
0 > U p c iu \x r , o v  £ ^ p l > > M , o n

< x n d  i ' m  j p t o i / c . i > ^ c . n ^

I 9 S ^ U .  ^ 5 6 , 7 .
. 2 0 5 .

THE PATTERN OF LATEX FLOW■
IN RELATION TO CLONAL VARIATION, 
PLUGGING AND DROUGHT TOLERANCE.

A .S . RAGHAVENDRA, S . SULOCHANAMMA, G. GURURAJA RAO, 
>A " SALEENA MATHEW, ,K.V. SATHEESAN and M.R. SETHURAJ.

P la n t  P h y s io lo g y  D i v i s i o n ,  Rubber R e se a rc h  I n s t i t u t e  o f  
I n d ia ,  K ottayam  686 0 0 9 , K e r a la , I n d ia .

■ u>'\

W ' '

.r; i/.-i

'ABSTRACT

The k i n e t i c s  o f  l a t e x  f lo w  w ere exam in ed  a t  tw o: 
y s o i l  m oisture^ l e v e l s  in  fo u r  c lo n e s  in c lu d in g  RRII 105 , a 

p lu g g in g  c lo n e  w ith  h ig h  i n i t i a l  f lo w .  The r a t e  o f  
f lo w  had two d i s t i n c t  p h a s e s :  an i n i t i a l  " c u r v i l i -  
r a p id  e x p u ls io n  and a l a t e r  " e x p o n e n tia l"  s lo w  

At. low  s o i l  m o is tu r e  th e  d u r a t io n  o f  l a t e x  f lo w  , 
s h o r te n e d , p a r t ic u la i iy  th e  l a t t e r  p h a se . The compo- 

o f  l a t e x  d u r in g  f lo w  in  RRII 105 w ere s tu d ie d  in  
, _ d e t a i l  so  a s  t o  u n d e rs ta n d  th e  p h y s io lo g y .  The h ig h  n

tu r g o r  p r e s s u r e  in  l a t e x  v e s s e l s ,  up t o  1 .2  MPa, dropped  
down t o  a low  0 .2  MPa w ith in  4 -5  min a f t e r  ta p p in g . The 
i n i t i a t i o n  o f  a r e b u i ld -u p  o f  tu r g o r  by 1 0 -1 5  min s u g g e s -  
te d  an e a r ly  p lu g g in g  w it h in  th e  v e s s e l s .  D uring f lo w ,  th e  
b u r s t in g  o f  l u t o i d s  in c r e a s e d  c o n t r ib u t in g  ti*; th e  i n s t a -  
b i l i t y  o f  l a t e x .  A s te a d y  d i l u t i o n  o c cu re d  d u r in g  f lo w .
The l e v e l s  o f  sucrar o r  io n s  (P and K) in  l a t e x  s u a a e s te d  
th a t  w a te r  had moved in t o  l a t i c i f e r s  f i r s t  from  xy lem  

If,: and l a t e r  from  phloem  t i s s u e .  Two c lo n e s  RRII 102 and 
RRII 1 0 5 , w h ich  had h ig h  ru b b er y i e l d s  e v en  d u r in g  
summer m o n th s, m a in ta in e d  h ig h  o sm o tic  c o n c e n t r a t io n  in  
C -serum . We s u g g e s t  t h a t  th e  a b i l i t y  o f  o s m o t ic  a d j u s t -  
ihent in ; , la t e x  i n f lu e n c e s  th e  s e n s i t i v i t y  o f  c lo n e s  t o  

,r drought/sum m er p e r io d .



INTRODUCTION

The l a t e x ,  co n ta in ed  in  th e  l a t i c i f e r o u s  v e s s e l s  o f  th e  

bark, sp r in g s  out when a ta p p in g  ^cut i s  made on th e  trunk  o f  

rubber t r e e  (Gomez 1 9 8 3 ). T he, i n i t i a l ' f l o w , i s  b e le iv e d  to  be• ’ 'I -V-• ■ K

due t o  th e  e l a s t i c  c o n tr a c t io n  o f  w a l ls  when th e  f l u i d  c y to ­

plasm o f  l a t e x  v e s s e l s  i s  e x p e lle d  a f t e r  a sudden r e le a s e  in  

t h e i r  tu rg o r  (Boatman 1970; B u ttery  and Boatman 1976; Gomez 

1983; Southern 1 9 6 9 ). A fte r  a .w h ile  th e  flo w  i e  r e g u la te d  by 

c a p i l la r y  f o r c e s  u n t i l  th e  flo w  c e a s e s  a s  th e  l a t e x  c o a g u la te s  

and p lu g s  th e  v e s s e l s  (Boatman 1966; M ilfo rd  ^  1969)- The

l a t e x  flo w  i s  b e s t  d e sc r ib ed  a s *die-away* e x p r e ss io n  (y=be'*^^)> 

but th e  r a t e s  in  th e  f i r s t  1 or 2 min have a lw ays d e v ia te d  away 

from such e q u a tio n  (B u ttery  and Boatman 19?6; Paardekooper and 

Samosom 1 9 6 9 ). We have been exam ining in  d e t a i l  th e  k in e t i c s  

and components o f  l a t e x  flo w  in  d i f f e r e n t  c lo n e s .  Our d ata

confirm ed th e  e x is t e n c e  o f  two d i s t i n c t  p h ases du rin g  l a t e x  flo w  

w hich w arranted developm ent o f  two d i f f e r e n t  eq u ation s._^ ^ §^ gou l 

a ls o  b u i ld  d i s t i n c t  ev id en ce  on th e  d i lu t io n  p a t te r n .

The l a t e x ,  b e in g  predom inantly  w atery , i t s  f lo w  from t. 

form s one o f  th e  c l a s s i c a l  phenomena in f lu e n c e d  by p la n t  w ater ' 

j r e la t io n e  (B u tte ry  and Boatman 1 9 7 6 ). D e sp ite  th e  c lo n a l v a r ia ­

t io n  in  th e  s e n s i t i v i t y  to  w ater  s t r e s s ,  th e  l a t e x  y i e l d s  are
I.- • • •

g e n e r a lly  d ecrea sed  a t reduced s o i l  m o is tu r e . Some o f  our 

■■previous s t u d ie s  in d ic a te d  th a t, l u t o i d s  became u n s ta b le  r e g u lt in ,  

in  a qu ick  p lu g g in g  (S eth u raj and George 1 9 76 ). We have th e r e fo



studied the p a tte rn  o f  la t e x  flo w  during d e p le t io n  o f  s o i l  

m oisture and evalu, 

r e la t io n  to  y i e l d .

m oisture and e v a lu a ted  a few components o f  w ater p o te n t ia l  in

observations AIJD DISCUSSIOI'I 

K ijieticg  o f  l a t e x  flo w
■ J

The cou rse  o f  l a t e x  flo w  fo llo w ed  two d i s t in c t  phases in  

a l l  the fo u r  c lo n e s  stu d ied  (F ig s .  1 and 2 )*  In  th e  f i r s t  few  

min, th e  e x p u ls io n  o f  la t e x  was ra p id  and th e  r a te  decreased  

a lso  very f a s t .  IXiring second phase la t e x  flo w  s e t t le d  doan to  

a slow r a te  w hich con tin u ed  x m til  i t  f i n a l l y  cea se d , C longl 

v a r ia t io n s  in  l a t e x  flo w  were rep orted  m ainly due to  t h e ir  

plugging p a tte r n  (M ilford  ^  r i -  1969). The d u ration  o f  flow  

was l e s s  and r a t e s  o f  i n i t i a l  flow w ere more in  c lo n e s  Crl 1 or

[F ig . l )  th an  th o se  in  RRIM 5^1 (Fig« 2 ) .  The la t e x  flow  

in th e se  th r e e  c lo n e s  was a lread y  rep orted  ( c f -  Gomez 

fh ile  we i d e n t i f i e d  ilEII IO5 a s a slow  p lu gg in g  c lon e  

high  i n i t i a l  f lo w  r a te s  (F ig* 2)*

S t a t i s t i c a l  a n a ly s is  o f  ,the d a ta  in d ic a te d  th a t  th e  two^ 

phases needed be ex p ressed  by d i f f e r e n t  eq.uations* ' The during  

the f i r s t  fo u r  min was c u r v il in e a r  w h ile  l a t e r  phase f i t t e d  in to  

an ex p o n en tia l c u r v e . S ev era l in v e s t ig a t o r s  attem pted to  d e r iv e  

a model fo r  l a t e x  flo w  (F rey-W yssling  1952; f iic h e s  and Gooding 

1952; Paardekooper and Samosorn 1969; Gomez 1983) and th e  b e s t
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among them i s  th e  d ie-aw ay e x p r e ss io n  d er iv ed  by Paardekooper 

and Samosom (1 9 6 9 ) . However th e  i n i t i a l  r a t e s  du rin g  f i r s t  

1 or  2 min a f t e r  ta p p in g  a lw ays d e v ia te d  away from any o f  th e s e  

models* We cou ld  now account fo r  even th e  i n i t i a l  r a t e s  pre­

c i s e l y ,  by t r e a t in g  two p h ases se p a r a te ly  d e v e lo p in g  two d i f f e ­

r en t e q u a tio n s  f o r  th e  two p h ases o f  la t e x  flow * In b io lo g y  

th e r e  are in s ta n c e s  where th e  obsejrved d a ta  cou ld  n o t be accom­

modated in to  a s in g le  curve but r e a d ily  in to  a su c c e s s io n  o f  

two d i f f e r e n t  cu r v es  (Hunt 1 9 8 2 ).

The p a tte r n  o f  l a t e x  f lo w  was remarkably a lt e r e d  by th e  

s o i l  m o is tu r e - The d u ra tion  o f  f lo w  a s  w e ll  a s  th e  amount o f  

l a t e x  was red uced  when th e  t r e e  was under w ater  s t r e s s .  However 

th e  e x te n t  o f  such r ed u c tio n  was marked in  T j ir  1 w h ile  th e re  

was o n ly  s l i g h t  in f lu e n c e  o f  d e p le te d  s o i l  m o istu re  on th e  c lo n e  

REII 1 O5 or  QZ 1 (P ig s .  1 and 2 ) .  In  th e  l a t t e r  c lo n e s ,  th e  

r a te  o f  f lo w  d u rin g  i n i t i a l  phase was enhanced but th e  suj|g^quent 

r a t e s  d ecrea sed  under w ater s t r e s s -

tP re v io u s  exp erim en ts from t h i s  la b o r a to r y  r e v e a le d  th a t  , 

under low  s o i l  m o istu re  th e  l a t e x  y i e ld s  dropped c o n s id e r a b ly  

becau se  o f  enhanced p lu g g in g  and th e s e  e f f e c t s  co \ild  be r e le iv e d  

by i r r ig a t io n  (S eth u ra j and George 1 9 7 6 ). We now. dem onstrate  

fu r th e r  th e  e f f e c t s  o f  s o i l  m o istu re  on th e  ktne':;ics o f  l a t e x  

f lo w . C lones such a s fiRII IO5 or  Gt 1 , which were to le r a n t  to  

w ater s t r e s s f  cou ld  m ain ta iii h ig h  la t e x  y i e l d s  by enhanced i n i t i a l  

f lo w . The in c r e a s e  in  purgor p ressu re  during low  s o i l  m o istu re



might be one o f  th e  rea so n s  fo r  su c h ^ e v a te d  i n i t i a l  flow  

(Sethuraj e t  _gl. 1984). The l i p i d  com p osition  o f  tt^ oid  mem­

brane changes remarkably under w ater s t r e s s  making them f a i r l y  

un stab le  le a d in g  in  an in c r e a s e  in  p lu gg in g  (Raghavendra ^  a l • 

1964).

Qhirgor p ressu re

We m onitored th e  tu rg o r  p ressu re  o f  la t e x  v e s s e l s  w ith  

d isposab le  m ini-oianom eters c o n stru c ted  by, 21 gauge syringe  

n eed les ground a t th e  t i p  a tta ch ed  to  No .48  su r g ic a l polythene  

tu b in g . The open end o f  th e  tube was se a le d  ond th e  t o t a l  le n g th  

o f manometer was 20 cm. The le n g th  o f  a ir sp a c e  trapped in  p oly­

thene tu b in g  was c a lib r a te d  a g a in s t  kn.o\m p ressu res*  During our

measurements th e  tu rgor  p ressu re  in  la t e x  v e s s e l s  ranged from
A

0.75 HPa to  1 ®2 HPa. T h is p ressu re  f e l l  s t e e p ly  to  a low  0 .2  to  

O.p M^^^hy about 4 -5  min a f t e r  tap p in g  and in crea sed  again to  

0.6-O J7JlPa by 30-45  min but n ot to  th e  o r ig in a l  l e v e l  (P ig . 5)*  

i f  th e  ta p p in g  was done in  th e  a ftern oon  i . e . j l  p-m, in s te a d  o f  

in  the m orning i . e .  7 a*m. th e  drop in  tu rg o r  and reb u ild -u p  

occurred much r a p id ly  ( r e s u l t s  n o t shoirti).

B u ttery  and Boatman (1964> 1966, 1967) employed g la s s  c a p i­

l l a r i e s  to  m onitor p ressu re  in  la t e x  v e s s e l  system* The d isp o ­

sable m ini-m anom eters d evelop ed  by u s  are v ery  sim ple and we hope 

they would he u sed  on o th e r  p la n ts  a s w e l l .  The tu rgor  p r e ssu r e s  

recorded by u s  are s im ila r  to  th e  range observed  in  Hevea
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(B uttery and Boatman 1976^. High tu rgor  appears to  be a charac­

t e r i s t i c  o f  l a t i c i f e r o u s  t i s s u e s  o f  se v e r a l p la n ts  which, f a c i l i ­

t a t e s  an im m ediate e x p u ls io n  o f  l a t e x  b e fo re  even xylem or  phloem  

sap (Downton 1 9 8 1 ). We d e te c te d  remarkable d if fe r e n c e s  in  th e  

pattern  o f  tu r g o r  p ressu re  changes during tap p in g  in  morning or  

in  a ftern oon , but we are at p r e sen t unable to  .o f f e r  any exp la ­

n ation  .

D ilu tio n  and plu^^lnff

p That th e  d i lu t io n  o f  la t e x  o ccu rs  during flo w  i s  observed  

by sev era l e a r l i e r  workers in  d i f f e r e n t  c o n te x ts  ( c f .  Gomez 1985)^ 

We confirmed i t  by r e g is t e r in g  a stea d y  d ecrease  in  th ree  d i f f e ­

rent param eters- t o t a l  s o l i d s ,  dry rubber con ten t and osm otic  

con cen tra tion  ( F ig .  4 ) .  The in c r e a se  in  th e  b u r s t in g  o f  lu to id e  

a f te r  5  ̂ min from tap p in g  cou ld  le a d  to  enhanced co a g u la tio n  o f  

l a t e x  (P ig . 3 ) -  Yip and Gomez (1976) n o t ic e d  th a t  th e  fr a c t io n s  

o f  l a t e x  c o l l e c t e d  a t l a t e r  s ta g e s  o f  f lo w  were more u n stab le  

than tjie e a r ly  f r a c t io n s .  Our r e s u l t s  su ggest th a t  in creased  

ij ip ta b a lity  o f  l u t o i d s  cou ld  be one o f  th e  f a c t o r s  fo r  such 

phenomenon •

The r e a so n s  f o r  b u rs tin g  o f  l u t o i d s  remain u n c lea r  a lthou gh  

sev era l p o s s i b i l i t i e s  such a s  o e m o la r ity , sh earin g  forces^  e le c ­

t r i c a l  or ch em ica l e f f e c t s  were thought o f  (Gomez 1983; Southom  

1969). The l im it e d  d ecrease  in  osm otic  co n cen tra tio n  o f  la t e x  

during flow  was to o  sm all to  r e s u l t  in  enough h y p o to n ic ity .
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Our r e s u l t s  th u s  confirm  th e -a u g g e s t io n  o f  P u ja r n isc le  (1971 ) 

that osm otic shock m ight n ot account f u l l y  fo r  lu t o id  damage.

Ve th e r e fo r e  f e e l  t h a t  o th e r  f o r c e s  such  a s  sh e a r in g  a t th e  

cut end o f  v e s s e l s  m ight le a d  to  th e  breakage o f  l u t o i d s  (Y ip  

and Southom  1 9 68 ) .

| | Im m ediately a f t e r  ta p p in g  th e r e  v^as a s teep  d ecrease  in
{

the l e v e l  o f  sugars ( i ’i g .  5 ) a s  w e l l  a s th e  io n ic  concentra­

t io n s  o f  P or k ( F ig .  6 ) ,  w hich confirm ed th e  d i lu t io n  o f  la t e x -  

The l e v e l  o f  P or k  in c r e a se d  f i r s t ,  w ith in  3 0  min v^hile a steady  

in crease  in  su gars was n oted  e ifter  3O-4 5  m in. S in ce i t  i s  weU. 

e sta b lish ed  th a t  su g a rs and io n s  move in  xylem and phloem saps 

r e s p e c t iv e ly , our r e s u l t s  have in d ic a te d  a flow  o f  w ater occu rs  

in to  l a t i c i f e r s  f i r s t  from xylem and su b seq u en tly  from* phloem 

t issu e*  T h is i s  in  s l i g h t  d isagreem ent w ith  th e  v iew s o f  

Zimmermann (1927) and F rey-W ysslin g  (1929) who su ggested  th a t  

,the Water o f  d i lu t io n  was su p p lied  f i r s t  from phloem and u l t i ­

mately b^ th e  xylem*
* «

'T h e  main components o f  'n on -red u cin g ' and 'o th e r ' sugars  

In la te x  were su crose  and i s o s i t o l s  r e s p e c t iv e ly .  Glucose and,,v 

fru ctose  c o n s t i tu te d  th e  red u c in g  su gars o f  l a t e x .  During our  

stu d ies on th e  f lu c t u a t io n  in  sugar conten t o f  la t e x ,  th e  r e la ­

t iv e  ciianges in  th e  l e v e l s  o f  i n o s i t o l s  and sucrose were much 

more than th a t  in  red u cin g  su gars (g lu co se  and f r u c t o s e ) .  

Although su cro se  i s  th e  m ajor sugar in  th e  tr a n s lo c a to r y
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pathway o f  p la n ts ,  p r e sen t o b s e r v a t io n s  su g g est th a t  i n o s i t o l s  

ae w e ll  a s  su crose  are more im portant than th e  red u c in g  su gars  

during th e  movement o f  su g a rs  in to  and out o f  l a t e x  v e s s e l s -

Sef^Ronal v a r ia t io n
t

■ 1

The e f f e c t s  o f  s o i l  m oistu re  on th e  k i n e t i c s  o f  l a t e x  flo w  

were a lrea d y  p resen ted  in  F i^s* 1 and 2 , I t  i s  a ls o  a common 

o b se r v a tio n  in  In d ia  th a t  th e  n a tu r a l rubber p rod u ction  i s  

c o n s id e r a b ly  reduced d u rin g  summer months when th e  r a i n f a l l  i s  

sc a n ty . In  f a c t  c e r ta in  c lo n e s  l i k e  T j ir  1 and HP were so

s e n s i t i v e  tha1: t h e ir  rubber y i e l d s  dropped'down to  about 359  ̂ o f  

t h e i r  maximum d\iring th e  y ea r  (P ig . ? ) •  Some c lo n e s  however 

cou ld  r e t a in  t h e i r  y i e l d  at a  h ig h er  l e v e l s  such a s  jRRlI 102 

(75?^) or REII 105 (659^) ( F ig s .  8 and 9 ) -

One o f  th e  f a c t o r s  which cou ld  in f lu e n c e  th e  l a t e i  y i e l d s

du rin g  summer or r a in y  p e r io d s  i s  th e  osm otic  p o t e n t ia l  o f  B or

C-serum in  la t e x  (S a th eesan  e t  1984)- (The drop in  th e
i

o sm o tic  c o n c e n tr a tio n  o f  C-serum d u rin g  r a in y  p er io d  i s  much 

l e s s  in  HRII 102/102 than  th a t  in  HP 14. On th e  o th e r  hand, 

during summer monthsf th e  drought t o le r a n t  RRII IO2 /IO 5 had much 

h ig h er  osm otic  c o n c e n tr a tio n  in  t h e i r  C-serum o f  la t e x ' t h a n  th a t  

In  drought s e n s i t iv e  HP 14. The h ig h  o sm otic  c o n c e n tr a tio n  o f  

Q-serum could  su s ta in  th e  flo w  o f  w ater  in to  th e  l a t e x  so a s  to  

a llo w  th e  f lo w .
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Osmotic concentration of C serum (m mol kg^)
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The p o s s ib le  im portance o f  osm otic  g ra d ien t betv^een B & C- 

sera  was brought by our o b s e r v a t io n s -  C lones RRII 1 02 or  HEII 

IO5 kept th e  f lu c t u a t io n  in  th e  d if fe r e n c e  in  o sm otic  concen­

tr a t io n  o f  B & C -ser a  a t a low er  l e v e l  than th a t in  HP 14 a l l  

th e  y e a r . We su g g e s t  th a t  th e  c a p a c ity  o f  t r e e s  to  a d ju st th e  

osm otic  environm ent in  l a t e x  may in f lu e n c e  t h e ir  resp o n se  to  

v a te r  s t r e s s  during summer p er iod s*

COHCLUSIOMS

The k ia :ietics o f  l a t e x  flo w  from th e  tapped cu t .fo llow ed  two 

p h ases; an i n i t i a l  ra p id  e x p u ls io n  and a subseq.uent slow  d ra in a g e . 

The f i r s t  p h ase , up to  fo u r  min f i t t e d  in t o 'a  c u r ir l in e a r  equa­

t i o n  w h ile  th e  second phase was an e x p o n e n tia l curve#

Very h ig h  tu r g o r  p r e s su r e s , up to  1*2 M^a e x is t e d  in  l a t e x  

v e s s e l s .  The tu r g o r  p ressu re  dropped down a low  0 .2 - 0 .5  f)Pa a f t e r  

ta p p in g  but a r e b u ild -u p  s ta r te d  by 10-15 min in d ic a t in g  in te r n a l  

p lu g g in g  o f  v e s s e l s .  A stead y  d ecrea se  in  t o t a l  s o l i d s ,  dry rubber 

co n ten t or  o sm o tic  p o te n t ia l  o f  l a t e x  dem onstrated i t g  d i lu t io n *  

in  e a r ly  r i s e  in  th e  l e v e l  o f  P or E fo llo w e d  by a subsequent 

in c r e a se  in  su gars in d ic a te d  th a t  w ater moved f i r s t  from xylem  

and su b seq u en tly  from phloem. Daring f lo w , th e  b u r s t in g  o f  l u t o i d s  

in c r e a se d  in d ic a t in g  th e  i n s t a b i l i t y  o f  l u t o i d s .  Such b u r s t in g  o f  

l u t o i d s  appeared to  be due to  rea so n s  o th er  than osm otic  d i lu t io n

s in c e  th e  obsei*ved d ecrea se  in  o sm o tic  co n cen tra tio n  was to o  sm all 

to  r e s u l t  in  h y p o t o n ic it y .



A d ecrease  in  s o i l  m o istu re  r e s t r i c t e d  th e  duration  o f

* la t e x  flow  and t h i s  e f f e c t  was pronounced in  c lon e  T jir  1 .

However in  c lo n e s  01 1 and RRII 1 O5 th e  enhanced r a te s  o f  l a t e x  

flow  in  th e  f i r s t  few m iji, h e lp ed  t o  m inim ise th e  red u ction  

caused by th e  w ater s tr e s s *  The rubber y i e l d s  were maximum 

during ra in y  months and minimum in  summer o f  an y e a r . The 

reduction  in  cummer months was prominent in  c lo n e  HP H w h ile  

the y ie ld  o f  c lo n e  fiHIX 102 vias o n ly  m a rg in a lly  a f fe c te d . One 

o f  the f a c t o r s  which cou ld  in f lu e n c e  such, drought to ler a n c e  was 

the a b i l i t y  to  m odulate th e  o sm otic  p o t e n t ia l  o f  0-serum . In

* a lo n e  H H lI 1 0 2 ,  t h e  o s n o t i c  p o t e n t i a l  o f  C—serum  w a s m a in ta in e d

et a  h ig h e r  l e v e l  i n  summer m o n th s  t h a n  t h o s e  i n  HP 1 4 .
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