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Abstract
The present study was conducted on biomass production and nutrient accumulation of Caesalpinia sappan L. plantations 
in different age series. The study revealed that above ground biomass and biomass components is a function of diameter and 
age.The aboveground biomass produced at the age 5,6 and 7 year was 23.81 t ha'1, 37.801 ha'1 and 44 .361 ha'1, respectively.
It is also observed that there was no significant difference in nutrient concentration between trees of a particular age. 
However, significant variation was observed among components between plantations of different ages. Leaves had the 
maximum concentration of the nutrients and bole had the lowest. It was also observed that nutrient concentration decreased 
with increasing age. Among the nutrients, nitrogen registered highest concentration, followed by potassium and phosphorus 
registered minimum among all components irrespective of age. The nutrient accumulation in the agb as well as biomass 
components increased with the age of plantation except in the case of bole and branches. The maximum accumulation was 
found to be in bole and minimum in bark. Nitrogen was accumulated maximum followed by potassium and phosphorus. 
Nutrient use efficiency increased considerably with advancing age. It was found to be maximum in bole and minimum in leaf. 
Nutrient use efficiency of phosphorus was received maximum followed by potassium and nitrogen.
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Introduction

Caesalpinia sappan  Linn, is a sm all tree belongs to 
fam ily C aesalpiniacae. It is cultivated  as a m edicinal 
tree in South East A sia including south  India, Srilanka, 
Burm a, Indonesia and M alaysia. T he w ood is b itter and 
used for the treatment o f fever, biliousness, ulcers, Urinary 
concentrations, b lood com plain ts, haem orrhages, and 
wounds. C. sappan  also used for the production o f red 
dye (brazilian dye), which is obtained from its heartwood. 
T he brazilian dye is used for facials w hich are resistant 
to light, heat and w ater as well as being non-irritant. In 
India Caesalpinia sappan is w idely planted  in plantations 
as well as cultivated in the agroforestry system s and field 
boundaries.

Estim ation o f biom ass stands as a prerequisite for 
better resource u tilization. F or biom ass studies several 
p lan tations w ere estab lished  on d iffe ren t hab ita ts to 
examine its production potential and also the total biomass
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so as to id e n tify  p ro p e r  v a r ie ty , h a b i ta t  an d  the  
m anagem ent p rac tices lead ing  to h igher p roduction  
(Pathak  and G upta,. 1987). P rim ary  productiv ity  and 
biom ass gain o f a plant o r in an ecosystem  varies with 
the a v a ila b ility  o f  re so u rce s  and c h a rac te r is tic s  o f  
environm ent in w hich they grow. C lim ate inter alia is the 
s tro n g es t e c o lo g ic a l fa c to r  in  d e te rm in in g  p rim ary  
production. E cosystem  productiv ity  is an index, which 
integrates the cum ulative effects o f the m any processes 
and interaction. N et production  by an individual plant is 
the am ount o f  o rgan ic  m atter that it syn thesises and 
accum ulates in tissue p e r  unit tim e (B ooth  and M ac 
M urtrie, 1988).

Estim ation o f the essential m ineral elem ents in plants 
is an im portant aspect in the study o f ecosystem  structure. 
In the case o f fast grow ing  species it becom es m ore 
essential to study the geochem ical cycle o f the essential 
e le m e n ts  in s u p p o r t  o f  th e ir  s u rv iv a l  in fu tu re . 
G eochem ical cycle also provides a basis to evaluate the 
productivity  o f  the ecosystem . In the forest ecosystem ,
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uptake, retention and d istribution  o f b iogenic salts in the 
p lant body is influenced by several factors such as age, 
type o f tree species (M ohsin  et a l., 2005). N u trien t 
distribution data provide useful in form ation in assessing 
the significance o f  elem ents in physiological processes in 
the trees, w hich affect their overall g row th and vitality 
(K hanna and U lrich , 1991). T he aim s o f  the p resen t 
investigation w ere to study the biom ass production  o f C. 
sappan  p lantations on an age series and to determ ine 
the nutrient accum ulation in b io m ass.'

Materials and Methods

T he presen t study w as conducted  in an age series o f 
Caesalpinia sappan  p lan tations grow n in three d istricts 
o f K erala viz., Thrissur, K ozhikode and P alakkad  w hich 
are situated betw een 9° 55' to 1 lo  50 ! N  and 75° 50' to 
76° 53' E. N ine plantations belonging to three age groups 
ranging  from  5 to 7 years w ere s tud ied  fo r nu trien t 
accum ulation  and these  p lan ta tio n s w ere raised  and 
m aintained by farm ers as well as governm ent agencies.

L o ca tio n , c lim a te  a n d  soil

T h e  d e ta i ls  o f  lo c a t io n ,  c l im a te  an d  so il  o f  
Caesalpinia sappan  p lantation o f three districts are given 
in table 1.

Table 1 : The location, climatic and soil parameters of the study
areas.

S.
no.

Distict Average rain 
fall (mm)

Temperature
(°C)

Soil type

1. Palakkad 960 21.1-44.0 Inceptisol 
(Black soil)

2. Thrissur 2550 21.0-32.0 Laterite
alluvium

3. Kozhikode 3266 21.0-39.6 Laterite

E s tim a tio n  o f b io m ass p ro d u c tio n

Field studies w ere confined to sam ple plots in the 
plantations em ploying stratified  average tree technique 
(M adgw ick, 1971). Sam ple plo ts o f size 10 m x 10 m 
w ere laid out and diam eter at b reast height (dbh) o f each 
tree in the sam ple p lo t w as recorded. H eight o f trees 
was also recorded by using Clinom eter.

T he trees w ere grouped into three diam eter classes 
by frequency distribution m ethod and an average tree of 
each d iam eter class (G irth  c lasses) w as se lec ted  for 
sampling. A  total o f 21 trees were harvested for estim ating 
above ground biom ass. Estim ates o f  dry w eight biom ass 
w ere obtained from  the fresh w eights o f  various tissue 
types and their corresponding m oisture contents. The 
frequency (as percentage) o f  stem s belonging to various

girth classes in the entire stand w as recorded to calculate 
the num ber o f trees per ha in each girth class. B iom ass 
o f tree parts was sum m ed to obtain the total above ground 
biom ass per tree. The average biom ass o f com ponent 
parts per tree was m ultiplied by the num ber o f  trees ha- 
1 to get biom ass on hectare b a s is ..

P h y to c h e m ic a l an a ly s is

T riplicate sam ples o f each biom ass com ponents were 
analyzed for nitrogen (N), phosphorus (P) and potassium  
(K). T he oven-dried  sam ples w ere pow dered and passed 
through sieves o f size ranges from  5m m  to 2m m . Samples 
w ere used for estim ation o f N, P and K  at d ifferent ages. 
N itrogen was estim ated fo llow ing the m icro-K jeldahl 
d ig e s tio n  and  d is t il la tio n  m eth o d  (Jack so n , 1958). 
Phosphorus was estim ated after d igesting the sam ples in 
triple acid m ixture (H n 0 3 and H ,S 0 4 and H C104 in 10:1:3) 
and determined following the vanado-molybdo phosphoric 
yellow  colour m ethod by Spectrophotom eter (Jackson, 
1958). P o tass iu m  w as es tim a ted  a fte r d ig estin g  the 
sam ples in trip le acid m ixture (H N 0 3 and H2S 0 4 and 
H C 104 in 10:1:3) and determ ined by flam e photom etry 
(Jackson, 1958).

Total nutrient accum ulation  on per tree basis was 
calculated by m ultip ly ing the oven dry biom ass o f  tree 
com ponents w ith the m ean biom ass o f each plant part by 
the co rre sp o n d in g  n u trie n t co n c en tra tio n s . A verage 
nu trien t accum ulation  per tree w as ex trapolated  to a 
hectare by m ultip ly ing frequency o f trees ha-1.

Results and Discussion

B io m ass p ro d u c tio n

Dry m atter production o f sam ple trees was estim ated 
from  the sam ples collected. It was seen that significant 
variations in above ground biom ass (agb) and in the 
biom ass com ponents betw een ages. B iom ass of average 
trees (average o f sam e ages) are dep icted  in table 2. 
A nalysis o f variance o f agb show ed that age 5 year is 
significantly different to an agb at age 7 year, but variations 
w ere not observed betw een age groups 5 and 6 and 6 
and 7. In all age groups, total agb and biomass com ponents 
increased w ith increasing age. A t age 5 years, total agb 
was 21.43 kg, w hereas at age 6 years it increased to 
34.02 kg and at 7 years it increased  to 39.92 kg. G eorge 
(1993) reported that agb o f Leucaena  leucocephala  was 
21.87 kg tree '1 at 5 year old plantation. Hence, the am ount 
o f agb at 5 year in case o f C aesalpinia sappan  is on 
p ar w ith L eucaena  leucocepha la . S im ila r trend was 
observed in case o f Poulow nia  fo r tu n e i  (10.06 to 18.0 
kg tree-1) from  age 1 year to 4  year (C haransingh, 1998). 
T he increasing trend is due to the higher accum ulation of



*
Biomass Production and Nutrient Accumulation in an Age Series of C. sappan L. plantations 745

N itrog en

400

2 00

Phosphorus
3000 * 

>  2000  1 

x  io onto
0

<b° V' V

Conipoinnts

11 1 11A i i 1
N- X- ,A, , i  SS

<e <& ■/- \ a- . i f  <a 
<*'

Components

Pottassium

s j. .V X- A , SS
< fc ° ^  V > '  , /

■bK X-
Components

Fig. 1 : Nutrient use of efficiency of C. sappan at different ages.

photosynthates with advancing ages. Vidyasagaran (2003) 
o b se rv e d  tha t  agb  p r o d u c e d  at age  o f  7 yea rs  in 
Casuarina equisetifolia  was 50.9 in kg t r e e 1, which is 
a higher value when com pare to present study. It may be 
due to slow growing nature of the Caesalpinia sappan. 
The significant difference in agb from 5 to 7 years showed 
co n s id e ra b le  in c re ase  in a v e ra g e  tree  b io m a ss  as 
indicated with their homogenous mean values. Higher 
age groups produce more dry matter, which was revealed 
by Negi and Tandon (1997)  in E u c a ly p tu s  hybrid . 
Biomass accumulated per tree depends on factors like 
density, age of  the tree and environmental condition in 
which, it is grown (Landsberg, 1995).

Biomass com ponents o f  average trees between age 
groups also showed variation. There was a significant 
difference between components from 5th and 7th year 
old plantations. But, between ages 5 and 6 years as well 
as 6 and 7 years, it showed no significant difference. At 
the age 5 year, the bole biomass was 8.55 kg, 14.75 kg at 
age 6 years and 16.24 kg at age 7 years and it also showed 
that the biomass, at age 5 years was significantly different 
co m p a re d  to age 7 years .  A b o v e  g ro u n d  b io m a ss  
increased with increasing age. In the present study, above 
ground biomass showed an increasing trend from age 5 
year to age 7 year (21.43 kg tree-1 to 39.92 kg t r e e 1). 
The h igher  bole b iom ass  may be due to the h igher 
accumulation of  nutrients in the bole com pared to other

com ponen ts .  T he  branch  and leaves also indicated  
significant difference at age 5 years to age 7 years, but 
in 5 and 6 years as well as 6 and 7 years showed no 
substantial difference. In twigs and fruits, at age 7 years, 
biomass showed significant different from 5 and 6 year 
old plantations. However in bark, there was no significant 
difference in biomass between ages 5, 6 and 7 years. 
Biomass com ponents in all age groups had shown an 
increasing trend from 5 year to 7 years. In all age groups, 
bole had acquired maximum biomass and bark the lowest 
( G u r u m u r th y  an d  R a w a t ,  1989) .  G e n e r a l ly ,  the  
com ponents showed a decreasing order as bole > branch
> twig > fruits > leaves > bark.

In all age groups, bole was recorded  m axim um  
biomass and barks the lowest as indicated in the tree 
level biomass. At age 5 years, the com ponents showed 
an increasing order in biomass production as bole > branch
> twig > fruits > leaves > bark, whereas at age 6 years, 
fruit biomass was more when com pared to twigs and the 
increasing order as bole > branch > fruits > twig > leaves
> bark.

N u t r ie n t  d y n a m ic s

N u tr ie n t  co n c e n t ra t io n  in above  g r o u n d  biomass

T he co n c en t ra t io n  o f  nu tr ien ts  fo r  a particu la i 
component between different sample trees at a particulai 
age had no significant difference. However, significant



Table 2 : Above ground biomass and biomass components (kg tree'1) of C. sappan at different ages.
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Age (years) Bole* B arkns Branch* Twig** Leaves ns Fruits** Total agb*
5 8.55b 0.98a 5.10b 2.42b 2.05b 2.33b 21.43b
6 14.75ab 1.46a 9.16ab 3.05b 2.42ab 3.19b 34.02ab
7 16.24a 1.83a 8.89a 4.70a 3.57a 4.69a 39.92a

CD (0.05) 7.592 0.725 ■ 4.483 1.556 1.385 1.174 15.764

* Significant at 5% level, ** significant at 1 % level, ns - non significant.
Values with same superscript do not differ significantly between themselves.'

Table 3 : Nutrient concentration in biomass components of C. sappan at different ages.

Components

N itrogen (%) Phosphorus (%) Potassium  (%)

Age (Years) Age (Years) Age (Years)

5 6 7 5 6 7 5 6 7
Bole 0.37a 0.30b 0.25c 0.06a 0.05b 0.04b 0.32a 0.32a 0.21b
Bark 0.67a 0.56a 0.47a 0.11a 0.11a 0.10a 0.52a 0.46b 0.34c

Branch 0.45a 0.38b 0.34b 0.10a 0.10b 0.09b 0.47a 0.38b 0.30c
Twig 0.55a 0.49b 0.38c 0.16a 0.15b 0.14c 0.58a 0.47b 0.37c
Leaf 1.22a 1.16ab 1.04b 0.20a 0.19b 0.18b 0.90a 0.82b 0.70c
Fruit 0.63a 0.54b 0.44c 0.10a 0.09b 0.08b 0.67a 0.58b 0.48c

* Significant at 5% level,** significant at 1 % level, ns - non significant. 
Values with same superscript do not differ significantly between themselves.

Table 4 : Nutrient accumulation of C. sappan at different ages (Kg ha-1).

Components

Nitrogen Phosphorus Potassium

Age (Years) Age (Years) Age (Years)

5 6 7 5 6 7 5 6 7
Bole 35.05a 49.00a 48.80a 5.81a 7.48a 7.19a 31.24a 50.96a 44.07a
Bark 7.26a 8.72a 9.81a 1.18a 1.78a 2.14a 5.76a 7.14a 7.24a

Branch 26.19a 38.85a 35.31a 5.59a 9.61a 9.55a 28.88a 37.67a 31.57a
Twig 14.33a 15.95a 21.60a 4.35b 4.93ab 7.33a 14.63a 15.58a 20.81a
Leaf 28.10a 30.83a 42.67a 4.57a '5.09a 7.34a 20.74a 21.90a 28.44a
Fruit 15.92a 18.56a 24.04a 2.58b 3.00b 4.41a 17.77b 20.39ab 25.31a

Total agb 126.85a 161.91a 182.23a 24.08a 31.89a 37.96a 119.02a 153.64a 157.44a

* Significant at 5% level, ** significant at 1 % level, ns - non significant. 
Values with same superscript do not differ significantly between themselves.

variation in concentration  w as observed  betw een ages. 
Concentration o f nitrogen, phosphorus and potassium  in 
various com ponents at d ifferent ages are given in table 
3. It is observed from  the above tab le 3 that there was 
considerable variation in the concentration  o f various 
elem ents betw een different ages. N itrogen concentration 
in bole, tw ig and fru it ind icated  sign ifican t difference 
between ages 5 ,6  and 7 years. C oncentration  o f  nitrogen 
in branches was not sign ifican t betw een ages 6 and 7 
years. Sam e is the case w ith leaf also. C oncentration of 
nitrogen in bark betw een d ifferen t ages did not show  
significant difference. C oncentra tion  o f  phosphorus in

bole, b ranch, leaf and fru it did not show  sign ifican t 
difference betw een ages 5 and 6 years but there was 
s ig n ific a n t d if fe re n c e  b e tw een  ages 6 and 7 years. 
Phosphorus in bark  did not show  variation betw een all 
age groups studied , w hereas a significant difference in 
tw ig concentration  w as noticed betw een ages 5, 6 and 7 
years. Potassium  concentration at different ages indicated 
significant variation  betw een  age groups studied. The K 
content in d ifferen t com ponents like bole, branch, tw ig 
and fruits show ed m ore or less sam e value com pared to 
N  concentration  at d ifferent ages. It m ay be due to the 
fact that m ore concentration  o f  po tassium  is needed for



Biomass Production and Nutrient Accumulation in an Age Series of C. sappan L. plantations 747

the fruiting. The sim ilar observation  has been observed 
in Bambusci bam bos  (K um ar et al., 2005). H ow ever, in 
bole, the d ifference was not conspicuous betw een ages 
5 and 6 years, but in ages 5 and 6 years, significant 
d iffe ren ce  w ith  age at 7 y ears  w as no ted . P o p u lu s  
d e l to id e s  w as a lso  r e c o rd e d  m in im u m  n u tr ie n t  
concentration in bole (M ohsin et al., 2005).

Am ong various com ponents studied, leaf contributed 
m axim um  concentration o f nitrogen fo llow ed by bark, 
fruit, twig, branch and bole. This was true to the ages 5, 
6, and 7 years. T he h igher leaf nu trient concentration 
was also reported in 3 to 7 year old P opulus deltoids. 
T he h igher nu trient concen tra tion  in leaves w as also 
reported in m any species (Veena et al., 1981; W ang et 
al., 1991 andT andon, 1991). T he h ighest concentration 
of the foliage is assum ed to be good indicator for efficient 
nutrient return to the ecosystem . F oliar concentration  is 
also form  good indices o f the nutritional status o f the 
plant (Nowoboshi, 1985). C oncentration  o f phosphorus 
was highest in leaf follow ed by tw igs, bark, branch, fruit 
an d  b o le . S im ila r ly , l e a f  c o n t r ib u te d  m a x im u m  
concentration of potassium  follow ed by fruit, tw ig, bark, 
b ranch and bole. A m ong  v ario u s e lem en ts  s tud ied , 
nitrogen contributed h ighest concentration follow ed by 
potassium and least by phosphorous in all the com ponents 
at different ages (table 3). This trend is supported by 
Raw at and Singh (1988). H igher concentration  o f  N  was 
also reported  in 5 year o ld  A cacta  auricu liform is  N: 
(2.319) follow ed by K: (1.082) and P: (0.081) (George, 
1993).

N u tr ie n t ac cu m u la tio n

A ccum ulation o f  N, P and K in various com ponents 
and above ground biom ass at d ifferen t ages has been 
given in table 4. A ccum ulation o f nitrogen in various 
com ponents at d ifferent ages d id  not show  significant 
difference w hereas accum ulation  o f phosphorus in twig 
show ed significant variation  betw een  ages 5, 6 and 7 
years. In fruits, the d ifference w as observed at age 7 
y ears w h ereas, in o th e r  co m p o n e n ts  d id  no t show  
s ig n ific an t d iffe ren ce  b e tw een  age  g ro u p s stud ied . 
Potassium  accum ulation in fru it observed considerable 
v a r ia tio n  b e tw e en  ag e s  5 an d  7 y e a rs . H o w ev er, 
accumulation in other com ponents did not show significant 
difference between age groups studied.

The accum ulation o f various nutrients show ed an 
increasing trend w ith increasing age. The n itrogen  in the 
total above ground biom ass w as recorded  as 126.85 Kg 
ha-1 at age 5 years and increased to 161.91 K g ha-1 at 
age 6 years. It is fu rther increased to 182.23 Kg ha-1 at 
the age o f  7 years. P o tassium  and phosphorus follow ed

sim ilar trend. S im ilarly, an increase o f  nutrient w ith age 
was evident in 3 to 7 year old P opulus deltoides  (M ohsin 
et al., 2005). T he accum ulation  o f  nutrient ranged N  
(300.67 to 621.77 kg h a '1), P  (29.73 to 60.69 kg h a '1) K 
(139.79 to 199.52 kg h a 1). In biom ass com ponents also 
show ed the sam e trend except in bole and branches. It 
m ay be due to the low concentration  o f nutrient in the 
com ponents like bole and branch. T he increasing trend 
o f nutrient accum ulation in trees was observed in m ature 
stands o f Eucalyptus hybrid (Tandon et al., 1996).

Am ong various com ponents studied, bole accumulated 
m axim um  nutrients and m in im um  in bark except the 
phosphorus accum ulation  at age 6 and 7 years. W here in 
m axim um  was accum ulated  in branch. The m axim um  
accum ulation o f N, P  and K  was found to be in the bole 
(N, 35.05 to 48 .80 K g hal; P, 6.38 to 7.19 Kg h a '1; K, 
33.21 to 44 .0 7  K g h a '1). It is a lso  ev id en t tha t the 
accum ulation o f the nutrients at 7 year old E ucalyptus  
cam aldulensis, in w hich nutrients w ere accum ulated as 
N , 63.1 kg h a '1 P, 9 .92  kg h a '1 and K, 45 .5  Kg h a '1 
(H arm and et al., 2004). S im ilar observation was found 
in the G m elin a  a rb o re a  (S w am y  and P u ri, 2005 ). 
N utrients accum ulated in various com ponents at different 
ages are varied. N itrogen accum ulation  at ages 5 and 7 
years was in the order: bole > leaves > branches >  fruit > 
tw ig  >  bark, w hereas at age 6 years, the sequence was 
bole > branches >  leaves >  fru it > tw ig  > bark. The 
decreasing order o f phosphorus accum ulated  in various 
com ponents at age 5 years w as bole > branch > leaves > 
tw ig > fru it >  bark, w hereas at age 6 and 7 years, the 
accu m u la tio n  in  b ranch  b eco m e m ax im um  and the 
decreasing order w as, branch > bole >  leaf > tw ig > fruit 
> bark. Potassium  accum ulation at d ifferent com ponents 
was show ed sam e sequence in all ages, the decreasing 
order was bole >  branch > leaves >  fru it > tw ig >  bark. 
This dow nw ard trend w as also reported in Eucalyptus  
globulus  and E ucalyptus tereticornis  (Singh, 1984). The 
decreasing trend from  ages 6 to 7 years is due to the 
low er biom ass production in bole and branches at age 7 
years.

A m ong  v ario u s e lem en ts , n itrogen  co n trib u ted  
m aximum accumulation in biomass followed by potassium 
and  le as t by p h o sp h o ru s  e x c e p t in fru its . S im ila r  
o b se rv a tio n  w as re p o r te d  in the  A c a c ia  m e a rn s ii  
(C aldeira et al., 2002). B u t in the com ponents, it was 
true for nitrogen and potassium . T he com ponents like 
branch and tw ig in the initial years and fruit in all ages, K 
accum ulated  m ore, it m ay be due to the fact that higher 
K  accum ulation required  fo r the fruiting. T he sim ilar 
observation  has been no ticed  in Tectona grandis  and 
M elia azadirach  (A du-A nning , 1995).



,748 K. Vidyasagaran et al.

The nutrient accum ulation in  g tree-1 also show ed 
the sam e sequence as no ticed  in the kg  ha-1 basis. In 
both cases after six years, there w as no considerab le 
increase in nutrient accum ulation. A s noticed in biom ass, 
nutrients also exhibited a levelling o ff in the accum ulation 
o f  nutrients at age 6 years.

Nutrient use efficiency
N utrient use efficiency is expressed  as a quotient of 

standing biom ass divided by above ground nutrient pool. 
It is the total biom ass syn thesised  p er unit o f nutrients 
utilised. T he study o f such nutrients fo r each  com ponent 
a t d if fe re n t ages sh o w ed  an in c re a s in g  tre n d  w ith  
increasing ages (fig. 1). T he quotient fo r nitrogen ranged 
as 190.41 at 5 year to 243.43 a t 7 year; P hosphorus was 
995.13 to 1168.60 at ages 5-7 years;.P o tassium  ranged 
202.74 to 281.76 at ages 5-7 years. A m ong the biom ass 
com ponen ts , n u trien t use e ff ic ien c y  w as m ax im um  
recorded in bole and least by leaf.

A m o n g  the n u tr ie n ts , p h o sp h o ro u s  c o n s titu te d  
m axim um  nutrient efficiency follow ed by potassium  and 
least by nitrogen except in bole at age 6 years, branch 
and tw ig at age 5 years and fru it in all age groups, w here 
in nitrogen showed m axim um  nutrient use efficiency when 
com pared to potassium  (fig. 1).

N utrient use efficiency o f total above ground biom ass 
and biom ass com ponent increased in all nutrients with 
increasing  ages. A n increasing  trend  o f  n u trien t use 
efficiency w ith increasing ages w as reported  by B argeli 
(1995) in  E uca lyp tus. N u tr ien t u se  e ffic ien cy  o f  C. 
sappan  show ed a decreasing o rder in bole betw een ages 
5 and 6 years, agb and branch b e tw een  6 and 7 years 
(fig. 1). S im ilar trend in efficiency o f P  noticed from  4  to 
8 y ea r o ld  L eu ca e n a  le u c o c e p h a la  (1359  to  1027) 
plantations (Singh andToky, 1993).
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