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Abstract Leaf litter decomposition of Castanopsis fissa,
Cinnamomum camphora, Michelia macclurei and Myti-
laria laosensis in mixed broad-leaved plantation and pine
plantation was studied by the litterbag method for 1 year.
Leaf litter decomposition rates of the four species were
highest in Cinnamomum camphora, followed by Mytilaria
laosensis, Michelia macclurei, and Castanopsis fissa. The
decomposition rates of all four species were higher in the
mixed than in pine plantation. The decomposition
processes of all species followed Olson’s exponential
model. The decomposition coefficients (k) of all species
were also higher in the mixed plantation and had the same
order as the decomposition rates. The nitrogen contents of
leaf litter of the different species studied increased initially
and then decreased with time. Net release of N only
occurred in pine plantation. Potassium contents appeared
to decrease first but later increase, and net release was only
found in mixed plantation. Calcium, magnesium and boron
all showed similar pattern of initial increase followed by
later decrease. They all had net release in both mixed and
pine plantations. The release of phosphorus varied greatly
between species and showed no clear trend.

Keywords native broad-leaved trees, leaf litter, planta-
tions, decomposition rate, nutrient release

1 Introduction

In terrestrial forest ecosystems, litter decomposition is not
only an essential process of material cycling and energy
flow but also plays an important role in maintaining
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ecosystem functions. Forest litter can provide most
material and energy sources for soil decomposers and
determine the soil nutrient supply, thereby affecting the
nutrient uptake in plants (Adams and Angradi, 1996; Guo
and Sims, 1999). In most ecosystems, more than 90% of
the available nitrogen and phosphorus and more than 60%
of mineral elements come from plant litter cycling (Chapin
et al., 2002). The accumulation and decomposition of litter
therefore determine nutrient flow and balance in forest
ecosystems. So far, research mainly focused on factors
affecting litter decomposition, mechanisms of nutrient
release, efficiency of mixed decomposition and effects of
increased CO, concentration on litter decomposition
(Laskowski et al., 1995; Finzi and Schlesinger, 2002;
Gartner and Cardon, 2004).

Masson pine (Pinus massoniana Lamb.) and slash pine
(Pinus elliottii Engelm.) are the most common pioneer tree
species in the revegetation of barren hills and degraded
lands in southern China. It is well known that conifer litter
decomposes slowly and acidifies soil environment, which
inhibits microbial activities. Relatively speaking, broad-
leaved species produce a more favorable environment for
bacterial community because of the higher calcium content
in their leaves (Gustafson, 1943). Planting with native
broad-leaved species in conifer plantations is an effective
approach to improve the structure and function of artificial
plantations. Recently, more native tree species were
planted in the Guangdong Province. Most studies to date
have focused on native broad-leaved species selection and
relevant planting techniques (Zhuang et al., 2001; Zhang et
al., 2003) and ecological monitoring (Xue et al., 2002;
Zeng et al., 2003), but there is a paucity of information on
litter decomposition of broad-leaved species used in
southern China. The species involved include some exotic
species, such as Acacia auriculiformis A. Cunn. ex Benth.,
Acacia mangium Willd. and Albizia falcataria Fosberg.,
and some native broad-leaved species , such as Schima
superba Gardn. & Champ., Castanopsis fargesii Franch.,
Michelia macclurei Dandy, Fokienia hodginsii Henry et
Thomas and Alnus cremastogyne Burkill (Liao et al., 2000;
Zhou and Yi, 2003; Yang et al., 2004).



Hao ZHANG et al. Decomposition of leaf litter of four native broad-leaved tree species in south China 451

The objectives of this study are to assess the nutrient
dynamics of litter of four broad-leaved species native to
southern China and to compare their rates of decomposi-
tion in mixed broad-leaved plantation and slash pine
plantation. The findings obtained can provide valuable
information for practitioners involved with ecological
forest construction and management in southern China.

2 Materials and methods

2.1 Study sites

The study sites were located in the arboretum of
Changgang Hill (23°06'N, 113°18’E), South China
Agricultural University, Tianhe District, Guangzhou.
Guangzhou has a subtropical monsoon climate with a
long summer and short winter. The annual mean, minimum
and maximum temperatures are 21.8, 13.3 and 28.1°C,
respectively. The mean annual precipitation is 1710 mm?,
about 80% of which fall in the six months of the year from
April to September. The mean annual relative moisture was
79%. The study sites were low hilly woodland with an
altitude of about 40 m. The zonal soil is acid Ultisol
developed from granite according to USDA classification.

The experiment was carried out in a mixed plantation of
Schima superba and Michelia macclurei and a pine (Pinus
elliottii) plantation. The soil chemical composition of the
two experimental sites is shown in Table 1.

2.2 Study methods

2.2.1 Sample collection

Newly fallen leaves of four broad-leaved species, namely
Castanopsis fissa Rehd. et Wils., Cinnamomum camphora
(L.) Presl., Michelia macclurei Dandy, and Mytilaria
laosensis Lec., were collected from the study sites in early
October 2003. The samples were air-dried at room
temperature for about one week in the laboratory. In
order to simulate the natural condition of litter, three-layer
samples with similar bulk volume of the four species were
put into nylon litterbags 28 cmx 18 cm with 1 mm mesh,
each containing 28 g of Castanopsis fissa, Cinnamomum
camphora or Mytilaria laosensis or 14 g of Michelia
macclurei.

2.2.2  Litterbag method

One 20m transect was randomly set in the mixed

Table 1 Soil chemical composition of the two experimental sites

broad-leaved tree plantation and pine plantation in early
October 2003. The litterbags were buried in soil at a depth
of 2 cm, at a distance of 0, 10 and 20 m along the transect.
Four litterbags of each species were buried at each
sampling point. One litterbag of each species at each
sampling point was collected after 90, 180, 270 and 360
days and transferred to the laboratory for analysis.

2.2.3 Litter chemical analysis

The collected samples were rinsed with deionized water to
remove roots and soil particles. The samples were weighed
after drying at 60°C to constant weight to calculate the
rates of weight loss and decomposition.

The samples were ground into powder and stored in
plastic bags for chemical analysis. N and P were
determined by micro-diffusion diffusion method, molyb-
denum blue method and flame photometry, respectively,
after semi-micro Kjeldahl digestion H,SO,. K, Ca and Mg
were determined by atomic absorption spectrophotometry
after HF-HCIO, (1:1) digestion for K and dry ashing for
Ca and Mg. B was determined using curcumin colorimetric
method after hot water extraction (Department of National
Forestry Criteria of PRC, 1999).

2.2.4 Decomposition rate and model

The decomposition rate was calculated using the following
formula (Olson, 1963):
Dwi=(AW/W5)x100%

where Dwr is the decomposition rate, AW is the loss of
weight (g) between each collected sample and the original
sample and W is the original litter weight.

Decomposition coefficient (k) was calculated using the
exponential model as follows:

x/xo=exp

where x is the litter weight after a time ¢, x,, is the original
litter weight and ¢ is decomposition time.

3 Results

3.1 Decomposition rate and model of four species in two
plantations

Litter weight loss of the four species followed similar trends
in both mixed broad-leaved tree plantation and pine
plantation. Cinnamomum camphora lost weight fastest, and
Castanopsis fissa lost weight slowest. The decomposition

types pH (1:2.5) organic C total N total P total K available N available P available K
g-ke ) g-ke ) g-ke ) Ngkg')  Amgkg)  Amgkg)  Amgkg ')

mixed plantation 3.92 37.8 1.08 0.26 3.89 94.5 1.57 20.1

pine plantation 4.10 29.5 0.99 0.21 4.96 75.6 1.97 17.0
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rates of the four species were in general faster in mixed
broad-leaved tree plantation than in pine plantation (Fig. 1).

Using the exponential model to simulate the process of
litter decomposition, the decomposition coefficients
(R*>0.9, P<0.05) of the four species were high in the
two plantations. The decomposition coefficients (k) of all
four species were higher in the mixed broad-leaved
plantation than in the pine plantation. Speed of decom-
position followed the order Cinnamomum camphora >
Mptilaria laosensis > Michelia macclurei > Castanopsis
fissa (Table 2). According to the model, the time required
for 50% litter breakdown of Mpytilaria laosensis and
Cinnamomum camphora was less than 1 year in mixed
broad-leaved forest and less than 1.5 years in pine
plantation. However, the time required for Michelia
macclurei and Castanopsis fissa were 1 and 1.58 years in
mixed forest and 1.48 and 2.24 years in pine plantation,
respectively. Similarly, the time required for 95% litter
decomposition of Mytilaria laosensis and Cinnamomum
camphora was less than 4 years in mixed forest and about

mixed plantation

decomposition rate/%

O 1 1 1 ]
180 270 360

time/d
—{— Castanopsis fissa
——— Cinnamomum camphora
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5 years in pine plantation, whereas Michelia macclurei and
Castanopsis fissa needed 4.3-9.7 years respectively.

3.2 Major nutrient contents of newly fallen litter

The contents of major nutrient in newly fallen litter of the
four species are shown in Table 3. The contents of N, Ca
and Mg were higher in litter of Mytilaria laosensis and
Cinnamomum camphora than in that of Michelia mac-
clurei and Castanopsis fissa. The litter of Cinnamomum
camphora had the highest N, Ca, K and Mg, while
Mpytilaria laosensis had the highest B. The litter of
Michelia macclurei had the lowest N, P, K and Mg and
Castanopsis fissa had the lowest Ca and B. The ranking of
nutrients for the litter of the four species was different. The
nutrients of litter for Michelia macclurei were in the order
of N>Ca>K>P>Mg>B. Mytilaria laosensis and
Castanopsis fissa had similar ranking of N> Ca>K >
Mg > P > B, whereas that for Cinnamomum camphora
was Ca>N>K>Mg>P>B.

pine plantation

OL‘ L L 1 )

0 90 180

time/d
—QO— Michelia macclurei
—/\— Mpyitilaria laosensis

270 360

Fig. 1 Weight loss percentages of dry matter of the four species in two plantation sites

Table 2 Litter decomposition modes of the four species in the two plantation sites

vegetation types tree species

decomposition coefficient

determination rate 50% breakdown time 95% breakdown time

k R /year /year

mixed broad-leaved plan-  Castanopsis fissa 0.4440.07 0.971 1.58 6.28
tation Cinnamomum camphora 0.94£0.12 0.945 0.73 3.18
Michelia macclurei 0.69+0.01 0.963 1.00 4.33

Mytilaria laosensis 0.83+0.05 0.946 0.83 3.61

pine plantation Castanopsis fissa 0.3140.02 0.975 2.24 9.69
Cinnamomum camphora 0.6240.06 0.969 1.12 4.84

Michelia macclurei 0.4740.05 0.984 1.48 6.40

Mytilaria laosensis 0.56£0.05 0.985 1.24 5.35
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Table 3 Nutrient contents of newly fallen leaf litter of the four study species

specics Nl(g'kg ) Pl(gkg ) K/(g'kg ) Cal(g'kg ) Mg/(g-kg ) Bl(g'kg )
Castanopsis fissa 8.91 0.86 4.90 5.85 0.91 21.8
Cinnamomum camphora 11.7 0.83 6.15 29.2 1.48 22.1
Michelia macclurei 8.42 0.64 2.50 8.35 0.49 23.0
Mytilaria laosensis 11.3 0.69 3.72 10.5 1.39 30.5

3.3 Changes in weight loss of litter nutrients

The weight loss dynamics of litter nutrients reflect the
return of nutrients into natural cycles after physical and
chemical decomposition at different times. There were
remarkable differences in the changes in litter concentra-
tions of the various nutrients, especially for N, P and K,
with time in different species (Figs. 2 and 3).

The trends of N release for the four species in the two
plantations were similar (Fig. 2). N was accumulated in the
early decomposition period but was released at a later
stage. N had no net annual loss for litter in the mixed
broad-leaved forest, but net release occurred in the pine
plantation after 270 days. Litter of Castanopsis fissa and
Cinnamomum camphora released N earlier in pine
plantation than in mixed broad-leaved forest. In one
whole year, K had net release for the litter of the four
species in mixed forest. However, in pine plantation, K had
net release only before 180 days, after which K was
accumulated and exceeded the original value.

The release of P from litter of the four species was not
obvious. In the mixed plantations, P was released initially,
then accumulated and released again for Michelia
macclurei and Castanopsis fissa, with a net release before
180 days. However, Mytilaria laosensis and Cinnamomum
camphora showed initial accumulation and subsequent
release and accumulation, resulting in no net release in an
entire year. In the pine plantation, Michelia macclurei,
Mytilaria laosensis and Cinnamomum camphora showed
different patterns of fluctuation from that of Castanopsis
fissa with all species, except Mytilaria laosensis having net
P release in a whole year.

The releasing trends of Ca, Mg and B of the four species
in the two plantations were very similar (Fig. 3). They were
accumulated to a lesser extent and then excessively
released. There were net releases of Ca, Mg and B in the
four species on an annual basis.

4 Discussion
4.1 Factors influencing litter decomposition

The weight loss of litter was affected by soil temperature,
moisture and available nutrient contents, and by the texture
and organic contents of the litter (Berg et al., 1993). Otsuki
et al. (2005) suggested that soil moisture and temperature

in natural oak forest were significantly higher than in pure
plantation of Robinia pseudoacacia, which resulted in a
higher decomposition rate of litter in broad-leaved forest.
Mixed broad-leaved forest and pine plantation were chosen
in this study. According to the results of soil chemical
analysis, organic matter, total N and P and available N and
K were higher in mixed forest than in pine plantation; only
total K and available P were higher in the pine plantation.
The litter decomposition rate was more rapid in mixed
forest than in pine monostand, indicating that the former
better supported litter decomposition and nutrient cycling.
This is in line with another study in Yunnan pine plantation
and evergreen broad-leaved forest (Liu et al., 2000).
Microbes are the major decomposers in soil, and their
activities are directly influenced by soil temperature,
moisture and nutrient availability. Compared with pine
plantation, mixed broad-leaved forest had more complex
structure and abundant litter which could provide better
growth conditions for soil microbes and animals, thereby
accelerating litter decomposition.

The decomposition processes of all species followed
Olson’s exponential model. According to this model, the
time required for 95% litter breakdown of the four species
was 3 to 6.3 years in mixed plantations. Cinnamomum
camphora had the fastest decomposition rate, requiring a
period of 3.18 years (Table 2). This was similar to the
estimated time of 2.5 to 4.5 years required for 95% litter
breakdown of Castanopsis sieboldii, Schima wallichii,
Elaeocarpus japonicus and Daphniphyllum teijsmannii in
evergreen broad-leaved forest of Okinawa, Japan (Alhamd
et al., 2004) but higher than 1.27 years for 95% litter
breakdown in natural Quercus forest in subtropical India
(Pandey et al., 2007). The time required for 95% litter
breakdown of four species was 4.84-9.69 years in pine
plantation, which was higher than 3.02-4.22 years for
those of Cunninghamia lanceolata and Michelia macclurei
in both mixed and pure Cunninghamia plantation in
southern China (Wang et al., 2007). The annual decom-
position rates of the four species ranged from 22.6% to
60.9%, which was lower than the 70% in the Cryptocarya
concinna community in Dinghu Mountain or rainforests in
tropical area (Weng et al., 1993), but higher than those (20—
30%) in temperate forests (Hu et al., 1987). However, since
this study only lasted for 1 year, the decomposition rates of
litter from various species native to southern China need
further investigation.

The quality of litter had a significant effect on the
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Fig. 2 Variations of N, P and K concentrations in leaf litter of the four species in two plantation sites

decomposition rate. Soil microbes, which require nutrients
such as N and P, play an important role in litter
decomposition. When the litter is rich in major nutrients,
the growth of the soil microbial community increased
rapidly, speeding up the decomposition rate (Enriquez et
al., 1993). It is commonly believed that a positive

correlation exists between the litter contents of N, P, K
and Mg and the decomposition rate, which alters with the
different decomposition stages (Angelis et al., 2000). It is
well documented that decomposition rate was more rapid
in high N litter than in low N litter (Mfilinge et al., 2002;
Alhamd et al., 2004). Litter of Mytilaria laosensis and
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Fig. 3 Variations of Ca, Mg and B concentrations in leaf litter of the four species in two plantation sites

Cinnamomum camphora had higher contents of N, Ca and
Mg than Michelia macclurei and Castanopsis fissa
(Table 3). This corresponds to the higher decomposition
rate in Mytilaria laosensis and Cinnamomum camphora
than Michelia macclurei and Castanopsis fissa in both

mixed broad-leaved and pine plantations. This also applies
to the decomposition coefficient £, which was in the order
of Cinnamomum camphora > Mytilaria laosensis >
Michelia macclurei > Castanopsis fissa (Table 2). Casta-
nopsis fissa, which belongs to the family of Fagaceae, has
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been heavily planted in southern China because it is fast-
growing and supports the presence of mycorrhizal fungi. In
spite of this, the decomposition rate of its litter was slow,
and inferior to those of Falcataria moluccana, Acacia
auriculiformis, Eucalyptus tereticornis and Schima
superba (Zou and Yi, 2003). The low decomposition rate is
probably a consequence of the high cutin content in leaf,
which was positively related to the residual litter content
because cutin could prevent invasion of fungal hyphae and
suppressed litter decomposition (Gallardo and Merino, 1993).

4.2 Nutrient dynamics of decomposing litter

There are three common patterns of nutrient transfer during
litter decomposition. They are 1) eluviation, accumulation
and release, 2) accumulation and then release and 3) direct
release (Li and Chen, 2004). The patterns were different
for macronutrients N, P and K but similar for other
essential nutrients such as Ca, Mg and B. N was
accumulated and then released in mixed broad-leaved
forest and pine plantation, which was similar with the
results for litter of Populus tremula, Robinia pseudoaca-
cia, Fokienia hodginsii, Cunninghamia lanceolata, Pinus
yunnanensis, Cyclobalnopsis glaucoides and Castanopsis
orthacantha (Jia et al., 1998; Liu et al., 2000; Yang et al.,
2004). N was largely influenced by biological factors. It
was an essential element for the growth of soil microbial
communities and was easily fixed by soil microflora,
which could lead to effective accumulation during the
process of decomposition. N was totally released for the
four species in pine plantation, but mixed broad-leaved
forest had no net N release. N accumulation is caused by an
increase in cytoplasmic N in microbes (Aber and Melillo,
1980), found in large populations in mixed forest, which
led to prolonged N accumulation and no net N release. K
was released and then accumulated for four species in
mixed and pine plantations. K exists as ions in plant cells
and is highly mobile. K could be released through
eluviation in the early decomposition of litter and was
under greater influence by hydrological conditions in late
decomposition stages, resulting in highly seasonal fluctua-
tion (Osono and Takeda, 2004). K was totally released for
the four species in mixed broad-leaved forest, but pine
plantation had no net K release. Pine plantation with sparse
canopy is easily eroded by heavy rain, which leads to the
high eluviation and low accumulation for K, therefore
resulting in net release. P was affected by physical,
chemical and most importantly, biological factors (Las-
kowski et al., 1995). P had no evidential clear pattern in
mixed and pine plantations for the four species, which
indicates the complexity of P in the process of litter
decomposition.

Guangdong Province is located in a subtropical area and
its climate is warm and wet. Ca and Mg were low in forest
soil because they are highly eluviating after mineral
weathering. Natural soils in Guangdong are poor in B than
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in other micronutrients (Office of Soil Survey of
Guangdong Province, 1993). A study of the changes of
these three elements in the process of litter decomposition
could provide useful information on the nutrient cycle in
degraded hills in southern China. In this study, Ca, Mg and
B slightly accumulated initially and was then excessively
released. This pattern is similar to that found by Lu and Liu
(1989) and Yang et al. (2004). This study also suggests that
the litter of the four species could provide enough Ca, Mg
and B for the different types of forest soil and accelerate the
cycling of these elements in soils in southern China.

4.3 Management strategies in ecological plantations

In the late 1980s, a variety of broad-leaved tree species
were planted to replace conifer plantations, but most
broad-leaved species used, for example, Falcataria
moluccana, Acacia auriculiformis and Acacia mangium,
were exotic. These exotic plantations have simple stand
structure and low ecological benefits. In order to enhance
ecological effects, the use of native broad-leaved species
for afforestation was given much attention in the late
1990s. Native species not only improve microhabitats and
soil nutrients but also facilitate soil microbial activity and
function, which could accelerate litter decomposition and
enhance nutrient cycling in forests. In species selection,
native species with high potential nutrients (especially N)
are much preferred, but information on native species was
limited. Therefore, studies on the biological and ecological
characteristics of various potential native species are
therefore urgently required for the construction and
development of ecological plantations in southern China.

5 Conclusions

Litter decomposition rates of the four species were more
rapid in mixed broad-leaved forest than in pine monostand,
indicating that the former was better in terms of litter
decomposition and nutrient cycling. Litter decomposition
rates and the decomposition coefficient of the four species
were in the descending order of Cinnamomum cam-
phora > Mytilaria laosensis > Michelia macclurei > Cas-
tanopsis  fissa. Litter of Mytilaria laosensis and
Cinnamomum camphora had higher contents of N, Ca and
Mg than Michelia macclurei and Castanopsis fissa,
attributable to the higher decomposition rate in the former
two species in both mixed and pine plantations. N was
totally released for the four species in pine plantation, but
mixed broad-leaved forest had no net N release. K was
released and then accumulated for the four species and net
release was only found in mixed forest. P had no clear
release pattern in both plantations for the four species. Ca,
Mg and B slightly accumulated initially and were then
excessively released. They all had net release in both
plantations. The use of native species with potentially
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higher leaf nutrients for afforestation in southern China is
strongly recommended.
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