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CARBON CONTENT ESTIMATION IN AN AQUATIC 
ECOSYSTEM CASE STUDY THROUGH THE PROCESS OF 

LEAF LITTER DECOMPOSITION 

Natalia ENACHE1, 2, György DEÁK1,3*, Cristina Ileana COVALIU-MIERLĂ4, 
Lucian LASLO1, Monica MATEI1, Madalina BOBOC1, Sorin STEGARESCU1, 

Larisa BUGEAC1, Dragoș ZAHARIA1 

Plant litter decomposition varies depending on species and environmental 
conditions. The decomposition rates of plant litter were monitored for two common 
types of vegetation (Phragmites australis and Cattails) in the Dambovita River to 
determine the proportion of labile and recalcitrant fractions of the decomposition. 
Biological control of decomposition was witnessed through home-field advantage, in 
which decomposition in aquatic environments was applied through the litter bags that 
were submerged in-situ. The study showed that the magnitude of fraction-specific 
from decomposition rates was considerably higher in the first stage, followed by a 
decreasing trend of the labile fraction for both species. 
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1. Introduction 
 
Scientific community recognized the proofs demonstrating that 

greenhouse gases are responsible for the increase of mean global temperature, 
also causing effects of climate changes. The actions to mitigate the effects of 
climate changes are related to diminishing the emissions and to absorb 
greenhouse gases from atmosphere [1]. Land use land use change and forestry 
are one of the National Greenhouse Gases Inventory Sectors with potential to 
balance the anthropological emissions as is targeted by Paris Agreement [2,3].  

Rivers are the landscape's arteries, connecting and sustaining a varied 
range of freshwater wetlands, such as lakes, inland deltas, swamps, and marshes. 
Therefore, as part of LULUCF sectors, streams and rivers provide significant 

 
1  National Institute for Research and Development in Environmental Protection, Bucharest, 

Romania: e-mail: dkrcontrol@yahoo.com  
2 PhD student, Faculty of Biotechnical Systems Engineering, UNST POLITEHNICA                Bucharest, 

Romania 
3 PhD Habil., associate within the Doctoral School of Biotechnical Systems Engineering, University 

POLITEHNICA of Bucharest, Romania 
4 Prof., Faculty of Biotechnical Systems Engineering, University POLITEHNICA of Bucharest, 

Romania 



42                                                              György Deák & co. 

services to people and their ecological integrity involves structural and 
functional quality. The main possible indicators of river functional integrity are 
organic matter decomposition and ecosystem metabolism, which are seldom 
taken into account in a stream's CO2 flux assessment [4]. Their carbon cycle is 
an important component of the global carbon cycle, and litter decomposition is 
the main source of wetland carbon. Thus, rivers transfer a large quantity of 
carbon from terrestrial catchments to the ocean, with organic carbon (OC) 
accounting for 40%-60% of the total carbon [5,6]. This type of ecosystems is 
considered important carbon sinks for mitigating climate changes, but the 
sequestration processes and regulations of climate factors on controlling the 
variability of carbon fluxes of these ecosystems may differ [7].  

The relationship between production and decomposition determines 
whether a system is a pool or a source of atmospheric CO2 [8]. Litter 
decomposition is an important process in wetland ecosystems for converting 
vegetation carbon to soil surface organic carbon, and litter carbon storage has a 
considerable impact on soil surface organic carbon [9]. Also, litter from marginal 
vegetation is an important source of dissolved organic carbon for rivers and 
lakes, as well as a key source of energy and nutrients for aquatic ecosystems 
[10]. Plant litter decomposition and its carbon storage and removal varies 
depending on species and environmental conditions [11]. Through the 
leaching process, litter decomposition breaks down dead organic material into 
smaller particles, mineralizing them into H2O, CO2, and mineral components, 
forming recalcitrant compounds and potentially leaching dissolved organic 
carbon into the soil [12].  

In this paper, the litter decomposition rate is determined in the study area 
of the Dâmbovița river, upstream of the reservoir, in order to compare the loss 
of vegetation mass between two common species in temperate aquatic 
ecosystems and the estimation of organic carbon in the litter layer. 

 
2. Materials and Methods 
2.1. Site description 
This study was conducted in south-eastern Romania, in the Dambovita 

River, outer district of Bucharest, upstream of an accumulation lake.  
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Fig. 1. Spatial representation of the measurement plots 

 
Within this location, two types of vegetation, Phragmites australis and 

Cattails, were collected in the autumn season, given that these are the most 
common plant species along the river basin in the selected area. In order to 
approximate the natural conditions, the vegetation was cut in the drying phase, 
but while it was still standing, in order to capture the whole process of its 
degradability. To minimize differences in litter quality, each species was 
collected from the same area. 

2.2. Litter bag method 
The litter bag method is the predominant method reported for estimating 

litter decomposition rates, both in terrestrial and wetland environments. This 
involved placing an equal amount of 10g of green biomass in fabric litter bags 
[13] and then examining the temporal pattern of weight loss with a series of 
collections over a four-week period [14]. Thus, a total number of 40 litter bags 
were placed in-situ, in the aquatic environment, 10 for each of the two studied 
vegetation species. The leaves for each bag were chosen to contain both the 
lower part, which is thicker, and the upper part, which is thinner, so that the 
content was not homogeneous [15]. Afterwards, the bags were grouped by 5, 
with leaves from each vegetation species, and submerged to minimize any 
hydrophobic effect that the mesh they were made from might have caused. After 
the weekly collection, the leaf litter was transported to the laboratory where it 
was dried in an oven at a constant temperature of 65 °C [16,17] for about five 
days until a constant mass was reached, the mass was noted, then the litter was 
ground until a powder resulted. 

The decomposition rate of organic matter during the study period was 
calculated based on a double exponential decay model [18], especially applied 
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to understand nutrient cycling and carbon release in environments such as 
wetlands, where litter decomposition occurs in several phases. 

                             (1) 
Where:  
𝑊𝑊𝑊𝑊 = the percentage of litter weight remaining at time t; 𝐴𝐴 = the portion 

of labile material relative to the total mass; 1−𝐴𝐴 = the ratio of recalcitrant 
materials to total mass; 𝑘𝑘1 = the decay rate constant for the labile fraction; 𝑘𝑘2 = 
the decay rate constant of the recalcitrant fraction; 𝑡𝑡 = time since decomposition 
started (days). 

Thus, the decomposition rates of each litter fraction were determined, 
this being influenced by different aspects of the functional diversity of the litter. 
Because litter contains both labile and recalcitrant components, the 
decomposition of plant biomass was studied in two phases in the present study. 
The labile fraction was determined in the first stage, which is lost mostly through 
the passage of water through the litter during the initial stages of decomposition, 
and the recalcitrant fraction was determined after drying in the second stage. 

2.3. Collection of litter samples from the soil surface 
The field collection of samples from the litter horizon was carried out 

according to the methodology from the specialized literature, at 1m between 
each sample plot. The litter consisted of Salix Sepulcralis Chrysocoma leaves 
and dead wood derived from it in total proportion. It was considered necessary 
for each plot to collect five samples from the litter horizon, inside a square frame 
of 20 cm. At the same time, mineral debris and stones were removed, as the 
organic matter inside the frame was collected.  

To convert the green mass into dry mass, the litter samples were dried at 
a temperature of 65 °C for a period of 72 hours. The quantification of organic 
carbon was obtained for each component separately (leaves and wood) using the 
expeditious method proposed by several authors [19], by multiplying the amount 
of organic matter in a dry state by the conversion factor 0.5. The result obtained 
was expressed in tons per hectare. 

 
3. Results and discussion 
3.1. Phragmites australis 
Fig. 2 shows the values of the litter mass composed of the Phragmites 

australis species after its collection from the study area and the labile fraction of 
the material. An initial phase of rapid decomposition occurred during the first 10 
days. This was followed by a long phase of relative inhibition of decomposition 
between days 20-30. Finally, a third stage consisted of the significant loss of 
mass that occurred because of the massive deposition of organic material and 
invertebrate microorganisms on the litter bags. 
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Fig. 2. The values of the labile fraction and of the litter mass collected for the species 

Phragmites australis 
 

The values of the recalcitrant fraction and the final mass of the litter after 
drying are shown in Fig. 3. Thus, the recalcitrant fraction had values between 
1.2g and 0.7g in the first 20 days, and in the last 20 days it stabilized at values 
between 0.3g and 0.5g. The last stage of stabilization of the recalcitrant fraction 
indicates that the inactive fraction of carbon in the litter can be affected by the 
input of deposited organic material and makes it difficult to specify the short- 
and long-term impact of this input on C stocks. 

 
Fig. 3. The values of the recalcitrant fraction and of the final litter mass for Phragmites australis 

 
The graph in Fig. 4 shows the values of the active as well as recalcitrant 

reservoirs of C in the Phragmites australis litter. The labile component accounts 
for most of the litter's total organic carbon (TOC). Although recalcitrant fraction 
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varies during the first phase, having higher values compared to the entirely set 
of determinations between days 10-20, it later stabilises at constant values and 
accounts for a small part of the total fraction. 

 
Fig. 4. Total mass loss resulted from the process of decomposition of litter formed by 

Phragmites australis 
 

The quantification of the labile fraction and the recalcitrant fraction 
estimated the average of total mass loss of the amount of litter studied formed 
by the species Phragmites australis, which is composed of 3.425g of active 
fraction and 0.61g of recalcitrant fraction. 

3.2. Cattails 
Fig. 5 shows the values of the litter mass composed of the Cattails 

species after its collection from the study area and the labile fraction of the 
material. The first 10 days have been defined by moderate decline, followed by 
an extended phase of fast decay between days 20 and 30. Finally, the third phase 
comprised of inconsistent mass loss within the collected series, with the labile 
fraction ranging from 4g to 2g over an interval of 40 days. 
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Fig. 5. The values of the labile fraction and of the litter mass collected for the Cattails species 

 
The graph in Fig. 6 shows the proportions of the active reservoirs, as well 

as the recalcitrant ones of C in the Cattails litter. The labile fraction constitutes 
the largest proportions of the total organic carbon (TOC) of the litter. 
Recalcitrant fraction, although it varies in the first phase, between days 10-20 
having increased values compared to the entire series of determinations, then 
stabilizes at constant values, represents a small percentage of the total fraction.  

 
Fig. 6. The values of the recalcitrant fraction and of the final litter mass for Cattails 

 
The graph in Fig. 7 shows the proportions of the active reservoirs, as well 

as the recalcitrant reservoirs forms by the Cattails litter. Recalcitrant fraction 
varies in the first phase, between days 10-30 having increased values compared 
to the entire series of determinations, then stabilizes at constant values, 
represents a small percentage of the total fraction. In the first phase, recalcitrant 
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fraction has values between 1.4g and 0.7g, and in the second phase of 
collections, it has lower values, but with a linear trend, between 0.3g and 0.5g. 

 
Fig. 7. Total mass loss resulted from the process of decomposition of litter formed by Cattails 

 
The quantification of the labile fraction and the recalcitrant fraction 

estimated the average of total mass loss of the amount of litter studied formed 
by the species Cattails, which is composed of 2.925g active fraction and 0.675g 
recalcitrant fraction. 

3.3. Carbon determination in the litter layer 
The litter horizon is, in terms of thickness, quite small compared to the 

soil profile, but it contains a very high amount of organic matter. The organic 
carbon in the litter horizon was estimated using a conversion factor of 0.5 of the 
dry organic mass, according to the methodology for Tier 1 provided by the IPCC 
guidelines [20]. 

Table 1. 
The carbon content of the litter by components 

The litter 
component 

Carbon content for test surfaces [kg/m2] 
P1* P2 P3 P4 P5 

Leaves 13.9 
(±1.28) 

12.25 
(±1.32) 

17.65 
(±1.040 

15.47 
(±0.71) 

13.51 
(±0.86) 

Wood 2.31 
(±0.13) 

4.03 
(±1.21) 

1.61 
(±2.06) 

3.30 
(±2.30) 

2.45 
(±1.54) 

Total 16.21 
(±5.11) 

16.28 
(±0.60) 

19.26 
(±0.93) 

18.77 
(±2.01) 

15.96 
(±0.69) 

*P1÷P5-Plot with 5 samples 

The litter deposited on the soil of the banks of the Dambovita river, 
upstream of the accumulation lake, had an average content of 17.3 kg/m2. The 
amount of carbon in the leaf litter presented proportions between 75% and 92% 
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of the total amount of carbon in each sample area, while the wood represented 
percentages between 8% and 18% of the total amount of carbon (Fig. 8). 

 

 
Fig. 8. Proportion of carbon in each litter component for each sample area 

 
The amount of carbon stored in each component of the litter horizon 

varies quite a bit between the analyzed plots, arguing that these differences are 
due to the intense biological activities in the soil, but also to the local conditions 
of vegetation distribution.  

 
4. Future perspectives 
 
This article presents the methodology for estimating the litter 

decomposition rate and monitoring the degradability of the two main types of 
vegetation in the study area, namely Phragmites australis and Cattails. The future 
perspectives are to extend the litter decomposition monitoring period and to 
correlate the degradation rate of each type of leaf section with CO2 emissions 
from this layer through simultaneous measurements using the closed chamber 
method.  

 
5. Conclusions 
 
The degree of litter decomposition, depending on the type of vegetation 

specific to the study area, followed, in general, a model of degradation of the 
quality of the analyzed material, involving a rapid loss of weight, in the initial 
phase, followed by a slowdown of orders of magnitude of the rate of recalcitrant 
materials, both for the Phragmites australis species and for the Cattails species. 
By analyzing the average labile and recalcitrant fractions, the total mass loss of 
the litter was determined, being composed of 8.56% active fraction and 1.53% 



50                                                              György Deák & co. 

recalcitrant fraction for the Phragmites australis species, and 7.31% labile 
fraction and 1.69% recalcitrant fraction for the Cattails species.  

Thus, the results show that, although the decomposition process took 
place in the same environmental conditions, the species Phragmites australis 
presented a faster decomposition. This could be influenced by the biological 
communities specialized in decomposition present in the environment that can 
be associated with a certain species or type of litter, helping to decompose when 
the litter is in its natural environment.  

This degradation of plant biomass controls the amount of litter carbon 
that is retained in organic matter, and, because labile compounds are released 
fast in a short period of time, and the recalcitrant fraction typically decomposes 
over time, also the vegetable mass deposited in the litter layer emits over time. 

The litter layer deposited on the soil of the Dambovita river's banks, 
upstream of the accumulation lake, produced an average value of 17.3 kg/m2 C. 
Amount of carbon in the leaf litter represented 75% to 92% of the overall carbon 
in each sample location, while the amount of carbon in the wood represented 8% 
to 18% of the total carbon. An intake of plant biomass from the soil surface or 
from the water, depending on the hydrodynamic regime, of 14.9% from the 
Phragmites australis species and 16% from the Cattails species is added to this 
quantity of carbon from the litter layer of the soil.  

It is important to note that the transformation of organic carbon into 
emissions in the atmosphere depends on the degradation of these plants. From 
our analysis, the shortest decay time will result depending on the species of the 
plant material source, thus, the shortest decay time will be for leaves, followed 
by the species Phragmites australis and Cattails, and in long-term degradation 
will be the wood. 

Acknowledgments 
This work was carried out through the Nucleu Program (44N/2023) 

within the National Plan for Research, Development and Innovation 2022-2027, 
supported by the Romanian Ministry of Research, Innovation and Digitization, 
project PN 23 31 04 01/2023. 

R E F E R E N C E S 

[1] N. Enache, L. Laslo, M. Matei, M. Boboc, I. Cătuneanu, G. Deák, Analysis of the 
results from the applied technologies for carbon dioxide sampling in aquatic ecosystems, 
IOP Conference Series: Earth Environmental Science, vol. 1216, 2023, 012006 

[2] V. Coman, M. Voicu, L. Laslo, A. Rotaru, M. Matei, N. Bara, N. Enache, M. Boboc, G. 
Deák, S. Tanciu, General Framework for Ecosystem Assessment for Measures to Adapt 
and Mitigate the Effects of Climate Change, IOP Conference Series: Earth Environmental 
Science, vol. 616, 2020, 012013 



Carbon content estimation in an aquatic ecosystem case study through the process of leaf litter...51 

[3] S. Romppanen, The LULUCF Regulation: the new role of land and forests in the EU 
climate and policy framework, Journal of Energy & Natural Resources Law, vol. 38, 
2020, pp 261-287 

[4] V. Ferreira, J. Silva, J. Cornut, O. Sobral, Q. Bachelet, J. Bouquerel, M. Danger, Organic-
matter decomposition as a bioassessment tool of stream functioning: A comparison of 
eight decomposition-based indicators exposed to different environmental changes, 
Environmental Pollution, vol 290, 2021, 118111 

[5] G. Deák, A. Rotaru, N. Enache, L. Laslo, M. Matei, M. Boboc, N. Bara, Carbon 
Dioxide Sampling and Analysis Technologies for Aquatic and Terrestrial Ecosystems, 
ECS Transactions, vol. 107, 2022, 6525 

[6] J. Cole, Y. Prairie, N. Caraco, W. McDowell, L. Tranvik, R. Striegl, Plumbing the global 
carbon cycle: integrating inland waters into the terrestrial carbon budget, Ecosystems, 
vol. 10,2007, pp 172-185 

[7] M. Billett, D. Charman, M. Clark, C. Evans, M. Evans, N. Ostle, F. Worrall, A. Burden, 
K. Dinsmore, T. Jones, N. McNamara, L. Parry, J. Rowson, R. Rose, Carbon balance of 
UK peatlands: current state of knowledge and future research challenges, Climate 
Research, vol. 45, 2010, pp. 13-29 

[8] J. Pumpanen, P. Kolari, H. Ilvesniemi, K. Minkkinen, T. Vesala, S. Niinistö, A. Lohila, T. 
Larmola, M. Morero, M. Pihlatie, I. Janssens, J. Yuste, M. Grünzweig, S. Reth, A. Subke, 
K. Savage, W. Kutsch, G. Østreng, W. Zieglerm, P. Anthonim, A. Lindroth, P. Hari, 
Comparison of different chamber tehniques for measuring soil CO2 efflux, Agricultural 
and Forest Meteorology, vol. 123, 2004, pp 159-176 

[9] R. Moriyama, M. Sugiyama, A. Kurosawa, K. Masuda, K. Tsuzuki, Y. Ishimoto, The cost 
of stratospheric climate engineering revisited, Mitigation and Adaptation Strategies for 
Global Change, vol. 22, 2017, pp 1207-1228 

[10] S. Gergel, M. Turner, T. Kratz, Dissolved organic carbon as an indicator of the scale of 
watershed influence on lakes and rivers, Ecological Applications, vol. 9, 1999, pp 377-
1390 

[11] T. Gingerich, T. Andreson, Litter decomposition in created and reference wetlands in West 
Virginia, USA, Wetlands Ecology and Management, vol. 19, 2011, pp 449-458 

[12] X. Zhou, K. Dong, Y. Tang, H. Huang, G. Peng, D. Wang, Research Progress on the 
Decomposition Process of Plant Litter in Wetlands: A Review, Water, vol. 15, 2023, 3246. 

[13] A.J. Smith, K. Valentine, J.M. Small, et al., Litter Decomposition in Retreating Coastal 
Forests, Estuaries and Coasts, vol. 47, 2024, pp 1139–1149  

[14] S.D. Langhans, K. Tockner, The role of timing, duration, and frequency of inundation in 
controlling leaf litter decomposition in a river-floodplain ecosystem (Tagliamento, 
northeastern Italy), Oecologia, vol. 147, 2006, pp 501–509  

[15] A.A. Darmawan, D.P. Ariyanto, T.M. Basuki, J. Syamsiyah, Measuring of leaf litter 
decomposition rate and flux of carbon dioxide in various land cover in Gunung Bromo 
Education Forest, Karanganyar, IOP Conf. Ser.: Earth Environ. Sci, vol 824, 2021, 
012055 

[16] J. Morris, K. Lajtha, Decomposition and Nutrient Dynamics of Litter from four Species 
of Freshwater Emergent Macrophytes, Hydrobiol., vol. 131, 1986, pp 215-223 

[17] B. Lockaby, R. Wheat, R. Claswson, Influence of Hydroperiod on Litter Conversion to 
Soil Organic Matter in a Floodplain Forest, Soil Science Society of America Journal, vol. 
60, 1996, pp 1989-1993 

[18] S. Qiu, A.J. McComb, R.W. Bell, Leaf Litter Decomposition and Nutrient Dynamics in 
Woodland and Wetland Conditions along a Forest to Wetland Hillslope, International 
Scholarly Research Notices, vol. 2012, 2012, 346850 

https://econpapers.repec.org/article/sprmasfgc/
https://econpapers.repec.org/article/sprmasfgc/
https://www.researchgate.net/journal/Wetlands-Ecology-and-Management-1572-9834?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InByb2ZpbGUiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0


52                                                              György Deák & co. 

[19] A.I. Gärdenäs, J.W. Hopmans, B.R. Hanson, J. Šimůnek, Two-dimensional modeling of 
nitrate leaching for various fertigation scenarios under micro-irrigation, Agricultural 
Water Management, vol. 74, 2005, pp 219-242 

[20] Intergovernmental Panel on Climate Change 2019, Refinement to the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories, vol. 4, Agriculture, Forestry and 
Other Land Use, Geneva, Switzerland: IPCC. 

 


	1. Introduction
	2. Materials and Methods
	2.1. Site description
	2.2. Litter bag method
	2.3. Collection of litter samples from the soil surface
	3. Results and discussion
	3.1. Phragmites australis
	3.2. Cattails
	3.3. Carbon determination in the litter layer
	4. Future perspectives
	5. Conclusions

