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Decomposition of Typha angustifolia and Phragmites australis
in the littoral zone of a shallow lake
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Abstract: Decomposition of air-dried live Typha angustifolia (L) stems and leaves and Phragmites australis (Cav. Trin ex
Steud.) leaves and culms were studied in a shallow freshwater lake (Lake Fehér, Fertő-Hanság National Park, Hungary)
using the litter bag technique. Samples were analyzed for dry mass, fiber (cellulose, hemicelluloses, lignin) and nutrient
(C, N, P, S) contents, litter-associated fungal biomass (ergosterol concentration), potential microbial respiration (electron
transport activity: ETS) and cellulolytic bacteria. In terms of mesh size, there were no significant differences in the examined
parameters of P. australis leaves and culms and T. angustifolia stems with leaves. P. australis leaves had the highest rate
of decomposition and P. australis culms the lowest. Hemicellulose degraded more rapidly than the other fibers, while the
lignin had the slowest rate of decomposition.
The ETS activity of the examined plant litter types increased from day 91st to 237th while decomposition processes were
most active, ergosterol contents were high, and there were few cellulolytic bacteria. The counts of cellulolytic bacteria
fluctuated during the decomposition period, they were high at the beginning then they decreased. In each case bacteria
were found to be the first colonizers of plant detritus, and were followed by fungal growth.
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Introduction

In wetland ecosystems, a considerable part of primary
production is formed by emergent macrophytes which
are the most significant ‘environment forming’ factors
(Westlake 1982). They play an important part in the de-
tritus food chain (Wetzel 2001), contributing consider-
ably to ecosystem metabolism (Best et al. 1982; Gessner
2000). Being an important component of the nutrient
cycling process, reed litter decay has been widely stud-
ied in aquatic environments (Polunin 1984; Webster
& Benfield 1986; Hietz 1992; Newel 1993; Pieczyńska
1993).
Leaves of emergent macrophytes are normally shed

some time following their senescence; dead culms can
remain in a standing position for several years in the
air or are broken down into the water by wind (Gessner
2001). Decomposition of aboveground plant parts be-
gins in the air and is completed in the water, where de-
composing plant material enters the detritus-based food
chain (Pieczyńska 1993; Kuehn & Suberkropp 1998;
Gessner 2001).
In order to understand the fate of organic mat-

ter in wetlands it is necessary to know the amounts
and quality of the substrates undergoing decomposi-
tion (Pieczyńska 1986). Immediately after senescence,
soluble materials are leached out and the contents of

both energy and protein decline (Day et al. 1998). The
remaining detrital material of emergent macrophytes
consists predominantly of structural polymers such as
lignin, cellulose and hemicellulose, which are decom-
posed more slowly than soluble substances (Berg et al.
1984). Biofilms (fungi, bacteria, protozoa, algae, etc.)
and their associated meiofauna play an important role
in decomposition processes, which have been only lit-
tle investigated in this context (Leichtfried 1999). Two
types of litter bags of 1 mm mesh size (permitting the
entry of meiofauna), and 0.05 mm mesh size (excluding
meiofauna, Fleeger et al. 2006), respectively were used
to test if the meiofauna can play a significant role in
the decomposition of Typha angustifolia (L) and Phrag-
mites australis (Cav Trin ex Steud) litter.
The aim of this study was to compare the decom-

position dynamics of Typha angustifolia (L) and Phrag-
mites australis (Cav Trin ex Steud) litter and to eluci-
date the relationship between the decomposition rate,
chemical composition and microbial parameters of dif-
ferent plant litter types. For this purpose, we investi-
gated the changes in remaining dry mass, amounts of
nutrients (C, N, P, S) and fibers (hemicellulose, cellu-
lose, lignin), microbial activity (based on the electron
transport activity: ETS), number of cellulolytic bacte-
ria, fungal biomass (ergosterol concentrations) during
the decomposition of these plants.
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Material and methods

Study site
Lake Fehér (47◦41′ N, 17◦21′ E, altitude: 115 m) is small
(area: 2.69 km2, open water: 0.25 km2), shallow (mean
depth: 50 cm, maximum depth: 110 cm), alkaline (pH 7.0–
8.3, electrical conductivity: 489–657 µS/cm), moderately eu-
trophic lake, situated in the Fertő-Hanság National Park,
northwestern Hungary. The lake had been intensively used
for fish breeding and thus heavily eutrophicated until 1987,
when it was placed under legal protection, mainly because
of its valuable bird fauna. The shoreline of the lake is cov-
ered with dense homogeneous stands of Typha angustifolia
and Phragmites australis.

Field studies
Standing shoots of T. angustifolia and P. australis were col-
lected from Lake Fehér (on 30.10.2000) and air-dried. P.
australis leaves (100 g fresh weight), T. angustifolia stems
with leaves (altogether 100 g) were put in two types of 25
× 50 cm litter bags of (a) 1 mm mesh size to prevent the
loss of shoot fragments and allow microbial activity and the
entry of micro- and meiofauna (Fleeger et al. 2006), and (b)
0.05 mm mesh size to permit only the entry of microfauna,
bacteria and fungi, excluding benthic meiofauna (Fleeger et
al. 2006).

P. australis culms (100 g) were put only in 25 × 50 cm
litter bags of 1 mm mesh size.

All litter bags were exposed in the water 30 cm above
the sediment on 06.12.2000 (the bags were strung together
by strings and fixed to previously stuck piles). After the
152nd (02.05.2001) day of decomposition they were sunk to
the sediment surface. Two bags from each type of litter:
P. australis leaves and T. angustifolia litter with two mesh
sizes and P. australis culms with one mesh size, altogether
10 bags, were periodically retrieved between 07.03.2001 and
26.08.2002.

Microbial and breakdown rate investigations
Subsamples taken for microbial investigation were stored at
0 to 4◦C during their transport to the laboratory. Freshly
weighed and immediately analyzed. For wet to dry weight
conversion subsamples of wet decomposing plant material
(2–4 g) were dried at 105◦C to determine the dry mass. For
microbial investigations, T. angustifolia leaves and stems
were separated from each other after the sampling and an-
alyzed separately.

Fungal biomass on plant litter was estimated by mea-
suring the concentrations of ergosterol, a reliable indicator of
living fungal biomass (Gessner & Newel 2002). 2–4 g fresh
subsamples (were lyophilized, weighed, and ergosterol ex-
tracted in an alcoholic base (0.8% KOH in 95% methanol,
extraction volume 10 mL) for 30 min at 80◦C. The resul-
tant extract was partitioned into n-pentane and evaporated
to dryness under a stream of N2 gas, and ergosterol was
redissolved in 2 mL of methanol using an ultra sonic bath
(10 min.), filtered and quantified by liquid chromatography
(HPLC Thermo Separation UV150, P200 high pressure).
The system was run with HPLC-grade methanol at a flow
rate of 1.5 mL min−1. Ergosterol eluted after 9 min and was
detected at 282 nm; peak identity was checked on the basis
of retention times of commercial ergosterol (Fluka; >98%
purity) (Gessner & Newel 2002).

The electron transport system (ETS) assay described
by Kenner & Ahmed (1975) was used to determine the po-
tential microbial respiratory activity, after adaptation of the
method to decomposing plant material (Szabó 2003). 20–40

mg subsamples of fresh plant litter were homogenized in ice-
cold buffer consisting of MgSO4 (75 µM), Triton-X-100 0.5%
(v/v), polyvinyl pyrolidone (PVP) 1.5% w/v, in 0.1 M phos-
phate buffer (pH 8.4) for 5 minutes at 0–4◦C, by using a pot-
ter homogenizer (5 000 rpm, 0–4◦C, B. Braun Biotech. Inter-
national). Homogenate (0.5 mL, in triplicate) was incubated
with 1.5 mL substrate solution (NADPH: 0.25 mM, NADH:
1.7 mM) and 0.5 mL reagent solution (INT: 0.8 mM) for 30
min. at a standard (20◦C) temperature. The reaction was
stopped by adding 0.5 mL stopping solution (1:1 mixture
of concentrated phosphoric acid and formalin). Blanks (1.5
mL substrate solution and 0.5 mL reagent solution) were
incubated and stopped similarly to the test samples, and
0.5 mL of homogenate was then added. The absorbance of
the formazan produced during the reaction was determined
against the blind probe at a wavelength of 490 nm (Spek-
tronom 195 D photometer). ETS-activity was measured as
the rate of tetrazolium dye reduction, which was converted
to equivalent oxygen utilized per organic mass in a given
time interval.

Bacterial colonization was determined by counting
numbers of living bacteria. The most probable number of
cellulolytic bacteria was determined from the 0.3–0.4 g me-
chanically homogenized plant litter solution by using Rod-
ina’s (Winogardski) method (Rodina 1972). This procedure
separately enumerates cellulose degrading bacteria and pro-
vides reliable estimates of the abundance and composition
of cellulose-degrading microbial populations.

The data are reported as means of microbial determi-
nations of the four replicate bags taken on each sampling
date.

Chemical measurements
The remaining plant material was dried and ground with
a motor mill and used for determination of nutrient and
fiber contents. C, N, S concentrations were evaluated from
4–10 mg dry subsamples using a NCS analyzer (FISONS
NA-1500), the P concentration from 2–4 g dry subsam-
ples by spectrophotometry employing the molybdenum blue
method, after digestion with concentrated sulfuric acid
(Ruzicka & Hansen 1975).

Fiber concentrations in plant material were determined
by the detergent fiber method (Van Soest 1963) with a
TECATOR Fibretec M6 analyzer. 5–6 g dried plant mate-
rial was successively treated with a neutral detergent solu-
tion which separates NDS (Neutral Detergent Solubles con-
taining proteins, carbohydrates and lipids) from the NDF
(Neutral Detergent Fiber) cell wall constituents, then with
an acid detergent solution and 72% sulfuric acid to evalu-
ate NDF constituent hemicellulose, cellulose and ADL (Acid
Detergent Lignin) contents.

The data are reported as means of analytical determi-
nations of the four replicate bags taken on each sampling
date. C, N, P, S and fiber fraction concentrations (g g−1),
coupled with remaining plant mass (g dry weight), were ul-
timately used to determine the percentage contents of C,
N, P, S, NDF, hemicellulose, cellulose and lignin mass re-
maining in the litter. The amounts recorded at the start of
the decomposition experiment were considered as original
values (100%).

Mathematical and statistical evaluation of the data
Two types of models were fitted to the data: (a) the sin-
gle exponential model: Wt = W0 exp(−kt), where Wt is
the amount of detritus at time t, W0 is the initial amount
of detritus and k is the exponential breakdown rate (Ol-
son 1963); and (b) the decaying coefficient model Wt =
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Table 1. Results of the single exponential and the decaying coefficient model

k SE w0 SE r2 k1 SE k2 SE w0 SE r2

T. angustifolia −0.0025 0.0002 104.70 3.3053 0.989 −0.0022 0.0004 0.0006 0.0006 102.17 4.0352 0.990
P. australis leaf −0.0030 0.0002 102.96 4.5614 0.981 −0.0038 0.0006 −0.0009 0.0007 108.32 6.2009 0.983
P. australis culm −0.0014 0.0001 103.69 3.1543 1.000 −0.0015 0.0004 −0.0002 0.0009 104.32 4.6028 0.996

W0 – the initial amount of detritus, k – the exponential daily breakdown coefficient, k1 – the initial decay coefficient, k2 – the relative
decrease of the decay coefficient (relative decay rate), SE - standard error, r2 – analogue of the coefficient of determination.
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Fig. 1. Changes in the amount of dry mass remaining (mean
± SE, n = 4) during the decomposition of P. australis and T.
angustifolia litter (day 0: 06. 12. 2000).

W0 exp((k1/k2) ∗ (exp(k2t)− 1)), where k1 is the initial de-
cay coefficient, k2 is the relative decrease of the decay coef-
ficient (the relative decay rate) (Godshalk & Wetzel 1978).
The non-linear regression method of the SPSS 7.5 Windows
programme package was used for the function fitting.

An analysis of variance (ANOVA, Statgraf 1.0 for Win-
dows) was used for the statistical evaluation of the individ-
ual data (P < 0.05). The non-linear regression method of the
Statistica 6 programme package was used for function fitting
by the approximation method of Levenberg-Marquardt.

Results

There were no significant differences in the measured
parameters of P. australis leaves and culms and T. an-
gustifolia in litter bags of different mesh sizes. Therefore
the averages of the data obtained on each sampling date
are presented.

Mass loss
T. angustifolia reached the 50% breakdown level by 292,
P. australis leaves by day 242 and P. australis culms by
day 574 (Fig. 1). Altogther 80% of T. angustifolia, 80%
of P. australis leaf and 59% of the P. australis culm
dry mass had decomposed by the end of the experi-
ment. P. australis leaves decomposed at the fastest rate
(k = −0.0030; Table 1).

Microbial data
Cellulolytic bacteria: The counts of cellulolytic bacte-
ria were high on the first sampling date (91st day),
then they decreased for some 100 days and increased
again after 300 days (Fig. 2). Higher bacterial numbers
were recorded in the leaves of both macrophytes than
in the culms at the start of the study while lower bac-

0

200

400

600

800

1000

1200

0 90 180 270 360 450 540 630
days

c
e

ll
u

lo
ly

ti
c

 b
a

c
te

ri
a

 [
M

P
N

 m
l-1

 g
-1

 ]

0

50

100

150

200

250

300

0 90 180 270 360 450 540 630

days

e
rg

o
s
te

ro
l 
[µ

g
 g

-1
]

0

0.3

0.6

0.9

1.2

1.5

1.8

2.1

0 90 180 270 360 450 540 630
days

E
T

S
 [

m
g

 O
2
 g

-1
 h

-1
]

T. angustifolia leaf T. angustifolia stem
P. australis leaf P. australis culm

Fig. 2. Microbiological changes (number of cellulolytic bacteria,
expressed as most probable number-MPN; fungal biomass ex-
pressed as ergosterol concentrations and Electron Transport Sys-
tem: ETS activity) associated with the decomposition of P. aus-
tralis and T. angustifolia litter (mean ± SE, n = 4).

terial numbers were observed in the leaves than in the
culms later during decomposition. The number of cel-
lulolytic bacteria showed a strong positive correlation
(r2 > 0.50) with dry mass, C, NDF, cellulose, hemicel-
lulose content in T. angustifolia leaves and stems and
in P. australis leaves.
Fungal biomass: Living fungal biomass (as ergosterol)
of T. angustifolia ranged from 64 to 184 µg g−1 and that
of P. australis from 32 to 184 µg g−1. Higher ergosterol
concentrations were recorded in the leaves of T. angus-
tifolia than in the stems, whereas the opposite was ob-
served in P. australis (Fig. 2). Ergosterol concentrations
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Fig. 3. Changes in the amount of fibers: hemicellulose, cellulose
and acid detergent lignin: ADL [g/g fibret ∗ gt) ∗ (g/g fibreo ∗
go)−1 ∗ 100] in P. australis and T. angustifolia litter during the
decomposition period (mean ± SE, n = 4).

increased during the first 90 days, then decreased after
250 days and remained low until the end of the study
(Fig. 2). The Pearson product moment correlation co-
efficients (r2) between the most probable number of the
cellulolytic bacteria and ergosterol concentrations were
negative for each litter type (r2P. australis leaf = −0.39,
r2P. australis culm = −0.51, r2T. angustifolia leaf = −0.34 and
r2T. angustifolia stem = −0.60, P < 0.05).
ETS-activity: The ETS activity of T. angustifola ranged
from 1.02 to 1.66 mg O2 g−1 h−1 in leaves and from
0.65 to 1.48 mg O2 g−1 h−1 in stems (Fig. 2). The ETS
activity of P. australis leaves varied between 0.40 and
1.70 mg O2 g−1 h−1 and that of the culms between
0.34 and 1.46 mg O2 g−1 h−1. The lowest ETS activity
values were recorded in P. australis culms. The ETS
activity increased from day 91st to 237th while decom-
position processes were most active, ergosterol contents
were high, and there were few cellulolytic bacteria.

Nutrients and fiber
Changes in fiber content: Hemicellulose content of the
P. australis leaves and T. angustifolia litter decomposed
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Fig. 4. Changes in the remaining amount of nutrients: C [g/g Ct
∗ gt) ∗ (g/g Co ∗ go)−1 ∗ 100], N [g/g Nt ∗ gt) ∗ (g/g No ∗ go)−1
∗ 100] P [g/g Pt ∗ gt) ∗ (g/g Po ∗ go)−1 ∗ 100], S [(g/g St ∗ gt) ∗
(g/g So ∗ go)−1 ∗ 100] during decomposition of P. australis and
T. angustifolia litter (mean ± SE, n = 4).

with higher rates than that of the P. australis culms
(Fig. 3). Cellulose also decomposed with similar pat-
tern and in the following order: P. australis leaves, T.
angustifolia litter, P. australis culms (Fig. 3). P. aus-
tralis culms had the highest acid detergent lignin (ADL)
content. Among the fiber components hemicellulose de-
composed fastest, cellulose came next, except for the
P. australis culms in which both components decom-
posed at similar rates. In all cases the ADL, the most
recalcitrant plant constituent, decomposed slowest, its
contents decreased by 71% in T. angustifolia litter, by
64% in P. australis leaves, and only by 11% in the culms
after nearly two years (Fig. 3).
Changes in nutrient content: The C content (Fig. 4)
of P. australis leaves decreased faster than that of P.
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Table 2. Changes in C:N ratio of the decomposing P. australis and T. angustifolia litter (mean ± SE, n = 4).

days 0 91 152 237 292 545 628

T. angustifolia leaf 54.3 ± 0.1 56.0 ± 4.3 52.3 ± 0.1 31.3 ± 27.8 28.6 ± 13.7 20.8 ± 0.0 23.1 ± 1.6
stem 154.4 ± 8.1 196.5 ± 1.4 201.8 ± 10.6 99.6 ± 8.3 85.8 ± 3.6 72.4 ± 16.2 79.4 ± 18.0

P. australis leaf 36.6 ± 12.4 44.8 ± 22.4 39.7 ± 12.2 23.6 ± 4.4 21.2 ± 0.1 19.1 ± 0.8 20.2 ± 5.2
culm 203.9 ± 10.0 355.1 ± 50.9 231.3 ± 18.4 105.7 ± 4.14 101.3 ± 10.1 59.6 ± 12.4 57.2 ± 7.6

australis culms and T. angustifolia litter. The N con-
tent of P. australis culms increased while that of the
other types of litter decreased (Fig. 4). During the first
91 days of decomposition the P content (Fig. 4) of P.
australis leaves increased, while the P content of the
P. australis culms and T. angustifolia litter decreased.
Later the P content of the P. australis culms increased
while the contents of P. australis leaves and T. angus-
tifolia litter decreased. The S content (Fig. 4) of the
T. angustifolia litter and P. australis culms decreased
following a similar pattern during the decomposition
period. The variation in the S content of P. australis
leaves was different, it presented a high peak on the
292nd day and after that also decreased.
During the exposure, 81% of the C, 66% of the N,

57% of the P, and 58% of the S contents of the P. aus-
tralis leaves were lost, and T. angustifolia litter had lost
80% C, 74% N, 76% P and 83% S. The C and S con-
tents of the P. australis culm litter decreased by 66%
and 61%, respectively, its N and P contents increased by
19% and 67% respectively by the end of the decomposi-
tion experiment. In P. australis and T. angustifolia leaf
litter the C:N ratios (Table 2) were high before expo-
sure, during the decomposition these values decreased
until the 292nd day and did not change significantly af-
terwards. P. australis culms had the highest C:N ratio
before exposure and this ratio increased during the first
three months, then decreased, mainly until the end of
decomposition period (Table 2).

Discussion

The lack of significant differences between the examined
parameters of P. australis leaves and culms and T. an-
gustifolia stems with leaves exposed in litter bags of dif-
ferent mesh sizes suggest that the role of the meiofauna
in their decomposition dynamics was not appreciable.

Dry mass
The times required for the 50% breakdown of the P.
australis and T. angustifolia in Mason & Bryant (1975)
were estimated, respectively, at 426 days and 233 days
for T. angustifolia stem with leaves and P. australis
culm with leaves. T. angustifolia litter reached 50%
breakdown in a similar, but P. australis culms in a
longer period (Fig. 1). Chergui & Pattee (1990) also
obtained similar values for the 50% decomposition time
of P. australis leaves (233 days). The single exponen-
tial model fitted all data sets as well as the decaying
coefficient model (Table 1). Hence it may be used for
comparison with other publications.

The exponential breakdown rates of P. australis
leaves at Lake Fertő/Neusiedler See evaluated by Dinka
et al. (2004) (k = −0.0030 and −0.0025 d−1) were sim-
ilar to those found here, while the breakdown rates of
P. australis culms (k = −0.005 d−1) were 3.5 times
higher. This difference may be due to the differences in
physical and chemical conditions of the sampling sites
(Lake Fertő is a soda lake with a conductivity of 2000–
4000 µS cm−1, Lake Fehér is an alkaline lake with a
conductivity of 489–657 µS cm−1. Another reason may
have been the structural differences between the reeds
from different habitats). The exponential breakdown
rates of P. australis leaves and culms were similar in
our experiments and those reported by Gessner (2000)
(k = −0.0033–0.0051 and −0.0014 d−1, respectively)
who had placed the litter in bags with 4 mm mesh size,
which enabled invertebrates to penetrate into the bags.
The decay coefficient k of T. angustifolia litter from
this study (k = −0.0025) was lower than the decay
coefficient obtained by Jaques & Pinto (1997) for T.
angustifolia leaf litter (k = −0.0031–0.0098) placed in
litter bags with 5 mm2 mesh size which did not stop
invertebrates.
The similarities between our and other authors’ re-

sults suggest that microorganisms play a predominant
role in the control of decomposition of aquatic macro-
phytes; the role of invertebrates is less obvious. The
numbers and composition of macroinvertebrates colo-
nizing decomposing plant litter are influenced by the
morphology (e.g. different mass and surface ratio, for
some species hollow plant litter culms offer a shelter)
rather than the chemical composition of the detritus,
(Varga unpublished data).

Microbiological parameters
At the beginning of the experiment, cellulolytic bac-
teria were the main decomposer organisms, and then
their numbers decreased with the increase in fungal
biomass, which can be explained by competition be-
tween the bacteria and fungi. (Maamri et al. 1998;
Mille-Lindblom & Tranvik 2003). Probably the increas-
ing fungal biomass had an inhibitory effect on bacte-
rial growth. Some previous studies on microbial colo-
nization of plant detritus in aquatic environments have
shown that fungi are primary colonizers whereas bac-
teria are secondary colonizers (Suberkropp et al. 1976;
Lee et al. 1980), although in other studies, bacteria were
the first colonizers, as in the present study (Newell 1981;
Szabó et al. 2003; Ágoston-Szabó & Dinka 2005).
The increase in the ETS activity from days 92 to

152 (except for P. australis culms) and days from 547
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to 630 appears to be related to an increase in ergosterol
concentration. The further increase in the ETS-activity
(from days 152 to 237) was due to both higher fungal
biomass and increase in the number of cellulolytic bac-
teria. From days 237–292, when the ergosterol concen-
tration decreased, increase in cellulolytic bacteria en-
hanced the ETS-activity of T. angustifolia leaves and
shoots. The ETS-activity of P. australis leaf and culm
litter decreased during this period, which may be the
result of the decreasing fungal biomass. From days 292–
547 all of the examined microbiological parameters de-
creased. The variation of the ETS activity during de-
composition showed similar trends as in other studies
(Maamri et al. 1998; Szabó 2003).
The slower degradation of P. australis culms than

that of P. australis leaves and T. angustifolia litter may
be explained by the chemical composition, e.g. high
ADL contents, of these plant tissues, which limited the
activity of microbial decomposers. Substantially lower
microbial activity was also observed in decomposing P.
australis culms than in its decomposing leaves by An-
dersen (1978) and Komínková et al. (2000).

Fibers and Nutrients
Fibers: Different fiber compounds decomposed at differ-
ent rates over the study period. In the P. australis leaves
and T. angustifolia litter, hemicelluloses was the least
resistant to decay followed by cellulose. In P. australis
culms, which had the highest ADL content, the cellu-
lose unexpectedly decomposed faster than the hemicel-
lulose; in all cases, the ADL decomposed at the slow-
est rate. ADL retards litter decomposition by several
mechanisms (Berg et al. 1984). The close physical and
chemical association between ADL, hemicellulose and
cellulose probably prevents each substance from be-
ing degraded completely independently of the others
(Nilsson 1973; Berg et al. 1984). The percentage con-
tent of such substances affects the overall decomposi-
tion (Fioretto et al. 2005). Probably the strong linkages
between the hemicellulose and lignin found in P. aus-
tralis culms are the reason why hemicellulose decom-
posed slower than the cellulose. Benner et al. (1986)
and Dinka et al. (2004) also found that the polysaccha-
ride components of Carex walteriana and of P. australis
decomposed faster than lignin.
Nutrients: Chemical differences in the initial quality of
the litter types influenced the rate of decomposition.
P. australis and T. angustifolia leaf litter with a lower
initial C:N ratio (Table 2) decomposed faster than the
culm litter with a higher initial C:N ratio. As decompo-
sition progressed, the carbon content of the decompos-
ing plant material decreased, the N content per unit
material was stable or increased, which resulted in a
decrease of the C:N ratio.
The nitrogen content in P. australis culms in-

creased after its initial decrease; higher N content was
observed here than in P. australis leaves and T. angus-
tifolia litter because of the higher lignocellulose content
of the culms (Dinka et al. 2004). Increased nitrogen con-
tent in decaying plant material has also been observed

in aquatic ecosystems (Kaushik & Hynes 1971; Polunin
1982; Hietz 1992; Suberkropp 1998; Casas & Gessner
1999). The accumulation of nitrogen and phosphorus
during the growing season can be attributed to the up-
take of these elements from the surrounding water by
microorganisms associated with the decomposing plant
material (Gosselink & Kirby 1974; Mason & Bryant
1975; Davis & Van der Valk 1977; Webster & Benfield
1986; Mann 1988; Dinka & Szabó 2002; Dinka et al.
2004). The decrease in the C:N ratio in the remain-
ing litter (Table 2) also shows that nitrogen was immo-
bilized during the decomposition. The S content of P.
australis leaves and T. angustifolia litter increased after
an initial decrease; greater increases were observed in
P. australis leaves. The S content of P. australis culms
decreased continuously. This suggests that the micro-
bial communities developing on the different substrate
types had different demands for sulfur, which must have
been supplied from the surrounding water.
We can conclude that compounds of different fibers

decomposed at different rates: in the P. australis leaves
and T. angustifolia litter, the hemicelluloses were the
least resistant to decay followed by cellulose; the ADL
decomposed at the slowest rate. The nutrient content in
litter (mainly N) appears to influence the early stages
of decomposition (first 237 days) whereas later stages
appear to be influenced by the percentage of lignin.
At the beginning of decomposition, cellulolytic bacte-
ria were the main decomposer organisms; the number
of cellulolytic bacteria decreased with increases in fun-
gal biomass. Since the decomposition took place under
similar conditions, the slower degradation of P. aus-
tralis culm litter presumably was due to the different
chemical composition of these plant organs, and, con-
sequently, different activity of microbial decomposers.
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