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Comparison of Major Nutrient Release Patterns of Quercus liaotungensis
Leaf Litter Decomposition in Different Climatic Zones

WANG Li-Xin WANG Jin HUANG Jian-Hui "
Laboratory of Quantitative Vegetation Ecology Institute of Botany —The Chinese Academy of Sciences Beijing 100093 China

Abstract  Leaf litter decomposition of liaotong oak  Quercus liaotungensis Koize under temperate subtropi-
cal and tropical forests was examined using a litter bag technique. Decomposition rates and release dynamics of
nutrients Ca Cu Fe K Mg Mn and P were observed separately at all three sites for 1 to 2 a periods. The
leaf litter mass loss of liaotong oak was simulated with Olson’ s exponential model. Significant differences of
leaf litter mass loss were found in forests of all three climate zones. Litter decomposition was accelerated with
the increase of both annual mean precipitation and temperature. Our results agreed with other studies demon-
strating that litter decomposition processes were greatly affected not only by soil organisms including soil fauna
and microorganisms  but also by chemical factors. These chemical factors were important for controlling the
release of nutrients especially elements of Fe and Mn. We also found that Fe and Mn content increased in se-
mi-decayed leaf litter as litter mass decreased. This result was presumably due to chelating process which accu-
mulated soil Fe and Mn ions into the decomposing litter. In conclusion our study allowed us to determine the
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classification of the characteristics of different nutrient release patterns.
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Litter decomposition is a critical process in ecosys-
tem biogeochemistry cycles during which nutrients get
mineralized. There are two parallel processes decomposi-
tion of organic material and formation of humus. After
these two processes nutrients enter the material cycle.
Facelli and Pickett 1991 pointed out that litter is not
only a pool for nutrients transfer but also an important
factor affecting community organization and dynamics.

Litter decomposition is a complex process including
series of physical and biochemical processes. During
these processes  soil microorganisms play significant
roles. Litter decomposition rates and nutrient mineraliza-
tion are basically accomplished by the activities of soil mi-
croorganisms. Therefore if environmental conditions in
an ecosystem are favorable the decomposition rate will be
high Huang et al 1998 . Temperature and precipita-
tion are among the most important environmental vari-
ables which may influence litter decomposition .

With limited research methods and relatively expen-
sive experimental cost the study of litter decomposition
has not reached such level as nutrient release dynamics
until recently lousier and Parkinson 1978  Blair
1988 Laskowski et al 1995 Dighton 1995 . Rele-
vant research in China is even less Zheng et al 1995

Wang and Huang 2001

specific nutrient release dynamics. In addition given

with no findings pertaining to

varying climatic conditions and different element functions
on plant species still no common nutrient release model
at regional or global scale has been developed.

Carbon dioxide release during litter decomposition is
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leaf litter decomposition temperate subtropics trop-

regarded as the most important part of soil processes re-
leasing CO, into the atmosphere. Research on global cli-
mate change shows that there will be a continuous rise in
temperature and precipitation in the future affecting leaf
litter decomposition rates. Our objectives for this study
are 1 to compare the decomposition rates of leaf litter
of liaotong oak in three areas with significantly different
temperature and precipitation Donglingshan Mountain in
temperate zone
Xishuangbanna in tropical area 2

Shennongjia in subtropical zone and
to address the ef-
fect of possible climate change on litter decomposition
rates and 3 to determine general nutrient release pat-
terns during litter decomposition and their affecting fac-
tors.

1 Materials and Methods

1.1 Description of study sites

Experiments were separately conducted in Dongling-
shan Mountain temperate site  Shennongjia subtropi-
cal site  and Xishuangbanna  tropical site . The
Donglingshan Mountain site was located in an experimen-
tal area of Beijing Forest Ecosystem Research Station of
the Chinese Academy of Sciences at Mentougou West
Beijing 40°01' N 115°28" E . The elevation was 1 200
m.a.s.l. This region experiences a semi-arid temperate
climate characterized by warm humid summers and cold
dry winters with annual precipitation of 600 mm and
annual average temperature of 2 — 8 °C. Decomposition
samples were placed in a deciduous forest dominated by
Quercus liaotungensis Koize other important tree species
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include Dahurian birch  Betula dahurica Pall.  Mono
Maple Acer mono Maxim.  and Manchurian Linden
Tilia mandshurica Rupr et Maxim.
hazelnut  Corylus mandshurica Maxim.
abelia  Abelia biflora Turez.  and largeflower deutzia
Deuizia grandiflora Bunge.  are dominant shrub
species  while common small reed Calamagrostis arund-

Manchurian
twinflower

inacea  Linn. Roth. and rigescent sedge  Carex
rigescens  Franch. V. Krecz. dominate herbaceous
layer.

The Shennongjia site was located in the Northwestern
Hubei Province 110°29" N 30°19" E . The elevation
was 1 700 m.a.s.1. This area belongs to the north sub-
tropical zone. The average annual temperature is 4.6 C

1998 1999 The Meteorology station is located at
1290 m above sea level — and annual precipitation is
1 303.6 mm. Decomposition samples were placed under
an Engler beech Fagus engleriana  forest. The major
woody species include Engler beech several species of
maple Acer spp.  Hemsley Cornel dogwood Cornus
hemsleyi Shneid. et Wanger.  several species of oak

Cyclobalanopsis spp. Oerst. and Tanoak Lithocarpus
spp. BI.

Xishuangbanna site was located in southern Yunnan
Province 21°50" N 101°12" E  which borders Laos
and Myanmar with a typical monsoon tropical climate
characterized by relatively cool rainy season from May to
October and warm dry season from November to April.
The elevation of the site was at 730 m.a.s.1. The annual
active accumulative temperature could amount to 7 500
°C. Liaotong oak leaf litter decomposition bags were
placed on the forest floor of a seasonal rain forest. The
dominant species is Pometia tomentosa Bl. Teysm. et
Binn and the sub-dominant species include Barringtonia
macrostachya  Jack Kurz — Chisocheton siamensis Craib
Gironniera subaequalis Planch — Mezzettiopsis  creaghii
Ridl  Ardisia tenera Mez and Dichapetalum gelonioides

Roxb. Engl. Average annual temperature there is 21 .8
°C  and the annual precipitation is 1 550 mm.

1.2 Study methods

A mesh bag method was used in this experiment.
The mesh bag approach is simple and easy to carry out
thus common in studies of forest floor decomposition.
However the mesh size may affect study result Wang
and Huang 2001 . Lousier and Parkinson 1976 point-
ed out that the extent of compactness would result in dif-
ferent humidity which could affect decomposition rates.
One mm nylon meshed bags were used based on leaf sam-
ple size keeping sample from being highly compacted.
Freshly fallen liaotong oak leaf litter were collected with

net traps under the oak forests during the periods of maxi-
mum litterfall late September to early November . Five
grams of air-dried litter was placed in each 1 mm-mesh
bag. The litter bags were distributed in Donglingshan
Mountain  Shennongjia and Xishuangbanna sites on Octo-
ber 25th 1997 March 31st 1998 and December 27th
1997 respectively. All the mesh bags were randomly dis-
tributed to five points on the forest floor and tied with iron
cords fixed around the base of tree stems. The first sam-
pling occurred May 6th 1998 May 10th 1998 and Jan-
uary 24th 1998 respectively at the three sites. Decom-
posed litter was collected at intervals of half a month or
two months depending on the site and season of the year.
After sampling leaf litter were washed free of soil and
then oven-dried at 80 °C until reaching a constant weight.
After weighing all the samples were grounded for chemi-
cal analysis.
1.3 Analysis for major elements

Total nitrogen content was measured using the Kjel-
dahl method after digesting with H,S0,. Total organic
measured with  H,S0,-K,Cr, O
method and other elements were measured using ICP af-

ter digested with HNO3;-HCIO,.
2 Results and Analysis

Donglingshan Mountain = Shennongjia and Xishuang-
subtropical and tropical cli-
mate zones. Comparison of the decomposition in these
three different climate zones allows for the study of de-
composition under different temperature and precipitation.
This comparison also allows for the prediction of the
changes of litter decomposition under given global warm-
ing conditions. The decomposition process of oak leaf lit-
ter can be simulated by Olson exponential equation
1963 in all of the three sites as

Donglingshan Mountain

matter content was

banna belong to temperate

y=102.78e " %251* 1+ =-0.8281 n=11 P<0.01
Shennongjia

y =96.376e %08 +-0.9351 n=13 P<0.01
Xishuangbhanna

y=115.19¢ 1%+ -0.8749 n=16 P<0.01

Ninty-five percent of the leaf litter will decompose
completely within 13. 95 a in Donglingshan Mountain
6.96 a in Shennongjia and 2.86 a in Xishuangbanna re-
spectively Table 1 Fig.1 .

Litter decomposition rates are strongly affected by
especially temperature and precipitation. With
the increase of precipitation and annual average tempera-
ture litter decomposition rate increases accordingly.

climate

Table 1 Comparison of the four coefficients describing litter decomposition rates in three temperate subtropical and tropical regions

Sites Decomposition rate K /a r 1/K a ” 3/K a ™
Donglingshan Mountain 0.215 0.828 1 4.65 13.95
Shengnongjia district 0.431 0.9351 2.32 6.96
Xishuangbanna district 1.117 0.8749 0.89 2.69

1/K” and 3/K™ are hoth the decomposition rates namely the time needed for 63.2% and 95% of the litter decomposed respectively.
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during decomposition in Xishuangbanna Shennongjia and Dongling-

Exponential simulation of Quercus liaotungensis mass loss

shan Moutain.

These results were similar to Zhong and Du 1997 on the
study of relationship of litter decomposition of red clover

Trifolium pretense L. and common orchard grass
Dactylis  glomerata L. with  temperature  and
precipitation. Laskowski et al 1995 found that ele-
ment concentration and absolute content are both impor-
tant ecologically. Changes in concentrations directly affect
nutrient availability and/or some ions’ toxicity to plant
and soil microorganisms. While changes of absolute con-
tent are very important for predicting ecosystem change
we analyzed both concentration and remaining percentage
showing the absolute content — Figs. 2 3
2.1 Potassium

Potassium K is not a structural component of plant

tissue and K* is easily removed so dead tissue would
not be expected to hold K* against leaching and decom-
position Gosz et al 1973 . In our experiment remain-
ing percentages of K decreased rapidly in all three sites.
In Shennongjia and Xishuangbanna sites K™ release was
correlated with litter mass loss significantly r = 0.745
P<0.01 r=0.767 P<0.01 showing that precipi-
tation strongly affected litter decomposition in these two
sites mnot only for K*  which is easy to be leached but
also for leaf litter. From the beginning of the experiment
K" quickly went into release phase in Shennongjia site
this release pattern was related to the precipitation at
Shennongjia site see analysis of Mg or Cu for the detail
precipitation . In Xishuangbanna site K remaining per-
centage increased firstly then decreased and gradually
fell into the leaching phase. The somewhat late occur-
rence of the leaching phase can also be explained by cli-
matic condition especially precipitation. The experiment
started in Xishuangbanna in late January with very little
precipitation 1 mm  far less than the peak precipitation
period from May to August see analysis of Mg or Cu for
detailed precipitation . In Donglingshan Mountain K re-
lease pattern was different from both Shennongjia and
Xishuangbanna sites that is it first decreased until
reaching the lowest point then increased a little and de-
creased again. The quick decrease of K concentration and
remaining percentage in the beginning shows the signifi-

cant effects of leaching during decomposition Bockheim
and Leide 1986 Enright and Ogolen 1987 . Alexan-
der 1977 also found that K release did not correlate
with microorganisms’ activities but from leaching.
Laskowski et al 1995 proposed a general pattern
of K* release based on one experimental and 138 field
studies. Potassium release processes can be divided into
two stages rapid concentration change and later stabiliza-
tion with K* concentration being close to that in humus.

Laskowski et al 1995

classified K* release into three patterns. In our experi-

Based on initial K* content

ment K* initial content in oak leaf litter was 3. 16
mg/g  which was in the range of 0.6 — 4.0 mg/g. Ac-
cording to Laskowski K* release should decrease first
then increase but in fact only K* release in Dongling-
shan Mountain site in our experiment exhibited this pat-
tern  while in Shennongjia and Xishuangbanna sites K*
was released from the very beginning which means that
the so-called general pattern for K* release is only ap-
plicable to litter decomposition in some specific climate
ZOnes.

Laskowski et al 1995
equilibrium concentration of K* release was 0.8 — 1.2
mg/g. In our experiment the final K concentrations in
Donglingshan Mountain Shennongjia and Xishuangbanna
were 1.5 1.0 and 0.86 mg/g respectively. Based on
the decomposition trend and final concentration we con-

also pointed out that the

clude that in Shennongjia K™* release was halted while in
Xishuangbanna K* release may continue although the fi-
nal concentration was within the Laskowski’ s equilibrium
range. In Donglingshan Mountain K™ was found to con-
tinue release. At the end of our experiment the remain-
ing percentages in Donglingshan Mountain Shennongjia
and Xishuangbanna were 47. 31%  31. 60% and
27.31% respectively.
2.2 Calcium
Calcium Ca is a macronutrient that is required by

most higher plants and a critical structural component.
Most of the Ca in plants is stored in the leaves so release
of Ca from leaf litter is critical for the entire Ca cycle in
ecosystem. In Donglingshan Mountain and Shennongjia
sites the remaining percentage and concentration of Ca
rose from the very beginning. Calcium absolute content
tended to increase throughout the entire study although
concentrations were relatively stable with no great
changes. We found leaching did not occur throughout the
study. Calcium release did not correlate with mass loss
which was similar to the study of Lousier and Parkinson

1978 . They suggested that the release of Ca was mainly
caused by decomposition not leaching. Until the end of
the experiment there was no evidence of Ca release in
Shennongjia site  while Ca started to release from 0.96 a
after the onset of the experiment at Donglingshan Moun-
tain. In Xishuangbanna site Ca began to release from the
beginning of the experiment and was significantly corre-
lated with leaf mass loss r=0.669 P <0.05 . There

was little change in Ca concentration in Xishuangbanna
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Fig.2. Changes of nutrient remaining rate with time in Quercus liaotungensis leaf litter which decomposed in Xishuangbanna Shennongjia

and Donglingshan Mountain.
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site which is different from the increasing Ca concentra-
tions at Shennongjia and Donglingshan Mountain sites.
This indicated that Ca is a structural component of leaves
and its release happens during the process of decomposi-
tion. Such results were similar to the study of dogwood lit-
ter decomposition Thomas 1969 . Ca did not release
soon after the beginning of field incubation instead it ac-
cumulated in Donglingshan Mountain and Shennongjia
sites partly because of the high C/Ca ratio of the liaotong
oak leaf litter. For an element that is decomposed mostly
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Changes of nutrient concentrations with time in Quercus liaotungensis leaf litter which decomposed in Xishuangbanna Shennongjia

by microorganisms the initial ratio between carbon and
that element concentration is usually used as a critical
value for nutrient release Lousier and Parkinson 1978

There was proof unpublished data that the critical value
for Ca release in the temperate zone was between 11 and
14 while in this experiment the C/Ca value was 25.66.
We found that precipitation was not responsible for fast re-
lease of Ca in Xishuangbanna site because there was very
little precipitation approximately 1 mm when the exper-
iment began. Presumably the high activity and large
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quantity of microorganisms or fewer requirements for Ca
or an interaction of these two factors contributed to the re-
sults in Xishuangbanna. At the end of the experiment
the remaining percentages in Donglingshan Mountain
Shennongjia and Xishuangbanna sites were 98. 0%
106.4% and 31.5% respectively the Ca loss rate in
Xishuangbanna district was much larger than in the other
two sites.
2.3 Magnesium

Magnesium Mg began release relatively after stabi-
lization in both Shennongjia and Xishuangbanna sites.
The fast release period occurred during 0.54 —0.79 and
0.58 - 0.87 a from the beginning of the experiment. This
corresponded to the rainy season from May to August in
both areas. The precipitation in the two regions was
181.8 208.0 428.3 436.5 mm/month for the Shen-
nongjia site and 108 247 508 379 mm/month for
Xishuangbanna site. Magnesium release in both sites was
significantly correlated with leaf litter mass loss r =
0.928 P<0.0l and r=0.8 P <0.01 . From these
results we conclude that Mg release was affected by
both physical leaching and microbial activity in Shen-
nongjia and Xishuangbanna sites. The fact that Mg con-
centration in the litter did not change much in the two
sites further showed that the reduction of Mg paralleled
with decomposition of organic matter. Blair 1988 found
that Mg release in early periods leaching contributed
greatly while in the latter periods microbial effect was
more significant. In Donglingshan Mountain Mg was rel-
atively stable before reaching a maximum remaining per-
centage 165.70% at 2.09 a. It was after 2.09 a in
which Ca was released. This relatively stable process
proved that Mg release did not correlate with litter mass
loss. This release pattern was similar to two other tree
species e.g. two lindens Tilia mongolica T. mand-
shurica etc. from the same region unpublished data .
So lack of correlation was not caused by litter quality
but was determined by climate or microbial activity or in-
teraction of them. Gosz et al 1973 suggested when Mg
began to release the minimum C/Mg ratio in concentra-
tion was 900:1 to 1 350:1 and the minimum C/P ratio
in concentration was 0.5:1 to 1:1. In our experiment
the C/Mg ratio was 188.70 far less than 900:1 pre-
sumably that was the reason why the remaining percentage
of Mg showed an increasing trend from the beginning in
all three sites. Some ecologists considered that Mg release
was mostly affected by microbial effects during the process
of organic matter decomposition which was characterized
by linear relationship between Mg release and litter mass
loss Staaf and Berg 1982 Rapp and Leonardi 1988 .
Other findings suggested that Mg release was mainly af-
fected by physical leaching Dziadowiec 1987 . Our
findings showed that Mg release was affected by both mi-
crobial and physical leaching. However the two factors
interchangeably affected each other. When microbial ef-
fects increased physical leaching decreased. At the end
of the experiment the remaining percentages in Dongling-
shan Mountain ~ Shennongjia and Xishuangbanna sites

were 82.40% 65.10% and 25.52% respectively.

2.4 Iron
The concentration and remaining percentage of iron

Fe changed greatly in all three sites especially in
Xishuangbanna where large levels of enrichment occurred.
At the end of the experiment the remaining percentages
in Donglingshan Mountain  Shennongjia and Xishuang-
banna sites were 1 106.45% 184.9% and 1 014.35%
respectively. Rustad 1994 found that Fe remaining per-
centages were 340% and 870% in the study of white pine
and red pine litter decomposition. In Donglingshan Moun-
tain and Xishuangbanna sites Fe release was negatively
correlated with litter mass loss significantly r =
-0.813 P<0.0l and r= -0.752 P <0.01
Gosz et al 1973 found a similar phenomenon given
high soil Fe concentrations and high soil acidity. This al-
lowed for Fe?* and other dissolved ions in top portions of
the soil layer to become incorporated into leaf litter. Leaf
shedding could last for a long time in Xishuangbanna site
based on concept of litter decomposition of Gosz et al
fresh leaf litter would contribute Fe to the forest floor con-
tinuously. While this could explain part of the phe-
nomenon it did not explain why Fe release was negatively
correlated with litter mass loss. We suggested that Fe re-
lease followed these processes in Donglingshan Mountain
and Xishuangbanna sites firstly litter might be decom-
posed by microorganism  producing organic by-products

e.g. humic and fulvic acids . Stevenson 1982 found
that humic and fulvic acids had high ability of chelating.
Secondly the by-products might chelate Fe cations in the
soil while processing leaf litter decomposition. Therefore
Fe absolute content in leaf litter increased with the accu-
mulation of by-products. Since the most important charac-
teristic in this decomposition pattern was the production of
chemicals such as humic and fulvic acids by microorgan-
ism it was termed* Chemical effect dominance” decom-
position pattern. Under this pattern the content change
would not directly depend on microbial activity. The de-
composition process had a significant feature that is the
element release was negatively correlated with litter mass
loss. Laskowski et al 1995 proposed a similar idea
stating that Fe  Zn Pb and Cd all belonged to this pat-
tern  but did not describe the features of this decomposi-
tion pattern. In Shennongjia site Fe release did not cor-
relate negatively with litter mass loss. ITron release should
belong to other patterns in this area. The high extent of
increase of Fe concentration and remaining percentage was
caused by microbial enrichment. Changes of Fe concen-
tration and remaining percentage were similar in all of the
three sites in our study.
2.5 Phosphorus

Phosphorus P is also an important element next to

N in plant nutrition. But compared with other elements
the content of available P in soil is very low so the cycle
of P in soils mainly depends on microbial activities Gosz
et al 1973 . In our experiment P concentration in the
three sites increased over time but the changes of P re-
maining percentage did not keep step with each other.
The finding was different from what Gosz et al 1973
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observed. They found that both P concentration and re-
maining percentage increased during the whole experiment
period. While in our experiment P loss in Donglingshan
Mountain site was different from that in Xishuangbanna
and Shennongjia sites. In Donglingshan Mountain P re-
maining percentages reached a maximum 145.42%  af-
ter a relatively stable period ~ 1.8 a  then decreased
dramatically . At the end of the experiment the P remain-
ing percentage almost approached its initial value

97.81% . During the whole experimental period P re-
maining percentages kept relatively stable and no clear
leaching or release period was found. At the Shennongjia
site P remaining percentages decreased greatly and then
went into an accumulation period. Showing little fluctua-
tion the increasing trend was fairly clear. At the end of
the experiment P remaining percentages reached the ini-
tial value 105.1% . In Shennongjia site the rapid de-
crease of absolute P content in the beginning was possibly
due to high initial P content in oak leaf litter. But physi-
cal leaching was not the main effect influencing P release
since P was in the state of accumulation in the following
rainy season from May to August. In Xishuangbanna site
the absolute P content also decreased dramatically at the
beginning then increasing rapidly to a maximum remain-
ing percentage 118.08% and began to release there-
after. At the end of the experiment P remaining percent-
age was 64.16% . From January to March it was not the
rainy season at the Xishuangbanna site with almost no
precipitation so the rapid decrease of P content definitely
did not caused by physical leaching. P is a non-metal el-
ement thus would not be chelated and decomposed fol-
lowing the” Chemical effect dominance” pattern. Phos-
phorus loss in all three sites was caused by a biological ef-
fect. The difference among all three sites was a product of
different regional climates. The temperature and humidity
in the latter two sites may be more favorable for microor-
ganism growth and activity. Of course there were other
reasons that would contribute to the increasing of P con-
tent. For example Gosz et al 1973 mentioned that P
content in rainwater was low so the increase of absolute P
content resulted from the uptake of P from flower pollen
fresh litter and soil organic layer. In our experiment P
loss did not correlate with litter mass loss during the whole
decomposition period in all the three sites. These results
differed from the findings of both Attiwill 1968 and of
Lousier and Parkinson 1978 . Such difference shows the
complexity of element loss patterns even for the same el-
ement the loss pattern may not be the same under differ-
ent climate condition from different plants or from differ-
ent organs in the same plant.
2.6 Copper

In Donglingshan Mountain site the Copper Cu

and Ca followed similar release patterns 1i.e.
lating from the beginning of the experiment resulting in
the continuous increase of both the concentration and re-
maining percentage. At the end of our experiment Cu re-
maining percentage was still higher than 100% . In Shen-
nongjia site  Cu remaining percentage decreased gradually
at first and reached the lowest point 65.21% in

accumu-

November of 1998 then increased gradually and reached
the highest point 181.4%  and then decreased again.
Although there were some fluctuations Cu concentration
generally increased. In Shengnongjia site the experiment
began during the rainy season from May through August
the precipitation was 181.8 208.0 428.5 and 436.5
mm respectively. So the rapid decrease of Cu remaining
percentage was most probably caused by leaching. The
following increase and then decrease was caused by micro-
bial accumulation and release. In Xishuangbanna site Cu
remaining percentage decreased at first until reaching the
lowest point 26.67% on April 24th  and then began to
accumulate until reaching the highest point 208.61 %
on May 24th 1998 and then went into the releasing peri-
od. The change of Cu concentration was similar to that of
remaining percentage that is it decreased at first then
increased reaching the highest point and then decreasing
again. The period of Cu release responded to the rainy
season in Xishuangbanna from May to August the precip-
itations were 108 247 508 and 379 mm respectively
which indicated that leaching may have been responsible
for Cu release. Gosz et al 1973 believed that leaching
should be the most important way for Cu loss which
agreed well with our study result. If an element is a struc-
tural component its release will correlate with litter mass
loss. While in our experiment Cu loss did not correlated
with litter mass loss in all three sites thus we conclude
that Cu was not a structural component in the oak leaf lit-
ter. At the end of the experiment Cu remaining percent-
ages in Donglingshan Mountain  Shennongjia and
Xishuangbanna sites were 154.140% 100.5% and 58.
09%  respectively.
2.7 Manganese
In Donglingshan Mountain site Manganese Mn

first was stable for a period of 1.21 a from the beginning
of the experiment then increased dramatically and
reached a maximum remaining percentage 125.48%
followed by remarkable decrease. At the end of the exper-
iment the remaining percentage reached the initial level

~80% . The release of Mn negatively correlated with
litter mass loss r= -0.611 P <0.05 meaning that
Mn release followed the Chemical effect dominance” pat-
tern. Tn Shennongjia and Xishuangbanna sites Mn’ s re-
lease did not correlate with litter mass loss r= —0.043
and r= —0.093 indicating that the release patterns in
the three sites were different. Mn’ s release depended on
microbial activity in Shennongjia and Xishuangbanna sites
since there was no physical leaching. In these two sites
Mn' s concentration increased all the time while remaining
percentages decreased after reaching maximum. The dif-
ference in the change of concentration and remaining per-
centage proved that Mn was easier to lose than organic
matter. The C/Mn ratios in Shennongjia and Xishuang-
banna sites were different 891.15 and 484.37 respec-
tively at the time when Mn began to release. This differ-
ence most probably resulted from the different microbial
requirements for one element under different climate con-
ditions. At the end of our experiment the remaining per-
centage in Donglingshan Mountain ~ Shennongjia and
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Xishuangbanna sites were 85. 58% 171. 7% and

105.37%  respectively.
3 Discussion

Based on the results of previous research and our
own experiment we found that there are many factors
which may affect element release during litter
decomposition processes. Among them environmental
factors as well as litter quality are of major importance.
Biological factors which are carried out by microbial ac-
tivity are critically important. However with respect to
some elements such as K and Mg leaching is also signifi-
cant. Sometimes the effects of leaching may even surpass
biological ones. In addition for Fe and Mn a new de-
composition pattern was found that is “ Chemical effect
dominance”  in which the release of the element is affect-
ed by microorganism with its own feature different from
that of* Biological effect dominance” . To compare and
contrast these patterns we summarized the features as fol-
lows

Biological effect dominance The releases of most
elements such as Ca Cu and Mg follow this pattern.
The most significant feature of this pattern is the signifi-
cant correlation between element release and litter mass
loss. In general there is a critical value for element re-
leases i.e. the C/element ratio. The element will not
begin to release unless the ratio gets below the critical
value Lousier and Parkinson 1978 . Under such a pat-
tern if an element has higher initial content in litter it
will release directly without accumulation.

Chemical effect dominance Affecting only Fe and
Mn in our experiment. These elements are released in this
pattern during litter decomposition processes. The mecha-
nism of this pattern is that some compounds are first pro-
duced during decomposition and such compounds as hu-
mic and fulvic acids will chelate metal cations in soil
thus greatly increasing the content of metal cations in litter
along with litter decomposition. The most significant fea-
ture of this pattern is the negative correlation between ele-
ment release and litter mass loss.

Physical effect dominance
ments which usually are not structural components of
plants such as K and Mg  and will not accumulate in
litter. These elements are controlled mostly by physical
leaching. The characteristic of this pattern is that ele-
ments release from the very beginning of litter decomposi-
tion and are significantly correlated with precipitation.

However one should keep in mind that the release
of an element in litter during the decomposition process is
usually affected by multiple factors the dominant effect
may differ in different decomposition stages. Moreover
not only will the element in different litter be released
with different patterns but also the same element in the
same litter will be released following different patterns un-
der different climates in our experiment Mn is released
following different patterns in Donglingshan Mountain
Xishuangbanna and Shennongjia sites .

The release of ele-

4 Conclusion

Litter decomposition is obviously affected by cli-
mate. With increasing precipitation and mean annual tem-
perature the litter decomposition rates will increase.
Based on Olson exponential equation Olson 1963  the
complete decomposition of the oak leaf litter in Dongling-
shan Mountain site will take 13.95 a while just 2.67 a in
Xishuangbanna site.

At the end of the experiment
rates and element loss rates of litter were

In Donglingshan Mountain site K > litter mass > Mg
>Mn>P>Ca>Cu>Fe

In Shennongjia site K > litter mass > Mg > Cu > P
> Ca> Mn > Fe

In Xishuangbanna site Mg > K > Ca > litter mass >
Cu>P>Mn> Fe

Compared to other results different species and dif-
ferent habitats will greatly influence element movement.
For example the order of release rate during decomposi-
tion was K>Na>P>7n>Mg >Ca>N>Mn> Cu> Fe
for aspen in temperate climate lLousie and Parkinson
1978 Na>Cl>K> Mg>S> Ca> N> P for eucalyptus
under Mediterranean climate O’ Connell 1988 and K
>Mg>Ca>S>Cu>Na>Mn=N>Cd>Pb =Zn> Fe
for the average decomposition rate of oak pine and beech
in south Poland Laskowski et al 1995

As for the elements of which the release is primarily
controlled by microorganisms during decomposition there
is usually a threshold for the C/element ratio that deter-
mines the release of the element e.g. Ca release . Ac-
cording to our experiment we found that these values are
meaningful only in a particular climate zone. For exam-
ple Mn has different threshold values in Shennongjia and
Xishuangbanna sites.

the litter mass loss
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