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ABSTRACT  

The forest litterfall plays a significant role in 

regulating global biogeochemical cycles. The production of 

litter varies in different forest ecosystem across the globe 

and mainly controlled by vegetation type, phenology and 

environmental factors. The forest litter with chief 

constituent as nitrogen, carbon, phosphorus, calcium, 

potassium helps in increasing soil fertility and moisture and 

helps in forest recovery and preservation. The litter 

decomposition process governed by temperature rainfall, 

quality and composition is more important as it helps in 

mineralization of dead organic matter into useful 

substances that becomes a chief constituent of nutrient 

cycle. Thus litterfall as a carbon stock of different functional 

type ecosystem is significant in understanding particulate 

organic matter origin and cycling and global climate 

change. 
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INTRODUCTION 
Forests ecosystems with a global area of 

3999 M ha (FAO, 2015), are the sources of 
livelihoods to millions of people (Kohl et al., 2015) 
and are the largest carbon sink on the globe, with 
more than 50% of their net primary production in 
form of litter biomass (Domke et al., 2016). Plant 
litter forming organic matter and mineralization to 
inorganic carbon forms largest carbon pool (Cotrufo 
et al., 2015) and accounts for an estimated 5% of 
all carbon stocks worldwide and contribute 
significantly in national carbon budgets (Domke et 
al., 2016). Litterfall is the initial phase of the 
biogeochemical cycle controlled by climatic factors 
returning nutrients to the soil and increases as the 
forest evolves and basal area increases, bringing 
changes in species phenology and giving rise to 
different pedogenetic processes (Lebret et al., 2001). 
In recent years aboveground and belowground forest 
litter responses to global climate change and their 

contribution to soil organic carbon sequestration, 
physico-chemical and biological processes and their 
interaction with seasonal freeze-thaw cycle and 
drying-rewetting cycle have got worldwide concern 
(Yang et al., 2007). Litterfall in tropical forests were 
observed in spring or winter, corresponding to the dry 
season; in temperate broadleaved and needle-leaved 
evergreen forests, it take place at various seasons; 
and for temperate deciduous broadleaved and boreal 
evergreen needle-leaved forests, litterfall occurs in 
autumn, and is determined by physiological and 
environmental variables (Zhang et al., 2014). The 
litters obtained from undergrowth and forest soil are 
also the good reservoir of carbon stock ascertaining 
forests a more effective sink of carbon (Ullah and Al-
Amin, 2012). The litterfall is also an important 
source of nitrogen and also helps in cycling of other 
nutrients and is a key mechanism in the management 
of forest fertility. Its addition increases the forest’s 
nutrient supply and any type of manipulation shows 
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changes in soil and foliar nutrient specially 
phosphorus concentrations affecting above-ground 
productivity (Sayer, and Tanner, 2010).  

LITTERFALL AND GLOBAL 
FORESTRY 

In broadleaved and coniferous forest, 
concentration of dissolved and particulate organic 
carbon and nitrogen fractions and fluxes were higher 
during the growing than the dormant season. 
However in broadleaved forest the annual fluxes of C 
and N were released more during the growing season, 
in comparision to C and N in the coniferous forest 
(Mellec et al., 2010). In tropical evergreen forest and 
tropical dry forest the N and P content of leaves and 
litter increases with increasing temperatures in 
compare to mediterranean temperate forest and in 
tropical dry forest the P content is managed even in 
limited P supply and in all these three forest 
ecosystems climatic factors plays a significant role in 
ecosystem nutrient cycling (Campo et al., 2014). In 
tropical dry deciduous forest like Indian soil, the litter 
nutrient contains N, P, Ca, Mg, K and Na are 
controlled by seasonal variability and among these 
only potassium exhibits leaching and mobilization 
and litter helps in production of new foliage and 
increasing the soil fertility (Kumar et al., 2010).  

In dry tropical forests presence of wide 
range of deciduous condition, like leaflessness 
duration among dry tropical trees shows large 
variations in their growing season length mainly due 
to water stress during summer and as the duration 
increases, the leaf flushing period decreases but leaf 
fall period shows little variation. The leaflessness, 
leaf strategy index, wood density and leaf mass per 
area shows variation due to functional diversity in 
tree species in the region. The variation in seasonal 
duration of leaflessness among species is the 
reflections of differences in tree functional traits like 
stem wood density, leaf strategy index and leaf mass 
per area (Kushwaha et al., 2010). In these forest 
ecosystem litter carbon concentrations were highest 
in the early-dry season and decreases in the rainy 
season, while the rainfall seasonality changes 
nitrogen concentrations and microbial nitrogen was 
lowest in the late-dry and highest in the early-rainy 
seasons. Thus the seasonal changes in nitrogen 
dynamics were affected by rainfall seasonality and 
labile carbon availability, and not by microbial 
biomass. Litter phosphorus was higher in the rainy 
season compare to early-dry season (Anaya et al., 
2007). In Mediterranean forest soil temperature and 
relative water content accompanied by favorable 
climatic and edaphic conditions contribute 
significantly to soil carbon storage, playing an 

important role in ecosystem functioning (Zribi et al., 
2015). 

In subtropical evergreen forest nutrient 
fluxes increase as elevation decrease. The rainfall 
shows positive correlation at lowest elevation, 
temperature is the decisive factor at the mid-elevation 
and both rainfall and temperature controls the 
litterfall at the highest elevation. The responses of 
plant community and decrease in nutrient 
concentration at different elevation gradient may be 
due to global warming (Lu and Liu, 2012). In moist 
semi-deciduous forest litterfall had higher 
concentrations of nitrogen and lower concentration of 
soluble polyphenols and lignin, standing litter 
changes are low in comparison to secondary forests 
and gross litter decomposition decreases during forest 
conversion and nitrogen and lignin are the best 
predictors of decomposition (Dawoe et al., 2010). In 
cold biomes mainly in alpine forest ecosystems the 
winter warming causes decrease in snowpack 
seasonality resulting in litter cellulose and lignin 
degradation and slow down the soil carbon 
sequestration formation from foliar litter. The winter 
exhibit highest daily loss rate of litter cellulose and 
lignin deposition and these changes are mainly 
affected by interactions among forest gap position, 
period and species (Li et al., 2016). The global 
dataset designed to study the leaf-litter of woody 
plants reveals that nitrogen concentration was highest 
in Africa and lowest in North America and increases 
linearly with mean annual temperature and annual 
precipitation and lowers down with latitude. Dataset 
also suggest that phosphorus concentrations was 
more in the Asian mainland compare to Asian islands  
like Japan and Malaysia and is not influenced by 
temperature, it decreases linearly with precipitation 
and shows a convex quadratic relationship with 
latitude (Kang et al., 2010).   

Climate variables like rainfall shows impact 
on litterfall production (Zhou et al., 2007) and in 
floodplain forest types litterfall production along a 
topographic gradient is highest during the large flood 
and decreasing later depending on flooding pulse 
(Acenolaza et al., 2010). In agroforestry systems the 
litterfall production and carbon (C) and nitrogen (N) 
fluxes is comparatively higher than tropical forests 
(Negash and Starr, 2013). The litter bag technique is 
another best method to study leaf litter fall, 
decomposition and release of nutrients to soil from 
leaf litter and can be applied for principal tree species 
in tropical dry deciduous forests (Das and Mondal, 
2016). The near infrared reflectance spectroscopy 
technique with NIRS Systems 5000 
spectrophotometer reported that partial least squares 
is comparatively better than stepwise regression in 
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improving calibrations and gives valid predictions 
about nitrogen, ash and proximate carbon fractions 
during the leaf litter decomposition process (Joffre et 
al., 1992). In semi-arid conditions allometric 
equations using best-fit models and ash method for 
estimating aboveground biomass production can be 
helpful to provide a rapid analyses of wood, leaf and 
total aboveground biomass production and carbon 
stock (Bayen et al., 2016). The homegarden 
agroforests provides better information to growers in 
selection of indigenous tree species producing 
litterfall and their decomposition along with the 
management for an efficient nutrient cycling of the 
system (Das and Das, 2010). 

FOREST LITTER DECOMPOSITION 
Litter mixture with leaf litter species 

composition and relative abundance and universal 
fungal communities significantly affect forest soil 
decomposition (Gao et al., 2015). Litter 
decomposition helps in breaking down dead organic 
material into smaller size particles and organic 
materials are mineralized into prime constituents like 
H2O, CO2 and mineral components. During this 
process, recalcitrant organic compounds are formed 
and carbons get leached to the mineral soil. The 
decomposition occurs due to leaching of soluble 
organic compounds into the soil, fragmentation of 
litter into small sizes and catabolism by decomposers 
(Cotrufo et al., 2010).  Litter quality and occurrence 
of season, are the most important regulators 
of litter decomposition in forests (Gautam et al., 
2007). Availability of soil nutrients is a significant 
factor controlling short-term and long-term litter 
decomposition, single-species decomposition vs. 
mixed-litter decomposition and litter nutrients 
formation. The quantity of litter input and its 
interaction with the soil control the formation of soil 
organic carbon, and the effects of soil fertility on 
litter decomposition vary with changes in 
environmental conditions (Ge et al., 2013). Litters of 
different functional types and chemical quality uses 
strategy of slow decomposition and nutrient 
mobilization showing alternate stage of rapid 
mineralization followed by slow immobilization and 
generally in the order of K > Mg > Ca > N ≈ P 
(Gautam et al., 2016).  

The litter decomposition is influenced by 
macroclimate like temperature (Zhou et al., 2007) 
and evapotranspiration (Zhou et al., 2008), soil fauna 
(Shaojun et al., 2010) and substrate quality and 
power of substrate quality is lower in the tropics than 
that in boreal-to-cool temperate regions. In these 
regions, there is a synergistic relationship 
between litter quality, decay rates in litterbags and 
substrate turnover rates across different vegetation 

types such as conifers and deciduous trees and 
species with higher light penetration have higher 
understorey temperature and  higher quality litter  
compared to trees with lower light penetration 
(Rahman and Tsukamoto, 2015). In subtropical 
evergreen broad-leaved forest the nutrient released 
during litter decomposition are Ca, Mg and Mn and 
their initial concentrations and precipitation are the 
important factors that influences the decomposition 
of foliar litter (Ma et al., 2015). In deciduous 
broadleaved and evergreen broadleaved forest 
occurring in warm temperate regions moisture shows 
a crucial effect on litter decomposition and the 
activities of microorganisms and surface-living 
earthworms are affected by the water content on the 
two functional types. The power of substrate quality 
in evergreen broadleaved and deciduous broadleaved 
forest was smaller compare to coniferous forests and 
deciduous broadleaved forest in boreal-to-cool 
temperate regions (Rahman and Tsukamoto, 2013). 

The rate of litter decomposition is related to 
the initial chemical composition of the litter and 
several constituents like N, Ca, water soluble 
compounds, total nonstructural carbohydrates, lignin, 
acid, detergent, cell wall components and fibre 
showed a significant relation with decomposition. 
The effect of nitrogen decreases while that of lignin 
increases with time and both of these are responsible 
for variability in the annual weight loss. The climatic 
factor like rainfall and temperature influences 80 % 
of the variability in monthly forest litter weight loss 
(Pandey and Singh 1982). The carbon and nutrient 
fluxes rates and pattern in forest litter is affected by 
the efficiency of nutrient use. The species that returns 
the most mass did not return most P, N, or cations 
and depends on the amount of N and P resorption 
before leaf fall. The species shows variation in the 
ecophysiological response due to edaphic and 
climatic conditions and heavy winds or the heavy 
rains, forces the shedding of non-senesced leaves. 
Although the amount of this higher quality material is 
less but it can provide a small quantity of nutrients to 
the forest floor community. The area with less water 
availability have temporal variations in forest floor 
leaf litter due to varied responses of species to 
different environmental conditions (Cuevas and 
Lugo, 1998).  

The process is significantly influenced by 
atmospheric nitrogen deposition and any external 
treatment of nitrogen to single-species litter or litter 
mixture decomposition shows a remarkable responses 
and changes in chemical composition preferably due 
to decrease in the substrate C:N ratio (Wang et al., 
2015). Elevation gradient plays a significant role in 
litter decomposition and it decrease across the 
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elevation gradient, The low elevation forests warm 
and humid microclimate favors decomposer activities 
and decomposer community are adapted to consume 
large amounts of leaf litter (Wang et al., 2010). The 
litterfall and litter component carbon, nitrogen and 
lignin increase in the old-growth forest and exhibits a 
directional change in the forest floor C and N cycling 
rates mainly due to foliar litter production and 
proportions in the total litterfall which causes by 
changes in dominant tree species biomass and 
therefore plays a dominant role in regulating litter 
chemistry and quantity of the forest floor (Xuefeng et 
al., 2010).  

SIGNIFICANCE OF LITTERFALL 
The litter decomposition process shows 

close correlation with nutrient cycling and maintains 
the soil fertility in the forest ecosystem (Wang et al., 
2015, Ge et al., 2013). Evaluation of forest litterfall 
helps in understanding nutrient cycle, forest growth, 
succession pathways, and interactions with 
environmental variables (Zhou et al., 2007). The 
potential nutrient return in warm ecosystem shows 
delay in leaf fall due to phenological factors and 
climatological variations with the lowest rainfall, 
particularly with respect to P and Ca (Gallardo et al., 
1998). Forest canopy is an important source for 
particulate organic matter. Pollen accumulation, 
insect excretions and deposited organic matter 
mobilised by dry/wet precipitation plays a significant 
role in the formation of dissolved organic matter and 
particulate organic matter and mainly effected by tree 
species, seasonality and biotic agents (Mellec et al., 
2010). According to leaf-litter global dataset for 
modeling biogeochemical cycles in different eco-
regions on a global scale, the leaf-litter N:P ratio 
should be taken into consideration as it follows a 
positive linear relationship with temperature and 
precipitation and exhibits a concave quadratic 
response with latitude for different functional groups 
like shrubs, evergreen broadleaf, deciduous broadleaf 
and conifers (Kang et al., 2010). 

The decomposition process controlled by 
biotic factors like decomposers and litter types and 
abiotic factors like temperature moisture (Wang et 
al., 2010) climate and soil organisms that releases 
nutrient during its decomposition have shown a great 
impact on global climate change due to increase in 
atmospheric carbon dioxide concentration and 
temperature (Yang et al., 2007).  

During forest recovery as the secondary 
succession precedes the mean leaf area, water content 
and mean leaf dry weight per unit area of primary 
species increases compared to secondary species 
along with decline in foliar nitrogen, phosphorus, and 
potassium in early secondary forest (Kappelle and 

Leal, 1996).The evaluation of litter production, 
temporal variation, rate of decomposition and 
nutrient cycling helps to analyze biological potential 
of a species to aid soil biological restoration. It is 
necessary that plantation of fast growing tree, with a 
fast canopy closure and species producing large 
amounts of rapidly decomposing mulch with large 
amount of nutrients which can be released into the 
soil at a high rate are the best practices (Ceccon et al., 
2015). The microbial pathogens like fungi, bacteria, 
actinomycetes, viruses and nematodes are 
components of forest floor and plays an important 
role in leaf litter decomposition that are formed by 
leaf fall and wood of fallen trees. Thus the forest 
litters are the home for saprophytes and saprobionts, 
and maintains soil health (Ndarake and Umunna, 
2015).  

In conclusion, litters are the energy bank of 
forest floor regulating biogeochemical cycle and 
controlling forest succession, recovery, productivity 
and preservation. The forest litters are important 
sources of nitrogen, carbon, phosphorus, calcium, 
moisture, lignin, fiber etc and its decomposition helps 
in converting dead organic matter into useful 
minerals.  The litterfall as carbon stock and their 
impact on climate change are two key issues that 
should be given special account to assess and 
evaluate the global environmental changes. 
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