T 91 PR 0057
0* Agrononiico, Canpinas, SH 41(1)t 1989
HEOLCOY CYTOGENETICS ANT) PIOIDY OF SPECI5S OP THE

GENUS HEVEA
By i»aulo de Souza GoJacaIves(l’l‘i) , Mario Cardos{ TS, Marco
Cc2 3
A.M. Boaventura ), Antonio Lucio Mello Kartins( ) and
Cesar Lavorenti®
| * In troduction

Ilhe genus Hevea "belongs to the BuphortcLaceae fanily which
includes other important genera of tropical crops, such as
]JELcinus CCastor), Manihot ($e”~ioca) and Aleurites (O iticica),
Hevea brasiliensis (wild, ex. A. Juss.) Muell. Arg* is the most
importa nt species of this genus. In Asia it is cultiivated as
the main sotirce of natural rafcher,. more than 809" of the produc-
tion being concentrated in Malaysia, Indonesia and Thailand,

Ilie total area under rubber ctiltivation in the world is estimate!
at 7 million hectares. Traditionally Havea is cultivated in the
equatorial region, situated between IOMN and 10°S of the eq-uatos™.
Unique emong nal;aral products, natural inbber combines elasticity
plasticity, resistance to friction and impermeability to liquids
and gases. Although synthetic rubber presents better qualities
for some uses, it is not as good for the tyre industry iiriiich
consumes 75~ of the world production of natural i“bber.

A native of the Mazon region, its natural occurrence is
limited to the Amazon region of Brazil, where there are ten
species of this genus, and to bordering countries such as
Bolivia, Peru, Colombia, Ecuador, Guayanas, Surinani and Vene-

zuela (WYCHBHLEY, 1977).
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As typical genus of£ Hileia ~azonica, vdthfgreat aaplitude
of ecological embience, it presents great morphological varia-
bilil;y (SBIBERT, 1947) ranging from Mgh forests to buahy forests
(BRASIL, 1971).

Hevea is not an ideal plant forfeenetic research. Its number
of Ghromosomes, 2n - 36, was detemined about 50 years age tiy
'RMASH (1935). Among the unfavourable factors we may mention
the similarity of fonns of chromosomes of metaphase and their
small size (MaJTMDaR, 1964)* However, being an allogsmous
plant, it is ideal for interspecific hybridization and for
improvement works, even, with its low percentage of fructifica-
tion, aix)und Althou”™ the plant can gZow in poor soils, it
responds veiy well to suitable manures,

03ie objective of this p”er is to summarize and integrate
the availaliLe infoimation on different aspects of cytogenetics
end ploidization of Hevea. Even with scarce literature, we hope
that the information will be of utility in future research on tte
topics mentioned above, as well as in future programmes of
genetic impro.vement of the genus.

2. Botany and Taxonomy

According to PIRBS (1973), the genus Hevea is a natural
taxon, that is, a group-., a definite taxonomical entity, very
well defined and easy to recognize,

Botanically this Brazilian Rubber Tree, locally called
"SeringfIL ™ is a dicotyledonous monoecious plant~that is, it has
male and female flowers in a sane plant. The flowers are
unisexual, aaall, yellowish, and arranged into racemes. The
leaves are long-petiolate and divided into three lobes. The

fruit is a big cspsule v~ch ~“renerally contains three seeds.
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All the species are woody and ar'boi‘eo’us; in “:«neral they range
from avera-e trees to very tall forests, with the exception of
H. Caniponmi and H. cemargoana, which are saiall trees of the

size of field shrubs (GOVOALVSS et 1983).

The geii'us as a whole shows evident signs ofpeiaodicity
such as: senescence (wintering); inteimittent growth, variation
in the distancing of leaves along the hrasnches and formation of
moderatily marked scaly rosettes, whiia™ possibly should be re-
lated with the foimation of gra” rin™s in the wood (SEIBERT,
1947).

+ The first discription of a species belonging to the genus
Hevea dates back to 174g* According to BOUYGHO01T(1969), it was
the French engineer Frencois Fresnau who first described the
properties of the Brazilian rubber tree (Seringa) and it was
the botanist Pusee Aublet who classified it in the genus Hevea,
and within it, in the species H. guianensis.

'wmYe most recent taxonomic studies are those conducted by
BALMK JWOR (1947), SEIEBRT (1947), PIRES (1973) and, more A
recently, SCHUIMES (1977). EALDWIN JUIUOR (19'47), based on
an accurate study of Heveae native to the Amazon region, and com-
bined with cytological observations, cane to the conclusion
~hat the genus Hevea possessed .nine species. In Peru SEIBERT
(1947) recognized eight species. llhe studies of SCHtJHEBS (1977)
recognized nine species and four va”rieties and PIRES(1973)
reco”iged eleven species, including in the group the most recen*
species, H. caaargoana, found in the island of Harajo (PIRES,/19"

The present classification of the species dfthe genus
Hevea is based on the studies conducted by Bailon and Mueller

Argoviensis, cited by ALHJQUERQUB (1978), and by HCBBBR PAX



end BOCO, cited by BIUSIL, (1971) and SC7HULIIS(1977). Eleven
species are recognized in Brazil (GOKGALVBS et si., 1983),while
in Asia only nine are recognized (WYCHSHLBY, 1977). Of tiie
eleven species laiown in Brazil. H. Gruianensis Autii,. H.'"bentha-
miania ltuell. Arg., H. brasiliensis ((WIlld. ex. A. Juss.)
Muell. Arg., H. pauciflora | “r« ex. ELfe.)Muell. Arg., H. nitida
Mart. ex. Muell. Arg., H. microphylla Ule, H. i“ruceana tSKi.)
Muell. Arg., H. p~udosu Ule Jahrb., H. nigidifolia (Spr. ex.
Bth.) Muell. Arg., H. canporum Ilhicke and H. canargoana Pires,
only H. brasiliensis, H. benthaEiana and H. guianesis produce
commercially acceptable lateac( fllCKES, 1981).

Hybildization and introgression between species occur
frequently. Experimental crossings show absences of genetical
barriers of reproduction (GONCALVBS and CARDOSO, 198 7)WICHERLEY
(1979) advances the hypothesis that the speciation of HBVBa occcu
in relation to the autonomy of flight of pollinating insects and

synchronieta in the flowering of these species.

3. Re-prodaotive BLologf
3,1. PhyeioXogical aspects of senescence (wintering) and
flowering

The Brazilian rubber tree (Seringa) is a plant of deciduou
habit, ijiore pronounced in regions inhere dry peilods are constant
In Amazon regions, vtSiere the dry periods are less rigid, falling
of leaves and flov/ering are irregular. According to WE)150HB
(1975), in deciduous forest, the availability of water is perhghji
the most in”jortant ecological factor which affects wintering and
flowering, although both Etre influenced by the gfiogr~hical

situation, conditions of climate and nature of the vegetal

material*



According to PINHBIRO (1981), in -the conditions of Belem,
PAjvdth a climate without a maiteed dry season, depending upon th
clone there is a disuniformity of flowering, althou” thespe may
''e a greater concentration in the months of July and August.

In regions of climate with marked d.ry season mntering occurs
in this peidLod, as is the case of Tracuateua in Para, which has
a dry season which goes from August to November and wintering
occurring from August to October. Another exaaple is the case
of Acailandia, in Rleranhao, which has a dry season of four
months and flowering occurs in this period.

In the State of Sao Pewlo, it is found that the regions
studied in the Sao Paulo plateau, like those of Sao Jose do Rio
Preto, Canpinas, Ri'beirao Preto and Kaialia, ept for the culti-
vation of rubber for presenting definite dry climate. In these
regions, nomally, wintering occurs in the peii.od of June-August
It is observed that in Csmpinas the falling of seeds occurs in
the month of i”iarch to April, that is, one month aftei? the fall
of seeds in the region of Sao Jose do iiio Prelo.

In rubber plantations in general, wintering starts v\hen
the tree changes its habit of growth and this occurs, generally,
after the third or fourth year after the planting; althou” vaa>-
iations occur in relation to clone, density of planting, genetic
material and other f&ctors (BOUYGHOU, 1969), there exist grafted
trees which flower in one to two years, as v/ell as there exist
others which flov/er after seven years.

Trees of H. brasiliensis flower once in ayear in the
Amazon region, normally during April-July. In Malaysia they
flower twice a year, normally between March and Apial and

between Au”ust and September, with more pronounced flowering



during the first season (PARALAJOTHY, 1980). In Vietnam and Caa-
mbodia, according to BOUYCHOU(1969) > wintering occurs from
February to March.

The foraiation of annual rings of growth, observed in the
transverse direction of the ste:i, rii a330'3-rat:.on feh ir.n”o:r-n
has been quite marked, similar to the plants of temperate climate
(HAO, 1972). Meanwhile, according to La Rue™”™\ cited 'fiy
SEIBERT 1947) » the fomation of the annual rings of growth is
rel®ft«d”™ with regions of definite seasons of rain and dryness.
Seibert observed in the Iberia regionfef Peru 211 annual rings =
iif graw”™th in a tree of 84 cm diameter after the first year of
decomposition, leading .us to believe that these xangs v.-ere re-
lated vjith the alternation of these seasons.

3*2. Infloreeence and flov/er

Alittle after the annual wintering, monoecious inflores-
cences appear in the extremities of the branches, They consist
of a main axis, with about *twelve pubescent axes, on which the
flowers are distributed in the form of a raceme.

The small Howors are of two '"types, that is, male and fem-
ale, situated in the extremities of the main axis and secondary
axes. The proportion of male flowers to female is generally
60:1, that is, one female flower for 60 male flowers (BOXJYCHOU,
1966), proportionally varying between the different clones
(GBOROB, 1967).

‘I'ne flower do not show p£.tals, but there is a peilanth
with five lobules. Themale flowers are smalla:’, more pointed
than the female flowers and its involucre is directly inserted

on the peduncle. The female flowers are distinguished by the

presence of a swollen disc at its base, from TAhere originates

t



the floral involucre.

In the conditions of the Sao Paulo PlatesRi™ the inflore-
scence matures in a period of 1 to 2 weeks. The male flowers,
in general, open earlier than the female flowers and anthesis
(:~ill "bloom) generally occurs in the second half of the morning,
rmih is completed by noon, ‘because of which controlled pollina-
tion should be carried out in the morning time.

A floral bud pro”~ces, on an average, about ten racemes,
each one, on an average, with sir female flowers, Howering
t~es place at the beginning of the vegetative cycle of the
ra'b'ber tree, starting alittle before or after the launching
of the new leaves and generally is spread over the whole period
of refoliation. (BRASIL, 1971)*

Like all the plants native to tropical zones, rubber tiree,
according to BOUYGHOO (1969), is a plant of short days for its
floweiigg. Its photoperiod does not seem to have been studied
yet, and we do not have till now any da/~a on the limits of
daily necessity.

2he male flowers possess ten sessile staaens, directly
inserted on a email control conical column called aa”™trophore.
3'lhe stamens are arranged into two eCLtemados verticilos of five
sessile stanens each (GOZCALVBS, 1979). ‘Che stanens have elong-
ated shegpe, oriented towards -tJie sane direction as the androphor<

and a distinct groovB on the external surface (Hg.D)"

(6) LA RUfi, C.D. (Ce Hevea rubber tree in the Amazon valley,
*«™ashington, US Department of Agriculture, 1926, 70P.
(Department Bulletin 1922).
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Diagranme of male and female flowers of the genus Hevea
(source: 30TJYCHOU, 1969).

(1) Sepals (2) Receptacle (3) dosed male flov/er (4) Closed
female flov/er (5) Androphore (6) Sessile staaens (7) Groove (8)
Pollen grains, (9) Ovary (10) Sessile stigaa (11) Carpel, (127
Staminodiums (13) Receptacle (14) Androece-um of a male flower
after removal of sepals (15) Ovary of a female flower after
removal of sopals.

The female flower is isolated at the end of the main axis
and in the secondary ranifications of the racemes, or still
less frequently, in the tertiaries. It is easily distinguished
hy noting that the base of the cElyx is much more voluminous than
in themale flower, and we can observe also a rreen coloration in
the base, which is not found in the male flower. It consists of
a triangular ovaiy fonned by three welded caiTfpels, on ~ich is
mounted a sessile sti“na, which in the process of pollination
receives pollen grains (GONCJLVES, 1979). Between the ovary
and the perianth there exist ten staainodia arranged on the rece-
ptacle (Hg.l).

Both in the female flower and in the male there are rudi-

ments of other organs. According to JERRAND (1944), this is



due to the fact that the flowers are constituted on a plsnj~f
herw-a”hrodite flowers and that in the course of their develop-
ment one of the organs is retained in the evolution.

3-3. Male sterility

The phenomenon of male sterility described bJTmany authors
in different taxons of angiosperms (LASEH and LBRSATT, 1972,
GHUK, 1976) is a physiological anomely of little importance for
the researoher who wishes to utilize the sexual way for produc-
ing a heterozygotic stzucture on a Mg scale (DTJVICK;, 1959)~

According to DUVICK (1959) > whatever eiay he its ori”™n,
sterility permlta t-o profoundly modify the system of reproduction
of a plant. Utilizing it, the researcher has the possiM lity
of producing allogany in two autoganous plants, with the objec-
tive of obtaining the effect of heterosis.

In the case of Hevea, the occurrence of male sterility was
reported for the first time Iy RAVBR (1935), who described it
as irregularity in the myosis of the mother cell of the pollen.
Through the cytologiCEa. study of mother cells of the pollen grain
this author observed clones of H. brasiliensis which showed com-
plete or partial male sterility, and concluded that irregular
myosis was responsible for the stexllity.

Meanwhile, it was in the period of 1962 to 1964 that re-
searches were carried out in Malaysia (MAJIMDAR, 1967) to dia-
cover macho sterility iVi clones of H, brasiliensis. The objectiv
was to establish seed farms for economically producing hybrid
seeds on large scale. According to this author in that period,
out of the two thousand clones examined three clones with comp-

lete male sterility were found.



Tn prECtical works of improvement conducted in Indonesia
(BIJK&IAK, 1951) and in Brazil by I AG (CMPINIS, 1989) variotis
grades of male sterility was observed in different clones, rang-
ing from poor production to complete a>bsence of pollens, because
of *whicli clones like GTI can be used as female parfentals in cross
ings. Sterile male, clones are not different from ;ormal clones
in tbeir morphologicel characteri”s 1967), although tie
male flowers take more time to attain maturity.

3-4. Longevity of pollen

Hhe pollen of Hevea shows the characteristic of being
stidfey ()RWERDA, 1969) and, if stored without special precau-
tions, quickly loses viability**"plJMAR (1938) > storing andro-
phore (column of anthers) in 67 to relative humidity and
at +6”0 temperature, achieved viability of pollen for seven-
teen days , Storage studies conducted by MaJIMDAR (19 66) Showed
that a good degree of viability, around 207, could be obtained
for a week if the pollen is stored in a temperature between 5 ant
0°c and 75- 819" relative humidity. Pollen stored in this way
makes a faood fertilization possiKLe.

3.5 fertilization and fruotLfical:ion

After the fertilizationlof the ovules the fruit, generally
with three seeds, takes about five months to attain complete
development « DuUng the period of development a large quantity
of aaell fruits are aborted, especially during the first two vfetty
months. According to WIfCHERLEY (1979), fructification succeeds
in less than of the female flowers in natural conditions, and
about 4™ in the case of artificially pollinated flowers. In the

Sao Paulo Plateau the greater or lesser percentage of fructi-

fication, in natural or artificisiL conditions, is related to the



low relative *humidity of the air in the period of pollination.
4. Centre of Genetic Diversity

®ie Centre of genetic diversi-ty of the genus Hevea is Rio
Negro, in the confluence with the Anazon river (WYCHEHLKYjIST?).
In this region seven species are naturally found: H. 'berthaniana,
H. giiisnensis, H, microphylla, H* nitida, H. pauciflora, H.
rigidifolia and H. spruceana. Of course, there exist in this
region putative .hybrids, which represent the majority of the
combinations of existing species, and consequently, overlappings
of the geographic area of one or more species, “ese overij™ings
Induce the occurrence of hybridization and introgression in such
dimension that it led BALDWIN JOTHOR (1947) to conclude that soue
lines of speci:™ic points of the genus happen to lose their
identities.

03ie distributionof H. comporum is away from Rio Kegro and
H.brasilien sis has its area outside the primary centre and is
therefore in the secondary centre of diversity. According to
WYCHERLEY (1977) this centre covers a vast area in the surround-
ings of the municipality of Borba, in lower Rio Madeira, where
five species naturally occur.

GeomoipholoMically, the centre of diversity is situated in
the proximities of the northern margin of the Amazon basin v”~ere
the Guyanas Plateau begins, Olhe soils of this centre proper
are constituted by latosols of low lend and fluvial glaze,
since the region which surrounds the centre includes a varie-ty
of plateau soils (WYCHEHLEY, 1977).

As regards climate, the centre of diversity is TTithin the

equitoilal region with constant super humidity (ORTOI-ANI, 1986).
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JUi imp~”~ant aspTct tHMulTd be emphasized is that the spe-

oies found theY-4L seem to have evolved under this constant humid
climate, showing the existence of hig variation with regard to
resistance to leaf disease, caused try the fixngus Microcylus ulei.
Besides, the species which sp3?7ead beyond the region which sur-
rounds the centre have adopted themselves to conditions of long
dry periods each year, partially contributing™ to the behaviour
of wintering and, consequently to the flowering of the trees.
5. gytoRenetlcs of the G-enus Hevea

The use of cytogenetics in the improvement of economic
characters of Hevea can, in principle, favour the understanding
of the model of inheritance of the plant, An aspect of great
importance in this direction is that it provides the researchers
the choice of plant material to be worked on and, consequently,
a good planning of the progr*nme of improvement* Excepting
HEUSSER (1919) and BMGrH” (1931); various researchers, such as;
RSMAER (1935); perry (1943); PADDOCK (1943); MBNDES (1946); BAL-
DW\GT JUTO:OR (1947?); RO0SS(1'559); BOUHAMONT (19 60); OCOM™AGIIN (1971a.
b) and OKG (1975), concluded that the majority of the species of
the genus Hevea possess 2 n 36 chromosomes (CSiart I).

Chart 1. Number of chromosomes in species and interspecific
hybrids of Hevea

Species 2a References.
H.brasiliensis 16 HEUSSER (1919)
34 BANGHjaV[(1931)

36 ONG (1975, 1980); GO-TAGIN (1971a, b);

RAMAER (1935); PERHT (1943); PADDOCK

(194:2%; BOUHAI\/IOWT(IQGO%; HPSS
MEWDBS (1946); (19a).



H.guisnensis 34 BAKGHIM (1931)

36 MAJOItDAE (1964); RAMABR (19351;
BOUHAMOTIT (i9 60); ONG (1980).
H* spruce ana 34 BANGHAM (19 31)
36 MAJMIDAR (1954); RAMAER (1935); PBRRY

(1943); PADDOCK (1943); BOUHAFfiONT
(1960); ONG (1980); MB1IDBS(1946).

H, pauciflora 18 BALDWIN JUNIOR (1947)
36 MAJtSIIDAR (1964); ONG (1980).

H* bentlianiana 36 ONG (1980); BOUHAMONT (i960).
H. Nitida 36 ONG (1980).
H. E~ruceanax H. 36 RAMAER (1935).

mbrasiliensis
H. Oolina x H. 36 RARGABR (19 35).

Torasiliensis 36
H. rigidifolia(l) ?
H. microphylla ?
H. paludosa ?
H. canporum ?
H. ceEaargoana

(1) Cytologic or cytogentio studies do not exist.

5.1. MyOsis n

In Hevea, myosis studies are few and not very systenstio.
HBUSSB (1919) was the first author to conduct research on re-
productive organs of H. hrasiliensis with regard to myosis. In
trying to make improvement throu”™ controlled pollination, the
study of the organs of reproduction, according to this author,
is very important for the success of the work. However, in -Qie
discussion of myosis, HBUSSBR did not enter into details, but
mentions only the most perceptible study and, with a hrief

discussion, its connection with iJie phenomenon of heredity.



Years later, BANGHjSM (1931) published a paper on the n-um
bar of chromosomes of some species of Hevea, in v”~ich the number
of n - 8 chromosomes of H. brasiliensis, estimated by HEUSSER
(1919) was corrected ¢« For all the species resefirched, BANGHIM
(1931) found 2n - 34 chromosomes. However, his work hsrdly con-
tains infoimation on the myotic division.

It was RjaSABR (1935) who first studied the cytology of
Hevea in detail. He observed that the haploid number of all
the species and foims researched, whose countings were done in
diacenesis, metaphase I, an”~hase | and met~hase Il, in a total
of hundreds of cells in myotic phases,

did not leave margin for any doubt.

Ilhe microspoipgenesie of five species of Hevea was studied
by BOUHAI®R/IONT (1960), wsho observed that in thebeginning of
prophase the nucleus of the sporocytes were voluminous, possess-
ing one, two or even three nuclei, ”“he nucleus, hardly ftainable,
was full of numerous thin filaments and this gave it a granular
and finely reticulated look, She results of the tv/o rewearches
showed concordance with regard to the number of chromosomes o>
served by Ri&ABR (1935), PERRY (1943), PADDOCK (1943), MBTOBS
(1946), BALDWIN JUMIOR(1947) and ROSS (1959).

In Malaysia, (1964), with th~ntuition of finding
male sterile clones for use in the improvement progrsmme of the
Rubber Research Institute of Malaysia (PRIM), studied micro-
sporogenesis in four species of Hevea, finding n m 18 chromo-
somes in all of them, 55iis author observed that in the pachy-
tene stage the Ghromosomesi-were in the fom of fine threads, whil
in diacinesis they appeared short and thick, ~ejpresence of 18

chromosomes was also observed in the poles of’anaphase | and meti



Il1. 1he chromosomes g”~peared more or less irregular in
sha5>e. Anaphase | appeared irregular, except in some cases vifeera
one or two retardatories or chromation bridges were seen. O05ie
author also observed in anaphase Il the noimal seggregationof
18 chromosomes for each pole.

In Brazil cytological researches in microporogenesis,
carried ovit in the Agronomical Institute (IAC) try OGOITAGIN (I1971a,
b) on diploid and polyploid clones, showed that in diploid clones
(2n = 36) the microgenesis appeared nonnal andELt was possible to
observe inljiiacinesis 18 tivslents vrfiich separated in anaphase I
regularly, mthout shovdng retardatories. According to this
author, the phases of the second division also g”~peared noimal,
giving 100™ noimal tetrads. Already in the polyploid clones
(2n - 72) several irregularities v/ere observed in the chromosomic
separations, giving rise to abnoimal tetrads, with microcytes
and empty pollen grains.

Recently, OFG (1980)™ wutilizing floral primordisls of
several species of Hevea, conducted the most complete study of
myotic chromosomes, finding in all of them the usual configura-
tion of 18 bivalents infeet“hase |I. This author observed that
aaong the 18 chromosomes three were ring-shaped, while the remain
ing had the shBE™® of a stick, and aiiong the eight bivalents, two
were long, four of average length and the remaining short# It is
interesting to point out that occasionally this author observed
also one or two quadrivalents, although the frequency of occur-
rence of this configuration was low and the number of chiaanas

per cell was about 28 in all the species examined.



5.2n Analysis of the caryptype

Analysis of the caryotype includes the study of the num'ber,
size and morphology of chromosomes. Total length of the ratio
of arms of the chromosomes are useful in systematic and phyto-
genetic researches. According to JAUHAR (1981), Levistsikii and
Avdulov were the pioneers in the use of cytologtcal data as a
help in the study of taxonomic and phyllogenetic studies between
plant species and genera. Although the ™"basic number, size and
moiphology of the chromosomes can in fact be utilized in taxo-
nomic classification (GOKSTA?JOE, 1957), these par”~eters could
be subsidiary to morphological characters in any taxonomic study.
Modem cytological techniques, liking banding of chromosomes
with Griemsa (VOSa, 1973)? and models of heterochromatin coloured
with fluorochromes, like Ghinacrlne mustard (VDSa, 1970), csn
furnish information of phyllogenetic value.

As regards caryomorphology, the chromosomes are generally
measured in metsphase after pre-treatments (ONG, 1980; RMSR,
1935); PADDOCK, 1943). main disadvantage inherent in these
studies is that the magnitude of error in the measurements of
contracted chromosomes is high. Snail significant differences
between chromosomes of a species, of intre-specific category or
of different spedies, cannot be resolved accurately. However,
caryomorphological studies can be carried out more precisely
in chromosomes in the pachytene stage in rate of low chromosome
number.

The genus Hevea is a homogeneous collection of species wit]
number of chromosomes 2n - 37) and E”™ 9. ONG (1975), through

the analysis of the caryotype of seven species of the genus,



suggests that the ~ecies diverge

pect to caiyomoi™hology.

of chromosomes,

"between themselves with res-
Judging fay the criterion of asymmetry

the species H. hrasiliensis seemed to be more

evolved, while H. Guianensis was found to be more primitive.

According to orrg (1980),

H. brasiliensis was found to be with

out of all

the seven species studied,

least number of metacentric

chromosomes (10) while the biggest number was found in H.

guianensis (16).
of the other species is
rigidifolia stT. 2,

flora (15).

According to Chart 2,

as follows;

(12),

th«

order of evolution

H, benthaniana (11), H.

nitida (14) and H. pgtuci-

wide differences in asymmetry of the caryotype

between the seven sxHiies of Hevea support the affiiraationthat

they are in fact distinct species.

Chart 2.

Species H. H. H.
brasi- benthar- rigidi-
lioncis miana folia

Rfati?] olf length

of the longest

and shortest 1.94 1,81 1.88

pair of

chromo some

Number of meta-

centrie 10 11 12

Number of sutmeta-

centric 7 11 3

Number of aero—

centrie 1 1 5

Presence- of
satelli te Yes Tes

Source ;ONG(1980)

H.

spre—
ce ana

2.00

12

Pe.yree of as.ymmetry between seven species of Hevea

H. H. H.
nitida pauci—guia-
flora nensis
1.89 1.88 1.94
14 15 16
2 2 1
1 1 1
Yes Yes -



‘i'ne conclusions of the study of moi~hology of the caryotype,
firstly conducted tfy 'RMASR (1935) and later confirmed ty BOUHAB-
MONT (19 60) and ONG (1975, 1980) are that the genus Hevea is a
seental allopolyploid with basic numher of chromosome of X- 9
instead of n - 18. Ilhe explanation for this fact is the existence
of hig similarities between the different pairs of chromosome”™n
the caryotypes, suge'esting duplication of pairs of chromosomes.
According to OKG (1980), these duplications of pairs of chromo-
somes would be e3Epected if the genus was of allopolyploid origin.
Besides, the low valency of multivalents, observed in the researct
es conducted OKG (1975), suggests that the genus Hevea is a
segaental ~lopolyploid.

Ilhe fact that a large number of species of existing plants,
including Hevea among others of our cultivated plants, are allo-
polyploids, clearly shows the importance of polyploidy in evolu-
tion. According to (1964), at le~st a third of all the
species of angiospems are polyploids, but in soi™e groups, the
percentage is hi”er.

Allopolyploids probably arose in nature through the”~dupli-
cation of chromosomes after interspecific crossings, duplication
occurs naturally in experimental hybrids between species. 2he fre-
quency of duplicated sectors is low, but it can be increesed by
various agents. lhe resxilt is as if the zygotic number of the
two species was combined in a single individual. These are known
as EiQphipolyploids or anphidiploids if both the parental species
are diploids( BJHNHAW, 1964).

6. + Hgploidy

It was Bergner, inl921, who discovered thefirst h&)loid

in hi“er plants (BLAKESLEB et al., 1922), and three years later



ELakeslee and Belling (CHASE, 1969) made the first suggestion fo:
the use of these plants in genetic imprcement, and there exist
at present a series of theoretical possibilities of its use
sug;?-ested 1?7y RIT2CH & WENZEL. (1977). According to SEARS (19 39),
in the field of cytogenetics, haloid plants are important as
"basic materials in the production of monosomic series, which have
important applicatioRS in cytogenetics and in the improvement of
plants. In improvement, due toliie non existence of dominance in
haloids, they can be utilized vdth great success, considering
that the pjienotype of these plants faithfully reflect the geno-
type of the sane (aBEL, 1955). JAUHAE (1971) emphasises that
haploids cen he utilized in various areas of research, such as i
studies of induced mutagenesis, effects of dosage and interactioi
of gene and analysis of genic bonding, contributing to accelerat*
a progranme genetic improvement.

6.1. HgploidB (Spontaneous dihaploids)

13ie first researcher to carry out cytological studies on
Hevea (H. brasiliensis) was HBUSSBR (1919) » in Sumatra, who
observed that the plant possessed 2n - 16 chromosomes. Only
much later, in studies conducted by various authors, itvBS ob-
served that the species of Kevea till then studied possessed
2n - 36 and n - 18.

However, the studies of I-BEBUSSER (1919) remained for a long
time as an isolated example, gcplained by the use of cytologic
technique inadequate at that time, until the casual discovery of
a haloid specimen of H. pauciflora, in 1947, by Baldwin Junior.
According to DIJKMAIM (1951), after counting the chromosome, the

tree of ?2n ™ I8 chromoSDmes was abandoned and it lost its identii



weeks. Two years later, in Malaysia, attempts were made ty PRIM,
in 1975» for improving the development of the em-biyoids o'btained
from the somatic corns drrived from the anther, through modifi-
cation of the culture medium, although this attempt was not
spccessful (ARiyUAL REPORT, 1975). In the sane period, PARAKJOTffi
and GHAKDIMATHI (1975) reported that corns of various explsnts
were o'btained and somejof these were maintained through repeated
subcultures. Differentiation of emhryoids was ohtpined in cul-
ture of corns derived from som”atic tissues of anther, and could
take root, although they did not develop into plantlets, in the
s™e way, with e~gplant culture of young Miem of H* brasiliensis,
WriSON and STREET (1975) and WILSON et al. (1976) obtained
structures similar to embryoids which also failed to develop intc
piantie ts.

The first work on plantlets of Hevea from aiither cultured
in vitro was reported in 1977 (GHEK et al. 1977). Two years
later, CHEN et al. (1979) studied the relation between com
obtained from anther and foimationjof embryoids from pollen of
Hevea . They observed diploid cells (2n ~ 36) in 80~ of cells
in met"hase of myotic division ~ter 20-30 days in culture
medium, while 50 days after the inoculation, only 10™ were de-
ploids and 69" were haloids. The results showed that after 50
days of culture the corn derived from the walls of anthers was
degenerating itself, while the haloid tissue of the microspore
was dividing naturally.

Subsequent studies of reduction of ploidy of culture media
and development of microstores into embryoids in the process of
culture of anther were conducted systematicsCLIy (CHEN et | 983

OHEN et al. 198la). According to GHE1™(1983)? hundreds of plant-



L&ter, Baldwin Jtinior returned to the old place o” the tree and
collected seeds of ttie place with, the object of maicing new
verifications of chromosom|s in the seedlings possibly originated
from it. These seedlings, however, showed 2n - 36 chromosomee, I
was not possitGLe to collect new samples in the place and in this
way the discovery remained at the margin. However, the fact
that the tree in question had a number of characters similar to
those found in H. brasiliensis . and that it was verified later
as being probably H. pauciflora, made Baldwin Junior conclude
that Heusser's discovery of 2n - 16 could be related to an indi-
vidual of H. pauciflora confused as H. brasiliensis.

~Ne chromosome number 2n - 18, according to DIJEWIK (195L)
is considered by Baldwin Junior as an expression of a diploid
condition, and groups possessing 2n - 36 chromosomes would re-
present an ~proximation of a tetreploid condition.

7. Induced haploids

Production of pure lineages through many generations of
self-fecundations of aHogsmous perennial species, such as Hevea,
is almost impossible due to its long generation cycle. However,
homozygotic diploid plants can be obtained by duplication of the
ntUBber of chromosomes of a haloid plant obtained from pollen
through culture of ant|jer. By meansof this procedure, pure ‘lin-
eages of different genotypes could be obtained by providing the
base for production of hybrids of Hevea exhibiting heterosis.

O'he first attempt® to obtain anther culture and pollen
grains culture in Hevea were made by SATGHIJ fliIAKANTHAVALE &
IRUGULBaNDARA (1972) and SATCHUTHANANTHAVAIE (1973) in Sri Lsnka.
They observed fomatioJ”™of corns after four v7eeks in culture medium

maintaining good growth through six subcultures in a period of si



lets from pollen have already been obtained and some have already
been cloned, ~is author emphasises that with the definition
of the technique of anther culture, noimally, 100 to 150 embr-
yoids are foimed in every hundred anthers inoculated. The fre-
guency of viable plantlets from pollen has been increesed to 3*
(number of plantlets from pollen per 100 anthers inoculated)
(GHBIT et al.,198Ib) besides, GO et al. (1982) recently reported
that two plaintlets were obtained froia ovules (female ganete)
of H brasiliensis, needing, however, the study of degree of
ploidy.

8. Tri-ploidy

Triploids, in a general way, occur rarely gnd spont”
neously in nature. The first citatiorjof a triploid tree (2n —
3x - 54) was made by BALDWEIT JUTTIOR (1947) in a clone of H,
guianensis. Much later, KAZBER and SARASWATHY 3wIA (2.03'"),
in India, reported another plant of H. brasiliensis which was a
triploid of spontaneous occurrence.

In nature, triploid plants can originate from crossing bei
ween triploid plants or by fusion of female ovule with two male
nuclei BUHTHYSI(I964). However, the most true hypothesis for
spontaneous triploids is the result of fertilization of reduced
and non-reduced gaaetes, also observed in other species by
various researchers (NEVOXN and DARLINGOX)K, 19 29) ~TAZTBR 1980,
1981).

Induced triploids were obtained in Brazil by BOAVET7TURA! 7"
and in India, by SaRASWATHY AMVA et al. (1980), involving colchi
tetr£$)loid clones and diploid clones side by side in the field.
tn both the cases, considering that the vigour of the plant is a

phenomenon of heterosis, the above-mentioned triploids show



luxuriant vigour, greenish dark coloretion and thickness and more
pronounced leaf veins than the diploid.
9. PoliToloidy

According to WRIGHT (1976), polyploids can 'te subdivided intc
antopolyploids if the whole set of chromosomes are derived from the
sa3e parental species, or allopolyploid if the viiiole thing ori”-
nated from different parental species. In a typical autotetrar-
ploid there exist groups of homologous chromosomes, while in a
typical ~lotetr”~loid chromosomes are quite different from the
species which show two groups of chromosomes.

Many of our cultivated plants, such as i“eat, cats, cotton,
tohacco, potato, peanut, alfalfa and Kepier grass show succes”™n
polipolody. Thfiir parental progenitors are already, ih many
cases, extinct or, if they still exist, they do not compete with
the s~e (HAHLAK, 1967)*

Although the initial expectations of success of polyploidy ae
a mode of impro~/ement of plants have not turned out to 'ke a reality?
it has contil”bated in some way for the imprcrement of omanental
plants and fodder plants. According to JAUHaR (198i) , the areas
of utility include the following: (1) Breaking of sterility
barriers, facilitating the transfer of genes; (2) Application of
special crossing 'techniques similar to the method of hE5>loidy of
crossing of diploids; (3) Widening of the genetic variability.

Considering that the constitution of the genome of a vegetal
organian is in equilibrium and the induced d~lication of chromo-
somes (Eiutopoliploidy) disturbs this equilibrium and produces

sterility, at chromosome level, the main problem'is the irregular

~T5 BOAVEKTURAjY.M, s. personal communicationl989. (Cytology Section
I AC, Caapinas.



myotic ‘behavio’'ur which results in -unhalEfficed and sterile ganetes.
In the case of the genus Hevea spp. the existence of studies in
this direction in autopoliploid clones has been practically nil.
9.1- Induction of poliKploidy

The interest of polyploidy in plants was initially ”~?ven in-
centive in 1927 when colchicine, a drug extracted from Colchicum
autunmale, showed that it inhibited the foimation of cellular
spindles and acted in the division of centromere in plant cells.
~>ince then researchers have m”e vailous attempts to obtain new,
superior crops Ipy utilizing this technique, considering the fact
that poli-ploids possess bigger cells in relation to diploids and
can produce agronomically superior plants and fruits,

2he induction of polyploid clones in Hevea was first reporl>
ed by ~ord in Sri Lanka (Rubber Research Board of Ceylon, 1942),
without success. Researches in this directionfwere conducted by
MBNDBS and MBKDES (1963) ™~ in Brazil, SHBPHBHD (1969) in Malaysia
and MaHCOSE et al. (1974) and MAIMOSE (1975) in India. The first
results of these researches created great interest due to the
increase of vigour of the plants resulting from this process.

In lirazil, MEKDBS and MEHDES (1963) were the first resear-
chers to observe that 'byutilizing concentration of 0.2 to 0.4
of colchicine solution it would be possible to induce duplication
of 36 to 78 chromosomes in cells of new plants, and that the
induced plants had "bigger stomata in lesser number and ~ov/ed di-
fferences in leaf morphology and in the stem, v/hen compared with
normal plants of H. brasiliensis. In production mini test, plants
with age less than one year showed an increase of around 3207 in
produdtion (MBnDBS, 197L; PIKITEHO et al., 1980). However, the

plants showed mixoploidy; trying to minimise the problem MORASS



(1982) has been carrying out attempts for the refining of tie
me thod.

Later, SHEPHBHD (1969), in Prang Besar, in Malaysia, tried
to introduce polyploidization in seeds and Imds of H. brasiliensii
He observed in the induced materials thicker leaves of dark green
coloration, bigger stomata-in smaller number per foliar area. It
was observed, also, that the baxk of the trees were liiicker than
those of noiroal diploids. Lastly, it was observed that the
putative polyploids had a number of undesirable characters, vthioh
restricted their use in commercial plantation.

Recently, GONpALWS et al, (1982), through induction and
investigatior™of hybrid polypolid clones of H, benthaniana x H.
brasiliensis, observed a high degree of mixoploidy in the poly-
ploids obtsined. Morphologicslly, the polyploid clones differed
from diploid clones in lesser hei™t, lesser ratio of length and
width of stomatum, bigger petiole and bigger stomatum. Ghromasomi
of the leaves of the five different clones and polyploids includ-
ing diploid, were counted with the object of determining the
degree cfploidy. MetEShases of the cells were studied. The cells
of the leaves in all the branches revealed a considerable vardati(
in the number of chromosomes (Chart 3)j with the majoritytef the pi
cells possessing 36 to72 chromosomes. GEIT et si. (1982) also obse;
ed a considerable varxatlon in the number of chromosomes in the
metaphase of cells of the leaves of hgjjloid plantlets. a posaitiLf
explanation for the case of mixoploidy is that in the”~nduction of
polyploidy, the merastomatic tissue is composed of two layers, om
exteinal and the other internal, with the cells in division.

According to WKIGHT (1976), generally it is difficult to obtain

such a concentration which causes the diffusionjof the solution



of colchicine into the interior of the meristematic cells, in

all th~cells or in hoth the layers. In Hevea, ir~*particular,
according to MaHEOSE (1975)» the absorption and fliffusion of the
colchicine solution in the interior layer is improhahie, and con-
sequently only the”outer cells are affected.

Even considering the little emphasis given to polyploidiza
tion of Hevea ty I*esearch centres and the limited progress of
polyploids in Hevea, SaNOXS et al. (1977) in B”~a, ONGet al.
(1984) in Malaysia and ZHOZHOKGYU et (1982) in Caiina,
reported prelimiiary results of 13ie expeilment ir(production of
Brazilian (IAC), Malayan(RHIM) and CJhinese (HK) polyploid clones
clea-<rly demonstrating the possilaility of ohtaining new rubber
plant clones capable of being more productive than the mother
plants which after being polyploidized give use to the said poly
ploids.

Chart 3* Number of chromosomes in the met~hase of young leaf

cells treated vdth colchicine in five polyploid clones

of Hevea

Keasurement .
Clones of height ngasgs mgkgjiases Ghromosome covui t

of plants 35-54 55-72
IAN 717 1.20 15 * 42 40 2
PSOI 0.81 8 45 6 39
pao2 0.92 10 23 5 18
P903 0.75 12 33 5 28
PS04 0.86 6 22 4 18
PS05 0.93 2 20 7 13

Source: GONSALVES (1982).



9« 2 Hevea: a natural alloT)olyt)loid

The first infoimation that Hevea is a natural allopolyploid
was made tor PERRY (1943) who determined the number of chromosomes
of 109 species and varieties distributed among a total of 22
genera EuiDhorbiaceae fanily. His study showed that the basic
ntunbers of chromosomes (ij) for the family viere 6, 7, 8, 9, 10
and 11, On the basis of these resulfe this author concluded that
any member of the fsciily which possessed nijmber of chromosomes
greater than these basic numbers would probably 3z an allopoly-
ploid . In this way, the genus Hevea with n - I8 has as basic
number x s 9 chromosomes.

Later, BALDVHN JUIOIOR (1947) concluded that Havea was an
allopolyploid probably originating from crossing between two
primitive species of basic n-umber x - 9. iilthough the a-enus
Havea is quite distinct in the family Buphorbiacese, it is
accepted that it is very close to other 'menera of the sane faaiily
confined to the Amazon re”on. Jtoong these stands oi:it the genus
Micrandra, with 13 Icnown species, out of which M, minor is being
tapped as a rubbereproducing plant (WGHBRLSY, 1977). distri-
bution of this genus is greater than that of Hevea.

However, systematic verifications on the pos”~bility of
this genus being allopolyploid were carriedfout by BOITHAIMONT (196(
who through cytological study of H, brasiliensis pointed out
a certain ‘'degree of affinity existing between the pairs of
bivalent chromosomes. Confirmations of the studies made ty
Bouharmont were obtained some time later by ONG (1980) throu”
the formation of multivalents, especially guadrivalents, which
occurred with greater frequency in the species studied. Based

on this evidence, that is, on the presence of quadrivalence, the



existence of a great similarity was observed between pairs of
tovalonts and same n-umber of satellites and from this Ong con-
cluded that Hi- brasiliensis is an allopolyploid. This idea is
once again strengthened by the feet that many researchers, since
a long time, ppine that the basic number of x - 9 is considered
quite hi”~ for the genus v~hich belongs to the family Buphoribiacei
(RiaiABH, 1935; PERRY, 1943).

10. Conclusions

1. The speciation of Hevea , in accordance with ecological
adaptation, consists in the short range of the flights of pollina‘’
ing insects (mosquitoes and small Hies) and the lack of synchronj
of flowering betv/ieen some of the species and rarely e,~n vdthin
the same species.

2. There exists an anplitude of fertility in the different
genotypes of Hevea. Pew clones are really sterile, whether self-
pollinated or cross-pollinated. Some are only autosterile. Puta™?
tiye male sterility is probably complete sterility.

3. Hybridizations and introgression occur frequently. Experi-
mental crossings show absence of genetic barrier. The area of
geographic distribution of ”~ach species overlaps with -Hie others
and putative hybrids occur naturally, representing the major part
of the combinations of the more common species of Hevea.

4. The analysis of the caryotype of seven species of the genus
Hevea showed divergences between themselves with regard to the
morphology of the chromosomes,

5. Jud”|i:g by the criterion of asyimnetry, thespecies Pl
brasiliensis seems to be the mostevolved and H. guianeneis the
most primitive. Out of all the seven species studied by ONG(1980)

H. brasiliensis was found to possess the least number of metacent-



centric chromosomes (10), v/hxle H* guianensis, the highest nmhe3
6. Detailed analysis of the caryotype supports the contention
thatthe genus Hevea is an allopolyploid with basic nijm'ber of
chromosomes 9 instead of 18, in relation to the duplication of
pairs of chromosomes, observed in species of polyploid origin*
7. Por many authors the myotic behaviour was normal in the
clones of H. brasiliensis studied. Few "oere the anomalies observe
ed, andlthese irregularities showed little effect on the fertility
of the clones,
8. (%rtological investigations revealed a high incidence of
mixoploidy in the foliar tissue of artificially induced polyploi(
clones.
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