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A b strac t

A sse ssm e n t o fB io m a s s .  n u tr ien t a c cu m u la tio n  a iid  c a rb o n  s to c k  a re  im p o rtan t in 

th e  cukiv 'atio? o f  lo n g  d u ra tio n  p lan ta tio n  c ro p s  like  ru b b e r  {H evea  brasU iensis) 

fo r  b fu e f tc ia l m a n a g e m e n ts  in te rm s  o fe c o n o m ic  and  e n v iro n m en ta l su s ta in ab ility  

o  ’a: cco sy s iem . T h ree  ru b b e r  tre e s  o f  c lo n e s  R R I] 105. R R II 203  & G T  I a t th e  

a g e  o f  3 0  y ea rs , g ro w n  on  a s a n d y  c lay  loam  U ltiso i w e re  d es tn jc tiv e ly  sam p led  to  ^  

e s tim a te  th e  b io m rs s  p ro d u c tio n , n u tr ien t e x p o rt th ro u g h  th e  acc u m u la te d  b io m ass ^ A m b ii^

a n d  cartK.*r. s to rage . T h e  tre e s  w e re  u p ro o ted  and  fre sh  w e ig h t o f  each  p la n t parts 

w e re  reco rd ed . A  p o rtio n  o f  th e  su b sam p le s  w as  o v e n  d ried  to  e s tim a te  th e  b io m ass and  n u tr ien t 

-o n ten t R esu lts  o f  th e  s tu d y  in d ica ted  th e  to ta l d ry  b io m ass ( 1140 -  2 0 4 5 k g /tree ), c a rb o n  sto ck  (479  

-  8 6 0 k ^  t ree ) a n d  c a rb o n  s to ra g e  p o ten tia l ( 14 8  -2 5 8 T  c a rb o n /h a ) fo r  th ree  ru b b e r  c lo n e s  at th e  age 

o f  3 0  years. T h e  a v e rag e  n u tr ien t e x p o rt d ue  to  b io m ass rem o v a l w as  estim a ted  an d  fo u n d  to  be  N  

=  1555 .4 . P =  2 0 1 .5 . tC =  1700.5 . C a  =  329 2 .8 , M g  =  573 .2  a n d  Z n  =  5 .89 , C u  =  2 .6 3 , F e =  108.07 

&  M n =  17.67 k g /h a  in each  p lan tin g  cy c le  o f  3 0  yea rs  p eriod . T im b er  y ie ld  in ru b b e r  ra n g e d  from  

5 5 6  - 9 4 9 k g /trec . S tu d y  rev ea ls  th a t th e  e co n o m ic  re tu rn  in fo n n s  o f  tim b e r an d  th e  e n v iro n m en ta l 

p ro te c tio n  b y  h ig h e r  c a rb o n  s to rag e  cap ac ity  a re  p ro m is in g  in ru b b e r  p lan ta tio n s. H o w ev e r, th e  

n u tr ie n t e x p o r t  th ro u g h  b io m a ss  rem o v a l m a y  b e  c o m p e n sa te d  w ith  a d d itio n a l n u tr i t io n  and  

p ro p e r  m a n a g e m e n t to  su s ta in  th e  so il p ro d u c tiv ity . R em o v a l o f  p o ta ss iu m , c a lc iu m , m ag n es iu m  

a n d  n itro g e n  w a s  h ig h  a s  c o m p a re d  to  p h o sp h o ro u s . Very le ss  rem o v a l (1 7 8 .6  -  2 2 6 .5 k g /h a )  o f  

p h o sp h o ro u s  w as  o b se rv e d  in  ru b b e r. A m o n g  m ic ro n u tr ie n is . rem o v a l w as m o re  fo r  F e &  M n, 

K ey  w o rd s; R u b b e r {H evea  b ra s ilien s is ). B iom ass, n u trien t e x p o rt, c a rbon  s to rag e  capac ity
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In tro d u c tio n

B iom ass accu m u la tio n , c a rbon  sto rage potential 

and  n u trien t up take  a rc  the specific  genetic  

fac to rs  o f  each  p lan t sp ecies. B iom ass stud ies 

are  e ssen tia l to  u n derstand  the site productivity , 

n u trien t req u irem en t, n u trien t drain , nu trien t 

b u d ge ting  en v iro n m en ta l im p ac t etc ., o f  the 

ecosystcm  to  a tta in  susta inab le  m anagem en t 

stra teg ies. S ince  b iom ass is th e  sink  and  source o f  

carbon  cap tu rin g , it is h av ing  an  im portan t ro le  in 

the  con tex t o f  g ro w in g  in ternational concern  over 

the  in crease o f  C O , in the  a tm osphere. R ubber, 

the  im portan t p rim ary  sou rce  o f  n atural rubber is 

a q u ick  g row ing  tree  spec ies  accum ula ting  a  g ood  

am oun t o f  b iom ass du rin g  its life span  o f  about 

2 5 -3 0  years.

T h e  com m erc ia l cu ltiva tion  o f  rubber {H evea  

b rasiliensis). a  na tive  tree  species o f  Brazil w as 

sta rted  in 1902 and  ex tended  to  a total area o f  

7 .37 lakh h ectare  including  trad itional and  non- 

trad itiona l a reas  all ov er India. S ince rubber is

a  long duration  plan tation  c rop  covering  large 

areas all a round , the estim ation  o f  biom ass, 

nu trien ts locked  up and  carbon  stock assessm ent 

w ill help  to understand  the econom ic, social and 

environm ental ou tcom e o f  the ecosystem  for 

adop tion  o f  n ecessary  m anagem ent practices to 

a tta in  th e  susta inab ility  o f  the  cultivation  system . 

Presen t study w as undertaken  to  e stim ate  b iom ass 

p roduction , carbon  stock  and  nu trien t export in 

rubber trees in a 30  y ears o ld rubber p lantation. 

M aterials and methods 

30  year o ld rubber trees  v iz  R R ll 105. R R II 203 

&  G T  1 having  d iffe ren t y ield  p otential and tim ber 

p roduction  g row n on  sandy  c lay  loam  Ultisols 

a t C en tral Experim ent S tation, C hethackal o f  

R ubber R esearch Institute o f  Ind ia  w as selected 

for the study. T rees w ere destructively  sam pled 

and  separated  into differen t plant com ponents 

viz trunk , branches, le a f &  root. Fresh w eight o f  

each  com ponen t w as taken using  standard field 

balance.
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A  p o rtio n  o f  th e  c o m p o n e n ts  w a s  c o llec ted  and  

d r ie d  a t  70  ®C for es iim a tio n  o f  m o is tu re  co n ten t 

to  c a lc u la te  b io m ass  a n d  n u tr ie n ts  (m a c ro  & 

m ic ro ), to  k n o w  th e  nu trien i co n cen tra tio n  in the  

tree . U sin g  th is , n u tr ien t e x p o rt fo r 300  tree s  w as 

ca lc u la te d  to  o b ta in  n u tr ien t d ra in  p e r  h e c ta re  o f  

ru b b e r  p lan ta tio n . N u tr ie n t e x p o rt w as  c a lcu la ted  

based  on  th e  a ssu m p tio n  tha t th e  le a f  a n d  ro o t 

w e re  n o t rem o v ed  from  th e  f ie ld  and  a llo w ed  to  

d e c o m p o se  in th e  f ie ld  i ts e l f  T h e re fo re , le a f  and  

ro o t w a s  n o t m c lu d ed  in  th e  esiim a tio n  o f  n u trien t 

export.

F ro m  th e  to ta l b io m ass  ob ta in ed , th e  carbon  stock

in th e  tree  is ca lc u la te d  c o n s id e r in g  th e  c a rb o n  

co m p o s itio n  o f  ru b b e r  tree  a s  42  p e r  c en t, th a t is 

d e riv ed  from  th e  c a rb o n  c o n ten t in v a r io u s  p lan t 

p arts  o f  ru b b e r  tree s  (Jaco b  200 3 ). U s in g  th is , the  

c a rb o n  s to rag e  p o ten tia l o f  ru b b e r  p lan ta tio n  w as 

ca lcu la ted  fo r 300  tree s  p e r  h ec ta re  a rea , w h ich  

is the  gen e ra l stan d  p e r  h ec ta re  in o ld  m a tu re  

ru b b e r  p lan ta tio n .

R esuks and  discussion 

G en era l c h a rac te ris tic s  o f  th e  tre e s  se le c te d  fo r  th is 

s tudy  as p e r  th e  a p p ro v ed  c u ltiv a rs  c lass ific a tio n  

o f  R R JI is g iven  in Table  I. R R II 105, R R II 203

& G T1 arc  c lassified  as c a teg o ry  I &  11 c lo n es  

Table 1. General characterisHcs of clones (approved cultivars classification)

C lo n e C la s s if ic a tio n
Y lc id  p o te n tia l  

k g /h a /y e a r A re a  o f  c u ltiv a t io n

RRH 105 Category -1 2210 Tradilional region

RRII 203 Category - 11 1818 Non-lraditional region

G T l Category - II 1420 Traditional & non-traditiona! region
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Table 2. Height, girth & biomass production in 30 year old rubber clones

C lo n e H e ig h t (m ) G ir th  (cm ) D ry  b io m ass (k g /tree )

RRII 105 10 102 1254

RRII 203 15 105 1140

G T I 15 132 2045

Mean ± 13.33 113 1479.66
SE 1.66 9.54 285.03

respectively . T h e  y ie ld  p o ten tia l o f  these  tree s  is 

d iffe ren t (A pproved  cu ltivars  2012). A m ong  th is 

R R II 203 &  G T I a re  c lassified  as la tex-tim ber 

clone. C lones w ith  above  average  y ie ld  and  high 

tim b e rv o lu m e  w as c lassified  as la tex -tim berc lone . 

T h e  p o p u la r  c lo n e  R R Jl 105 is  a  latex clone, R R II 

105 is w id e ly  cu ltiva ted  in  th e  trad itiona l a rea  and  

R R II 203 is sp read in g  in non -trad itional areas. 

H e igh t, G irth  a n d  b iom ass produc tion  o f  th e  c lones 

are  g iven  in T able  2 . G irth  and  b iom ass p roduced  

varied  a m o n g  th e  trees. H e igh t o f  the  trees d id 

n o t vary  m uch. H ig h e r g irth  o f  abou t 132cm  w as

recorded  by G T  I , M ean height and girth o f  the tree 

w ere 13.33m and  113cm respectively. H ip e s t  dry 

biom ass w as recorded in G T  1 (2045kg) and  lowest 

by  R R U  203 (1140 kg). TTie b iom ass production o f  

three trees w as in the range o f  1140-2CW5kg w ith a  

m ean v alue o f  1479.66kg/tree. K arthikakuttyam m a 

(1997) reported th e  total b iom ass o f  1303 kg/tree 

fo r c lone R R II 105 at the age o f  2 0  years. Jessy 

(2004) reported the total b iom ass o f  1049.92kg,' 

tree for the clone PB 217 at the  age o f  19 years. 

T he biom ass allocation into the tree  com ponents 

show ed d ifferent pattern (Table 3). G enerally  m ore

Table 3. D istribution of biomass in tree components (kg DW )

C lo n e s

T ree  co m p o n en ts

TV unk B ra n c h e s L e a f R oo t T o tal

RRII 105
556

(44.31)
504

(40.13)
56

(4.46)
138

(11.1)
1254

738 298 17 87 1140RRII 203 (64.13) (26.14) (1.49) (7.63)

949 926 37 133 2045
G T I (46,4) (45.28) (1.8) (6.5)

Mean ± 748 576 37 119 1480

SE 113.55 184.83 11.26 16.23 81.46
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Table 4. Nutrient export through biomass in rubber trees (kg/ha)

Nutrient export (kg/ha)

Ca Mg Cu

RRII
105

RRII
203

M ean±
SE

1555.4
421.94

201.5
45.47

1700.5
343.08

3292,8
566.92

573.2
2 11 .6

5.89
1.19

108.07
37.36

17.67
5.23

b io m a ss  w a s  a c c u m u la te d  in  tru n k  an d  b ran ch es 

(8 5  - 91 .7  % ) th a n  le a f  a n d  ro o t (8 .3  - 15 % ). 

A m o n g  th e  tree s  th e  tw o  tim b e r  tree s  v iz .. G T  1 

&  R R II 203  reco rd ed  m o re  b io m ass a llo ca tio n  in 

th e  tru n k  (7 3 8  &  9 4 9 k g ) re sp ec tiv e ly  th an  RR JI 

i0 5  (55 6 k g ).

C le a r  b o le  v o lu m e  is an  in d ica to r o f  th e  tim b e r 

y ie ld  o f  a  c lo n e  siDce th e  c le a r  bo le  con tribu tes  

6 0  p e r  c e n t o f  th e  t im b e r  r eco v e red  fro m  a  ru b b e r 

tree  (M y d in  e i  a l ,  2 007 ), W hen  th ree  c lones 

co m p ared , th e  a llo ca tio n  o f  le a f  b io m ass (4 .4 6  % ) 

a n d  ro o t b io m ass (1 1 .1 % ) w as  fou n d  to  b e  m ore  

in R R II 105 th an  o th e r  trees . R o o t b io m a ss  w as 

a ro u n d  10 p e rc e n t  in  all trees.

N u tr ie n t e x p o rt t h r o u ^  b io m ass  w as  ca lcu la ted  

(T ab le  4 ). N u trien t e x p o rt w as  in th e  range  o f  

>4=1053.4 - 2 3 9 3 .6 , P =  1 7 8 .6 -  2 26 .5 , K =  1436.2- 

1993 .8 , C a = 2 5 6 8 .9  - 4 4 1 0 .K  M g= 307 .2 -9 9 1 .3  

a n d  m ic ro n u tr ie n ts  Z n = 5 .4 - I8 . l .  C u= 1 .7 6 -4 .4 9 . 

F e= 4 2 .4 8 -1 7 K 8 7  &  M n = 8 .88 -26 .97kg /ha . S ince 

th e  b ra n c h in g  h a b it  and  b iom ass accu m u la tio n  is 

d if fe re n t in d iffe re n t c lones nu trien t e x p o rt v aried  

w id e ly  b e tw e e n  c lones.

M ore  d iffe re n c e  is  n o ted  in  th e  c a se  o f  ca lc iu m . 

T h is  m ay  b e  d ue  to  th a t th e  p e rc e n t c a lc iu m  co n ten t 

w as m o re  in p lan t p a r ts  e sp e c ia lly  in tru n k  and  

b ran ch es  w h ic h  c o n tr ib u te  m a jo r  p a n s  o f  b io m ass 

rem o v ed  from  th e  fie ld . C a lc iu m  is an  im m o b ile  

e lem en t in  th e  p lan t a n d  h en ce  it is co n tin u o u s ly  

accu m u la tin g  w hen  a g e  is a d v an c in g - H ig h e r 

C a , K , and  N  rem o v a l w h en  c o m p a re d  to  o th e r 

nu trien ts  fro m  th e  so il is observ 'ed  a f te r  3 0  years 

p eriod . P rem oval w as  ve ry  less  in  rubber.

A m o n g  th e  m ic ro n u trien ts , F e and  M n  reco rded  

h ig h e r  rem o v a l th an  Z n  and  C u . R em o v a l o f  

co p p e r  is less  in ru b b e r  an d  U la g a n a th a n  et al 

201 0  rep o rted  th a t a c cu m u la tio n  o f  c o p p e r  in 

so il in su ccess iv c  cy c le s  o f  ru b b e r  cu ltiv a tio n . 

B iom ass accu m u la tio n  o f  ru b b e r  tree s  w as  ea rlie r 

re p o n e d  by  K arlh ik ak u tty am m a  (1 9 9 7 )  an d  Jessy  

(2 0 0 4 ) fo r th e  c lo n e  R R II 105 for m ac ro n u trien is  

and  PB 217  fo r bo th  m ac ro  and  m ic ro n u trien ts  

respec tive ly . N u trien t loss p e r  h ec ta re  (3 0 0  trees) 

fo r  R R II 105 (K a rth ik a k u tty a m m a  (1 9 9 7 )  w as 

1800 k g K  2 1 0  kg  P ,1500 k g  K , 2 7 0 0  k g  C a  and 

1050 k g  M g  w ith  a b io m ass  a c cu m u la tio n  o f  1303
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Table 5. Carbon stock and carbon storage potential in rubber trees

C lo n e C a rb o n  sto ck  
(k g /trce )

C a rb o n  s to ra g e  p o te n tia l 
(T  c a rb o n  /h a )

RRII 105 527 158

RR1I203 479 148

G T I 860 258

M ean± 622 188
SE 119,95 31.84

k g  p e r  tree  a t the  age o f  20  years. T h e  nutrien t 

accu m u la tio n  per tree  (Jessy, 2004) w as  8.071 kg 

N . O .S07kg P. 5 .642kg  K , I6 .9 k g  C a, 2 .498kg 

M g , 0 . 193kg Fe, 0 .0458kg  M n. 0 .036kg  Z n  and 

0 .1 7 6 k g  C u for th e  c lo n e  PB  217 w ith a biom ass 

accu m u la tio n  o f  1049.92kg p e r  tree  at the age o f  

19 years.

H igher accum ula tion  o f  C a  fo llow ed by N  and  K 

w as repo rted  in these  s tud ies  a lso . C oncentration  

o f  C a  in o ld e r leaves and  w o ody  tissues w ere m uch 

g rea te r than  those in th e  o th e r parts o f  the  tree. 

C a  accum ula ted  the g reatest am oun t o f  nu trien t in 

c itru s  tree  fo llow ed  by  N  and  K  (M atto s e t a l ..

2003). B iom ass production and  nutrien t uptake 

w as d ifferen t fo r differen t spec ies o f  viz.. bam boo 

(K um ar e t al.. 2005) and  sw eet o range (M attos 

e t al.. 2003)

T he C a  and  Fe conten t in th ree o ther tree species 

v iz., P o lla lesta  disco lor and  Inga densiflora 

(D avidson  e ta l., 1999) an d  beech (Fagus sylvatica 

L ) trees (L jungstrom  e t al.. 1993) is least which 

w as the opposite  pattern  a s  w e found in rubber. 

H ow ever a  s im ila r nu trien t up take w as reported  in 

apple  trees (S h an n a  e /a / . .  1995)

T he carbon  slock  calculated is g iven  in Table-5 

C arbon  accum ulation  in rubber tree  is in the  range
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o f  4 7 9 -8 6 0 k g /tre e  w ith  a m ean  v a lue  o f  6 2 2 k g / 

tree  fo r th ree  c lo n e s  s tu d ied . T rees  h av in g  h ig h e r 

to ta l b io m ass  reco rd ed  m o re  c a rb o n  lock ed  up  in 

its co m p o n en ts .

T h e  c a rb o n  s to ra g e  p o te n tia l o f  th e  c lo n e s  

v iz ..  R R II 105, R R II 2 0 3 . a n d  G T I w ere  158T. 

148T  a n d  2 5 8 T  c a rb o n  /  h a  re sp ec tiv e ly  w ith  

an  a v e rag e  v a lu e  o f  188 T  carbo ii/ha . T h u s  the 

c a rb o n  s to ra g e  p o ten tia l o f  ru b b e r p lan ta tio n  is 

c o m p ara tiv e ly  h ig h e r  and  p rom ising .

C onclusion

B io m ass p ro d u c tio n , nu trien t e x p o rt a n d  carbon  

s to rag e  cap ac ity  is d iffe ren t in ru b b e r  c lones. D ue 

to  h ig h e r  re m o v a l o f  C a . K  a n d  N , n e c e ssa ry  input 

an d  m an ag em en t p rac tice s  h av e  to  be  in c luded  

in  th e  reco m m en d a tio n s  fo r m a in ta in in g  th e  soil 

p roductiv ity .

E co n o m ic  b en e fits  th rough  tim b e r  y ie ld  a re  h ig h  in 

ru b b e r tree s . H ig h e r carb o n  seq u es tra tio n  c apac ity  

o f  ru b b e r  trees is the  add itio n a l a d v an tag e  in the 

in te rn a tio n a l scen a rio  o f  red u c tio n  o f  C O , in the 

a tm o sp h e re  to  p ro te c t the  en v ironm en t.
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