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Hevea brasiliensis is a  peren n ia l tree  belonging  to  th e  fam ily  E uphorb iaceae  an d  n a tu ra l 
ru b b e r p roduced  in  the  w orld  a lm o st exclusively com es from  th is species. T he tree  is m on­
oecious. G enetic  variab ility  in th is c ro p  is lim ited. H ence in d u c tio n  o f  genetic variability , 
by  special techn iques like m u ta tio n  an d  polyp lo idy  is being  tried  (M endes and  M endes 1963, 
Shepherd  1969, H u a t an d  S u b ram an iam  1973) fo r the  la s t tw o  decades b y  research  institu tions 
in various ru b b e r grow ing coun tries. This ap p ro a ch  was a lso  tried  a t  th e  R u b b e r R esearch  
In stitu te  o f  In d ia  (M ark o se  et al. 1974) an d  germ inated  seeds w ere trea ted  w ith  gam m a rays,
10 to  40 G ys, d u ring  1972 a t  th e  B haba A tom ic R esea rch  C en tre , T rom bay . F ro m  the  resu l­
ta n t progenies, p lan ts  show ing m orpho log ical varia tions w ere m ultiplied vegetatively an d  the 
ch a rac te rs  w ere stabilized in subsequen t generations. T hose p lan ts exhibiting  persistent v aria ­
tions u p to  V M t w ere aga in  budg rafted  and  p lan ted  a t the  C en tra l E xperim ent S ta tion , C heth- 
ack al, R ann i du ring  1976. F rom  the  progenies o f  30 G y-exposed po p u la tio n  a  p la n t show ing 
d w a rf  s ta tu re  w as identified. T h is p ap e r presents th e  cy tom orpho log ica l observations on 
th is clone.

M ateria ls  and  m ethods

B udgrafted  p lan ts  o f  th e  rad ia tio n -in d u ced  clone an d  co n tro l (R R II 105) w ere raised  in 
po lybags. T h e  g ro w th  a ttr ib u te s  o f  these  p lan ts  w ere recorded  a t  10 m on ths’ age. H eight, 
d iam eter o f  th e  scion a t th e  base, n u m b er o f  flushes and  to ta l num ber o f  leaves in  a  flush  were 
reco rded . T he le a f  ch a rac te rs  w ere recorded  from  th irty  m iddle leaflets, selecting th ree  leaves 
from  b o tto m , m idd le  an d  to p  o f  e a ch  flush o f  grow th. T he p lan ts  w ere induced to  flow er by 
ring  bark ing . F low er size w as m easured  from  th irty  flowers selected a t ran d o m . M ale 
flowers a t  th e  a p p ro p ria te  stages o f  developm ent w ere collected, a long  w ith  those from  the 
co n tro l, a t  ran d o m  a n d  fixed in C a rn o y ’s fluid 3: 1: 1 (ethyl a lcoho l: acetic ac id : chloroform ). 
A fter 24 ho u rs  they  w ere preserved  in  70%  alcohol. A n th er co lum ns w ere d isected o u t and  
k ep t overn igh t in 1 % ace tocarm ine  so lu tion . M eiotic p rep a ra tio n s were m ade  in  45%  acetic 
acid . A  to ta l o f  1000 m eiotic cells w ere observed an d  p h o tom icrog raphs w ere ta k en  from  
p erm an en t p rep ara tio n s.

R esults and  discussion

T h e m orpho log ical ch a rac te rs  o f  the  budg rafted  p lan ts a re  depicted  in T able 1. The 
induced  m u ta n t show ed reduc tion  in height an d  g irth . A t the  age o f  ten  m on ths, th e  m ean 
heigh t o f  the  induced m u ta n t w as only  41.23 cm w hile the  con tro l p la n t recorded  101.07 cm . 
M ean  le a f  size ( L x  B = 3 9 .0 6  cm ) an d  petio le  length  (8.73 cm ) were com paratively  less. The
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contro! p la n t show ed m ore le a f  size ( 147.27 cm ) an d  petiole leng th  ( 16.20 cm ). The interflush 
leng th  was also  reduced fo r the  induced m u tan t. T he m ale and  fem ale flowers were sm all 
co m p ared  to  those o f  th e  con tro l. T he m atu re  m ale flowers were com pletely  devoid o f  s ta inab le 
pollen. E venthough  the  p la n t is show ing to ta l m ale sterility  fru it set was noted.

T he som atic  n u m b er o f  Hevea  is 2 n = 3 6 . M eiotic studies show ed 18 bivalents (Fig. 1). 
T here  was no  m eiotic ab n o rm alities  in the  con tro l (R R II 105). M eiotic studies o f  young  m ale 
flow er buds from  the  induced m u ta n t h ad  show n th a t 15%  o f  flowers show ed cytom ixis. 
C ytoplasm ic connections w ere no ted  between th e  P M C s at all stages o f  meiosis (Fig. 4). C h ro ­
m atin  m ateria ls  w ere also  seen passing  from  one cell to  the  o th er from  early  p rophase  (F ig . 3) 
to  te lophase  II. T h e  frequency o f  cells show ing cytom ixis is given in T able 2. A t te lophase 
II, 55%  o f  cells show ed cy top lasm ic connections. In som e cases m ost o f  the pollen m other

Table 1. Growth attributes of 10 month old budgrafted radiation induced and 
control plants o f Hevea brasUiensis

Parameters Induced mutant Control

Height (cm) 41.234 16.58 101.074 4.56
Diameter (mm) 8 .4 !±  2.25 11.084:1.57
Interflush length (cm) 5.234 0.50 I3 .5 6 ± l .95
Petiole length (cm) 8 .7 3 ±  3.42 I6 .20± 0 .98
Leaf size (cm) 39.06 -  4.16 147.27±6.08
Flower size ^  (mm) 3.70X 1.93 4 .4 0 ± 2 .7 0
Flower size ?  (mm) 5.94X 2.80 I0 .67± 3 .28
Pollen stainability — 92.8%

Table 2. Frequency o f cells showing cytomixis/cytoplasmic connections

Meiotic stage Total cells observed Percentage

Prophase I 713 36.0
Metaphase 1 100 28.0
Anaphase I 100 10.0
Telophase I 100 8.0
Telophase II 547 55.0
Microspore 100 2.0

cells o f  a  flow er w ere found to  be involved in cytom ixis while the  ad jacen t flowers w ere nor­
m al w ithou t any  ab e rra tio n s. D uring  p rophase  I, 1-15 cells, a t m e taphase  I, 2 -4  cells, and 
a t  te lophase  II, 2 -8  cells in field were observed to  show cytom ixis o r  cytoplasm ic connections. 
D irect fusion as well as connecting  cy top lasm ic s trands w ere observed am ong the  pollen m other 
cells (F ig . 2). D ue to  the tran sfe r o f  ch ro m atin  m ateria ls , pollen m other cells w ith reduced 
num ber from  the m odel num ber n — 18 was observed (Fig. 5). A t an ap h ase  1 bridge fo rm a­
tion  w ith  an d  w ithou t laggard  was seen in 3 %  cells.

A fter te lophase  II a b e rra n t cy tokinesis was no ted  resuh ing  in to ta l sterility. D ue to  
cy tok inetic  ab e rra tio n s  the  d istribu tion  o f  nuclei showed w ide varia tions. T here  w ere d if­
ferent types o f  ab n o rm alities  in the  cleavage o f  cytoplasm . T h e  nuclei w ere d istribu ted  in

Figs. I-I I. I, Metaphase I of control showing 18 bivalents, x4000. 2, Prophase I. row of cells 
showing cell fusion as well as cytoplasmic connections, x 190. 3, Prophase I. showing migration 
o f chromatin materials, x 3000. 4, Late metaphase showing cytoplasmic strands, x 3000.
5, Cell showing reduced chromosome number, x 3000. 6, Tetrad showing central cleavage of 
cytoplasm, x l200 . 7, Microspores connected with cytoplasmic strands, x l200 . 8, Micro- 
spore.s, X3000. 9, Microspore with divided nucleus, x3000. 10. Megapollen, x3000. 11,

Pollen conglomerates, x480.



2 + 1  +  1, 2 + 2  and  the  details are given in T able 3. In  the first type, four m icrospores w ere 
fo rm ed  as in the  case o f  n o rm al cells. In the  second case , there w as a  cen tra l cleavage o f  cy to ­
plasm  resu lting  in th e  un ion  o f  fo u r m icrospores (F ig . 6 ). In the  th ird  instance, th e re  was no 
cleavage o f  cy top lasm  and  the  nuclei were d istribu ted  in a  com m on cy top lasm . T here  were 
m icrospores connected  w ith  cy top lasm ic stran d s (F ig . 7). N o rm al m icrospores (Fig. 8 ) as well 
as m icrospores w ith d ivided nuclei (F ig . 9) w ere also  observed. M egapollen  w ere no ted  in
0 .5 %  cells (F ig . 10). Pollen  cong lom erates were also  recorded  (F ig . 11). W hatever m ay be 
the  type o f  abno rm alities, all u ltim ately  resulted in  the  p roduction  o f  sterile po llen . T h e  p o l­
len g rains w ere o f  d ifferen t shape  an d  size (Table 4). D ue to  rad ia tio n  effect, th e  m orphology  
o f  the  p la n t w as also  altered . It show ed sho rt s ta tu re  and  reduced v igour w hich was n o t o b ­
served in the  co n tro l p lan t. Boertjes an d  D ejong  (1984) h ad  repo rted  a  sterile p la n t resu ltan t 
o f  rad ia tio n  in Chrysanthemum  w hich show ed reduced p lan t heigh t an d  a ltered  form  and 
size.

T he induced  p la n t show ed delay  in flow ering co m p ared  to  the  con tro l. Even afte r ten 
years o f  p lan ting  it d id  n o t flower and  hence artificial flow ering w as a ttem p ted . F low ers were 
ap p aren tly  n o rm al in th e ir  developm ent.

Table 3. Details o f cells showing cytokinetic 
aberrations

Table 4. Measurements of sterile 
pollen grains

Distribution o f nuclei 
in the tetrad stage Percentage Size o f pollen (/<m) Percentage

24 1 -f 1 20 35 .42x30 .42 18.50
2-1 2 15 39.52x36.45 37,00
1 1 3 10 51 .10x44 .02 22.00
4 5 71.50x60 .00 12.50
H - 1 + 1 -M (Normal) 50

T his is the  first rep o rt o f  rad ia tio n  induced m ale sterility  in Hevea. T h e  occurrence 
o f  cytom ixis was rep o rted  in Hevea (S arasw athy  A m m a an d  P an ik k a r, 1988). In the 
induced m u tan t cy to lp lasm ic connections were seen from  early  p ro p h ase  to  m icrospore stage. 
C ytoplasm ic connections w ere observed between g roups o f  cells i.e. 1-15 cells in p rophase . A 
sim ilar case in w hich cytom ixis was observed in all the m eiotic stages w as rep o rted  in Mentha  
piperita (K u n d u  and  S h arm a  1988). Passage o f  nuclear m ateria ls  w as also  repo rted  in te lo ­
phase II in Vigna (Sen an d  B h a ttach a ry a  1988). T he orig in  an d  evo lu tionary  significance o f 
cytom ixis a re  n o t precisely understood . Several suggestions h a d  been p u t fo rw ard  to  ex­
pla in  the  cause and  p ro b ab le  origin o f  cytom ixis (M ahesw ari 1950, H eslop-H arrison  1966, 
W healan  1974, B auchan  et al. 1987). In th e  present study  cytom ixis m ay be d u e  to  the  effect 
o f  gam m a rad ia tio n  resu lting  in unbalanced  genetic system . Cells w ith  reduced chrom som e 
num ber w ere also  observed. D etails o f  ch rom osom e ab e rra tio n s induced by rad ia tio n s were 
described by Evan (1962). F ailu re  o f  com pletion  o f  q u ad rip a rtitio n  o f  the  cy top lasm  leads 
to  the  fo rm ation  o f  u nusual form s o f  m icrospores. D ue to  cleavage ab e rra tio n  the  m egapollen 
was also  form ed. W ide spectrum  o f  ab e rra tio n s associated  w ith  m ale sterility  w ere reported  
in Alopecurus (Johnsson  1944) an d  in Impatiens sultani (T a ra  an d  N am b o o d iri 1974, 1976). 
T hese ab e rra tio n s led to  the fo rm a tio n  o f sterile pollen. In those  flowers w here there was no 
m eiotic abno rm alities, afte r m icrospore fo rm ation  there was com plete degeneration  o f  cy to­
plasm  resu lting  in to ta l m ale sterility. Pollen g rains show ed vary ing  size and  shape w hich 
m ight be due to  ab e rra n t cytokinesis. T he pollen cong lom erates w ere no ted  in the  m atu re  
an ther. F o rm a tio n  o f  pollen conglom erates w as also  rep o rted  in Alnus (B ensim on 1985).

T he sterility  in this induced p la n t is due to  the  genetic im balance caused by gam m a ra d ia ­



tion . C ytom ixis an d  w ide spectrum  o f  cytok inetic  ab e rra tio n s  a re  also  observed w hich also 
lead to  sterility. E ven though  the  induced m u tan t is show ing to ta l m ale sterility, fru it set is 
no ted  in th is  clone ind icating  th a t this is fem ale fertile. H ence this can  be utilized fo r hybrid  
seed p roduction  in Hevea if  fo und  otherw ise suitable. F u rth e r  w ork is necessary to  explore 
the  possibilities, o f  w hich the  a ltered  s ta tu re  o f  the  p lan t is a useful a ttr ib u te  in breeding 
p rog ram m e o f  Hevea.

Sum m ary

A p lan t exhibiting  sem i-dw arf s ta tu re  was identified from  a  gam m a ray  induced V M 7 p opu ­
la tion . C ytom ixis was observed in 30%  o f  the m eiocytes. C ytoplasm ic connections were 
observed in all stages o f  P M C s rang ing  from  early  p rophase  stage to  m icrospore stage. M ove­
m ent o f  ch ro m atin  m ateria ls  w as a lso  observed. A wide spectrum  o f  cytok inetic  aberra tions 
w as a lso  no ted . As a  resu lt o f  these abnorm alities the  p lan t show ed to ta l m ale sterility. In 
Hevea, m ale sterility can be exploited  fo r the  p roduction  o f  hybrid  seeds and  d w a rf  s ta tu re  
in breeding p rogram m e.
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