a i r  in  the  p e r io d  o f  p o l l i n a t i o n .

4 . Centre o f  G e n e t ic  D i v e r s i t y

®ie Centre o f  g e n e t i c  d iv e r s i - ty  o f  th e  genus H evea i s  Rio 

N eg ro , in  the  c o n f lu e n c e  w ith  the Anazon r i v e r  ( WYCHEHLKYjlST?). 

In  t h i s  r e g io n  seven  s p e c i e s  are n a t u r a l l y  found: H. 'berthaniana,  

H. g i i i s n e n s i s ,  H, m ic r o p h y l la ,  H* n i t i d a ,  H. p a u c i f l o r a ,  H. 

r i g i d i f o l i a  and H. sp ru cea n a . Of c o u r s e ,  th ere  e x i s t  in  t h i s  

r e g io n  p u t a t iv e  .h y b r id s ,  w hich r e p r e s e n t  the m a j o r i t y  o f  the  

co m b in a t io n s  o f  e x i s t i n g  s p e c i e s ,  and c o n s e q u e n t ly ,  o v e r la p p in g s  

o f  th e  g e o g r a p h ic  a r ea  o f  one o r  more s p e c i e s ,  ^ e s e  o v e r i j ^ i n g s  

In d u ce  the  o c cu rr en ce  o f  h y b r i d i z a t io n  and i n t r o g r e s s i o n  i n  such  

d im ension  t h a t  i t  l e d  BALDWIN JOTHOR (1 9 4 7 )  to  con c lu d e  t h a t  soue 

l i n e s  o f  sp ec i:^ ic  p o i n t s  o f  the genus happen to  l o s e  t h e i r  

i d e n t i t i e s .

03ie d i s t r i b u t i o n o f  H. comporum i s  away from Rio Kegro and

H. b r a s i  l i e n  s i s  h a s  i t s  area  o u t s id e  the  prim ary c e n tr e  and i s

th e r e f o r e  in  th e  secon d ary  c e n tr e  o f  d i v e r s i t y .  A ccord in g  to  

WYCHERLEY (1 9 7 7 )  t h i s  c e n tr e  c o v e r s  a v a s t  a r ea  in  the  surround­

i n g s  o f  the m u n i c i p a l i t y  o f  Borba, in  lo w e r  Rio M ad e ira , where 

f i v e  s p e c i e s  n a t u r a l l y  o c c u r .

G eom oip h o loM ica lly , the  c e n tr e  o f  d i v e r s i t y  i s  s i t u a t e d  in  

the p r o x i m i t i e s  o f  the n o r th e r n  margin o f  the  Amazon b a s in  v^ere  

the Guyanas P la t e a u  b e g in s ,  0!he s o i l s  o f  t h i s  c e n tr e  p r o p e r  

are c o n s t i t u t e d  by l a t o s o l s  o f  lo w  l e n d  and f l u v i a l  g l a z e ,  

s i n c e  th e  r e g io n  which su rrou n d s the c e n tr e  i n c l u d e s  a varie-ty  

o f  p l a t e a u  s o i l s  (WYCHEHLEY, 1 9 7 7 ) .

As r e g a r d s  c l im a t e ,  the c e n tr e  o f  d i v e r s i t y  i s  TTithin the  

e q u i t o i l a l  r e g io n  w ith  c o n s t a n t  su p er  h u m id ity  (ORTOI-ANI, 1 9 8 6 ) .



jUi im p ^ ^ a n t  a sp T ct  tH^ulTd be em phasized  i s  t h a t  the sp e -
■̂314-

o i e s  found theY-4L seem to have e v o lv e d  u n d er  t h i s  c o n s ta n t  humid 

c l i m a t e ,  show ing the  e x i s t e n c e  o f  h ig  v a r ia t i o n  w ith  reg a rd  to  

r e s i s t a n c e  to  l e a f  d i s e a s e ,  ca u sed  try the fixngus M ic r o c y lu s  u l e i .  

B e s id e s ,  the s p e c i e s  w hich sp3?ead beyond the  r eg io n  w hich su r­

round s the c e n tr e  have adopted  th e m se lv e s  to  c o n d i t i o n s  o f  l o n g  

dry p e r io d s  each  y e a r ,  p a r t i a l l y  contributing^  to the b eh av io u r  

o f  w in t e r in g  and, c o n s e q u e n t ly  to  the f l o w e r in g  o f  the  t r e e s .

5. g y t o R e n e t lc s  o f  the  G-enus Hevea

The u se  o f  c y t o g e n e t i c s  i n  the im provem ent o f  econom ic  

c h a r a c t e r s  o f  H evea can, i n  p r i n c i p l e ,  fa v o u r  the u n d e r s ta n d in g  

o f  the model o f  in h e r i t a n c e  o f  the  p l a n t ,  An a s p e c t  o f  g r e a t  

im p o rta n ce  in  t h i s  d i r e c t i o n  is  t h a t  i t  p r o v id e s  the r e s e a r c h e r s  

the c h o ic e  o f  p l a n t  m a t e r ia l  to be worked on and, c o n s e q u e n t ly ,  

a good p la n n in g  o f  the progr^nme o f  improvement* E x c e p t in g  

HEUSSER (19 19 )  and BMGrH^ (1 9 3 1 ) ;  v a r io u s  r e s e a r c h e r s ,  such as;  

R;SMAER (1 9 3 5 ) ;  perry  ( 1 9 4 3 ) ;  PADDOCK ( 1 9 4 3 ) ;  MBNDES (1 9 4 6 ) ;  BAL- 

DVW:i‘T JUTO:OR ( 1 9 4 ? ) ;  R0SS(1'559); BOUHAMONT (19  60); OOr̂ AGfTN (1971a.  

b) and OKG ( 1 9 7 5 ) ,  con c lu d ed  t h a t  the  m a j o r i t y  o f  the s p e c i e s  o f  

the gen u s H evea p o s s e s s  2 n 36 chromosomes (CSiart l ) .

Chart 1 .  Number o f  chromosomes in  s p e c i e s  and i n t e r s p e c i f i c  
h y b r id s  o f  Hevea

S p e c i e s  2a R e fe r e n c e s .

H . b r a s i l i e n s i s  1 6  HEUSSER (1 9 1 9 )

3 4  B A N G H jaV [(1931)

36 ONG (1 9 7 5 ,  1 9 8 0 ) ;  GOI-TAGIN (1 9 7 1 a , b );

RAMAER ( 1 9 3 5 ) ;  PERHT (1 9 4 3 ) ;  PADDOCK

(1 9 4 3 ) ;  BOUHAMOWT ( I 9 6 0 ) ;  HPSS
MEWDBS (1 9 4 6 ) ;  ( I 9 a ) .



H. g u i s n e n s i s

H* sp ru ce  an a

H, p a u c i f l o r a

H* b en tlian ia n a

H. N i t i d a

H. E^ruceanax H.
■ brasilien  s i s  

H. O o lin a  x  H.
T o r a s i l i e n s i s  

H. r i g i d i f o l i  a ( l )

H. m ic r o p h y l la

H. p a lu d o s a

H. canporum

H. ceEaargoana

34

36

34

36

18
36

36

36

36

36
36
?

?

?

?

BAKGHJM (19 31 )

MAJOitDAE ( 1 9 6 4 ) ;  RAMABR (19 351 ;  
BOUHAMOTIT ( i 9  60 );  ONG ( l 9 8 o ) .

BANGHAM (19  31)

MAJmiDAR ( 1 9 5 4 ) ;  RAMAER (1 9 3 5 ) ;  PBRRY 
(1 9 4 3 ) ;  PADDOCK ( 1 9 4 3 ) ;  BOUHAffiONT 
( I 9 6 0 ) ;  ONG (1 9 8 0 ) ;  MB1IDBS(1946).

BALDWIN JUNIOR (1947)

MAJtSiiDAR ( 1 9 6 4 ) ;  ONG ( 1 9 8 0 ) .

ONG ( 1980 ) ;  BOUHAMONT ( i 9 6 0 ) .

ONG ( 1980 ) .

RAMAER ( 1 9 3 5 ) .

RAR5ABR (19  3 5 ) .

( 1 ) C y t o lo g ic  o r  c y t o g e n t i o  s t u d i e s  do n o t  e x i s t .

5 . 1 .  My 0 s i s  ^

In  Hevea, m y o s is  s t u d i e s  are few  and n o t  v e r y  sy s te n s t io .  

HBUSSB ( 1 9 1 9 ) was the f i r s t  a u th or  to co n d u ct  r e s e a r c h  on r e ­

p r o d u c t iv e  o r g a n s  o f  H. h r a s i l i e n s i s  w ith  rega rd  to  m y o s i s .  In  

t r y i n g  to  make im provem ent t h r o u ^  c o n t r o l l e d  p o l l i n a t i o n ,  the  

s tu d y  o f  the o r g a n s  o f  r e p r o d u c t io n ,  a c c o r d in g  to  t h i s  author,  

i s  v e ry  im p o r ta n t  f o r  th e  s u c c e s s  o f  the  work. However, in  -Qie 

d i s c u s s i o n  o f  m y o s i s ,  HBUSSBR d id  n o t  e n t e r  i n t o  d e t a i l s ,  but  

m e n t io n s  o n ly  the m ost p e r c e p t i b l e  s tu d y  and, w ith  a h r i e f  

d i s c u s s i o n ,  i t s  c o n n e c t io n  w ith  iJie phenomenon o f  h e r e d i t y .



Y ea rs  l a t e r ,  BANGHijSrl (19 31 )  p u b l i s h e d  a p a p er  on the n-um- 

bar  o f  chromosomes o f  some s p e c i e s  o f  H evea, in  v ^ ic h  the number 

o f  n -  8 chromosomes o f  H. b r a s i l i e n s i s ,  e s t im a t e d  by HEUSSER 

( 1 9 1 9 ) was c o r r e c t e d  • For a l l  the s p e c i e s  r e se f irc h e d , BANGHiiM 

( 1 9 3 1 ) found 2n -  34 chromosomes. However, h i s  work h s r d ly  con­

t a i n s  in f o im a t io n  on the  m y o t ic  d i v i s i o n .

I t  was RjaSABR (1 9 3 5 )  who f i r s t  s t u d i e d  the c y to lo g y  o f  

H evea in  d e t a i l .  He o b se r v e d  t h a t  the h a p lo id  number o f  a l l  

the s p e c i e s  and fo im s  r e s e a r c h e d ,  whose c o u n t in g s  were done in  

d i a c e n e s i s ,  m etaphase  I ,  a n ^ h a s e  I  and m e t ^ h a s e  I I ,  in  a t o t a l  

o f  hundreds o f  c e l l s  i n  m y o t ic  p h a s e s ,

d id  n o t  l e a v e  margin f o r  any doubt.

Ihe m ic r o s p o ip g e n e s ie  o f  f i v e  s p e c i e s  o f  H evea was s t u d ie d  

by BOUHAI®/IONT ( I 9 6 0 ) ,  vsho o b se r v e d  t h a t  in  th e b e g in n in g  o f  

p rop h a se  the n u c le u s  o f  the s p o r o c y te s  were vo lu m in o u s , p o s s e s s ­

i n g  o n e ,  two o r  even  th ree  n u c l e i ,  ^he n u c le u s ,  h a r d ly  f ta in a b le ,  

was f u l l  o f  numerous th in  f i la m e n t s  and t h i s  gave i t  a g r a n u la r  

and f i n e l y  r e t i c u l a t e d  l o o k ,  ‘She r e s u l t s  o f  the tv/o rew earch es  

showed concordance w ith  r e g a r d  to the number o f  chromosomes o*l>- 

s e r v e d  by Rii&iABR ( 1 9 3 5 ) ,  PERRY ( 1 9 4 3 ) ,  PADDOCK ( 1 9 4 3 ) ,  MBTOBS 

( 1 9 4 6 ) ,  BALDWIN JUMIOR(1947) and ROSS ( 1 9 5 9 ) .

In  M a la y s ia ,  ( 1 9 6 4 ) ,  w ith  t h ^ n t u i t i o n  o f  f i n d in g

m ale s t e r i l e  c lo n e s  f o r  u s e  i n  the im provem ent progrsmme o f  the  

Rubber R esearch  I n s t i t u t e  o f  M a la y s ia  (PRIM), s t u d ie d  m ic r o -  

s p o r o g e n e s i s  in  f o u r  s p e c i e s  o f  Hevea, f i n d i n g  n m 18  chromo­

somes in  a l l  o f  them, 55iis a u th o r  o b s e r v e d  t h a t  in  the pachy­

ten e  s ta g e  the Ghromosomesi-were i n  the f o m  o f  f i n e  th r e a d s ,  whil 

i n  d i a c i n e s i s  th ey  appeared s h o r t  and t h i c k ,  ^ e jp r e se n c e  o f  18 

chromosomes was a l s o  o b se r v e d  in  the p o l e s  o f ’ anaphase I  and meti



I I .  ’Ihe chromosomes g^peared more o r  l e s s  i r r e g u l a r  in  

sha5>e. Anaphase I  appeared i r r e g u l a r ,  e x c e p t  i n  some c a s e s  vifeera 

one o r  two r e t a r d a t o r i e s  o r  chrom ation b r id g e s  were s e e n .  05ie 

a u th o r  a l s o  o b s e r v e d  in  anaphase I I  the noim al s e g g r e g a t i o n o f  

1 8  chromosomes f o r  each  p o l e .

In  B r a z i l  c y t o l o g i c a l  r e s e a r c h e s  i n  m ic r o p o r o g e n e s is ,  

c a r r i e d  ovit in  the Agronom ical I n s t i t u t e  (lAC) try COTTAGIN ( l9 7 1 a ,  

b) on d i p l o i d  and p o l y p l o i d  c lo n e s ,  showed t h a t  in  d i p l o i d  c lo n e s
I

( 2n = 36) the  m ic r o g e n e s i s  appeared n on n a l andiLt was p o s s i b l e  to  

o b ser v e  i n l j i i a c in e s i s  18  t i v s l e n t s  vrfiich s e p a r a te d  in  anaphase I  

r e g u l a r l y ,  m t h o u t  shovdng r e t a r d a t o r i e s .  A ccord in g  to  t h i s  

a u th o r ,  the p h a s e s  o f  the seco n d  d i v i s i o n  a ls o  g^peared n o im a l,  

g i v i n g  100^ n o im al t e t r a d s .  A lready i n  the  p o l y p lo i d  c lo n e s  

( 2n -  72) s e v e r a l  i r r e g u l a r i t i e s  v/ere o b se r v e d  i n  the chromosomic 

s e p a r a t i o n s ,  g i v in g  r i s e  to  abnoimal t e t r a d s ,  w ith  m ic r o c y t e s  

and empty p o l l e n  g r a in s .

R e c e n t ly ,  OFG- (1 980 )^  u t i l i z i n g  f l o r a l  p r i m o r d i s l s  o f  

s e v e r a l  s p e c i e s  o f  Hevea, con d u cted  the m o st  com p lete  s tu d y  o f  

m y o t ic  chromosomes, f i n d in g  in  a l l  o f  them the u s u a l  c o n f ig u r a ­

t io n  o f  18  b i v a l e n t s  i n f e e t ^ h a s e  I .  T h is  author  o b se r v e d  th a t  

aaong the 18  chromosomes th r e e  were r in g - s h a p e d ,  w h ile  the remain  

i n g  had the shÊ ?® o f  a s t i c k ,  and aiiong the e i g h t  b i v a l e n t s ,  two 

were l o n g ,  f o u r  o f  average  l e n g t h  and the  rem ain in g  sh ort#  I t  i s  

i n t e r e s t i n g  to p o i n t  o u t  t h a t  o c c a s i o n a l l y  t h i s  a u th o r  ob serv ed  

a l s o  one o r  two q u a d r iv a le n t s ,  a lth o u g h  th e  fr e q u e n c y  o f  o c c u r ­

ren ce  o f  t h i s  c o n f ig u r a t io n  was lo w  and the number o f  ch ia a n a s  

p e r  c e l l  was about 28 i n  a l l  the s p e c i e s  examined.



5 . 2m A n a ly s i s  o f  the caryptype

A n a ly s i s  o f  the ca ry o ty p e  i n c l u d e s  the stu d y  o f  the num'ber, 

s i z e  and m orphology o f  chromosomes. T o ta l  l e n g t h  o f  the r a t i o  

o f  arms o f  the chromosomes are u s e f u l  i n  s y s t e m a t ic  and p h y to -  

g e n e t i c  r e s e a r c h e s .  A cco rd in g  to JAUHAR ( 1 9 8 1 ) ,  L e v i s t s i k i i  and 

A vdulov were the  p io n e e r s  i n  the u se  o f  c y t o l o g t c a l  d a ta  as a 

h e lp  i n  the s tu d y  o f  taxonom ic and p h y l l o g e n e t i c  s t u d i e s  between  

p l a n t  s p e c i e s  and g e n e ra .  A lthough the "basic number, s i z e  and 

m oip h o lo g y  o f  the chromosomes can in  f a c t  be u t i l i z e d  i n  taxo­

nom ic c l a s s i f i c a t i o n  (GOKSTA?JOE, 1 9 5 7 ) ,  th e s e  p a r ^ e t e r s  cou ld  

be s u b s id ia r y  to  m o r p h o lo g ic a l  c h a r a c te r s  i n  any taxonom ic study. 

M odem  c y t o l o g i c a l  t e c h n iq u e s ,  l i k i n g  ban d in g  o f  chromosomes 

w ith  Griemsa (VOSa , 1973)?  and m od e ls  o f  h e te r o c h r o m a tin  co lo u re d  

w ith  f lu o r o c h r o m e s ,  l i k e  G hinacrln e  m u stard  (VDSa , 1 9 7 0 ) ,  csn  

f u r n i s h  in fo r m a t io n  o f  p h y l l o g e n e t i c  v a lu e .

As r e g a r d s  caryom orphology, th e  chromosomes are g e n e r a l ly  

m easured  in  m etsp h ase  a f t e r  p r e - t r e a t m e n t s  (ONG, 1 980 ;  RM'S'R, 

1 9 3 5 ) ;  PADDOCK, 1 9 4 3 ) .  main d isa d v a n ta g e  i n h e r e n t  i n  th e se

s t u d i e s  i s  t h a t  the m agnitude o f  e r r o r  in  the m easurem ents o f  

c o n t r a c t e d  chromosomes i s  h ig h .  S n a il  s i g n i f i c a n t  d i f f e r e n c e s  

between chromosomes o f  a s p e c i e s ,  o f  i n t r e - s p e c i f i c  c a te g o r y  o r  

o f  d i f f e r e n t  s p e d i e s ,  ca n n o t  be r e s o lv e d  a c c u r a t e ly .  However, 

c a r y o m o r p h o lo g ic a l  s t u d i e s  can be c a r r ie d  o u t  more p r e c i s e l y  

in  chromosomes in  the p a ch y ten e  s ta g e  in  r a te  o f  lo w  chromosome 

numbe r .

The genus H evea i s  a homogeneous c o l l e c t i o n  o f  s p e c i e s  wit] 

number o f  chromosomes 2n -  3^) and 3E ^ 9 .  ONG ( 1 9 7 5 ) ,  through  

the a n a l y s i s  o f  the caryo ty p e  o f  seven  s p e c i e s  o f  the genus,



s u g g e s t s  t h a t  the  ^ e c i e s  d iv e r g e  "between th e m s e lv e s  w ith  r e s ­

p e c t  to  c a iy o m o i^ h o lo g y . J u d g in g  'fary the c r i t e r i o n  o f  asymmetry 

o f  chromosomes, the  s p e c i e s  H. h r a s i l i e n s i s  seemed to  be more 

e v o lv e d ,  w h ile  H. G u ia n e n s is  was found to  be more p r i m i t i v e .  

A cco rd in g  to  OTTCj  ( 1 9 8 0 ) ,  o u t  o f  a l l  the seven  s p e c i e s  s t u d ie d ,

H. b r a s i l i e n s i s  was found to  be w ith  l e a s t  number o f  m e t a c e n t r ic  

chromosomes (1 0 )  w h ile  the b i g g e s t  number was found in  H. 

g u i a n e n s i s  ( 1 6 ) .  A ccord in g  to  Chart 2, th« o r d e r  o f  e v o lu t io n  

o f  the o t h e r  s p e c i e s  i s  as f o l lo w s ;  H, b en th a n ia n a  ( 1 1 ) ,  H. 

r i g i d i f o l i a  st.T. 2, ( 1 2 ) ,  H. n i t i d a  (1 4 )  and H. pgtuci-

f l o r a  ( 1 5 ) .  wide d i f f e r e n c e s  i n  asymmetry o f  the  ca ryotyp e

betw een the  se v en  sxHiies o f  H evea su p p o r t  the a f f i i r a a t io n t h a t  

th e y  are in  f a c t  d i s t i n c t  s p e c i e s .

Chart 2. Pe.yree o f  as.ymmetry between seven  s p e c i e s  o f  Hevea

S p e c ie s H. H.
b r a s i -  benthar- 
l i o n c i s  mi an a

H.
r i g i d i -  
f o l i  a

H.
sp re— 
ce ana

H. H.
n i t i d a  p a u c i— 

f l o r a

H.
g u ia -  
nen s i s

R atio  o f  l e n g t h  
o f  the l o n g e s t  
and s h o r t e s t  
p a i r  o f  
chromo some

1 . 9 4 l , 8 l 1 .8 8 2 .0 0 1 .8 9 1 .8 8 1 .9 4

Number o f  m eta -  
cen t r i e 10 11 1 2 1 2 14 1 5 16

Number o f  su tm e ta -  
c e n t r i c  7 11 3 2 2 2 1

Number o f  aero— 
cen t r i e 1 1 2 2 1 1 1

P r e se n c e -  o f  
s a t e l l i  te Y es T es - - Yes Y es -

Source ;ONG( 1980)



'i!he c o n c lu s i o n s  o f  the  stu d y  o f  m oi^ h ology  o f  the  caryotype, 

f i r s t l y  con d u cted  tfy 'RMA'S'R (1 9 3 5 )  and l a t e r  con firm ed  t y  BOUHAB- 

MONT ( I 9  60) and ONG (1 9 7 5 ,  1980) are t h a t  th e  genus Hevea i s  a 

s e ^ e n t a l  a l l o p o l y p l o i d  w ith  b a s i c  numher o f  chromosome o f  X -  9 

i n s t e a d  o f  n -  l 8 . Ihe e x p la n a t io n  f o r  t h i s  f a c t  i s  the e x i s t e n c e  

o f  h ig  s i m i l a r i t i e s  between the d i f f e r e n t  p a i r s  o f  chrom osom e^n  

the  c a r y o t y p e s ,  su g e 'e s t in g  d u p l i c a t io n  o f  p a i r s  o f  chromosomes. 

A cco rd in g  to  OKG ( 1 9 8 0 ) ,  th e s e  d u p l i c a t i o n s  o f  p a i r s  o f  chromo­

som es would be e3Epected i f  the genus was o f  a l l o p o l y p l o i d  o r i g i n .  

B e s id e s ,  the lo w  v a le n c y  o f  m u l t i v a l e n t s ,  o b se r v e d  in  the  r e s e a r c t  

e s  con d u cted  OKG ( 1 9 7 5 ) ,  s u g g e s t s  t h a t  the genus H evea i s  a 

s e g a e n t a l  ^ l o p o l y p l o i d .

Ihe f a c t  t h a t  a l a r g e  number o f  s p e c i e s  o f  e x i s t i n g  p l a n t s ,  

i n c l u d i n g  H evea among o t h e r s  o f  ou r  c u l t i v a t e d  p l a n t s ,  are a l l o ­

p o l y p l o i d s ,  c l e a r l y  shows th e  im portance  o f  p o ly p lo id y  in  e v o lu ­

t i o n .  A ccord in g  to  ( 1 9 6 4 ) ,  a t  l e ^ s t  a t h i r d  o f  a l l  the

s p e c i e s  o f  a n g io s p e m s  are p o l y p l o i d s ,  b u t i n  soi^e g ro u p s , the  

p e r c e n ta g e  i s  h i ^ e r .

A l l o p o l y p l o i d s  p rob ab ly  a r o se  in  n a tu r e  through the^dupli- 

c a t io n  o f  chromosomes a f t e r  i n t e r s p e c i f i c  c r o s s i n g s ,  d u p l i c a t io n  

o c c u r s  n a t u r a l l y  in  e x p e r im e n ta l  h y b r id s  between s p e c i e s .  2he f r e ­

quency o f  d u p l i c a t e d  s e c t o r s  i s  lo w , b u t  i t  can be i n c r e e s e d  by 

v a r io u s  a g e n t s .  Ihe r e s x i l t  i s  as  i f  the z y g o t i c  number o f  the  

two s p e c i e s  was combined i n  a s i n g l e  i n d i v i d u a l .  These are known 

as E iQ phipolyplo ids o r  a n p h id ip lo id s  i f  both  the p a r e n t a l  s p e c i e s  

are d i p l o i d s (  BJHNHAW, 1 9 6 4 ) .

6. + H gplo idy

I t  was B ergn er , i n l 9 2 1 ,  who d i s c o v e r e d  t h e f i r s t  h 8?)lo id  

i n  h i ^ e r  p l a n t s  (BLAKESLEB e t  a l . ,  1 9 2 2 ) ,  and t h r e e  y e a r s  l a t e r



E L ak eslee  and B e l l i n g  (CHASE, 19 69) made the f i r s t  s u g g e s t io n  fo :  

the  u s e  o f  th e s e  p l a n t s  in  g e n e t i c  imprc^ement, and th e r e  e x i s t  

a t  p r e s e n t  a s e r i e s  o f  t h e o r e t i c a l  p o s s i b i l i t i e s  o f  i t s  u se  

sug;?-ested l?y RIT2CH & WENZEL ( 1 9 7 7 ) .  A ccord in g  to  SEARS (19 3 9 ) ,  

i n  the  f i e l d  o f  c y t o g e n e t i c s ,  h a l o i d  p l a n t s  are im p o r ta n t  as 

"basic m a t e r i a l s  in  the p r o d u c t io n  o f  monosomic s e r i e s ,  which have 

im p o r ta n t  a p p l i c a t i o R S  i n  c y t o g e n e t i c s  and i n  the im provem ent o f  

p l a n t s .  In  im provem ent, due to l i ie  non e x i s t e n c e  o f  dominance in  

h a l o i d s ,  th ey  can be u t i l i z e d  v d th  g r e a t  s u c c e s s ,  c o n s id e r in g  

t h a t  the  pjienotype o f  th e s e  p l a n t s  f a i t h f u l l y  r e f l e c t  the geno­

ty p e  o f  the sane ( aBEL, 1 9 5 5 ) .  JAUHAE (19^1) e m p h a s ise s  th a t  

h a p l o id s  cen he u t i l i z e d  i n  v a r io u s  a r e a s  o f  r e s e a r c h ,  such as  i • 

s t u d i e s  o f  in d u c e d  m u ta g e n e s i s ,  e f f e c t s  o f  dosage and i n t e r a c t i o i  

o f  gene and a n a l y s i s  o f  g e n ic  bonding , c o n t r ib u t in g  to a c c e le r a t*  

a progranme g e n e t i c  im provem ent.

6 .1 .  H gploidB (S p on tan eou s  d ih a p lo id s )

13ie f i r s t  r e s e a r c h e r  to  ca rry  o u t  c y t o l o g i c a l  s t u d i e s  on 

H evea (H. b r a s i l i e n s i s )  was HBUSSBR (1 9 1 9 )  » i n  Sumatra, who 

o b s e r v e d  t h a t  the  p l a n t  p o s s e s s e d  2n -  1 6  chromosomes. Only 

much l a t e r ,  in  s t u d i e s  con d u cted  by v a r io u s  a u th o r s ,  i tv B S  ob­

s e r v e d  t h a t  the s p e c i e s  o f  K evea t i l l  then s t u d ie d  p o s s e s s e d  

2n -  36 and n -  l 8 .

However, the s t u d i e s  o f  I-EBUSSER (1 9 1 9 )  rem ained f o r  a l o n g  

tim e a s  an i s o l a t e d  exam ple, gcp la in ed  by the u se  o f  c y t o l o g i c  

te c h n iq u e  in a d e q u a te  a t  t h a t  t im e , u n t i l  th e  c a s u a l  d i s c o v e r y  o f  

a h a l o i d  specim en o f  H. p a u c i f l o r a ,  in  1 9 4 7 , by Baldwin J u n io r .  

A ccord in g  to DIJKMAI  ̂ ( 1 9 5 1 ) ,  a f t e r  c o u n t in g  the chromosome, the  

t r e e  o f  ?n ^ l 8  chromoSDmes was aband o ned  and i t  l o s t  i t s  i d e n t i i



w eek s. Two y e a r s  l a t e r ,  i n  M a la y s ia ,  a t te m p ts  were made ty  PRIM, 

i n  1975» f o r  im p r o v in g  the develop m en t o f  th e  em-biyoids o'btained  

from the so m a tic  c o r n s  d r r iv e d  from the a n th e r ,  through  m o d i f i ­

c a t io n  o f  th e  c u l t u r e  medium, a lth o u g h  t h i s  a ttem p t was n o t  

s p c c e s s f u l  (ARiyUAL REPORT, 1 9 7 5 ) .  In  the sane p e r io d ,  PARAKJOTffi 

and GHAKDIMATHI (1 9 7 5 )  r e p o r te d  t h a t  c o r n s  o f  v a r io u s  e x p l s n t s  

were o'btained  and somejof t h e s e  were m a in ta in e d  through  r e p e a te d  

s u b c u l t u r e s .  D i f f e r e n t i a t i o n  o f  em hryoids was o h tp in e d  in  c u l ­

tu r e  o f  corn s  d e r iv e d  from som ^ atic  t i s s u e s  o f  a n th e r ,  and co u ld  

take r o o t ,  a l th o u g h  th ey  d id  n o t  d e v e lo p  i n t o  p l a n t l e t s ,  in  the  

s ^ e  way, w ith  e^qplant c u l tu r e  o f  young Miem o f  H* b r a s i l i e n s i s ,  

WriSON and STREET (1 9 7 5 )  and WILSON e t  a l .  (1 9 7 6 )  o b ta in e d  

s t r u c t u r e s  s i m i l a r  to  em b ryoid s which a l s o  f a i l e d  to  d ev e lo p  in tc  

p i  an t i e  t s .

The f i r s t  work on p l a n t l e t s  o f  H evea from aiither c u l tu r e d  

i n  v i t r o  was r e p o r t e d  i n  1977 (GHEK e t  a l .  1 9 7 7 ) .  Two y e a r s  

l a t e r ,  CHEN e t  a l .  (1979 )  s t u d i e d  the r e l a t i o n  between c o m  

o b t a in e d  from a n th e r  and fo im a tio n jo f  em bryoids from p o l l e n  o f  

H evea . They o b s e r v e d  d i p l o i d  c e l l s  ( 2n ^ 36) i n  8o^ o f  c e l l s  

i n  m e t ^ h a s e  o f  m y o t ic  d i v i s i o n  ^ t e r  20 -  30 days in  c u l tu r e  

medium, w h ile  50 days a f t e r  the i n o c u l a t i o n ,  o n ly  10^ were de-  

p l o i d s  and 69^ were h a l o i d s .  The r e s u l t s  showed t h a t  a f t e r  50 

d ays o f  c u l t u r e  the  corn d e r iv e d  from the w a l l s  o f  a n th e r s  was 

d e g e n e r a t in g  i t s e l f ,  w h ile  the h a l o i d  t i s s u e  o f  the m icro sp ore  

was d i v i d i n g  n a t u r a l l y .

S u bseq uent s t u d i e s  o f  r e d u c t io n  o f  p l o i d y  o f  c u l t u r e  m edia  

and deve lop m en t o f  m ic r o s t o r e s  i n t o  em bryoids i n  the  p r o c e s s  o f  

c u l t u r e  o f  a n th e r  were con d u cted  system aticsC Lly (CHEN e t  I 983 

OHEN e t  a l .  1 9 8 l a ) .  A ccord in g  to GHE1^(1983)? hundreds o f  p l a n t -

i



L& ter, Baldwin J t in io r  r e tu r n e d  to  th e  o ld  p la c e  o^ the  t r e e  and 

c o l l e c t e d  s e e d s  o f  ttie p la c e  with, the o b j e c t  o f  maicing new 

v e r i f i c a t i o n s  o f  chrom osom |s in  the s e e d l i n g s  p o s s i b l y  o r ig i n a t e d  

from i t .  These s e e d l i n g s ,  how ever, showed 2n -  36 chromo some e ,  I  

was n o t  possitGLe to  c o l l e c t  new sam p les  i n  the p l a c e  and in  t h i s  

way the d i s c o v e r y  rem ained a t  the m arg in . However, th e  f a c t  

t h a t  the tr e e  i n  q u e s t io n  had a number o f  c h a r a c t e r s  s i m i l a r  to  

th o se  found i n  H. b r a s i l i e n s i s  . and t h a t  i t  was v e r i f i e d  l a t e r  

as b e in g  p r o b a b ly  H. p a u c i f l o r a ,  made Baldwin J u n io r  conclu de  

t h a t  H e u s s e r ' s  d i s c o v e r y  o f  2n -  1 6  c o u ld  be r e l a t e d  to an i n d i ­

v id u a l  o f  H. p a u c i f l o r a  c o n fu se d  as  H. b r a s i l i e n s i s .

^ e  chromosome number 2n -  1 8 , a c c o r d in g  to  DIJEWiK (195L) 

i s  c o n s id e r e d  by Baldwin J u n io r  as an e x p r e s s io n  o f  a d i p l o i d  

c o n d i t i o n ,  and groups p o s s e s s i n g  2n -  36 chromosomes would re­

p r e s e n t  an ^ p r o x im a t io n  o f  a t e t r e p l o i d  c o n d i t i o n .

7 .  In d u ced  h a p l o id s

P r o d u c t io n  o f  pure l i n e a g e s  through many g e n e r a t i o n s  o f  

s e l f - f e c u n d a t i o n s  o f  aH ogsm ous p e r e n n ia l  s p e c i e s ,  su ch  as Hevea, 

i s  a lm o st  im p o s s ib le  due to  i t s  lo n g  g e n e r a t io n  c y c l e .  However, 

h o m o z y g o t ic  d i p l o i d  p l a n t s  can be o b ta in e d  by d u p l i c a t io n  o f  the  

ntUBber o f  chromosomes o f  a h a l o i d  p l a n t  o b ta in e d  from p o l l e n  

through  c u l t u r e  o f  an t |jer . By m ean sof t h i s  p r o c e d u r e ,  pure ' l i n ­

e a g e s  o f  d i f f e r e n t  g e n o ty p e s  c o u ld  be o b t a in e d  by p r o v id in g  the  

base f o r  p r o d u c t io n  o f  h y b r id s  o f  H evea e x h i b i t i n g  h e t e r o s i s .

0!he f i r s t  attempt® to  o b ta in  a n th er  c u l t u r e  and p o l l e n  

g r a in s  c u l t u r e  i n  Hevea were made by SATGHTJ ffiAKANTHAVALE & 

IRUGULBaNDARA (1 9 7 2 )  and SATCHUTHANANTHAVAlE (19 73 )  i n  Sr i Lsnka. 

They o b s e r v e d  fom atioJ^of c o r n s  a f t e r  fo u r  v^eeks in  c u l t u r e  medium 

m a in t a in in g  good growth through s i x  s u b c u l t u r e s  in  a p e r io d  o f  s i



l e t s  from p o l l e n  have a lr e a d y  been o b ta in e d  and some have a lrea d y  

been c lo n e d ,  ^ i s  au th or  e m p h a s is e s  t h a t  w ith  the d e f i n i t i o n  

o f  th e  tec h n iq u e  o f  a n th er  c u l t u r e ,  n o im a l ly ,  100 to  150 embr- 

y o i d s  are fo im ed  i n  ev er y  hundred a n th e r s  i n o c u l a t e d .  The f r e ­

quency o f  v ia b le  p l a n t l e t s  from p o l l e n  h a s  been i n c r e e s e d  to  3̂  

(number o f  p l a n t l e t s  from p o l l e n  p e r  100 a n th e r s  i n o c u la t e d )  

(GHBIT e t  a l . , 1 9 8 l b )  b e s i d e s ,  GUO e t  a l .  (1 9 8 2 )  r e c e n t l y  r ep o r ted  

t h a t  two p l a i n t l e t s  were o b t a in e d  froia o v u l e s  ( fe m a le  g a n e te )  

o f  H. b r a s i l i e n s i s ,  n e e d in g ,  how ever, the  s tu d y  o f  d e g r e e  o f  

p l o i d y .

8 .  T ri-p lo idy

T r i p l o i d s ,  i n  a g e n e r a l  way, o c c u r  r a r e ly  gnd s p o n t ^  

n e o u s ly  in  n a t u r e .  The f i r s t  c i t a t i o r j o f  a t r i p l o i d  tr e e  (2n —

3x -  54) was made by BALDWEIT JUTTIOR (1 9 4 7 )  i n  a c lo n e  o f  H, 

g u i a n e n s i s .  Much l a t e r ,  KAZBER and SARASWATHY 3 W IA  (2.03'^), 

i n  I n d i a ,  r e p o r te d  a n oth er  p l a n t  o f  H. b r a s i l i e n s i s  which was a 

t r i p l o i d  o f  sp o n ta n eo u s  o c c u r r e n c e .

In  n a tu r e ,  t r i p l o i d  p l a n t s  can o r i g i n a t e  from c r o s s i n g  b e i  

ween t r i p l o i d  p l a n t s  o r  by f u s io n  o f  fem ale  o v u le  w ith  two male  

n u c l e i  BUHrTHj!jSii(l9 6 4 ) .  However, the m o st  tru e  h y p o t h e s i s  f o r  

sp o n ta n eo u s  t r i p l o i d s  i s  the r e s u l t  o f  f e r t i l i z a t i o n  o f  reduced  

and n o n -r e d u c e d  g a a e t e s ,  a l s o  o b ser v ed  in  o t h e r  s p e c i e s  by 

v a r io u s  r e s e a r c h e r s  (NE\VOX)N and DARLINGOX)K, 19 29) T̂AẐ TBR 1 9 8 0 ,  

1 9 8 1 ) .
( 7^In d u ced  t r i p l o i d s  were o b ta in e d  i n  B r a z i l  by B0AVET7TURA 

and in  I n d ia ,  by SaRASWATHY AMMA e t  a l .  ( 1 9 8 0 ) ,  i n v o l v i n g  c o l c h i  

t e t r £ $ ) lo id  c lo n e s  and d i p l o i d  c lo n e s  s id e  by s id e  in  the f i e l d .  

tn  b o th  the c a s e s ,  c o n s id e r in g  t h a t  the v ig o u r  o f  the  p l a n t  i s  a 

phenomenon o f  h e t e r o s i s ,  the abo ve-m en tion ed  t r i p l o i d s  show



l u x u r i a n t  v ig o u r ,  g r e e n is h  dark c o l o r e t i o n  and t h ic k n e s s  and more 

pron ou n ced  l e a f  v e i n s  than th e  d i p l o i d .

9 .  P o liT o lo id y

A ccord in g  to  WRIGHT ( 1 9 7 6 ) ,  p o l y p l o i d s  can "be su b d iv id e d  i n t c  

a n t o p o ly p lo id s  i f  th e  whole s e t  o f  chromosomes are d e r iv e d  from the 

s a 3ie p a r e n t a l  s p e c i e s ,  o r  a l l o p o l y p l o i d  i f  th e  viiiole t h i n g  o r i ^ -  

n a t e d  from d i f f e r e n t  p a r e n t a l  s p e c i e s .  I n  a t y p i c a l  au to te trar-  

p l o i d  th ere  e x i s t  groups o f  hom ologous chromosomes, w h i le  i n  a 

t y p i c a l  ^ l o t e t r ^ l o i d  chromosomes are q u i t e  d i f f e r e n t  from the  

s p e c i e s  which show two groups o f  chromosomes.

Many o f  o u r  c u l t i v a t e d  p l a n t s ,  such  as i ^ e a t ,  c a t s ,  c o t t o n ,  

to h a c c o ,  p o t a t o ,  p e a n u t ,  a l f a l f a  and K e p ie r  g r a s s  show s u c c e s ^ n  

p o l i p o l o d y .  Thfiir p a r e n t a l  p r o g e n i t o r s  are a lr e a d y ,  i h  many 

c a s e s ,  e x t i n c t  o r ,  i f  th ey  s t i l l  e x i s t ,  th ey  do n o t  compete w i th  

the s ^ e  (HAHLAK, 1967)*

A lthough the i n i t i a l  e x p e c t a t i o n s  o f  s u c c e s s  o f  p o l y p lo i d y  ae 

a mode o f  impro^/ement o f  p l a n t s  have n o t  turned  o u t  to  "be a reality?  

i t  h a s  co n til" b a ted  i n  some way f o r  the imprcrement o f  o m a n e n t a l  

p l a n t s  and fo d d e r  p l a n t s .  A ccord in g  to  JAUHaR ( 1 9 8 i )  , the a r ea s  

o f  u t i l i t y  in c lu d e  the f o l lo w in g :  (1 )  B reak in g  o f  s t e r i l i t y  

b a r r i e r s ,  f a c i l i t a t i n g  the  t r a n s f e r  o f  genes;  (2 )  A p p l ic a t io n  o f  

s p e c i a l  c r o s s i n g  'tech n iq u es  s i m i l a r  to  the method o f  hE5> lo idy  o f  

c r o s s i n g  o f  d i p l o i d s ;  (3 )  W idening o f  th e  g e n e t i c  v a r i a b i l i t y .

C o n s id e r in g  t h a t  the c o n s t i t u t i o n  o f  the  genome o f  a v e g e t a l  

o r g a n ia n  i s  i n  e q u i l ib r iu m  and the in d u c e d  d ^ l i c a t i o n  o f  chromo­

somes ( E iu to p o lip lo id y )  d i s t u r b s  t h i s  e q u i l ib r iu m  and p ro d u ces  

s t e r i l i t y ,  a t  chromosome l e v e l ,  the main p r o b le m ' i s  the i r r e g u l a r

^T5 BOAVEKTURAjY.M, s . p e r s o n a l  co m m u n ica tion l989 . (C y to lo g y  S ec t io n  
I  AC, C aap inas.



m y o t ic  'behavio'ur which r e s u l t s  i n  -unhalEfficed and s t e r i l e  g a n e te s .  

I n  the  c a se  o f  th e  genus H evea spp. the e x i s t e n c e  o f  s t u d i e s  in  

t h i s  d i r e c t i o n  i n  a u t o p o l i p l o i d  c lo n e s  h a s  been p r a c t i c a l l y  n i l .  

9 . 1 -  I n d u c t io n  o f  poliK ploidy

The i n t e r e s t  o f  p o l y p lo i d y  in  p l a n t s  was i n i t i a l l y  ^^ven i n ­

c e n t i v e  i n  1 9 2 7  when c o l c h i c i n e ,  a drug e x t r a c t e d  from Colchicum  

autunm ale, showed th a t  i t  i n h i b i t e d  the  fo im a t io n  o f  c e l l u l a r  

s p i n d l e s  and a c te d  in  the d i v i s i o n  o f  cen trom ere i n  p l a n t  c e l l s .  

^>ince then r e s e a r c h e r s  have m^e v a i l o u s  a t te m p ts  to  o b ta in  new, 

s u p e r i o r  c ro p s  Ipy u t i l i z i n g  t h i s  t e c h n iq u e ,  c o n s id e r in g  th e  f a c t  

t h a t  p o l i - p lo id s  p o s s e s s  b ig g e r  c e l l s  in  r e l a t i o n  to  d i p l o i d s  and 

can produce a g r o n o m ic a l ly  s u p e r io r  p l a n t s  and f r u i t s ,

2!he in d u c t io n  o f  p o l y p l o i d  c lo n e s  in  H evea was f i r s t  repor1> 

ed by ‘̂ord  in  S r i  Lanka (Rubber R esearch  Board o f  C ey lon , 1 9 4 2 ) ,  

w it h o u t  s u c c e s s .  R e se a rc h e s  i n  t h i s  d irec t io n fw ere  con d u cted  by 

MBNDBS and MBKDES (196 3 )   ̂ i n  B r a z i l ,  SHBPHBHD (1 969 )  in  M a la y s ia  

and MaHCOSE e t  a l .  (1 9 7 4 )  and MAl^OSE (1 9 7 5 )  i n  I n d i a .  The f i r s t  

r e s u l t s  o f  th e s e  r e s e a r c h e s  c r e a t e d  g r e a t  i n t e r e s t  due to  the  

i n c r e a s e  o f  v ig o u r  o f  the p l a n t s  r e s u l t i n g  from t h i s  p r o c e s s .

I n  l i r a z i l ,  MEKDBS and MEHDES (196 3 )  were the f i r s t  r e s e a r ­

c h e r s  to  o b ser v e  t h a t  "by u t i l i z i n g  c o n c e n tr a t io n  o f  0 . 2  to  0 . 4̂  

o f  c o l c h i c i n e  s o l u t i o n  i t  would be p o s s i b l e  to  in d u c e  d u p l ic a t io n  

o f  36 to  78 chromosomes i n  c e l l s  o f  new p l a n t s ,  and t h a t  the  

in d u c e d  p l a n t s  had "bigger s to m a ta  i n  l e s s e r  number and ^ ov /ed  d i ­

f f e r e n c e s  i n  l e a f  m orphology and i n  the stem , v/hen compared w ith  

norm al p l a n t s  o f  H. b r a s i l i e n s i s .  In  p r o d u c t io n  m in i  t e s t ,  p l a n t s  

w ith  age l e s s  than one y e a r  showed an i n c r e a s e  o f  around 320?  ̂ in  

p r o d u d t io n  (MBnDBS, 197L; PIKITEHO e t  a l . ,  1 9 8 0 ) .  However, the 

p l a n t s  showed m ix o p lo id y ;  t r y i n g  to  m in im ise  the problem  MORASS



( 1 9 8 2 ) h a s  been c a r r y in g  o u t  a ttem p ts  f o r  the r e f i n i n g  o f  t ie  

me thod .

L a t e r ,  SHEPHBHD ( 1 9 6 9 ) ,  i n  P ran g  B esa r , in  M a la y s ia ,  t r i e d  

to  in t r o d u c e  p o l y p l o i d i z a t i o n  i n  s e e d s  and Imds o f  H. b r a s i l i e n s i i  

He o b s e r v e d  i n  the  in d u ced  m a t e r i a l s  t h i c k e r  l e a v e s  o f  dark green  

c o l o r a t i o n ,  b i g g e r  s to m a ta - in  s m a l le r  number p e r  f o l i a r  area . I t  

was o b s e r v e d ,  a l s o ,  t h a t  the baxk o f  the  t r e e s  were l i i i c k e r  than 

th o se  o f  noiroal d i p l o i d s .  L a s t l y ,  i t  was o b ser v ed  t h a t  the 

p u t a t i v e  p o l y p l o i d s  had a number o f  u n d e s ir a b le  c h a r a c t e r s ,  vthioh 

r e s t r i c t e d  t h e i r  u se  in  com m ercial p l a n t a t i o n .

R e c e n t ly ,  G-ONpALWS e t  a l ,  ( 1 9 8 2 ) ,  through in d u c t io n  and 

in v e s t i g a t io r ^ o f  h y b r id  p o l y p o l i d  c lo n e s  o f  H, b e n th a n ia n a  x  H. 

b r a s i l i e n s i s ,  o b se r v e d  a h ig h  d egree  o f  m ix o p lo id y  i n  the p o ly ­

p l o i d s  o b t s in e d .  M o r p h o l o g ic s l l y , the p o l y p l o i d  c l o n e s  d i f f e r e d  

from d i p l o i d  c l o n e s  i n  l e s s e r  h e i ^ t ,  l e s s e r  r a t i o  o f  l e n g t h  and 

w id th  o f  stomatum , b ig g e r  p e t i o l e  and b ig g e r  stomatum. Ghromasomi 

o f  the l e a v e s  o f  the  f i v e  d i f f e r e n t  c lo n e s  and p o l y p l o i d s  i n c lu d ­

i n g  d i p l o i d ,  were cou n ted  w ith  the o b j e c t  o f  d e ter m in in g  the  

d e g r ee  c f p l o i d y .  Met£5)h a ses  o f  the c e l l s  were s t u d ie d .  The c e l l s  

o f  the l e a v e s  in  a l l  the b ran ch es  r e v e a le d  a c o n s id e r a b le  v a rd a t i(  

in  the number o f  chromosomes (C h art 3) j w ith  the m a jo r ity te f  the pi 

c e l l s  p o s s e s s i n g  36 to 7 2  chromosomes. GHETT e t  s i .  (19 8 2 ) a l s o  obse;  

ed  a c o n s id e r a b le  v a r x a t lo n  i n  the number o f  chromosomes in  the  

m etaphase  o f  c e l l s  o f  the l e a v e s  o f  h g j j lo id  p l a n t l e t s .  a posaitiLf 

e x p la n a t io n  f o r  the  c a se  o f  m ix o p lo id y  i s  t h a t  i n  th e^ n d u ctio n  o f  

p o l y p l o i d y ,  the m er a sto m a tic  t i s s u e  i s  composed o f  two l a y e r s ,  om 

e x t e i n a l  and th e  o t h e r  i n t e r n a l ,  w ith  the c e l l s  i n  d i v i s i o n .  

A ccord in g  to  WKtGHT ( 1 9 7 6 ) ,  g e n e r a l ly  i t  i s  d i f f i c u l t  to  o b ta in  

such  a c o n c e n tr a t io n  which c a u s e s  the  d i f f u s io n jo f  the  s o l u t i o n



o f  c o l c h i c i n e  i n t o  the i n t e r i o r  o f  the m e r is t e m a t ic  c e l l s ,  in  

a l l  t h ^ c e l l s  o r  in  h o th  the l a y e r s .  I n  H evea, ir ^ p a r t ic u la r ,  

a c c o r d in g  to  MaHEOSE (1 9 7 5 )»  the  a b s o r p t io n  and f l i f f u s i o n  o f  the 

c o l c h i c i n e  s o l u t i o n  in  the i n t e r i o r  l a y e r  i s  im p ro h a h ie , and con­

s e q u e n t ly  o n ly  the^outer c e l l s  are a f f e c t e d .

Even c o n s id e r in g  the l i t t l e  em p h asis  g iv en  to  p o l y p l o i d i z a  

t i o n  o f  Hevea t y  l*esearch c e n t r e s  and th e  l i m i t e d  p r o g r e s s  o f  

p o l y p l o i d s  in  H evea, SaNOX)S e t  a l .  (19^7) i n  B ^ a ,  ONG e t  a l .  

(1 9 8 4 )  i n  M a la y s ia  and ZHOZHOKGYU e t  (19 82 )  i n  C3iina, 

r e p o r t e d  p r e l im iia r y  r e s u l t s  o f  13ie e x p e i lm e n t  ir (p rod u ction  o f  

B r a z i l i a n  ( lA C ), Malayan(RHIM) and CJhinese (HK) p o l y p l o i d  c lo n e s  

c le a -< r ly  d e m o n s tr a t in g  the p o s s i l a i l i t y  o f  o h t a in in g  new rubber  

p l a n t  c lo n e s  ca p a b le  o f  b e in g  more p r o d u c t iv e  than the m other  

p l a n t s  w hich a f t e r  b e in g  p o l y p l o i d i z e d  g iv e  u s e  to  the s a id  p o ly  

p l o i d s .

Chart 3* Number o f  chromosomes i n  the m e t ^ h a s e  o f  young l e a f  

c e l l s  t r e a t e d  v d th  c o l c h i c i n e  i n  f i v e  p o l y p l o i d  c lo n e s

o f  H evea

C lones
K easurem ent  
o f  h e i g h t  

o f  p l a n t s
Ko- o f  

l e a v e s
N o .o f Ghromo some covui t
me t ^ l i a s e s 35-54 5 5 -72

IAN 717 1 .2 0 1 5 * 42 40 2

PSOl 0 .8 1 8 45 6 39

p a o 2 0 . 9 2 10 23 5 1 8

P 903 0 . 7 5 1 2 33 5 28

P S04 0 .8 6 6 22 4 1 8

PS05 0 . 9 3 2 20 7 1 3

S o u r c e : GONSALVES ( I 982) .



9« 2 Hevea: a n a t u r a l  a llo T )o ly t) lo id

The f i r s t  in f o im a t io n  t h a t  Hevea i s  a n a t u r a l  a l l o p o l y p l o i d  

was made tor PERRY (1943) who d e term in ed  th e  number o f  chromosomes 

o f  109 s p e c i e s  and v a r i e t i e s  d i s t r i b u t e d  among a to ta l  o f  22 

g e n e ra  EuiDhorbiaceae f a n i l y .  H is  s tu d y  showed t h a t  th e  b a s ic  

ntunbers o f  chromosomes (ij) f o r  the fa m i ly  v/ere 6, 7 ,  8 ,  9 ,  10 

and 1 1 ,  On the b a s i s  o f  th e se  resu lfe  t h i s  au th or  co n c lu d ed  t h a t  

any member o f  the  f s c i i l y  w hich p o s s e s s e d  nijmber o f  chromosomes 

g r e a t e r  than th e s e  b a s i c  numbers would p r o b a b ly  3ae an a l lo p o l y ­

p l o i d  . In  t h i s  way, the g en u s  Hevea w ith  n -  l 8  h a s  as b a s ic  

number x  s  9 chromosomes.

L a t e r ,  BALDVHN JUIOiOR (1 9 4 7 )  co n c lu d ed  t h a t  Havea was an 

a l l o p o l y p l o i d  p r o b a b ly  o r i g i n a t i n g  from c r o s s i n g  between two 

p r i m i t i v e  s p e c i e s  o f  b a s i c  n-umber x  -  9 .  i i l th ou gh  the  a-enus 

Havea i s  q u i t e  d i s t i n c t  in  the  fa m i ly  B u p h o rb ia cese , i t  i s  

a c c e p te d  t h a t  i t  i s  very  c l o s e  to  o t h e r  '■enera o f  the  sane fa a i i ly  

c o n f in e d  to th e  Amazon r e ^ o n .  Jtoong t h e s e  s ta n d s  oi:it the  genus  

M icra n d ra , w ith  1 3  Icnown s p e c i e s ,  o u t  o f  which M, m in o r  i s  b e in g  

tapp ed  as  a ru b b erep ro d u c in g  p l a n t  (WGHBRLSY, 1 9 7 7 ) .  d i s t r i ­

b u t io n  o f  t h i s  gen u s  i s  g r e a t e r  than t h a t  o f  Hevea.

However, s y s t e m a t i c  v e r i f i c a t i o n s  on the p o s ^ b i l i t y  o f  

t h i s  genus b e in g  a l l o p o l y p l o i d  were carr ied fo u t by BOITHAIMONT (196( 

who through  cy t o l o g i c a l  s tu d y  o f  H,. b r a s i l i e n s i s  p o i n t e d  o u t  

a c e r t a i n  'degree o f  a f f i n i t y  e x i s t i n g  between the p a i r s  o f  

b i v a l e n t  chromosomes. C o n fir m a tio n s  o f  the  s t u d i e s  made ty  

Bouharmont were o b t a in e d  some time l a t e r  by ONG- (198 0 ) t h r o u ^  

the fo rm a tio n  o f  m u l t i v a l e n t s ,  e s p e c i a l l y  g u a d r iv a le n t s ,  which  

o c c u r r e d  w ith  g r e a t e r  fr e q u e n c y  in  the s p e c i e s  s t u d ie d .  Based 

on t h i s  e v id e n c e ,  t h a t  i s ,  on the p r e s e n c e  o f  q u a d r iv a le n c e ,  the



e x i s t e n c e  o f  a g r e a t  s i m i l a r i t y  was o b se r v e d  between p a i r s  o f  

t o v a l o n t s  and same n-umber o f  s a t e l l i t e s  and from t h i s  Ong con­

c lu d e d  t h a t  Hi- b r a s i l i e n s i s  i s  an a l l o p o l y p l o i d .  T his i d e a  i s  

once again  s t r e n g th e n e d  by the f e e t  t h a t  many r e s e a r c h e r s ,  s in c e  

a lo n g  t im e , p p in e  t h a t  the b a s i c  number o f  x  -  9 i s  c o n s id e r e d  

q u i t e  h i ^  f o r  th e  genus v^hich b e lo n g s  to the fa m ily  B u p h orib iace i  

(RiaiABH, 1935; PERRY, 1 9 4 3 ) .

1 0 .  C o n c lu s io n s

1 .  The s p e c i a t i o n  o f  Hevea , in  accordance w ith  e c o l o g i c a l  

a d a p t a t io n ,  c o n s i s t s  in  the s h o r t  range o f  the f l i g h t s  o f  p o l l i n a '  

i n g  i n s e c t s  (m o s q u ito e s  and sm a ll  H i e s )  and the l a c k  o f  synchronj  

o f  f lo w e r in g  betv/een some o f  the s p e c i e s  and r a r e ly  e ,^ n  v d th in  

the same s p e c i e s .

2. There e x i s t s  an a n p l i tu d e  o f  f e r t i l i t y  in  the d i f f e r e n t  

g e n o ty p e s  o f  Hevea. Pew c lo n e s  are r e a l l y  s t e r i l e ,  w hether  s e l f ­

p o l l i n a t e d  o r  c r o s s - p o l l i n a t e d .  Some are o n ly  a u t o s t e r i l e .  Puta^'^ 

t i y e  male s t e r i l i t y  i s  p r o b a b ly  com plete  s t e r i l i t y .

3. H y b r id iz a t io n s  and i n t r o g r e s s i o n  o c c u r  f r e q u e n t l y .  Experi­

m en ta l  c r o s s i n g s  show absence o f  g e n e t i c  b a r r ie r .  The area  o f  

g e o g r a p h ic  d i s t r i b u t i o n  o f  ^ach s p e c i e s  o v e r la p s  w ith  -Hie o t h e r s  

and p u t a t i v e  h y b r id s  o c cu r  n a t u r a l l y ,  r e p r e s e n t in g  th e  m ajor p a r t  

o f  the co m b in a t io n s  o f  the more common s p e c i e s  o f  H evea.

4. The a n a l y s i s  o f  the ca ry o ty p e  o f  seven  s p e c i e s  o f  the genus

H evea showed d iv e r g e n c e s  between th e m se lv e s  w ith  reg a rd  to the

m orphology  o f  the  chromosomes,

• 5. Jud^ |i:g  by the c r i t e r i o n  o f  asyimnetry, the s p e c i e s  PI.

b r a s i l i e n s i s  seem s to be the m ost e v o lv e d  and H. g u ia n e n e i s  the

m o st  p r i m i t i v e .  Out o f  a l l  the seven  s p e c i e s  s t u d ie d  by 0NG(1980)

H. b r a s i l i e n s i s  was found to  p o s s e s s  the l e a s t  number o f  m etacen t-



c e n t r i c  chromosomes ( 1 0 ) ,  v/hxle H* g u i a n e n s i s ,  the h i g h e s t  n m h e 3

6. D e t a i l e d  a n a l y s i s  o f  the ca ry o ty p e  su p p o r ts  the c o n te n t io n  

t h a t t h e  genus H evea i s  an a l l o p o l y p l o i d  w ith  b a s ic  nijm'ber o f  

chromosomes 9 i n s t e a d  o f  I 8 , i n  r e l a t i o n  to the d u p l i c a t io n  o f  

p a i r s  o f  chromosomes, o b s e r v e d  in  s p e c i e s  o f  p o l y p l o i d  o r ig in *

7. Por many a u th o rs  th e  m y o t ic  b e h a v io u r  was norm al in  the  

c l o n e s  o f  H. b r a s i l i e n s i s  s t u d i e d .  Few "oere the a n o m a lie s  observe  

e d ,  andlthese i r r e g u l a r i t i e s  showed l i t t l e  e f f e c t  on the f e r t i l i t y  

o f  th e  c lo n e s ,

8.  (% rtological i n v e s t i g a t i o n s  r e v e a le d  a h ig h  in c id e n c e  o f  

m ix o p lo id y  in  the  f o l i a r  t i s s u e  o f  a r t i f i c i a l l y  in d u c e d  p o ly p lo i (  

c l o n e s .
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a u th o rs  axe g r a t e f u l  to  t h e i r  c o l l e a g u e  Yone M .S. Boa- 

v e n tu r a ,  S c i e n t i f i c  R e se a rc h e r  o f  the c y to lo g y  S e c t io n  o f  th e  

A gronom ical I n s t i t u t e ,  f o r  th e  c r i t i c a l  comments and s u g g e s t io n s  

g iv e n  d u r in g  th e  co u rse  o f  c o n d u c t in g  t h i s  r e s e a r c h .

B L blio f;raphic  R e fe r e n c e s  

ABEL, B. B ine  bethode zur e r h a l t u n g  von homozygoten c h l o r o p h y l l -  

m u ta te n , K a tu r w iss ,  42 : 372-373? 1 9 5 5 .

ALBUQUBRQUB, J.M. S e ^ e n t  o f  ^otan y . In^ % ) e c ia l i z a t io n  course  

i n  H e v e ic u l t u r e , 3 , Belem, 1978 Belem, FCAP. p . 1 - 8 .

ANNUAL RBPORT. K a u la  Lumpur, Rubber R esea rch  I n s t i t e t e  o f  

M a la y s ia ,  1 9 7 5 .  300p,

BaLDiUCCN j u n i o r ,  T. Hevea, a f i r s t  i n t e i p r e t a t i o n  -  Jou rn a l o f  

H e r id i t y ,  London, 38: 5 4 -6 4 ,  1 9 4 7 .

BiMG-HAP/I, W.N. Chromosomes o f  some i iev ea  s p e c i e s .  J o u m s l  o f  

Arnold Arboretum, 1 2 : 2 8 7 ,  1931«



HLAKESliB, A. S . ,  BELLING, J .  ; FAW KM , K ,E , & BBRaNBR, A*T).

A h a l o i d  m utant i n  the Jtimson weed, D atu ra  stramoni-um 

S c ie n c e ,  W ashington, 55: 6 4 6 -6 4 7 , 19 22*

BOUHAHViONT, J .  Taxonomic and c a r y o lo g ic  r e s e a r c h e s  on some 

s p e c i e s  o t  -Hie genus Kevea. B e lg ia n  Congo, INEAC, I 9  60 , 64p.

( S c i e n t i f i c  S e r i e s ,  8 5 ) .

BOtJYGHOU, J .G . ELology o f  H evea. G eneral Review o f  Rubbers and 

P l a s t i c s ,  P a r i s ,  40 : 9 3 3 -1 0 0 1 , 19 69*

BRASIL, S u p er in ten d en ce  o f  Rubber. N a t io n a l  Rubbr P la n .  TSie

genus Hevea: D e s c r ip t io n  o f  ^ e c i e s  and g e o g r sp h ic  d i s t r i ­

b u t io n .  Annexure IV . RLo de J a n e ir o ,  SODHEVEa , 1 9 7 1 , 57p. 

BURNHAF'/i, C*R. D i s c u s s io n  i n  O y to g en e t ic s*  M in n e a p o l i s ,  Mimneso 

B u rgess  P u b l i s h i n g ,  1 9 6 4 .  375 pp*

GJ3!('n?ITTAS, Agronom ical I n s t i t u t e .  Rubber Prograaj'iiS : Ajinual 

R eport 1 9 8 8 , Canpxnas, 1989  n . p ,  (O yped).

OSK, M; GHEtu Z, QUIAl'T, C; WAKG, C; m ,  Y & XIAO, Y. I n v e s t i ­

g a t io n  o f  p l o i d y  i n  the p r o c e s s  o f  a n th er  c u l t u r e  o f  Hevati 

B r a s i l i e n s i s  M u e l l .  Arg. S i n i c a  G e n e t ic s  P r o c e e d in g s ,  

B e i j i n g ,  8 :1 6 9 - 1 7 4 ,  1 9 8 1 .

CHASE, S. S, K o n o p lo id s  and m on op lo id  d e r i v a t i v e s  o f  M aize (Z ea  

m a y s L . )  • B o ta n ic a l  Review , Kew Yoifc, 35: 1 1 7 - 1 6 9 ,  1 9 6 9 .  

arSIT, G; CHEK, F; CHIEN, C; WAKG, C: C2HAK G,S; HSU, H, OTT, H:

HO, Y & LU, T. I n t r o d u c t io n  o f  p o l l e n  p l a n t s  o f  Hevea b r a s i l ie n *  

s i s  M u l l .  Arg. In= Symposium on Anther C u ltu r e ,  1 .  B e ij in ,  

1 9 7 7 .  P r o c e e d in g s  B e i j i n g ,  1 9 7 7 .  p .  3 -  8 .

CHEN, Z. Rubber (H e v e a ) .  In :  EVANS, D .A . ; SHARP, W. R . ; AMMIRATO 

P .V . & YAM ADA, Y. Handbook o f  P l a n t  c e l l  C u ltu r e .  New York 

M acm illan , I 983 ,

C5£BN, Z; QUIAH, 0 . ;  QOIN, M; XU, X. & XCAO, Y. Redent advances  

i n  a n th er  c u l tu r e  o f  H evea b r a s i l i e n s i s  (Muiall, A rg*).



T l ie o r e t i c e l  and im p l ie d  G e n e t ic s ,  62: 1 0 3 -1 0 8 ,  1 9 S 2;

CHBK, 2; or AM, C; XQ, X, QIN, M; XIAO, Y; LIN, M .D .2 . ; W ,  S & 

HUAK, N. R ecen t advances inatS ther  c u l t u r e  o f  rubber  t r e e  

and sugarcane* Ann-ual R eport, B e i j i n g ,  I n s t i t u t e  o f  Oene t i  

o f  S i n i c a  Academy, p*103> 1 9 8 l  b.

GHEN, Z; (JTAH, G; O^H, M; WAtIG, G; SUO, C; XEAO, Y & HStJ, H.

R ecen t ad va n ces  i n  a n th er  c u l tu r e  o f  rubber t r e e .  Aniiual 

r e p o r t .  B e i j i n g  I n s t i t u t e  o f  G e n e t ic s  Academia S in ic a ,  

p .8 8 - 9 0 ,  1 9 7 9 .

CHEN, Z; or AN, C, OEK, K; WANG, C; SQO, C; XIAO, Y & XLT, X.

R e la t io n s h ip  between so m a t ic  c e l l s  and m ic r o s p o r e s  in  the  

p r o c e s s  o f  a n th er  c u l t u r e  o f  Hevea b r a s i l i e n s i s  M u ll .  Arg* 

A ct. Bo t .  Bor-O cc. S i n . ,  1 :  3 1 -3 7 , 1 9 8 1 a .

GONAGIN, G.H. T.M. Mi crosp oro  gen s i s  in  n o m a l  and t e t r s 5) l o i d  c io n  

o f  H evea b r a z i l i e n s i s  M u e ll -A r g ,  B r a g a n t ia ,  Gampaninas, 30( 

(2^:: 1 1 - 1 8 , 1971a-

GONAGIN, G.H. T.M. G y t o lo g ic a l  s tu d y  in  c l o n e s ,  Pi)3jimeros, Rio 

de JEineiro, 1 ( 2) :  1 9 -  20, 1971 b .

CONSTANCE, L . P l a n t  t a  xonomy i n  an a ge o f  e x p e r im e n t!  American 

J o u r n a l  o f  B otany, B a lt im o r e ,  44: 8 8 - 9 2 ,  1 9 5 7 .

DWC&IAN, M .J . H evea, t h i r t y  y e a r s  o f  r e s e a r c h  in  f a r  E a s t .  J l o r i d  

U n i v e r s i t y  o f  Misffoi, 1951-329p;;

D\'Ki'IAN, K.K. P r e l i m i n a  d a ta  on s to r a g e  o f  H evea p o l l e n .

A r c h iv e s  v . d. R u b b ercu ltu re :  in  N ed er la n d s  ch. I n d i a  22: 

2 3 9 -2 5 9 , 19 3 8 .

DUVICK, D.N. The u se  c y to p la s m a t ic  male -  s t e r i l i t y  i i j  h ib r i d

s e e d  p r o d u c t io n .  Economic Botany, B a lt im o r e ,  1 3 : 1 6 7 - 1 9 5 ,1 9 5

P errand , K, P h y to te c h n y  o f  ^ v e a  b r a s i l i a n s i s :  B o t a n ic a l  improve^ 

m ent, C u l t i v a t i o n  a id  e x p l o i t a t i o n .  P a r i s ,  G eneblouy. J u l e s  

D u c o la t ,  1 9 4 4 , 435p«



EERVVERDA, P .P . Bx'b'ber. In :  FER'^RDA, P .P . & WIT, P. O u tl in e

o f  p e r e n n ia l  crop ’b r e ed in g  in  the t r o p i c .  Wageningen, H. 

Veenman & Zonen N .V . , 1 9 0 »  4-27p.

►ervations on t h e  f l o r a l  "biology and f r u i t  s e t  

i n  H evea  b r a s i l i e n s i s  M u e l l .  Arg. Rubber Board 'B u l le t in ,  

ICotta yam, I n d i a ,  9 : l 8 - 2 7 »  1967#

GaiES, J . I ,  A n a to n ic a l  s t u d y  o f  the secon d ary  xylQin o f  s p e c i e s  

o f  H evea i n  B r a s i l i a n  Amazon itegion G u r it ib a ,  UH^R, I f 81 

205 P .  T h e s is  ( f o r  p o s t g r a d u a t e ) .

CONCALVBS, P .  de S. P lo r a l  B io lo g y  o f  S e r in g a .  In :  I n t e n s i v e  

Course o f  H e v e ic u l tu r e  f o r  a g r i c u l t u r a l  l e c h n ic ia n s ,  2, 

Manuas, 1 9 7 9 .

CX)NCALVES, P . de S & CARDOSO, M. O r ig in  and d o m o e s t ic a t io n o f  

s e r in g a .  0 Agronomico, C anpinas, 3 9 ( 3 ) :  2 7 7 -2 8 7 , 19871

CONCALVES, P .  de S; PAIVA, J .R . de & SOUZA, R.A. de. R etrosp ec ­

t i v e  and a c t u a l i t y  o f  g e n e t i c  im provem ent o f  rubber . (Hevea  

S p . ) .  In  B r ^ i l  and in  A sian c o u n t r i e s ,  Mansaxs, W BR I^a/  

CRIPSD, 1 9 8 3 . 69 p (docum ent s e r i e s ,  2 ) .

CONCALVBS, P .  de S, VALOIS, A. C. C. &PAIVA, J .R . d e . " Ind uction  

and i n v e s t i g a t i o n  o f  p o l y p lo i d y  i n  IAN 717  ru b b er  tr e e  clon< 

A. p r e l im in a r y  stnidy . P e s q u i s a  Jfcgropecuana B r a s i l e i r a ,  

B r a s i l i a ,  1 8 ( 7 ) :  7 8 9 -7 9 6 ,  19 8 2 .

GRLTN, Gr. S . & CHSK, L. I n d u c t i o n o f  p l a n t l e t  from o v u le

i n  v i t r o  o f  H evea b r a s i l i e n s i s .  H e r e d i t a s ,  Lund, 4 (1 ) :  27-

28 , 19 8 2 .

HAHEAN, J .R . P l a n t  i n t r o d u c t i o n  and b io  system  a t i c s .  I n :  PREY, K .J, 

ed . P l a n t  b r e e d in g .  Symposium h e ld  a t  Iow a  S ta te  U n i v e r s i t y  

P r e s s ,  1 9 6 7 .  430 p .

HBUSSER, C. The r e p r o d u c t iv e  o rg a n s  o f  H evea b r a s i l i e n s i s .  A rchi­

v e s  R u b b ercu ltu re . B a ta v ia ,  3: 455, 1919 .



JAUHAR, P .P .  C y t o g e n e t ic s  o f  P e a r l  M ilZo t;. In :  13AD'̂ s edv

Advances i n  Agronomy, T̂ ew York, 34: 407-4-85, 1 9 8 1 T 

LASER, K.D. & LEHSOETT, F .R . Anatomy and c y t o lo g y  o f  m ic r o -

s p o r o g e n e e is  i n  c y to p la sm ic  male s t e r i l e  angiosperm s . The 

B o t a n ic a l  Review , New York, 35; 4 2 5 -4 5 4 ,  1 9 7 2 .

MAJI3MDAR, S.K, Chromosome s t u d i e s  o f  some s p e c i e s  o f  Hevea.

Jo u rn a l Ru'b'ber R eseerch  I n s t i t u t e  o f  M alaya, K u a la  L'umpar, 

18: 2 6 9 -2 7 5 ,  1 9 6 4 .

BlAJm»iDAR, S.K. M ale s t e r i l e .  C lones i n  H evea " b r a s i l i e n s i s .

Canadian J o u r n a l  o f  B otany, Otawa . 45: 1 4 5 - 1 4 6 ,  19 6 7 .  

MAJUJ^DAR, S.K. P o l l e n  l o n g e v i t y  s t u d i e s  i n  Hevea b r a s i l i e n s i s .

T r a n sa c t io n  K entucky Academy o f  S c i e n c e ,  2 7 :1 6 -1 8 ,  1 9 6 6 “ 

KAHCOSE, V. C. O o lc h y p lo id y  i n  H evea " b r a s i l i e n s i s  (M-uell, A rg.)

RublB? Board B u l l e t i n ,  K o tta y a n ,  1 2 ( 1 ) :  3 - 5 ,  1 9 7 5 .

MAHCOSE, V .C ., SARASWA TFYAC-ffilA, C .K ., SULO C H M m U ,  S. &

BHaSKARAN NAIR, V.K. M u ta tion  and p o l y p lo i d y  b r e e d in g  in  

H evea b r a s i l i e n s i s  M u e l l ,  Arg. In :  SdENOIHG S'XMFOST'Dlvr, 

Cochin, I n d i a ,  19 7 4 . I n t e r n a t i o n a l  Rubber R esearch  and 

D etw lopm ent Board, p .  1 5 1 -1 5 9 .

MEKDES, L ,O .T . P r e l im in a r y  i n v e s t i g a t i o n s  0^ d u p l i c a t io n  o f  th e

number o f  chromosomes in  rubber by th e  a c t io n  o f  c o l c h i c i n e .  

Belera, Agronomic I n s t i t u t e  o f  N o r te ,  1 9 4 6 . 62P. ('i’e c h n ic a l  

B u l l e t i n ,  7) •

MEIJDES, L .O .T . P o ly p lo id i s a t - io n  o f  lu b b e r :  A nev/ t e s t  f o r  d e t e r ­

m in a t io n  o f  the c a p a c i t y  o f  p r o d u c t io n  o f  young ru b b er  p la n i  

P o l im e r o s ,  Rio de J a n e ir o ,  1 : 2 2 - 3 0 ,  1 9 7 1 .

MENDES, L .O .T . & METTDES, A .J .T .  A r t i f i c i a l  p o l y p lo i d y  in  rubber  

B r a g a n t ia ,  Campinas, 2 2 ( 3 ) :  3 8 3 -3 9 2 , 1 9 6 3 .

MCRAES, V.H. P. O rg a n o g en es is  in  ^ i c a l  m e r is t e m ia  o f  the stem



o f  rubljer (Hev^a s p p , ) .  B r a z i l i a n  A g r ic u l t u r a l  R esearch ,  

B r a s i l i a ,  1 7 ( 6 ) :  8 9 3 -8 9 4 ,  1 9 8 2 ,

NA2BBR, M.A. Q y to lo f^  o f  a t r i p l o i d ,  S a n s e v ie r ia .  (Current Scien(  

B a n g a lo r e ,  48: 3 4 -3 5 ,  1 9 8 0 ,

KA2EBR, K .A . T r ip lo id y  i n  H e te r o p te n s  K w t h .  Emend. Gnseb.

Cfurrent S c ie n c e ,  B a n g a lo r e ,  48; 3 4 -3 5 ,  19 8 0 ,

NAZBSR, M.A. & SARASWATHY AMMA, C.K. ^ o n ta n e o u s  t i l p l o i d y  in

Hevea " b r a s i l i e n s i s  ( w i l d  e x .  Adr. de J u ss )  M u e l l ,  Arg. Jou; 

n a l  o f  P l a n t a t i o n  Crops, K a sa ra  god, 1 5 ( 1 ) :  1 - 7 1 ,  1 9 8 7 .'  

N2W0X)N, W.C.P. & DAHLING TON, C.D. M e i o s i s  In  p o l y p l o i d s .  P a r t  3 

T r ip lo id  and p e n t a p l o id  t u l i p s .  J o u r n a l  o f  G e n e t ic s  • 

London, 21; 1 - 1 5 ,  1929*

TflTZGH, W. & WENZEL, G. H s p lo id s  in  p l a n t  b r e e d in g , B e r l in ,

V er la g  P a u l  P a r e y ,  1 9 7 7 .  101 p .  (A dvances i n  P l a n t  Breed­

i n g ,  8 ) .

ONG, S.H. Chromosome m oi^ h ology  ® t the  p a ch y ten e  s ta g e  in  Hevea  

■ b r a s i l i e n s i s .  A p3?elim inary r e p o r t .  I n '  INIERNAOTONAL 

RUBBER CONSERBNGE, K a u la  Lumpur, 1 9 7 5 . P r o c e e d in g s ,  p . 1 -1 9 .  

ONG S,H, Q yto logy  o f  -^^evea. In :  FRDfl. S h o r t  Course in  Plevea 

b reed in g  KTaoala Lumpur, PRIM., 198O, p , l - 2 L .

ONG, S .H . ; IBHAHBi, N . ,  GHANI, M.N.A, & TAN, H, R e s u l t s  o f

EHD;I work on in d u c ed  m u ta t io n  and p o l y p lo i d y  b r e e d in g .  In ;  

COLLOQCXB HEVEA 84. EXPLOITATION PHYSIOLOGIB iff.'lELIORATlON, 

IRRDB-IRGA, M o n t e p e l l i e r ,  1 9 8 4 ,  p .  383, 399»

ORTOLANI, A.A. A g r ic l i im a to lo g y  and rubber c u l t i v a t i o n  In :  E ^ p o -  

sium on rub b er  c u l t i v a t i o n  in t h e  S t a te  o f  Sao P a u lo .  

P i r a c i c a b a ,  1 9 8 6 . C anpinas, CARGILL F oun dation , 198 6 . 

ChE5)ter 2, p .  11-32#



PADDOCE, E. ?. On the  n'um'ber o f  chromosomes in H evea . C!hronica 

B o ta n ic a ,  W althan, M ass , 7; 413r 1 9 4 3 .

FARANJBWiy,K, P h y s io l ib g ic a  1 a s p e c t s  o f  w in t e r in g  f lo w e r  ind uc­

t io n  and f r u i t - s e t  in  Hevea. In :  PRIM H evea b r e e d in g  co'urs? 

K u a la  Liimpur, PRIM, 1 9 8 0 ,  p . 1-17#

PARANJO!IHy, K. & GHANDIMATHI, H. T issu e  and organ c u l t u r e  in  

rubber t r e e .  In :  INSERNAOIGKAL RaBMR CONIIgHBNCES, K aula  

Lumpur, 1 9 7 5 ,  P r o c e e d in g s .  K a u la  Lumpur, 1 9 7 5 , v . 2, p .  59-8-

PERRY, B.A. Chromosome number and p h y l o g e n e t i c  r e l a t i o n s h i p s  i n  ■ 

the  H u p h orb iaceae , American Jou rn a l o f  Botany, B a lt im o re ,  

M d., 30: 527, 19 4 3 .

PIKHBIRO, P. S* V. G e n e t ic  im provem ent o f  lu b b e r .  In :  B r a z i l ia n

E n te r p r is e  o f  A g r ic u l t u r a l  Research/OKPSir/PDAP. S -o ec ia l iza -  

t i o n  cou rse  in  H e v e ic x i ltu r e .  Belem, 1 9 8 1 ,  64p,

PINHBIRO, P .S .  V .; PINKE3PE0, B, & CONGEICAO, H.E.O. E v a lu a t io n  

o f  p o l y p l o i d  c lo n e s  o f  rubber  (H evea s p p .)  o f  the lAC 

SERIES. In :  N a t io n a l  Seminar o f  Rubber, 3» Mandus, 1980 .  

A n a is .  a io  de J a n e ir o ,  SUDHEVKa, I 98O, p .  3 4 9 -3 6 4 .

PIRES, J.M. N o te s  o f  herbarium  Ij^Hevea canargoana n . s ^ . ) ,  Belem, 

E m il io  G o e lo l i  P a re n se  Museum, 1 9 8 1 , l i b  jB o ta n i  c a ,  52 ) .

PIRES, J.M. Review o f  th e  genus Hevea, d e s c r i p t io n  o f  s p e c i e s  

and g e o g r ^ h i o  d i s t r i b u t i o n .  Annual R e p o it  1 9 7 2 ,  Belem, 

I n s t i t u t e  o f  A sr r ic u ltu r a l  R esearch  o f  Norte* B otsn y  pro­

j e c t ,  s i ib -p -ro ject:  r e v ie w  o f  th e  genus Hevea "SUDHEVEa/  

DKPBa/ I P B M . p .  6 -6 6 ,1 9 7 3 .

R#-AER, H. O y to lo g y  in  Ifevea. (re n e t ica ,  The Hagi:ie, 1 7 :1 9 3 -  

235, ,1 9 3 5 .

RAO, A.N. p e r i o d i c  c h a n t s  i n  the  c a n b ia l  a c t i v i t y  o f  He\’e a  

B r a s i l i e n B i e .  J o u r n a l  o f  th e  In d ia n  B o ta n ic a l  Society. 

5 1 :1 3 -2 5 ,  1 9 7 2 .



ROSS, J .K . C3iiN3mosomes o f  H. ’b r a s i l i e n s i s .  P l a n t e r ' s  B e l l e t i n ,

K;aula Lumpur, N o .41: 47, 1 9 5 9 .

EaBEER research BOARD OP GByXOl'T, G!?ylon, S r i  Lanka R e p o tt  o f

the B o ta n ic  a l l  and M ic o lo g i c a l  D epartm ent. I n ; ----- Report

o f  th e  work o f  the Rubber R eseerch  Board i n  1941* S . l .  

Rubber R esearch  o f  G eylon , 19 4 2 . lO p.

SANTOS P .M .,  fiaiBS, A .R .G ., MARQUES, J .  R. B & VIRGEKS HLHO, A. 

de C. Study o f  d i p l o i d  and p o l y p l o i d  c lo n e s  o f  rubber  

i n  Soutfe o f  B ah ia . I ta b u n a ,  GEPLAG/GEP:EG, 1 9 8 7 -1 3 p « ( Techni* 

c a l  B u l l e t i n ,  1 5 4 ) .

SARASWaOHY AMiV'A, S .K .;  MAIKOSE, V. C .; LICY, J: jm m 'A  X,

PAITIKKER, A.O.K. & NAIR, V.X.B. T r ip lo id y  in  Hevea b r a s i ­

l i e n s i s  M u e l l ,  Arg, In :  NATURAL RUBBER CX)N?BHBNCE, ITottayan  

K e r a la ,  I n d i a ,  I 9 6 0 .  Rubber R esearch  I n s t i t u t e  o f  In d ia ,1 9 8 (

SATCtTTTTHANANTHAVALE, R. H evea t i s s u e  c u l t u r e .  Q u a r ter ly  J o u m a l  

Rubber R esearch  I n s t i t u t e  o f  C ey lon , S r i  Lanka, 50: 9 1 - 9 7 ,  

1 9 7 3 .

SATGHUarHANAHOIHAVALE, R. & I^GULBAT^DARA, Z.E. P r o p a g a t io n  o f  

c a l l u s  from Hevea a n th e r s .  Q u arter ly  J o u in a l  Rubber Re­

se a r c h  I n s t i t u t e  o f  C ey lon , Sid Lanka, 4 9 :6 5 -6 8 ,  19 7 2 .

SGHUL35fS, R.B. Wild Hevea: an untg^iped sou rce  o f  geim  p lasm .  

Jo u rn a l Rubber R esearch , Sr i Lanka, 5 4 (1 ) :  2 2 7 -2 5 7 ,1 9 7 7 .

SEBARS, E .R ,  Q y to g e n e t ic  s t u d i e s  w ith  p o l y p l o i d  s p e c i e s  o f  wheat

1 .  Chromosomal a b e r r a t io n s  in  the  p rogen y  o f  a h a l o i d  

o f  T r it icu m  v u lg a r e .  Crenetics B a lH m o re , K d . , 24: 509- 52 3, 

1 9 3 9 .

SEi:®RT, R .J , A s tu d y  o f  H evea i n  the R ep u b lic  o f  P e r u .A n n a ls  

M is s o u r i  o f  the  B o ta n ic a l  Garden, S a in t  Louis,^ 34: 262 -352 ,  

1 9 4 7 .



SHKPHERD, E. I n d u c t io n o i '  p o l y p l o i d  in  H evea b r a s i l x e n s i s .

p r e l im in a r y  o b s e r v a t i o n s  on t r i a l s  con d u cted  a t  Prang  

B esea r  Rubber R eserrcli  S t a t io n .  P la n t u s  B u l l e t i n  o f  the  

Rubber R esea rch  I n s t i t u t e  o f  M a la y s ia ,  1 ,  K u la  IjUTnp-ur,

10 4 :  248- 2 5 6, 19 6 9 .

VOSa , G. G, Heterochromatirj' r e c o g n i t io n  w ith  f lu o r o ch ro m e s  Chromi 

soma. B e r l in .  30 : 3 6 6 -3 7 2 , 1970i:

YQ Sa, C. G. He ter o ch ro m a tio n  r e c o g n i t io n  and a n a l y s i s  o f  chrotno- 

some v a r i a t i o n  in  S c i l l a  S i b i i l c a .  CSiromosoma, B e r l in ,

43: 2 6 9 -2 7 8 ,  1 973 -  

WILSON, H.M., EISA, M & IR m N , S. W. B. The e f f e c t s  o f  a g i t a t e d  

l i q u i d  medi'um on i n  v i t r o  c u l t u r e s  o f  H evea b r a s i l i e n s i s .  

P h y s i o l o g i a  P lan taru m , Copenhagen, 36 : 349- 40 2, 19 76 .  

WILSON, H.M. AND STREET, H.B. The growth anatomy and su sp en sio jx  

cu2ptures o f  Hev^a b r a s i l i e n s i s .  A nnals o f  Botany London, 

39: 6 1 7 -6 8 2 ,  1 9 7 5 .

'in.'MOR'E, T. C. T r o p ic a l  r a in  f o r e s t s  o f  th e  f a r  E a s t .  London, 

Oxford u n i v e r s i t y  P r e s s ,  1 9 7 5 ,  355 p .

WHIGtHT, J.W. I n t r o d u c t io n  o f  f o r e s t  g e n e t i c s  London, Academic 

P r e s s ,  1 9 7 6 ,  462p,

W iTCHERLinr, P. R.  ®ie g e n e su s  Hevea. In :  V/OiaCSHOP ON INTBIiTUTIOI'TA: 

GOLLABORATIOK HEVEA BREEDING AND THE CX)LLEC1T0N AND ESTAB- 

L lS a m iT  OP MATERIALS PRC&I NEOTRCPIG, K u ala  Lumpur 1977 .  

1 2 p ^

WYCHERLEY, P. R.  Rubber I n :  SimONDS, N.W. ,  ed . E v o lu t io n  o f

C^op p l a n t s ,  E d in b u r g .  S c o t la n d ,  L o n ^ a n ,  1979» pp. 77-86. 
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