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Abstract Litter decomposition is a key process that
releases nutrients back to the ecosystem and therefore
maintains the structure and functioning of the tropical
forest ecosystems. The variations in the rate of litter
decomposition among different ecosystems may be
controlled by several factors including climate, litter
quality and soil biota. However, the rapid change in the
environmental conditions is expected to alter the rate of
litter decomposition resulting in modified nutrient cycling.
This modified cycling of the nutrient may disrupt the
ecosystem structure and functions followed by the
compromised quality of ecosystem services and functions.
Thus, an improved understanding is needed about the
factors affecting the decomposition rates to sustain
biodiversity and ecosystem services in a changing
environment. In this article, we tried to explain the various
physical, chemical and biological factors that affect the
litter decomposition and nutrient cycling in the forest
ecosystem. To accomplish this, we synthesized the
available information by carrying out a literature survey
from available databases. We found that there is a shifting
paradigm from climatic control to species traits control of
litter decomposition rate and recently even moving beyond
it considering the effects of soil biota and habitat effects
too. Further, the rate of decomposition rate is linked with
the cycling of nutrients and climatic effects are expected to
cascade into ecosystem functions and their services. In
order to get a clear picture, however, intensive studies are
required to explore the coupling effects of climatic
variation on the structure and functioning behaviour of the
forest ecosystems to maintain biodiversity and their
services in a changing environment.
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1. Introduction

Every organism within an ecosystem requires energy
and a set of specific essential nutrients for its perpetuation
and function. These nutrients often enter the ecosystem
from mineral rocks and fixation of atmospheric gases
through physical, chemical and biological processes. Then,
these nutrients are modified and transformed into organic
matter by plants and other organisms after passing a very
complicated process (energy transformation) or under
process when they directly uptake or consume the energy
by other organisms. This organic matter is once again made
available to plants and organisms in the form of mineral
nutrients through the attraction of microbes principally by
the process of decomposition. In brief, this whole process
of recycling and movement of nutrients across different
components of the ecosystem is called nutrient cycling,
which is an important attribute of all kinds of terrestrial
ecosystems [1]. Since nutrient cycling is directly related to
the growth of organisms in any ecosystem, it regulates the
ecosystem structure and ecological services such as
biomass production, carbon sequestration and other direct
benefits to human society [2]. The structure of the plant
community and plant growth consequently affected by the
availability of nutrients by nutrient cycling and soil
formation [2].

Hence, litter decomposition is an essential process that
transforms the dead organic matter into mineral nutrients
through the activity of microbial decomposers. The major
source of organic matter in the soil is the plant litter and
detritus of other organisms [1,2]. However, the rate of
decomposition is not similar for all types of organic matter.
Several factors influence the rate of litter decomposition
including climate, litter quality (in terms of litter traits) and
soil biota [2-4]. Understanding dominant factors of the
litter decomposition rate are valuable as it is directly linked
with nutrient cycling and ecosystem productivity. Further,
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the nutrient availability in the soil can substantially affect

the species composition, ecosystem structure and
ecological services.
Previous studies have shown that the rate of

decomposition is influenced by the climatic conditions
such as actual evapo-transpiration [3], mean annual
temperature [5], mean annual precipitation [6] and solar
radiation [7]; litter quality in terms of physico-chemical
traits [2,6,8,9]; soil biota [10] and other factors such as the
composition of litter [11] and methodological approaches
[12]. Since these factors can be rapidly altered by the
changing climate, we can expect substantial deviations in
nutrient cycling and therefore the ecosystem services and
functioning. However, these effects remained unclear due
to the mixed results of the previous studies. Therefore, the
present article aims to synthesize the possible effects of
climate change on litter decomposability traits and nutrient
cycling, particularly in the tropical forest ecosystems. To
accomplish this, a literature search was carried out from the
available electronic reference databases such as Google
Scholar, Scopus and Web of Science. We have used the
following keyword combinations for literature search:
“Litter decomposition”, “Litter AND Climate”, “Litter
AND Traits”, “Litter AND factor”, “Litter AND Litterbags”
and “Litter AND Nutrient”. We have included only those
studies which have focused on the forest ecosystems.
Additional information was collected from other sources
such as books, theses, websites, monographs, and reports,
etc. In this article, we have discussed how climate can
influence the various factors on the litter decomposability
traits and nutrient cycling. Thus, we tried to give answers

to the following questions: 1) What are major factors that
directly influence the litter decomposition in the tropical
forest ecosystem? 2) How biotic factor(s) can affect litter
decomposability traits? and 3) How nutrient cycling will
respond to the changing climate in the tropical forest
ecosystems?

2. Factors Affecting Litter
Decomposition

Several factors affect the rate of litter decomposition
that can be broadly classified as physical, chemical and
biological factors depending on the nature of influencing
factors. Alternatively, these factors can be divided into (i)
litter quality, (ii) climatic conditions, (iii) soil biota and
(iv) other factors like ecosystem and habitat type, physical
geography, etc. Further, it has been observed that in
general, litter traits alone explain a larger proportion of
variations in litter decomposability followed by climatic
factors followed by soil biota and other factors [2—4,9].
However, this general pattern may not be true for every
kind of ecosystem due to the high variation in the
environmental factors. The addition of nutrients in the soil
may depend upon the litter quality, climate, individual
nutrient concentration, and dynamics during the process of
decomposition (Figure 1). Next, we discuss the various
factors that affect the rate of decomposition and how
climate can alter these factors to modify the
decomposition rates.
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Figure 1.
2.1. Litter Quality

Litter input serves as the energy source for organisms
residing in the soil component of the ecosystem. These
decomposer organisms are detrital groups of the litter that
converted it into inorganic form via mineralization during
the decomposition process. Therefore, one can expect a
higher rate of decomposition when a specific type of litter
is preferred by the decomposers. Such a high-quality litter
should have a high content of nutrients viz. N and P and
high level of digestibility from the perspective of
decomposer organisms [13]. Thus, the quality of litter in
terms of physical and chemical traits can be responsible to
promote the rate of decomposition.

2.1.1. Physical Traits

Among physical traits of the litter, specific leaf area (or
specific leaf mass or leaf mass per area) [14,15], litter dry
matter content [16,17], litter pH [16], leaf tensile strength
or toughness [15,18,19] have been suggested to be
important physical factors that may take part in the rate of
decomposition. In conformity with this, collected studies
indicated that litter with higher specific leaf area [14,15]
and lower dry matter content [16,17] tend to be more
easily degradable by decomposers and, therefore, results
in a faster rate of decomposition [13,20]. Similarly, soft
leaves tend to decompose faster as compared to tough
leaves [15,18,21]. The slower rate of decomposition due
to higher litter dry matter content can be attributed to
increased rigidity which reduces palatability for
decomposers [22]. Thus, leaf morphological traits are
projected to shift due to changing environmental
conditions [23,24]. Specific leaf area may likely increase
with ongoing climate change, which may result in faster
litter decomposition and therefore cycling of nutrients.

2.1.2. Chemical Traits

Litter chemistry is one of the most important factors that
significantly influence the rate of litter decomposition.
Chemical compounds that can be easily digested and yield
more energy for decomposers are considered as
high-quality litter. Therefore, litter chemical traits like
carbon [2,25], lignin [26,27], nitrogen [28,29], phosphorus
content [30], carbon to nitrogen ratio [9,28,31] and lignin
to nitrogen ratio [32,33] have been acknowledged as the
dominant regulators of litter decomposition rates in the
different ecosystems [8]. It has been further suggested that
litter with high nutrients (carbon, nitrogen, phosphorus)
and low amount of lignin tends to decompose faster
because it will be easily degradable to decomposer groups
and therefore said to be of ‘high quality’ [13,20]. Thus, in
agreement with these reports, the chemical traits of the leaf
litter have been considered as good promoters of the litter
decomposition, and also, these might affect the activity of
the soil decomposer group.

Since carbon is the main source of energy for the detrital
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Conceptual model depicting various factors are affecting the litter decomposition process

group of the soil organisms, therefore, litter carbon content
has been considered as an important driver of litter
chemical quality [2,25]. More specifically, the chemical
quality of litter depends on the types and nature of
carbon-containing compounds and their bonds. For
example, simple sugars like glucose are easily digestible
and yield more energy, whereas, complex
carbon-containing compounds like cellulose and lignin
yield relatively lower energy when they are digested [34].
Thus, litter with a high amount of simpler sugar is
considered to be of high quality whereas litter with a high
amount of lignin is considered as of low quality. It has been
already shown that litter rich in available C compounds
(non-structural carbohydrates, phenolics) tends to
decompose faster as compared to litter rich in recalcitrant C
(condensed tannins and lignin) in tropical forests [25].
Further, secondary metabolites such as condensed tannins
or the polyphenols tend to inhibit the decomposition
because they form a recalcitrant complex with proteins
that are not easily degradable by the decomposer
organisms. [35,36]. Thus, the accumulation of recalcitrant
polyphenolic compounds slows down the decomposition
rate during the later stages.

Lignin is a polysaccharide compound produced by
plants for defence purposes and it yields a very low
amount of energy to the decomposers. Due to the poor
quality as an energy source, litter lignin content has been
widely used as an index of litter quality [26-28]. In
general, the litter lignin tends to retard the rate of
decomposition across different ecosystems and therefore,
has great effects on nutrient cycling [8,9]. The slower rate
of decomposition due to higher lignin content can be
attributed to increased rigidity which reduces palatability
to decomposers. Thus, the degradation rate of lignin is
substantially affected by the composition of the
decomposer organism because lignin is chiefly degraded
by fungal members of the basidiomycetes. Furthermore,
lignin control of decay rates may be species-specific due
to variability in lignin content in the litter of different
species found in the tropical ecosystems [37]. Thus, litter
quality cannot be solely attributed to the lignin content of
litter and other chemical factors such as nitrogen and
phosphorus may exert a strong influence on litter decay
rates.

Nitrogen is an important nutrient, which is required for
the growth and metabolism of decomposer organisms.
Thus, the litter nitrogen content is another important
chemical trait of the litter that affects the rate of
decomposition substantially [8,9]. The activity and
metabolism of decomposer organisms are affected by the
supply of nitrogen because it is often limited in the forest
ecosystems [37]. This is why higher nitrogen content in
litter tends to promote a higher rate of litter decomposition
as evidenced by the positive relation between litter
nitrogen content and decomposition rate found in the
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previous studies [28,29,32,33]. This faster decomposition
with higher litter nitrogen can be attributed to increased
activity of associated microbial communities and
soil-decomposer fauna [38].

Similar to nitrogen, phosphorus content is also an
essential requirement by the plants as well as by the
decomposers for their growth and development; therefore,
considered an important litter chemical trait that
influences the rate of litter decomposition in the forest
ecosystems [9]. The higher phosphorus content in the
litter results in a faster decomposition rate as evidenced by
a positive correlation between the phosphorus content and
decomposition rate [30,39—41]. This may be due to
increased phosphorus availability to soil biota which may
increase their litter breakdown activity. In addition to
these chemical traits, some other macro- and
micronutrient elements such as calcium, magnesium,
potassium and sulphur also affect the rate of
decomposition [9]. Thus, in general, higher nutrient
content of litter tends to increase the rate of litter
decomposition primarily due to increased activity of
decomposer micro-organisms.

Since some low energy sources such as cellulose and
lignin tend to slow down decomposition rate whereas some
high nutrient compounds like nitrogen and phosphorus
tend to increase the decomposition rate, therefore, a ratio of

the same can be a key predictor of litter quality due to their
complementary effects. This is why, carbon to nitrogen
ratio [9,28,31] and lignin to nitrogen ratio [32,33] are
reported as good predictors of the litter decomposition rate;
however, as compared to C: N ratio, lignin to nitrogen ratio
is more pronounced that significantly correlated with litter
decomposition [9]. Thus, nutrient cycling, especially
carbon and nitrogen dynamics are greatly influenced by the
chemistry of leaf litter.

2.1.3. Species Identity

Species identity is an important factor that controls the
rate of decomposition through the effects of litter quality
[42]. In particular, the origin of species (i.e. native or
exotic) may have effects on the litter decomposition rates
due to differences in their litter qualities. It has been
further suggested that invasive species usually have higher
litter quality and therefore exhibit faster decomposition
rates and nutrient cycling [33,38]; though it is not always
true [31,43]. The enhanced decomposition in the case of
invasive exotic plants can be attributed to their higher leaf
litter quality in terms of higher leaf nitrogen content, which
is preferred by the decomposers [43]. Similarly, species
composition can also have differential effects on the
decomposition rates due to similar reasons.
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Figure 2.

Diagrammatic representation of the effect of environmental factors on the litter decomposition process. Solid arrows indicate positive

effects whereas dashed lines indicate negative effects. SLA = specific leaf area, LM = leaf moisture, SLM = Specific leaf mass, LDMC = Litter dry
matter content, N = litter nitrogen, P = litter phosphorus, C = litter carbon content
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2.2. Environmental Factors

Apart from litter quality, climatic conditions directly
affect the rate of litter decomposition by influencing the
activity of decomposer organisms [3]. Among climatic
conditions, temperature and precipitation are perhaps the
most important factors that affect the activity and
metabolism of decomposer organisms. In general, high
temperature and moist conditions are optimum for the
activity of decomposers, therefore, decomposition rate is
usually higher in warmer and moist environments such as
tropical ~ forests.  Further, seasonal drying and
wetting/rewetting tends to reduce the activity and
abundance of the soil organisms. Due to strong climatic
controls of litter decomposition rates, changing climate is
now expected to alter decomposition rates, nutrient
cycling and finally, the productivity of the plants (Figure
2).

Temperature is an important factor that directly
influences the activity of the decomposer organisms and
simultaneously the rate of litter decomposition [42].
Therefore, higher temperature promotes  faster
decomposition of litter and a positive correlation between
their rates with mean annual temperature is observed in
several reports [9,44-46]. However, this temperature
sensitivity might be influenced by litter quality [47].

Similarly, precipitation also affects the rate of
decomposition by influencing the litter quality and soil
moisture [9]. Higher precipitation is associated with an
increased decomposition rate and a positive correlation is
observed between the litter decomposition rate and mean
annual precipitation [9]. Thus, a decrease in rainfall
patterns may suppress decomposition rates [46,48]. This is
because higher precipitation tends to increase the litter
moisture content, which resulted in rapid decomposition
by increased leaching [49].

Evapo-transpiration has been used as an index for the
effects of climate on litter decomposition rate because it
combines the effects of temperature and precipitation.
Since temperature and precipitation are significantly
responsible that directly affects the activity of decomposer
organisms, therefore, evapo-transpiration must be
correlated to the rate of litter decomposition. It has been
acknowledged that higher actual evapo-transpiration
(AET) results in faster decomposition of the litter as
indicated by a positive correlation between decomposition
rate and AET [3,26]. Thus, a higher rate of litter
decomposition in tropical forests can be attributed to their
high AET rates.

Apart from the above major climatic factors, solar
radiation is considered an important driver of
decomposition in some harsh environments such as
deserts and arid ecosystems [50]. In such ecosystems, the
intensity of solar radiation including UV-B radiations
augmenting as a factor that substantially affects the
decomposition rates [51,52]. It has been observed that
such photodegradation tends to enhance decomposition in
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deserts and semi-arid ecosystems [50-52] whereas it has
minor effects in tropical wetter ecosystems [7].

Since litter deposition in the terrestrial ecosystems
usually occurs on the soil surface and the decomposers
generally reside in the soil, therefore, interactions with
soil factors, soil biota and litter establish a triangular
relationship. In this relationship, soil factors impart
importance to control for the litter decomposition rates.
For example, the soil temperature is an important
controller of the population size of soil biota that is
actively involved in the decomposition process and may
significantly affect their rates [53]. Further, soil moisture
is another important parameter because microbial
activities depend on moisture levels. Optimum moisture
conditions tend to enhance the litter decomposition
process, whereas, waterlogged conditions may retard their
rates due to limited oxygen supply to the decomposer
organisms [54]. Similarly, soil nutrients also affect the
activity of microbial organisms, therefore, fertile soils
with high nutrient contents tend to increase decomposer
activity and enhance the rate of decomposition [55-57].
Although the addition of nutrients to the soil increased the
litter quality overall decomposition rate slowed done [58].
It might be possible because decomposer organisms
utilized more energy and nutrients from directly supplied
nutrients than breaking down the litter.

2.3. Biotic Factors

Decomposition is a complex process that involves
fragmentation and chemical processing of litter by
ingestion and egestion of organic matter. Both these
processes are accomplished by organisms of varying sizes
and functions. Although all heterotrophs carry out some
sort of chemical modification of organic matter by
ingestion, digestion and egestion, however some
specialized organisms that feed on the litter and detritus
are called detritivores or decomposer communities. These
decomposer organisms can be classified based on their
size and function [1].

Fragmentation is an important process that aids
decomposition chiefly carried out by large-sized animals
such as earthworms and snails. The role of different soil
organisms has been disentangled by studying the effect of
varying mesh-sized bags on the rate of decomposition. It
has been shown that a litter bag with larger mesh size
tends to exhibit rapid decomposition rate due to higher
fragmentation carried out by large-sized decomposer
animals [59].

Chemical processing of litter involves enzymatic
degradation of organic matter into inorganic mineral
nutrients. This chemical modification is chiefly carried out
by micro-organisms such as bacteria and fungi. Off which,
bacteria feed dominantly on animal detritus whereas fungi
are usually associated with decomposition of dead organic
matter derived from plants. It has been speculated that the
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decomposer group may become specialized to decompose
a particular type of litter of a species [10] and therefore,
expected to increase the decomposition rate of the litter
received from the plants just above them. A considerable
amount of evidence acknowledges that the litter of a
species decomposes rapidly on a site where it has to be
naturally fallen and decomposed as compared to other sites
[56,60]. This effect is usually referred to as the “home-field
advantage (HFA)” [61], though it is not necessarily
observed in all cases, especially where litters of similar
quality were incubated in the ecosystems with multiple
dominant species [62—64]. Thus, these inconsistencies
indicate that the specialization of the decomposer group is
not the only mechanism that leads to the HF A effect.

Apart from the direct effects of decomposer organisms,
decomposition rates can also be indirectly affected by the
presence of other species such as herbivores and invaders
via species-species interactions. For example, the presence
of a high degree of herbivores may induce plants to
develop structural compounds as defence chemicals, thus
altering the litter chemistry which ultimately affects the
decomposition rates [65]. Similarly, invaders may also
force chemical alterations of the litter quality leading to
modified decomposition rates [66]. Thus, living
organisms can also substantially affect the decomposition
process via direct and indirect pathways. Direct pathways
include the decomposer organisms whereas indirect
pathways include species interactions that induce changes
in the litter quality and environmental conditions.

2.4. Other factors

Geographic factors such as latitude and elevation can
affect the rates of litter decomposition through the effects
of climatic, environmental and species compositions. It
has been observed that the overall decomposition process
tends to decrease as one moves from lower to higher
latitudes [9,67]. A similar pattern was also observed along
the elevation [53]. Both these variations indicate the
climatic control of decomposition rates on global scales.
Among forest types, rainforests exhibit higher
decomposition rates as compared to other forest types
such as coniferous forests [9]. Similarly, green leaves
decomposed rapidly as compared to woods among plant
parts [9].

3. Nutrient Cycling and Climate
Change

Nutrient cycling is directly related to the rate of
decomposition, thus higher decomposition rates will lead
to faster nutrient cycling leading to higher productivity.
Strong climatic controls of litter decomposition rate over a
global scale indicate its sensitivity to ongoing rates of
climate change [58]. Since future climatic conditions are
predicted to have increased temperature and frequent

droughts due to irregular precipitation patterns [68],
several direct and indirect effects of changing climate can
disrupt this natural flow of nutrients in different
components of the ecosystems [69].

In order to adapt to changing climatic conditions, plants
may reprogram or re-organize their morphological and
physiological features leading to altered litter quality [69—
72]. These altered morpho-physiological traits will
eventually affect the litter quality and therefore the
decomposition process [8]. Further, climate warming is
expected to increase the rate of decomposition more in
tropical forests due to the increased activity of
decomposer organisms [44,53]. Also, altered temperature
and precipitation regimes affect the microbial composition
in soils, which will again contribute to altered nutrient
cycling [73]. Similarly, atmospheric CO, concentration is
also expected to affect the rate of litter decomposition
[70,71]. Since CO; fixation by the plants is directly related
to their litter quality, alterations in the CO, will exert its
effects on decomposition rates [72]. It has been observed
that elevated CO, concentrations tend to decrease the rate
of decomposition via increasing the litter lignin to
nitrogen ratio, although these effects were smaller [72].

4. Conclusions

Litter decomposition is a very complex process that
controls global nutrient cycling, productivity and
ecosystem functioning and their services. Several factors
including litter quality, climatic and biotic factors
influence interactively the rate of decomposition in the
terrestrial ecosystems. A high-quality litter composed of
easily degradable energy sources and high nutrients tends
to decompose faster. Among litter quality, litter lignin to
nitrogen or carbon to nitrogen ratio is an important
controller of decay rates. Among climatic factors, mean
annual temperature and precipitation-derived soil moisture
are important influencing factors. All these factors affect
litter decomposition rate via influencing activity, growth
and metabolism of the decomposer organisms. Our
knowledge about the factors controlling nutrient cycling
has advanced from climatic controls to litter quality
controls of litter decomposition rates and both factors
together explain more than 80% of the total variation in
litter decomposability across different ecosystem types.
Overall, the effects of changing climate seem to reduce
the litter decomposition rate, resulting in slow nutrient
cycling, which in turn compromises the ecosystem
services and functions through reduced productivity.
However, still limited information is available about the
climatic effects on litter decomposition and nutrient
cycling across global forest ecosystems particularly of
tropical forests where climate change has been included as
a regulatory factor in the decomposition mechanism.
Therefore, an improved understanding of decomposability
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traits and cycling of nutrients urgently required to sustain
biodiversity function and services of the forest ecosystems
under the lens of climate change.
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