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ABSTRACT: Cellulose mass loss by cellulose filter papers was measured for 3 time (35 days, 70 days, 105
days) incubation during the growing season (from May to September 2002) with different tree density and after fer-
tilization in a Japanese larch (Larix leptolepis) plantation. Cellulose mass loss rates were significantly different
between tree density types and fertilization treatments during the study periods. After 105 day incubation of cellu-
lose filter paper, cellulose mass loss rates were significantly higher in the low tree density (70.1%) than in the high
tree density (49.9%). Cellulose mass loss rates averaged 62.8% in the fertilization and 58.9% in the unfertilization
treatments during the same periods. However, cellulose mass loss was not significantly different between the forest
floor and the mineral soil layer except for 35 day incubation. The results indicate that cellulose decomposition rates
are a useful index to express differences in organic matter decomposition activity in different tree density and after

fertilizer treatments.
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INTRODUCTION

Organic matter decomposition is one of the key processes in
nutrient dynamics of forest ecosystem. The decomposition rates
in soils determine the available nutrients indicating high fertility
with a high rate of organic matter decomposition (Binkley 1984,
Haraguchi ef al. 2002, Kim 2000). Organic matter decomposition
rates have been related to many factors, including macro- and
micro-climate (Meentemeyer 1978, Yin ef al. 1989), litter quality
(Fogel and Cromack 1977), slope and azimuth (Lousier and
Parkinson, 1976), abundance of microbial communities (Blair ef
al. 1990), and canopy cover rates and nitrogen availability (Kim
2000). The use of cellulose filter paper, which can eliminate sub-
strate variation resulting from litter quality, allows useful compar-
isons of relative cellulose mass loss rates between treatments or
sites (Yin et al. 1989, McClellan ef al. 1990). The difference in
cellulose decomposition rates among forest types is controlled by
several factors, including soil physical and chemical properties,
soil temperature, and earthworm activity (Piene and Van Cleve
1983, Brown and Howson 1988, Beyer 1992). Generally, the cot-
ton strip method has been used for assessment of cellulose
decomposition rates in soil profiles (French and Howson 1982,
Hill et al. 1985), but cellulose filter paper is also used because it
is a simple and easy method (Binkley 1984, McClellan et al.
1990, Kim 2000, Haraguchi et al. 2002).

Although several studies have reported on the cellulose
decomposition rates after canopy removal (Binkley 1984, Mader
et al. 1989, Kim 2000) and among vegetation types (Conn and
Day 1996, Haraguchi et al. 2002), the direction and rates of
change associated with tree density and fertilization in a
Japanese larch plantation, which was a major tree planting
species in Korea, are not well understood. Consequently, the
objectives of this study were to measure tree density and fertil-
ization effects on cellulose decomposition rates in the forest floor
and mineral soil layer in a Japanese larch plantation.

MATERIALS AND METHODS

Study site and experimental design

The study was conducted in the Sambong exhibition forests
located in Hamyang-gun, Gyungsangnam-do administered by
Seobu National Forest Office. Annual precipitation in this area
averages 1,322 mm/yr and annual average temperature is 12.8
C. Experimental plots were located in two adjacent Japanese
larch plantations on moderately productive upland sites (Site
Index 15). Mean stand age was about 35 years. The Japanese
larch plantations were situated within about 1,000m of each
other. The experimental design consisted of two tree density
treatments (high tree density and low tree density), and each tree
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density treament divided into eight 20m X 10m piots randomly
assigned four fertilization and four unfertilization plots with leav-
ing an 5m buffer zone among each plot. Fertilizers were manual-
ly applied on the forest floor surface in the spring (24 May, 2002).
Urea, fused and superphosphate, and potasium chloride were
used as sources of N, P and K, respectively, at the rate of 112
kg/ha for N, 75 kg/ha for P and 37 kg/ha for K.

The volumetric soil water content was measured by Hydro-
Sence (Campbell Scientific Australia Pty. Ltd.) with soil probe of
12cm length. Soil temperature was measured by EGM-4 (PP
systems) connected with soil probe of 20cm length.

Cellulose decomposition

Cellulose filter papers were used for comparisons of relative
cellulose decomposition rates between fertilizer treatment (fertil-
ization and unfertilization), depth (forest floor and mineral scils),
and tree density type (high and low tree density). Ashless cellu-
lose filter papers (ADVANTEC No. 2, 15cm diameter, about 11g)
were weighed to the nearest 0.01g and placed into each num-
bered 15cm X 15cm fiber glass bag (mesh size 1.5mm).
Subsamples from each box of filter paper were also taken to
determine oven-dried mass at 60 C for 48 hours.

Nine bags (3 collection times X3 replicates) from each plot
were placed horizontally at the interface of forest floor (Oa layer)
and the mineral soil (the top of A horizon) within fertilization and
unfertilization treatments of each tree density type (24 May
2002). A sharp knife was used to minimize disturbance between
the forest floor and the mineral soils. The same number of bags
beside the cellulose bag placed in the forest floor to reduce the
effects of site environmental variation were inserted vertically into
the mineral soil to a depth of 15cm with a straight-blade shovel.
The bags were collected on three occasions (35 days, 70 days,
105 days incubations) during the 2002 growing season (from
May to September). Collected filter papers were oven-dried at 60
T for 48 hours, cleaned by gentle brushing with a soft paint-
brush to remove mineral soil or fine-root residue on the surface,
and weighed to determine cellulose mass loss rates.

The percent cellulose remaining mass (Y) was calculated
using the following equation: Y=W,/W, X100

Where W, is the initial cellulose mass and Wa is the dry mass
after removal from the field. Cellulose mass loss rates (R) were

Table 1 General characteristics of the study sites (mean = SD, n=8)
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calculated as R=100-Y.

Data analysis

The study employed a split plot design for fertilizer treatments
within each tree density type. In this design, all factors (fertilizer
treatment, tree density type, depth) were fixed factors.
Homogeneity of variances was tested using the Hartley test, and
nomal probability plots examined to test for normality of residu-
als (Neter et al. 1990). All percent data were transformed by the
arcsine to stabilize variances and analyses of variance for the
data were executed with the General Linear Models procedure in
SAS (SAS Institute Inc. 1989).

RESULTS AND DISCUSSION

Tree density in the study site was 556 trees/ha in the high and
394 trees/ha in the low tree density plots. Both tree density plots
show similar mean tree height, but mean diameter at breast
height (DBH) was higher in the low tree density plots (25.09cm)
than in the high tree density plots (21.44cm). The depth and
mass of forest floor were also higher in the high than in the low
tree density plots (Table 1). The fertilization plots showed similar
tree density, mean height, mean DBH, and mass of forest floor,
but the depth of forest floor was higher in the fertilization than the
unfertilization plots (Table 1). Initial soil property of the study sites
was similar between the high and the low tree density plots, and
between the fertilization and the unfertilization plots (Table 2).

Cellulose decomposition rates were significantly different in the
tree density types (P<0.05) for three sampling times and in the
fertilization treatments (P<0.05) except for 105 day incubation
(Table 3). Cellulose decomposition rates were significantly higher
in the fow than in the high tree density plots for three samping
times. Cellulose filter papers in the low tree density plots lost
70.1% of the original dry mass compared with 49.9% in the high
tree density for 105 days incubation (Fig. 1). Increased cellulose
mass loss in the low tree density may due to the difference of soil
temperature rather than the difference of soil water content. Soil
water content was not consistent for the two sampling times
between both tree density plots (Table 4). There was also no sig-
nificant difference between soil property of the tree density types.

Tree density Fertilizer
High Low Fertilization Unfertilization
Trees/ha 556 394 456 487
Mean height(m) 20171244 215 +1.41 2074+ 1.74 20.901£2.53
Mean DBH(cm) 21441448 25.09+3.88 2292+ 477 23.01+£521
Depth of forest floor(cm) 3.80+1.62 348+1.19 332+ 1.32 3.95+1.50
Mass of forest floor(g/200cm?) 29.961+9.54 22.39+6.00 23.98+10.05 249 £579
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Table 2. Soil property of the study sites (mean £ SD, n=8)
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) Avail. Exchangeable
Treaterment Soi ' pH f: TON P05 CEC K* Na* Ca? Mg?*
Texture (1:5 H0) (%) (%} (mghg) {omolchg)
Tree High SiL 470+£021 710+112 0421006 24+77 198+13  051£006 0.141001 1654089 062017
denstty  Low SiL 500£018 6894135 0441008 131447 220+1.18 0511007 0142001 244+100 0831028
;:{itg;l SiL 4801027 719+165 0421008 20+999 201+15 052005 015001 189+080 0.74+022
Fertilizer Unferti
ization 490022 6.80+£054 043007 174682 21.0+1.81 051£008 014+001 220+1.20 0.71£0.26

Table 3. Analysis of variance of cellulose remaining mass

Source of variation df ss F p

35 days incubation

Tree density(T) 1 01939  17.50 0.0001
Depth(D) 1 08131 7338 0.0001
Fertilization(F) 1 02750  24.81 0.0001
TXD 1 0.0760 6.85 0.0104
TXF 1 0.0004 0.04 0.8475
DXF 1 0.0054 0.49 0.4862
TXDXF 1 0.0567 512 0.0261
Error 88

70 days incubation
Tree density(T) 1 20897 5234 0.0001
Depth(D) 1 0.0064 0.16 0.6900
Fertilization(F) 1 0.3735 9.35 0.0029
TXD 1 0.0002 0.00 0.9506
TXF 1 0.0467 1.17 0.2823
DXF 1 0.0349 0.88 0.3521
TXDXF 1 0.0016 0.04 0.8433
Eror 88

105 days incubation

Tree density(T) 1 13264 3619 0.0001
Depth(D) 1 0.0124 0.34 0.5615
Fertilization(F) 1 0.1183 323 0.0759
TXD 1 0.1991 543 0.0220
TXF 1 0.0016 0.04 0.8350
DXF 1 0.0002 0.00 0.9476
TXDXF 1 0.1072 293 0.0907
Error 88

However, soil temperature was higher in the low than in the high
tree density plots (Table 4). The result suggests that increased
celluiose mass loss in the low tree density plots may be attrib-
uted to high soil temperature. increased soil temperatures in the
low tree density plots were probably due to the increased
amount of sunlight reaching the forest floor compared with the
high tree density plots. Increased celiulose decomposition rates
with high soil temperature were observed in clearcut or partial
cutting stands compared with uncut red pine and red oak stands
(Kim 2000).

Cellulose filter paper during each sampling time was rapidly
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Fig. 1. Mean percent remaining mass over time of cellulose filter
papers at different tree density in a Japanese larch plantation.
Vertical bars indicate standard error.
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Fig. 2. Mean percent remaining mass over time of cellulose fiter
papers at fertilization treatments in a Japanese larch plantation.
Vertical bars indicate standard error.

decomposed in the fertilization than in the unfertilization treat-
ments (Fig. 2). Cellulose filter papers with fertilization lost 43.6%
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Table 4. Soil volumetric water content {12cm depth) and soil temperature (20cm depth) of the study sites (mean £SD, n=16)

Treatment Tree density Fertilizer

Date High Low Fertilization Unfertilization
9 August, 2002

Soil water content (%) 17791272 2325+3.00 20.60+3.46 19.91+4865
Soil temperature (T) 17.061+0.66 17924029 17.3310.72 17.50+0.65
6 September, 2002

Soil water content (%) 2238+7.70 20.94+5.04 20.06+£4.37 2325+7.83
Soil temperature(T) 17.69+0.48 19.19+0.40 18.50+£0.89 18.38+£0.89
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Fig. 3. Mean percent remaining mass over time of cellulose filter
papers at the forest floor and the top 15 cm of mineral soil in a
Japanese larch plantation. Vertical bars indicate standard error.

of the original dry mass for 70 days incubation, and cellulose with
the unfertilization lost 34.5% during the same periods. Increased
mass loss rates in the fertilization treatment may be due to
changes of the activity of soil microflora and fauna with adding
fertilizer because of similar site and soil property between treat-
ments (Table 1, 2). There were also no remarkable differences in
soil water content and soil temperature between the fertilization
and the unfertilization plots during the sampling times (Table 4). It
is likely that fertilizer increased the microbial activity under similar
climatic and soil conditions. Conn and Day (1996) observed that
cellulose filter paper decays significantly faster in response to fer-
tilization in loblolly pine (Pinus taeda), red ceader (Juniperus vir-
giniana) and oak species ecosystems in Virginia, USA. Kim
(2000) suggested that cellulose decomposition rates was closely
related to increased nitorgen availability after clearcutting oak
and pine stands. Beyer (1992) found that cellulose decomposi-
tion was lower in spruce stands than in beech stands because of
less available N in the soil solution.

Cellulose mass loss was significantly lower in the forest floor
than in the soil layer for 35 days incubation (Table 3, Fig. 3).
However, cellulose decomposition rates were not significantly dif-
ferent between the forest floor and the mineral soils after 35 days

incubation. In contrast to this result, other studies reported the
rapid cellulose mass loss in the forest floor compared with the
mineral soils (Donnelly et al. 1990, McClellan ef al. 1990).

In summary, the cellulose decomposition rates showed differ-
ences comesponding to tree density types and fertilization treat-
ments. Therefore, cellulose decomposition rate is a useful index
to express differences in decomposition activity in tree density
types and ferfilizer treatments.
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