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The genus Hevea belonging to the family Euphorbiaceae comprises of ten spedea
Among these, the para rabber tree, Hevea hrasHiensis (Willd. ex Adr. de Juss.) Mucll. Arp. i
the only specics commercially exploited for natural rubber, which provides the livolihcxx
tor over thirty million people in the world. The economic life span of the tree is about 3() U
35years. The tree isdiploid (2n = 2x * 36) with a basic number of x = 18 (1-5!- Triploids if
this species were reported for the first time from the Rubber Research Institute of Indii
(6-71. This communication deals with the a>mparativecytomorpholopicalinvVstipatlore
on a spontaneous Iriploid and a sjTithesized one.

MATERIALS AND METHODS

The spontaneous lIriploid is a seedling selection from the Rubber Rescrtrch Institute oi
India. Tetraploidy was induced in a diploid by colchicine treatment (51 and the totraplok
thus obtained was incorporated in breeding programme as the male counterpart and i
diploid (G11) as the female. From each of the triploids 15budgrafted plants were raised ir
jx)lybags and growth attributes were recorded at 24 montKs of growth. Foliage chnraclen
were scored from the middle leafletof twent\* mature leaves, selected at random, fromcacf
cytotvpt- Stem index, petiolar index and leaf iiuiex (81 and specific leaf wi'ight [ wm
estimated. Leafchlorophyll content vvascstin\atcd as per method suggested by Arnt'n (101
Mitotic studies were made on tender leaftips after pretreatment with satuiatod
para-dichloro benzene following convenfitmal techniques. Budgrafted plants of both Lk
triploids were induced to flower at the age of 30 months by ringbarking (11). Mnlo flcMvei
buds at the appropriate stage of development were collected and fixed in Carnov's fluid,
Anlhcrs were stained with acetocarmine ami squashed in 45 per ci’nt nirtic acid.
f)bsrrvations were recorded in 100 ninthrr ceHs sek'CtiJig, at ramUnn, U) tells cncli
from 10 '-liiK-s. Pollen stainabiiity was assvsA % in acetocarmine-glycert'l inixturo (1 ; I) and
|>ollrn size ivas measured after acotolysis (12|. Photomicrographs were taken Ikwt
temporary mounts. TI>e mean values of the pr«>wilh p.Tranietcrs sl’idieil ;mwell itn tin|
I hrt)n>()«.ome associations from 100 cells were compared employing t test



RESULTS AND DISCUSSION

Wide range of morphological variations was noted between tlile spontaneous and the
synthesized triploids. The synthesized trtploid showed variation in the number of leaflets,
the range being two to five (Fig. 1: 1)and also exhibited semi dwarf stature due to closer
intemodcs. The spontaneous triploid showed dark green colour for leaves but was
indistinguishable from the diploid in other respects. The growth attributes of these two
triploids are given in Table I. Significant differences (P < 0.01) were observed for plant
diameter, number of leaves per flush, length of female flower, leaf area, stem index, petiolar
index and foliar index. Significance at 5% level was noted for the number of flushes. There
was no significant difference for total chlorophyll contentand length of male flower.

In the spontaneous
triploid only a very low
(10%) percentage of male

Table 1. GroH'th itM butes ofsynthesized and spontaneous Iripioid

Parameter Synthesized Spontaneous t value
flowers attained full size
and maturity. The anther PlanJ height (cm) 169.80 + 2.230 216.80 + 7.300° 8.54
columns were found stem diaineter (mm) 15,68 + 0.287 20.83 + 0.329¢ 14.47
shrivelled and dropped yyumber of flushes 473+ 0.066 6,20 + 0,200” 9.53
even before mah””y' On Number of leaves per flush 11.20 + 0.305 16,40 + 0,305 1474
the other hand, there was

Female fl length .02 +0.145 1,99 + 0,067" 20.63
normal development of Femaleflowerlength (mm) — n.02+
male flowers in the Male flowerlength (mm) 7.80 + 0.054 7-81 +0.064 0.19
synthesized triploid. In Totalchlorophyll (mg/g 3.39 +0.275 4,07 £471 1.2fi
both lhe triploids, fresh weight of leaO
however, no abnormal- Leafarea(mm?) 75.33 + 0.605 86,77 +0,870” 12
itieswere recorded forthe  siem ingex 0.0654 +0.00034  0,0703 + 0,00035” 12,
female flower and its Petiolarindex 0,0168 + 0.00026 0,0181+n.»()02r" 4,62
development. Moreover,

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

no fruilst't was noted in
both. «"significantat P < 0.05and P <0.01, respeclively.

The chromosome complement of the somatic cell was found to be 2n = 3x =54 in both
the triploids (Fig. 1: 2,3). Meiotic division exhibited a wide range of abnormalities in bor'
the triploids. At metaphase | (Fig. 1: 4,5), various chromosome associations like trivalc-i-
bivalcnts and univalents were observed (Tables 2,3). In the spontnnoous triploUi, tlie mn>
of irivalonis was y-18, bivalent® O-lO, and univalents 0-10. The average ocrurn nee i
chromosome associotions per cell was 12.44 for trivalents, 5.76 for bivalcnts anil 6.22 fin
univalents, There Mas f«'rmation of 18 trivalents in 5% meiocylcs and 15% recorded i
mnxinuim of ID univalents and 2% exhibited 10 bivalents which was the maximum.



Fig. 1. aiaraclerii(lcsoflriploicH>\Vbni

ni(i<.

1) Leavef of ttlploidi, tI/7; a) ipontaneous, b) eynlh«$izcd; 2) somatic melaphaM of tynihcslzrd
triploid <2n m 9x > M), x2500; 3) wmatic metaphaae of ipontaneous Iriploid (2n > 3x > 54), x2600;
metaphase | ofipontancoiu triplold with predominant Irivalents, x3000; 5) meU phue lo( synlhesiz

triploid, X3SOO; 6) anaphase 1of synthesUed triploid thowing laggards, x4000; and 7) pollen grains ..
eynlhesized Iriploid ahow 3 and 4 poiea, il190.

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



trivaii-nls, 6.11 for bivalents and 8.72
for univalents. In both the triploids,
during anapimse | (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 triploids. HiRh frequency of
trivalents was noted for the
spontaneous triploid and high
univalent association ior the
synthesized triploid. The pollen grains
in the synthesized triploid showed
increase in size. There were pollen
grains having three and four pores

Table2.

Chfoniosome
<)ssociatjiin
9,(t*=of(* 9,
10iii + 10ii + 4i
10JM* 8[] * 8i
TOi! * 9ii * 6|
10ni + 7it * |Oi
Uill ¢ fI < 1
IIn ¢ 7ii ¢ 7i
12iii # 6ii ¢ 6i
12ni + S|ft-Bi
121U+ 9u + -
12ii + 4ti+ 10|

Chromosome assodilion during meuphjsc lin

the iponUncous triploid

PercenUR? Chromixionio riTtvni. *Kt'
of cells association i)fci'lH
I J3(rt * fin A
2 13iii ¢ 5ii ¢ 5i 14
1 Uiii* 111* IOi 1
3 Hui ¢ 5ii »2i 5
9 15iii * 3ii ¢ 2i 4
f, 1itu * 2ii * 5t 2
2 16in * 2ii ¢ 2i 1
10 17in+ 1 i 3
7 17iii + - +3i 2
1 18in + — 5

5

(Fig. 1; 7) and the size o/ pollen grains ranged from 10jim to 55 pm.

Table3. Chromo»ome astociation during meUphase | in

the lynlhesized triploid
Owofnosome  Percentage Chromosome Percentage
sssociation of cells association ofcells
7in + 10u ¢ 13i 2 IIm + 7ii + 7i 7
8m +9n*12i 2 Ilin +4n + 13i 1
8m*Ba* 14i 3 12ai +Sn = 3
giii+7n l6i 3 12ni+ 6fl + 6i 9
Rm+ 10n * 10» 2 12m+4n + 10i 1
9in +7n+13| 4 13ia ¢ 5ii + 5 9
om +gii-H i 1 13101+ 611 + 31 2
9m ¢ 6n ¢ 15j 2 14m + 3n't-61 2
9/n*5H+17| 3 14nf+ 111+ 10( 1
Im*9n-*-9i 5 14m +5n*2i 6
101 + 7ii + 10i 6 15m + 2ii + 5i 2
10m+ Sir 81 3 15fo + 3ir”3i 2
1011 + 611 * 12i 4 16m + 2n + 2i 1
Iorti * 101 + 4| \ 17ra+ 111* ti 3
ti;-*Ait+9t 6 17ffl+ - + 3t 3
Iiii* 5ii ¢ Hi 2

The distinguishing features of the
synthesized triploid are the variations
in the number and size of leaflets and
semidwarf stature. The dark green
colour for the leaves of spontaneous
triploid may be due to greater
tftickness and chlorophyll content.
Similar results had been reported in
Li~ (13] and Capsicum [14, 151
Triploids are reported to be vigorous
in sugarcane and sweet potato [16]. In
the present investigation the
spontaneous triploid was found to be
more vigorous compared to the
induced triploid during early stage of
growth. This may be due to the
possible effect of back crossing (17|.
Synthesized triploid had been e&6olved
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
Tjir1and G11.



In the spontilixeous triploid 5 per Table4. Comparison of chromosome association in the
cenl of meiocytes showed complete synthesized and spolaneousiriplold
trivalenls (18 Il1). From the cytological
observallons it is clear that the
spontaneous triploid is an autotriploid
characterised by the presence of a trjvajent 1].064-0236 1244 +0245 4,05
maximum number of 18 trivalents. In
the synthesized triploid a maximum of
only 17 trivalents was observed at Univalent 8.72 +0.415 6.22 +0.297" 4.90
metaphase I. In other words 18
trivalents, which is the maximum  significantat P< 0.0,
possible, was not observed in any of the microsporocytes. This may likely be due to the
genetic differences between the two genomes involved in its origin or the precocious
Asjuncdon of trivalents.

Chromosome Synthesized Spontarteous  t value
assodadon

Bivalent 6.n+0,205 5.76 + 0.226 114

In nature, triploids may originate either due to crossing between tetraploids and
diploids orby fusion of reduced egg cellswith two male nuclei or fertilization ofunreduced
egg celland a male nucleus. Sincespontaneoustetraploidsarenotreported tooccur in Hevea,
across 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 10species ofHeven a triploid clone isreported 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}.

Toconclude, two triploidsshowed distinctmorphological variations. CytologicaHy, the
spontaneous triploid shows the autotriploid nature. Moreover, in this triploid complete
male sterility Isobserved. But in the synthesized triploid 5.5%stainable pollen grains along
with .sterile pollen grains are noted. Both the triploidsare found to be fruitless. Triploids are
valuable for detailed genetic investigations and enrichment of genetic resources. They are
also important as source material to obtain primary aneuploid series.
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