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The genus Hevea belonging to the family Euphorbiaceae com prises of ten spedea 
A m ong these, the para rabber tree, Hevea hrasHiensis (Willd. ex A dr. de Juss.) Mucll. Arp. Ii 
the only specics com m ercially exploited for natural rubber, w hich provides the livolihcxx 
to r over thirty million people in  the w orld. The economic life span  of the tree is about 3() U 
35 years. The tree is d ip lo id  (2n = 2x * 36) w ith a basic num ber of x = 18 (1-5!- T riploids if 
this species w ere reported for the first tim e from the Rubber Research Institute of Indii 
(6-71. This com m unication deals w ith the a>m parativecytom orpholopicalinvV stipatlore 
on a spontaneous Iriploid and  a sjTithesized one.

MATERIALS AND METHODS

The spontaneous Iriploid is a seedling selection from the Rubber Rescrtrch Institute oi 
India. Tetraploidy w as induced in a d ip lo id  by colchicine treatm ent (51 and the to traplok 
thus obtained w as incorporated in breeding program m e as the m ale counterpart and i 
diploid (G11) as the female. From each of the triploids 15 budgrafted  plants w ere raised ir 
jx)lybags and grow th attribu tes w ere recorded at 24 montKs of grow th. Foliage chnraclen 
w ere scored from the m iddle leaflet of twent\* m atu re leaves, selected at random , from cacf 
cytotvpt- Stem index, petio lar index and leaf iiuiex (81 and specific leaf w i'ight [‘*1 w m  
estim ated. Leaf chlorophyll content vvascstin\atcd as per m ethod suggested by A rnt'n (lOl 
M ito tic  s tu d ie s  w ere  m a d e  o n  te n d e r  lea ftip s  a fte r  p re trea tm en t w ith  satu ia tod  
para-dichloro benzene follow ing convenfitmal techniques. Budgrafted plants of both LJk 
triploids w ere induced to flow er at the age of 30 m onths by ringbarking (11). Mnlo flcMvei 
buds at the appropriate  stage of developm ent w ere collected and fixed in C arnov's fluid, 
.\n lh c rs  w ere sta ined  w ith  acetocarm ine ami squashed  in 45 per ci’nt n irtic  acid. 
f)bsrrvations w ere recorded in 100 n in thrr ceHs sek'CtiJig, at ramUnn, U) tells cncli
from 10 '-liiK-s. Pollen stainabiiity was assvs‘\ ‘»i in acetocarmine-glycert'l inixturo (1 ; I) and 
|>ollrn size ivas m easured  after acotolysis (12|. Photom icrographs w ere taken Ikwt 
tem porary mounts. Tl>e m ean values of the pr«>vvlh p.Tranietcrs s l’idieil ;!■« well it.n tln| 
I hrt)n>()«.ome associations from  100 cells were com pared em ploying t test



RESULTS AND DISCUSSION

W ide range of morphological variations w as noted betw een tliie spontaneous and  the 
syn thesized  triploids. The synthesized trtploid show ed variation in  the n um ber of leaflets, 
the  range being tw o to five (Fig. 1: 1) and  also exhibited semi dw arf sta tu re  due  to closer 
in tem o d cs . The spontaneous triploid show ed d a rk  green colour for leaves bu t was 
ind istinguishable  from  the diploid in o ther respects. The grow th  attributes of these two 
trip lo ids are  given in  Table I. Significant differences (P < 0.01) were observed  for plant 
d iam eter, num ber of leaves per flush, length of fem ale flower, leaf area, stem  index, petiolar 
index and  foliar index. Significance a t 5% level was noted for the num ber o f flushes. There 
w as  no  significant difference for total chlorophyll content and length  of m ale  flower.

In  th e  sp o n ta n e o u s  
trip lo id  only  a very low 
(10%) percentage of male 
flow ers atta ined  full size 
an d  m aturity . The anther 
c o lu m n s  w e re  fo u n d  
sh riv e lled  an d  d ro p p ed  
even before m ahirily . On 
the o th e r hand , there was 
n o rm a l d e v e lo p m e n t of 
m a le  f lo w e rs  in  th e  
sy n th e s iz e d  tr ip lo id . In 
b o th  Ih e  tr ip lo id s ,  
h o w e v e r, n o  ab n o rm a l­
ities w ere recorded for the 
fe m a le  f lo w e r  a n d  its  
d ev e lopm en t. M oreover, 
no  fru ilst't w as noted in 
both.

T a b le  1. G roH 'th  i tM b u te s  o f  s y n th e s i z e d  a n d  s p o n ta n e o u s  Ir ip io id

P aram eter S yn thesized S p o n tan e o u s t value

PlanJ height (cm ) 169.80 +  2.230 216.80 + 7.300’ 8.54

Stem  d ia ineter (m m ) 15,68 +  0.287 20.83 +  0.329“ 14.47

N um ber of flu shes 4.73 +  0.066 6,20 + 0,200” 9.53

N um ber of le aves  p e r  flush 11.20 + 0.305 16,40 + 0,305 14.74

Fem ale flow er leng th  (m m ) n .0 2  + 0.145 1,99 + 0,067" 20.63

M ale flow er le n g th  (m m ) 7.80 + 0.054 7-81 + 0 .064 0.19

Total ch lo rophy ll (m g /g  
fresh w eig h t o f  leaO

3.39 + 0.275 4,07 ± 4 7 1 l.?fi

Leaf area (mm ^) 75.33 + 0.605 86,77 + 0,870” 12

S tem  index 0.0654 + 0.00034 0,0703 + 0,00035 ” 1 2 ,

Petio lar index 0,0168 + 0.00026 0 ,0 1 8 1 + n .» ()0 2 r‘ 4,62

Foliar index 0,0056 + 0.00004 0.0068 + 0,00006" 20,70

•"significant a t  P  < 0.05 an d  P  < 0.01, respeclively .

The chrom osom e complement of the som atic cell w as found to be 2n = 3x = 54 in both 
the trip lo ids (Fig. 1: 2,3). Meiotic division exhibited a w ide range of abnorm alities in bor' 
the  triploids. At m etaphase I (Fig. 1: 4,5), various chrom osom e associations like trivalc-i- 
bivalcn ts and univalents were observed (Tables 2,3). In the spontnnoous triploUi, tlie rnn> 
o f irivalonis w as y-18, bivalent® O-IO, and univalents 0-10. The average ocru rn  nee i 
chrom osom e associotions per cell was 12.44 for trivalents, 5.76 for bivalcnts anil 6.22 fin 
univalents, There ^^'as f«'rmation of 18 trivalents in  5% m eiocylcs and 15% recorded i 
m nxinuim  of ID univalents and 2% exhibited 10 bivalents w hich  w as the maxim um .



Fig. 1. aiaraclerii(lcsoflriploidHn>Mbnisi(ini(i<.

1) L eavef o f  t t lp lo id i,  tl/7; a) ipon taneous, b) •ynlh«$izcd; 2) som atic m elaphaM  of ty n ih c s lz rd  
trip lo id  <2n ■ 9x > M ), x2500; 3) wmatic m etaphaae  of ip on taneous Irip lo id  (2n  >i 3x > 54), x2600; 
m e taphase  I of ip o n ta n c o iu  trip lo ld  w ith  p red o m in an t Irivalents, x3000; 5) m e U p h u e  I o (  sy n lh es iz  
trip lo id , X3SOO; 6) anaphase  1 o f synthesU ed trip lo id  th o w in g  laggards, x4000; a n d  7) p o llen  g ra in s  . .  
•y n lh e sized  Irip lo id  ahow  3 and 4 poiea, il90.

In  the synthesized triploid the range of trivalents was 7 to 17, bivalents 1 to 10 and 
univalents 1 to 17. The mean occurrence of chromosome association per cell was 11.06 for



T a b le 2. Chrom osom e a s s o d ilio n  d u rin g  m e u p h js c  I in 
the ip onU ncous tr ip lo id

trivaii-nls, 6.11 for bivalents and 8.72 
for univalents. In both the triploids, 
during anapimse I (Fig. I; 6), unequal 
segregation and forniation of laggards 
were observed.

The t test for the mean niin:ibor of 
trivalents, bivalents and univalents 
(Table 4) in 100 cells showed that there 
was significant difference between the 
(wo tr ip lo id s. HiRh frequency of 
tr iv a le n ts  w as n o te d  for the 
s p o n ta n e o u s  tr ip lo id  an d  h ig h  
u n iv a le n t a sso c ia tio n  io r  th e  
synthesized triploid. The pollen grains 
in the synthesized triploid show ed 
increase in size. There were pollen 
grains having three and four pores 
(Fig. 1; 7) and the size o / pollen grains ranged from 10 jim to 55 pm.

Chfoniosom e
<)ssociatjiin

PercenUR? 
of celJs

Chromixionio
association

riTtvni.*Kt' 
i)f ci'IH

9,(t *• 9f( * 9, II J3(rt * fin A

lOiii + lOii + 4i 2 13iii ♦ 5ii ♦ 5i 14

10]M * 8 |] * 8 i 1 U iii*  111* lOi 1

TOii! * 9ii * 6 | 3 Hui ♦ 5ii ■» 2i 5

lOni + 7it * lOi 9 15iii *  3ii ♦ 2i 4

Uill ♦ f)|l ‘ '’l f, l?itu * 2 ii * 5t 2

I In ♦ 7ii ♦ 7i 2 I6in * 2ii ♦ 2i ,1

I2iii ♦ 6ii ♦ 6i 10 17in+ 111 * li 3

12ni + S|ft-Bi 7 I7iii + -  + 3i 2

12lU + 9u + - 1 18in + — 5

12ii + 4ti+  10| 5

T ab le  3. Chrom o»om e asto c ia tio n  d u r in g  m eU phase  I  in  
the ly n lh es ize d  trip lo id

O w ofnosom e
sssociation

Percentage 
of cells

C hrom osom e
association

Percentage 
of cells

7in + lOu ♦ 13i 2 l lm  + 7ii + 7i 7

8 m + 9 n * 1 2 i 2 l l in  + 4n + I3i 1

8 m * B a *  I4i 3 12a i + Sn +■ 3

8 iii + 7n I 6 i 3 12ni + 6 fl + 6 i 9

Rm+ lOn * 1 0 » 2 12m + 4n  + 10i 1

9in + 7n + 1 3 | 4 13ia ♦ 5ii + 5f 9

9m + 8 i i -H l i 1 13III + 611 + 31 2

9m ♦ 6n ♦ I5j 2 14m  + 3n 't-6l 2

9 /n * 5 H + 1 7 | 3 14nf+ I 11+ 10( 1

9m *9n-*-9i 5 I4 m + 5 n * 2 i 6

IO111 + 7ii + lOi 6 15m + 2ii + 5i 2

10m + Sir 81 3 15fo + 3 ir^ 3 i 2

10(11 + 611 *  12i 4 16m + 2 n + 2 i 1

lOrti * IO11 + 4| \ 17ra+ 111* ti 3

IIti;-*A it+9t 

l l i i i*  5ii ♦ H i

6

2

17ffl + -  + 3t 3

The distinguishing features of the 
synthesized triploid are the variations 
in the number and size of leaflets and 
sem idwarf stature. The dark green 
colour for the leaves of spontaneous 
tr ip lo id  m ay be  d u e  to g rea te r 
tftickness and chlorophyll content. 
Similar results had  been reported in 
L i ^  (13] an d  Capsicum [14, 151. 
Triploids are reported to  be vigorous 
in sugarcane and sweet potato [16]. In 
the  p re s e n t in v e s tig a tio n  the 
spontaneous triploid w as found to be 
m ore v ig o ro u s  co m p ared  to the 
induced triploid during early stage of 
g row th . T his m ay be due  to the 
possible effect of back crossing (17|. 
Synthesized triploid had been e%’olved 
by crossing diploid (G11) and induced 
tetrapJoid of RRII 105. RRII 105 is a 
hybrid clone evolved by the Rubber 
Research Institute of India by crossing 
Tjir 1 and G11.



Chrom osom e
assodadon

Synthesized Spontarteous t value

Trivalent 1].06 4-0.236 12.44 + 0.245*’ 4.05

Bivalent 6 .n ± 0 ,2 0 5 5.76 + 0.226 1.14

Univalent 8 .72  + 0.415 6.22 + 0.297" 4.90

In t h e  S p o n til ix e o u S  triploid 5  p e r  T able4 . C om parison  of ch rom osom e associa tion  in  the 
cenl of meiocytes show ed complete syn thesized  an d  sp o la n e o u s lr ip lo ld

trivalenls (18 III). From the cytological 
o b se rv a llo n s  it  is c lea r th a t the 
spontaneous triploid is an autotriploid 
characterised  by the presence of a 
maximum number of 18 trivalents. In 
the synthesized triploid a maximum of 
only  17 trivalents w as observed at 
m e ta p h a se  I. In o th e r  w o rd s  18 
tr iv a len ts , w hich is th e  m axim um  Significant a t P <  0.01,

possible, w as not observed in any of the microsporocytes. This m ay likely be due to the 
genetic differences between the two genomes involved in its origin or the precocious 
^sjuncdon  of trivalents.

In nature, triploids may originate either due to crossing between tetraploids and 
diploids or by fusion of reduced egg cells w ith two male nuclei or fertilization of unreduced 
egg cell and a male nucleus. Since spontaneous tetraploids are not reported to occur in Hevea, 
a cross between tetraploids and diploids is practically impossible. Hence it can reasonably 
be assumed diat fertilization of functional 2n egg by haploid sperm or of haploid egg by a 
2n sperm  nucleus has occurred. SpontanTOUS triploids are reported by the fertilization of 
reduced and unreduced gametes in AlUum (161 and Cynodon [18]. Induced triploids are 
reported in other crops like Pyrus [19} and Luffa 113). But triploids are rare in tree crops. 
Among the lOspecies ofHeven a triploid clone is reported only in Heiteaguianertsis [20]. Lack 
of fruitset in the triploids H. brasiliensis is of special advantage as fruits are reported to act 
as a major sourcc of inoculum causing abnormal leaf fall disease (21}.

To conclude, two triploids showed distinct morphological variations. CytologicaHy, the 
spontaneous triploid shows the autotriploid nature. Moreover, in this triploid complete 
male sterility Is observed. But in the synthesized triploid 5.5%stainable pollen grains along 
w ith .sterile pollen grains are noted. Both the triploids are found to be fruitless. Triploids are 
valuable for detailed genetic investigations and enrichment of genetic resources. They are 
also im portant as source material to obtain primary aneuploid series.
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