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ABSTRACT

Leaf packs of the aquatic macrophigiehhornia azureavere used to experimentally evaluate changes

in mass, carbon, nitrogen, and phosphorus concentrations, and C:N ratios during initial stages of de-
composition in two different environments, the Parand River and Garcas Lake. Analysis of weight loss
showed relatively slow decomposition rates in both environments (0.0047dd0.0048 4 respec-

tively). Over a 45-day period we observed significant changes (p < 0.05) in concentrations of carbon,
nitrogen, and phosphorus, but only carbon differed between the environments (F = 10.479; p = 0.03).
Therefore we concluded that detritus behaved similarly during decomposition, since intrinsic char-

acteristics of the environments affected only the carbon concentrations.
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RESUMO

Perda de peso e concentra¢des de carbono, nitrogénio e fésforo durante a decompo-
si¢do deEichhornia azureana planicie de inundacao do Alto Rio Paran4, Brasil

Macos de folhas da macrdfita aquatiEehhornia azureaforam utilizados para avaliar experi-
mentalmente as alteragcdes na massa, concentracdes de carbono, nitrogénio e fésforo, bem como
a relacdo C:N, durante os estagios iniciais de decomposicdo em ambientes distintos (rio Parana
e lagoa das Garcas). A perda de peso revelou uma taxa de decomposicéo relativamente lenta para
ambos os ambientes (0,0047 d 0,0048 d, respectivamente). Durante o periodo de 45 dias,
observaram-se alteracfes significativas (p < 0,05) nas concentracBes de carbono, nitrogénio e
fésforo, sendo que apenas as concentragdes de carbono diferiram entre os ambientes (F = 10,479;
p = 0,03). Portanto, pode-se concluir que os detritos comportam-se de maneira semelhante du-
rante o processo de decomposicao, sendo que as caracteristicas intrinsecas dos ambientes afetam
apenas as concentracfes de carbono.

Palavras-chave: Eichhornia azurealecomposicdo, planicie de inundacédo, rio Parana.

INTRODUCTION In most investigations of the decomposition

process of macrophytes, the plant material is

Many species of aquatic macrophytes con-enclosed in litter bags. This technique has
tribute substantially to detritus input in conti- been criticized because the detritus is isolated
nental aquatic ecosystems (Wetzel, 1975, 1990)Boulton & Boon, 1991), leading some investi-
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gators to use senescent material still attached to 7.42 and 7.60, and electrical conduc-

the plant (Rolandet al, 1990), or naturally tivity between 58 and 6RS cm®.

dried material (Newell, 1993; Thomaz & e Garcas Lake: temperatures between

Esteves, 1998; Pagioro, 1996). 16.2 and 19.3C, pH between 6.67 and
The floodplain of the Upper Parana River 6.83, and electrical conductivity be-

contains many species of aquatic macrophytes, tween 46 and 58S cm?.

some with relatively high biomass (Bini, 1996).

One of the main species Echhornia azurea A study by Paes da Silva & Thomaz

which develops in the floodplain lakes and the(1997) in these environments established that
side channels. Studies of this species by Pagionohosphate concentrations are low (<{dd I%)
(1996) showed that during the decompositionin both systems, but nitrate concentrations in
changes in concentrations of phosphorus, nitrothe Parana River (83-23®y I'*) are higher than
gen, and carbon are observed in plant materialn the lake (6-107g 7).

Although that study was performed with plant The experiments were done with the aerial
material from lentic and lotic environments of part (stem and petiole) d&. azurea collected
the Upper Parana River floodplain, the experi-when already dead or senescent (75 to 100% of
ments were done in microcosms. The objectiveshe leaves yellowed or dried).

of the present study were to estimate the in situ The plant material was washed in running
loss of weight and nitrogen, carbon, and phoswater to remove excess matter adhering to it, and
phorus concentration during the initial then oven-dried at 70°C to constant weight.
decompositional phase &. azurealeaves and After being dried and weighed, the leaves were
to compare the decomposition in two differentarranged in leaf packs.

environments. The leaves were numbered and the leaf
packs were left to decompose in the littoral zones
MATERIAL AND METHODS of the lake and channel, in the same locations

where the material originated, from 21 July to 4
Samples ofE. azureawere collected in September 1995.
Garcas Lake, located near Cortado Channel, a  After periods of 1, 2, 3, 5, 9, 15, 30, and
side channel of the Parana River, within the mu45 days, the leaves were collected in triplicate
nicipality of Porto Rico, State of Parana {22 and again oven-dried to constant weight at
— 2250'S and 53L0' — 5340'W). The study area 70°C. The coefficient for decrease of the
is within the floodplain of the Upper Parana River.detritus mass (weight loss) was estimated by
Garcas Lake is on the right bank of thethe negative exponential equation of Olson
Parand River, to which it is connected intermit-(1963), based on the initial dry weight and the
tently by a channel about 50 meters long. Its litweight after 45 days of decomposition.
toral zone is colonized mainly b. azurea The plant material was pulverized, in or-
though other species of macrophytes such ader to determine nitrogen and phosphorus in
Polygonumspp.,Pistia stratiotes Salviniasp., an injection-flow spectrophotometer (Zagatto
andCabombasp. are also present. et al, 1981), and organic matter by
Cortado Channel, on the left bank of theincineration in a muffle furnace at 550°C for 4
Parana River, is a lotic environment and is surhours. The values for organic matter were
rounded by well-developed gallery forest. multiplied by 0.465 to obtain the carbon
Eichhornia azureas also the dominant species concentrations (Wetzel & Likens, 1991).
here, butSalviniasp. is also present. Differences between treatments, the ef-
The following data were provided by Ro- fects of time, and the time x treatment
drigues (1998), who studied these environdnteraction were analyzed by analysis of
ments, during the period of low water (July andvariance with repeated measurements (ANOVA
August 1994): Repeated). This method of analysis was chosen
e Cortado Channel: temperatures be-to account for temporal measurements and the
tween 18.6 and 20.1°C, pH betweencorrelation between dates (Ende, 1993). The
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C:N ratio was not statistically analyzed, since The C:N ratio, which was 29.6 in detritus
it was derived from the other analyses alreadyrom Cortado Channel and 42.5 in detritus from
tested. Garcas Lake, rose to values above 45 during
the first days, but fell again by the end of the
RESULTS experiment (34.7 for the channel and 39.4 for
the lake; Fig. 2b).
Concentrations of carbon, nitrogen, and In both environments there was a constant

phosphate varied over time in the initial stages oflecline in phosphorus concentrations, which
decomposition, which is shown by the significantdecreased from 0.179% and 0.196% of dry weight
effect of time on these variables (Table 1). Weighto 0.067% and 0.062% of dry weight in Cortado

loss showed an irregular pattern in both lenticChannel and Gargas Lake respectively (Fig. 2c).
and lotic environments, and was relatively slow.The effect of environment was not significant for

Approximately 80% of the dry mass still remainedphosphorus concentrations in the detritus, nor for
after 45 days of decomposition (Fig. 1a). For thethe interaction of locality x time (Table 1).

entire period, the coefficients for decrease of the

detritus mass were 0.0047 dnd 0.0048 d for DISCUSSION
Cortado Channel and Gargas Lake, respectively.
Environment (lentic and lotic) significantly Weight loss, expressed as a percentage of

affected carbon concentrations during decompomaterial remaining, has been used by many au-
sition (Table 1). Carbon content remained relathors as a measurement of the decomposition of
tively constant when decomposition occurred inplant material (Odum & De La Cruz, 1963;
Gargas Lake (between 41.783% and 46.287% dKulshreshtha & Gopal, 1982). In the present
dry weight), but in detritus that decomposed inwork, the detritus was arranged in leaf packs in
Cortado Channel, carbon declined steeply by dayhe littoral zone. The detritus was not confined in
30 (Fig. 1b). The interaction of location x time litter bags, which are usually used in this kind
was also significant (Table 1). of study, and which interfere with the decom-
Nitrogen concentrations fell during the first position process (Boulton & Boon, 1991).
days of decomposition. Values near the initialThus, the rates of weight loss obtained ought to
levels (1.43% in channel and 0.99% of drybe closer to those for leaves®fazureadecom-
weight in lake) were again reached by day 4%osing naturally.
(Fig. 2a). For this variable, no significant effect of The values for the coefficient of decrease
environment, nor of environment x time interac-obtained for the first 45 days of decomposition
tion was observed (Table 1). (0.0047 and 0.0048) are considerably lower than

TABLE 1

F values and levels of significance obtained by the ANOVA Repeated to verify
the influence of environment, time, and the location x time interaction on the
decomposition rates and quality of decomposing detritus.

. . Interaction
Environment Time environment x time
Mass lost F=5.401 F=5.681 F=2.803
p = 0.081 p < 0.001 p = 0.024
Carbon F=10.479 F=11.941 F=5.832
p = 0.032 p < 0.001 p < 0.001
Nitrogen F < 0.001 F=2.989 F=1.359
p=0.994 p=0.018 p=0.261
Phosphorus F=1.321 F=3.037 F=0.197
p=0.315 p =0.017 p =0.989
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those recorded foE. azureadecomposing in Neiff, 1989). This first phase of decomposi-

other tropical environments (Rolanet al,

tion is charaterized by rapid liberation of the

1990; Camargo, 1991; Pagioro, 1996). The ratsoluble fraction, and is caused basically by the

of decrease and loss of initial weight, whichaction of physical

can be attributed to leding (<15% in the

first week), is also considerably lower than

observed forE. crassipeshy other investiga-
tors (Hammerlyet al, 1989; Poi de Neiff &

processes (Olah, 1972;
Kulshreshtha & Gopal, 1982).

The low rate of weight loss during the de-
composition may be related to two different
causes. First, in the leaching phase, we found a
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Fig. 1 — Ash free mass (a) and carbon remaining (b) (in % of original amount) during the decompositiorE of de
azureafrom Cortado channel (filled cycles) and Garcas lake (blank cycles). Bars = standard deviation; N = 3.

a 701 b
150 | 60 1
s 1001 %¢ ; ° | 404 9 ot
€ Py [ ]
o % # 301 .
= 50 " J . 20
10
T e P p
Time (days) Time (days)
160\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
c
120 ]
o
£
% 80 1
€
2 |
] 4] $ j © é
01235 9 15 30 45
Time (days)

Fig. 2 — Concentration of nitrogen (a), C:N relationship (b) and phosphorus (c) (in % of original amount) during the
decomposition of d&. azureafrom Cortado channel (filled cycles) and Garcas lake (blank cycles). Bars = standard deviation;
N=3.
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methodological reason that can be attributedexpected, because these environments differ in

to the use of already dead or senescent leave®ncentrations of nutrients (Thomazt al,

of E. azurea Consequently, part of the organic 1997; Paes da Silva & Thomaz, 1997) and in

and inorganic compounds in the protoplasmcurrent velocity, which has been considered

of the leaf cells probably had already beenone of the main physical variables related to

lost by translocation and passive cell loss taates of weight loss (Hammerkgt al, 1989).

the environment (Newell, 1993), before the de-However, the effect of current in Cortado

tritus was immersed to begin the process ofChannel must have been attenuated by the lo-

sub-aquatic decomposition. Second, the lowcation of the experimental site within the

decomposition rate can be also attributed testands ofE. azurea

the high detritus C:N ratio (mean values be- Even though there were no differences be-

tween 43.6 and 47.3). These results indicatéween localities with respect to nitrogen and

that E. azurea detritus can be considered phosphorus concentrations and rates of weight

relatively refractory during the first 45 days of loss, locality significantly affected the carbon

decomposition. Together with the fiber content of the detritus.

fraction, the C:N ratio has been considered an Higher inputs of inorganic suspended mat-

important  factor affecting decomposition ter carried by the Paran& River were enough to

(Esteves & Barbieri, 1983; De Busk & Dieberg, cause such differences. Consequently, the greater

1984; Poi de Neiff & Neiff, 1989). According to accumulation of inorganic matter in the detritus

Anderson (1973), decomposition proceeds fastemay indicate that the nutritional value of this

when this ratio attains values lower than 25. plant matter is reduced when decomposition oc-

The temporal sequence of the nitrogencurs in the river channel.

concentrations, which decreased during the

experiment, is contrary to that observed byAcknowledgments— We appreciated the assistance of

most investigators studying decompositionSebastiéo Rodrigues in_ sample_s and to the biologist Mérc?a
Pacolla who assisted with the nitrogen analyses. Janet Reid,

(Odum & De La Cruz, 1963; Kulshreshtha & Ph.D. (Smithsonian Institute) translated the text into English.

Gopal, 1982; Poi de Neiff & Neiff, 1988, L.M. Bini provide statiscal support.

among others). However, the C:N ratio Bf

azurea detritus must decrease in more REFERENCIAS BIBLIOGRAFICAS

advanced stages of decomposition, as shown

by Pagioro (1996) who studied this processANDERSON' J. M., 1973, The breakdown and decomposition
over a Ionger period of Sweet Chestnut (Castanea sativa MILL.) and Beecg

. . . (Fagus sylvatica L.) leaf litter in two decidous woodland
The decline in phosphorus concentrations  soils. I1. Changes in the carbon and polyphenol content.

during decomposition accords with results ob- Oecologia 12: 275-288.

tained in other investigations (Esteves & Barbieri,BINI, L. M., 1996, Influéncia do pulso de inundacdo nos
1983; Poi de Neiff & Neiff, 1988), may also have valores de fitomassa de trés espécies de macrofitas aqua-
contributed to impoverishing the nutrient value  ficas Arch. Biol. Tecnol.39: 715-721,

of the detritus. BOULTON, A. J. & BOON, P. I., 1991, A review of methodol-

However, this element also must be found ogy used to mgasure leaf litter decomposition in lotic
. . . . environments: time to turn over an old ledfist. J. Mar

in higher concentrations during more advanced gresh. Res 42(1):1-43.

stages of decomposition, when it is assimilated by, ,\)src0, A F. M., 1991, Dinamica do nitrogénio e do
the microbiota associated with the detritus fosfato em uma lagoa marginal do Rio Mogi-Guacu
(Kulshreshtha & Gopal, 1982; Esteves & (Lagoa do Mato, SPUFSCar, S&o Carlos, 204p. Tese de
Barbieri, 1983). Doutorado em Ecologia e Recursos Naturais, Universidade

The lack of effect of environment (chan- ~ "ederal de Sdo Carlos.
nel x lake) on weight and nitrogen and DE BUSK, T.A. & DIEBERG, . E., 1984, Effect of nitrogen

h hor ncentrations  indicates  that and fiber content on the decomposition of the
phosphorus — concentratio waterhyacinth Eichhornia crassipegMart.] Solms).

detritus behaves similarly with respect to these Hydrobiologia, 118 199-204.
gharaptensﬂcs at the beg'””'”g of decompOS'ENDE, C.V., 1993, Repeated-measures analysis: growth and
tion, independently of the environment where  other time-dependent measuries.Scheiner & Gurevitch

it is decomposing. This similarity was not (eds),Design and Analysis of Ecological Experiments
Chapman & Hall, New York, 113p.

Rev. Brasil. Biol., 58}): 603-608



608 PAGIORO, T. A. and THOMAZ, S. M.

ESTEVES, F. A. & BARBIERI, R., 1983, Dry weight and POI DE NEIFF, A. & NEIFF, J. J., 1989, Dry weight loss and
chemical changes during decomposition of tropical colonization by invertebrates &ichhornis crassipebtter

macrophytes in Lobo reservokquat Bot, S&o Paulo, under aerobic condition3rop. Ecol, 30(2): 175-182.
Brazil. 16: 185-186. RODRIGUES, L., 1998, Sucessao do perifiton na planicie de
HAMMERLY, J., LEGUIZAMON, M., MAINE, M. A,, inundacdo do Alto Rio Parana: interagdo entre nivel

SCHIVER, D. & PIZARRO, M. J., 1989, Decomposition hidrolégico e regime hidrodinamico. UEM, Maringa, 208p.
rate of plant material in the Parand Medio River Tese de Doutorado em Ecologia de Ambientes Aquaticos
(Argentina).Hydrobiologia, 183 179-184. Continentais, Universidade Estadual de Maringé.

KULSHRESHTHA, M. & GOPAL, B., 1982, Decomposition ROLAND, F., ESTEVES, F. A. & SANTOS, J. E., 1990,
of freshwater wetland vegetation. Il. Aboveground organs  Decomposi¢cdo da macroéfita aquatickichhania
of emergent macrophytelsi: B. Gopal, R. E. Turner, R. azurea (Kunth), com énfase na colonizagdo por
G. Wetzel & D. F. Whigham, (eds\Wetlands: Ecology and bactérias epifiticasActa Limnol.Brasil, 3(2): 653-673.

managementJaipur: National Eint. Ecology, 282p. THOMAZ. S. M.. ROBERTO M. C. & BINI. L. M.. 1997
NEWELL, S.Y., 1993, Decomposition of shoots of a salt- Fatores limnoldgicos e clorofila-acaracterizagdo dos

marsh grass, pp. 301-325: J.G. Jones, (ed.Advances habitats e influéncia do pulso de inundagém 71-100.

in Microbial Ecology 325, Plenum Press, New York. In: A. E. A. M. Vazzoler, A. A Agostinho & N. S. Hahn,

ODUM, E. P. & DE LA CRUZ, A. A., 1963, Detritus as amajor (€S-, A Planicie de Inundagdo do Alto Rio Parana
component of ecosystenBioscience 13: 39-40. 460p. Maringa, Eduem, pp. 71-100.
OLAH, J., 1972, Leaching, colonization and stabilization THOMAZ, .S.' M. & ESTEVES' F. A, .1998'. Secondary
during detritus formatiorMem. Inst. Ital. Idrobiol. 29: productivity fH-Leucine andH-Thymidine incorpora-
105-127. tion), abundance' and biomass of _the ep!phytlc pacterla
attached to detritus ofypha domingensi®ers. in a
OLSON, J. S., 1963, Energy storage and the balance of tropical coastal lagoorHydrobiologia(in press).

gzczomposers In ecological systerBsology 44: 322-  \\rr7e| R . 1975, imnology W.B. Saunders Company,
: 743p.

PAES DA SILVA, L. & THOMAZ, S. M., 1997, Diel va- .
. S S ' ! WETZEL, R. G., 1990, Detritus, macrophytes and nutrient

f | | | rs and m - S ’ ' . . .

riation of some limnological parameters and metabo cycling in lakesMem. Ist. Ital. Hidrobiol. Dott. Marco di

lism of a lagoon of the high Parana river floodplain, Marchi, 47- 233-249.

MS. An. Sem. Reg. Ec@: 169-189.
. ~ . WETZEL, R. G. & LIKENS, G., 1991Limnological Analyses
PAGIORO, T. A., 1996Decomposicao de duas populagbes Springer-Verlag, New York, 391p.

distintas deEichhornia azureaSiwvart) Kunth da planicie
de inundagédo do Alto Rio ParanBlEM, Maringa, p.37. ZAGATTO, E. A. G., REIS, B. F.,, BERGAMIN, H., PESSEN-
Dissertacdo de Mestrado em Ecologia de Ambientes DA, L. C. R., MORTATTI, J. & GENE, M. F., 198Manual

Aquaticos, Universidade Estadual de Maringa. de analises de plantas empregandtesigas de injecdo em

POI DE NEIFF, A. & NEIFF, J. J., 1988, Decomposition of /X0 USP — ESALQ, Piracicaba, SP, 45p.
Eichhornia crassipesSolms in a pond of Parana river
valley and colonization by invertebrate®rop. Ecol,
29(2): 79-85.

Rev. Brasil. Biol., 5@}): 603-608



