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SCATC 93-114 of Hevea brasiliensis Muell. Arg.
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Abstract
SCATC 93-114, an introduced hybrid cIcMie of Hevea at the Rubber Research Institute of India (RRII) was observed to be male- 
sterile. Detailed cytological and anatomical studies on microsporogenesis have been earned out PoUen stainability and 
germination studies also indicted that this clone is male-siehle. Cytologica) studies revealed thdt meiotic division was 
normal up to the formation of tetrad stag^ Soon after the formation of tetrads there was complete degeneration of cytojdasm 
and nucleus with'in the microspore. Observations on microsporogenesis of t̂ iis clone were carried out in comparison with a 
male-fenile clone. RRH lOS. In the sterile clone. SCATC 93-1U, the microspores underwent rapid cytoplasmic degeneration 
and pollen were not liber^d  into the locule. The pollen sacs did not enlari': as in fertile clones and all the pollen grains 
formed were sterile. 'Hie tapttum was not utilized and ^  lapetai layers persi îwd for a long period. This study indicated that 
SCATC 93-114 is a cytoplasmic male sterile (CMS) clone under the climatic conditions prevailing in the traditional rubber 
growing region of India.
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Introduction

Hevea brasiliensis b e lo n g in g  to  th e  F a m i ly  
E u p h o rb ia c e a e  is  c o m m e r c ia liy  e x p lo ite d  fo r  n a tu ra l 
rubber. S C A T C  9 3 - 1 1 4  is  a  C h in e s e  h y b r id  c lo n e  w ith  

the parentage T R  3 1  -4 5  an d  H K  3 - 1 1 ,  intro d uced  to In d ia  
fro m  C h in a  a n d  is  n o w  u n d er e v a lu a tio n  u n d e r o u r agro  

c lim a t ic  c o n d it io n s . T h e  trees a re  ta ll a n d  v ig o ro u s  w ith  
stra ig h t tru n k  a n d  d e n se  d a rk  g reen  fo lia g e . U s u a lly  
d e fo lia tio n  starts in  the m onth o f  Ja n u a ry  and re fo lia tio n  

an d  f lo w e r in g  o c c u r  in  the m id d le  o f  F e b ru a ry  (late  

f lo w e rin g ). F lo w e rs  a re  p a le  y e llo w  in  c o lo u r, an d  s m a ll 

in  s iz e . A v e ra g e  s iz e  o f  m a le  f lo w e r is  5 .9 3  x  3 .0 6  m m  

and fe m a le  f lo w e r is  8 .0 2  x 3 .9 9  m m . In  m a le  flo w e r, the 

anther co lu m n  co ntains 10  stam ens arranged in  tw o w horls 

as usual but s h r iv e lle d  in  appearance. T h e  fe m a le  flo w e rs 

are n o rm a l and fe rtile . It  is  a  c o ld  to lerant c lo n e  an d  is  

su ita b le  fo r the frost p ro n e  re g io n s  e s p e c ia lly  in  n o rth ­
eastern In d ia  (P riy a d a rsh a n  and N a ir . 2 0 0 2 ). D u r in g  the 
stu d y  fo r  s e le c t in g  m a le  p a re n ts fo r  h y b r id iz a t io n  
p ro g ram m e , it w as observed that ih is  c lo n e  w as m ule

ste rile . It  is  the f ir s t  re p o rt b n  m a le  s te r ility  in  th is  c lo n e .

M aterials and  M ethods

Y o u n g  m a le  f lo w e r b u d s w ere co lle cte d  fro m  the 
c lo n e  S C A T C  9 3 - 1 1 4  a n d  R R I I  lO S  planted  in  the R R H  
experim ent station. T h e s e  w ere fix e d  in  m o d ifie d  C a m o y ’s 
f lu id  3 : 1 : 1  (e th y l a lc o h o l: a c e tic  a c id : c h lo ro fo rm ), fo r 

c y t o lo g ic a l stu d ie s. A f t e r  2 4  h rs , the m a te ria ls  w ere 
transferred to 7 0 %  a lc o h o l. T h e  an th er c o lu m n s w ere 

d issected  out and kept o v e rn ig h t in  2 %  aceto carm ine and 

sm e a r p re p a ra tio n s w e re  m a d e  u s in g  4 S %  ace tic  a c id . 

P o lle n  sta in a b ility  w as assessed  u s in g  1 : 1  aceto carm in e: 

g ly c e r in  m ix tu re  an d  p o lle n  g e rm in a tio n  w as stud ied  b y 

h a n g in g  d io p  t e c h n iq u e  at ro o m  te m p e ra tu re . F o r  
anato m ical studies on m icro sp o ro g en esis, anther co lu m n s 

fro m  R R I I ' 0 5  and S C A T C  9 3 - 1 1 4  w ere co llected  d u rin g  
the m o n th  o f  F e b r u a r y  a n d  f ix e d  in  e t h y l a lc o h o l:  

f o n n a l d e h y : acetic a c id  9 0 :5 :5  ( F A A )  m ixture. S am p les 
were proce«-ttd and s e r ia l m icro to m e sections o f  8 - 10 / im  
w ere taken^and sta in ed  w ith  P e r io d ic  a c id  -  S c h if f ’s 
reagent fo r o b servatio n ._________________________________
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Flo w e rs  o f  S C A T C  9 3 - 1 1 4  w ere ap p arently  no rm al 

in  th e ir m o rp h o lo g y, th o u g h  s m a lle r  in  s iz e  co m p a re d  to 

R R I I  10 5 . In  m ature  m a le  f lo w e rs  o f  S C A T C  9 3 - 1 1 4 ,  

the anther c o lu m n  w a s f u l ly  d eve lo p ed  but the p o lle n  sacs 

contained  o n ly  s te r ile  p o lle n  g ra in s . C y t o lo g ic a l studies 

in  S C A T C  9 3 - 1 1 4  re v e a le d  that m e io tic  d iv is io n  was 

n o rm al sh o w in g  18  b iv a le n ts  at m etap hase I  ( F ig . I )  and 

eq ual sep aratio n o f  c h ro m o so m e s to o p p o site  p o le s at 

anaphase I  ( F ig .  2 ) . T h e  seco nd  m e io tic  d iv is io n  w as also  
n o rm al sh o w in g  e q u a l sep aratio n  o f  ch ro m o so m e s to the 

poles at anaphase I I  ( F ig .  3 )  re su lt in g  in  the fo rm atio n  o f  

tetrads. S o o n  afte r the fo rm a tio n  o f  tetrads, there w as 

com plete d eg e n e ra tio n  o f  c y to p la s m  an d  n u c le i in  the 

m icro sp o re s re su lt in g  in  p o lle n  s te r ility  ( F ig .  4 ). P o lle n  

sq uash in  a c e to c a rm in e  re v e a le d  co m p le te  absence o f  
sta inab le p o lle n . G ro u p s  o f  ste r ile  p o lle n  g ra in s  (p o lle n  

co n glo m erates) w e re  ob served  in  p le n ty  ( F ig . 5 ). In vitro 
p o lle n  g e rm in a tio n  re v e a le d  the ab se n ce  o f  g erm in ated  

pollen. In  R R I I  10 5 , m e io tic  d iv is io n  w as n o rm a l resulting 

in  fo u r fe rtile  m ic ro sp o re s fro m  e a ch  p o lle n  m o ther ce ll 

at the end o f  m e io tic  d iv is io n  ( F ig .  6).

M ic ro sp o ro g e n e sis  o f  S C A T C  9 3 - 1 1 4  w a s studied

in  c o m p a riso n  w ith  R R I I  10 5 . A n a to m ic a l sectio n s ot 
the an th er c o lu m n  o f  S C A T C  9 3 - 1 1 4  re ve a le d  that the 

p o lle n  sa cs  d id  not d e h isc e  an d  p o lle n  g ra in s  w ith in  ihe 

anth er sa cs  w ere a l l  ste rile . T h e  tapetal la y e rs  w ere not 

u t iliz e d  s in c e  th e ir c e ils  w ere d e e p ly  sta in ed  ( F ig . 7). O n 

the other h an d , in  R R I I  10 5 , d e e p ly  sta in e d  fe rt ile  p o lle n  

g ra in s  w ere  p resent in  the p o lle n  sa c a n d  the tapetum  

w as f u lly  u tilize d  fo r the developm ent o f  the p o lle n  grains. 

In  the fe rt ile  c lo n e  at m a tu rity , the anth er sa cs  d e h isce d  
and the p o lle n  g ra in s  d isp e rse d  ( F ig .  8).

In  H. brasiliensis. m ic ro sp o ro g e n e is  is  reported 

to be p e rfe c tly  re g u la r and co n fo rm e d  to the c la s s ic a l 

pattern d e sc rib e d  fo r a n g io sp e rm s (M a h e s h w a ri. 19 5 0 ; 

L a s e r  an d  L e r s to n , 1 9 7 2 ) ,  C u c o  a n d  B a n d e l ( 1 9 9 5 )  

stu d ied  m e g a an d  m icro sp o ro g e n e s is  o f  1 3  c lo n e s  o f  H. 
b ra s ilie n s is  a n d  re p o rte d  th a t the m e g a s p o r e  an«  ̂

m ic ro sp o re  p ro d u ctio n  w ere n o rm a l in  a ll  the c lo n e s, 

the p resent stud y, d e ve lo p m e n t o f  an th er w as m ore oi 

le ss  s im ila r  in  both fe rt ile  an d  ste rile  c lo n e s  w ith  the 

e x ce p tio n  o f  the b e h a v io r o f  tetrads and tapetal c e lls  after 

the b e g in n in g  o f  m e io s is . T h e re  are few  c lo n e s  alread s 
id e n t if ie d  a s  m a le  s t e r i le  in  H e v e a  b r a s i lie n s is  
(S a ra sw a th y a m m a , 19 9 0 ).T h e y  are G T  I .  C h  2 , R R II

Fig. I . Pollen m other cell (PM C ) show ing 18 bivalents 
at m etaphase  I  (x  3(XX))

Fig . 2. PM C  show ing chrom osom es in the poles 
a t anaphase I (x 3(X)0)

Fig. 3. PM C show ing chrom osom es in  the poles a t anaphase II (3000) Fig. 4. M icrospores o f  male sterile clone (x 2000)



Fig. 5. Pollen conglom eraie in the sterile clone SC A T C 93-114 (x 500)

Fig. 7. T.S. o f anther colum n o f  SCATC 93-114 show ing tapetum  
persisting (x 500)

3 5  and R R I I  1 7  . In  G T  1 ,  d e ve lo p m e n t o f  m a le  flo w e rs 

w a s v e ry  poor. In  C h  2 , m o rp h o lo g y  o f  the flo w e r w as 

s im ila r  to that o f  n o rm a l c lo n e , but 3 0 %  o f  the anthers 

sh o w e d  p a rtia l d e h isce n ce . In  R R I I  3 5 , the m a le  flo w e rs 

degenerated befo re a tta in in g  m atu rity . In  R R I I  1 7 ,  both 

m a le  a n d  fe m a le  f lo w e rs  w e re  ste r ile . In  the case o f  

S C A T C  9 3 - 1 1 4 ,  f lo w e rs  atta in  f u ll  s iz e  and d o  not fa ll 
o ff  e a rly , but th e y open late an d  the anthers seem  to be 
s h r iv e lle d  in  ap pearance.

M a le  s te r ility  ca n  be d e scrib e d  as the fa ilu re  or 
in a b ilit y  o f  the p lant to pro du ce fu n ctio n a l m a le  gam etes. 

In  f lo w e rin g  p la n ts , th re e  typ e s o f  m a le  s te r ility  are 

o b served  a c c o rd in g  to th e ir  m o d e o f  in h e ritan ce . T h e y  
are. n u c le a r o r genetic m a le  s te r ility  ( G M S ) ,  cyto p la sm ic  

m a le  s t e r il it y  ( C M S )  a n d  c y t o p la s m ic  g e n e tic  m a le  

s te r ility  ( C G M S ) .  G e n e t ic  m a le  s te r ility  is  d ue to the 

actio n  o f  n u c le a r genes in  its  in h e rita n ce , c y to p la sm ic  

m a le  s t e r i l i t y  is  d u e  to  c y t o p la s m ic  f a c t o r s  a n d  

cy to p la sm ic  genetic m a le  ste r ility  is  due to genetic as w ell 

as c y to p la s m ic  facto rs. C y t o p la s m ic  m a le  s te r ility  is 
reported in  a n u m b e r o f  p la n t sp e cie s su ch  as Datura 
( H e g d e  a n d  A n d r a d e ,  1 9 8 2 ) .  Cajanus cajan 
(K a tt i i’t al., 19 9 4 ), Glycine (S m ith  el ol., 2 0 0 2 ), R a d ish

Fig. 6. M icrospores o f  fertile c lone R R II 105 (x 2000)

Fig. 8. T .S .of anther colum n o f  R R II 105 show ing degenerated 
tapetum  and fertile pollen grains (x 500)

(P a til et al., 19 9 4 ). T h e  ca u se s fo r p o lle n  s te r ility  has 

been attributed to v a rio u s facto rs su ch  as m a lfu n c tio n in g  

o f  ta p e tu m , u n t im e ly  d is s o lu t io n  o f  c a l lu s ,  p o o r 

v a s c u la t u r e , b io c h e m ic a l d is t u r b a n c e , m u ta t io n  in  

m it o f h o n d r ia l  g e n o m e  a n d  the p re s e n c e  o f  v iru s e s  

(G ra y b o s c h  et a / .,  19 8 4 ; G ra n t  et aU, 19 8 6 ; K a k ih a r a  et 
ai, 1 9 S 3 ;  K a u l,  19 8 8 ; S a w h n e y  a n d  B h a d u la , 19 8 8 ; 

S h iva iM -a  an d  J o h ri, 1 9 8 9 ;T h e is  an d  R o b b e le n , 19 9 0 ). 
T h e  e n v iro n m e n t a ls o  p la y s  a  ro le  on the e x p re ss io n  o f  
s te r ility /fe rt ility , m ore w ith  so m e c y to p la s m  than w ith  
others (S u b u d h i etal., 2 0 0 1 ) .

M e io t ic  a n a ly s is  o f  S C A T C  9 3 - 1 1 4  re vealed  that 

m e io s is  proceed ed n o rm a lly  u p  to the tetrad stage w ith  

n o m e io tic  a b n o rm a lit ie s  su ch  as fo rm a tio n  o f  lag g ard s 

o r  m ic r o n u c le i  n o t ic e d ,  b u t  th e r e  w a s  c o m p le t e  

d e g e n e r a t io n  o f  the c y t o p la s m  a n d  n u c le i  in  the 

m ic ro sp o re s  re s u lt in g  in  s te r ility . In  the m a le  ste rile  

anthers, m ic ro sp o re s la c k e d  storage m eta b o lite s. O n  the 

c o n tra ry , in  fe rt ile  a n th e rs, a c c u m u la t io n  o f  re se rv e  

m etabolites in  p o lle n  g ra in s  c o in c id e d  w ith  degeneration 
o f  tapetum . T h e  p e rsiste n ce o f  tapetum  in  ste rile  anthers 
im p lie s  that the tapetum  f a ils  to s u p p ly  nutrients fo r the 
d e v e lo p in g  m icro sp o re s and as a  re su lt the p o lle n  g ra in s 
form ed  are a ll sterile .



M a le  s te r ility  in  Hevea c lo n e s  c o u ld  be e x p lo ite d  

in  breed in g  p ro g ram m e s to generate h y b r id s , be cau se it 

e lim in a te s the exp e n se o f  han d  e n ja scu la tio n  procedures. 

M o re o ve r, m a le  ste rile  c lo n e s  h a v in g  go o d  fru it  set can 

be used fo r d e s ig n in g  seed o rch ard s.
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