
'HE 1981 IRRDB WILD HEVEA GERMPLASM COLLECTION IN 
INDIA: PRESENT STATUS AND FUTURE PROSPECTS

V arghese, Y. A ., J .  M a d h a v a n , S. T . A b ra h a m , M .A . M ercy,
G . P. R a o , C . P. R eg h u , a n d  P. J ,  G e o rg e

R ubber Research in s t itu te  o f  In d ia , K o ttayam - 686009  K e ra la , In d ia

i s *  R e c o g n iz in g  th e  s i ^ i f i c a n c e  o f  b ro a d e n in g  th e  o r ig in a l  n a r ro w  g e n e tic
'■^r. base  o f  H e v e a  in  th e  E a s t, I n d ia  h a s  a ls o  been  a s s o c ia te d  w i th  th e  in te rn a t io n a l a c t io n  
LT. f o r  c o lle c t io n  o f  w i ld  g e n o ty p e s  f r o m  th e  c e n te r  o f  d iv e rs i ty  in  B r a z i l  d u r in g  1981. The  

4> sd ig ree  o f  p re s e n t d a y  c u lt iv a te d  c lo n e s  in  In d ia  c a n  be  t r a c e d  b a c k  to  o n ly  a  h a n d fu l 

W ic k h a m  c lones , in d ic a t in g  the  la c k  o f  s u f f ic ie n t  v a r ia b i l i t y  in  the  b re e d in g  p o o l.  

R u b b e r  c u lt iv a t io n  h a v in g  b e e n  e x te n d e d  to  n o n - t r a d i t io n a l  re g io n s  c o n fro n te d  w ith  
^  . v a r io u s  a g ro - c l im a t ic  c o n s tra in ts  l im i t in g  p la n t  g ro w th  a n d  p ro d u c t iv i ty ,  d e v e lo p m e n t 

' o f  lo c a t io n  s p e c if ic  c lo n e s  h a s  b eco m e  e s s e n t ia l R e c e n t r e p o r ts  o f  m in o r  d iseases lik e  
C o ry n e s p o ra  le a f  s p o t b e c o m in g  m a jo r  h a ve  a ls o  c a u s e d  s e r io u s  co n c e rn . W ild  

i g e rm p la s m  is  a  r ic h  s o u rc e  o f  m a n y  v a lu a b le  g e n e s  c o n fe r r in g  re s is ta n c e  to  v a r io u s  
j; b io t ic  a n d  a b io t ic  stresses.

■t.
eB F ro m  th e  1981  IR R D B  c o l le c t io n  o f  w i ld  g e rm p la s m , I n d ia  has  e s ta b lis h e d  4 9 6 7  

a c c e s s io n s  in  tw o  c e n te rs : 3 6 1 1  in  th e  t r a d i t io n a l  z o n e  a n d  1 3 5 0  in  th e  n o n - t r a d it io n a l  
Q^ / u b b e r  g ro w in g  a re a . T h is  f r e s h  g e rm p la s m , c o n s e rv e d  in  s o u rc e  b u sh  n u rs e rie s , is  

5i: b e in g  s u b je c te d  to  f i e l d  e v a lu a t io n  in  a  p h a s e d  m anner. C h a ra c te r iz a t io n  o f  a l l  th e  w i ld  
a c c e s s io n s  o n  the  b a s is  o f  a  d e s c r ip to r  p re p a re d  f o r  th e  p u r p o s e  is  b e in g  c a r r ie d  ou t. 

J ,, C o m p u te r iz a t io n  o f  th e  d a ta  b a n k  f o r  d o c u m e n ta t io n  o f  th e  d a ta  g e n e ra te d  f r o m  the  
^ v a r io u s  e v a lu a t io n  t r ia ls  h a s  been  in it ia te d .  R e s u lts  s o  f a r  re v e a le d  w id e  v a r ia b i l i t y  f o r

■ g ro w th  f o r m ,  f l o r a l  a n d  f r u i t  c h a ra c te r is t ic s ,  g ir th ,  n u m b e r  o f  la te x  vesse l ro w s , b a rk  

. th ickn e ss , ju v e n i le  y ie ld ,  etc^ T h o u g h  w i ld  g e n o ty p e s  in  g e n e r a l a re  p o o r  y ie ld e rs , a  
p o te n t ia l  h ig h  y ie ld e r s  h a ve  b ee n  id e n t if ie d  b a s e d  o n  J u v e n ile  y ie ld .  S e v e ra l 

a c c e s s io n s  th a t  a re  p r o m is in g  f o r  in d iv id u a l  d e s ira b le  t r a i t s  h a ve  been obse rved . 
3 P r e l im in a r y  s c re e n in g  f o r  d is e a s e s  c a u s e d  b y  P h y to p h th o ra , O id iu m , etc. a n d  f o r  
? d ro u g h t  h a s  re v e a le d  th e  e x is te n c e  o f  s u f f ic ie n t  v a r ia b i l i t y  f o r  re s is ta n c e  to  these b io t ic  

; a n d  a b io t ic  fa c to rs ,  in d ic a t in g  the  p o te n t ia l  f o r  d e v e lo p in g  lo c a t io n  s p e c if ic  c lones. 

^ ^ ,^ H o t  s p o t  s c re e n in g  f o r  d ro u g h t  a n d  c o ld  re s is ta n c e  is  u n d e rw a y . H y b r id iz a t io n  

in c o rp o ra t in g  s e le c te d  w i l d  a c c e s s io n s  w ith  p o p u la r  W ic k h a m  c lo n e s  is  a ls o  b e in g  
c a r r ie d  o u t  w ith  th e  tw in  o b je c t iv e s  o f  e v o lv in g  s u p e r io r  c lo n e s  a n d  b ro a d e n in g  the  

) g e n e t ic  base.

S tu d ie s  a t  the  m o le c u la r  le v e l  h a v e  been  in i t ia te d  to  s u p p le m e n t th e  e la b o ra te  

c o n v e n t io n a l p ro c e d u re s . E s t im a t io n  o f  g e n e t ic  re la t io n s h ip s  a m o n g  th e  w i ld  

a c c e s s io n s  u s in g  R A P D  m a rk e rs  is  in  p ro g re s s . F u r th e r  s tu d ie s  e n v is a g e d  u s in g  D N A  

m a rk e rs  a re  e x p e c te d  to  p ro v id e  r e l ia b le  g e n e t ic  in fo r m a t io n  f o r  m o le c u la r  
c h a ra c te r iz a t io n , e v a lu a t io n  a n d  u t i l iz a t io n ,  a n d  th e re b y  a  m o re  e ff ic ie n t m a n a g e m e n t 

o f  th e  a v a i la b le  g e n e t ic  re s o u rc e s  in  H e v e a .



K ey  w o rd s : H e v e a  g e rm p la s m \  W ickham  clone; disease; genetic; m olecu lar 
characterization; R A PD ;

INTRODUCTION

T h e  original narrow  genetic base o f  cu ltivated  H e v e a  in the E ast h as  been further narrow ed 
d ow n  due to different reasons like d irectional selection fo r yield alone, cyclical generation-w ise 
asso rta tive  m ating (G A M ) and large scale cuhivation o f  a  handfu l o f  high y ie ld ing  clones 
p ropagated  by budding. Cyclical G A M , w ith  the best genotypes in o n e  breeding cycle  used as 
p aren ts  fo r the next, has led to  selection  and release o f  clones w hich  are  m ore o r less related. 
S im ilarly , as a  resu lt o f  the em phasis on yield  alone, a  certain am oun t o f  genetic  erosion for 
charac ters  like disease resistance has taken  place. T hus the pedigree o f  present day popular 
c lones bred in M alaysia (Tan, 1987) and India (Varghese, 1992) can b e  traced  back to  a handful 
o f  p aren t clones. H ence, expansion o f  the breeding pool is essential fo r  further genetic  advance 
th ro u g h  breeding. Coupled w ith th is  is the  increasing need for a  new  array  o f  genes to  m eet the 
dem ands created by expansion o f  rubber cultivation into non - trad itional areas in India, w here 
severe  abiotic stresses like drought and co ld  prevail. In the  trad itional areas too, several hitherto 
m in o r diseases like C o ry n e s p o ra  le a f  spo t are becom ing serious, fo r w hich sources o f  
resis tance  have to be found. T he tim ely  action taken by the IRRD B in 1981, in collaboration 
w ith  EM BRA PA  o f  Brazil, to co llec t and conserve the fast d im in ish ing  genetic resources o f  
H e v e a  from  the  A m azon forests, resu lted  in a  huge quantity o f  germ plasm  collected from  the 
B razilian  states o f  Acre (A C), R ondonia (R O ) and M ato G rosso (M T ). T he m aterial consisted 
o f  64723 seeds and budw ood o f  194 high y ie ld ing trees (ortets) (IR R D B , 1982), w hich was 
shared  between IRRDB and B razil. IRRD B m em ber countries received  their shares from  the 
A frican  and M alaysian distribution centers in phases over the en su in g  years. Ind ia  has also 
rece ived  a  share o f  th is fresh germ plasm , w hich is being conserved , characterized and 
evaluated , w ith the objective o f  broaden ing  the gene pool for fu rther genetic advance and also 
fo r achieving  yield stability  and sustainability .

CONSERVATION

In d ia  received the w ild germ plasm  from  th e  M alaysian distribution cen ter during the  period 
1984 -1990. A total o f  4967 accessions has been successfully  estab lished  in tw o centers: one in 
th e  traditional rubber grow ing b e lt o f  K erala and the o ther in the  non-traditional regions o f  
N o rth  E ast India in Assam and T ripura. In K erala, the  total num ber w as 3617 including 97 
o rte ts , w hile the figure in the N orth -E ast w as 1350. F ig .l show s th e  relative proportion from 
th e  th ree  provenances. O ut o f  the to tal 4967 w ild genotypes estab lished , 1885 belong  to  Acre, 
1795 to  Rondonia, 768 to M ato G rosso, w h ile  47 are o f  m ixed o rig in  (including  the  accessions 
co llec ted  near M anaus). This m aterial w as established in d ifferen t conservation/source bush 
nurseries, 6-16 plants per genotype, a t a  spacing o f  Im  x Im , in ter-p lanted  w ith suitable 
con tro ls  ensuring proper identity. In these nurseries, one plant per geno type is allow ed to  grow  
w ith o u t pruning in order to g a ther early  inform ation on tree habit, flow ering pattern, floral 
characteristics and seed morphology.

CHARACTERIZATION, EVALUATION AND DOCUM ENTATION

C haracterization , evaluation and  docum entation precede u tilization  o f  w ild germ plasm . 
C haracterization  form s an im portant com ponent o f  any germ plasm  conservation  and evaluation



T his is carried o u t in the  prelim inary evaluation stage, using a  set o f  descrip tors 
, ileveloped fo r the purpose. A braham  e t a l  (1994) reported m orphological characterization o f  

ihe w ild germ plasm  at the ju v e n ile  phase (T able 1).

r.’
Evaluation o f  this large num ber o f  accessions is done in tw o  stages, viz. a  p relim inaiy  
evaluation w here all accessions are put in  a  field trial in a  statistical design, and a  fu rther 
evaluation stage, w here selections from  the  prelim inary stage a re  subjected to a m ore detailed  
study. D ue to  shortage o f  land  initially the prelim inary evaluation  trials w ere laid out adopting  a 
close spacing o f  2.5 m x 2.5 m , in a  sim ple lattice design w ith fo u r replications and R R I I 105 as 
control. T he ortets, being p relim inary  selections and few  in num ber, are planted at norm al 
Spacing in an RBD o r  la ttice  design. C urrently  p relim inary  evaluation trials are  p lanned 
fcmploying augm ented RBD  w ith  suitable controls so as to  accom m odate a large num ber o f  
genotypes a t a time. D ata from  source bush nurseries are taken into consideration for selection 
o f genotypes for field evaluation  rather than random  selection . The prom ising m aterials 
identified from  the prelim inary  evaluation trials are passed on to  the further evaluation trials, 
adopting norm al spacing.

^  J tc

^  Being the  national agency d ea lin g  w ith H e v e a  germ plasm  research  activities. Rubber R esearch 
Institute o f  India m aintains a  N ational A ccession R egister w ith  all the basic data. RRII has 

: initiated steps to  prepare an ex tensive and user friendly data base  o f H e v e a  germplasm, w here 
all the data generated over th e  different phases o f  evaluation, c a n  be stored and retrieved as and 
When necessaiy. Preparation o f  a  herbarium  o f  the w ild accessions is in progress.

EVALUATION AT THE NURSERY LEVEL  
p.

Data on several m orphological and anatom ical traits in the eariy  growth phase w ere recorded 
from random  sam ples o f  the w ild  germ plasm  in the d ifferent nurseries, with a view to  studying  

I  flie extent o f  variability fo r these  traits and to  identify prom ising  m aterials at the particular 
git)wth stage. The m orphological traits observed include height, girth, num ber o f  le a f  w horls 
Juid leaves, le a f  size, specific  le a f  w eight, le a f  area index and aerial biomass. The anatom ical 
traits include bark thickness, num ber o f  latex vessel row s -both  in  the soft and in the hard bast,

' density o f  latex vessels p e r row, d iam eter o f  latex vessels, average distance betw een latex 
^^fessel row s and laticifer c ro ss  sectional area. Juvenile yield w as also recorded by test tapping  

the sam ples under observation.

' Considerable variability w as observed for m ost o f  the traits in all the studies (A nnam m a e ta l .y  

1988,1989; A braham  e t a l ,  1992; M ercy e t  a i ,  1992, 1993; M adhavan e t a l^  1993; R eghu e t  
1996; R ao e t a h , 1996). Test tap yie ld  show ed the  h ighest variability. In general, the  w ild 

• genotypes recorded poor y ie ld , as anticipated , w hen com pared  to the dom esticated clones, 
p o w e v e r, a  few  prom ising geno types w ere identified w ith respect to yield, the perform ance o f  

lich has to  be verified in th e  evaluation trials.

j^ables 2 &  3 give the range o f  variability  observed in d ifferen t samples o f  wild accessions for 
jsome m orphological and anatom ical traits. Provenance-w ise analysis o f  the data from one study 
ypvolving 75 accessions at a n  age o f  18 m onths showed tha t genotypes from  M ato G rosso w ere 
^ p e r i o r  fo r num ber o f  flushes, le a f  area index, total lea f w eigh t and leaf area ratio, w hile those  

*]om R ondonia w ere superio r fo r dry  m atter accum ulation. In  another set o f  100 accessions 
^aluated a t the  age o f  tw o y ea rs  (A braham  e t a l ,  1992), it w as  observed that though in general



th e  M a to  G rosso accessions w ere the  h ig h e st y ie lders, the  m axim um  variab ility  fo r th is tra it 
w as reco rd ed  for Rondonia. M ato G rosso  geno types also  show ed the  h ighest variab ility  as w ell 
as th e  h ighest m ean for bark th ickness, nu m b er o f  latex vessel row s and la tic ifer area  index. 
H o w e v er m axim um  variability as w ell a s  th e  h ighest m eans fo r v igour in te rm s o f  girth , height 
and  le a f  size w ere exhibited by  A cre genotypes. A lw i and Suhendry (1 9 9 2 ) a lso  reported 
s im ila r  trends from  Indonesia. It w as a lso  seen  th a t yield, le a f  size and nu m b er o f  latex vessel 
row s h a d  high heritability values. R ao  e t  a l  (1996) observed  high variab ility  fo r the  first 
b ran ch in g  height am ong the w ild accessions, w ith  genotypes from  M ato G rosso  show ing the 
m ax im um  variability  fo r th is trait.

T he d ire c t and indirect eflfects o f  the im portan t m orphological and  anatom ical tra its  on ju v en ile  
y ie ld  h av e  been w orked out (Table 4). N u m b er o f  la tex  vessel row s and g irth  w ere seen to  have 
th e  h ig h e s t d irect effects on te st tap y ie ld  (M adhavan e t a l . ,  1996). In an o th er study, aerial 
b io m ass  w as found to  have a  rela tively  high correlation  w ith juven ile  y ie ld  (M ercy  e t a l. ,  

1993).

B ased  on analysis for five m orphological param eters, viz. girth, heigh t, bark  thickness, 
s in g le  le a f  area  and juven ile  y ield , a  se t o f  geno types w as clustered into five  g roups o f  76, 9, 3, 
4, an d  3 accessions respectively (Fig.2). A cre  genotypes had a  w ider d istribution in the  clusters 
co m p ared  to  the other tw o provenances, ind icating  the ex istence o f  g rea ter genetic  diversity 
am o n g  them . P lant height, le a f  size an d  yield  contributed the  m axim um  to  the diversity  
o b serv ed  (A braham  e t a L ,  1995), Several po ten tia lly  superior accessions fo r desirab le  traits like 
g irth  (5 5  accessions), num ber o f  latex v esse l row s (29), bark thickness (21 ), yield (15), have 
been lo ca ted  am ong the accessions tha t h av e  been studied  so far.

O bservations w ere initiated on floral and fru it m orphology with th e  objectives o f  
characterization  and exam ining the ex ten t o f  variation present fo r these tra its . Five accessions 
w h ich  differed from typical H . b ra s il ie n s is  in traits o f  taxonom ical significance like the grow th 
pattern , co lour o f  flow ers, presence o f  stam inal d isc  in the m ale flow ers an d  m orphology o f  
fruits (F igs.3  a-d) w ere identified from  o n e  o f  the nurseries. T he taxonom ical status o f  the 
m ateria l is being investigated. M adhavan e t a l  (1997) have discussed th e  possib ility  o f  such 
varian ts  being  infra-specific variants o r  inter-specific hybrids. T hough  flow ers w ith 
an thocynated  bases in earlier collections (N icolas, 1992) w ere reported, n o  such observation 
has b e e n  m ade from  this collection so far.

V ariability  observed for lea f w horl characteristics in the w ild germ plasm  is show n in F igs.4a & 
b. P relim inary  observations carried out in  th e  nurseries indicate th a t the M ato  G rosso genotypes 
had b e tte r  lea f retention during the P h y to p h th o r a  le a f  fall season Figs.Sa &  b) and hence are 
likely to  be m ore to lerant to  th is disease th an  those o f  o ther provenences (M ercy  e t a l^  1995). 
A n o th er survey carried out in all the nu rseries at the peak  O id iw n  season revealed  considerable 
variab ility  fo r disease incidence, indicating the  possib ility  o f  selection o f  an  array  o f  genotypes 
w ith  d iffe ren t levels o f  resistance. H ow ever, further studies are required for confirm ation  o f  the  
d isease  reaction.

PRELIM INARY EVALUATION TR IA LS

S elec ted  accessions from  the nursery s tu d ies  are being  subjected  to  field evaluation , in a  phased 
m anner, fo r their perform ance in tenns  o f  grow th  characters, structural param eters, rubber yield ,



incidence o f  m ajor d iseases and other desired secondary  param eters. The m icro-m orphological 
and histological param eters also  supplem ent the selection  o f  potential genotypes fo r h o t spot 
screening for resistance  to  various abiotic factors. So fa r  a  total o f  612 accessions have been  
established in eight p relim inary  evaluation trials p lan ted  during 1990 - 1999. P lant height, g irth  
and other grov4h characteristics recorded in all the tr ia ls  in the first tw o years o f  grovrth 
revealed that m any o f  the accessions surpassed the con tro l vigour. A ccessions from  A cre  w ere  
in general m ore v igorous than those from  the o ther tw o provenances. A m ong 50 « t e t s  
evaluated for yield a t  th e  im m ature phase, th ree show ed encouraging trends, though m ost o f  the 
clones w ere poor y ie lders. Sim ilarly, in another set o f  c lones, test tapping in the early  y ea rs  o f  
growth has revealed th a t m ost o f  the w ild accessions g av e  much low er yields com pared to  the 
agronom ically superio r control clones. S im ilar resu lts  have been reported from  M alaysia  
(IRRDB, 1996), Ivo ry  C oast (C lem ent-D em ange e t a L , 1997) and Vietnam (Lam  e t a l ,  1997). 
The first p relim inary  evaluation trial w as opened for regu la r tapping in 1998, and three o f  the 
accessions w ere fouiid  to  be prom ising. C haracterization o f  the accessions is being done in  the 
preliminary evaluation  trials follow ing a  descrip to r prepared  for the purpose.

FURTHER EVALUATION TRIALS

The further evaluation  is carried out in the  traditional zones for yield and yield related  tra its , 
w hile hotspot screen ing  for biotic and abio tic  stresses is carried out at specific locations. 
Selections from  th e se  different trials are valuable m ateria ls  for direct use and /  o r u tilization  in 
breeding program s in  order to  fulfill the  initial ob jectives o f  the collection, viz., w iden ing  the 
genetic base and u tiliz ing  the desirable attributes p resen t in the w ild germplasm.

Based on prelim inary  data collected  on traits like g irth , juven ile  yield, num ber o f  latex vessel 
rows, bark th ickness, drop in sum m er girth  increm ent, e tc . in com parison w ith RRII 105, 80 
accessions w ere selected . T hese w ere planted in a  fu rther evaluation trial a t the R egional 
R ese^ ch  Station in N orth  K erala in 1995. The design  adopted was sim ple lattice w ith  four 
replications, a t a spacing  o f  5m x  5m and th e  control c lone  was RRII 105. W ide variab ility  for 
growth form  and m orphological param eters like le a f  size and shape, orientation, e tc . w ere 
observed. A good num ber o f  genotypes exhibited v igorous growth in term s o f  girth , num ber 
o f  whorls and leaves at the early  grow th period. F u rther observations are in progress. Test 
tapping and bark anatom ical observations are underw ay to confirm  the potential o f  these  
m aterials.

TIMBER- LATEX STUDIES

Identification o f  desirab le  genotypes fo r qualitative and  quantitative tim ber traits from  th e  w ild 
germ plasm  has been  recognized as a  priority  area  since  rubber wood has been accepted a s  an 
alternate source o f  com m ercial hardw ood. Screening o f  the wild genotypes for tim ber-Iatex 
traits has been envisaged  and initiated in India. A m ong the three provenances, A cre genotypes 
w ere observed to  b e  m ore vigorous w ith long, straight trunks and less branching, w h ich  is a  
desirable feature fo r  tim ber clones. O n th e  o ther hand, the growth habit o f  genotypes from  
M ato G rosso resem bled  tha t o f  W ickham  clones, w ith  short and stout trunks and  profiise 
branching. Based o n  yield, vigour, trunk  and branching  habits, 31 w ild genotypes from  
different states o f  A cre, R ondonia and M ato  G rosso w ere  selected for screening fo r tim ber- 
Iatex traits.



D ISE A SE  SCREENING

In India, th e  tw o m ajor le a f  diseases cau s in g  considerable crop loss are  abnorm al le a f  fall 
caused  b y  P h y to p h th o ra  s p p . and pow dery m ild ew  caused by O id iu m  h e ve a . H ow ever, there  
a re  recen t repo rts  that the  incidence o f  C o ry n e s p o ra  le a f  spot has becom e severe  in th e  popular 
c lone  R R I I 105 in the rubber grow ing trac ts o f  K arnataka and certain parts o f  K erala . Screening 
o f  a ll ava ilab le  sources o f  germ plasm  fo r re s is tan ce  to  various diseases has been  recognized as 
a  priority . V isual inspection o f  the  ̂ sou rce  bush  nurseries indicated encourag ing  results 
regard ing  f ie ld  tolerance o f  the  w ild genotypes to  m ajo r lea f diseases, ind icating  th e  chances o f  
selection  o f  potential sources o f  resistance. L ab o ra to ry  screening fo r resistance to  P h y to p h th o ra  

s p p .  is u n d e r  way. Field screening for O id iu m  resistance  has also revealed w id e  variab ility  and 
the  re su lts  a re  being analyzed.

D R O U G H T SCREENING

Screen ing  fo r  drought tolerance has been in itia ted  in  the w ild germ plasm . O n th e  basis o f  drop 
in su m m er girth  in one o f  the prelim inary ev a lu a tio n  trials a set o f  99 w ild  a n d  one W ickham  
clone (R R II 105) was identified to  exam ine th e  ex ten t o f  variability fo r ce llu la r m em brane 
stability, a s  part o f  the screening program m e fo r  drought. L ea f sam ples subjected  to  heat and 
drough t s tresses in the laboratory w ere analyzed  fo r  the  degree o f  injury to  the  ce ll m em branes. 
V ariab ility  w as observed for m em brane therm o-stab ility  o f  leaf tissues, based o n  w hich these 
clones w e re  graded for drought to lerance (F ig  6). O f  the 99 w ild accessions exam ined, 17 
show ed h ig h  resistance to  injury. T he heritab ility  fo r  th is tra it w as also found to  b e  high.

#
H otspot screen ing  o f a  set o f  36 genotypes is  b e in g  carried out a t Regional R esearch  Station, 
Sukm a, in  th e  state o f  M adhya Pradesh, w h ich  is  a  d rought prone area.

M O LEC U LA R  LEVEL STUDIES

Studies o n  m olecular m arkers have been in itia ted  in  India. Variation in RA PD  p ro file  betw een 
T PD  affec ted  and norm al plants (T hulaseedharan  e t  a l . ,  1994), and for P h y to p h th o ra  le a f  fall 
(Jacob, 1996) w ere observed. Varghese e t a h  (1997 ) reported the  potential o f  R A P D  m arkers 
fo r g en e tic  analysis in H e v e a . C urrently  w o rk  is in progress to estab lish  the  genetic 
re la tionsh ips in the germ plasm  based on g en e tic  distance using RA PD  analysis. 60 w ild 
accessio n s representing the three p rovenences w ere selected based on th e ir  superior 
perfo rm ance over control RRII 105, fo r g irth , bark  thickness, num ber o f  latex vessel row s and 
dry  ru b b e r yield. M olecular characterization  o f  a ll the accessions is p roposed  in a  phased 
m anner.

UTILIZATION

A ccessio n s show ing superiority over the  co n tro l fo r  individual traits like girth, n u m b er o f  latex 
vessel ro w s, density o f  latex vessels, d isease  to lerance, drought tolerance (based  on  drop in 
sum m er g irth ), and nursery yield, have been  incorporated  in hybridization p rogram s w ith  the 
o b jec tiv es  o f  broadening the genetic base as w e ll a s  evolving superior clones. A m o n g  12 cross 
com binations involving w ild genotypes an d  tw o  popular clones, juven ile  y ie ld  a t tw o  years 
grow th in  the  nursery w as h ighest for the com bination  RRII 105 X R O /JP /3/6  (R R II, 1994). 
S e lec tions  from  these are under field eva lua tion  in a  sm all-scale trial adop ting  a  su itable



statistical design. A  total o f  489 progeny from  an o th e r set o f  crosses m ade in 1997 invo lv ing  9 
vvild accessions, and RRII 105 and RRIM  600 a s  the fem ale parents, are u nder nursery 
evaluation. F ie ld  evaluation o f  accessions having potential for developm ent o f  tim b e r latex 
fclones is being  initiated.

f u t u r e  p r o s p e c t s
b
Presently the germ plasm  accessions are conserved  e x  s itu , w hich, however, are prone to  natural 
calamities. H ence  feasibility studies on alternate i n  v i t r o  m ethods, viz., cryo-preservation, are 

jj. Envisaged.

Available repo rts  reveal the  positive response o f  H e v e a  em bryonic axes to  cryopreservation 
protocols (N orm ah  and Chin, 1995; Engelm ann e t a i . ,  1997). H owever, the effect on long-term  

^ .storage and regeneration  are  yet to  be estab lished . Hence further studies are requ ired  to 
py'establish the feasib ility  o f  th is  in  v i t r o  techn ique a s  a convenient and secure alternative to  the 
ti present e x  s i tu  m ethod  o f  conservation o f  th e  large co llection  o f  H e v e a  germplasm.

[ 'Similarly, fo r characterization and evaluation, an  optim um  num ber o f  descriptors, w h ich  are 
^ h ig h ly  heritable, should be utilized. A set o f  descrip to rs iox H e v e a  has already been suggested 

which has to  be  updated/m odified from  tim e to tim e  so as to accom m odate all re levan t traits o f 
importance (V arghese and A braham , 1999).

The success o f  a ll crop im provem ent program m es depends on proper evaluation and efficient 
utilization o f  a ll the available genetic resources. In H eve a , hybridization betw een w idely 

^ divergent geno types can resu lt in greater range o f  variability  especially in view  o f  th e  highly 
j'fieterozygous n a tu re  o f  the crop. Hence there  are g rea ter chances o f  heterosis and superio rity  o f 

.^ e  resultant progeny  in crosses involving cu ltivated  clones and potential w ild germ plasm . 
i.Early perform ance o f  the progeny o f  such crosses indicates prom ising results. H ow ever, further 
systematic s tud ies are required for the iden tification  o f  w ild genotypes with desired tra its  for 

Pintrogression in to  cultivated clones.

f’ The real po ten tia l o f  the w ild  germ plasm  lies in its  ability to supply genes for individual traits 
^ lik e  tolerance to  biotic and abiotic stresses, as w ell as individual yield contributing tra its  like 
[i'high num ber o f  la tex  vessels, increased photosyn the tic  capacity, e tc . C onsidering the v as t area 
^and different eco-geographical conditions to  w hich the H e v e a  plants have been adap ted  in the 

wild, this co llec tion  m ust be a  repository o f  a w id e  range o f  valuable genes scattered  in the 
'Hifferent accessions. In the  context o f  rubber cultivation having been extended to  non 
traditional a reas, developm ent o f  location specific  clones capable o f  w ithstanding d ifferent 

^ n s t r a in ts ,  like low  w inter tem perature, high sum m er tem perature and prolonged drought, high 
^e jo c ity  w inds an d  occasional hailstorm s, high a ltitudes, depleted soils, e tc , is a priority. Wild 
.germplasm is defin ite ly  a  source o f  m any va luab le  genes capable o f  w ithstanding su ch  stress 
Situations. T he challenge before the breeder lies in  evolving strategies for identify ing these 
V^nes and incorporating  in to  high yielding c lones *

^A nticipating th e  scenario o f  w ide spread cu ltivation  o f  rubber for quality tim ber production  in 
^ddition to  la tex  yield, there is a vast scope to  develop clones com bining h igh  tim ber 
[Kpduction w ith  superior quality  and durab ility  a long  w ith high latex yield. The quality  and 
[durability o f  rubber tim ber can be im proved by enhancing  the lignin biosynthesis in wood



fibers and m etabo lite  conversion into po lyphenolic  com pounds.

In 7 /evea, m o lecu la r techniques have already b een  initiated in different countries fo r the 
analysis o f  th e  ex ten t and distribution o f  genetic  d iversity  am ong W ickham  clones and w ild 
germ plasm  (C hevallie r e t a l. ,  1988; B esse e t a l ,  1994; C lem ent -D em an g e  e t a l ,  1997). D ata 
on genetic d is tan ce  is required fo r identification o f  d iverse sub populations. T he m olecular 
techniques p rov ide  reliable genetic inform ation fo r  m olecular characterization, evaluation and 
utilization o f  germ plasm  resources (K resovich e t a l . ,  1992; K arp and  Edw ards., 1997). A m ong 
the  d ifferent techniques, RAPDs have w ide ap p lica tion  in germ plam  evaluation since they are 
easie r and fa s te r fo r screening large num bers o f  g eno types  and assay o f  genetic variab ility  at 
the w hole genom e level (Varghese, 1998).

M arker A ssisted  Selection (M A S) offers m uch sco p e  for selection o f  genotypes resistan t to 
various d iseases, cold, drought, tapping  panel d ry n ess  syndrom e, e tc . O nce m olecular m arkers 
linked to such ta rge ted  genes are located, screen ing  o f  germ plasm  and segregating progeny for 
the desired tra its  w ill becom e a  very reliable, fast a n d  routine process saving miich tim e, m oney 
and effort. R egu lar use o f  such techniques w ill be o f  g reat help fo r m olecular characterization, 
identification an d  evaluation o f  germ plasm , construction  o f  m olecular m aps and identification 
o f  m arkers linked  to econom ically im portant tra its .

Further system atic  studies incorporating conven tional and m olecular techniques are  required 
fo r y ie ld  stab ility  and sustainability in H e v e a . T h e re  is  no  doubt tha t the  w ild  germ plasm  is the  
best raw  m ateria l not only to realize the  curren t ob jectives like developm ent o f  location specific 
clones capable o f  w ithstanding various diseases, co ld , drought, high elevation e tc . but also to  
m eet the  fu ture dem ands o f  the  industry.
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Table L  C a ta logu ing  o f  a g rou p  o f  w ild  accessions based on a set o f  m o rp ho log ica l 
descrip tors

SI.no C h a ra c te rs A C K O M l Sl.no C h a ra c te r s AC R O M X

1 H a b it  o f  th e  p la n ts 5.3 E x te rn a l a p p e a ra n c e

I.l Tall and stout 4 4 1 5.3.1 Open 25 25 28

1.2 Tall and lean 4 18 10 5.3.2 Close 0 2 0

1.3 M edium  stout 2 0 1 5.3.3 Interm ediate 5 11 7

1.4 M edium  and lean 14 4 15 6 Leaves

1.5 D w arf and stout 0 0 0 6.1 P u lv in u s

1.6 D w arf and lean 1 1 1 6.1.1 Swollen 24 26 25

[2 . G ir th  o f  th e  p lan ts 6.1.2 Normal 1 1 3

2.1 A bove average 3 II 8 6.2 P etio le

2.2 Average 14 13 13 6.2.1 S hape

.2.3 B elow  average 8 3 7 6.2.1.1 A rched 1 1

■3 B ran ch in g 6.2.1.2 Concave 17 18 8

‘ 3.1 Early branching 0 0 0 6.2.1.3 Straight 7 4 19

,3 .2 Late branching 6.2.1.4 S' shape 1 4

'3 .3 N o  branching 6.2.2 Size

, 4 N odes 6.2.2.1 Long 4 5 1

* 4.1 A x illa ry  b uds 6.2.2.2 M edium 17 16 20

j 4,1.1 Protruding 0 0 0 - 6.2.2.3 Short 4 7 7

! 4.1.2 Sunken 0 0 0 6.2.3 A ngle
^4.1.3 N orm al 25 2 7 28 6.2.3.1 A cute 22 24 27

4.2 L e a f  sca rs 6.2.3.2 H orizontal 3 3 1

^4.2.1 Pronounced margin 20 12 8 6.2.3.3 O ptuse 0 0 0

4.2.2 N orm al margin 5 15 20 6.3 P etio lu le

- 4 3 N a tu re  o f  le a f  s c a rs 6.3.1 O rie n ta tio n
4.3.1 Sunken 5 3 0 6.3.1.1 Upward 14 17 16

' 4.3.2 N orm al 20 2 4 28 6.3.1.2 H orizontal 2 3 7

_5 L e a f  s to rey 6.3.1.3 D ownw ard 9' 7 5

5.1 S h ap e 6.3.2 Size
^5.1.1 Conical 0 1 0 6.3.2.1 Long 1 8 2

^5.1.2 Truncate 1 1 2 6.3.2.2 M edium 18 18 22

S A 3 B ow  shaped 1 1 1 6.3.2.3. Short 6 1 4

5,1.4 H em ispherical 23 2 4 6.3.3

1
E x tra  f lo ra l n e c ta ry



Table 1 (conid)
S l.no C h a ra c te rs A C R O M T S l.no C h a ra c te r s A C R O M T

5.2 S ep a ra tio n 6.3.3.1 P rom inen t 14 10 21

5.2.1 Well separated 20 13 20 6.3.3.2 Less p rom inen t 11 17 7

5.2.2 N ot well separated 0 3 1
5-2.3 Interm ediate 5 11 7

6.4 L eafle ts 6.4.8 A p p e a ra n c e
(C ro ss  sec tio n  v iew )

6.4.1 C o lo u r 6.4.8.1 S traigh t 11 12 24
6.4.1.1 G reen 20 21 22 6.4.S.2 V ’ shaped 2 1 1
6.4.1.2 D ark  green 5 6 6 6.4.8.3 Boat shaped 12 14 3
6 .4 .1.3 Yellowish green 0 0 0 6.4.8.4 C onvex  shaped

6.4.2 L u s te r 6.4.9 L e a f  a p e x
6.4.2.1 G lossy 0 4 5 6.4.9.1 A rista te 1 0 1
6.4 .2 .2 Dull 25 23 23 6.4.9.2 A ccum inate 2 2 5
6.4.3 T ex tu re 6.4.9.3 C usp idate 0 3 1
6.4.3.1 Smooth 0 0 0 6.4.9.4 A picu late 22 22 22
6.4.3.2 Leathery 25 27 28 6.4.10 L a te r a l  a p p e a ra n c e
6.4.4 S h ap e 6.4.10.1 Flat 16 15 21
6.4.4.1 Elliptic 24 21 26 6.4.10.2 C onvex 1 0 0
6.4.4.2 Lanceolate 0 0 0 6.4.10.3 S' shape 8 12 7
6.4.4.3 O bovate 1 6 2 6.4.11 A r ra n g e m e n t
6.4.5 Size 6.4.11.1 M argin  touch ing 4 6 7
6.4.5.1 Large 11 11 2 6.4.11.2 O verlapping 0 4 1
6.4.5.2 Very large 1 0 0 6.4.11.3 Separated 21 17 20
6.4.5.3 M edium 13 16 26 6.4.12 Vein c o lo u r
6.4.5.4 Small 0 0 0 6.4.12.1 Y ellow 23 25 28
6.4.6 T h ickness 6.4.12.2 Light g reen 2 2 0
6.4.6.1 Thick 2 4 0 6.4.13 N a tu re  o f  v e in
6.4.6.2 Thin 23 23 28 6.4.13.1 Prom inent 9 12 4
6.4.7 M arg in 6.4.13.2 N ot p rom inen t 16 15 24
6.4.7.1 Sm ooth 14 8 15 6.4.14 L e a f  b la d e  d o rsa l

side
6.4.7.2 Wavy 11 19 13 6.4.14.1 Sm ooth 25 25 22

6.4.14.2 Irregu lar 0 2 6
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fa b le  Z  V a r ia b i l i t y  f o r  m o r p h o lo g ic a l  t r a i t s  i n  a  p o p u la t io n  o f  w i ld  g e rm p la s m

1 ;bl Trait
M ean va lues for the 
genotypes from  th e  three 
provenances

Range General
mean

C ontrol

RO A C M T vlinimum M axim um
Mo. o f  flushes 12 10 13 4 21 11.2 13.6
T^eaves in 3™ flush 12 10 10 6 18 11 9.6

l ^ a f  area index 2.0 2.3 2.5 0.59 4.3 2.2 2.6
T ^ l  lea f w t. (g) 193.6 224.8 243.5 63.2 444.6 215.2 275.4

■Aerial biom ass (g) 1153.5 1049.0 1096.0 393.5 2415.1 1106.5 1479.3
L eaf area ratio 18 22 .7 23.4 9.05 42.41 20.76 J7.62
Specific le a f  %vt.(g) 0.01 0.01 0.01 0.008 0.012 0.01 0.011

1 Leaf shoot ratio 0.22 0.29 0.31 0.107 0.594 0.262 0.229

\T a b le  3 , V a r ia b i l i t y  f o r  g r o w th  a n d  s t r u c t u r a l  c h a ra c te rs  in  a  p o p u la t io n  o f  w i ld  g e r m p la s m

Characters Provenance range G eneral C ontrols
AC M T RO M ean GT 1 R R Il 105

. Girth 
®(cm)

1 3 .0 8 -1 8 .2 5
(15.43)

1 3 .5 8 -1 6 .5 8
(14 .95)

1 2 .4 2 -1 6 .6 7
(14.66)

15.1 17.3 16.2

Height
(cm)

4 3 6 .0 0 -7 6 6 .0 0
(598.78)

4 2 4 .0 0 -6 1 4 .0 0
(525 .21)

4 4 3 .0 0 -6 8 9 .0 0
(576.90)

570.9 561.0 538.0

Juvenile 
yield (g)

0.06 - 0.95 
(0.38)

0 .2 5 -2 .9 5
(1-07)

0 .0 4 -1 .3 9
(0.38)

0.6 6.3 6.5

L eaf size 
(cm^)

82.3 - 227.0 
(141.84)

8 0 .9 -  120.8 
(93 ,74 )

72.2 - 232.0 
(118.89)

120-7 77.0 59.6

Bark
thickness

(mm)

1.83-3.17
(2.29)

2.16-3 .04
(2 .62 )

2.0-2.79
(2 .32)

2 .3 7 ^ .2 .92 2.92

TLVR 2.0-4.8
(3.52)

2 .67-7.0
(4 ,06)

2.5-4.7
(3.60)

^3 .6 2 4.66 4.00

DLV 13.5-23.3
(19.35)

15.7-23.8
(20 .09)

10.2-22,3
(18.78)

19.15 18.33 19.17

Diam eter

_ ( m )

1 8 .8 6 -2 6 .2 3
(22.74)

1 4 .2 9 -2 7 .9 9
(23 .74 )

1 7 .7 8 -2 4 .1 6
(19.46)

22.01 21.98 22.16

TSCFZ 0.71 -1 .3 4  
(0.97)

0 .8 S -  1.24 
(1 .07 )

0 .6 3 - L 3 8  
(1.0)

].01 1.06 1.22

LCSA
(mm^)

0 .7 2 -3 .9 5
(2.05)

0.63 - 8.82 
(2 .9 )

0 .9 3 -3 .4 2
(L 6 1 )

2.17 2.82 2.42

TLVR: Total N o. o f  Latex V essel R ow s; DLV: D ensity o f  Latex Vessels per 2 m m  
circum ference o f  the plant; TSC FZ: T hickness o f  S tone Cell Free Z one; LCSA: L aticifer C ross 
Sectional Area.
(Values in parenthesis indicate p rovenance w ise m ean)



Table 4, Direct and indirect effects o f some morphological and anatomical traits 
on test tapping yield.

C haracters L eaf
size

SLW B T G ir th ' N LV R DLV D iam eter A D L R C orrelated  
w ith  yield

L e a f size 

(cm^)

-0.11 0.014 -0 .025 -0.058 -0.063 -0.009 0 .002 0.005 -0.24**

SLW 0.025 -0.060 0 .022 0.060 0.111 -0.004 -0 .009 -0.023 0.12

B T (m m ) 0.036 -0.017 0 .0 8 0 0.163 0.130 -0.004 -0 .008 -0.014 0.39**
G irth (cm ) 0.025 -0.014 0 .052 0.250 0.100 -0.004 0 .012 -0.005 0.42**

N LV R 0.019 -0.018 0 .028 0.068 0.370 0.010 0 .004 -0.057 0.43**

DLV 0.010 0.002 0 .003 -0.010 0.037 0.100 -0 .019 -0.005 0.12

D iam eter

( m )

0.002 -0.005 -0 .006 -0.030 -0.015 0.019 -0 .100 -0.007 -0.14

A D LV R

(m m )

-0.004 0.011 -0 .009 -0.010 -0.163 -0.004 -0 .005 0.130 -0.05.

SLW: Specific  leaf w eight; BT: B ark  Thickness; NLV R: N um ber o f  L atex  Vessel Row s;
DLV: D ensity  o f  Latex Vessels p e r  m m  circum ference o f the p lan t; A D L R : A verage D istance 
be tw een  L atex  Vessel Rows

□  ACRE

IRONEJONIA

I MATO GROSSO

B  MIXED

Fig, J. Relative proportion o f  wild germplasnt from different provenances.
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F ig s ,  3  a & b .  In f lo re s c e n c e  o f  th e  v a r ia n ts  id e n t i f ie d  i n  th e  w i ld  g e rm p la s m .

F ig ,  3 c , D is s e c te d  m a le  f lo w e r s  o f  th e  v a r ia n ts  s h o w in g  t h e  

s ta m in a l  c o lu m n s  a n d  th e  b a s a l d is k s .
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i t

F ig .  3d . F r u i t s  o f  H e v e a  s p ru c e a n a  (1 ) , v a r ia n ts  (2  <fe 3 )  a n d  H e v e a  b ra s il ie n s is  (4 )  

■ . s h o w in g  th e  s h a p e  o f  th e  f r u i t s .

b

[ig s . 4 a & b .  D if fe re n c e s  in  th e  l e a f  w h o r l  c h a r a c te r is t ic s  o f  th e  w i ld  H e v e a  g e rm p la s m .



Figs. 5  a & b .  Field tolerance o f Mato Grosso genotypes to the Phytophthora incidence.

Fig. 6. Variability for membrane thermostability of leaf 
tissues based on mean and standard deviation values in the

wild germplasm

■<m +S.D.

E3 m to (m+SD) 

□(m -SD ) - m 

■>m -SD


