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T h e effect o f panel changing o n  long term  y ield  response oi Hevea brasiliensis (clone R R II 105) u n der d ifferent 
frequencies o f tapping and stim ulation w as studied  over a period o f eleven years. There v '̂ere eight treatm ents 
com p rising  o f d2, d3 and d4 frequ encies o f tapping of h alf spiral cu ts w ith and w ith ou t p an el ch ange at 
d ifferent levels o f  stim ulation . C onsid erab le y ield  variation w as observed  among various treatm ents over 
the years. E ffect o f panel change on y ield  increase w as m ore prom inent in the initial five years. N o significant 
beneficial im p act o f panel change on y ield  increase w as observed  under d ifferent system s o f tapping. H igher 
y ield  could  b e  obtained  u n der d2 and d 3 frequ ency o f tapping w ith  u p p er panel change (CU T). C om parable 
y ield  could b e  obtained  u n der various frequ encies o f  tapping. C u m u lative y ields observed  w ith in  sim ilar 
system s o f tapping w ith  o r  w ith out panel change w ere also com parable. In general, sim ilar trend w as also 
n o ticed  in  kg  p e r tree , g  t ’’t '' and  kg  tap'*. S ig n ifica n t in crease  in y ield  p e r tap  and  g  t ’f ’ w as noticed  under 
d 4 frequ ency o f  tapping. H ow ever, h ighest cum u lative y ield  w as observed  u n der d2 frequency of tapping 
w hich  w as observed  to b e  at p ar w ith  d 3 frequency of tapping w ith  or w ithout panel change. Panel change 
resulted  in h ig h er TPD  u n der d 2 frequ ency of tapping com pared  to  low er frequ ency  o f tapping. M oreover, 
benefit o f  panel change w as reflected only in the initial five years bu t panel m anagem ent after first five years of 
tapping is d ifficu lt. H ence, con tin uo us panel change can not be consid ered  for m anaging T PD  o r to get 
su stainable h ig h  y ield  ov er long p eriod.

K e y w o rd s : L ong term  yied. Panel change, R R II 105, R ubber yield . Tapping panel d ryness

I N T R O D U C T I O N  assum ption that it helps to m anage tapping
, . ,, , ,  panel dryness and yield increase. It is also

N atural rubber is collected from  rubber considered  to be useful for redu cin g  the
trees by tap ping , a p rocess of contro lled  physiological stress generated in the panel
w ounding, w hich m ay last for 20 to 50 years p a rticu la rly  by  h ig h  freq u en cy  tap p in g
depending on the strategies and tap ping (Eschbach^faZ., 1986). Bark consum ption or
sy ste m s ad o p te d  (P a a rd e k o o p er , 1 9 8 9 ; p a n e l c o n s u m p tio n  is  an  im p o rta n t
G o h e t et a l., 1 9 9 1 ). P a n e l c h a n g in g  is  com ponent of any tap ping system  w hich
attem pted in som e p lan tation s u nder the determ ines land and labou r productiv ity



and econom ic life of rubber trees. Panel 
changing, m anagem ent, tapping and their 
im pact on grow th and yield of rubber trees 
h a v e  b e e n  th e  su b je c t  o f  so m e s tu d ie s  
(Sivakum aran et a i ,  1983; Krishnakum ar and 
Ja c o b , 2 0 0 2 ; L a co te  et aL , 2 0 0 4 ; 2 0 0 6 ). 
T hou gh , in itia l few  years in form ation  is 
available on the im p act o f panel changing 
on the yield response of few  clones, details 
on long term  effect of continu ou s panel 
ch a n g in g  o n  y ie ld  re sp o n se  o f H evea  
brasiliensis (clone R RII 105) under different 
frequencies of tapping and stim ulation is 
scanty. In view  of this, the present study was 
u ndertaken during the period from  1997 to 
2008.

MATERIALS AND METHODS

The experim ent w as carried out in the 
Experim ental Farm  U nit (EFU) of Rubber 
R e se a rc h  In s t itu te  o f  In d ia , lo c a te d  at 
Kottayam , Kerala (9° 32' N; 76” 36' E) with 
clone R R II 105 p lanted  in 1989. A verage 
stand of trees was 450 per ha. The trees w ere 
o p e n e d  fo r  ta p p in g  in  1 9 9 6  an d  th e 
experim ent was initiated in 1997. There were 
eight treatm ents com prising of d2, d3 and 
d4 frequencies of tapping of half spiral cuts 
w ith and w ithout panel change and different 
levels of stim ulation. The experim ent had 
ra n d o m iz e d  b lo c k  d e s ig n  w ith  six  
re p lica tio n s  co m p ris in g  o f 15 trees  per 
replication. Yield stim ulation was carried out 
w ith  2.5 per cent ethephon (2-chloro-ethyl 
phosphonic acid; 17.5 m g active ingredient 
per tree) on the panel (Rajagopal et a i ,  2000).

The treatm ent details are g iven  below  
as p e r  th e  n ew  ta p p in g  n o ta t io n s  
(Vijayakum ar et ah, 2009).
T l"  - S/2(RG) d2 6d/7

T2* - S/2(RG) d2 6d/7

T3^ - S/2(RG) d3 6d/7 ET 2.5 % P al(1 .5 ) 4/y’̂

T 4 ' - S/2(RG) d3 6d/7 ET 2.5 % P al(1 .5 ) 4/y’̂

T5* - S/2(RG) d4 6d/7 ET 2.5 %  Pal(1.5)7/y *

T6* - S/2(RG) d4 6d/7 ET 2.5 % P a l (1.5) Hy* 
T7" - S/2(RG) d4 6d/7 ET 2.5 % P a l (1.5) 9ly* 
T8* - S/2(RG) d4 6d/7 ET 2.5 % P a l(1 .5 ) 9!y*
(+ w ithout panel change; # with panel change)

The trees w ere rainguarded and tapped 
throughout the year. O ther cultural practices 
w e re  fo llo w e d  as p e r  th e  p a c k a g e  o f 
practices recom m ended by R ubber Board, 
2 0 1 2 . Y ie ld  w as re co rd e d  fro m  a ll th e 
tappings as latex and scrap separately. Dry 
ru b b er co n te n t (D R C ) w as d eterm in ed  
g ra v im e tr ic a lly . D ry  ru b b e r  y ie ld  w as 
c a lc u la te d  b y  c o n v e rtin g  la te x  w e ig h t 
proportionate to the D RC  and scrap w eight 
based on 60 per cent DRC. Tapping panel 
dryness (TPD ) w as recorded as com plete 
drying of the tapping panel. The study w as 
co n tin u e d  for e le v e n  y e a rs . D ata  w ere 
p ro cessed  s ta tis tic a lly  em p lo y in g  F -test 
using A nalysis of variance (ANOVA) and 
D uncans' m ultiple range test (DM RT).

RESULTS AND DISCUSSION

Annual dry rubber yield (kg h a ') under 
different frequencies of tapping w ith and 
w ith ou t panel change and stim u lation  is 
d ep icted  in  Table 1. C o n sid erab le  y ield  
v a ria tio n  w as o b serv ed  am on g  v ariou s 
tre a tm e n ts  d u rin g  th e y ea rs  1 9 9 7 -2 0 0 8  
(Tables 1 - 4 ,  Figs. 1 - 3). Effect of panel 
ch a n g e  o n  y ie ld  in c re a s e  w as m o re  
prom inent during the in itial years (Table 1). 
W ith  u p p er p an e l ch an g e  ta p p in g  {i.e., 
controlled upw ard tapping- CUT), during 
2004-2005, sig n ifican t b en eficia l e ffect of 
panel change on higher y ield w as observed 
under d2 and d3 frequency of tapping over 
other treatm ents (Table 1). Sim ilar beneficial 
effect of C U T on yield increase was reported 
by  V ijay ak u m ar et al. (2002, 2005a) and 
T h o m a s  et al. (2 0 0 9 ). H o w ev e r, y ie ld  
o b ta in e d  u n d e r  d if f e r e n t  s y s te m s  o f
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A) S/2 d2 6d7
B)S/2d2 6d7(PC) 
G)S/2d4 6d7ET.9/y

q  S/2 d3 6d7 ET. 4/y 
D) S/2 d3 6d7 ET. 4/y (PC) 
H) S/2 d4 6d7 ET. 9/y (PC) 

Treatments

E)S/2d46d7ET.7/y
F)S/2d4 6d7ET.7/y(PQ

Fig . 1. L ong-term  e ffect o f p anel change (PC) on cu m u lative d ry  ru bb er y ield  (kg) o f Hevea brasiliensis (clone 
R R II105) under d ifferent frequencies of tapping and stim u lation  (cu m u Jativ eo f eleven  years)

ta p p in g  w ere  co m p a ra b le  d u rin g  2005- 
2006 (Table 1).

C u m u la tiv e  y ie ld  fo r  e le v e n  y ea rs  
under d ifferent frequencies o f tapping w ith 
and w ith ou t p an el change and d ifferent 
levels of stim ulation is presented in Figure 1. 
H ig h est cu m u lativ e  y ie ld  w as observ ed  
under d2 frequency o f tapping w hich was 
observed to b e  at par w ith  d3 frequency of 
tapping and d4 frequency of tapping w ith 
panel change and stim u lation . M ean dry 
ru bber y ield  and cu m u lative dry ru bber 
yield indicated no significant difference due 
to panel change w ithin  different system s of 
tapping (Table 1, Fig. 1). Present observations 
are in agreem ent w ith the findings of earlier 
reports (Lacote et al., 2004; 2006).

Y ield  p er tree w as a lso  sign ifican tly  
affected by the treatm ents. No significant 
beneficial effect of panel change on yield per

tree  cou ld  a lso  b e  observ ed  p articu larly  
u nd er d3 and d4 freq u en cies of tap ping 
(Table 3). Tapping days ranged from  74 to 
143 days depending on frequency of tapping 
and  w as h ig h est u n d er d2 freq u en cy  of 
tapping and low est under d4 frequency of 
tapping (Table 4).

M ean m onthly  variation  in yield  per 
tap  (kg ta p * and g f H ')  is p resen ted  in 
F ig u re s  2 and  3. C o n sid era b le  seaso n a l 
variation in yield  per tap w as observed in 
the present study as is evident from  Figures 
2 & 3. In  general, the yield pattern observed 
in the present study is bim odal. This is in 
conform ity w ith earlier reports in clone RRII 
105 (K arunaicham y et ah, 2001; Rajagopal ef 
al., 2004).

M ean y ie ld  per tap  (kg  tap'*) u nd er 
different treatm ents are presented in Table 2. 
M ean yield  per tap under d2 system  ranged
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A pr M ay Jun Jul Aug Sep Oct 

Montti

N ov Dec Jan  Feb M ar

- B -

S/2 d2 6d7 
S/ 2d 26d7{P C ) 
S/2 d4 6d7 E X  9/y

-A -  S/2 d 3 6d7 ET. 4/y 
-»<- S/2 d3 6d7 ET. 4 ^  (PC) 
- e -  S/2 d4 6d7 ET. 7/y (PC)

S/2 d 4 6d7 ET. 7/y 
S/2 d4 6d7 E T  9/y (PC)

Fig. 2. L o n g -term effecJo fp a n e lch a n g e (P C )o r jin e a n m o n th ]y v a ria tio n in p e rta p y ie ld (k g Ja p  4 0 0trees )o f  
H. brasiliensis (clone R R II105) under d ifferent frequencies o f tapping and stim ulation (m ean o f eleven 
years)

- B -
S/2d2 6d7 
S/2 d2 6d7 (PC) 
S/2d4 6d 7E T 9/ y

Montft

S/2 d3 6d7 E T  4/y 
S/2d3 6d 7ET .4/ y(P C ) 

S/2 d4 6d7 ET. 9/y (PC)

S/2 d4 6d7 E T  7/y 
S/2 d4 6d7 E T  7/y (PC)

Fig. 3. Long-term  effect o f panel change (PC) on m ean m onthly variation in per tree yield (g t t ) o f H. brasiliensis 
(clone RRII 105) under d ifferent frequencies o f tapping and stim ulation (m ean of eleven years)
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Apr May Jun Jul Aug Sep Oct 
Mondi

Nov Dec Jan Feb Mar

S/2d2 6d7 
S/2 d2 6d7 (PC) 
S/2 d4 6d7 ET. 9/y

-A -  S/2 d3 6d7 ET. 4/y
S/2 d3 6d7 ET. 4/y (PC) 
S/2 d4 6d7 EX 9/y (PC)

S/2 d4 6d7 ET. 7/y 
S/2 d4 6d7 ET. 7/y (PC)

Fig . 4 . L ong-term  effect o f  p an el change (PC ) o n  m onthly  variation  in  d ry  ru bber content (D RC ) %  o f Hevea 
brasiliensis (clone R R II105) un der different frequencies o f  tapping and stim ulation

- 0 “  S/2d2 6d7 
- A -  S/2d26d7(PC) 

S/2d4 6d7ET.9/y

Mondi

S/2d3 6d7ET.4/y 
S/2 d3 6d7 ET. 4/y (PC) 
S/2 d4 6d7 ET. 9/y (PC)

S/2d4 6d7ET.7/y 
S/2 d4 6d7 ET. 7/y (PC)

Fig. 5. L ong-term  effect o f  p an el change (PC) on m onth ly  variation  in scrap  (% ) o f Hevea brasiliensis (clone 
R R H 105) under d ifferent frequencies o f tapping and stim ulation
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a/2d2 6d/7 
(witihout panel change) (without panel change)

5/2d36d/7 
(widiout panel change) (widiout panel change)

Fig. 6. Sch em atic  rep resentation  o f  pan els u n d er d2 and d 3  frequencies of tapping with and w ith ou t panel 
change (Year w ise)
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3

2
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11

y  \

S/2d4 6d/7 
(without panel change)

Fig. 7. Schem atic rep resentation  o f pan els u n d er d4 frequency o f tapping w ith  and w ith out 
panel ch ange (Year w ise)

from  12 to 34 kg and d3 system  ranged from  
17.6 to 40 kg. H ighest yield  per tap could be 
observed under low est frequency tapping 
(d4) w ith  o r  w ith o u t p an el ch an g e and 
ranged from  21.1 to 49.5 kg. M ean yield  for 
e lev en  y ea rs  a lso  sh ow ed  s im ila r  trend  
(T ab le  2 ). A lte rn a te  d a ily  ta p p ed  trees  
show ed the low est yield per tap throughout 
th e  s tu d y  p e rio d  ir re s p e c t iv e  o f  p an e l 
c h a n g e . In  g e n e ra l, a ll th e  s t im u la te d  
treatm en ts show ed h ig h er y ield  p er tap. 
S im ilar trend w as also noticed for yield  per 
tree per tap (Table 4). A s  observed in  m ean 
annual dry ru bber y ield  and cu m u lative 
d ry  ru b b e r  y ie ld , n o  s ig n if ic a n t  y ie ld

d iffe re n c e  d u e  to  p a n e l ch an g e  w ith in  
d iffe re n t sy s te m s o f  ta p p in g , co u ld  be 
observed for these param eters also  (Table 
1; Fig. 1). Low er tapping frequency of d3 and 
d4 gave h igher yield per tap (g tH  ’ and kg 
tap'^) and lo w er an n u al and cu m u lative 
land productivity (kg ha*'), w ith or w ithout 
panel change, though com parable to higher 
tapping frequency of d2 system  of tapping 
(Tables 1, 2 & 4; Fig. 1). Sim ilar results of 
h ig h e r  y ie ld  p e r  tap  an d  lo w e r  lan d  
p rod u ctiv ity  u nd er lo w er freq u en cies of 
tapping was reported by Do Kim Thanh et al. 
(1996b). Such, h ig h er yield  per tap w ith 
low er frequencies o f tapping w ith ethephon



Table 6. L on g -ten n  e ffe c t  o f  p a n e l ch an g e o n  tap p in g  p a n e l d ry n ess o f  Hevea brasUiensis 
(clone R R II 105) u n der d ifferen t freq u en cies o f tap p ing  and  stim u lation

Treatments
Panel status TPD trees

(2007-08 ) 2006 -0 7 2007-08

1. S/2 d2 6d/7 (w itho ut p anel change) B M  (3) 2 2

2. S/2 d2 6d/7 (w ith  panel change) BI-1 (1) 6 3

3. S/2 d3 6d/7 E T2.5%  Pa.4/y* (w ith ou t p an el change) B I - l ( l ) 6 1

4. S/2 d3 6d/7 E T2.5%  Pa.4/y* (w ith  p an el change) BO -1 (5) 2 1

5. S/2 d4 6d/7 ET2.57o Pa.7/y* (w ithout p an el change) B O -2  (5) 4 4

6. S/2 d4 6d/7 ET2.5%  Pa.7/y* (w ith  p an el change) B O -2  (5) 3 1

7. S/2 d4 6d/7 ET2.5%  Pa.9/y* (w ithout p an el change) B O -2  (5) 1 1

8. S/2 d4 6d/7 E T2.5%  Pa.9/y* (w ith  panel change) B O -2  (5) 1 1

stim ulation in other clones and in clone RRII 
105 w ere rep orted  by  S iv ak u m aran  and 
C hong Kew i, (1994); Do Kim  Thanh et ah, 
(1996a, b); Karunaicham y et al.,( 2001; 2012); 
V ijayakum ar et ah, (2003; 2005b); Rajagopal 
et  a l. (2 0 0 4 ; 2 0 0 5 ) . S t im u la t io n  w ith  
ethephon inhibits plug form ation  leading 
to  in creased  latex  flow  re su ltin g  h ig h er 
yield. Prolonged latex flow  in the stim ulated 
trees is d ue to the extension o f drainage area 
on the panel (Kush et a l,  1990; Pakinathan et al. 
1 9 7 6 ). In c re a s e d  a lk a lin is a t io n  and  
in creased  ch itin ase  a ctiv ity  a lso  lead  to 
increased rate and duration of latex flow  ( 
Koshy, 1997; Thanh et al., 199S) resu lting  in 
higher yield w ith  ethephon stim ulation.

In  th e  p r e s e n t  stu d y , in  a ll th e 
treatm ents w ithou t annual panel change, 
su b seq u en t p an els w ere o p en ed  (u nd er 
norm al practice), in the 5 *  and 9 *  year under 
d2, 6“’ and 11**’ year under d3 and 7“̂  year 
under d4 frequencies (Figs. 6 & 7) w ith high 
yield  com pared to previous year tapping 
(Tables 1- 4). Sim ilar observations of higher 
y ie ld  a fte r  n o rm a l c o n v e n tio n a l p an e l 
change w ere reported earlier in other clones 
and in  clone RRII 105 (Thanh et al., 1998; 
R ajagopal et ah, 2004; 2005; Karunaicham y 
et ah, 2008; 2012). H igher yield  observed 
d u r in g  p a n e l ch a n g e  is  la rg e ly  d u e to

extension of drainage area on the panel and 
yield  d eclin e n ear the bu d  u nion  can  be 
ascribed  to lim itations in  the availab ility  
of drainage area on  the panel (Pakinathan
etah , 1976).

S ig n ific a n t v a r ia tio n  in  d ry  ru b b er 
c o n te n t  (% ) w a s  o b s e rv e d  b e tw e e n  
treatm ents. H owever, the variation in D RC 
percentage w as observed to be unaffected 
by panel change in any o f the treatm ents 
(Table 5). There w as considerable seasonal 
variation  in D RC  and w as low  in the rainy 
season (Fig. 4). The reduction in m ean DRC 
percentage w ith higher levels o f stim ulation 
w as n o t sig n ifican t sta tistica lly  (Table 5). 
Seasonal variation in scrap percentage w as 
also observed in all the treatm ents and w as 
m ore in the rainy season (Fig. 5). Sim ilar 
trend in seasonal variation o f D RC  (%) and 
S c ra p  (% ) w ere  re p o r te d  e a r l ie r  by  
Rajagopal et ah (2004) in  clone R RII 105.

B en e fic ia l e ffec t o f p an el ch an g e on 
occurrence of tapping panel dryness (TPD) 
w as not observed under higher frequency 
o f tapping in the present study. Year to year 
v aria tio n  in  TP D  is due to  a ltera tio n  of 
panels (Table 6). It has already been  show n 
th a t  p a n e l c h a n g in g  d o  n o t p re v e n t 
occu rrence of TPD  (Eschbach  et ah, 1986; 
Krishnakumar and Jacob, 20Q2; Lacote et al., 2004).



A s su ggested  by  Lacote et al. (2006), 
no p an el change w ould  be m ore sim ple 
a n d  c o s t  e f f e c t iv e .  A c o n t in u o u s  
d o w n w a rd  ta p p in g  is  re c o m m e n d e d  
w ith o u t a lte rn a tin g  th e p an els  u n less a 
sh arp  drop in  y ie ld  and /or a dam aged  
p h y s io lo g ic a l  s ta tu s  is/ are o b s e r v e d  
(L a c o te  et a l., 2 0 0 6 ) . R e s u lts  fro m  th e 
p resen t stud y  also  su p p ort these find ings. 
H ence, con tin u ou s panel ch an g in g  is not 
a good  p ractice  w h ich  is n o t ad v isab le

and n ot recom m end ed  for h ig h  yielding 
clones like R R II105.
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