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Abstract: The aim of this study was to propose and discuss a simple manometric method to 
quantify the emission rates of gases resulting from the microbial anaerobic mineralization of organic 
resources, as leaves, thin branches, and macrophyte detritus. The proposed method can be used 
under laboratory conditions. The method consists of using a water pressure gauge attached to the 
reaction flask. The incubations were prepared with samples of water from Paranapanema River and 
Typha domingensis, the experiment lasted 9.8 months. The procedures for preparing the incubations 
are presented in detail, as well as the calculations for the conversion of the volumetric measurement 
into carbon mass (i.e., daily rate of carbon gas emissions). According to the results obtained from 
T. domingensis mineralization assays it was possible to demonstrate that, numerous events related to 
mineralization could be adequately addressed (e.g., the heterogeneous detritus composition). The 
results of this method were quite convergent with those obtained in kinetic experiments (used as a 
reference) after the 30th mineralization day, suggesting the use of this method mainly for medium- 
and long-term experiments. As exemplified by T. domingensis incubations, this method is particularly 
valuable for the systemic comparison of the several organic resources mineralization and for the 
primary measurement of the main parameters involved (e.g., reaction rates constants). This method 
combined with other short-term experiments can greatly improve the understanding of the cycling 
of organic resources in aquatic environments. 

Keywords: water pressure gauge; decomposition; carbon cycling; aquatic environment; greenhouse 
gases.

Resumo: O objetivo deste estudo foi propor e discutir um método manométrico simples para 
quantificar as taxas de emissão de gases resultantes da mineralização anaeróbia microbiana de recursos 
orgânicos, como folhas, galhos finos e detritos de macrófitas. O método proposto pode ser usado em 
condições de laboratório. O método consiste na utilização de um manômetro de água acoplado ao 
frasco de reação. As incubações foram preparadas com amostras de água do rio Paranapanema e Typha 
domingensis, o experimento durou 9,8 meses. Os procedimentos para a preparação das incubações 
são apresentados em detalhes, bem como os cálculos para a conversão da medição volumétrica em 
massa de carbono (ou seja, taxa diária de emissões de gás de carbono). De acordo com os resultados 
obtidos da mineralização de T. domingensis foi possível demonstrar que, inúmeros eventos relacionados 
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reactions), the mass loss also occurs due to 
dissolution and comminution (Swift et al., 1979). 
In turn, incubations under controlled conditions 
(i.e., laboratory experiments) allow the assessment 
of dissolution and mineralization. However, such 
incubations lose information due to the selection 
of organisms and maintenance of simplified 
environmental conditions (Bärlocher, 1997; 
Silva  et  al., 2011). Due to the methodological 
limitation, decomposition can be achieved by 
exclusive experiments to describe specific processes.

Owing to the prospects for climate change, 
greenhouse gas emissions have been the subject of 
annual national inventories, and a starting point 
for long-term simulations that aim to describe 
the climate changes associated with the increases 
in carbon dioxide, nitrous oxide, and methane in 
the terrestrial atmosphere (IPCC, 2014, 2019). In 
addition, the knowledge of the biochemical routes 
associated with this process allows an in-depth 
assessment of carbon balances and other elements 
in aquatic environments (Steinberg, 2003). For 
this purpose, this study suggests a simple method 
to evaluate the gas release rates associated to the 
decomposition of organic resources with specific 
interests (such as: detritus of aquatic plants, 
leaves and other types of organic matter added to 
aquatic environments from wetlands, and riparian 
regions). The proposed technique can be handled 
under controlled conditions (i.e., the laboratory 
environment).

2. Materials and Methods

2.1. The manometric method

The proposed manometric method was 
inspired in that designed by Ohle (1972) and 
suggested for the IBP program (Techniques for 
the assessment of microbial production and 
decomposition in freshwater). This method is 
quite simple and presented low cost, providing 
a high relation between benefit and cost. It is 
particularly useful for measuring, over time, the 

1. Introduction

Mineralization is a key process that determines 
the magnitude of organic matter stored in 
hydric soils and sediments, and the amount of 
greenhouse gas emissions (Heitkamp et al., 2012; 
Chapman et al., 2019). This process is mostly driven 
by microbial heterotrophic metabolism (i.e., fungi, 
bacteria, and archaea activities). Simultaneously 
with the mineralization, the humification acts to 
transform a fraction of the plant residues into stable 
organic matter or humus (Dalmagro et al., 2017). 
In aquatic systems it prevails in the sediments 
although they can also occur in the water column. 
The main variables that modulate this process are: 
(i) temperature, (ii) oxygen availability, (iii) redox 
potential, (iv) detritus composition (e.g., lignin, 
cellulose, and pectins), (v) pH, vi) salinity, (vii) 
nutrient availability, (viii) prevalence of associated 
biological groups and (ix) functional capacity 
of the microbial community (Megonigal  et  al., 
2004; Cunha-Santino & Bianchini Júnior, 2015; 
Yan et al., 2018; Yarwood, 2018).

In the inner layers of sediments, anoxic conditions 
usually prevail, leading to the predominance of 
anaerobic catabolism. Thus, in this environment, 
organic matter is mineralized associated with 
processes such as denitrification, sulfate reduction 
and fermentation (Reddy & DeLaune, 2008). Due 
to the composition of organic resources, the main 
gaseous emissions from anaerobic mineralization 
include carbon compounds, carbon dioxide and 
methane (Philben  et  al., 2020). The knowledge 
of decomposition rates is essential to describe 
fluxes of carbon and other elements in natural 
systems (Saunders, 1976; Swift  et  al., 1979; 
Sanderman & Amundson, 2004). In particular, 
to reach the decomposition rates, in situ (e.g., 
litter bags technique) or in vitro incubations are 
used. In situ incubations are highly recommended 
(Bärlocher, 2005a, b), but usually do not allow 
an accurate assessment of detritus mineralization 
once, in addition to catabolism (chain of enzymatic 

à mineralização podem ser adequadamente tratados (por exemplo, a composição heterogênea dos 
detritos). Os resultados deste método foram bastante convergentes com os obtidos em experimentos 
cinéticos (usado como referência) após o 30º dia de mineralização, sugerindo a utilização deste método 
principalmente para experimentos de médio e longo prazo. Como exemplificado com incubações de 
T. domingensis, este método é particularmente valioso para a comparação sistêmica da mineralização 
de vários recursos orgânicos e para a medição primária dos principais parâmetros envolvidos (por 
exemplo, constantes de reação). Este método combinado com outros experimentos de curto prazo 
pode melhorar muito a compreensão da ciclagem de recursos orgânicos em ambientes aquáticos. 

Palavras-chave: método manométrico; decomposição; ciclo do carbono; ambiente aquático; 
gases de efeito estufa.
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potential of different kinds of detritus as sources 
of greenhouse gas emissions (e.g., carbohydrates, 
macrophyte specimens, and sediments; Bianchini 
Júnior et al., 1997; Bianchini Júnior & Antonio, 
2000; Cunha-Santino  et  al., 2010). As well, to 
describe the effects of environmental variables (e.g., 
phosphorus, and organic nitrogen concentrations) 
over the mineralization rates and its yields (Antonio 
& Bianchini Júnior, 2000).

The method consists in using a water pressure 
gauge attached to the reaction flask (Figure 1). The 
pressure gauge comprises a graduated pipette and 
a glass tube connected by a flexible plastic tube. At 
the end of the glass tube, a bidirectional adapter 
connects the plastic tube that connects the bottle to 
the pressure gauge. The rubber stopper of the bottle 
is connected to the flexible tube by a disposable 
syringe needle (e.g., insulin syringe). Some parts of 
this system (i.e., plastic tube, two-way adaptor) are 
found in the gravitational parenteral infusion set.

For a glass bottle with volume ca. 1.0 liter, it 
is indicated to include 4.0 to 5.0 g (in dry mass 
basis - DM) of the organic resource (e.g., aquatic 
plant tissue, leaves, and litter). Resources can be 
pre-ground; nevertheless, it is suggested that the 
particles are not very small (i.e., fine powder), 
because the increase in the specific surface enhances 
the reaction rates, interfering with the yields 
of mineralization and of the humic substances 
synthesis (Bianchini Júnior & Cunha-Santino, 
2006). To the water sample from a previously 
selected site, a drop of inoculum with indigenous 
microorganisms must be added to stimulate the 
biochemical oxidations process (Green  et  al., 
2010). The inoculants were obtained from cultures 
maintained under anaerobic condition, prepared 
with sediment and water from the environments 
considered in the assays, and at the selected 
temperature. If feasible, before the beginning of 
the experiment the water sample must be bubbled 
with nitrogen to avoid the availability of dissolved 
oxygen or reduce its concentration. If it is not 
possible, considering the proportions proposed (4-5 
g DM of resource per liter), and the deoxygenation 
rates constants related with this type of detritus, the 
anaerobiosis will be established in hours (at ≈ 23 
°C); Fonseca et al. (2014); Passerini et al. (2016). 
To avoid light interferences during the experiment 
(e.g., photo-oxidation, and primary production), 
the reaction flask must be maintained in the dark, 
wrapped with aluminum foil. When preparing 
the experiment, the headspace of the bottle must 
be avoided to maximize the effect of dissolving 

gases; thus, after the saturation concentration is 
obtained, the gas readily will generate pressure on 
the manometer. Before preparing incubations, make 
sure your manometric systems do not contain leaks 
that would necessarily lead to an underestimation of 
the results. It is important to maintain the flask at 
a steady temperature to avoid changes in metabolic 
rates and gas saturation concentrations throughout 
the experiment (Langmuir, 1997; Sanderman & 
Amundson, 2004).

Figure 1. (A) The manometric system to evaluate the daily 
mineralization rates, and its components: 1) Graduated 
pipette (vol. 10 ml); 2) Flexible plastic tube (internal 
diameter: 0.5 cm); 3) Glass tube (external diameter: 0.5 
cm); 4) Two ways plastic adapter*; 5) Transparent flexible 
plastic tube (internal diameter ca. 1 mm)*; 6) Reagent 
bottle (volume: 1 liter). (*) components present in the 
gravitational parenteral infusion set. (B) Picture of the 
manometer attached to the reaction flask.
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2.2. The mass balance and mathematical modeling

For the mass balance formulation, it is indicated 
that the carbon content of the particulate resource 
and the carbon concentrations (organic and 
inorganic) of the water samples are determined at 
the beginning and at the end of the experiment. 
Another information that can improve the mass 
balance at the end of the experiment is the 
determination of the leaching potential of the 
selected organic resource (it notifies the magnitude 
of the refractory particulate material, as well as 
the mineralization rate constant of the dissolved 
organic carbon). The pH determination in the 
end of experiment also assists the mass balance 
computation of the carbonate speciation (Langmuir, 
1997). Knowing the number of the experimental 
period (in days) (Δt) and with the information of 
the mass balance (initial and final organic carbon 
contents), it is possible to deduce the global 
mineralization rate constant (k), and the half-time 
(t½) of the organic resource that is being evaluated. 
For this, the long-established exponential model 
(Jenny et al., 1949) was used (Equations 1 and 2). 
In the case of knowing the leaching potential and 
the content of refractory particulate compounds, 
it is possible to assign the mineralization rates of 
labile and refractory compounds, increasing the 
detail and complexity of the kinetic model (Cunha-
Santino et al., 2016).

0
ln tW
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k
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  (1)

where: Wt = detritus mass at a given time (t); 
W0 = detritus mass in the beginning (t= 0); k = rate 
constant (d-1) for the process.
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k
=

−
  (2)

As gases are produced inside the bottle (e.g., 
CO2, CH4, H2S, and N2; Reddy & DeLaune, 2008) 
due to the organic resource mineralization, the water 
inside the plastic tube is displaced and will rise the 
water column inside the pipette. The mineralization 
rates will, therefore, be proportional to the volumes 
added inside the graduated pipette. After reading, 
the system is balanced again by disconnecting the 
hose from the manometer (through the two-way 
adapter). For a better accuracy, it is recommended 
to adopt daily measurements, because negative rates 
(elements absorption) occur (Cunha-Santino et al., 
2016).

The total inorganic carbon (TIC) from 
mineralization was calculated by the difference 
between the initial C contents of resources and 
the remaining organic carbon measured at the end 
of the experiment (Equation 3; Cunha-Santino & 
Bianchini Júnior, 2015). The total concentration 
of C_gas (i.e., CO2 + CH4) is estimated by the 
difference between TIC and remaining (final) 
concentration of dissolved inorganic carbon (DICf); 
thus, the mineralized carbon is equal TIC and can be 
estimated by adding DICf to C_gas (TIC = C_gas 
+ DICf); Cunha-Santino et al. (2016). However, 
to use the C_gas emission daily rate (C_gasDR; g 
d-1) as a temporal proxy of mineralization, including 
the amount of dissolved inorganic carbon, it is 
necessary establish the proportionality between the 
total displaced volume (sum of the positive values 
of volume daily rates; Σ vol_gasDR; ml d-1) and the 
quantity of mineralized carbon (TIC; g), obtained 
at the end of the experiment. Thus, it is possible to 
calculate the daily rates as a function of the volume 
(milliliter) for the carbon (Equation 4). By the 
Equation 4, it is assumed that the total displaced 
volume will be mainly proportional to C_gas. This 
association is based on the high prevalence of carbon 
in detritus composition over other elements (e.g., 
N, S; Little, 1979) that will be also released as gases 
(e.g., N2, N2O, and H2S) during decomposition 
under anaerobic condition (Megonigal et al., 2004).

( ) ( )TIC POCi DOCi POCf DOCf= + − +   (3)

_ ( _ )
_
TICC gasDR vol gasDR

vol gasDR
= ×

Σ   (4)

where: POCi = particulate organic carbon of 
resource (g); DOCi = initial content of dissolved 
organic carbon of incubation (g); POCf = organic 
carbon content of remaining particulate detritus (g); 
DOCf = dissolved organic carbon of incubation at 
the end of the experiment (g); TIC = total amount 
of inorganic carbon, owing the mineralization (g); 
C_gasDR = C_gas daily rate on carbon basis (g d-1); 
vol_gasDR = C_gas on volume basis (ml d-1); Σ 
vol_gasDR = sum of positive values of vol_gasDR 
(accumulated volume of water displacement during 
the experiment); ml.

2.3. Case study

To illustrate the use of this method, the results of 
mineralization of the emergent aquatic macrophyte 
Typha domingensis Pers. (cattail) were used (Cunha-
Santino  et  al., 2016). Two incubations were 
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maintained under anaerobic condition by bubbling 
nitrogen (ca. 10 min) before starting the experiment, 
until the dissolved oxygen concentration reached 
zero mg L-1. In each decomposition bottle, 5.0 g (on 
dry mass basis) of plant fragments were added to 
1.0 L of sample water of Paranapanema River (22° 
56’ 36.3” S and 50° 27’ 57.3” W) filtered in 0.45 µm 
membrane (Millipore). Filtration was performed to 
remove the effect of coarse particles from the water 
samples on the composition of the organic resource 
(in this case, T. domingensis). The water sampling 
occurred 1 day before the beginning of experiment. 
During transportation, no preservative substances 
were added to the water sample. The flasks were 
maintained in the dark at a room temperature 
(23.3 ± 1.8 °C). For 293 days the daily rates of 
gas evolved (or consumed) were measured using 
the manometric method (Figure  1). The length 
of the experimental period (ca. 10 months) was 
due to the predominance of refractory fractions 
(ca. 80%) of the T. domingensis detritus, and the 
magnitude of its decomposition rate (Cunha—
Santino & Bianchini Júnior, 2006). Using this 
procedure, the volume of released (or expended) 
gases was quantified by shifting the water column of 
low-pressure gauge. After determining the gas daily 
rates, the gases produced in the incubations were 
purged to avoid pressurization. At the end of the 
experiment, the pH was measured by potentiometry 
(pH-meter Digimed, model DMPH-2). The 
DOC and dissolved inorganic carbon (DIC) were 
determined by combustion/non-dispersive infrared 
gas analysis method (Shimadzu analyzer, model 
5000A; precision: 0.1 to 1.0 mg L-1 and internal 
standards: sodium carbonates (NaHCO3 and 
Na2CO3, proportion 1.65:1 w/w) and potassium 
hydrogen phthalate); (DOCi, DICi, DOCf, and 
DICf; Equation 3). The remaining detritus at the 
end of the experiment were oven-dried (45 °C) and 

gravimetrically quantified. The carbon contents of 
particulate detritus (POCi and POCf; Equation 3) 
were quantified using a Carlo Erba CHN elemental 
analyzer (model EA1110), calibrated with external 
standards (L-cystine, sulphalamine and 2,5-bis[tert-
butyl-2-benzoxazolyl]thiophene).

To compare the mass loss from the decomposition 
of T. domingensis calculated from this method 
(manometric) and from an anaerobic kinetic 
experiment under similar conditions, the study 
carried out by Cunha & Bianchini Jr. (2006) 
was utilized. From this procedure, it was possible 
to compare the remaining organic material 
(POC+DOC) established from the manometric 
method and recorded by the kinetic experiment.

3. Results and Discussion

The carbon budget from T. domingensis 
mineralization after 293 days is presented (Table 1). 
It is possible to verify that the remaining organic 
carbon was predominantly in particulate form 
(93.9%). At the end of experiment, the dissolved 
organic and inorganic carbon concentrations were 
similar. After measured the total dissolved inorganic 
carbon, the dissolved CO2 concentration was 
calculated using the relationships derived from the 
equilibrium constants of the dissociation reactions. 
According to the CO2 dissolution potential at 
pH 6.01, and 23.3°C, the final concentration 
of inorganic carbon (91.73 mg L-1) was higher 
than the saturation concentration of that gas 
(≈ 480 µg L-1; Bashkin, 2002), and according to 
the pH and temperature of the experiment, it was 
possible specify (Bowie  et  al., 1985; Langmuir, 
1997) that the predominant form of dissolved 
inorganic carbon (69.1%) was “free CO2” (dissolved 
CO2 + H2CO3), followed by bicarbonate (30.9%); 
Table 1. Whereas the detritus of this macrophyte is 

Table 1. Mass balance (average values and in carbon basis) of the Typha domingensis mineralization.
POMi  

(g)
Ci
(%)

POCi
(g)

POMf  
(g)

Cf
(%)

POCf  
(g)

DOC  
(mg L-1)

DIC  
(mg L-1)

TDC  
(mg L-1)

5.038 50.23 2.530 2.677 47.32 1.267 82.73 91.73 174.45
TOCf  

(g)
k

(d-1)
DOC
(%)

DIC
(%)

TDC
(%) pH Free CO2 

(%)
HCO3

-  
(%)

CO3
=

(%)
1.349 0.002 3.27 3.63 6.89 6.01 69.1 30.9 0.0

POMi = initial amount of particulate organic matter; POMf = final amount of particulate organic matter; Ci = carbon 
content of POMi; Cf = carbon content of POMf; POCi = initial amount of particulate organic carbon; POCf = final 
amount of particulate organic carbon; DOC = dissolved organic carbon concentration in the end of experiment; 
TOCf = final amount of total organic carbon (= POCf + DOC); DIC = dissolved inorganic carbon concentration 
in the end of experiment; TDC = DOC + DIC; Free CO2 = percentage of dissolved CO2 + H2CO3 (carbon 
acid) in the DIC; HCO3- = percentage of bicarbonate in the DIC; CO3= = percentage of carbonate in the DIC; 
k = mineralization rate constant (Equation 1). Percentages were calculated with reference to POCi (100%).
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chemically homogeneous (without discriminating 
labile or refractory fractions or particulate and 
dissolved organic matter), the global mineralization 
rate indicates that the half-time of this organic 
resource (T. domingensis) is 323 days, in an anaerobic 
aqueous medium. The final concentration of DIC 
corresponded to 7.77% of the total mineralized 
carbon (TIC = 1.181 g; equivalent to 46.7% of 
the initial carbon content); and the sum of the 
daily rates of gas formation (Σ vol_gasDR) was 
196.22 ml.

According to the results of TIC (g) and Σ 
vol_gasDR (ml d-1), the empirical value of the 
TIC/(Σ vol_gasDR) ratio used to convert daily 
rates in ml to C (g d-1) (Equation 4) is 0.006. Using 
the relationship between Σ vol_gasDR (x) and TIC 
(y) obtained from 11 mineralization experiments 
in which this method was applied (Cunha-
Santino et al., 2016), the following equation was 
deduced: TIC = 0.0046 X Σ vol_gasDR; r2 = 0.94 
(TIC in g and Σ vol_gasDR in ml d-1). Thus, 
if necessary, this linear relationship can replace 
Equation 4 previously proposed. However, when 
adopting it, it must be considered that the constant 
(TIC/Σ vol_gasD) can over or underestimate the 
value of the daily carbon rate. For example, the value 
obtained from the T. domingensis mineralization 
(0.0060) was 32% higher than this ratio; in this 
case, using 0.0046 would underestimate the rate. 
On the other hand, the value 0.0046 can be applied 
throughout the experiment for a preliminary 
monitoring of carbon rates, until the mass balance 
is carried out at the end. Regardless of the resource 
composition, these results are consistent; pointing 
out a direct relationship between the volumes 
displaced and mineralized carbon. Thus, this method 
can be successfully used for long-term comparison 
of the decomposition of different detritus, providing 
clearly the order of magnitude of mineralization 
rates for each resource. Due to the high reaction 
rates (i.e., dissolution and oxidation of labile 
carbon), in the short term, the decomposition tends 
to generate intense detritus mass losses, according 
to the original composition of the resource. The 
leaching DOC, in general, has mass loss rates at 
intermediate values, and the refractory carbon 
fractions (i.e., lignocellulosic matrix) displayed 
low values of mass loss rates (Bianchini Júnior, 
2003). These events define a multicompartmental 
kinetic model (Heitkamp  et  al., 2012). For this 
reason, decomposition experiments tend to have 
a heterogeneous distribution of sampling points, 
having much of the sampling at the beginning. 

Thus, the maximum time of the experiment is 
basically directed by the refractory characteristics 
of the resource, and environmental conditions. For 
example, the time to observe evident loss of mass in 
the decomposition of T. domingensis is greater than 
found for the composed samples of leaves (e.g., from 
the forest, and sugarcane and soybean crops), as the 
refractory fractions have (in anaerobic condition) 
a half-time of approximately 290 days (Cunha-
Santino & Bianchini Júnior, 2006), while those of 
leaves 60 days (aerobic condition); Bianchini Júnior 
& Cunha-Santino (2011).

By using C_gasDR as proxy, in Figure  2A 
are presented the average temporal change of 
mineralization rates of T. domingensis. In the 
beginning of the mineralization, it was possible 
to verify the occurrence of negative values. It 
is due to the prevalence of elements uptake by 
microorganisms over the mineralization (releasing). 
There are also several null values showing that 

Figure 2. (A) Temporal variations of C_gas daily rate 
(C_gasDR; g d-1) during mineralization of Typha 
domingensis under controlled conditions (dark and 
23.3 ± 1.8 ºC); Cunha-Santino et al. (2016). (B) Kinetic 
of C_gas during the mineralization of Typha domingensis 
under controlled conditions (dark and 23.3 ± 1.8 ºC); 
Cunha-Santino  et  al. (2016). (C) Remaining organic 
material (POC+DOC) from the decomposition of Typha 
domingensis established from the manometric method and 
recorded by the kinetic experiment (Cunha-Santino & 
Bianchini Júnior, 2006).
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there is some delay for the prevalence of gases 
releasing; this results from the predominance of 
dissolution at the beginning of the experiment, 
until the gases reached saturation concentrations, 
from this period displacements in the water column 
of the manometer were observed. The highest 
value was registered on the 23rd day, 0.08 g C d-1; 
in the sequence, the values tended to decrease 
continuously, tending to zero. When integrating 
the positive values (emission; Equation 4) it is 
possible to observe that during the first 2 weeks 
there were practically no emissions; however, after 
this period, until the 100th day, there was intense 
generation and release of gases. Comparing the 
integrated results with the mass balance performed 
on the last day of the experiment (Table 1), it was 
possible to convert (post hoc) the results obtained 
in ml d-1 to C (g d-1) properly. Thus, it is possible 
to describe the microbial activities realistically. 
According to the Shapiro-Wilk test, daily rates were 
not normally distributed (at the 0.05 level); thus, 
the Kruskal-Wallis test was used to compare the 
temporal variation of rates between incubations. 
The post hoc Dunn’s multiple comparison test 
did not show any difference between the daily 
rates of incubations or between the daily rates 
and their respective averages (p < 0.05). Also 
regarding to the repeatability between incubations, 
at the end of the experiment, the mass losses of 
the coarse particulate material were equivalent 
(47.1 and 46.6% in bottle 1 and 2, respectively). 
The final dissolved carbon concentrations were 
also close in both incubations (DIC: 94.3 and 
89.1; DOC: 66.6 and 98.9; TDC: 160.9 and 
188.0 mg L-1). Consequently, the amounts of the 
remaining fractions of organic carbon (dissolved + 
particulate) were also comparable (1.32 and 1.37 g).

The kinetic of T. domingensis mineralization 
(inorganics formation; proxy C_gas) is presented in 
Figure 2B; it was obtained by integration (sum) of 
positive values of C_gasDR. Through this approach 
it is possible to verify that in approximately 80 
days a large part (64%) of the material that would 
be mineralized (in 293 days) had already been 
converted. This kinetics indicates the presence 
of heterogeneous detritus composition, i.e., the 
presence of labile and refractory compounds. In 
this context, using the data of mass loss from the 
T. domingensis decomposition experiment under 
similar conditions (Cunha-Santino & Bianchini 
Júnior, 2006), it was possible to evaluate that 
about 21% of the detritus are constituted by labile 
compounds (including soluble and insoluble 

fractions), and 79% by refractory compounds (i.e., 
ligno-cellulosic fractions), with half-times of 22 and 
429 days, respectively. This structural heterogeneity 
enables the mineralization of plants to generate 
distinct temporal alterations in aquatic systems, 
with the beginning of the process being the greatest 
alterations (e.g., increase in DOC concentrations, 
color, and dissolved oxygen demands). In turn, 
detritus with low mineralization rates tend to store 
and subsidize the synthesis of humic substances 
(Sanderman & Amundson, 2004).

Figure 2C shows the mass loss (POC + DOC) 
kinetics from the T. domingensis decomposition 
according to two different methods: the kinetic 
experiment (used as a reference), and the manometric 
determination. In the degradation of this resource, it 
appears that the methods were strongly equivalent 
from the 30th day. The losses that occurred in the 
initial stages were underestimated by the manometric 
method (r2: 0.77). These underestimations were due 
to the required time for the dissolution of gases and 
elements in the reaction flask to occur, which ended 
up causing delay in recording the gas formation. 
However, after the reaction flask of the manometric 
method reached chemical equilibrium, the two 
methods showed great convergence (r2: 0.97) 
throughout the experimental period (293 days). 
This comparison points out that the manometric 
method is mainly appropriate for the description of 
medium to long term mineralization. Short-term 
events of decomposition (that occur mainly until 
the end of the 1st month), such as, leaching, and 
oxidations of labile compounds (Bianchini Júnior 
& Cunha-Santino, 2011), can be well described by 
specific short-term experiments.

The results obtained with the use of this method 
are important to demonstrate that even though it is 
simple, numerous events related to mineralization 
could be adequately addressed. This method is 
particularly valuable for the systemic comparison 
of the several organic resource mineralizations 
and for the primary measurement of the main 
parameters involved. This method combined with 
simple experiments (such as: litter bags, kinetic 
assessments) can greatly improve the understanding 
of the cycling of organic resources in aquatic 
environments or hydric soils.
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