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A B ST R A C T

The methods of seUing viz ., conventional hand pollination and bagging unemasculated 
panicles were attempted in four clones (RRI1105, RRIM 600, T jir 1 and PB 86) of Hevea brasiliensis 
along with observations under open pollination. Fruit set, seed weight and germination percentage 
were recorded. Seedlings were raised from the germinated seeds and survival rate, plant height, 
girth, number of leaf flushes, bark thickness, latex vessel rows and juvenile yield were recorded at 
two years growth.

In general, selfing led to reduced seed yield. Fruit set varied with the treatments and clones. 
Selfing by controlled pollination gavel.35% fruit setincomparison to 0.64% under open pollination. 
Percent pollination success and per cent abnormal seeldings were more in RRIM 600. There was not 
much variation in seed weight and germination percentage between (he treatments. In general, 
growth, anatomical characters and juvenile yield were lesser for plants raised Iroin the solfed seeds. 
Inbreeding depression in terms of percentage decrease in vigour and juvenile yield for the different 
characters were apparent especially in RRIM 600 and PB 86. However, inbreeding depression for the 
characters studied was mostly negative in the clones T jir 1 and R R II105. The results emphasize the 
need for detailed assessment of the extent of inbreeding deprssion in tfcvca culti vars to aid parental 
selection.

IN TRO D U C TIO N

In  o r d e r  to  fo r m u la te  so u n d  b re e d in g  
s tra te g ie s  it is  v ita l to  u n d erstan d  tlie  re p ro ­
d u c tiv e  b io lo g y  an d  b re ed in g  sy stem  o f  the crop 
sp e c ie s  co n ce rn e d . Hevea is  p red o m in an tly  an 
o p en -p o llin a ted  crop  w h ich  sh o w s b o th  in b reed ­
in g  d ep ress io n  an d  h elero sis . W h ereas hetert>sls 
can  b e  ex p lo ited  for crop  im p ro v em en t, the co n ­
se q u e n ce s  o f  in b reed in g  h a v e  to  b e  g iv e n  due 
ca re  in  p aren ta l se lec tio n  in b re ed in g  p rogrnm m es 
an d  a lso  to  d ev e lo p  co m p o n en t c lo n es  in seed 
o rch a rd s . W h ile  th e  ex ten t an d  v ariab ility  of 
in b re e d in g  d e p re ss io n  h a v e  b e e n  in v estig ated  
in  se v e ra l p a re n n ia l cro p s  (L ib b y  et n l, 1981 ; 
E ld rid g e  an d  G riffin , 1983; W ilco x , 198v3), in for­
m a tio n  o n  in b reed in g  in Heifca is scan ty  ex cep t 
a few  p re lim in a ry  rep o rts  (D ijk m an , 1951 ; Sh arp , 
1 9 5 1 ; B ro o k so n , 1953 ; T an  an d  S u b ra m a n ia m , 
1 975 ; S im m o n d s , 1989). T h is  p ap er d ea ls  w ith  
th e e ffe c ts  o f  se lf in g  in I Icvca Oriisilii’nsiStWMi ex ten t 
o f  in b reed in g  d ep ression .

M A TERIA LS AND M ETH O D S

M atu re  trees o f  c lo n e s  R R ll 105 (T jir 1 x 
G 1 1 ), R R IM  600  (T jir  1 x  PB 8 6  (both  a re  p rim ary  
c lo n es) o f  H. brasiliensis (W illd . Ex. A dr. d e  Ju ss) 
M u ell. A rg . w ere  ch o sen  for th e stu d ies. S e lfin g

w as d o n e  b y  co n v e n tio n a l h an d  p o llin a tio n  and  
b a g g in g  u n em ascu la ted  p a n ic les  w ith  b u tte r  p a­
p e r  b a g s . S im u lta n e o u s ly  fe m a le  f lo w e r s  
w ere co u n ted  an d  lab elled  to  ascerta in  th e  rate 
o f  fru it se t a fter  n atu ra l o p en  p o llin a tio n . S e lfin g  
w as carried  o u t d u rin g  1988  an d  1989  flo w erin g  
season . A few  fru its w ere  als(^ h arv ested  from  
m on oclon al area o f  T jir  1 and  P B 8 6  to  su p p le m en t 
th e p o p u latio n  o f  se lfed  p ro g en ies  fro m  th e se  tw o 
clon es.

Seed w ere  g erm in ated  and  p lan ted  in th e 
n u rsery  at th e  R u b b er R esearch  In stitu te  o f  In d ia  
(60  x 6 0  cm  sp a c in g ) e m p lo y in g  ra n d o m iz e d  
b lo ck  d esig n  w ith  tw o  rep lica tio n s. O b serv atio n s 
w ere  tak en  on  15 p lan ts  p er p lo t se le c te d  at 
ran d o m , at th e ag e  o f  tw o  y ears. T h e  ch aracters  
record ed  w ere  see d  w eig h t (g ), g erm in a tio n  (% ), 
su rv iv al a t 2n d  y ear (% ), freq u en cy  o f  ab n orm al 
seed lin g s (% ), g row th  ch a ra cte rs  su ch  as total 
p lant h eig h t (cm ), g irth  at co lla r  reg ion  (cm ), 
n u m b er o f  flu sh es, an ato m ica l ch aracters  su ch  
as b ark  th ick n ess (m m ), n u m b er o f  la tex  vessel 
row  and  ju v en ile  yield  (g/ t/ t) by  test tap p in g  
m eth od . In b reed in g  d ep ressio n  (ID ) w a s esti­
m ated  as fo llo w s :



VVliere = m enu v a lu e  o f  {)pen-pc>llinnU*cl 
p rog t’nios

S , -- inonn v n lu c o f  si'lfctl pro|;{.Miii*s.

T e s t  o f  s i g n i f i c a n c e  fo r  in b r e e d in g  
d e p re ss io n  w a s  d o n e  b y 't '  test. S ig n ifica n ce  o f  
l.D . w a s tested  w ith  th e tab le  v a lu e  o f ’t’ a t erro r 
d .f.

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

N u m b e r o f p o llin atio n  d o n e  and  p er cen t 
fru it  se t o b ta in ed  a fte r  se lf-an d  o p en -p o llin a tio n  
a re  g iv e n  in  T a b le  I. A m o n g  th e  tw o  se lfin g  
tre a tm e n ts  h a n d  p o llin a tio n  re su lte d  in  h ig h er 
see d  s e t  th an  th a t w h e n  u n em ascu la ted  flo w ers 
w e re  b a g g e d  an d  a llo w ed  to  p o llin a te . F ru it se t 
a f te r  b a g g in g  in d ic a te  s e lf in g  a n d  p r o v id e s  
m e a su re  o f  se lf-fe rtility .

A m o n g  th e  fo u r  c lo n e s  s tu d ie d , R R IM  
6 0 0  re co rd ed  th e  h ig h e st fru it se t in  a ll th e treat­
m e n ts  (T a b le  1), w h e re a s  T jir  1 re co rd ed  th e  
lo w est v a lu e s  w h ich  in d ica te  th e co m p a ra tiv e ly  
h ig h e r  ra te  o f  s e lf  fertility  in R K IM  600 . I 'h e  low 
fru it se t in  T jir  1 ca n  b e  re la ted  to  e ith e r  its low  
s e lf  fe rtility  ra te  d u e  to  p re -o r  p o st-fertiliz a tio n  
b a rr ie rs  o r high  rate  o f  e lim in a tio n  o f  le th a ls  in 
th e  e m b ry o n ic  d e v e lo p m e n t s ta g e  resu ltin g  in 
fru it  a b o r tio n . R e v e r s e  tre n d  w a s  n o te d  in 
R R IM  60 0 . A  h ig h er  fru it se t in  R R IM  6 0 0  and 
lo w e r  fru it se t in  T jir  1 fo llo w in g  se lfin g  w a s 
r e p o r te d  b y  T a n  a n d  S u b r a m a n ia m  (1 9 7 5 )  
u n d e r M a la y s ia n  co n d itio n s. A  m e a n  fru it se t 
o f  1 .3 5 %  w a s  o b se rv e d  fo r  co n v e n tio n a l hand  
p o llin a tio n  fo llo w ed  b y  0 .2 4 %  in  b a g g in g  and
0 .6 4 %  in  o p e n  p o ll in a t io n .  T h e  a c tu a l o u t

cro ss itjg  rnle for an y  p a rticu la r seetl crt»f) o f  ati 
in d iv id u al tree  w ill b e  d eterm in ed  b y  a v arie ty  
o f  g etie llc  an il en v iro n rtjen la l factors  lncUulinj» 
se lf-fe rtilily  (lild rid g e  and G riffiti, 1983), flow - 
er in g  p h e n o lo g y  re la tiv e  to neigh bou rij^ g  trees  
in th e s ta n d  (G riffin , 1980) an d  w e a th e r  co n d itio n s  
d u rin g  th e  f lo w e r in g  p e rio d  w h ich  in flu e n c e  
p o llin a to r a ctiv ity  (Y ean g  ei a l ,  1986).

D ata  o n  g erm in a tio n  an d  su rv iv a l (T a b le  
(I) sh o w  re la tiv e ly  lo w er v a lu e s  fo r  b o th  th e 
ch a ra cte rs  in th e  ca s e  o f  se lfed  p ro g en y  th an  in 
o p en  p o llin a ted  p ro g en y . O n  th e o th e r  h an d , 
freq u en cy  o f  ab n o rm al see d lin g s  w a s m o re  a fte r  
se lfin g  as n o rm a lly  ex p e cted . C lo n a l d iffere n ces  
w ere  o b serv ed  w ith  re sp ect to  th e se  ch a ra cte rs . 
G erm in a tio n  w a s  h ig h e st in  R R Il 105  (S^ =  9 0 % , 
S j = 88% ) an d  lo w est in  P B  86  (S , =  70 % , S , = 
6 3 % ). R e la t iv e  g e rm in a tio n  a n d  su rv iv a l in  
se lfe d  p ro g e n y  o v e r  o p e n -p o llin a te d  p ro g e n y  
ran g ed  fro m  8 2 .0 5  (T jir  1) to  9 7 .8 2  (R R II 105) 
an d  fro m  7 9 .1 7  (R R II 105) to  9 6 .2 6  (P B  8 6 ) re ­
sp ectiv e ly . T h e  c lo n e  T jir  1 re co rd ed  th e h ig h est 
su rv iv a l ra te  and  lo w est freq u en cy  o f  ab n o rm al 
se e d lin g s  in b o th  se lfed  and  o p e n  p o llin a ted  
p ro g en ies. Ju s t th e re v e rse  w a s th e ca se  w ith  
R R IM  6 0 0  (T a b le  II). T a n  an d  S u b ra m a n ia m  
(1 975 ) re p o rte d  h ig h e r  fre q u e n c y  o f  ru n ts  in  
R R IM  600  and  lo w er in T jir  1 in  a 5 x 5 d ia lle l 
cross . In a h ig h ly  h e tero z y g o u s cro ss  fertiliz in g  
sp . lik e  Hevea, th e  c lo n es m ay  b e  h e tero z y g o u s 
fo r  m a n y  le th a l o r  s u b le th a l  g e n e s . T h e s e  
c lo n e s  w h en  in b red , re su lt in  se g re g a tio n s  o f  
h o m o z y g o u s  re c e s s iv e  ty p e s  lik e  ch lo ro p h y ll 
d efic ien t p la n ts , d w a rf ty p es o r  o th e r  m o n stro si­
ties. T h e  freq u en cy  o f  su ch  le th a ls  o r  su b -le th a ls  
w h ic h  c a n  b e  c la s s i f ie d  a s  r u n ts / a b n o r m a l

Table 1. Fruit set (%) after self-pollination and open'poltination

Clones Conventional
hand

pollination

Selfing

Bagging
unemasculated

panicles

Open pollination

1

RRII 105 2484 (1.81) 2707 (0.25) 1110 (0.36)
RRIM 600 1201 (2.49) 1422(0.28) 1088 (1.47)
T jir l 1266 (0.24) 1110 (0.09) 1612(0.31)
PB 86 1025 (0.29) 1074 (0.28) 1034 (0.58)

General Mean (1.35) (0.24) (0.64)



Table II. Germination, survival and frequency of abnormal seedllings after open-pollination (S^) and selfing (S ,)

Clone
Germination

(%)
So S.

Sun/ival
(%)

So S,

Frequency of 
abnormal seedlings
So S,

RRI1105 90.00 88.04 74.07 58.64 12.5 20.00
(100.00) (97.82) (100.00) (79.17)

RRIM 600 83.33 80.55 60.00 50.56 33.33 50.00
(100.00 (96.68) (100.00) (84.27)

T jir l 86.67 71.11 76.92 62.50 2.50 5.00
(100.00) (82.05) (100.00) (81.25)

PB B6 70.00 63.33 62.85 60.00 13.63 33.63
(100.00 (90.47) (100.00) (96.26)

General mean 82.50 73.26 68.46 52.30 15.49 27.08
(100.00) (88.80) (100.00) (76.39)

Values given in parentheses relate to % of open-pollinalion.

se e d lin g s  is  esp ec ia lly  h ig h  in  th e first inbred  
g en era tio n . In  R R IM  60 0 , it ap p eared  th at re­
ce ss iv e  le th a ls  a re  n o t e lim in ated  in  th e  early  
e m b ry o n ic  s ta g e  an d  cb n sq u e n tly  h ig h  fru itse t 
an d  p ro g en y  h a v in g  h ig h  freq u en cy  o f  ab n orm al 
se e d lin g s  w ith  red u ced  v ia b ility  .

M e a n  a n d  r a n g e  v a lu e s  fo r  g r o w th , 
a n a to m ica l ch aracte rs , ju v e n ile  y ield  and  seed  
w e ig h t a re  g iv e n  in  T a b le  III. In  g en era l, se lfin g  
h ad  n o  a d v erse  e ffec t o n  see d  w e ig h t and  th e 
m e a n  se e d  w eig h t for se lfed  see d  b e in g  14 .82  g  
an d  fo r  o p en -p o llin a ted  seed s 14 .36  g. W ith  
re g a rd  to  g ro w th  a n d  a n a to m ica l c h a ra c te rs , 
g e n e r a l  m e a n  v a lu e s  w e r e  lo w e r  in  s e lfe d  
p ro g en ies  in co m p a riso n  to  th at in  o p en  p o lli­
n a te d  p ro g e n ie s ; th e  d iffe re n c e s  w e re  m o stly  
in s ig n ifica n t. T h e  ra n g e  for all th e  ch aracters  
w a s  c o m p a ra tiv e ly  h ig h e r  in  o p e n  p o llin a ted  
p ro g e n ie s  th a n  th a t o f  s e lfs  w h ic h  in d ica ted  
ce rta in  u n iform ity  o f  se lfed  p ro g en ies. C lonal 
d iffere n ces  w e re  n o ticed  for th e d iffere n t ch a r­
a cters  stu d ied . O n  a n  a v erag e , se lfed  p ro g en ies 
o f  R R II 105  re co rd e d  th e  h ig h e s t n u m b e r  o f  
flu sh es (6 .60) and  ju v e n ile  yield  (2 .74g ) and T jir  
1 re co rd ed  th e  h ig h est h e ig h t (435 .70  cm ), g irth  
14.61 cm ), b a rk  th ick n ess  (3.41 m m ) an d  latex  
v e s se l ro w s  (8 .33). O n  th e  o th e r  h a n d , R R IM  600  
re co rd ed  lo w est v a lu es  w ith  re sp ect to n u m b er

o f  flu sh es (4 .89), b a rk  th ick n ess  (2 .65  m m ), la tex  
v esse l ro w s (d 6.40) and  ju v e n ile  y ie ld  (1 .82  g/ 
t/ t). T h e  c lo n e  P B  86  a lso  re co rd ed  re la tiv e ly  
lo w er m ean  valu es. W h e n  all th e  ch a ra c te rs  are  
co n sid ered  to g eth er, se lfed  p ro g en ies  o f  R R IM  
6 0 0  and  P B  8 6  record ed  a 10%  an d  2 0 %  lo ss re ­
sp e c tiv e ly . T h e  m a g n itu d e  o f  su c h  lo s s  w a s  
co n sid era b ly  low  in  R R II 105 and  T jir  1.

P er  ce n t sh ift in  m ean  g ro w th  and  an a­
to m ica l ch aracters  o f  se lfed  p ro g en ies  o v e r  o p en - 
p o llin a ted  p ro g en ies  w ith  re sp ect to  g erm in atio n , 
su rv iv a l, p lan t h e ig h t, g irth , n u m b e r o f  flu sh es, 
b a rk  th ic k n e ss , n u m b e r  o f  la te x  v e s s e l ro w s 
an d  ju v e n ile  y ie ld  a re  sh o w n  in  F ig . 1. In  se lfed  
g en era tio n , th e re  w a s a g rad u al sh ift fo r ju v e n ile  
y ie ld  in  R R II 105 an d  T jir  1, o v e r  o p en -p o llin a ted  
p ro g en ies, th o u g h  th e  m a g n itu d e  o f  sh ift o v er 
m ean s, is  re la tiv e ly  lo w . R R IM  6 0 0  and  P B  86  
sh o w e d  n e g a tiv e  s h if t  in  a ll th e  c h a r a c te r s  
a fter  selfin g .

In b re ed in g  d ep ressio n  o f se lfed  p ro g en ies  
c o m p u te d  for th e  d iffe re n t c h a ra c te rs  re v ea l 
c lo n a l d iffere n ces (T ab le  IV ). D ep ression  w as 
observ ed  for all th e ch a ra cte rs  ex cep t for g irth . 
In b re ed in g  d ep ressio n  in  g en era l, w a s n eg a tiv e  
and  low  for m o st o f  th e  ch a ra cte rs  in  R R II 105 
and  T jir  1. T h e  h ig h est m ean  v a lu e  w as record ed
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Table IV. Inbreeding depression for growth, anatomical ch aracters, juvenile yield and seed  weight in selfed and  
open-pollinated progenies

Clones Plant height 
(cm)

Girth
(cm)

No. of Bark thickness Latex Vessel Juvenile Seed
flushes (mm) rows Yield (g/t/t) Weight (g)

RRI1105 0.033 1.13 -0.324" (3.08) -0.047 (0.57) 0.097 (1.14) -0.012 (0.45) -0.026 (0.17) 0.061 (1-22)
RRIM 600 0.095 (1.14) 0.116 (1.46) 0.169* (2.44) 0.232” , (3.36) 0.202“ (4.32) 0.332’ (2.22) 0.002 (0.97)
Tjirl 0.047 (0.31) -0.058* (2.64) 0.092 (1.12) -0.110 (1-57) -0.091 (1.7) -0.008 (0.02) -0.001 (0.25)
PB 86 -0.012 (0.12) 0.090 (0.89) 0.070 (0.36) 0.231' (2.57) 0.045 (0.65) 0.025 (0.28) 0.050’ (2.35)
t  values

• Significant at P = 0.05, ** Significant at P = 0.01
Values in parantheses indicate ‘t‘ values

Ito

z
UJooc
LUa.

GERMINATION SURVIVAL HEIGHT GIRTH FLUSHES BARK LATEX

■ RRII 106
03 RRIM 600
□ T J IR l
0 PB as

THICKNESS VESSEL ROWS
JUVENILE

YIELD

Fig. 1.

T, = 
T , =

Per cen t shift in mean over open pollinated progenies for germination, survival, growth, anatomical 
ch aracters  and juvenile yield in setfed progenies.

Germination (%) 
Survival (%) 
Plant height (cm)

Girth (cm)
No. of flushes 
Bark thickness (mm)

Ty = No. of lalex vessel rows
T = Juvenile yield (g/t/t)
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fo r  n u m b e r  o f  f lu sh e s  (0 .1 9 5 ) an d  lo w e s t for 
p*nnt h c ig h l (0 .024). In b reed in g  d ep ressio n  for 
ju v e n ile  y ie ld  w as n eg a tiv e  in th e c lo n es , R R ll 
105 an d  T jir  1 th o u g h  in sig n ifican t. R ep o rts are 
a v a ila b le  in d ica tin g  lo w  in b reed in g  d ep ressio n  
in  se lfed  p ro g e n ie s  (B ro o k so n , 1953) o f  T jir  1. 
U h ask aran  N a ir  an d  O o m e n  K osh y  (1966) a lso  
re p o rte d  g oo d  p e rfo rm a n c e  o f  se lfed  see d lin g s 
o f  th e  c lo n e  T jir  1.

T h e  re su lts  rep o rted  in th is p ap er b rin g s 
lo  th e  fo re fro n t th e  need  fo r  d eta iled  in v esti­
g a tio n s  o n  in b re e d in g  d e p re ss io n  in  d iffe re n t 
c iilt iv a rs  o f  Hevea brasiliensis. In fo rm a tio n  o n  th e 
e x te n t  o f  in b r e e d in g  d e p r e s s io n  in  d if fe re n t  
c h a r a c te r s  in  v a r io u s  c lo n e s  w ill a id  in  th e  
a p p ro p ria te  ch o ice  o f  c lo n es  fo r  h y b rid iz a tio n  
p ro g ra m m e  a n d  a ls o  fo r  in c lu s io n  in  c lo n a l 
o rch a rd s  w ith  sp e c ific  o b jectiv e s .

A C K N O W L E D G E M E N T S

T h e  a u th o r s  a r e  th a n k fu l to  D r. M .R . 
So th u ra j, D ire cto r  o f  R esearch , R R II for p ro v id in g  
n e c e ssa ry  fa c ilitie s  fo r  co n d u ctin g  th e w ork.
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