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Abstract. A  theore tical analysis o f  yield com ponen ts  o f  
H evea brasiliensis is a ttem p ted  in this paper. T he effect 
o f  the m a jo r  yield com ponen ts , i.e. in itial flow ra te  per 
u n it leng th  o f  ta p p in g  cu t, leng th  o f  the cu t, percen tage 
ru b b e r c o n ten t an d  p lugging index on  ru b b e r yield is 
rep resen ted  by the fo rm ula

F-l-Cr

V aria tio n  in yield w ith in  an d  betw een clohes can  be 
ascribed  to  v a ria tio n  to  an y  one o f  the above com ­
ponen ts. T he im p o rtan ce  o f  h igh g row th  ra te  fo r m a in ­
ta in ing  high yield th ro u g h o u t the  life cycle o f  the tree is 
theore tically  elucidated . W hile the  p resen t co n ten tio n  
o f  a  th eo re tica l m ax im um  yield o f  9.5 t  h a ~ ‘ w ith  a 
sta n d  o f 350 trees is questioned , the  theo re tical possib i­
lity o f  a tta in in g  th a t yield by increasing the stand  per 
ha to  600 is analysed.
Key-words: Hevea brasiliensis; Euphorbiaceae; para rubber; yield 
components; potential yield

Introduction
Q u an tita tiv e  analysis is a valuab le  m ethod  o f  exam in­
ing th e  co m p o n en ts  o f  yield o f  an y  crop . In  the case o f  
H evea brasiliensis com plete  ch a rac te riza tio n  o f  yield 

- c o m p o n e n ts  is still lacking, b u t a theo re tical exam ina- 
r^tion is useful for identify ing areas  w here know ledge 

an d  d a ta  a re  lacking, an d  m ay also  s tim ula te  new  ideas 
an d  experim ental app roaches. Such an  exam ina tion  is 
p resen ted  here.

Theoretical aspects
T he yield o f  ru b b e r (j^) o b ta in ed  from  a  tree each  tim e 
it is ta p p ed  is determ ined  by the  vo lum e (V )  o f  latex 
collected  an d  its ru b b e r c o n te n t (Cr ,  % ru b b e r co n ten t 
w/v):

V 'Q
100

T he volum e o f  latex depends on  the ra te  an d  the 
d u ra tio n  o f  flow . M ilfo rd , P aa rd e k o o p e r & Y ee (1969)
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have p roposed  a p lugging  index (p), to  m easure the 
ex ten t o f  latex vessel p lugging du rin g  flow. This is 
ca lcu la ted  as

P =
100 Fi

(2)

w here Fi is the average flow ra te  p er min. d u rin g  the 
first 5 m in  afte r tapp ing .

T he in itial flow ra te  (F i), is determ ined  by the length 
o f  the tap p in g  cu t an d  the average flow ra te  p er un it 
length . T h e  length  (/) o f  the tap p in g  cu t is rela ted  to  the 
g irth  o f  the  tree, w hich in tu rn  reflects g row th  rate . T he 
flow ra te  per u n it leng th  o f  the cu t on  the o th e r  h an d  
will be determ ined  by the n u m b er an d  d iam eter o f  latex 
vessels an d  by  tu rg o r pressure. As these are influenced 
by difl'erent physio logical characteristics it is useful to  
consider them  separate ly .

T he average in itial flow ra te  per cm  o f  ta p p in g  cu t is 
given by

F = F i/l

so th a t

V =
100 F-/

and

y = -
F - l - Q

(3)

(4)

(5)

T hese re la tionsh ip s ind icate th a t the yield o f  rub b er 
from  a tree, per tap , is p ro p o rtio n a l to  the in itial flow 
rate , the length  o f  the tapp ing  cu t and  the rub b er 
c o n ten t o f  the  latex  and  inversely p ro p o rtio n a l to  the 
p lugging index. All the in te rnal an d  ex ternal factors 
influencing yield m ust exert their eff'ects th ro u g h  one o f 
the above com ponen ts . This is su p p o rted  by experi­
m en tal evidence. Y ield has been found  to be positively 
co rre la ted  to  the in itial flow ra te  (P aard ek o o p e r & 
S am osorn , 1969) an d  negatively co rre la ted  to  plugging 
index (M ilfo rd  et al., 1969). S ethu raj, S u lochanam m a
& G eorge (1974b) found  initial flow rate  to  be a clonal 
characteristic .



Variations in yield
T he c o n trib u tio n  o f  each  o f  the com ponen ts o f  yield 
m ay  v ary  from  clone to  clone. F o r  exam ple, the differ­
ences in  yield betw een tw o trees, w hether belonging to  
the  sam e o r  d ifferen t clones, can  be analysed  in term s 
o f  the  fo llow ing form ula:

, F,(1)-/(1)-G(I) F,(2)-/(2)-Q2)
A7=------------------------------ -----------  (6)

P( l ) P(2)

w here the figures 1 an d  2 in  paren theses deno te  the 
d ifferen t trees. T h e  reasons fo r the difference in  yield 
from  a  tree p e r tap  in  d ifferent years can  be sim ilarly  
expressed.

T h e  yield o f  ru b b e r per u n it lan d  a re a  p er an n u m  ( Y) 
is determ ined  by the average ru b b er yield p er tree per 
tap  (J>), the  n u m b er o f  trees (N )  an d  nu m b er o f  
tap p in g s p e r  an n u m  («t), i.e.,

Y = yN -ni (7)

T here  is a tendency  fo r average yield p e r tap  (J>) to  
decrease as n, increases.

Relationship between the total biomass production and 
yield

O f the assim ilate  p ro d u ced  in any  period  by a tree, p a r t 
is u tilized  fo r the b iosynthesis o f  ru b b e r an d  a  p a r t o f  
the ru b b e r synthesized in  la tex  vessels m ay  be ex tracted  
by tapp ing . T he ra tio  o f  an n u a l ru b b e r yield to  annua l 
d ry  m a tte r  p ro d u c tio n  (includ ing  ru b b e r ex tracted) is 
defined as the harvest index (Ih). In  ca lcu la ting  the 
p a r titio n  coefficient o r  h a rv est index, on ly  the ru b b er 
ex trac ted  th ro u g h  ta p p in g  is considered:

I h =
2.25 J>-«, 

fV (8)

w here an d  fV  is the to ta l a n n u a l d ry  m a tte r
p ro d u c tio n  p er tree , inc lud ing  the ru b b e r ex tracted . 
T he fac to r  2.25 accoun ts  fo r the h igh  calorific value o f  
ru b b e r (T em ple ton , 1969). IV  m ay  be p a rtitio n ed  in to

lV = G + 2 .2 5 -y , (9)

w here G is th e  to ta l d ry  m a tte r  p ro d u c tio n  p e r  annum , 
exclud ing  ru b b e r ex tracted . T his w ould  be equivalen t 
to  the an n u a l increm ent in  sh o o t an d  ro o t d ry  weight.

U n d e r  a  p a rticu la r  system  o f  tap p in g  F i, I  an d  Q  are 
determ ined  by clonal characteristics an d  ca n n o t be 
a lte red  a t  will. T h e  p lugging index (p) can , how ever, be 
low ered to  a considerab le  ex ten t by  the use o f  yield 
s tim u lan ts. T h is results in h igher y i w hich in tu rn  will 
increase the Ih, a lth o u g h  this is recognized as a  heri­
tab le  clonal characteristic  (S ub ram an ian , N ara y a n a  & 
N g, 1971). H ow ever, we shou ld  no te  th a t a harvest 
index o f  m ore  th an  0.3 is considered  detrim en ta l to  the 
g row th  o f  the tree.

I h p er tree per se is n o t an  in d ica to r o f  yield. Two 
clones w ith  the sam e yield m ay differ in I h , i f  the 
g row th  ra tes  a re  d ifferent. F o r  a given y i, a  clone w ith  a

h igher G is preferable,- as a  su sta ined  g ro w th  ra te  is 
necessary  fo r h igh  ra tes  o f  g irth  increase, w hich  is one 
o f  the  fac to rs  influencing the  cum ulative  yield over the  
econom ic lifespan  o f  the  tree. W h en  considering  m a x i­
m um  yield p o ten tia l, the  fac t th a t it m ay  n o t be p rac tic ­
ab le to  develop clones w ith  an  Ih  o f  m o re  th a n  0.6 
shou ld  be considered . T h e  Ih varied  from  0.07 to  0 .52 
am o n g  the  tw enty-eigh t clones stud ied  by T em p le to n  
(1969). H e also  rep o rted  th a t  clones o f  h igher p ro d u c ti­
v ity  exhib ited  a  m ore  in tense depression  in  g ro w th  ra te  
(G). S ethuraj et al. (1974a) have p ro p o sed  a  g irth  
inc rem en t index (lo ) to  characterize  the  y ield p o te n tia l 
o f  clones in  re la tio n  to  g irth  increm ent;

I g = 10 (10)

w here Ag is the  an n u a l g irth  increm ent. T en  k ilog ram s ■ 
o f  ru b b e r yield p er tree per an n u m  w as taken  as a 
s ta n d a rd  an d  hence the figure 10 in  the den o m in a to r.

C lones w ith  h igh  Ig show  h igh  susta ined  g row th  ra te  
irrespective o f  h igh  yield; a very desirab le ch arac ter.

Theoretical maximum potential yield

T em p le to n  (1969) h as  estim ated  a  m ax im um  p o ten tia l 
yield o f  9500 kg  h a " '  by  the n in th  year o f  tapp ing , 
assum ing  the  co m b in atio n  o f  H ^=60 kg  d u rin g  the 
second  year o f  tapp ing , I h =  0.5 an d  a  n o rm a l s ta n d  o f  
350 trees h a ~ '.  H e fu rth e r  assum ed th a t  the  yield 
d u rin g  the  n in th  year m igh t be th ree tim es th a t in  the 
second year o f  tapp ing . I t has  been  estab lished  
(W ycherly, 1976) th a t the g row th  ra te  a f te r  th e  trees 
a re  opened  fo r ta p p in g  show s a declining trend  w ith  
age. T h e  increase in  yield w ith  age is m ain ly  a fu nction  
o f  a  b e tte r  p a rtitio n in g  coefficient, i.e., h igh I h . A s th e  
I h o f  0.5 assum ed  w as high, even for the second y ea r o f  
tapp ing , a th ree-fo ld  yield increase in the n in th  year as 
co m p ared  to  the second  year is n o t theore tically  poss­
ible, so th e  assum ptions on  w hich the c o m p u ta tio n  o f  a 
m axim um  p o ten tia l yield o f  9500 kg  h a “ ' are based 
m u st be questioned . T he m axim um  an n u a l d ry  m a tte r 
p ro d u c tio n  recorded  fo r  trees a f te r  5 years o f  ta p p in g  is 
on ly  a b o u t 60 kg h a " ';  assum ing  an  Ih o f  0.5 an d  a  
sta n d  o f  350 trees h a ~ ',  the m axim um  yield o b t a in a b l ^  
is on ly  4666 kg h a " '.  Even assum ing  100 kg a n d „  
I h =  0.5 the m axim um  yield w hich cou ld  be o b ta in ed  is 
only  7777 kg h a~  ‘. T h e  to ta l d ry  m a tte r  p ro d u c tio n  p e r  
ha can , how ever, be increased by increasing  the 
nu m b er o f  trees p e r  ha, a lth o u g h  the d ry  m a tte r  p ro ­
ductio n  p e r  tree m ay be reduced. A ssum ing a  s ta n d  o f  
600 trees h a ~ ', an  an n u a l d ry  m a tte r  p ro d u c tio n  o f  60 
kg  per tree an d  I h o f  0.6 the yield o b ta in ab le  from  1 ha 
w ould  be a b o u t 9600 kg. T he to ta l b iom ass p ro d u c tio n  
w ith such a g row th  ra te  w ould  be 3 6 1 h a ~ ' y e a r“ '. This 
is w ith in  the realm  o f  theore tical possibility . A ssum ing  
an  average rad ia tio n  (P A R ) o f  200 cal cm "^  d ~ ' an d  
200 effective days w ith  100% light in te rcep tion  in a 
year, the p o ten tia l d ry  m a tte r  p ro d u c tio n , ca lcu lated  
by  the fo rm u la  o f  P enn ing  de Vries, B runsting  & van 
L au r (1974) w ould  be 83.2 t h a ~ ‘ y ea r~ '.
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By a d o p tin g  a su itab le  exp lo ita tion  m ethod , o r 
stim u la tion , the latex  ex trac tio n  can be m an ipu la ted  to 
m a in ta in  a  high I h -  T h e objective o f  the fu tu re  breeders 
shou ld  be th e re fo re  to  com bine the charac ters o f  high 
g irth  increm ent index an d  high yield per tap  (j^).
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