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ABSTRACT

Seventy two genotypes were selected from the wild population of Hevea bmsiliensis of 
1981 IRRDB exploration for astessing the nature and extent of variability present, the degree of 
association among character* and their direct and indirect effect on juvenile yield. The population 
mean for most of (he characters studied were lowerthan that of the control, except for thecharacten, 
number of leaves in the third, whorl, LAR and leaf shoot ratio indicating the vigorous growth habit 
of these|wild genotypes. Individual genotypes exhibited wide variation for most of the characters 
studied. Positive genotypic correlation was noted between juvenile yield with height, number of 
whorls, girth, LAI. total leaf weight, aerial biomass and leaf weight per unit leaf area. Very high 
positive genotypic correlation was exhibited by LAI with total leaf weight and aerial biomass.
Path analysis indicated the importance of total leaf weight on juvenile yield.

IN T R O D U C T IO N

T he success o f  any crop  im provem ent 
p ro g ram m e re q u ires  a v a ila b ility  o f  d iv erse  
germ plasm  and therefore, scientiflc evaluation 
o f variability collected through explorations or 
p ro c u re d  fro m  o th e r  s o u r c e s  a ssu m e s  
im portance. The expedition organized by the 
IRRD B in 1981 for Hevea brasiliensis w as im portant 
in this corm ection which helped to  collect a w ide 
range o f  genetically diverse m aterials from  the 
three different agroclim atic zones in the three 
states o f  Acre, Rondonia and M atto  G rosso in 
Brazil.

The narrow genetic base resulting from 
unidirectional selection over the years for yield, 
and the absence o f suitable varieties adapted to 
n o n -lra d itio n a l ru b b er g ro w in g  are as  have 
necrasitated a detailed study o f  w ild genotypes 
from  this IRRD B collection, In this cormection 
a prelim inary study w as conducted w ith  the 
objective o f assessing the nature and extent of 
variability  present in the wild population, the 
degree o f association am ong characters and their 
d irect and ind irect effects on ju v en ile  yield , 
giving m ore im portance to  aerial biom ass (dry 
m atter accum ulation) and other related physi­
ological parameters.

M A T E R IA L S A N D  M E T H O D S

Seventy tw o genotjrpes o f the Brazilian 
germ plasm  planted during 1989 at the Central 
Experim ental Station  o f the R ubber Research 
Institute o f India, Kottayam  w ere selected for 
the study along w ith the control R R II105. These 
genotypes w ere representatives from  the three 
states o f Brazil - A cre, R ond on ia and M atto  
Grosso. T hep lan ts w ere planted i n i  x l m  spacing 
and five trees per genotype w ere selected at the 
age o f 18 m onths for recording the follow ing ob­
servations: total height o f the plan t from  bud 
union (cm), total num ber o f w horls per genotype, 
total num ber o f leaves in third w horl per geno­
type. girth o f plant at 20  cm  height above the 
bud union (cm ), leaf area index (LAI) o f  each 
genotype, total dry w eight o f the leav es per 
genotype (g). dry m atter accu m ulation  (aerial 
biom ass) o f each  genotype (g). test tap yield 
(average of tw o seasons) by  incision m ethod (g). 
Leaf Area R atio (LAR). leaf w eight per unit leaf 
area, and leaf shoot ratio for each genotype.

Leaf area w as m easured using portable 
Leaf Area M eter and test taping w as conducted 
by incision m ethod proposed by A nnam m a el al. 
(1989).

M ean values, estim ates o f variability like
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phenotypic and genotypic coefficients o f varia­
tion (PCV and GCV respectively) and the genetic 
param eters - broad sense heritability (F ?) and 
genetic advance (GA) w ere ca lad ated . Genotypic 
and phenotypic coefficients o f variation, corre­
lation and path analysis w^ere w orked out fol­
low ing Singh and Choudhary (1985), and heri­
tability in the broad sense w as determ ined as 
per A llard (1960).

S ince the plants w ithin a  genotype w ere 
not grow n random ly over the environm ent, the 
variation am ong the genotypes w ith respect to 
the characters studied w ere not tested for their 
significance.

R E S U L T S  A N D  D IS C U S S IO N

A w id e variation w as observed am ong 
the w ild genotypes for the characters studied 
(Table I). Except for the characters like num ber 
o f leaves in third flush, leaf area ratio (LAR) and 
leaf shoot ratio, the m ean perform ance o f  wild 
genotypes w as poor com pared to  the control. 
The superiority o f w ild genotypes for ihe above 
characters show s their vigourous grow th habit. 
A s a result o f this, the total leaf area o f wild 
genotypes w ill be m ore com pared to  the control 
R R II 105. Leaf area is the major determ inant of 
crop yield , and in the seedling stage m uch of 
the assim ilatory surface is contributed prim arily 
by the leaf area (Sinha and K hanna, 1975). The 
assim ilatory capacity o f a leaf w horl m ay reflect 
th e  d if fe re n c e s  in  a ss im ila to ry  c a p a c ity  o f 
can op ies in m atu re p lan ts. (N u gaw ela  and 
A luthhew age, 1985). T h e test tap yield as the 
average o f tfie tw o seasons w as found to b e only 
one third that o f the corresponding yield for the 
control.

A w ide range o f variation w as exhibited 
by the individual genotypes in the population 
for all the characters studied. The genotype M T 
1650 exh ib ited  the m axim u m  v alu es fo r  the 
characters total height o f the plant and also the 
test tap  yield , w h ile  th e  genotypes A C  2040 
and RO  1243 h av e the least v a lu ei fo r  these 
characters respectively. M axim urr values for 
the girth  and dry m atter accum ulation (aerial 
biom ass) in the w ild genotypes w ere exhibited 
by R O  1269 w hile the genotypes MT 1655 and 
A C  2040 had the m inim um  girth and dry m atter 
accum ulation respectively. M axim um  num ber of 
flushes and num ber o f leaves in the 3rd  flush 
w ere seen in the genotypes from  the state of 
Rondonia - RO  1324 and RO  1334 respectively, 
w hile the m inim um  values for these characters 
w ere in the A cre genotypes. AC 2016 had the 
m aximum  LA I and also the highest total leaf 
w eight, w h ile R O  1348 exh ib ited  th e  low est 
values for these tw o characters. In the case of 
LA R and leaf shoot ratio the genotype A C  2124 
show ed the m axim um  perform ance w here as 
the genotypes R O  1558 and RO 1334 w ere the 
poor perform ers respectively. Leaf w eight per 
unit leaf area d o  not show  any variation either 
am ong the w ild  genotyp es o r betw een  wild 
g e n o ty p e s  an d  th e  c o n tro l, in d ica tin g  th e  
uniform ity in  the leaf thickness o f these geno­
types. W hile considering the m axim um  values 
obtained for the wild genotypes, there is a tw o­
fold increase in  the v alu es com p ared  to  the 
control, except for girth  and test tap yield. This 
show s the general v igour o f  the wild genotypes 
com pared to the control, ultim ately leading to 
a high value for total aerial biom ass. The rubber 
production o f a tree  depends upon th e  total 
annual biom ass increm ent. Hevea trees when 
tapped exhibit a depression o f girth increm ent

Table I. Range of variation among genotypes for the characters studied

Trails
Wild genotypes

’ General Mean Control (RRI1105) 
MoanMaximum Minimum

Total height (cm) 411 (MT 1650) 171 (AC 2040) 276.9 289.6
Total number of flushes 21 (RO 1324) 4  (AC 2124) 11.2 13.6
No. o( leaves in 3rd flush 18 (RO 1334) 6 (AC 2057) 11.0 9.6
Girth (cm) 16 (RO 1269) 8 (MT 1655) 11.4 12,1 7
LAt 4.3 (AC 201C) 0.59 (R01346) 2.2 2.6
Total leaf wt (8) 444.6 (AC 2015) 63.2 (R0134e) 215.2 275,4 W
Aerial biomass (g) 241S.1 (R01269) 393.5 (AC 2040) 1106.5 1479.3 ^
Test tap yield (g) 0.26 (l>4T 1650) 0.08 (R01243) 0.2 0.6
UVR 42.41 (AC 2124) 9.05 (R01558) 20.76 17.&S
Leaf wVunK leaf area 0.012 0.008 0.01 0.011
Leaf shoot ratio 0.594 (AC 2124 0.107 (R01334) 0.262 0.229



an d  canop y grow th . H en ce a h igh  go rw th  
rate is required to  m aintain the grow th whilst 
giving a high yield (N ugaw ela an d  A lthhew age, 
1986). H igh  corre lation  betw een  total aerial 
d ry  w eight and photosynthetic rate w ere also 
reported earlier (A nonym ous, 1987). A gain, the 
h igh  value for total num ber o f w horls in  the wild 
g e n o ty p e  in d ic a te s  th e  p o ss ib il ity  o f m ore 
num ber o f latex vessel rings in  the stem.

A  p rov en an ce w ise com p arison  o f the 
perform ance o f wild genotypes for the different 
ch aracters studied is  g iven  in  T ab le  11. The 
w ild  g e n o ty p e s  fro m  th e  p ro v e n e n a n c e  o f 
Rondorua showed a better average perform ance 
fo r  th e  ch a ra c te rs  n u m b er o f  lea v es  in  the 
diird  flush, girth  and total dry  m atter content. 
B u t for the characters total height, total niim ber 
o f flushes, LA I, total leaf w e i^ t ,  LA R and leaf 
shoot ratio the genotypes from  the provenance 
M atto  G rosso perform ed w ell. T h is show s the 
superiority o f the M T  genotypes com pared to  RO  
and AC genotypes and this is  in  conform ity 
w ith  the general observations m ade by IRCA 
(Clem ent • D em ange el a l ,  1990) and Saji et a l  
(1992). But fo r  y ield , th e  p erfo rm an ce  w as 
com parable betw een the three states.

T able in gives the sp lit up o f the total 
v a r ia n c e  in to  h e r ita b le  a n d  n o n -h e r ita b le  
com ponents and also the heritability estim ates 
in  th e  b ro ad  sen se  and  g e n e tic  ad v an ce  as 
percentage o f m ean. Except for the characters 
height, num ber o f w horls, num ber o f leaves in 
third w horl and girth , all the o ther characters 
exhibited higher estim ates o f  heritable portion 
o f variance e x p r« se d  as the genotypic coeffi­
cients o f variation. T his is evidenced by the

higher estim ates o f heritability  and genetic ad­
v an ce , w hich  p o in ts to  th e  h ig h ly  h eritab le  
nature o f these characters w h ich  can  b e  used in 
any breeding program m e for selection  of parents 
for hybridization. The h ig hest valu es for heri­
tability and genetic advance expressed by LAI 
and leaf dry w eight is  notable. Tem pleton  (1969) 
reported that the m axim um  valu es o f  LAI ob­
tained after about 5  years from  planting corre­
sp on d ed  w ith  th e  p erio d  o f  m axim u m  dry 
m a tte r  p ro d u c tio n  a n d  h e n c e  L A I is  an  
im portan t d eterm in an t o f  p lan t p rod u ctiv ity  
(W atson, 1952). M edium  heritability  estim ates 
w ere noted for the chracters height, num ber of 
w horls and girth  o f the p lan t and the low est 
h e r ita b ility  estim a te  w a s fo r  th e  ch a ra cte r  
num ber of leaves in  the third w horl indicating 
the higher in flu ^ ice  o f the invironm ent in the 
expressing o f this character.

Correlations provide inform ation  on the 
nature and extent o f relationship  betw een char­
acters in a population thus facilitating effective 
selection and sim ultaneous im provem ent o f two 
o r m ore characters. The phenotypic and geno­
ty p ic  c o rre la tio n  c o -e f f ic ie n ts  b e tw e e n  th e  
average juvenile rubber yield per genotype and 
other seven characters and three derived char­
acters studied and th eir in ter-se  association s 
are presented in  Table IV. T h e genotypic cor­
relation coefficient betw een th e  y ield  and the ten 
characters studied are g iven  in  Fig. 1.

The average test tap yeild  (over tw o sea­
sons) showed positive, significant, phenotypic 
correlation coefficient w ith  the characters - total 
height, girth o f the plant, lea f area index and 
a e r ia l  b io m a s s , an d  p o s t it iv e  g e n o ty p ic

Table I Comparison of mean values of wild genotypes between (he three stales

Trate
Mean values for the three states

RO AC MT
Total height (cm) 288.0 249.0 314.3
No. Mushes 12 10 13
No. of leaves rn the 3rd Hush 12 10 10
Girth (cm) 11.7 11.3 11.1
U l 2.0 2.3 2.5
Total leaf wt. (g) 193.6 224.8 243.5
Aerial biomass (g) 1153.5 1049.0 1096.0
Test tap yield (g) 0.16 0.18 0.17
LAR 18.0 22.7 23A
Leal wt/unit leaf area 0.01 0.01 0.01
Leal shoot ratio 0.22 0J39 0.31



Table III. Phenotypic and genotypic coefficients of variation (PCV, GCV)> heritabtlity (H^ and genetic advanc 
(GA) as percentage of mean

Characters PCV GCV GA as % of ft̂ ean

Height (cm) 1901.06 633.4 43.8 23.65
No. of whorls 248.82 113.44 45.6 44.21
No. of leaves in 3rJ whorl 74.29 18.21 24.5 13.13
Girth (cm) 40.77 16.44 45.22 17.6
LM 3S.03 32.84 86.37 73.76
Leaf dry wL (g) 3497.39 3003.51 8S.flS 71.17
Aerial biomass (g) 18661.86 14406.14 77.19 65.16
Test tap yield (g) 3.19 2.36 73.9 64.38
LAR 256.38 211.96 82.67 60.33
Leaf wt/unit leaf area 0.0064 0.0064 99.99 16300
Leal shoot ratio 5.42 4.40 81.24 77.01

Table IV. Corraiation among various characters studied

Traits 1 2 3  4 5 6 7 8 9  10

1 Total height 
2. No. of whorts 1 P.0.3127**

G.0.3538
E.0.2795

3 No. of leaves P.0.1659 •0.29
in third whorl G.0.2399 0.0329

E.0.1340 -0.0624
4 Qtr^ P.Q.7289** 0.3878” 0.1862

aO.7445 0.3025 0.3617
E.0.7165 0.4587 0.1023

5 LAI P.0.3167** 0.3294" 0.0096 0.4632*
G.0.3831 0.3799 0.0260 0.5373
E.0.2927 0.3340 •0.0075 0.4662

6  Total leaf P.0.3396** 0.3346" 0.0072 0.4821** 0.9746"
Weight G.0.4203 0.3877 0.0189 0.5636 0.9710

E.0.2900 0.3321 •0.0046 0.4707 0.9968
7 Aerial P.0.5639” 0.3973” 0.1243 0.7503** 0.6539” 0.6509**

biomass G.0.7213 0.4580 •0.2936 0.9133 0.6581 0.6544
E.0.4032 0.3564 •0.0083 0.5960 0.6610 0.6582

8 Test tap yield P.0.2223* 0.1171 0.0407 0.3628’■ 0.2470 0.2858” 0.3278*
G.0.1995 0.1006 0.0002 0.3459 0.2605 0.3096 0.3485
E.0.2839 0.1557 0.0920 0.4306 0.2058 0.2039 0.2646

9  LA R P.-0.2484* -0.0730 •0.1214 -0.3112*'■ 0.4000” 0.3694** -0.3507* *-0.1064
G.-0.3006 -0.0567 -0.2523 •0.3528 0.4620 0.4257 -0.2941 -0.1129
E.-0.2163 -0.1244 •0.021B •0.3099 0.0622 0.0683 -0.5823 -0 .0 8 ^

10 Leaf wt/unit P.0.035 -0.0342 0.0047 0.0323 -0.2318* -0.0222 -0.0860 0.1020
Leaf area G.0.1255 •0.0506 0.0098 0.0477 -0.2494 -0.0239 -0.0980 0.1166

E.0.0784 -0.0093 •0.0240 0.0583 -0.0353 -0.0215 0.0099 0.0168
11 Leaf shoot P.0.2292* -0.0785 -0.1210 -0.3114”  0.3259” 0.3436* -0.3764*•-0.0979

ratio G.-0.2800 -C.0749 -0 2579 -0.3624 0.3807 0.4016 -0 3330 -0.1061
E.-0.1911 -0.1032 •0.0156 -0.2863 0.0437 0.0499 -0.5446 -0.0709

0.9269 0.01 B5

P - phenotypic correlation coefficient. Q • genotypic correlation coefficient, E • error conflation coefficient 
'  • significant at 5%, ** - significant at 1 %



co rre la tio n  w ith  to ta l h e ig h t (0 .1995), g irth  
(0.3459), lea f area index (.2605), total leaf w eight 
(0.3096) and aerial biom ass (0.3278). Positive 
genotypic correlation w as noted betw een height 
o f the plan t and the ch aracters - num ber of 
w horls (0.3538), num ber o f  leaves in  the third 
flush (0.2399). girth  o f  the plant (0.7445), leaf area 
index (0 3 8 3 1 ) total lea f w eight (0.4203) and total 
d ry  m atter content (aeria l b iom ass) (0 .7213). 
M oderate to high degree o f  genetic association 
w as exhibited by the characters leaf area index 
(0.5373), total leaf w eight (0 5 6 3 6 ) and total dry 
m atter conten t (0.9133) w ith  th e  girth  o f the 
plant. N u m ber o f  w h orls o f  lea v es  show ed 
postitive genotypic correlation w ith  girth  (0.3025) 
lea f area index (0.3799) and total leaf w eight 
(0.3877). N um ber o f  leaves in the third flush 
show ed a  positiv e genM ypic correlation  with 
g irth  (0 .3617) and to ta l dry  m atter conten t 
(0.2936). V ery high jxssitive genotypic correlation 
w as exhibited by tiie leaf area index w ith total

leaf w eight (0.9710) and also the dry m atter ac­
cum ulation (0.6581). Positive g e n o t^ ic  correla- 
tioncoefficeintsof0.6544w asexhibited betw een 
the characters total leaf w eight and the dry m atter 
content. The derived characters LA R, lea f w eight 
p er unit lea f area and ie a f shoot ratio
showed negative genotypic correlatiw i coefficients 
w ith  girth  and aerial biom ass.

These results a re  in  accordance w ith the 
reports o f previous w orks. G om ez et a l  (1989) 
has r e p o r t^  a  very h igh  positive correlation (r 
= 0 .6 0 0 7  *•) b etw een  y ie ld  an d  d ry  m atter. 
D iering (1987) h as  reported  a  sim ilar correlation 
(r =  0.92 *•) in gauyule rubber also. H igh sig- 
rxificant positive correlation (r =  0.852 **) betw een 
h eight and girth , h eigh t and num ber o f leaf 
w horls (r = 0 .783 **) at 21 m onths ag e is reported  
o f lea f w horls (r =  0.783 •*) a t 21 m onths age is 
reported by M om oh and A lika (1987). L icy and 
Prem akum ari (1988) has reported positive cor­

Fig. 1.

positive correlation 

negative correlation

X. • Height (cm) X. • Total leaf wt. (g)
No.of v.' ôrts X, • Aerial biomass (g)
No. of leaves in third wttori X. ■ LAR

• GirtfJ (cm) X. • Leaf wVunit leaf area
- LAI • Leaf shoot ratio



relation betw een yield , p lant height and girth 
in  the nursery evaluated hand pollinated prog­
enies. P hotosynthetic rates (PR) o f clonal seed­
lings are correlated to their total dry w eight (DW) 
A nonym ous (1987) and Sam sudhin et al. (1987) 
h as rep orted  s ig n ific a n t p o s itiv e  corre lation  
betw een photosynthetic rate and yield.

T he very h igh  positive asso(^ation o f these 
characters m ake the sim ultaneous im provenw nt 
o f characters m ore easy.

T he d irect and indirect effecte o f these 
characters on yield is  show n in  Table V. The 
character total leaf w eight is having m aximum  
d irect effect (0 .75) o n  yield  and the effect of 
other characters through this character on yield 
is also positive, indicating the im portance o f  total 
leaf w eight on  yield  in  seedling stage.

The stud y reveals the occurrence o f som e 
w ild  g en oty p es w hich  are p erform in g  better 
than the control RRII 105 for m ost o f the sec­
ondary characters. T h e w id e variability  expressed 
for these ch aracters sh ow s th e  p ossib ility  of 
broadening the genetic base o f  to e  cultivated 
rubber. H ow ever, the chance for direct selection 
for yield from  the w ild  population is very rem ote 
since they are very m uch acclim atized to  the 
stress condition in ^ e i r  prim ary cen tre o f  origin. 
The general superiority o f the genotypes from 
the state M atto G rosso com pared to AC and RO 
g e n o ty p e s  sh o w s  th e ir  im p o rta n c e  in  the 
breeding program m es. Even then, the genotypes 
from  all the three provenances like M T 1650, 
RO 1269, AC 2016 etc., having h igher valu es than 
the control for the characters, total num ber of 
w horls, g irth , LAI, leaf dry w eight and aerial

biom ass are very m uch im portant for popu lation  
im provem ent program m es. T h e characters, leaf 
dry  w eight and aerial biom ass are very useful 
in  the early  cu lling  out o f low  y ield ers since 
there is  significant correlation ^vith ph otosyn ­
th e t ic  r a le ,  th u s  re d u c in g  th e  n u m b e r  o f  
progenies to  b e tested. Moreo\ er, the genotypes 
w ith  m ore dry m atter accum ulation (aeria l bio­
m ass) are h ig ^ y  preferred siitce the exp lo itation  
o f the tree by tap ping affects the vigour o f  the 
tree.
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D ISCU SSIO N

R.D. IY E R ; In one of the Tables the wild genotype show low Test Tap Yield although leaf area index was very 
high. Hence there seems to be a limitation to using such correlation. Perhaps we should also go in for more 
conservative traits such as enzyme profiles along with phenotypic values.

M.A. M ERCY; The wild genotypes were very much acclimatized to the stress condition in their primary centre 
of origin. Hence they were more d evelop ^  for competing against the stress condition. Moreover, direct 
selection for yield from this wild genotypes is very remote. In the later studies wecan include isozyme analysis 
to get clear characterization and their influence on yield.

C.S. SRIN IVASAN : Residual effect from path analysis is high (.90S). You have to search for other characters.

M. A. MERCY ; The study is  conducted at the age of IS  months isnd ruWier tree starts tapping only at the age
7  yrs. So at 18 months old only these characters were possible to study, all the other yield attributing 
characters can be studied only when tapping has started. So out of the characters studied leaf weight is 
important, since its direct and indirect effect on juvanile yield is positive. Moreover, the yield what I meant is 
juvanile yield, not the mature yield.


