
135

НАУКА ЗА ГОРАТА, КН. 2, 2021
FOREST SCIENCE, No 2, 2021

LAND USE, LITTER QUALITY AND CLIMATE EFFECT ON EARLY 
STAGE LITTER DECOMPOSITION

Miglena Zhiyanski, Maria Glushkova
Forest Research Institute – Bulgarian Academy of Sciences, Sofia, Bulgaria

Abstract: Litter decomposition represents one of the largest fluxes in the global terrestrial carbon 
cycle and a number of large-scale decomposition experiments have been conducted focusing on this 
fundamental soil process. The main factors affecting litter decomposition are the environmental condi-
tions, litter quality and microbial community. In order to be able to quantify the relative importance of 
the different drivers over litter decomposition process we tested the effect of climate, litter type and land-
use on early stage decomposition (3 months and 1 year) across different ecosystems. The potential litter 
decomposition is investigated by using standardized substrates (Rooibos and Green tea) for comparison 
of litter mass loss at 7 experimental sites. Our results indicate that multiple drivers are affecting early stage 
litter mass loss, but the predominant controlling factor for this process was found to be litter quality. The 
effect of climate and land-use on early stage litter decomposition within studied ecosystems was also 
significant. Additional observations over time (medium to long-term data) are essential for improving 
the understanding of the long-term decay process of plant litter.
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INTRODUCTION

Litter decomposition is a fundamental ecosystem process that not only sustains 
ecosystem productivity but also can act as a feedback to climate change. It represents 
one of the largest fluxes in the global terrestrial carbon cycle and a number of large-
scale decomposition experiments have been conducted focusing on this fundamental 
soil process (Djukic et al., 2018). Litter decomposition forms an inevitable part of 
the terrestrial nutrient cycle and ecosystem functioning as through this process more 
than 50% of net primary production is returned to the soil (Wardle et al., 2004) and 
60 Pg C year−1 is emitted to the atmosphere (Houghton, 2007). 

Litter decomposition plays a vital part in the nutrient budget of the forest 
ecosystems, but nevertheless their high importance and vulnerability still very few 
studies were conducted, mainly in tropical and temperate forests (Krishna, Mohan, 
2017). Nutrient cycling is directly related to productivity in forest ecosystems by 
providing available nutrients for plant growth (Krishna, Mohan, 2007). Since litter 
is the main source of soil organic carbon (SOC) and plant nutrient cycling, primary 
production is usually evaluated through litter production and further to tree heights 
and diameters, litter is an important indicator of primary production (Vitousek, 1982). 

In forest ecosystems flora is influenced most significantly by nutrient recycling 
from plant litter (Vesterdal 1998; Wedderburn, Carter, 1999) and decomposition 
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proceeds through numerous mechanisms, especially heterotrophic consumption 
of organic composites in litter (Bezkorovainaya, 2005) and carbon returns into the 
atmosphere as CO2 through the heterotrophic respiration of soil microorganisms and 
animals (Chandrasekhara, 1997; Schimel, 1995; Wachendorf et al., 1997).

Decomposition of plant litter may be divided into at least two stages (Berg, 
McClaugherty, 2003). The early stage of decomposition (ca. 0 to 40% mass loss) is 
characterized by leaching of soluble compounds and by decomposition of solubles and 
non-lignified cellulose and hemicellulose (Couteaux et al., 1995; Heim, Frey, 2004) and 
the late stage (ca. 40-100% mass loss) encompasses the degradation of lignified tissue. 
The degradation of solubles and the early degradation of hemicelluloses and cellulose 
are rather rapid processes and the measured early-stage rates in a field experiment 
were at least twice as high as in the late stage (Berg, McClaugherty, 2003). Another 
specific difference is that in the very early stage, the deciduous leaves lost mass faster 
than coniferous litter (Berg, Ekbohm, 1991).

The rate of recycling of nutrients from plant litter depends on several biotic and 
abiotic factors, including the chemical composition of the litter matrix, the microbial 
community that decomposes the litter, and climatic factors, such as temperature and 
moisture, that influence the activity of the heterotrophic decomposer community 
(Aerts, 1997; Cleveland et al., 2014; Cornwell et al., 2008; Lehmann, Kleber, 2015; 
Tamura et al., 2017). Faunal community structure, especially the influence of 
earthworms, is increasingly being recognized as a possible fourth important factor 
(Bohlen et al. 1997, Dechaine et al. 2005). 

Generally, fresh litter decomposition increases with both increasing temperature 
and precipitation (Meentemeyer, 1978). Climate can directly modulate the microbial 
decomposition process by affecting the activation energy of compounds in the litter 
(Davidson, Janssens, 2006; Conant et al., 2011). Indirectly, climate could affect litter 
decomposition by interacting with plant physiology and nutrient resorption thus 
modulating the chemical composition of plant litter at its formative stages (Suseela, 
Tharayil, 2018). This general pattern of decomposition can also be influenced by 
variability in litter quality, which also has an essential role for the process. 

The aim of this study is to estimate the variation in early stage mass loss of 
different types of ecosystems and focus on the effect of key drivers - climate, litter type 
and land-use on litter decomposition rate.  

MATERIAL AND METHODS
Study sites

The study was conducted in the summer period (July-August) of 2016 in 
seven experimental sites, representing different land-use types: Natural ecosystems: 
coniferous and deciduous forests and grassland; Urban ecosystems: artificial forest 
and grassland. The natural ecosystems were selected in Central Balkan Mountain – 
the area of “Beklemeto” and Rila Mountain – “Govedartsi”. The urban ecosystems were 
situated in Sofia city at the territory of the Arboretum of Forest Research Institute – 
BAS.  The main characteristics of the experimental sites are presented in Table 1.
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METHOD AND STUDY DESIGN

The TeaComposition initiative uses tea bags as a standardized metric for 
decomposition as proposed by Keuskamp et al. (2013) and applies a standardized 
protocol adapted to match global and long-term applications for all sites. Two 
types of tea material with distinct qualities are being used: the Green tea viz. green 
leaves (Camellia sinensis; EAN no.: 8 722700 055525) with high cellulose content 
and expected fast decomposition, and Rooibos tea (Aspalanthus linearis; EAN 
no.: 8 722700 188438) with high lignin content and expected slow decomposition 
(Keuskamp et al., 2013). The bag material is made of woven nylon and has a mesh 
size of 0.25 mm allowing access of microfauna (Bradford et al., 2002) in addition to 
microbes and very fine roots. Before the start of the incubation all tea bags were oven-
dried at 70° C for 48 h and the initial weight was recorded. Each bag was identified 
with a unique number and was buried in the upper 5 cm of the top soil layer (relevant 
for litter decomposition) in studied sites. 

At least two homogenous areas (plots) were selected (at least 1 m apart) at each 
study site. Two replicates of the two litter qualities (Green tea and Rooibos tea) were 
installed in each of the two blocks, as presented in Figure 1. The study design was 
implemented identically for all study sites. 

Tea bags were collected at all sites after a field incubation period of three 
months and repeated again after 1 year. The tea bags were cleaned from soil and roots, 
oven dried at 70° C for 48 h, and the weight of the remaining tea (without bag) was 
recorded. An averaged bag weight (40 empty tea bags was calculated to 0.248 g per 
bag) was used to estimate the amount of the tea before the incubation.

Table 1. Main characteristics of the studied plots
Таблица 1. Основни характеристики на изследваните опитни площи

Site 
ID

Geographic 
coordinates

Mean 
annual

to C

Precipi-
tation
mm

Expo-
sition Land-use

Soil type
(WRB, 
2015)

Dominant  
species

Beklemeto
BKF

42 46 57 N
24 36 34 E

6.4 671.3 SW Natural
Forest

Cambisols 
Dystric

Fagus sylvatica

Sofia-FRI
SCA

42 37 48 N
23 21 12 E

8.9 836.5 SW Urban
Forest

Vertisols 
Haplic

Cedrus atlantica

Sofia-FRI
SGR

42 37 51 N
23 11 75 E

8.9 836.5 SW Urban
Grassland

Vertisols 
Haplic

Poaceae

Govedartsi
GPA

42 13 57 N
23 26 29 E

5.7 802.8 SW Natural
Forest

Cambisols
Dystric

P. sylvestris
P. abies

Govedartsi
GNS

42 15 43 N
23 26 20 E

5.7 802.8 SW Natural
Forest

Cambisols
Dystric Picea abies

Govedartsi
GPS

42 15 16 N
23 26 17 E

5.7 802.8 SW Natural
Forest

Cambisols
 Dystric

Pinus sylvestris

Govedartsi
GGR

42 14 25 N
23 26 25 E

5.7 802.8 SW Natural
Grassland

Cambisols
Dystric

Asteraceae
Poaceae
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Data analyses
Statistics were run using the program SPSS 16.0 for Windows. An analysis of 

variance (ANOVA) was carried out and the differences between means of the weight 
of tea bags among different land use types were verified by Tukey’s test (α = 0.05) 
(Swan, Sandilands, 1995).

RESULTS AND DISSCUSSION

The weight of Rooibos tea bags after 3 months of field incubation vary between 
1.35±0.15 and 1.58±0.09 g. The differences between land use types are statistically 
significant (F=28.10, Sign.=0.026). For Green tea bags was also observed significant 
differences between groups (F=24.45, Sign. =0.000).  Mean values are in the range 
from 0.53±0.03 to 0.87±0.12 g (Fig. 2 A, B). 

Land use affects significantly tea mass remaining after 3 months of field 
incubation, especially expressed between mixed coniferous natural forest (GPA) and 
natural grassland in “Govedartsi” (GGR) (for Rooibos tea bags). The strong effect of 
land use on early stage litter decomposition was observed for deciduous (BKF) and 
coniferous (GPS) natural forests as well as for natural (GGR) and urban grassland (SGR).

For Green tea bags the differences between different land uses in “Govedartsi” 
are not statistically significant, but statistically significant differences were obtained 
between urban forest (SCA) and urban grassland (SGR) in Sofia. For urban (SGR) 
and natural grasslands (GGR) the difference was also significant and is an evidence 
for climate effect on litter decomposition rate. The effect of land use was also observed 
for deciduous (BKF) and coniferous (GPA, GNS and GPS) natural forests.

Fig. 1. Scheme of the Experimental site 2 – SCA, Cedrus atlantica – FRI-BAS
Фиг. 1. Схема на експериментална площадка 2-SCA, Cedrus atlantica - ИГ-БАН

A – Rooibos tea                                                                     B – Green tea

Note: Different letters indicate significant differences among means after Tukey’s test (P ≤ 0.05)
Забележка: Различните букви показват значителни разлики между средните стойности след теста на Tukey 
(P ≤ 0,05)
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The weight of Rooibos tea bags after 1 year of field incubation vary between 
1.34±0.11 and 1.62±0.17 g with statistically significant differences between different 
land use types (Sign. = 0.004). For Green tea bags the differences between groups 
were also statistically significant (Sign. = 0.025).  Mean values are in the range from 
0.66±0.06 to 0.89±0.09 g (Fig. 3 A, B). 

One year after field incubation statistically significant differences among different 
land use types were observed for deciduous forest (BKF), coniferous natural forest 
(GPA) and natural grassland (GGR) for Rooibos teabags and for deciduous forest (BKF), 
coniferous urban forest (GPA) and natural grassland (GGR) for Green teabags. The 
climate effect on the process was found for natural (SGR) and urban grassland (GGR) 

Fig. 2. Tea mass remaining after three months of field incubation in sites with different land use (g)
Фиг. 2. Остатъчна маса след тримесечна инкубация в обекти с различен начин на земеползване 

Note: Different letters indicate significant differences among means after Tukey’s test (P ≤ 0.05)
Забележка: Различните букви показват значителни разлики между средните стойности след теста на Tukey 
(P ≤ 0,05)

A – Rooibos tea                                                                     B – Green tea

Table 2. Mean squares from the analysis of variance of mass loss for different land use 
Таблица 2. Средни квадрати от анализа на дисперсията на загубата на маса при различен начин 

на земеползване

3 months of field  
incubation Sum of squares df Mean Square F Sig.

Between Groups 6.490 1 6.490 394.688 .000
Within Groups .888 54 .016

Total 7.3778 55
1 year of field incubation Sum of Squares df Mean Square F Sig.

Between Groups 6.762 1 6.762 667.529 .000
Within Groups .547 54 .010

Total 7.309 55



140

both for Rooibos and Green tea samples as well as between urban coniferous forest (SCA) 
and natural coniferous forest (GPA and GPS for Rooibos and Green tea respectively).

Significant differences were observed for decomposition rate between Rooibos 
tea bags (with high lignin content and expected slow decomposition) and Green tea 
bags (with high cellulose content and expected fast decomposition) which suggest 
for litter quality effect (Table 2). As it is known slow decomposition rates result in the 
building up of organic matter and nutrient stocks in soil while, fast decomposition 
rates help to meet plant intake requirements (Isaac and Nair, 2005). Also, the litter 
specific features and diversity influences the activity of soil communities and processes 
during decomposition (Chapman and Koch, 2007). 

Across all ecosystems tea mass remaining after three months of field incubation 
(Fig. 4) was higher for Rooibos tea (84%) than for Green tea (49%) which is also 
in congruence with expected fast decomposition rate for Green tea and respectively 

Fig. 3. Tea mass remaining after one year of field incubation in sites with different land use (g)
Фиг. 3. Остатъчна маса след едногодишна инкубация в обекти с различен начин на 

земеползване (g)
Note: Different letters indicate significant differences among means after Tukey’s test (P ≤ 0.05)
Забележка: Различните букви показват значителни разлики между средните стойности след теста на Tukey 
(P ≤ 0,05)

Fig. 4. Mass loss for Rooibos and Green tea (g) 3 months after field incubation
Фиг. 4. Загуба на маса за Rooibos и Green чай (g) 3 месеца след инкубация
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expected slow decomposition rate for Rooibos tea. Overall, similar mass loss patterns 
were recorded for both tea types across different biomes studied by Djukic et al. 
(2018), established tendencies or significantly higher mass loss at warm and humid 
climates compared to the dry and/or cold biomes.

CONCLUSIONS

Litter decomposition is highly significant process in the functioning and 
dynamics of ecosystems, as it is a major way of recycling of nutrients, especially carbon 
and nitrogen and other elements in the ecosystem which highly depends on the type of 
ecosystems through degradation rate of different plant material and uptake of minerals.

Our study showed that land use has a significant influence on mass loss in 
the early stage of litter decomposition (3 months and 1 year after field incubation). 
The effect of land use was observed for deciduous and coniferous natural forests 
and for urban forest and urban grassland. The evidence for climate effect on litter 
decomposition rate was found between urban and natural grasslands and between 
urban coniferous forest and natural coniferous forest. 

Significant differences were observed for decomposition rate between Rooibos 
tea bags and Green tea bags with different lignin and cellulose content, suggesting 
for litter quality effect on the process. The data indicate that the decomposition rates 
were higher under warmer and more humid climatic conditions, but this hypothesis 
requires comparative analyses at a wider scale. 

The results obtained from this experimental study indicate that multiple drivers 
are affecting early stage litter mass loss with litter quality and land use being with 
high effect, but in order to be able to quantify the relative importance of the different 
drivers over time, long-term studies combined with experimental trials are needed.

Acknowledgements: The authors acknowledge funding of research activities received from the 
Bulgarian National Science Fund under grant agreement DN16/11 (project “Thermal properties of soils 
at different land use and melioration”) and grant agreement DN 04/1-13.12.2016 (project “Study of the 
combined impact of natural radioactive background, UV radiation, climate change and cosmic rays on 
model groups of plant and animal organisms in mountain ecosystems).

REFFERENCES
Aerts, R., 1997. Climate, leaf litter chemistry and leaf litter decomposition in terrestrial ecosystems: a 

triangular relationship. Oikos, 79, 439-449. 
Berg, B., C. McClaugherty. 2003. Plant Litter: Decomposition, Humus Formation, Carbon Sequestration. 

Springer Science & Business Media.
Berg, B., Ekbohm, G. 1991. Litter mass loss rates and decomposition patterns in some needle and leaf litter 

types. Long-term decomposition in a Scots pine forest VII. Canadian Journal of Botany, 69,1449-1456.
Bezkorovainaya, I.N. 2005. The formation of soil invertebrate communities in the Siberian afforestation 

experiment. In: Binkley D, Menyailo O (eds.) Tree species effects on soils: implications for global 
change. Springer, Dordrecht, pp. 307-316.

Bohlen, P., R.W. Parmelee, D.A. McCartney, C.A. Edwards. 1997. Earthworm Effects on Carbon and 
Nitrogen Dynamics of Surface Litter in Corn Agroecosystems. Ecological Applications, 7 (4),1341.

Bradford, M.A., G.M. Tordoff, T. Eggers, T.H. Jones, J.E. Newington. 2002. Microbiota, fauna, and mesh 
size interactions in litter decomposition. Oikos, 99 (2), 317-323.



142

Chandrasekhara, U.M. 1997. Litter decomposition as an ecosystem service. A Report by KFRI, 35-53.
Chapman, S.K., Koch, G.W. 2007. What type of diversity yields synergy during mixed litter decomposi-

tion in a natural forest ecosystem? Plant Soil, 299, 153-162.
Cleveland, C.C., Reed, S.C., Keller, A.B., Nemergut, D.R., O’Neill, S.P., Ostertag, R., Vitousek, P.M., 2014. 

Litter quality versus soil microbial community controls over decomposition: a quantitative analysis. 
Oecologia, 174, 283-294.

Conant, R.T., Ryan, M.G., Agren, G.I., et al., 2011. Temperature and soil organic matter decomposition 
rates - synthesis of current knowledge and a way forward. Global Change Biology 17, 3392-3404.

Cornwell, W.K., Cornelissen, J.H.C., Amatangelo, K., Dorrepaal, E., Eviner, V.T., Godoy, O., Quested, 
H.M., 2008. Plant species traits are the predominant control on litter decomposition rates within 
biomes worldwide. Ecology Letters 11, 1065-1071.

Couteaux, M.M., P. Bottner, B. Berg. 1995. Litter decomposition, climate and liter quality. Trends in Ecol-
ogy & Evolution, 10 (2), 63-66.

Davidson, E.A., Janssens, I.A., 2006. Temperature sensitivity of soil carbon decomposition and feedbacks 
to climate change. Nature, 440, 165-173.

Dechaine, J., H. Ruan, Y. Sanchez de Leon, X. Zou. 2005. Correlation between earthworms and plant lit-
ter decomposition in a tropical wet forest of Puerto Rico. Pedobiologia, 49 (6), 601-607.

Djukic, I., Tea Composition team. 2018. Early stage litter decomposition across biomes. Science of The 
Total Environment, 628-629(3):1369–1394, DOI: 10.1016/j.scitotenv.2018.01.012

Heim, A., B. Frey. 2004. Early stage litter decomposition rates for Swiss forests. Biogeochemistry, 70, 299-313.
Houghton, R.A. 2007. Balancing the global carbon budget. - Annual Review of Earth and Planetary Sci-

ences 35, 313-347.
Isaac, S.R., Nair, M.A. 2005. Biodegradation of leaf litters in the warm humid tropics of Kerala, India. Soil 

Biol Biochem, 37, 1656-1664.
Keuskamp, J.A., B.J. Dingemans, T. Lehtinen, J.M. Sarneel, M.M. Hefting. 2013. Tea bag index: a novel 

approach to collect uniform decomposition data across ecosystems. Methods in Ecology and Evolu-
tion4 (11), 1070-1075.

Krishna, M.P., M. Mohan. 2017. Litter decomposition in forest ecosystems: a review. Energy, Ecology and 
Environment, DOI 10.1007/s40974-017-0064-9.

Lehmann, J., Kleber, M., 2015. The contentious nature of soil organic matter. Nature, 528, 60-68.
Meentemeyer, V.  1978. Macroclimate and Lignin Control of Litter Decomposition Rates. Ecology, Vol. 

59, No. 3 465-472.
Schimel, J. 1995. Ecosystem consequences of microbial diversity and community structure, in Arctic and 

Alpine Biodiversity: Patterns, Causes, and Ecosystem Consequences. Eds. Chapin F.S., Korner C. 
(Berlin: Springer-Verlag), 239-254. 

Suseela, V., Tharayil, N., 2018. Decoupling the direct and indirect effects of climate on plant litter 
decomposition: accounting for stress-induced modifications in plant chemistry.

Swan, A.R.H., M. Sandilands. 1995. Introduction to Geological Data Analysis. Blackwell, London, 446.
Tamura, M., Suseela, V., Simpson, M., Powell, B., Tharayil, N., 2017. Plant litter chemistry alters the 

content and composition of organic carbon associated with soil mineral and aggregate fractions in 
invaded ecosystems. Global Change Biology, 23, 4002-4018.

Vesterdal, L., K. Raulund-Rasmussen. 1998. Forest floor chemistry under seven tree species along a soil 
fertility gradient. Canadian Journal of Forest Research, 28: 1636-1647.

Vitousek, P. 1982. Nutrient cycling and nutrient use efficiency. The American Naturalist, 119, 553-572.
Wachendorf, C., U. Irmler, H.P. Blume. 1997. Relationship between litter fauna and chemical changes dur-

ing litter decomposition under different moisture conditions. In: Cadisch G, Giller KE (eds.) Driven by 
nature: plant litter quality and decomposition. CAB International, Wallingford, pp. 135-144.

Wardle, D.A., R.D. Bardgett, J.N. Klironomos, H. Setälä, W.H. Van Der Putten, D.H. Wall. 2004. Ecologi-
cal linkages between aboveground and belowground biota. Science, 304 (5677), 1629-1633.

Wedderburn, M.E., J. Carter. 1999. Litter decomposition by four functional tree types for use in silvopas-
toral systems. Soil Biol Biochem, 31, 455-461.

WRB, 2015. IUSS Working Group WRB. 2015. World Reference Base for Soil Resources 2014, update 
2015. International soil classification system for naming soils and creating legends for soil maps. 
World Soil Resources Reports No. 106. FAO, Rome.


