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Sui^imBiy

The Para Rubber tree — Hevea brasiliensis — Is the major source of 
natural rubber. Rubber Is obtained by processing the latex collected by 
wounding the bark of the tree. The flow of latex is an abnormal physio­
logical phenomenon induced by tapping. The yield obtained In a days' 
tapping thus depends on the volume of latex collected and the rubber 
content. The cumulative yield over a period of time, however, depends 
upon the biomass Increment and partitioning Into economic yield. 
Studies on major and minor yield components have contributed sub­
stantially to characterise high ylelders and low ylelders and to use such 
Information in plant Improvement programmes. Decades of research on 
exploitation systems have standardised the procedure of latex extraction 
keeping in view the optimum physiological balance. Chemical methods 
for enhancing latex flow also have been identified. Physlologiceil Investi­
gations are also Important in Involving early prediction methods for 
potential yield and stress tolerance.

Introduction

H evea brasUtensis Is the rnajor commercial 
s o u rc e  o f N a tu ra l  R u b b e r . R u b b e r  is  
obtained by processing the latex, collected 
by w ounding th e  b a rk  of the tree. Latex Is 
coritained In the concentrated rings of latl- 
c ife ro u s  v e s se ls  lo c a ted  in  th e  zone of 
secondary pholem. In  an  unexplolted tree, 
the re  is  no movement of latex in  the latlclf- 
erous system . The latex flows out w hen a 
tapp ing  c u t is  m ade on th e  tru n k  of the  
tree m ainly because of the  very high tu r- 
gour p ressu re  in  the latex vessels. Turgour 
p r e s s u r e s  re c o rd e d  in  th e  la tlc lfe rs  of 
H evea  are am ong th e  h ighest recorded m 
the latlclfers of different species (SethuraJ & 
Raghavendra, 1987); values as high as  1.5 
M Pa h a v e  b e e n  r e c o rd e d  (B u tte ry  & 
Boatm an, 1966). The Initial flow of latex is 
due to elastic contraction of walls after a 
su d d e n  re lease  of tu rg o u r a s  a  re su lt of

tapping. After a  while, the  flow Is regulated 
by capillary forces until th e  flow ceases as 
the  latex coagulates and  plugs the vessels 
(Boatman. 1966; Milford e t al., 1969).

Flow of latex tow ards the cu t end Is an  
ab n o rm al p h en o m en o n  In d u ced  by ta p ­
ping. The ra te  and  duration  of flow can  be 
altered by changing the  system  of tapping. 
Therefore, th e  physiological factors deter- 
mlnmg yield in H evea braslliensts are inti­
m ately  re la ted  to  th e  physiology of la tex  
flow as  induced  by tapping. The yield of 
ru b b e r  from  a  tree  on every tap p in g  Is 
determ ined by the  volume of latex and per­
centage of rubber it contains. The, volume 
of latex is determ ined by the rate  arid d u ra ­
tion of latex flow. There are m any Internal 
and  ex ternal factors w hich influence the  
rate  and  duration  of latex flow. The rubber 
content In latex a t a  given situation  reflects 
the biosynthetic capacity of the  latlclferous 
vessels.



The rab b e r tree being a  perennial cifdp:
' having a comttiercial life df 6ver 30 y ea rs / 

the  factors influencing the cum ulative yield 
, include th-e factors gdveriiing growth and  

partitioning. Sethuraj ( 198 i) h as  derivM  a 
fo rm u la  dep ic ting  th e  fac to rs  governliig 

. yield from a day's tapping and  stabsequent- 
ly h a s  m ade a com prehensive analysis of. 
yield com ponents (SethuraJ, 19S5; Sethutaj. 
& Raghavendra. 1987),

In th e  p resen t paper, a  review df .phyfelo* 
logical investigations which have .elucidated' 
th e  m echan ism s govermn^g yieid and  fac­
to rs influencing them  is  attem pted. All the  
im portant steps in  the conceptual d'eveibp- 
m ent are tra c fd  though m ore em phasis isi 
given to th e  w ork carried out b^  th e  R ubber 
Research Institu te, of India in  th fs field.

Yield Co^ifipstteifits

As a lready  sbatM . t^ e  y M d  of rmbfeef 
ffom a  tree, is determ m ed by the  volume o f 
latex* and  p'crcentefcge of rubber it contains,' 
The re la tio n sh ip  of y ield  witft th e  m a in  
yield com ponents is , p resen ted  in  th e  fol­
lowing form ula defiv^d by Sethiaraj. (19Sil):

■ , y

P . ■
W here -y = Ylsdd <!(f m bbef-ttee-J;

(obtameti from a  trere . each; 
tim e it is tapped)

F = the average in iti^  flow ratei
p e r  cm  of tapp ing-cu t d u r->, 
ing. th e  f ir s t  5 m in  a fte r  

, . tapping . :
1 the lengffi of t3ifeciat ■ : 
p = th e  plugging indeXj whsich

, is a, m easure , of the -extent
of latex vessel, pltaggmg 

Cf s  th 'e,rubber content

The yield iSf natober per ufflt l ^ d  a®fea, 
per year (Vj,) iS’ detem U ned by the  averaged 
ru b b e r yield- piea- tree  per tapp ing  6 )̂, the  * 
n u m b e r of trees. (N) an d  n u m b e r of ta p ­
pings per year (nt)’:

Each df the m ajor yield com ponents in 
the  form ula 1 is influenced by  num erous 
f a c to r s ,  b o th  I n te r n a l  a n d  e x te rn a l .  
Analysis of factors influencing th?e biom ass 
production and. Its partitioning into rubber 
should also take into account the effect of 
tapping  an d  ex traction  of la tex  of. ann u a l 
b io m a s s  in c re m e n t. ThiB is  im p o r ta n t 
because the g irth  of the  tree is one of the 
factors influencing yield an d  it is know n 
th a t  tapp ing  c a n  re s u lt in  biom aSs loss 
w hich can  no t fully be  accoun ted  for by 
rubber yieM,

The ann u a l blOTnass prodiaced . by a tree 
Subjected to regu lar tapp ing  (WJ, is sub^ 
s ta n t ia l ly  law  com t>ared to  th a t  by  a n  
un tap p ed  tree fW^). M arked etonal va¥ia- 
tio n  also Is reported, in  th is  regard- T his 
r e d u c t io n  In b io m a ss  is  on ly  p a r tia lly  
accounted for by th e  yieM of rubber. A pro­
portion (l-k) of th e  b iom ass potential th a t  
is  n o t rea lised  in  a  ta p p e d  tree  an d  no t 
accounted for by th e  rub b er ylel^. m erits 
attention. %  rediacihg th is  proportitin, Vir̂  
can  be increased:

Wa = W«,(.i-k) ......3

Sffianonds ;( 11082) assum ed th a t th e  loss 
in, b iom ass ih. a  tree  subjected  to  tapping  
can  be accaufiteti for by ru b b er and  other 
preductis removed in  latex. Reptsrted data, 
however, indicate th a t the  loss in  biom ass 
lift a  tapped  tree, com pared  to  th^at in  an  
u n ta p p e d  tre e , m ay  v a ry  a lm o s t sev en  
tim es betw een etenes for com parabfe ru b ­
b e r  yields. CjfclculatiOTis b ased  on  energy 
value of nabber an d  o ther su b stan ces  lost 
m  la te jrc a ir  hafd ly  aecoun t for th e  huge 
loss in blomasij when, a  tree is tapped. It is, 
therefore, prefeiable to tre a t  the  p a rt df the 
biom ass loss th a t cattinot be accounted for 
by  th e  ru b b e r yield sep ara te ly  from  th a t 
accountable for by rub b er extracted by ta p ­
ping.

The to tal biatnaSs realised in a tree sub- 
jected  to  regu lar tapping rNVJ , c^n  be paiti- 
tloned to shoot, and  root biofitiiass .(Wg) and ’ 
a n n u d  yield of rubber (Y):

Le> % . = yN. nt W a  =  W g + 2 . 5 Y ....... A.



T he fa c to r  2 .5  a c c o u n ts  for th e  h igh  
calorific value of rubber.

T he  r e la t io n s h ip  am o n g  th e  a n n u a l  
b io m ass  Increm en t of th e  u n ta p p ed  tree  
(Wm), th e  b iom ass increm en t of a tapped  
tree  (accounting  for a lso  th e  b iom ass of 
ru b b er), (Wg) and the  actual biom ass (shoot 
+ root) increm ent of a  tapped  tree (Wg) can  
be expressed by the  following formulae:

Wa = W g + 2 .5 Y

= W„(l-k)

Wg = [W„ (1-k)] -2.5 Y

.5

.6

.7

. Some of th e  assim ilates produced in an  
u n ta p p e d  t r e e  a re  u t i l is e d  fo r r u b b e r  
b io sy n th e s is  in  th e  la tic ife ro u s  system . 
W hen a  tree is tapped, a  part of latex th u s  
synthesised  is extracted. It is believed th a t 
th e  loss of latex by tapping triggers its re­
synthesis. The ratio of rubber yield per tree 
p er year (Y). to the  to tal biom ass per tree 
p er year (inclusive of rubber extracted) (W )̂, 
is defined as  harvest index (c). In calculat­
ing  th e  h a rv e s t in d ex , only th e  ru b b e r  
e x t ra c te d  is  c o n s id e re d  a n d  th e  h ig h  
calorific value of rubber (2.5 tim es th a t of 
carbohydrate) Is accounted:

c =
2.5 Y

Wa
.8

A peculiar s itua tion  In H evea  Is th a t the 
yield of latex from a  tree Is determ ined by 
not only the  inheren t factors and  th e  ehvl- 
rorm ient b u t also by the exploitation m eth ­
o d s  a d o p te d . T he s in k  v o lu m e  c a n  be 
a ltered  by  changing  th e  exploitation sy s­
tem s. The value of 'c' is  th u s  regulated by 
th e  q u an tity  of th e  ru b b e r (Y) ex tracted , 
unlike in  o ther crops w here basically  the 
in h e ren t factors influencing 'c' determ ine 
the  yield.

M arked clonal variation w ith respect to 
all th e  m ajor yield com ponents have been 
reported  (Sarasw athy Amma & SethduraJ, 
1975). T hese com ponents are also  in flu ­
enced by exploitation m ethods and  environ­
m ental param eters (SethuraJ, 1977).

S u b 'C o m p o n e x its  o f  M a jo r  Y ie ld  
C om ponen ts

Of the four m ajor com ponents in the for­
m ula, the factors influencing 1 (related to 
g irth  of th e  tree) have already  been  d is­
cu ssed . All th e  o th e r th ree  com ponen ts  
also are influenced by the  exploitation sys­
tem s and  clonal charac te rs . Some of the 
Im portant sub-com ponents of these  m ajor 
com ponen ts  a re  lis ted . T h is  lis t is  only 
ind icative  an d  n o t com plete . M any blo- 
chenaical. com po n en ts  su c h  as  ca rb o h y ­
d r a te s ,  en z y m e s  of c a rb o h y d ra te  
metabolism  and  rubber biosynthesis (inver- 
ta se  to polymerase) m ay exert the ir influ­
ence  o n  one of th e  m a jo r  co m p o n e n ts  
d irectly  or th ro u g h  th e  su b -co m p o n en ts ' 
listed.

Sub-components o f Major Components

Initial Flow Rate (F)
• N um ber of latex vessel rings
• D ia m e te r  a n d  o th e r  a n a to m ic a l 

characters of latex vessels
• Turgor p ressu re  a t the tim e of ta p ' 

ping

Plugging Index (P)
• R ubber particle stability  as  deter^ 

m ined  by  th e  com position  of the  
protecting film (lipoprotein) of rub* 
ber particles

• L u to ld  p a r tic le  s ta b ility  an d  th e  
com position of lutoid m em brane

• F lo c c u la tio n  p o te n tia l  of lu to ld  
serum

• A ntagonising effect of C -serum  on 
lutoid serum  activity

• Dilution reaction on tapping
• Mineral com position of latex
• Drainage area

R ubber C ontent (C,)
• Rubber biosynthetic capacity
• Level of exploitation

Internal Factors Injluencing Initial Rate o f . 
Flow

Turgor p ressu re  a t th e  tim e of tapping



fa c to rs  innkefictog Productivltj^ lii Hsvea 401.

f i g .  1. Sem i-dlcirnal c h ^ e a  in  la tex  vessel, tui'gof 
a n d  la tex  so lu te  poten'Uai in  clone R R i i . i i s  
(After G ufu ra ja . Kao e t  oL. I9'88).

mflueTideB th e  iiHtial ra te  of How (Se'^idsraj, 
1977). The tu rgo r pfessiiTre is M luenced , 
besides by environm ental factors, by the  
osmotic potential of the  latex serum  (Fig. 1) 
(Gurura’Ja Rao, e taL . 19B8)..

Ptugging :lnd&x — M l th e  sub '‘CbmptJ'nent^s 
listed  have been  found  to influence plug­
ging iafidex to varying degrees. C lonal/sea­

sonal variation in plugging index could lie 
ascribed  to some of these sxib-compon^nts 
(Table 1). B esid es  in te rn a l  fac to rs . t>t; 
exploitation techniques as  well as enviro 
m en tal param eters also influence pluggli. £;■ 
index, m ed iated  th ro u g h  one or m ore nf 
these  su b ‘Components (Tables 2 . 3) .

Ruljber/Content — It is well known th a t thi.i 
rubber con ten t in  latex is negatively corre­
la ted  With th e  in te n s ity  of exp lo ita tion .

, Though it is assum ed th a t the rub b er con­
te n t, m  any  given s itu a tio n , reflects th e  
biosynthetic capacity, experim ental valida­
tion  is lacking.

Gwtk ItKTement o f  Trees L/rtder Tapping —  
D istinc t clonal varia tion  in facto r 'k ’ h a s  
been observed (Sethuraj, 1985). The infliu- 
ence of exploitation systratns on th is  factor 
h as  also been established (Table 4).

EjjTect a f  Enirironmentaii Factors on YiieM  
—^The influence of soil m oisture s tre ss  on 
yield could be related to  different sub-cOm- 
ponents of yield. It w as  also observed th a t 
in  clones susceptible to drought, irrigation 
resu lts  in. modification of these sub-com^jo-

taM i! 1. SiGasona] varia tions in-pliagging in d tx .an d  n-eutraJ lipid cori'tent o f ru b b e r  p h ase  in  TJir 1 an d  G1 1

Clone D ecem ber J a n u a ry F eb ruary M arch
PI TG /lO O g PI TG /lO O g PI TG /lO O g PI TG /lO O g

T jlr 1 8.2 20.70 1:2.8' 15,68. 13,2 11 .M 1,1.. 1 2diiS-'f
G1 1 5 .5 19^87. 6 .1 ;  .21.01 6.2 20 .50 '5.5 . 20,2 y.

TaBli! 2-. Initlallflow raite a n d  plugging index  cif T ]ir 1 a n d  PB' 86

T)ir 1 P B 8 6

Length I n i t ia l . flow fa te  P lu a a n a  T otal latejc T otal la tex  In itia l flow ra te Plugging T otal la tex T o ta l la tex
of c u t m l/m in  m l/m in /  index yield p e r yield p e r m l/m in  m l/m in /  index yield per yield p e r

cm  c u t tap p in g  tyc le  of cm  c u t tap p ih g cyclefof
(ml) 12 days (ml) 1 2 d a y s

(Utries) (litres)

S /1 4 .6 O.OB 3.1 160 0 .48 5 .8 0 .06 2 .8 205 0 .60
2 /3  S 3.8 0 .09  4.1 103 0 .4 6 4 .2 0 .10 , 3;2 133 0 .56
S /2 3.2 0 :10  4.1 81 = 0 .49 3 ,5 0 .11 3 .4 102 .0 ,61
8 /3 2,3 0 .11  4i6: 5 7  O.SO 2,4 o a i 4,3 58 0 .49
S /4 2.0 0 .13  5 .6 39  0 .47 2.0 0 .13 4 .6 46 0;B5
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Table 3. R elationsh ip  betw een plugging index, ra te  of flow, yield an d  soil m o istu re  co n ten t

Soil m o istu re  co n ten t-20 Soil m o istu re  co n ten t -100
Plugging index  R ate o f flow Yield in  cc P l u ^ n g  Index R ate of flow Yield in  cc

PB 6 /9 5 ,97 28 .98 88 .00 2 .65 32 .45 227 .37
PB 5 /1 3 9 7 .32 23 ,86 52.25 3 .63 18.76 94 .22
PB 5 /6 0 3 .77 26.33 115.25 3 .99 30 .94 162,87
PB 86 6 .75 22.82 •56.75 3 .34 25 .94 116.75
BD 10 6 .20 18.62 58 .50 4 .16 21 .64 99.81
LCB 1320 8 .75 27.52 56 .00 4^67 28 .18 134.87
T |ir  1 , 15.95 19.39 21 .50 3 .99 34 .60 176.37
G1 1 4 .27 15.58 56 .25 4 .44 20 .68 77 .36
AVROS 255 7 .15 19.21 60 .12 3.91 21.29 122.68

Table 4  B iom ass p roduc tion  (t ha-i Y-*), h a rv e s t index a n d  factor k' in  re la tion  to  explo ita tion  system  during- 
1983-84

E xplo itation  sy s tem s B iom ass
production

H arvest
Index

F acto r 'k '

No tapp ing 49.9

l / 2 S d / l  6 d /7 20.8 0 .28 0 .425
1 /2  S d /2  6 d /7 25.9 0 .15 0 .387
1 /2  S d /3  6 d /7 27.5 0 .14 0 ,362
1 /2  8  d /7 29.0 0 .06 0,383
1 /4  S  d /1  6 d /7 E T 5 % 20.4 0 .28 0 ,430
1 /4  S  d /2  6 d /7 E T 5 % 23.1 0.19 0 .426
1 /4  8  d /3  6 d /7 E T 5 % 24.8 0 .14 0 ,425
l / 4 S d / 7 E T 5 % 31.2 0 .06 0.333
C. D. (P = 0.05) 12.5 0 .12 0,092

n en ts  In favour of higher yield (Table 5).

Effect o f Stimulation  —Use of 2-Chloroethyl 
phosphonlc acid to stim ulate latex flow h as  
becom e a  com m ercial p ractice  in  ru b b er 
p lan tations. The application of th is chem i­
cal significantly reduces the plugging Index 
r e s u l t in g  in  lo n g e r  d u r a t io n  o f flow .
Table 8. V aria tio n  In  y ield , p lugg ing  in d ex  a n d  soil 

m o istu re  a s  affected by Irrigation  d u rin g  the 
period o f d ro u g h t (Februajy-M arch)

T rea tm en t Soil m o istu re Plugging Index ■Weld
(%)

N on-lrrlgated 20 7 .53 51 .45
Irrigated 100 4 .30 8 3 .00

Extension of drainage area  as  a resu lt of 
s t im u la n t  a p p l ic a t io n  is  r e p o r te d  by  
Sethuraj et al. (1975). The stim ulant effect 
h as  also been related with a  be tte r lutoid 
stab ility  (Ribaillier, 1970). However, the  
exact action of ethylene, released from 2- 
Chloroethyl phosphonic acid, at sub-cellular 
level to dday  the process of plugging is still 
not very clear.

Physiological Investigations in  relation to 
productivity in H evea  have generated infor­
m a tio n  w h ic h  h a v e  b e e n  s u c c e s s fu lly  
utilised in  paren t selection by the  breeders. 
The b as is  of clonal varia tion  in  regard to 
s tress  tolerance h as  been  revealed. Clonal 
varia tion  in  response  to  exploitation sys­
tem s also could be explained on the  basis



of p h y sio lo g ica l v a r ia tio n s . E ffo rts  a re  
underw ay to  m ake use  of the v^flaibllity of 
yield com ponents a;t physiological and  bio­
chem ical levels fot early pfedictiosft of yield 
and  s tress  tolerance. Though contribution

of physiologist in  elucidating  th e  m ech a­
n ism  g o v e rn in g  p ro d u c tiv ity  h a s  b e e n  
impressive, the  potential of th is  knowledge 
in  p lan t im provem ent pfogram m es is stLll 
to  be exploited fully.
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