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Abstract

An attempt was undertaken to investigate the initial litter chemistry, decomposition dynamics and
nutrients release  pattern in decomposition of teak leaf litter in Cachar district of northeast India from
May 2009 to  April 2010. The analysis of initial chemistry of litter recognized that both C/N ratio (43.06)
and lignin / N ratio (42.28) were high  which indicate low rate of decomposability. Weight loss was
expressed as percentage of original dry weight, decrease exponentially with time. The maximum weight
loss was recorded during May 2005 to November 2005, may be due to the reason that this time of the year
characterized  by heavy  rainfall, high relative humidity and temperature facilitate the growth of decom-
posers. The value of decomposition constant  (k), half life (t

0.5 
)  and  time required for   99%  decompo-

sition  (t
0.99 

) were recorded as 2.21, 114 days and 824 days, respectively much higher than other reported
works. The pattern of both N and P release was biphasic while release of potassium  occurred at all stages
of decomposition. Lignin, cellulose and hemicellulose showed gradual degradation  with the litter mass loss.
As compared to other region the decomposition of teak litter was more rapid and this may attribute
climatic conditions (high rainfall, relative humidity and temperature) of the Cachar district which in turn
may facilitate the activity of decomposer organisms.
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Major part of the net primary production in ter-
restrial ecosystems enters the detritus-based food
web litter and therefore, litter decomposition is an
important process regulating energy flow, nutrient
cycles, and structures of ecosystems (1). Tropics are
characterized by rapid turn over of nutrient and the
decay rate coefficients are substantially higher for
tropical species than that of temperate coniferous lit-
ter (2). In several studies it was established that de-
composition is influenced by litter quality, climatic
factors and soil biota (3). Decomposition and miner-
alization of litter are determined by qualitative and
quantitative composition of soil organisms and the
chemical nature of litter such as the content of tan-
nin, lignin and  C/N ratio (4). However, decomposi-
tion rates vary greatly even among tropical forests,
depending on factors such as climate and litter qual-
ity. Here teak (Tectona  grandis Linn.) leaf  litters
were subjected  to  investigate as it is  planted in this
region  for commercial and aforrestation purpose. Teak

belongs to the family Verbenaceae, indigenous in
southeast Asia with a discontinuous or patchy distri-
bution up to India. It is one of  the most widely  planted
hardwood timber species in the world, covering 2.25
million ha (5). Although some works has been carried
out in other parts of India (6—8), no attempt has been
made so far on this aspect in Cachar district of Assam
where rainfall and relative humidity prevail with mod-
erate to high temperature, which is peculiar in nature
compared to other part of the world.

Methods

Cachar district  situated at the Valley of river
Barak in  northeastern  region of India (24°41´N, 92°45´
E). This region is located in the confluences of indo-
China, Indo-Malayan and Indo-Burma. The site se-
lected for decomposition study was a teak garden (40
years old) situated  at  Dhalai Forest Division of
Cachar district, 40 km away from the Assam Univer-
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sity campus. The climate of the study site is subtropi-
cal warm and humid with mean annual rainfall 2,660
mm and most of which occur during the southwest
monsoon season (May  to September). The mean maxi-
mum temperature ranges from 25.1 0C (January) to
32.6 0C (August). The mean minimum temperature
ranges from 11 (January) to 25 C (August). Average
humidity of the area is 87% (Fig. 1).

Litter decomposition was studied using the ny-
lon-bag technique (9). Freshly abscissed leaves were
collected during the peak period of litter fall (Febru-
ary to March, 2009) and air dried ; 20 g air-dried litter
was placed in 20 × 20 cm litter bags (2 mm2 mesh size),
and totally 90 bags were prepared. The litter bags
enclosing leaf litters were placed under the closed
canopy of the teak stand ;  5 litter bags were collected
at regular intervals during May 2009 to April 2010.
The residual materials were separated carefully from
adhering soil particles and oven-dried at 60 C for 48 h

Figure 1.  Meteorological parameters of the study period.

Figure 2.  Litter mass loss during the investigation period.
PM = Pre monsoon,  MON = Monsoon, POM = Post Mon-
soon and WT = Winter.

Table 1.  Initial litter chemistry of teak leaf litter.

Parameters

Carbon (%) 40.73 ± 0.40
Nitrogen (%) 00.96 ± 0.04
Phosphorus (%) 00.17 ± 0.01
Potassium (%) 00.33 ± 0.01
Lignin (%) 39.67 ± 0.48
Cellulose (%) 39.81 ± 0.50
Hemicellulose (%) 08.50 ± 0.26
C/N 43.06
C/P 275.6
Lignin/N 42.28
Lignin/P 270.6
Lig/Cel 1.04

Table 2.  Annual decay  constant for teak leaf litter.

Decompo- Time required Time required
sition rate for 50% for 99%
constant decomposition decomposition
(k/year) (days) (days)

2.21 114 824

and weighted.
Samples of initial litter chemistry and those  re-

trieved  during the sampling periods were powdered
and analyzed for their chemical composition. The ash
content was determined by igniting 1 g of powdered
litter sample at 550 C  for 6 h in a muffle furnace. A
total of 50% of the ash free mass was calculated the
carbon (C) content. Total nitrogen (N), phosphorus
and potassium were determined by a semi micro-
Kjeldahl method, molybdenum blue method and flame
photometer method, respectively (10). Major cell wall
components viz. lignin, cellulose and hemicellulose
were analyzed (11).

Mass loss over time was computed using the
negative exponential decay model (12)

X / X
0
 = exp (-kt)

The time required for 50% (t
50 

) and 99% (t
99 

)
decay was calculated as t

50 
 = 0.693 / k and t

99
  = 5/k.

Monthly mass loss (g/month) from decomposing lit-
ter was determined from the difference between the
mass remaining in the litter bags in each month.
Absolute amount of nutrient in the litter bag was in-
vestigated as,

(C/C
0 
) × (L / L

0
) × 100
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Figure 3.  Leaf litter decomposition in teak. Solid line de-
notes cumulative weight loss while broken line denotes pre-
dicted weight loss based on exponential model.

Figure 4.  (a)  Nutrient remaining in the decomposing of
teak (Tectona grandis) leaf litter and (b) organic compounds
in the decomposing leaf litter of teak.

Where, C is the nutrient concentration in the litter
samples at the time of sampling, C

0
 is the nutrient

concentration of the initial litter,  L  is the mass of dry
matter at the time of sampling and L

0
 is the initial dry

mass of the litter sample.

Results and Discussion

Litter decomposition is governed by a host of
variables including initial litter chemistry (Table 1),
climatic factors and decomposers organisms. Here ini-
tial teak leaf litter chemistry revealed that the amount
of carbon, lignin, cellulose and hemicellulose con-
tents were 40.73% ± 0.40,  39.67% ± 0.48,  39.81% ±
0.50 and 08.50% ± 0.26, respectively  (Table 2). Litter
nitrogen concentration was found to be higher (0.96%
± 0.04), followed by potassium (0.33% ± 0.01) and
phosphorus (0.17% ± 0.01). Here the C/N ratio was
found to be 43.06 which were lower than the investi-
gated report of the Attignon et al. (13) in Lama  Forest
reserve in Benin. Myers et al. (14) reported that the
substrate with C/N < 25 are of high quality and re-
lease mineral nitrogen at a faster rate compared to
low quality residues (C/N > 25). Osono and Takeda
(15) reported litter types with initial L/N ratios higher
than 23—25 or with an initial L/P ratio higher than
500—620, contained initially excess lignin compared
to N and P and had the potential to immobilize N and
P until L/N and L/P ratio reached critical values. Loss
of litter mass from the decomposing teak litter is
shown in Figure 2. The mean monthly leaf litter loss
was 7.40% with the highest amount during Septem-
ber, 2009 (21.41%). Weight loss expressed as a per-
centage of the original dry weight, decreased expo-
nentially with time (Fig. 3). The exponential equation

for leaf litter  in first annual cycle may be expressed as
Y=131.05 e–0.2068x, r=0.9707 ; where, Y = percent leaf
litter loss in weight, x=decomposition time and e=base
of the natural logarithm. Litter mass loss showed a
rapid phase of initial mass loss in which 75% weight
loss was occurred during the first 150 days (i.e. wet
months of the year). Lavelle et al. (16) had opined that
litter decomposition in the warm and humid condition
is more rapid as the prevailing environmental condi-
tions are conducive for rapid decay. The rainy months
recorded maximum weight loss, may be related to the
favorable conditions for decay-high litter and soil
moisture contents, high relative humidity and conge-
nial atmospheric temperature, all indirectly favoring
the soil biological activity. The annual decay con-
stant (k ), half life (t

0.50 
) and time for  99 percent loss of

dry weight (t
0.99

 ) of teak litter were calculated as 2.21,
114 days and 824 days, respectively. Kumar and
Deepu (7) reported very low value for k (0.32) from
south India but Attignon et al. (13) reported k value
1.3 – 1.7 in Lama Forest plantation in Benin. The half-
life recorded here (3.8 month) little bit similar (4.2
months)  to the findings of Sankaran (8) but not cor-
roborated with the findings of Attignon et al. (13)  (5
– 6.3 months). Half-life is an indication of the persis-
tence of the litter on the soil surface and hence its use
as a mulch material.

A complex dynamics of nutrient release was ob-
served and furnished in Figure 4. The pattern of ni-
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trogen and phosphorus release was biphasic. For ni-
trogen, an initial accumulation phase was observed
in June, 2009 and a similar rise in the concentration
was recognized during February, 2010. Phosphorus
concentration exhibited an increasing trend from May,
2009 to June, 2009, and a sharp increase of concentra-
tion was also recognized during December, 2009. End
of the study period nitrogen, phosphorus and potas-
sium concentration from the original amount was re-
corded up to 31.11%, 17.64% and 22.05%, respectively.
Berg et al. (17) reported that nitrogen and phospho-
rus concentration tends to accumulate and potassium
declined during litter decomposition. Potassium con-
tent showed initial immobilization stage and thereaf-
ter it was found as readily released element. Potas-
sium was the most mobile, declining rapidly over the
measurement period, reflecting that it was readily
leached (18).

Lignin is considered as the primary variable in
determining the decay rates of litter, which is resis-
tant to decay as well as slow down the decay of other
cell constituents (19). The concentrations of lignin,
cellulose and hemicellulose declined during the de-
composition process (Fig. 4). The lignin , cellulose
and  hemicellulose concentrations of the leaf litter
were 21.00%,  22.56% and 5.43%, respectively, at the
end of the study. Meentemeyer (20) reported that lig-
nin concentration in plant materials inversely related
to its decomposition rate. Cellulose and other struc-
tural polysaccharides are easily attacks by the mi-
crobes after the soluble fractions have been depleted
(21). Although hemicellulose is a glucose compound,
it takes time to decompose, as it is highly cross-linked
with lignin, creating a complex web of bonds which
allows slower degradation of cell-wall compounds.

The litter break down in subtropical humid cli-
mate of Cachar district was, generally fast, indicating
high biological activity and nutrient turnover. The
high rainfall, relative humidity and temperature in the
initial months (May 2009 to October 2009) may be
attributed for the faster rate of decomposition which
is incomparable with works of other part of the globe.
These environmental variables support healthy
growth of soil microflora and decomposer fauna.
Moreover, age of the plantation (40 years old) may
contribute to establish a stable community of decom-
poser (both microflora and fauna), as they have the
significant role in decomposition.
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