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ABSTRACT

The Litter fall is a very valuable resource. It has important role to play in soil nutrient dynamics, soil
properties and energy transfer. Litter fall and decomposition are the two main processes accounting for
soil enrichment in agroforestry system. Litter fall in soil has strong bearings in maintenance of hydrological
cycles apart from influencing soil properties and ecology. The extent of enrichment in soil properties
depends on the tree species, management practices and the quantity and quality of litter. Decomposition
of various litter components results in conversion of nutrients and their release depends on litter
composition, microbial activity, C:N ratio, temperature, moisture and other factors. It has been reported
that 63, 50, 48, 67 and 57% of nutrient uptake returned to soil annually in Dalbergia sisso while 39, 9, 23,
14 and 13 % in Eucalyptus with respect to N, P, K, Ca and Mg, respectively. Litter fall significantly increased
the soil microbial populations and the enzymes activities in the normal soil while in the saline or the
alkali soils, salt concentration affect activity of microbial population and enzyme activity.
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INTRODUCTION

Plant Litter, Leaf Litter or Tree Litter is dead
plant material, such as leaves, bark, needles, and
twigs that has fallen to the ground. Litter provides
habitat for small animals, microorganisms and
plants. As litter decomposes, nutrients are released
in to the environment. The portion of the litter that
is not readily decomposable is known as humus.
Leaf litter is an intrinsic component of the ecological
integrity of a forested ecosystem.

Studies on leaf litter evaluated the leaf litter
quantity and nutrients content to determine energy
fluxes and productivity. Leaf litter and its
subsequent decomposition, strongly influences
primary production and regulates energy flow and
nutrient cycling in soil. Thus, leaf litter is a major
participant in the transfer of energy and nutrients
in a soil. Plant residues with different chemical
composition show variable mineralization potential
and decomposition behaviour (Mtambanengwe
and Kirchman, 1995). Decomposition is catalyzed
by micro-organisms, which constitute part of the
soil biomass. Heterotrophic micro-organisms act on
organic materials and degrade them in soil and
consequently nutrients are made available in soil.

Various types of organisms like non symbiotic
N2 fixing bacteria, phosphate, solubilizing bacteria

and thiosulphate oxidizing bacteria population
were observed during litter fall decomposition. If
soil and leaf litter organisms are not present some
break down of organic materials will occur through
non-biological process but it will happen very
slowly and nutrients will remain trapped in the
unprocessed leaf litter.

Leaf Litter Fall
The litter fall is a complex eco-physiological

process affected by a number of external and
internal factors. Changes in temperature and
photoperiod as well as within-plant properties such
as leaf age or possible endogenous rhythams are
also important triggers of leaf fall (Wright and
Cornejo, 1990). Leucaena leucocephala and Acacia
nilotica had leaf litterfall peak in autumn; while
other group of Azadirachta indica and Prosopis
juliflora shed maximum leaves during the summer
season (Jha and Mohapatra, 2010). There were
significant differences in leaf litterfall across months
and species. Leaf litterfall of Leucaena leucocephala
and Acacia nilotica ranged from 6.5 (June) – 126.7
(October) and 12.8 (June) – 116.7 (October) g m-2,
respectively. Mean monthly leaf litterfall of
Azadirachta indica and Prosopis juliflora ranged from
4.5 (July) – 179.9 (March) and 25.8 (July) – 118.8
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(April) g m-2, respectively. The leaf litterfall varied
significantly across the forest species. Total leaf
litterfall weight (Mg ha-1 y-1) ranged from as high
as 8.13 in Prosopis juliflora to 5.98, 5.38 and 3.31
under Acacia nilotica, Azadirachta indica, and
Leucaena leucocephala, respectively (Table 1).

The litter fall of 4 main forest species followed
the order Shorea robusta, Eucalyptus spp., Tectona
grandis and Pinus roxburghii contributing 8.3, 5.9,
5.0 and 4.8 t ha-1 yr-1with peak period from March
to April in Shorea robusta. April to May in Pinus
roxburghii and Tectona grandis, and two peaks in case
of Eucalyptus first during October to November and
second during April to May (Pande and Sharma,
1986) with annual litter production of 11.3, 9.7,7.7
and 6.5 t ha-l, respectively. The total litterfall ranged
between 3312.6 to 8061.5 kg ha-1 yr-1 in Eucalyptus
and 22 yr old Pinus plantation, respectively (Joshi
et al., 1997).

Leaf litter and Soil Properties
Addition of Leaf litters increased the soil

reaction significantly (Table 2) (Lal et al., 2000). This
may be due to release of basic cations. It has been

reported that there was rise in soil pH when
amended with organic materials (Datta, 1996).
Increase in soil pH was recorded up to 60 days of
incubation beyond which it decreased significantly.
It confirmed that initially basic cations were
responsible for rise in pH and after that release of
organic acids played a major role in influencing soil
reaction.

It was reported that significantly larger
amounts of organic carbon, available N, P & K were
found below the canopy of Multiple Tree Species
(MPTs); having a crown diameter of 8m in the
agrisilviculture system compared to the tree less
control (Yadav et al., 2008; Table 3). Soil properties
significantly correlated with total litter production.
Soil pH was significantly lower in MPTs based
agrisilviculture system. Among MPTs, soils under
Prosopis cineraria had a higher concentration of
organic carbon (OC), available N, P and K and
lower pH followed by Dalbergia sisso, Acacia
leucophloea, Acacia nilotica compared to control
(except for P concentration, where soils below
Acacia nilotica were more enriched than those below
Acacia leucophloea).

The annual input of nutrients ranged between
26.8 to 122.4 kg N ha-1 and 14.6 to 34.9 kg K ha-1 in
Eucalyptus and Leucaena, respectively (Joshi et al.,
1997). The tree plantation not only adds substantial
amounts of nutrients to soil through litter fall but
also enhances soil moisture storage and reduces
surface runoff, nutrient losses and erosion on
sloping lands (Joshi, 2004).

Soil Microbial activity
Soil carbon and energy flow mainly driven by

microbial activity. The diversity of soil
microorganisms is assumed to be extra ordinarily
high but is largely unidentified (Prosser, 2002). The
number of bacterial species is on the order of
hundreds to thousands in 1g of soil; total species
number is estimated at “ to 3 million (Torsvik et al.,
1994; Dejonghe et al., 2001) species diversity of soil
fungi is probably only slightly less than that of

Table 1. Annual leaf litterfall, nutrient composition and input under different tree species

Tress species Litterfall Nutrient decomposition Nutrient input
(Mg ha-1 y-1) (Percent) (Kg ha-1 y-1)

N P K N P K

Leucaena leucocephala 3.3 2.31 0.07 0.65 76.2 2.3 21.5
Acacia nilotica 6.0 1.94 0.08 0.42 116.4 4.8 25.2
Azadirachta indica 5.4 1.23 0.08 0.59 66.4 4.3 31.9
Prosopis juliflora 8.1 2.46 0.11 0.54 199.3 8.9 43.7

Table 2. Change in soil reaction (pH) during decomposition
of organic matter in soil

Treatments Incubation Period (days)
30 60 90 Mean

Control 5.50 5.65 4.90 5.35
Lantana tops 6.45 6.85 5.05 6.12
Ipomea tops 6.85 6.45 5.05 6.02
Water Hyacinth 6.00 6.15 5.25 5.80
Karanj leaves 6.05 6.25 5.25 5.85
Subabul leaves 6.75 6.65 5.30 6.23
Lentil straw 6.82 7.08 5.55 6.48
Maize stover 6.65 6.48 5.65 6.28
Rice straw 6.83 6.90 5.40 6.38
Mean 6.43 6.47 5.27
CD (p = 0.05) Treatment = 0.10
Incubation period = 0.06; Interaction = 0.18

Source: Lal et al. (2000)
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Table 3. Soil pH, OC (g kg-1) and available NPK (µg g-1 soil) under four MPTs in an agrisilvicuture system

Multi purpose tree species pH OC N P K

Prosopis cineraria 7.67 4.91 138.3 15.93 180.1
Dalbergia sisso 7.71 4.43 114.5 14.20 162.4
Acacia leucophloea 7.84 4.21 106.4 11.56 150.8
Acacia nilotica 7.87 3.82 99.67 13.09 151.2
Control 8.29 2.51 69.98 7.72 106.5

bacteria (Bridge and Spooner, 2001, Hawksworth,
2001). One likely reason for the enormous diversity
of soil micro organisms is their high frequency
combined with very short generation time and
rapid growth. There factor promote a part
speciation in response to relatively small
environmental changes. Loreau (2001) suggested
that microbial diversity has a positive effect on
nutrient cycling efficiency and ecosystem process
through their greater intensity of microbial
exploitation of organic matter or functional niche
complementarily (Hattenschwiler et al., 2005).

Total count including bacteria and
actinomycetes ranged from 25.0 ×105  to 65.7×105

with an average of 40×105 /g soil with more
population in normal cultivated soil and less one
in salt-affected soil (Table 4). At higher values of
salt concentration and pH, the per cent population
of actinomycetes was higher than at lower salt and
lower pH values of the cultivated soils (Gupta and
Bajpai, 1974), possibly due to lack of readily
decomposable organic substance. Data revealed
that spores increased at higher salt content which
might be due to sporulation of bacteria in adverse
condition created by higher salinity. Moderated
salinization equivalent to ECe 5.0 did not appear
to be injurious to bacteria except fungi, indicating

the latter being more sensitive to salinity. Contrary
to other microflora, actinomycetes appeared to be
stimulated slightly at ECe 5.0 and were observed
to be least affected by salinity (Gupta and Bajpai,
1974) (Table 4). Rao et al. (1972) showed a
considerable increase in fungal population with the
decrease in pH due to acidophilic in nature.

Addition of organic matter, in general,
significantly increased non symbiotic nitrogen
fixing bacteria. Non-symbiotic nitrogen fixing
bacterial population was highest at 30 days of
incubation and the lowest value was observed at
90 days which may be due to reduction in pH
(Alexander, 1977). Subba Rao (1977) reported that
cellulolytic micro organisms which degrade plant
residues in soil are known to encourage the
proliferation of Azotobacter in soil. The number of
phosphate solubilising microorganisms initially
increased and attained maximum value up to 60
days of incubation which was at par declined
significantly. This was due to the degraded products
of added organic water which stimulated the
growth and proliferation of phosphate solubilising
microorganisms during the course of
decomposition (Debnath et al., 1994, Saha et al.,
1995). The additional organic material, which, in
the short term, provides additional substrates for

Table 4. Salinity, alkalinity and microflora (Per g soil)

Soil ECe pH Total count ×105 Nitrifires ×103 Fungi Azoto- Bact.
type Bac. Actinomy- Total Nitrite Nitrate Total bacter spores×

cetes Former Former 104

CN 1.2 6.0 48.0 6.5 54.5 6.3 5.4 11.7 3000 5.7 17.0
CN 1.0 7.0 49.2 3.2 52.4 6.7 4.8 11.5 1500 6.2 24.0
CN 1.0 7.3 61.2 4.5 65.7 11.5 10.8 22.3 1000 12.0 5.0
HSA 28.0 7.8 94.0 9.0 58.0 1.7 2.1 9.8 1000 10.7 40.0
MSA 2.5 8.4 28.0 3.5 31.5 5.7 4.2 9.9 750 7.5 4.5
MSA 2.4 8.7 22.0 7.5 29.5 6.1 5.3 11.4 750 3.0 2.0
HSA 33.0 9.4 18.5 4.7 23.2 5.6 3.6 9.2 500 2.2 37.5
HSA 48.0 9.7 19.0 6.0 25.0 4.7 2.1 6.8 500 4.5 42.0
HSA 50.0 9.9 17.7 9.0 26.7 4.2 2.6 6.8 250 0.0 61.0
AV. 18.6 8.3 34.7 6.0 40.7 6.5 4.5 11.0 1039 5.8 25.8

CN= Cultivated normal; MSA= Moderately salt-affected; HSA= Highly salt-affected; Gupta and Bajpai (1974)
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the microbial population, may also relieve osmotic
and pH stress on the microorganisms (Pathak and
Rao, 1998). The presence of soil organic matter can
provide a buffer to the soil solution and to soil
microbiological properties, particularly where
salinity or sodicity levels are high (Wong et al.,
2005).

Generally, fluctuation in the size and turnover
of the soil microbial biomass can be related directly
to environmental changes, particularly to a
variation of soil moisture and temperature (Kramer
and Green, 2000).

Leaf litter decomposition and Soil enzyme activity
Soil enzymes increase the reaction rate at which

plant residues decompose and release plant
available nutrients. The substance acted upon by a
soil enzyme is called the substrate. For example,
glucosidase (soil enzyme) cleaves glucose from
glucoside (substrate), a compound common in
plants. Enzymes are specific to a substrate and have
active sites that bind with the substrate to form a
temporary complex. The enzymatic reaction
releases a product, which can be a nutrient
contained in the substrate. Sources of soil enzymes
include living and dead microbes, plant roots and
residues, and soil animals. Enzymes stabilized in
the soil matrix accumulate or form complexes with
organic matter (humus), clay, and humus-clay
complexes, but are no longer associated with viable
cells. It is thought that 40 to 60% of enzyme activity
can come from stabilized enzymes, so activity does
not necessarily correlate highly with microbial
biomass or respiration. Therefore, enzyme activity
is the cumulative effect of long term microbial
activity and activity of the viable population at
sampling. However, an example of an enzyme that

only reflects activity of viable cells is
dehydrogenase, which in theory can only occur in
viable cells and not in stabilized soil complexes.

Enzymes respond to soil management changes
long before other soil quality indicator changes are
detectable. Soil enzymes play an important role in
organic matter decomposition and nutrient cycling
(Table 5). Some enzymes only facilitate the
breakdown of organic matter (e.g., hydrolase,
glucosidase), while others are involved in nutrient
mineralization (e.g., amidase, urease, phosphatase,
sulfates).

Soil C and N mineralization
Carbon and Nitrogen ratio (C:N) is used as an

indicator of which step in the nitrogen cycle occurs
next. Ratio less than 20 mean the excess N is present
and nitrification proceeds (with net gain of N). With
ratio between 20 and 30, nitrification and
immobilization rates are in equilibrium and there
is no net gain or loss of N. Residues that have C:N
ratio greater than 30, equivalent to N contents of
about 1.5% or less, result in lowering mineral N
reserves because of net immobilization (Makumba
and Akinnifesi, 2008). This stimulates the process
of Biological Nitrogen Fixation, where nitrogen is
added to an N-deficient situation. Residues with
C:N ratio below 20, N contents greater than 2.5%
lead to an increase in mineral levels through net
mineralization. Excess nitrogen (as NH4

+) stimulates
the process of Nitrification.

During the process of decomposition, the micro
organisms grow on organic debris, than carbon is
utilized for building up of the cellular materials and
release CO2, methane and other volatile substances.
The rate of CO2 evolution as a result of carbon
decomposition is measured at regular interval.

Table 5. Role of soil enzyme

Enzyme Organic Matter End Product Significance Predictor of soil function
Substances Acted on

β glucosidase Carbon compounds Glucose (sugar) Energy for Organic matter
microorganism decomposition

FDA hydrolysis Organic matter Carbon and various Energy and nutrients Organic matter
nutrients for microorganisms, decomposition nutrient

measure microbial cycling
biomass

Amidase Carbon and nitrogen Ammonium (NH4) Plant availableNH4 nutrient cycling
compounds

Urease Nitrogen (urea) Ammonia (NH3) & Plant availableNH4 nutrient cycling
carbon dioxide(CO2)

Phosphatase Phosphorus Phosphate (PO4) Plant availableP nutrient cycling
Sulfatase Sulphur Sulphate (SO4) Plant available S nutrient cycling
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Sarode et al. (2009) studied the four species were
FYM (Farm Yard Manure), wheat straw (WS),
glyricidia (GM) and subabul (SB). In that there was
highest CO2 evolution at 30 days after incubation
in all treatments. Carbon dioxide evolution was
found the highest in subabul treatment, which
showed 824.27 mg 100 g-1 at 30 days of incubation
followed by glyricidia, wheat straw and FYM. After
30 days of incubation, the CO2 evolution declined
up to 80 days and again with all treatments except
control. Jothimani et al. (1997) observed high CO2
evolution in Glyricidia which might be due to high
contents of nitrogen and narrow C:N ratio. Initial
& quick decomposition of subabul lopping
indicated its suitability for direct used in field,
where as uniform & steady decomposition of FYM
during the incubation period was produce to be
base material for building up soil organic matter
(Sarode et al., 2009).

Another study done by Maharudrappa et al.
(1999) using Teak, Acacia, Eucalyptus and Casuarina
species showed that the cumulative CO2 release
increased with the incubation period. The rate of
decomposition, as indicated by the CO2 released
on day to day basis, were higher with larger
quantity of litter addition (10 t ha-1). Among the
litters, teak showed rapid decomposition, Aelile
Casurina recorded slow decomposition, the rate of
decomposition of leaf litter was of the order: Teak >
Acacia > Eucalyptus > Casuarina. The increase in the
CO2 release at higher levels of litter can be
attributed to the faster decomposition of litter.
Biological activities viz . decomposition,
mineralization etc. increase with increase in
substrate decomposable material, and
concentration.

Carbon mineralization also affected by the
salinity treatments. It has been reported that total
mineralization and CO2 evolution decreased with
increased concentration of salt mixture from 0.1 to
1.5 %. The low rate of carbon mineralization in salt
affected soils might be due to less population of
heterotrophic microorganisms. Bajpai et al. (1980)

made a comprehensive study of decomposition
pattern of plant materials in salt affected soil vis-a-
vis normal soil and reported low rate of CO2
evolution in saline sodic soil as compared to normal
soil probably because of low carbon mineralizing
power of saline-sodic soil (Gupta, 1974).

Highest mean soil available nitrogen was
recorded at 30 days of incubation as a result of
decomposition of organic materials in soil as
reported by Lal et al. (2000) (Table 6). This decreased
significantly which may be due to utilization of
nitrogen by increasing microbial population and
loss through denitrification (Saha et al., 1995). At
later stages, the rate of denitrification loss exceeds
the rate of mineralization of organic nitrogen and
thus results in its lower value (Smith and Douglas,
1976).

Saline sodic soil behaved differently to that of
normal soil in terms of NO2-N formation with the
former showing accumulation of nitrite nitrogen
more while in normal, no nitrogen content was
detected. Nitrite accumulation in saline sodic soil
has been reported because of higher pH and higher
Nitromonas than Nitrobacter number in salts –
affected soil (Gupta and Bajpai, 1974). In contrast
to NO3-N, NH4-N contents were higher at low
salinity (ECe 5.3) than normal salinity. However
medium and high salinity levels decreased NH4-
N.

Carbon sequestration
There is a much concern that the increasing

concentration of green house gases (GHGS) in
general, and carbon contributes to global warming
by trapping long-wave radiation reflected from the
earth’s surface. Carbon sequestration, i.e. capturing
and securing carbon that would otherwise be
emitted and remain in the atmosphere might be a
suitable alternative to control atmospheric emission
of carbon, plants, capture CO2 during
photosynthesis and transform it to sugar and
subsequently to dead organic matter. As the trees
grow, they sequester carbon in their tissues and as

Table 6. Change in available nutrients during decomposition of organic matter in soil

Incubation time Control Lantana Ipomea Water Karanj Subabul
(days) Tops Tops Hyacinth Leaves Leaves

30 152.96 160.22 178.79 175.12 188.08 225.12
60 146.71 150.06 159.22 169.16 160.00 216.12
90 131.83 141.99 136.76 140.05 138.12 144.34
Mean 143.83 150.76 156.60 161.44 160.02 199.19

Source: Lal et al. (2000)
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the amount of tree biomass increases, the increase
in atmospheric CO2 is mitigated (Dyson, 1977).

Agro forestry would be one of the interesting
areas of research in land-use related to carbon
dioxide is currently accumulating in the
atmosphere at the rate of about 3.4 Pg/yr (1Pg=1
billon tonnes) as a result of fossil fuel combustion
and land-use change (IPCC, 1995). The
Intergovernmental Panel on Climate Change
(IPCC) estimated that it may be possible, over the
course of the next 50-100 years, to remove between
40 and 80 Pg of the carbon by sequestrating it
through agro forestry.

The carbon pool for Indian forests is estimated
to be 2026.72 Mt. Estimates of annual carbon uptake
increment suggest that Indian forests and
plantation have been able to remove at least 0.125
Gt of CO2. From the atmosphere and are also the
major source of global carbon sink (Lal and Singh,
2000). Approximately, more than 75,000 tonnes of
carbon has been sequestered and stored in the form
of living biomass through Plant Organic Carbon
(POC) by two agro forestry species viz. willow and
poplar. Carbon loss from litter decomposition is
largely determined by the amount of decomposing
litter (Craswell et al., 1997; Phani Kumar et al., 2009).

In addition to surface protection, leaf litter
compost treatments can restore disturbed soil and
facilitate revegetation increasing levels of organic
matter. Increasing or restoring soil organic matter
increases soils water holding capacity, cation
exchange capacity, and nutrient levels while
decreasing soil bulk density.

CONCLUSION

Organic matter inputs to soil come primarily
from plants, for example via rhizo-decomposition
and litter fall. In addition, plants take up a range of
soil resources, such as water, nitrogen (N), and
phosphorus, and as a result plants strongly
influence physical, chemical and biological
properties of soil. However, since plants exhibit
broad variation in their natural history and
physiology it is likely that differences in plant
species traits will create distinctive soil
environments and biotic communities. For instance,
plant species differ in the quality and quantity of
their inputs to soil, root architecture, and nutrient
requirements. The studies demonstrated that the
nutrient mineralization rate of various nutrient are
highest in early days of incubation time an start
declined after up to 90 days of incubation in
Carbon, Nitrogen while it is highest at 60 days of

incubation time in Ca, Mg, P, and S. The rate of
decomposition and availability of K is highest up
to 120 days of incubation. The studies demonstrated
that the decomposition of Carbon and Nitrogen
mainly depend on the C:N ratio of the litter species.
So the rate of decomposition of litter depends on
the species type as governed by its compositions.
Thus, the rate of nutrient release is also determined
by litter quality. Salinity of the soil affects the
microbial activity and enzyme activity which
ultimately decrease in the decomposition rate of
litter. Another problem related with litter
management and its burning will create
environment problem will be managed by the use
of litter directly as soil amendment or production
of compost as rich source of nutrient.
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