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ABSTRACT. The aim of this study is to evaluate the kinetics of aerobic decomposition of Saccharum 
officinarum and Talauma ovata leaves. For each species, decomposition chambers (leaves and water) were set 
up, which were maintained under controlled conditions. Each sampling day (1, 7, 15, 30, 39, 58, 72 and 90 
days), the concentrations of total organic carbon, pH and electrical conductivity (EC) were determined in 
the dissolved fraction, while the mass and cell wall fractions (CWF) were determined in the particulate 
fraction. The pH stabilization of the chambers with T. ovata and S. officinarum leaves occurred in alkaline 
(ca. 8 - 8.5) and close to the neutrality (ca. 7 - 7.5) environment, respectively. The EC values were on 
average 1.6 times higher in incubations with T. ovata leaves. The mass loss did not differ between the 
species (mean = 53.85%), however the decay coefficient was higher for S. officinarum (k4 = 0.007 day-1) 
than for T. ovata (k4 = 0.005 day-1) leaves. The CWF mass loss (mean = 50.16%) and their coefficient 
(0.0090 day-1) were similar. S. officinarum decomposed faster due to its high concentrations of energetic 
compounds of interest to the microbiota. The slower decomposition of T. ovata may have occurred due to 
the presence of secondary compounds with negative effects to the microorganisms. 
Keywords: riparian zone, mass loss, mineralization, dissolved organic carbon, particulate organic carbon. 

Cinéticas da decomposição aeróbia de Talauma ovata e Saccharum officinarum 

RESUMO. O objetivo deste estudo foi avaliar as cinéticas da decomposição aeróbia de folhas de Talauma ovata 
e Saccharum officinarum. Para cada espécie foram montadas câmaras de decomposição (folhas e água) que foram 
mantidas sob condições controladas. A cada dia amostral (1, 7, 15, 30, 39, 58, 72 e 90 dias), as concentrações de 
carbono orgânico total, pH e condutividade elétrica (CE) foram determinadas na fração dissolvida, enquanto a 
massa e as frações de parede celular (FPC) foram determinadas na fração particulada. A estabilização do pH 
das câmaras com folhas de T. ovata e S. officinarum ocorreram em meio básico (ca. 8 - 8,5) e próximo à 
neutralidade (ca. 7 - 7,5), respectivamente. Os valores de CE foram em média 1,6 vezes maiores nas 
incubações com folhas de T. ovata. A perda de massa não diferiu entre as espécies (média = 53,85%).  
No entanto, o coeficiente de decaimento foi maior para as folhas de S. officinarum (k4 = 0,007 dia-1) que para  
T. ovata (k4 = 0,005 dia-1). As perdas de massa da FPC (média = 50,16%) e seus respectivos coeficientes 
(0,0090 dia-1) foram similares. S. officinarum decompôs mais rapidamente devido às elevadas concentrações de 
compostos energéticos de interesse para a microbiota. A decomposição mais lenta de T. ovata pode ter ocorrido 
pela presença de compostos secundários com efeitos negativos sobre os micro-organismos. 
Palavras-chave: zona ripária, perda de massa, mineralização, carbono orgânico dissolvido, carbono orgânico particulado. 

Introduction 

Riparian vegetation is the transition zone 
between the terrestrial and aquatic ecosystem 
(RICHARDSON et al., 2007). This zone has 
functions of great importance to the environment: 
(i) avoiding the erosion of stream banks and the 
consequent widening of the channel; (ii) shaping the 
channel morphology by the heterogeneity 
introduced via plants or large woody debris that 
change the water flow direction; (iii) altering 

 

channel hydraulics, also by large woody debris 
structures, reducing or increasing water velocity and 
changing its residence time; (iv) impacting water 
quality, either by acting as filters, reducing nutrients 
and pesticide movements into rivers by taking and 
storing them, or even by releasing nutrients through 
decomposition or exuding components; (v) 
controlling the streams microclimate via shading and 
evapotranspiration; (vi) working as ecological 
corridors, enabling biological connections through 
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environmental gradient and (vii) providing habitat, 
refuge and food for the fauna (NAIMAN; 
DÉCAMPS, 1997; RICHARDSON et al., 2007; 
TABACCHI et al., 2000). However, one of the most 
relevant functions is the supply of organic matter into 
the water. In low order forested streams, 
allochthonous matter is the most important source of 
energy to support the biotic communities inhabiting 
the site (ABELHO, 2001). This occurs because the 
dense canopies shade the stream, reducing the 
penetration of solar radiation, promoting low 
temperatures and consequently limiting primary 
production (ABELHO, 2001). In many cases, leaves 
are the most abundant fraction of the allochthonous 
particulate organic matter (e.g., GONÇALVES 
JUNIOR et al., 2006a). Thus, leaf litter breakdown is 
a fundamental function performed in streams 
(PASCOAL et al., 2005). It depends on both litter 
quality (e.g., leaf chemistry such as secondary 
compounds - tannins and lignins for example - and 
nutrient concentrations) and stream characteristics 
(e.g., temperature, pH, specific conductivity, salinity, 
total dissolved solids and nutrient concentrations), 
which affect biofilm formation, microbial 
decomposition and invertebrate colonization 
(LEROY; MARKS, 2006; TREVISAN; HEPP, 2007; 
WRIGHT; COVICH, 2005). 

The leaf litter breakdown in streams is 
characterized by three distinct phases, which act 
simultaneously: leaching, conditioning and 
fragmentation (GESSNER et al., 1999). Leaching is 
the release of soluble leaf constituents, which is 
generally quick, accounting for a substantial 
reduction in initial mass (ABELHO, 2001; 
GESSNER et al., 1999). Conditioning is the 
colonization of leaf litter by microorganisms that 
enhance breakdown by grinding, metabolizing and 
incorporating leaves into secondary production 
(ABELHO, 2001). Microorganisms also increase 
detritus palatability for invertebrate shredders, 
although leaf decomposition does not necessarily 
end up in the feeding of shredders (GESSNER  
et al., 1999). The microbial community is basically 
composed by fungi and bacteria (GONÇALVES 
JUNIOR et al., 2006b). However, fungi, especially 
aquatic hyphomycetes, are of greater importance 
than bacteria in this process in terms of biomass and 
activity (ABELHO et al., 2005; GULIS; 
SUBERKROPP, 2003; HIEBER; GESSNER, 2002; 
PASCOAL; CÁSSIO, 2004). Finally, fragmentation 
can occur in two distinct ways: (i) physical 
fragmentation occurs by abrasion and shear stress 
carried by the flowing water and (ii) biotic 

fragmentation occurs by microbial enzymatic 
degradation and feeding of shredders, which 
transform coarse into fine particulate organic matter 
(ABELHO, 2001; GESSNER et al., 1999; GRAÇA, 
2001). Subsequently, the dissolved and fine 
particulate organic carbon is converted into CO2 and 
other inorganic compounds (mineralization) by 
oxidation (CUNHA-SANTINO; BIANCHINI 
JUNIOR, 2000; GESSNER et al., 1999). 

Although riparian and riverine systems have 
always played a fundamental role in human life, 
providing the most diverse ecosystem services, these 
systems are subject to antrophic degradation all over 
the world (KYLE; LEISHMAN, 2009). 
Inappropriate agricultural practices, for example, 
have led to the loss of riparian vegetation, with its 
replacement by monoculture that has great 
economic interest, such as sugar-cane (Saccharum 
officinarum). This replacement modifies the quality 
and quantity of matter entering stream, 
consequently affecting its communities and 
functional processes (e.g. BELTRÃO et al., 2009; 
CORBI; TRIVINHO-STRIXINO, 2008). Brazil is 
the largest sugar-cane producer in the world, which 
is cultivated in the southeastern and northeastern 
parts of the country (MORIYA et al., 2007). In São 
Paulo State, particularly in recent years, this plant 
has been extensively cultivated and usually replaces 
the original riparian forest. Talauma ovata is among 
the species threatened by this process. This is a late 
secondary or climax plant particularly found in the 
Atlantic Rain Forest, with substantial representation 
in the gallery forests of Brazilian Savanna or the 
wetland environments (LORENZI, 2002). 

We hypothesized that the decomposition of  
T. ovata leaves is slower than S. officinarum leaves, 
since T. ovata is rich in secondary compounds 
(STEFANELLO et al., 2005) which can present anti 
microbial action. Taking this into account, the aim 
of this study is to describe the kinetics of the aerobic 
decomposition of Talauma ovata and Saccharum 
officinarum leaves. This was done by analyzing the 
particulate organic carbon decay, the carbon balance 
and the release of hydrosoluble compounds from 
leaves in controlled conditions.  

Material and methods 

Experimental procedures 

Talauma ovata (Magnoliaceae) is a perennial 
species (ANTUNES; RIBEIRO, 1999) whit 
glabrous leaves and reticulate nervure, simple blades 
with entire margins and an acute apex and base. Its 
leaves were collected on the banks of the Espraiado 
stream at the beginning of flowering, i.e. in the dry 
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season. Leaves at the senescence stage were taken 
directly from the adult plant, just before abscission. 
Saccharum officinarum (Poaceae) has hairy leaves 
(silica) with parallel nervure, simple blades with 
ciliate margins, an invaginating base and acute apex. 
Its leaves were collected in a plantation located 
between the cities of Araraquara and Ibaté (21°52'S 
and 48°0.5'W), also in the dry season, when the plant 
was in the ripening period (i.e. moments before 
harvest). After collecting, the leaves of both species 
were washed in running water in order to remove 
any material that interferes in the gravimetric 
method (e.g. inorganic material, small organisms, 
animal feces). Afterwards, they were dried in an 
oven at 45°C, until they obtained a constant mass, 
and fragmented (Ø = 4.01 ± 1.21 cm). 

Water samples were collected at the Espraiado 
stream (21°53'S and 47°52'W), located in the city of 
São Carlos (São Paulo State, Brazil) next to the 
campus of the São Carlos Federal University, on the 
borders of  São Carlos Ecological Park. Espraiado is 
a first order stream with preserved riparian 
vegetation (CORBI; TRIVINHO-STRIXINO, 
2008). Its waters has limnological  variables ranging 
in the following intervals: dissolved oxygen 2.08 – 
5.00 mg L-1; pH 4.51 - 5.65; electrical conductivity 
11 - 35 μS cm-1 (DORNFELD; FONSECA-
GESSNER, 2005); total nitrogen 190-310 μg L-1 and 
total phosphorus 0.2 - 0.7 μg L-1 (CORBI; 
TRIVINHO-STRIXINO, 2008). 

For each species, chambers of decomposition  
(n = 24) were set up, with ca. 0.5 g of leaf fragments 
and 50 mL of water sample from the Espraiado 
stream. This water was previously filtered using a 
cellulose acetate membrane (pore Ø = 0.45 μm; 
Millipore) to remove all particulate organic material. 
The chambers were maintained in the dark under 
aerobic conditions at 22.6ºC, for 90 days. Every 
sampling day (1, 7, 15, 30, 39, 58, 72 and 90 days), 
three chambers of each resource were fractionated 
into particulate and dissolved fractions through a 
nylon mesh (Ø = 400 μm). In the dissolved fraction 
the following was determined: (i) the concentrations 
of total organic carbon (TOC) by combustion and 
infrared detection (Shimadzu TOC-5000A); (ii) the 
pH values, using the potentiometric method 
(Qualxtron, model 8010); and (iii) the electrical 
conductivity (EC) values, also using the 
potentiometric method (Digimed, model DM3).  
The remaining particulate organic matter (POM) was 
dried at 45°C to obtain a constant weight and its mass 
was determined by gravimetry (WETZEL; LIKENS, 
1991). The cell wall fraction (CWF; lignin, cellulose 
and hemicellulose) of POM was determined by the 

modified method proposed by Van Soest and Wine 
(1967). The POM was converted into carbon bases 
(POC) by a factor of 0.40. This value represents the 
mean obtained by a compilation of 45 studies of 
different species conducted by Bianchini Junior and 
Cunha-Santino (2008). 

Data treatment 

The temporal variations of pH, EC and mass loss 
of the two species were tested using the Shapiro-Wilk 
normality test. For the data that presented normal 
distribution (mass loss), the Student t test was applied 
later. For the data with non-normal distribution (pH 
and EC), the Kruskal-Wallis test was applied.  

Considering the carbon mass balance of 
incubation, the evolution of the carbon 
mineralization process from the aerobic 
decomposition of T. ovata and S. officinarum leaves 
were obtained from the kinetic model described in 
Equations 1 to 4 (BIANCHINI JUNIOR, 2003). 
For the parameterization of the model (Equations 1 
to 4), the temporal variations of POC and DOC 
were fitted using the Levenberg-Marquardt iterative 
algorithm (PRESS et al., 1993). 
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where:  

POCLS = labile/soluble particulate organic 
carbon (%); 

POCR = refractory particulate organic carbon (%); 
POCL: labile particulate organic carbon (%); 
POCL = (k1 kT

-1) × POCLS;  
DOC = dissolved organic carbon (%) derived 

from leaching; 
DOC = (k2 kT

-1) × POCLS; 
MC = mineralized carbon (%); 
e = natural logarithm base; 
t = time (day); 
kT = global decay coefficient of POCLS (k1 + k2) 

(day-1); 
k1 = mineralization coefficient from POCL (day-1);  
k2 = leaching coefficient from POCLS (equal to 

the rate of DOC formation; day-1);  
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k3 = DOC mineralization coefficient (day-1);  
k4 = POCR mineralization coefficient (day-1);  
IN1-3: inorganic compounds produced by the 3 

mineralization pathways (%). 
The half-life times (t1/2) of the decomposition 

process of T. ovata and S. officinarum were calculated 
by the Equation 5. 

 
t1/2 = 0,693/k(1-4) (5)

 
For the temporal variations of CWF a first-order 

kinetic model (single exponential) was applied. 

Results 

The pH of incubations with T. ovata leaves did 
not differ statistically from that with S. officinarum 
leaves (Kruskal-Wallis test, p = 0.0934). Initially 
the dissolved fraction of both species showed 
acidic character (5.18). Then, the pH of the 
chambers with T. ovata leaves increased, reaching 
its maximum value (8.53) on the 39th day of 
decomposition and then tended to stabilize in a 
basic pH medium (mean = 8.28). The pH of the 

chambers with S. officinarum leaves tended to 
stabilize from the 30th day at close to the 
neutrality environment (mean = 7.37), reaching 
its maximum value (7.49) on the 72nd day of 
decomposition (Figure 1).  

The electrical conductivity (EC) of the incubation 
with T. ovata and S. officinarum leaves differed 
statistically (Kruskal-Wallis test, p = 0.004718), and 
the values obtained for T. ovata were 1.6 times higher 
than those obtained for S. officinarum. The initial 
water EC value was 19.18 μS cm-1 for both species. 
After the first day, this value increased dramatically, 
reaching 797 and 559 μS cm-1 in the incubations with 
T. ovata and S. officinarum leaves, respectively. The EC 
of incubation with T. ovata leaves increased 
progressively, reaching its maximum value (1134 μS 
cm-1) on the 30th day and, subsequently began to 
decrease gradually arriving at 888 μS cm-1 at the end 
of the experiment (90th day). In the decomposition of 
S. officinarum leaves, the maximum EC value (718 μS 
cm-1) was found on the 58th day, decreasing from then 
and reaching 532 μS cm-1 at the end of the 
experiment (90th day) (Figure 1). 
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Figure 1. Mean values and standard deviations (n = 3) of pH and electrical conductivity temporal variations of the incubations with 
Talauma ovata and Saccharum officinarum leaves. 
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The DOC presented an increase of 15.69% in the 
incubation with T. ovata leaves and of 9.16% in that 
with the S. officinarum leaves after the first day, which 
are the maximum values recorded. Since then, the 
DOC concentrations decreased gradually reaching the 
minimum value on the 90th day of the experiment 
(1.22% for incubations with T. ovata leaves and 1.59% 
for that with S. officinarum leaves) (Figure 2). T. ovata 
leaves showed a loss of 54.63% of their initial mass after 
the 90 days of the experiment. This value was very 
close to that lost by S. officinarum leaves in the same 
period (53.07%). The POC decay (mass loss) was not 
statistically different between the two species (t-test,  
F = 1062 and P = 0.4671) (Figure 2). 
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Figure 2. Mean values and standard deviations (n = 3) of the 
temporal variations during the decomposition of particulate 
organic carbon (POC), dissolved organic carbon (DOC) and 
mineralized carbon (MC) of detritus from Talauma ovata and 
Saccharum officinarum leaves. 

In general, the kinetic model suggests that the 
particulate organic carbon (POC) from selected 
resources had two fractions: a labile and/or soluble 
(POCLS), and a refractory (POCR). The POCLS is 
represented by the fast mass loss during the first days of 
decomposition through a leaching process, while the 

POCR had a slower decomposition. T. ovata leaves 
showed a POCLS content of 30.11%, almost twice the 
S. officinarum leaves values (16.15%). Due to the greater 
labile character of T. ovata leaves, 20.23% of its initial 
mass was lost after the first day of decomposition, 
double the amount lost by S. officinarum (10.63%).  
A higher content of POCR was, consequently shown 
by S. officinarum (83.82% compared to 69.88% of  
T. ovata leaves). The percentage of POCR was 53.75, on 
average, higher than the POCLS fraction. The 
parameter values obtained for the kinetic model are 
shown in Table 1. 

The values of the global decay coefficients of 
POCLS (kT) of T. ovata (1.071 day-1) and  
S. officinarum (0.954 day-1) leaves were high and very 
close, and the value of T. ovata leaves slightly higher. 
The corresponding t1/2 was 0.6 and 0.7 day, 
respectively. The POCR mineralization coefficients 
(k4) were low, and in this case, the mass loss of  
S. officinarum leaves (0.007 day-1) was slightly faster 
than that of the T. ovata leaves (0.005 day-1). Thus, 
the process t1/2 was lower for S. officinarum leaves  
(97 days) than for T. ovata leaves (126 days).  

The dissolved organic carbon (DOC), formed 
due to the mass loss of POCLS, corresponded to 
74.29% of the leachate for T. ovata leaves (k2 = 0.796 
day-1). For S. officinarum leaves, this value was 
11.95% lower (k2 = 0.594 days-1). The rest of the 
POCLS was immediately mineralized by direct 
oxidation at a rate (k1) corresponding to 0.275 day-1 
for T. ovata leaves. For S. officinarum leaves, this value 
was 30% higher (0.359 day-1). 

Table 1. Values of the parameters obtained from the kinetic model 
used for T. ovata and S. officinarum leaves. Where: POCLS = 
labile/soluble particulate organic carbon; POCR = refractory 
particulate organic carbon; DOC = dissolved organic carbon; IN1 = 
content of organic carbon easily oxidized and mineralized according 
to kT; kT = global decay coefficient of POCLS (kT = k1 + k2); k1 = 
mineralization coefficient from POCL; k2 = leaching coefficient from 
POCLS; k3 = DOC mineralization coefficient; k4 = POCR 
mineralization coefficient; t1/2(1-4) = coefficients (k1-4) half-life time.  

Parameter  T. ovata S. officinarum 
POCLS (%) 30.11 16.15 
POCR (%) 69.88 83.82 
kT (day-1) 1.071 0.954 
k4 (day-1) 0.005 0.007 
r2 0.98 0.98 
DOC (%) 22.36 10.07 
k3 (day-1) 0.062 0.025 
r2 0.96 0.78 
INI1 (%) * 7.74 6.08 
k1 (day-1) ** 0.275 0.359 
k2 (day-1) ** 0.796 0.594 
t1/2 (kT) (day) 0.647 0.727 
t1/2 (k1) (day) 2.515 1.929 
t1/2 (k2) (day) 0.871 1.166 
t1/2 (k3) (day) 11.124 27.326 
t1/2 (k4) (day) 125.798 97.059 
(*)Values proportional to the formation of IN1; (**)Values estimated by the difference between 
POCLS and DOC. 
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The direct mineralization from POCLS (IN1) of 
T. ovata leaves accounted for 7.74% of the total 
particulate organic carbon, while the DOC 
mineralization (IN2) corresponded to 22.36% and 
the POCR (IN3) to 69.88%. S. officinarum leaves 
showed lower percentages of POCLS mineralization, 
6.08 and 10.07% respectively, and consequently a 
higher percentage of carbon presented 
mineralization from POCR, 83.82%. The total 
mineralized carbon curve from the three pathways is 
shown in Figure 2. 

The initial cell wall fraction (CWF) was 88.19% 
and 59.14% total mass to S. officinarum and T. ovata 
leaves, respectively. After the first day of incubation, 
the CWF of T. ovata was enriched by 12%, it was 
followed by a gradual decrease, reaching 52.14% of 
the initial value at 90 days of the experiment.  
S. officinarum leaves presented a slightly higher 
reduction, reaching 48.19% in the same period 
(Figure 3). According to the kinetic model adopted, 
there was no difference between the CWF decay 
coefficients of both species (0.0090 day-1).  
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Figure 3. Mean values and standard deviations (n = 3) of the 
temporal cell wall fraction (CWF) variations of detritus from 
Talauma ovata and Saccharum officinarum during the decomposition 
process. 

Discussion 

The leaching process that occurred in the early 
stages of decomposition in this experiment was 
responsible for the rapid release of organic and 
inorganic compounds present in the protoplasm and 
hydrosoluble fractions of detritus (DAVIS III et al., 
2003). This led to chemical changes in the 
environment, among them the increase of pH values 
observed at the beginning of the process. The 
subsequent stabilization of the pH occurred, 
according to Cunha-Santino and Bianchini Junior 
(2004), as a result of humic substances formation, 
which behaved as buffers. The pH probably did not 
present any negative effect on the decomposition, 
since stabilizations occurred in a circumneutral and 
basic environment, not in acid. The acidity presents 
negative effects on the decomposition (WEBSTER; 
BENFIELD, 1986), reducing the microbial 
metabolism, the richness and abundance of 
invertebrates and making the leaf breakdown 
substantially slower, as demonstrated by numerous 
studies in acid natural systems (e.g. DANGLES; 
GUÉROLD, 1998; DANGLES; CHAUVET, 2003; 
DANGLES et al., 2004; SUBERKROPP, 1995).  
On the other hand, Suberkropp (2001) analyzed leaf 
breakdown in a circumneutral stream and in a basic 
one (pH 6.7 and 8.0, respectively) and observed 
higher rates of decomposition and fungal production 
in the basic stream. Considering that the decay rate 
is correlated with pH, once the degradation process 
involves hydrolytic microbial enzymes that depend 
on pH, then it is possible that this factor has 
contributed in some way to the faster decomposition 
of S. officinarum in relation to T. ovata leaves.  

The release of hydrosoluble compounds, 
including ions, was also responsible for the abrupt 
increase of EC in the environment observed after 
the first day of incubation (PAGIORO; THOMAZ, 
1999). The carbonic acid dissociation deriving from 
oxidation of labile compounds is another factor that 
may have contributed to the increase in EC. On the 
other hand, the decrease in EC values observed at 
the end of the experiment can be attributed to the 
assimilation of ions by the microorganisms 
(CUNHA-SANTINO; BIANCHINI JUNIOR, 
2004). Leaching also explains the peak of DOC 
observed after the first day of incubation. According 
to Wetzel (1995), more than 40% of total organic 
carbon of detritus is often leached during the first  
24 hours of decomposition. The gradual decrease 
showed since then, can also be attributed to the 
mineralization of DOC, which justifies the gradual 
increase of the MC, and the formation of microbial 
biomass. The high values of EC and DOC observed 
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in incubations with T. ovata indicate the more labile 
character of its leaves, when compared to  
S. officinarum leaves. This is confirmed by the higher 
content of POCLS from T. ovata. 

The mass loss observed at the beginning of the 
experiment (also due to the leaching process) was 
high for both species. However, this loss may be 
over estimated. The leaves that fall naturally in 
streams are usually fresh, while those used in 
experiments are usually previously dried, whether at 
room temperature or in an oven (BÄRLOCHER, 
1997). This procedure is designed to homogenize 
the samples and make the quantification of initial 
mass more accurate (BÄRLOCHER, 1997; 
TAYLOR; BÄRLOCHER, 1996). However, the 
drying of the leaves causes death and loss of tissue 
integrity, thus accelerating the leaching process 
(GESSNER et al., 1999).   

The higher percentages of POCR in relation to 
POCLS, as well as the higher values of kT in relation to 
k4 obtained for T. ovata and S. officinarum, indicate the 
predominance of the slow process of decomposition. 
This tendency was also observed by Bianchini Junior 
(1999), who calculated, from data presented by 
different references, the content of labile and 
refractory fractions, as well as their respective decay 
coefficients (kT and k4), of 118 resources decomposed 
in different environmental conditions. The author 
obtained a variation of the labile particulate organic 
matter from 0 to 71.6% and of the refractory between 
28.4 and 100%, with average values equal to 26.6 and 
73.4%, respectively. The kT values observed by the 
author were about 118 times, on average, higher than 
k4. In the present study, the kT/k4 ratios were 214 and 
136 for the leaves of T. ovata and S. officinarum, 
respectively. This confirmed the fact that the labile 
fraction of the detritus is generally smaller and is lost 
faster than the refractory one. The S. officinarum kT 
was slightly higher than for T. ovata. Other values of k 
found in the literature can be seen in Table 2.  
The values found ranged between 0.0002 day-1 for 
Fagus sylvatica (DANGLES; GUÉROLD, 1998) and 
0.0672 day-1 for Hura crepitans (ABELHO et al., 2005) 
with an average of 0.01226 day-1. It is important to 
highlight that the k values presented in the table are 
comparable to k4 of this study as these authors did not 
evaluate separately the decay of labile and refractory 
organic matter. The large differences in decay rates 
can be attributed to numerous factors, including the 
structural differences of each species (hardness) and 
its content of nutrients (MUN et al., 2001), the 
environmental conditions imposed on decomposition 
and methodological limitations (BIANCHINI 
JUNIOR, 1999). 

Table 2. Values of the decomposition coefficient (k) obtained 
from various studies for different tree leaves decomposed in 
streams in different environmental conditions. 

Resource (leaves) k (dia-1) Reference 
Acer rubrum 0.0048 Gulis and Suberkropp (2003) 
Acer rubrum 0.0089 Gulis and Suberkropp (2003) 
Acer Saccharum 0.0090 Das et al. (2007) 
Ailanthus altissima 0.0080 Alonso et al. (2010) 
Almus oblongifolia 0.0199 Leroy and Marks (2006) 
Almus oblongifolia 0.0173 Leroy and Marks (2006) 
Almus oblongifolia 0.0149 Leroy and Marks (2006) 
Alnus glutinosa 0.0352 Hieber and Gessner (2002) 
Alnus glutinosa 0.0220 Pascoal and Cássio (2004) 
Alnus glutinosa 0.0200 Pascoal and Cássio (2004) 
Alnus glutinosa 0.0130 Pascoal and Cássio (2004) 
Alnus glutinosa 0.0420 Pascoal and Cássio (2004) 
Alnus glutinosa 0.0295 Gonçalves Junior et al. (2006c) 
Alnus glutinosa 0.0166 Gonçalves Junior et al. (2006c) 
Alnus glutinosa 0.0137 Gonçalves Junior et al. (2006c) 
Alnus glutinosa 0.0093 Gonçalves Junior et al. (2006c) 
Alnus glutinosa 0.0136 Gonçalves Junior et al. (2006c) 
Alnus glutinosa 0.0143 Gonçalves Junior et al. (2006c) 
Alnus glutinosa 0.0117 Sampaio et al. (2008) 
Alnus glutinosa 0.0338 Sampaio et al. (2008) 
Cecropia schreberiana 0.0375 Wright and Covich (2005) 
Cecropia schreberiana 0.0159 Wright and Covich (2005) 
Dacryodes excelsa 0.0395 Wright and Covich (2005) 
Dacryodes excelsa 0.0266 Wright and Covich (2005) 
Eucalyptus grandis 0.0050 Trevisan and Hepp (2007) 
Eucalyptus grandis 0.0050 Hepp et al. (2009) 
Fagus sylvatica 0.0008 Dangles and Chauvet (2003) 
Fagus sylvatica 0.0010 Dangles and Chauvet (2003) 
Fagus sylvatica 0.0010 Dangles and Chauvet (2003) 
Fagus sylvatica 0.0017 Dangles and Chauvet (2003) 
Fagus sylvatica 0.0036 Dangles and Chauvet (2003) 
Fagus sylvatica 0.0018 Dangles and Guérold (1998) 
Fagus sylvatica 0.0002 Dangles and Guérold (1998) 
Fraxinus angustifolia 0.0090 Alonso et al. (2010) 
Fraxinus velutina 0.0172 Leroy and Marks (2006) 
Fraxinus velutina 0.0151 Leroy and Marks (2006) 
Fraxinus velutina 0.0138 Leroy and Marks (2006) 
Hura crepitans 0.0672 Abelho et al. (2005) 
Liriodendron tulipifera 0.0100 Suberkropp (2001) 
Liriodendron tulipifera 0.0050 Suberkropp (2001) 
Miconia chartacea 0.0033 Moretti et al. (2007) 
Miconia chartacea 0.0051 Moretti et al. (2007) 
Myrcia guyanensis 0.0063 Moretti et al. (2007) 
Myrcia guyanensis 0.0053 Moretti et al. (2007) 
Nothofagus pumilio 0.0033 Albariño and Balseiro (2002) 
Ocotea sp. 0.0043 Moretti et al. (2007) 
Ocotea sp. 0.0088 Moretti et al. (2007) 
Pinus ponderosa 0.0017 Albariño and Balseiro (2002) 
Platanus wrightii 0.0121 Leroy and Marks (2006) 
Platanus wrightii 0.0081 Leroy and Marks (2006) 
Platanus wrightii 0.0069 Leroy and Marks (2006) 
Populus fremontii 0.0206 Leroy and Marks (2006) 
Populus fremontii 0.0186 Leroy and Marks (2006) 
Populus fremontii 0.0176 Leroy and Marks (2006) 
Protium brasiliense 0.0020 Moretti et al. (2007) 
Protium brasiliense 0.0042 Moretti et al. (2007) 
Protium brasiliense 0.0057 Gonçalves Junior et al. (2007) 
Protium brasiliense 0.0047 Gonçalves Junior et al. (2007) 
Protium brasiliense 0.0055 Gonçalves Junior et al. (2007) 
Protium brasiliense 0.0046 Gonçalves Junior et al. (2007) 
Protium brasiliense 0.0021 Gonçalves Junior et al. (2007) 

Continue... 
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...continuation 
Resource (leaves) k (dia-1) Reference 
Protium brasiliense 0.0016 Gonçalves Junior et al. (2007) 
Protium heptaphyllum 0.0019 Moretti et al. (2007) 
Protium heptaphyllum 0.0040 Moretti et al. (2007) 
Quercus alba 0.0070 Suberkropp (2001) 
Quercus alba 0.0040 Suberkropp (2001) 
Quercus gambelii 0.0138 Leroy and Marks (2006) 
Quercus gambelii 0.0076 Leroy and Marks (2006) 
Quercus gambelii 0.0073 Leroy and Marks (2006) 
Querus alba 0.0030 Das et al. (2007) 
Rhododendron maximum 0.0018 Gulis and Suberkropp (2003) 
Rhododendron maximum 0.0065 Gulis and Suberkropp (2003) 
Robinia pseudoacacia 0.0050 Alonso et al. (2010) 
Salix atrocinerea 0.0154 Sampaio et al. (2008) 
Salix atrocinerea 0.0170 Sampaio et al. (2008) 
Salix fragilis 0.0270 Hieber and Gessner (2002) 
Sebastiana commersoniana 0.0240 Trevisan and Hepp (2007) 
Sebastiana commersoniana 0.0280 Hepp et al. (2009) 
Ulmus minor 0.0080 Alonso et al. (2010) 
 

The enrichment of CWF observed for T. ovata 
leaves after the first day of incubation occurred due 
to soluble organic matter leaching, as in the initial 
material the soluble fraction was still present, 
reducing the overall percentage of CWF. The initial 
CWF found for S. officinarum in this study was 
higher than other values found in the literature. 
Azevêdo et al. (2003), by analyzing three different 
varieties of sugar cane found an average CWF of 
46.7%, a value 41.3% lower than that found here. 
Bakshi and Wadhwa (2007) determined the CWF of 
nine tree species leaves and obtained values ranging 
between 35% (Melia azedarach and Morus Alba) and 
60% (Ficus glomerate). The authors also obtained the 
value of 58% for Albizzia lebbock, a value similar to 
those obtained for T. ovata leaves in this experiment. 
Abdulrazak et al. (2000) determined the CWF of six 
Acacia tree leaves and obtained values ranging 
between 15.4% (A. nubica) and 31.2% (A. nilotica; 
about half the value obtained for T. ovata). It can be 
noted that, although T. ovata leaves presented a 
CWF content considerably lower than S. officinarum, 
this value is quite high when compared to other tree 
species. These high percentages of CWF of both 
species investigated here can result in a great 
contribution for the particulate organic matter 
accumulation in lotic ecosystems. This occurs due to 
the difficult decomposition of structural compounds. 

Conclusion 

In conclusion, T. ovata showed a great content 
POCLS, while S. officinarum showed higher 
percentages of POCR. Although there have been no 
significant differences between the mass loss from 
the leaves of both species, the decomposition of  
S. officinarum was relatively faster, even with its high 

content of CWF. This may be due to the high 
concentrations of energetic compounds in the 
biomass, mono and polysaccharides, for example, 
which is of great interest to the decomposing 
microorganisms. T. ovata, as expected, presented a 
lower decomposition, probably due to the high 
content of secondary compounds (e. g. terpenoids; 
STEFANELLO et al., 2005) which may have 
negatively affected the decomposing organisms. 

Acknowledgements 

The authors would like to thank the National 
Council for Scientific and Technological 
Development (CNPq) for the scholarship (Process 
131846/2009-4), the Foundation of Support to 
Research of São Paulo State (FAPESP) for the 
scholarship (Process: 2009 / 50690-8) and Wagner 
Antonio Chiba de Castro for his help in the 
statistical analysis. 

References 

ABDULRAZAK, S. A.; FUJIHARA, T.; ONDIEK, J. K.; 
ØRSKOV, E. R. Nutritive evaluation of some Acacia tree 
leaves from Kenya. Animal Feed Science and 
Technology, v. 85, n. 1-2, p. 89-98, 2000. 
ABELHO, M. From litterfall to breakdown in streams: a 
review. The Scientific World, v. 1, p. 656-680, 2001. 
ABELHO, M.; CRESSA, C.; GRAÇA, M. Microbial 
biomass, respiration, and decomposition of Hura crepitans 
L. (Euphorbiaceae) leaves in a tropical stream. 
Biotropica, v. 37, n. 3, p. 397-402, 2005. 
ALBARIÑO, R. J.; BALSEIRO, E. G. Leaf litter 
breakdown in Patagonian streams: native versus exotic 
trees and the effect of invertebrates size. Aquatic 
Conservation: Marine and Freshwater Ecosystems,  
v. 12, n. 2, p. 181-192, 2002. 
ALONSO, A.; GONZÁLEZ-MUÑOZ N.; CASTRO-
DÍEZ, P. Comparison of leaf decomposition and 
macroinvertebrate colonization between exotic and native 
trees in a freshwater ecosystem. Ecological Research,  
v. 25, n. 3, p. 647-653, 2010. 

ANTUNES, N. B.; RIBEIRO, J. F. Aspectos fenológicos 
de seis espécies vegetais em matas de galeria do distrito 
federal. Pesquisa Agropecuária Brasileira, v. 34, n. 9, 
p. 1517-1527, 1999. 
AZEVÊDO, J. A. G.; PEREIRA, J. C.; QUEIROZ, A. C.; 
CARNEIRO, P. C. S.; LANA, P. P.; BARBOSA, M. H. 
P.; FERNANDES, A. M.; RENNÓ, F. P. Composição 
químico-bromatológica, fracionamento de carboidratos e 
cinética da degradação in vitro da fibra de três variedades 
de cana-de-açúcar (Saccharum spp.). Revista Brasileira 
de Zootecnia, v. 32, n. 6, p. 1443-1453, 2003. 

BAKSHI, M. P. S.; WADHWA, M. Tree leaves as 
complete feed for goat bucks. Small Ruminant 
Research, v. 69, n. 1-3, p. 74-78, 2007. 



Talauma ovata and Saccharum officinarum breakdown 427 

Acta Scientiarum. Biological Sciences Maringá, v. 34, n. 4, p. 419-428, Oct.-Dec., 2012 

BÄRLOCHER, F. Pitfalls of traditional techniques when 
studying decomposition of vascular plant remains in 
aquatic habitats. Limnetica, v. 13, n. 2, p. 1-11, 1997. 
BELTRÃO, G. B. M.; MEDEIROS, E. S. F.; RAMOS, R. 
T. C. Effects of riparian vegetation on the structure of the 
marginal aquatic habitat and the associated fish assemblage 
in a tropical Brazilian reservoir. Biota Neotropica, v. 9, 
n. 4, p. 37-43, 2009. 
BIANCHINI JUNIOR, I. Aspectos do processo de 
decomposição nos ecossistemas aquáticos continentais. In: 
POMPÊO, M. L. M. (Org.). Perspectivas da 
limnologia no Brasil. São Luis: Gráfica e Editora União, 
1999. p. 21-43. 
BIANCHINI JUNIOR, I. Modelos de crescimento e 
decomposição de macrófitas aquáticas. In: THOMAZ, S. 
M.; BINI, L. M. (Ed.). Ecologia e manejo de 
macrófitas aquáticas. Maringá: Eduem, 2003. p. 85-126. 
BIANCHINI JUNIOR, I.; CUNHA-SANTINO, M. B. 
As rotas de liberação do carbono dos detritos de macrófitas 
aquáticas. Oecologia Brasiliensis, v. 12, n. 1, p. 20-29, 
2008. 
CORBI, J.; TRIVINHO-STRIXINO, S. Relationship 
between sugar cane cultivation and stream 
macroinvertebrate communities. Brazilian Archives of 
Biology and Technology, v. 51, n. 4, p. 769-779, 2008. 
CUNHA-SANTINO, M. B.; BIANCHINI JUNIOR, I. 
Humic substances mineralization: the variation of pH, 
electrical conductivity and optical density. Acta 
Limnologica Brasiliensia, v. 16, n. 1, p. 63-75, 2004. 

CUNHA-SANTINO, M. B.; BIANCHINI JUNIOR, I. 
Decomposição aeróbia e anaeróbia de Salvinia auriculata da 
lagoa do Infernão. In: SANTOS, J. E.; PIRES, J. S. R. (Ed.). 
Estudos Integrados em Ecossistemas – Estação Ecológica 
de Jataí. São Carlos: RiMa, 2000. v. 2, p. 631-643. 

DANGLES, O.; CHAUVET, E. Effects of stream 
acidification on fungal biomass in decaying beech leaves and 
leaf palatability. Water Research, v. 37, n. 3, p. 533-538, 
2003. 

DANGLES, O.; GESSNER, M. O.; GUEROLD, F.; 
CHAUVET, E. Impacts of stream acidification on litter 
breakdown: implications for assessing ecosystem 
functioning. Journal of Applied Ecology, v. 41, n. 2,  
p. 365-378, 2004. 

DANGLES, O.; GUÉROLD, F. A comparative study of 
beech leaf breakdown, energetic content, and associated 
fauna in acidic and non-acidic streams. Archiv für 
Hydrobiologie, v. 144, n. 1, p. 25-39, 1998. 

DAS, M.; ROYER, T. V.; LEFF, L. G. Diversity of fungi, 
bacteria, and actinomycetes on leaves decomposing in a 
stream. Applied and Environmental Microbiology,  
v. 73, n. 3, p. 756-767, 2007. 

DAVIS III, S. E.; CORRONADO-MOLINA, C.; 
CHILDERS, D. L.; DAY JR., J.W. Temporally dependent 
C, N, and P dynamics associated with the decay of 
Rhizophora mangle L. leaf litter in oligotrophic mangrove 
wetlands of the Southern Everglades. Aquatic Botany,  
v. 75, n. 3, p. 199-215, 2003. 

DORNFELD, C. B.; FONSECA-GESSNER, A. A. 
Fauna de Chironomidae (Diptera) associada à Salvinia sp. 
e Myriophyllum sp. num reservatório do Córrego do 
Espraiado, São Carlos, São Paulo, Brasil. Entomologia y 
Vectores, v. 12, n. 2, p. 181-192, 2005. 
GESSNER, M. O.; CHAUVET, E.; DOBSON, M. A 
perspective on leaf litter breakdown in streams. Oikos,  
v. 85, n. 2, p. 377-384, 1999. 
GONÇALVES JUNIOR, J. F.; FRANÇA, J. S.; 
CALLISTO, M. Dynamics of allochthonous organic 
matter in a tropical Brazilian headstream. Brazilian 
Archives of Biology and Technology, v. 49, n. 6,  
p. 967-973, 2006a. 
GONÇALVES JUNIOR, J. F.; FRANÇA, J. S.; 
MEDEIROS, A. O.; ROSA, C. A.; CALLISTO, M. Leaf 
breakdown in a tropical stream. International Review of 
Hydrobiology, v. 91, n. 2, p. 164-177, 2006b. 
GONÇALVES JUNIOR, J. F.; GRAÇA, M. A. S.; 
CALLISTO, M. Leaf-litter breakdown in 3 streams in 
temperate, mediterranean, and tropical cerrado climates. 
Journal of the North American Benthological 
Society, v. 25, n. 2, p. 344-355, 2006c. 
GONÇALVES JUNIOR, J. F.; GRAÇA, M. A. S.; 
CALLISTO, M. Litter decomposition in a Cerrado 
savannah stream is retarded by leaf toughness, low 
dissolved nutrients and a low density of shredders. 
Freshwater Biology, v. 52, n. 8, p. 1440-1451, 2007. 
GRAÇA, M. The role of invertebrates on leaf litter 
decomposition in streams – a review. International 
Review of Hydrobiology, v. 86, n. 4-5, p. 383-393, 2001. 
GULIS, V.; SUBERKROPP, K. Leaf litter decomposition 
and microbial activity in nutrient-enriched and unaltered 
reaches of a headwater stream. Freshwater Biology,  
v. 48, n. 1, p. 123-134, 2003. 
HEPP, L. U.; DELANORA, R.; TREVISAN, A. 
Compostos secundários durante a decomposição foliar de 
espécies arbóreas em um riacho do sul do Brasil. Acta 
Botanica Brasilica, v. 23, n. 2, p. 407-413, 2009. 
HIEBER, M.; GESSNER, M. O. Contribution of stream 
detritivores, fungi, and bacteria to leaf breakdown based 
on biomass estimates. Ecology, v. 83, n. 4, p. 1026-1038, 
2002. 
KYLE, G.; LEISHMAN, M. R. Functional trait 
differences between extant exotic, native and extinct native 
plants in the Hunter River, NSW: a potential tool in 
riparian rehabilitation. River Research and 
Applications, v. 25, n. 7, p. 892-903, 2009. 
LEROY, C. J.; MARKS, J. C. Litter quality, stream 
characteristics and litter diversity influence decomposition 
rates and macroinvertebrates. Freshwater Biology, v. 51, 
n. 4, p. 605-617, 2006. 
LORENZI, H. Árvores brasileiras: manual de 
identificação e cultivo de plantas arbóreas nativas do 
Brasil. Nova Odessa: Instituto Plantarum, 2002. 
MORETTI, M.; GONÇALVES JUNIOR, J. F.; 
CALLISTO, M. Leaf breakdown in two tropical streams: 
differences between single and mixed species packs. 
Limnologica, v. 37, n. 3, p. 250-258, 2007. 



428 Gimenes et al. 

Acta Scientiarum. Biological Sciences Maringá, v. 34, n. 4, p. 419-428, Oct.-Dec., 2012 

MORIYA, R. Y.; GONÇALVES, A. R.; DUARTE, M. C. 
T. Ethanol/water pulps from sugarcane straw and their 
biobleching with xylanase from Bacillus pumilus. Applied 
Biochemistry and Biotechnology, v. 136-140, n. 1-12, 
p. 501-514, 2007. 
MUN, H. T.; NAMGUNG, J.; KIM, J. H. Decay rate 
and changes of nutrients during decomposition of Zizania 
latifolia. Korean Journal of Ecology, v. 24, n. 2, p. 81-85, 
2001. 
NAIMAN, R. J.; DÉCAMPS, H. The ecology of 
interfaces: riparian zones. Annual Review of Ecology 
and Systematics, v. 28, p. 621-658, 1997. 
PAGIORO, T. A.; THOMAZ, S. M. Influence of the 
decomposition of Eichhornia azurea on selected abiotic 
limnological variables of different environments of the 
floodplain of the high Paraná River. Acta Limnologica 
Brasiliensia, v. 11, n. 2, p. 157-171, 1999. 
PASCOAL, C.; CÁSSIO, F. Contribution of fungi and 
bacteria to leaf litter decomposition in a polluted river. 
Applied and Environmental Microbiology, v. 70, n. 9, 
p. 5266-5273, 2004. 
PASCOAL, C.; CÁSSIO, F.; MARCOTEGUI, A.; 
SANZ, B.; GOMES, P. Role of fungi, bacteria, and 
invertebrates in leaf litter breakdown in a polluted river. 
Journal of the North American Benthological 
Society, v. 24, n. 4, p. 784-797, 2005. 
PRESS, W. H.; TEUKOLSKY, S. A.; VETTERLING, W. 
T.; FLANNERY, B. P. Numerical recipes in C: the art 
of scientific computing. New York: Cambridge University 
Press, 1993. 
RICHARDSON, D. M.; HOLMES P. M.; ESLER, K. J.; 
GALATOWITSCH, S. M.; STROMBERG, J. C.; 
KIRKMAN, S. P.; PYSEK, P.; HOBBS, R. Riparian 
vegetation: degradation, alien plant invasion, and 
restoration prospects. Diversity and Distributions,  
v. 13, n. 1, p. 126-139, 2007.  
SAMPAIO, A.; RODRÍGUEZ-GONZÁLEZ, P.; 
VARANDAS, S.; CORTES, R. M.; FERREIRA, M. T. 
Leaf litter decomposition in western Iberian forested 
wetlands: lentic versus lotic response. Limnetica, v. 27, 
n. 1, p. 93-106, 2008. 
STEFANELLO, M. E. A.; ALVARENGA, M. A.; TOMA, 
I. N.; MELLO-SILVA, R. Ocorrência de quimiotipos em 
Talauma ovata, uma planta medicinal brasileira. Revista 
Brasileira de Plantas Medicinais, v. 8, n. 1, p. 1-3, 2005. 

SUBERKROPP, K. Fungal growth, production, and 
sporulation during leaf decomposition in two streams. 
Applied and Environmental Microbiology, v. 67,  
n. 11, p. 5063-5068, 2001. 
SUBERKROPP, K. Regulation of leaf breakdown by 
fungi in streams: influences of water chemistry. Ecology, 
v. 76, n. 5, p. 1433-1445, 1995. 
TABACCHI, E.; LAMBS, L.; GUILLOY, H.; PLANTY-
TABACCHI, A. M.; MULLER, E.; DÉCAMPS, H. 
Impacts of riparian vegetation on hydrological processes. 
Hydrological Processes, v. 14, n. 16-17, p. 2959-2976, 
2000. 
TAYLOR, B. R.; BÄRLOCHER, F. Variable effects of air 
drying on leaching losses from tree leaf litter. 
Hydrobiologia, v. 325, n. 3, p. 173-182, 1996. 
TREVISAN, A.; HEPP, L. U. Dinâmica de componentes 
químicos vegetais e fauna associada ao processo de 
decomposição de espécies arbóreas em um riacho do norte 
do Rio Grande do Sul, Brasil. Neotropical Biology and 
Conservation, v. 2, n. 1, p. 55-60, 2007. 

VAN SOEST, P. J.; WINE, R. H. Use of detergents in the 
analysis of fibrous feeds IV. Determination of plant cell 
wall constituents. Journal of Association of Official 
Analytical Chemists, v. 56, n. 16, p. 50-55, 1967. 

WEBSTER, J. R.; BENFIELD, E. F. Vascular plant 
breakdown in freshwater ecosystems. Annual Review of 
Ecology and Systematics, v. 17, p. 567-94, 1986. 
WETZEL, R. G. Death, detritus, and energy flow in 
aquatic ecosystems. Freshwater Biology, v. 33, n. 1,  
p. 83-89, 1995. 

WETZEL, R. G.; LIKENS, G. E. Limnological 
analyses. New York: Springer-Verlag, 1991. 
WRIGHT, M. S.; COVICH, A. P. The effect of 
macroinvertebrate exclusion on leaf breakdown rates in 
a tropical headwater stream. Biotropica, v. 37, n. 3,  
p. 403-408, 2005. 

 
 

Received on February 11, 2010. 
Accepted on November 18, 2010. 

 
 

License information: This is an open-access article distributed under the terms of the 
Creative Commons Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited. 

 
 

 
 


