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Abstract  
 
The present study was conducted in the buffer zone of the Nanda Devi Biosphere Reserve, 
which is situated in the Himalayan highlands, biogeographic province-2B in India. The area is 
completely protected since January 7th, 1939, when it was declared as a sanctuary. Now it has 
been included in the list of ‘World Heritage Sites’, since 1992. The area is reputedly one of the 
most spectacular wildernesses having qualitatively as well as quantitatively a unique biota, 
cultural heritage, religious faith, climate and soil type in the world. Geographically it falls 
between 30017’N to 30041’N latitude and 79040’E to 80005’E longitude and makes headwaters 
of Dhauliganga and Rishiganga, tributaries of the National river Ganga, in Uttarakhand. The 
parent material mainly represents crystalline rocks and comprises  garnetiferous mica, schists, 
garnet mica and mica quartzite. The soil under broad-leaved forests is usually dark black and 
deep due to the decomposition of a large amount of accumulated organic matter, while under 
coniferous forests, it is generally light and shallow, due to the presence of hard rocks in soils 
and a smaller amount of organic matter. Out of the 10 identified species and their 
composition,, the moisture holding capacity of litter observed in composite leaf litter (19.73%) 
was the highest and in the Cedrus leaf litter (8.20% )the lowest. The turnover rate (r) ranged 
from 0.61 in Cedrus leaves to 0.74 in A. caesium, J. regia and Q. semecarpifolia leaf litter. The 
turnover time (t) was lowest for J. regia and A. caesium (1.35) and highest for the Cedrus leaf 
litter (1.65).      
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Introduction 

 
Litter production and its decomposition in the forest floor are two important natural 

processes, which determine the functional aspects of the forest ecosystems. The quantity, 
composition and subsequent decomposition of forest litter are of major importance for the study 
of primary production, energy flow, cycling of nutrients and their budgeting in ecosystems. 
Such types of studies caught the attention of the ‘International Biological Programme’ [1-6]. 
The status of knowledge about litter decomposition, nutrient release pattern and soil respiration 
in terrestrial ecosystems was reviewed [7]. 
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In context of the Himalayan ecosystems, the process of spatial or temporal conversion of 
forest floor resources to sustain food production for human beings is common practice. But with 
increased population of both human and livestock and their competing demands for finite land 
resources, the requirements of forest floor resources to sustain crop productivity are increasing. 
A reduction in the area of forests and the increase in the amounts being removed, threatens the 
health of forest ecosystems that produce these resources. Even though there are several studies 
on litter decomposition in that region [8-16] and bole wood removals are restricted, due to 
conservation, the amount of forest floor resources that are removed, such as leaf litters and 
small branches, is not known. The present study focuses on assessing the decomposition rates 
of leaf litters from prominent tree species in their respective environments, assessing the 
decomposition rate of mixed tree leaves in mixed forests and assessing the nutrient release 
patterns from the decomposing leaf litters. 

 
Materials and Methods 

 
Fallen leaf litters of the prominent tree species were collected in the month of December 

(lean period) by using polythene sheets. Those polythene sheets were randomly placed on the 
forest floor. After 2-3 days the freshly fallen leaf litter of each selected species was collected 
and categorized according to species. The moisture content was determined and the dry weight 
equivalent was measured for each species.  The litterbag techniques [4, 7] were used for our 
leaf litter decomposition study. The litter bags were filled with 5g of air-dried leaf litter, and 
then randomly placed on the forest floor for a one-year study. Thus, a large number of litter 
bags of each species were made and laid down on the forest floor. Some bags were placed 
under the canopy of adjacent trees, some under dense canopy and some under open canopy 
regimes of the forests.  

 

 
Fig. 1.  Location map of the study area (Nanda Devi Biosphere Reserve). 
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Three bags of each species from different sites of each forest were to be retrieved after 

30 days, but at the first sampling period, that was not possible, due to some unexpected 
circumstances (harsh climatic conditions in the study area). Thus, the first sampling of litter 
bags was done after 90 days and then at 30 days intervals for one year. The retrieved litter bags 
were processed in a laboratory and oven-dried at 70ºC until a constant weight of the samples 
was reached. The concentration of various nutrients, the turnover rate (k) and turnover time (t) 
of litter mass were calculated by the standard method [17]. The location of the study area with 
the selected forests is illustrated in figure 1.  
 
Results and Discussion 
 

Based on the phytosociological analysis of the selected forests in the buffer zone of the 
Nanda Devi Biosphere, we calculated the density (individuals ha-1) of trees, shrubs and herbs. 
The characteristics of forest vegetation are shown in Table 1. The maximum moisture content in 
leaf litters was measured in composite leaf litter, under mixed forest (Abies & Pinus species), 
followed by Quercus semecarpifolia (Kharsu) and Cedrus deodara (Deodar). The measured 
moisture contents are shown in Table 1. We observed that the needle shaped leaves have the 
least moisture content, followed by thin broad-leaves and thick broad-leaved species in the 
forests. The amounts of residual litter mass of the selected species are given in Table 2.  
 

Table 1. Characteristics of the selected forests in the study area (Buffer zone of Nanda Devi Biosphere Reserve) 
 

 
 

Table 2. Moisture content (%), annual decay constant (k), correlation between the %  of residual leaf litter mass and nutrient 
concentration 

 

 
 

Among the conifer species, Cedrus deodara (Deodar) showed the lowest and Pinus 
wallichiana (Kail) showed the highest mass loss after 360 days of decomposition. Similarly, 
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among the broad-leaved species, such as Populus ciliata (Syan) and Acer caesium (Kanchula) 
showed the highest mass loss after 360 days. The composite leaf litter under mixed forests 
(Abies and Pinus species) showed about 50% of initial mass loss after 360 days of 
decomposition. 

Compared to other species, the composite leaf litter under the mixed forest (Abies and 
Pinus species) showed the highest release of nutrients after 360 days. Among the species 
studied, Juglans regia (Akhrot) showed the maximum release and Populus ciliata (Syan) 
showed the minimum release of nitrogen after 360 days of decomposition. Abies pindrow 
(Ragha) and Taxus baccata (Thuner) showed the lowest nitrogen release among the conifer 
species. The other two remaining conifers considered in the study (Cedrus deodara & Pinus 
wallichiana) showed a release of about 50% of nitrogen from the initial mass. Except for 
Juglans regia (Akhrot), all the broad-leaved species considered in the study showed a release of 
<22% nitrogen from the initial mass. It was >47% from the initial mass in all species studied 
with a maximum in Abies pindrow (81.30%) and Juglans regia (80.34%). The Betula utilis 
(Bhojpatra) is a prominent tree species in cool-temperate regions, near the timber line in the 
Himalayan region. It showed the lowest release of phosphorus during the 360 days of 
decomposition. The release pattern of phosphorus is prominent for Abies pindrow (Ragha), 
Pinus wallichiana (Kail) and for composite leaf litters during the first 90 days of 
decomposition. The Juglans regia (Akhrot), followed by composite leaf litter under mixed 
forests, showed the highest release in 360 days of decomposition. Te lowest was measured in 
Populus ciliata (Syan) leaf litter.  

Among the conifers, Abies pindrow (Abies) and Taxus baccata (Thuner) showed <20% 
loss of initial mass, while the other two species (Cedrus deodara and Pinus wallichiana) 
showed a loss of about 40-45% of initial mass during 360 days of decomposition. Among the 
broad-leaved species, Betula utilis (Bhojpatra), Quercus semecarpifoia (Kharsu) and Populus 
ciliata (Syan) showed a loss of <24% of their initial mass, while, the other two species among 
those studied (Acer caesium and Juglans regia) lost approximately 43% and 66% of initial 
mass.. The release pattern during the 360 days of decomposition was highest in Juglans regia 
(Akhrot) and lowest in Populus ciliata (Syan). The release patterns of calcium for the other 
studied species did not show any pattern of variation between conifers and broad-leave species. 

The concentration of nitrogen in the initial mass was lowest in Pinus wallichiana (Kail) 
and highest in Abies pindrow (Ragha). Similarly, the exchangeable phosphorus concentration in 
the initial mass of litter was lowest for Acer caesium (Kanchula) and highest for Abies pindrow 
(Ragha). The concentration of potassium was lowest in Taxus baccata (Thuner) and highest in 
Acer caesium (Kanchula) and the exchangeable calcium concentration was lowest in Juglans 
regia (Akhrot) and highest in Quercus semecarpifoia (Kharsu) . 

The annual decay constant (k), turnover (t) and correlation coefficient of relationship 
between the remaining leaf litter mass and its nutrient concentrations for the studied species are 
listed in Table 2. All the nutrients showed a high correlation with their remaining mass, except 
for Populus ciliata (Syan) and composite leaf litter. The studied species showed turnover rate 
(k) values between 0.61 to 0.74, indicating that all species required more than one year for the 
complete disappearance of litter mass. Among the nine separate species and the composite 
litter, three broad-leaved species viz, Acer caesium, Juglans regia and Quercus semecarpifolia 
showed the lowest turnover rates (1.35), the highest were measured in Cedrus deodara (1.64), 
Taxus baccata (1.52) and Abies pindrow (1.47). The composite leaf litter under mixed forest 
(Abies and Pinus species) showed a turnover time of 1.41 years.  

The decomposition rates of the leaf litter of different species we studied differed from 
one another. This may be related to the chemical composition of the leaf litters [18, 19] and the 
consequent differences in microbial activities. Soil moisture and the activities of soil 
microorganisms play a major role in determining how fast the litter disappears. The cool-
temperate forests in the present study have limited moisture stresses. Nevertheless,, the levels of 
water vary greatly, the Pinus wallichiana (Kail) dominated forest is relatively dry with lower 
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water holding capacity (%) and broad-leaved forest such as Betula utilis (Bhojpatra) dominated 
forest in the present study have high water holding capacity (%) and thus higher soil moisture 
for a longer time. Even though there was a perceivable difference in soil moisture between 
Pinus wallichiana (Kail) and Quercus semecarpifolia (Kharsu) forests, the turnover rates of leaf 
litters of these two species do not show much variation in their own forest environments.  

The release pattern of various nutrients showed that the phosphorus released during 
decomposition faster than other nutrients. This suggests that susceptibility to rapid leaching is a 
major cause for the release of this nutrient, which is known to be relatively lower, compared to 
other temperate forests of the world [18]. An increased releases of phosphorus from litters 
during decomposition was also reported by A.G. Vandervalk and P.M. Attiwill [19].   

The nitrogen contents of decomposing litter are known to increase due to fixation, 
absorption of atmospheric ammonia, through fall input and the immobilization by microbes 
during the first few months. As there was no observation during the first 90 days, it may be 
possible we missed such observations in the present study. The low levels of released nitrogen 
after 90 days of decomposition may be related to those processes. The release of other nutrients 
is also known to be slower during the winter months and this may have been the reason for the 
low release of nutrients for several of the species we studied.  

The observations of the present study have great significance, as the forest floor leaf 
litters are removed during the post-rainy season or the early winter season and the faster release 
of phosphorus during the early decomposition of leaf litters on forest floors ensures that a 
significant amount is returned in the soil. It ensures that this nutrient, which is scarce in the 
ecosystems of the Himalayan region, is optimally recycled and that the health of the forest 
ecosystems is maintained. 

The remaining quantity of decomposing leaf litter after the subsequent 30 days interval 
was shown in Table 3 and the percentage contribution of various soil texture classes under 
different depths of the selected forest soils is given in Table 4. The seasonal variation of 
nutrients under different depths of the selected forests is shown in Table 5.  
 

Table 3. Remaining quantity (gm±SE) of decomposing leaf litter 
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Table 4. Percentage contribution of various soil texture classes under different depths of the selected Forests soils 
 

 
 

Table 5. Seasonal variation of nutrients under different depths of the selected Forests 
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Conclusions 
 

The present study is very important in the assessment of the tree leaf litter decomposition 
and nutrient release pattern in the natural ecosystems of the Himalayas. Such types of studies 
may be helpful to understand the nutrient release trend for a comparative assessment of forest 
ecosystems existing in areas with similar cool-temperate conditions and phyto-sociological 
features. Today, most of the scientists and scholars are paying great attention to the ecosystem 
services of the Himalayas, including carbon stock and its sequestration, the release of other 
nutrients, such as N, P, K and Ca etc. through the biomass directly added on the forest floor. 
Such types of litter decomposition and nutrient release patterns will be helpful for the 
assessment of ecosystem services in the protected areas of the Himalayas.  
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