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ABSTRACT
Soil properties, such as fertility, are very important for plant establishment, and is mainly
facilitated by organic material. This study investigated the decomposition rates of dominant tree
species in a mixed deciduous forest (MDF) and the environmental factors that may affect it. The
study site was located at the Maeklong Watershed Research Station in Kanchanaburi Province.
Five dominant species in MDF were selected which included Pterocarpus macrocarpus, Xylia
xylocarpa, Vitex peduncularis, Canarium subulatum, and Schleichera oleosa. Additional species
that were investigated were Shorea siamensis, Dipterocarpus alatus, and a bamboo species
(Gigantochloa albociliata). Leaf litter bags weighing 50 g/bag were prepared and 36 such bags
were collected for each species and were placed on the forest floor. A randomized complete block
design with 3 replications was utilized as the design experiment. The litter bags were randomly
collected every month from May 2015 to May 2016. These samples were brought back to laboratory
and oven-dried at 60oC for 48 hours, after which they were brushed to remove any soil debris.
The residual litter in each bag was weighed to ascertain the reduction in weight of the leaves to
determine the decomposition rate (k).
The results indicate that the litter decomposition rate varied among species. Many dominant
species had a high k-value (k > 3), while D. alatus and G. albociliata returned a medium (k =
2.43) and the lowest (k = 1.88) decomposition rate, respectively. The nutrient content of dominant
tree species has the highest Ca in leaf litter. Rainfall had a highly significant (p <0.01) effect on
the litter decomposition rate. Soil conservation, particular the soil fertility, can be undertaken
through nutrient turnover from leaf litter decomposition.
Keywords: leaf litter decomposition rate, leaf litter nutrients, mixed deciduous forest.
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INTRODUCTION
The maintenance of soil organic
pool in a tropical ecosystems is achieved by
a rapid circulation of nutrients through the
fall and decomposition of litter (Ola-Adams
and Egunjobi, 1992). Decomposition is a
determining factor for the functioning of
ecosystems because litter dynamics constitute
a key process in the regulation of the recycling
of nutrients and thus can maintain soil fertility
(Koukoura et al., 2003). Nutrients retained at
the time of death in certain parts of the plant,
particularly in the leaf litter, are returned to
the soil during the decomposition process of
plant litter. The rates of litter decomposition
and nutrient release strongly influence the
physical and chemical properties of soil and
primary production. They are governed by an
interplay of abiotic and substrate quality variables
(Swift et al., 1979). The nutrient chemistry of
the litter, and its physical features, can have
a strong effect on the abundance and activity
of decomposers, leading to different rates of
decomposition. (Berg and McClagherty, 2014)
Mixed deciduous forest (MDF) is
a type of tropical seasonal forest found in
Thailand (Royal Forest Department, 1962;
Blasco et al., 1996) which covers large areas
and shows large variations in composition
and structure (Bunyavejchewin, 1985; Marod
et al., 1999). The characteristic tree species
frequently found in the MDF are Tectona
grandis, Pterocarpus macrocarpus, Xylia
xylocarpa var. kerrii, Afzelia xylocarpa,
Lagerstroemia calyculata, Terminalia spp.,
and Vitex peduncularis (Smitinand, 1966). The
middle layer is dominated by bamboo speices
(Whitmore, 1984), Gigantochloa albociliata,

Bambusa tulda, and B. nutans being the most
common among them. As a result of leaf
shedding during the dry season by all tree
species (Marod et al., 2016), the nutrient and
energy turnover is quite fast, given the large
amount of leaf litterfall. Leaf litter plays an
important ecological role in maintaining the
soil fertility but information regarding its
decomposition is still limited. This study
aimed to investigate the decomposition rates
and environmental factors influencing the
decomposition of the leaves of dominant tree
species in the MDF.

MATERIALS AND METHODS
Study Site
The study was conducted in a 4 ha
permanent plot located in the MDF at Maeklong
Watershed Research Station, Thong Pha
Phoom district (14o 30´ to 14o 45´N, 98o 45´
to 99o E), Kanchanaburi Province, Thailand
(Figure 1). The total area of the watershed is
approximately 109 km2 at an elevation between
100 m to 900 m above sea level. Elevation of
the study site location ranges between 360 – 640
m above the mean sea level. Annual rainfall
normally exceeds 1,650 mm with the rainy
season occurring between the months of May
and October, while the dry season starts in
November and ends in April. The mean monthly
temperature is ca. 27.5oC with a maximum of
39.1oC in April and a minimum of 14.6oC in
December. The soils are of a reddish brown
lateritic type weathered from parent material of
alluvium with traces of sandstone, limestone,
and quartzite (Suksawang and Takahashi,
2000). The dominant tree species in the area
are P. macrocarpus, X. xylocarpa var. kerrii,
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C. subulatum, V. peduncularis Terminalia
spp., and Lagerstroemia calyculata, Afzelia
xylocarpa. The middle layer is dominated by
G. albociliata, G. hasskarliana, B. tulda, and
Cephalostachyum pergracile as the most common
bamboo species (Kutintara et al., 1995). The
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prevailing forest type is an MDF, with a dry
dipterocarp forest type on the mountain ridges,
such as Shorea siamensis, and dry evergreen
forest along the creeks, such as Dipterocarpus
alatus (Kutintara et al., 1995).

Figure
The location
of Mae
Klong
Watershed
Research
Station
(MKWRS)
Figure
1The1 location
of Mae
Klong
Watershed
Research
Station
(MKWRS)
Source: Kamyo et al., 2016
Source: Kamyoet al., 2016
Experimental design
Eight tree species (Marod et al.,
1999), including Pterocarpus macrocarpus,
X. xylocarpa var. kerrii, V. peduncularis, C.
subulatum, S. siamensis, D. alatus, Schleichera
oleosa, and bamboo (middle layer dominated by
G. albociliata), were selected which dominate

this area. Leaf litter decomposition was studied
using the standard litter bag technique (Lousier
and Parkinson, 1976). Freshly fallen leaf litter
was collected from the forest floor of a 4 ha
permanent plot in MDF during the dry season in
2015. All the leaf litter samples were air-dried
and put into litter bags, 40 × 30 cm in size with
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a mesh size of 1.5 mm. A mesh size of 1.5 mm
was chosen as it was large enough to allow the
passage of soil fauna (Smith and Bradford,
2003). The individual litter bags contained
50 g and a total 36 litter bags were collected
for each of the selected species. Randomized
complete block design was utilized with 3
replicates, and all litter bags were placed on
the forest floor. Metal pins were attached to the
litter bags to prevent any unwanted movement
and to ensure its contact with the soil surface.
Three litter bags were randomly collected for
each species in every month from June 2015 to
May 2016. All collected samples were brought
to the laboratory, oven-dried at 60o C for 48
hours and were brushed to remove any soil
debris. The residual litter in each litter bag
was weighed to determine the loss in weight
over the period of time.
Data analysis
The analysis of variance (ANOVA)
and the t-test were used to compare the species
average remaining weight. The Duncan's New
Multiple Range Test (DMRT) can be used
to determine if this is weight significantly
different. The simplest model possible that
can be used to describe the decomposition
rate is the exponential model or often called
the Olson (1963) model. The decomposition
rate is calculated from the equation as
x/x0 = e-kt,
k = -[ln (x/x0)]/t,
where x0 = initial weight of litter,

k = decomposition rate constant, and
e = natural logarithm.
However, the value of the decomposition
rate can be modeled with a constant decomposition
rate (k- value) by calculating the initial weight
of leaf litter and the weight of remaining leaf
litter in the period of study time. We used the
Generalized Linear Model (GLM) constructed
in R ver. 3.2.2 (Craeley, 2007) to determine
the relationship between the decomposition
rate and three climatic factors including,
rainfall, relative humidity, and temperature.
The combinations of explanatory variables to
achieve the best predictive ability were selected
based on the Akaike Information Criterion
(AIC). Backward model selection approach
was applied to find the set of explanatory
variables with the lowest value of AIC.
Chemical analysis
Leaf litter samples were sent to the
laboratory at Department of Soil Science,
Faculty of Agriculture, Kasetsart University
for analysis. The digested sample extracts
were processed according to the procedure
recommended by Johnson and Ulrich (1959).
Leaf litter samples were tested for N using the
Kjeldahl method by digesting the mixture with
H2SO4 -Na2SO4-Se. Nutrients such as P, K, Ca,
Mg, and S were tested for using the wet ashing

method with HNO3-H2SO4-HClO4 acid mixture
at a ratio of HNO3: H2SO4: HClO4 of 5: 1: 2.
Analysis of phosphorus P (Vanadomolybdate
yellow color) was done at a wavelength of
440 nm in a Spectrophotometer, while the

x = weight of litter at time t,

analysis of K, Ca, Mg, and S using an Atomic

t = time of decomposition,

Absorption Spectrophotometer.
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RESULTS AND DISCUSSION

constant decomposition rate, k, based on the
Olson's analysis indicated a variation in the
Remaining Leaf Litter Weight
rate among species . However, a high average
The ANOVA analysis showed that
constant decomposition rate (k = 2.91) was
the mass remaining in litter bags was high
obtained for all the species. The species can
significantly different (p < 0.01) between
also be classified into three groups based on
the species throughout the study period. This
the k-value. The high constant decomposition
indicated that the potential of decaying varied
rate (k > 3) group included P. macrocarpus,
among various species. Most species tended
which had the highest constant rate (k = 3.84),
to decay from the starting time, particularly
followed by V. peduncularis, C. subulatum,
during the rainy season from May to October.
X. xylocarpa var. kerrii, S. oleosa, and S.
The lowest average monthly remaining dry
siamensis with k-values of 3.70, 3.52, 3.47,
weight for the selected tree species was
3.18, and 3.08, respectively. The medium
obtained for P. macrocarpus (2.16%) followed
constant decomposition rate (2<k<3) included
by V. peduncularis (2.47%), C. subulatum
only D. alatus (k = 2.43). The lowest constant
(2.96%), X. xylocarpa.var. kerrii (3.10%), S.
decomposition rate (k < 2) was obtained for
oleosa
(4.14%),
S.
siamensis
(4.60%),
and
Figure 1The location of Mae Klong Watershed Research
Station (MKWRS)
G. albociliata
(k = 1.88). This is an indication
D. alatus. (8.17%). In contrast, bamboo (G.
that during the decomposition process, bamboo
Source: Kamyoet al., 2016
albociliata) had the highest average mass
had the slowest mass loss compared to other
remaining (15.24%) (Figure 2). Using the
dominant tree species.

Figure 2 The monthly remaining dry weight of selected speciesanalyzed during the study period.
Figure 2 The monthly remaining dry weight of selected speciesanalyzed during the study period. The
The abbreviations indicate the species, Ptm., Pterocarpus macrocarpus; Vip., Vitex
abbreviations
indicate
the species, Ptm.,Pterocarpusmacrocarpus;
Vip.,Vitexpeduncularis;
peduncularis;
Cas.,Canarium
subulatum, Xyk., Xylia xylocarpa.
var. kerrii; Sco.,
Schleichera oleosa; Shs., Shorea siamensis; Dia., Dipterocarpus alatus, and Gia.,
Gigantochloa albociliata, respectively.
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Several reports indicated that litter
production through decay in the tropical zones
occurred for k-values in the range 0.5 - 4
(Olson, 1963; Anderson and Swift, 1983). In
addition, the k-value in this study area higher
than reported in other MDFs in Thailand,
ranging between 1.08 and 3.03 (Somrithipol,
1997; Ladpala and Phanuthai, 2006; Chamoi,
2012; Sena, 2014). In contrast, the k-value
of bamboo (G. albociliata) had the lowest (k
=1.88). The variability of decomposition rates
is also high in tropical forest ecosystems but
such variability is not strongly related to site
conditions and litter quality (Boonyawat and
Ngampongsai, 1974). The large differences in
decay rates could be attributed to decomposer
population dynamics (Kumar and Deepu, 1992).
The varying rates of decomposition seemed
to not be only due to the nutrient content of

leaves but also due to their morphological
characters. In other words, thick and tough
leaves with prominent midribs and veins
decomposed slower than species with thin and
less rigid leaves without prominent skeletal
tissues (Williams and Gray, 1974; Songwe et
al., 1995; Hossain et al., 2011).
The Duncan's New Multiple Range
Test (DMRT) analysis results also support
the groups divided on the basis of constant
decomposition rate. These can be classified into
three groups based on the average remaining
dry weight as high (a), intermediate (b), and
low (c) (Table 1). Species falling in the high
remaining weight category exhibit the lowest
decomposition rates. In contrast, species with
the lowest remaining weight exhibit higher
decomposition rates.

Table 1 Average remaining leaf litter weight as obtained by Duncan's New Multiple Range
Test (DMRT).
Species
Gigantochloa albociliata
Dipterocarpus alatus
Xylia xylocarpa var.kerrii
Canarium subulatum
Shorea siamensis
Schleichera oleosa
Pterocarpus macrocarpus
Vitex peduncularis
Remarks:

Mean weight (g)
22.14a
15.26b
10.39 b,c
8.56 c
6.59 c
5.77 c
5.73 c
5.08 c

a

indicates species with average remaining weight >20 g.
indicates species with average remaining weight remaining between 10-20 g.
c indicates species with average remaining weight <10 g.
b

Decomposition rate was different
among various species, with bamboo (G.
albociliata) returning the lowest rate. The physical
toughness may slow down the decay process
leading to the lowest rate of decomposition

(Rogers, 2002). The evergreen and deciduous
species were also divided into groups b and c,
respectively. The current study found that the
deciduous species group (P. macrocarpus, V.
peduncularis, C. subulatum, X. xylocarpa var.
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kerrii, S. oleosa, and S. siamensis) had a high
value of decomposition rate compared to the
evergreen species group including D. alatus,
which was mostly found along the creeks at
this site. A similar study by Cornwell et al.
(2008) also reported a similar conclusion that
the decomposition rate of deciduous forest
was higher than evergreen forest.
Leaf Litter Nutrients
During leaf decomposition, nutrients
were released into soil. We found that the
nutrient content (as indicated by the levels
of N, P, K, Ca, Mg, and S) of the selected

species in MDF varied among species. The
nutrient content in G. albociliata indicated
the highest level of nitrogen and the lowest
phosphorus content (N > K > Ca > Mg > S
> P). D. alatus, X. xylocarpa.var. kerrii, S.
siamensis, C. subulatum, and P. macrocarpus
had the highest level of calcium and the lowest
phosphorus content (Ca > N > K > Mg > S
> P). V. peduncularis indicated the highest
level of calcium but the lowest sulphur content
(Ca > N > Mg > K > P > S) (Table 2). After
decomposition of the leaf litter, these nutrients
would support the soil fertility as as the main
source of the soil nutrient pool.

Table 2 Percentage of nutrient content found by chemicalanalysis in the leaves of the eight
selected species.
Species
Gigantochloa albociliata
Dipterocarpus alatus
Xylia xylocarpa var. kerrii
Shorea siamensis
Vitex peduncularis
Schleichera oleosa
Canarium subulatum
Pterocarpus macrocarpus

%N
1.19
0.84
1.12
0.56
0.77
0.79
0.58
1.17

%P
0.06
0.04
0.02
0.04
0.22
0.14
0.01
0.01

As indicated by the nutrients content, it
was found that most tree species contained the
highest Ca content in the leaf litter . In contrast,
the lowest S and P content was found in the leaf
litter of most tree species. The leaf litter and
soil nutrient contents were correlated. In this
area, thehighest Ca and lowest S, P content
was found in the soil (Anusontpornperm and
Kheoruenromne, 2001). It can be deduced
that a large proportion of Ca found in the leaf
litter was decomposed and released into the
soil, resulting in the highest levels of Ca in
the soil. In contrast, the nutrient levels had

%K
1.03
0.31
0.53
0.43
0.45
0.76
0.45
0.85

%Ca
0.43
1.43
1.89
1.74
2.35
2.66
1.49
2.08

%Mg
0.25
0.28
0.23
0.18
0.52
0.28
0.27
0.47

%S
0.07
0.1
0.06
0.06
0.07
0.16
0.06
0.07

reduced in the leaf litter after decomposition,
resulting in less soil nutrients (Zeng et al.,
2016). Compared to the decomposition rate
and release of nutrients from the leaf litter with
other MDFs (Chamoi, 2012; Sena, 2014), this
MDF had higher levels of soil fertility.
Influences of Climate on Decomposition Rates
To study the influences of climate
factors on the decomposition rates or percentage
weight loss per month, the natural logarithm
of the percentage weight loss per month was
plotted against each of the climatic factors and
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a regression model was used. The negative

fauna into the leaf litter kept in nylon bags.

valuesCas.,Canariumsubulatum,Xyk.,
of percentage weight loss per month,
These negativeSco.,Schleicheraoleosa;
values may be minimized by
Xyliaxylocarpa.var.kerrii;
whichShs.,Shoreasiamensis;
was observed in the present
study, may
increasing the sample size or the number of
Dia.,Dipterocarpusalatus,andGia.,Gigantochloaalbociliata,
have been caused by irregular invasion of soil
respectively.

litter bags collected at one time (Figure 2).

Figure 3 Relationship between the decomposition rates of the eight dominant tree species and
Figure 3 Relationship between the decomposition rates of the eight dominant tree species and climate
climate factors. Ptm., Pterocarpus macrocarpus; Vip., Vitex peduncularis; Cas., Canarium
factors.
Ptm.,Pterocarpusmacrocarpus;
Vip.,Vitexpeduncularis;
subulatum,
Xyk., Xylia xylocarpa. var.
kerrii; Sco.,Schleichera oleosa; Shs., Shorea
siamensis; Dia.,Dipterocarpus
alatus, and Gia.,Gigantochloa
albociliata.
Cas.,Canariumsubulatum,Xyk.,
Xyliaxylocarpa.var.kerrii;
Sco.,Schleicheraoleosa;

Shs.,Shoreasiamensis; Dia.,Dipterocarpusalatus, and Gia.,Gigantochloaalbociliata.
The results of GLM indicated a
In contrast, no such correlation was found with
relationship between the decomposition rate

relative humidity and temperature. Most species

and three climatic factors in all the species.

returned a significantly positive correlation

A significant positive correlation was found

with rainfall and no significant relation with

between rainfall and the decomposition rate.

relative humidity and temperature (Table 3).
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Table 3 Generalized linear model (GLM) analysis of the relationship between the decomposition rate of the dominant species with the three climatic factors. The values in the cells
are model regression coefficients. Only significant coefficients as obtained by using
the Akaike’s information criterion (AIC) are included.
speices
all speices
Gigantochloa albociliata

climate factors
rainfall
temperature

relative humidity

0.052***

699.53

0.11**

88.65

Dipterocarpus alatus
Xylia xylocarpa var. kerrii

96.97
0.062*

81.27

Shorea siamensis
Vitex peduncularis

AIC

84.76
0.029*

92.87

Schleichera oleosa

83.21

Canarium subulatum

0.055*

86.54

Pterocarpus macrocarpus

0.037*

83.95

Remarks: * p < 0.05.
** p < 0.01.
*** p < 0.001.

The amount of rainfall is significantly
related to the decomposition rate. Increased
rainfall tended to increase the soil moisture
content, which is a limiting factor in
decomposition (Hopkins, 1966). In the tropical
forests, the rainfall varies between seasons, in
addition, soil moisture is very important for the
microorganism activity, which can accelerate
the decomposition (Department of soil Science.
2001). In the dry season, low rainfall resulted
in low soil moisture content, decreasing the
decomposition rates. In addition, forest fires
usually occur during the dry season and lead to
burning of all litters (Marod et al., 1999; Sena,
2014). Thus, soil conservation, particularly
soil fertility, can be considered using nutrient
from leaf litter.

CONCLUSION
The decomposition rate of the selected
dominant species in the MDF varied among
species and seasons. A high average constant
decomposition rate (k = 2.91) was obtained for
all species. The species were classified, based on
the decomposition rate, into three groups. The
high constant decomposition rate (k >3) group
included P. macrocarpus, V. peduncularis, C.
subulatum, X. xylocarpa var. kerrii, S. oleosa,
and S. siamensis. The intermediate constant
rate (2<k<3), included only D. alatus. The
lowest rate (k < 2) was found for bamboo (G.
albociliata). The decomposition rates were
significantly related to the amount of rainfall.
Thus, soil fertility in MDF is mainly supported
by decomposition rate, nutrient content, and
amount of litter.
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