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Abstract  

The present study deals with the nutrient concentrations and its use by the dominant tree 

species of sal (Shorea robusta Roxb.) in comparison to one of the predominating tree species 

namely kendu (Diospyros melanoxylon Roxb.). The study was carried out in a highly 

encroached tropical dry deciduous forest known as Matha Protected Forest (MPF) of Purulia 

district, West Bengal, India. MPF is broadly fragmented into two parts viz. Plot A and Plot B. 

The main objective of the study is to define the distribution of major nutrient concentrations 

in green leaf, leaf litter and soil as well as the proficient use and resorption of nutrients by 

dominant plant species Shorea robusta Roxb. and one of the pre-dominant plant species 

Diospyros melanoxylon Roxb. To improve the understanding of flow of nutrients and their 

losses within the ecosystem, that will give information for effective forest management 

strategies. From analysis, it is depicted that nutrient use efficiency is in the order P>K>N for 

Shorea robusta Roxb. while the pattern is K>P>N in Diospyros melanoxylon Roxb. We 

found differences of nutrient concentration between the species and the variation in nutrient 

concentration depends on the site characteristics. Similarly variation in nutrient 
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remobilization also occurs. Above all, nutrient limitation occurs at the smaller fragmented 

Plot B, as Plot A shows decreased Nutrient Use Efficiency (NUE) and Nutrient 

Retranslocation Efficiency (NRE) than Plot B. 

Keywords: Litterfall, Nutrient cycling, Nutrient use efficiency, Nutrient retranslocation 

efficiency 

Abbreviations used: MPF- Matha Protected Forest, NUE- Nutrient Use Efficiency, NRE- 

Nutrient Retranslocation Efficiency 
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1. Introduction 

Fragmentation of forests often leads to the habitat loss as well as species loss (Biswas and 

Khan, 2010; Gurd et al., 2001; Stefan-Dewenter et al., 2002). This directly or indirectly affect 

the functional aspect of the forests that is, mainly cause hindrance to nutrient dynamics. As 

the cycling of essential nutrients depends upon the soil and litterfall, when forests are 

destroyed, the vegetation in that particular area is also destroyed that provide the initiation of 

nutrient cycling, thus hampering the nutrient cycling (Biswas and Khan, 2011). Nutrients and 

energy transference from living biological components to the soil is closely related to 

litterfall and is the starting point for nutrient cycling (Gray and Schlesinger, 1981). 

Decomposition of litterfall which produces organic matter is an important factor for soil 

formation as well as nutrient cycling processes (van Wesemael, 1993). Therefore, tree 

nutrition, growth patterns and forest production is affected by litterfall (Newbould, 1967). 

Studies on nutrient content in litterfall give the functional state of the forest and can be used 

to improve forest management and production (Johansson, 1995; Robert et al., 1996). 

However, the index of nutrient use efficiency in litterfall can be used as an indicator of soil 

nutrient conditions (Xu et al., 2003). Litterfall constitutes (together with root turnover) a 

major portion of nutrient cycling between plants and soils, thus reflecting constraints on 

internal fluxes of C, N and P at ecosystem scale (Berg and Laskowski, 2006; Mc Groddy et 

al., 2004). In many cases, the seasonal variation of litterfall constitute an important aspect of 

nutrient cycling while the role of litter nutrients may be critical in tropical dry forests also 

(Campo et al., 2001). Primary production related to functioning of forests is influenced by the 

availability of nutrients that depends on the pattern and rate of nutrient cycling (Rawat and 

Singh, 1988). The litterfall in the forest floor acts as an input-output system of nutrients (Das 

and Ramakrishnan, 1985). The rate of forest litterfall and its gradual decay regulate energy 

flow, primary productivity and nutrient cycling in forest ecosystems (Waring and Schlesinger, 

1985). It is particularly important in the nutrient budget of tropical forest ecosystems on 

nutrient-poor soils, where vegetation depends on recycling of nutrients contained in the plant 

detritus (Singh, 1968). 

Functions of ecosystems in most of the tropical forests are constrained by lower rates of 

nutrient supply and water limitation (Tanner et al., 1998; Vitousek and Howarth, 1991). 

Nutrient limitation of growth is correlated with low concentrations of nutrient in leaves which 

indicate lower availability of that particular nutrient (Aerts and Chapin, 2000). Nutrient 

limitation plays an important role in plant growth that has been tested across developmental 

sequences in humid tropical ecosystems of Hawaii (Vitousek and Farrington, 1997). Several 

studies on litter dynamics in tropical forest ecosystems in India have been done (Biswas and 

Khan, 2011; Khiewtam and Ramakrishnan, 1993; Kumar and Deepu, 1992; Pandey et al., 

2006; Rai and Proctor, 1986; Tripathi and Singh, 1995; Visalakshi, 1993). But information 

for tropical dry deciduous forest is limited due to certain constraints that prevail in the area. 

So a study is undertaken on nutrient use pattern in dry deciduous forest of Purulia district, 

West Bengal. The aim of this study is to assess the nutrients in different disturbed habitats 

considering soil, green leaves and leaf litter that can form a basis for shaping appropriate 

forest management strategies. 
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2. Materials and Method 

2.1 The Site 

The study area, Matha Protected Forest (MPF) is situated between 23˚05′00″ to 23˚12′30″ N 

latitude and 86˚02′30″ to 86˚10′00″ E longitude. MPF has two fragmented parts- A and B. 

The area is characterized by undulating topography with highest peak of 665m in Plot A 

having better vegetative cover while Plot B is smaller with poor vegetative cover. Slope, 

relative relief, drainage density and road density ranges between <2˚ - >9˚, 6.67 – 184.50m, 

0.34 – 1.91km/km
2
 and 0.45 – 1.45km/km

2 
respectively. The climate is hot and dry with three 

distinct seasons viz. summer, monsoon and winter. Summer is intense and lasts from middle 

of March to mid of June. The monsoon starts from mid-June and lasts till end of September. 

Winter lasts from November to February. Minimum temperature fluctuates from 7˚C to 14˚C 

during months of December, January and February. Maximum temperature ranges from 42˚C 

to 45˚C during April to June. The average rainfall is 1031 mm while the highest rainfall 

(1173mm) and lowest rainfall (767mm) were recorded in the year 2000 and 1980 respectively. 

The south-west monsoon is the source of rainfall in Purulia. The soil in the area is laterite, red 

to brown in color and sandy loam in texture. The study area is covered with sal (Shorea 

robusta Roxb.) as a dominant species along with one of the predominating species kendu 

(Diospyros melanoxylon Roxb.). 

2.2 Vegetation Study and Soil Sampling 

Studies on vegetation were done through quadrat method (minimum size of quadrat for each 

sample plot was 20 × 20 m and minimum number of quadrats was 5). Diameter at breast 

height (DBH) was measured. Biomass was estimated using the following regression equation 

(Brown et al., 1989). 

Y= exp {- 1.996 + 2.32
*
ln (D)} 

Where Y= biomass per tree in Kg and D is the tree diameter at breast height (cm). 

Samples of soil were collected at five points randomly distributed in each plot at depths of 10 

– 15 cm. All of the soil samples were oven-dried at 70˚C, then grounded and passed through 

2 mm sieve. 

2.3 Litterfall and Live Leaf Collection 

Litterfall was measured using five litter traps placed regularly within each plot (Xu et al., 

2000), having 1 m
2 

area. Litterfall collection took place seasonally (in the month of March, 

July and November) for three consecutive years. Samples was washed thoroughly with water 

then air dried and finally oven dried at 60˚C overnight, then milled for chemical analysis. 

Fresh mature leaves were collected from the crowns of Shorea robusta Roxb. and Diospyros 

melanoxylon Roxb. in the month of March, July and November for three consecutive years. 

These green leaves were processed in the same way as litterfall. 
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2.4 Nutrient Content 

Soil pH was measured by digital pH-meter (Systronics-121, India) in a 1,5 (w,v) soil water 

suspension. Organic carbon was estimated by Walkley and Black method (1934). The 

samples of ground leaf litter and green leaf samples were digested with HNO3 – HClO4 and 

analyzed for concentrations of P, K. Subsamples of soil were analyzed for available P 

following the molybdenum blue method of Jackson (1967), K was extracted from the soil in 

an ammonium acetate solution (pH=7) and measured with a digital flame photometer 

(Systronics-121, India). The total Kjeldahl nitrogen was determined by the micro-Kjeldahl 

procedure as described by Allen et al., 1974. 

2.5 Data Analysis 

The percent nutrient retranslocation efficiency (NRE) was calculated according to Finzi et al., 

2001, 

NRE % = {(A – B) / A} × 100 

Where A is the nutrient in green leaves and B is the nutrient in leaf litter. 

Nutrient use efficiency (NUE) was calculated according to Vitousek (1984), 

NUE = litterfall mass (g m
-2 

year
-1

) / nutrient content in litterfall (g m
-2 

year
-1

). 

After generating the data, statistical analysis was done using SPSS16. 

2. Results 

2.1 Nutrient Characteristics of Forest Soil  

The Matha Protected Forest of Purulia comes under broad-leaved dry deciduous gregarious 

type of forest where sal (Shorea robusta Roxb.) is the dominant plant species with kendu 

(Diospyros melanoxylon Roxb.) as one of the predominant species at two fragmented plots (A 

and B) of the forest. Basically, the soil is acidic to neutral in nature which is the characteristic 

feature of lateritic soil. Nutrient characters of soil at two plots are given in Table 1. Soil 

organic carbon (SOC) [0.664 (0.037)] is higher at plot B compared to plot A [0.630 (0.006)]. 

N% at A and B is 0.023 (0.005) and 0.017 (0.002) respectively. C/N ratio is found to be 27 

(in A) and 39 (in B) which reveals slower rates of decomposition and nutrient immobilization. 

In case of available P, and exchangeable K the nutrient pattern in soil is similar at 99% level 

of significance (p < 0.001). From Table 1 it is found that SOC is negatively correlated with N 

as organic carbon is more than the available N. The process of decomposition of litterfall 

decreases N availability as the carbon–nitrogen ratio of soil organic matter is related to the 

patterns of nitrogen immobilization and mineralization during organic matter decomposition 

by microorganisms and its value decreases as decomposition proceeds (Swift et al., 1979). 

Study by Tsutsumi (1987) indicates that the process is negatively correlated with the rate of 

nitrogen mineralization in decomposition experiments by soil incubation. 
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Table 1. Site characteristic and soil properties for the sampling stands at Matha Protected 

Forest (MPF) 

 Plot A Plot B t-test 

Altitude (m) 665 278  

Soil type Red soil Red soil  

Surface mineral soil properties (10-15 cm) Mean (SD)* Mean (SD)*  

Organic Carbon (%) 0.630 (0.006)  0.664 (0.037)
 *

 

Nitrogen (%) 0.023 (0.005) 0.017 (0.002) 
* 

Available P (mg kg
-1

) 14.992 (0.385) 14.261 (0.563) 
* 

Exchangeable K (mg kg
-1

) 65.008 (0.387) 64.286 (0.608) 
* 

Levels of significance, 
*
, p < 0.001  

(n = 15) 

  
 

* Standard deviation 

2.2 Nutrient Characteristics of Green Leaf 

Litterfall biomass of Shorea robusta Roxb. is almost highest about 1273 g m
-2 

year
-1

 (average 

of two plots where plot A litterfall biomass is 1329 g m
-2 

year
-1

 and plot B is 1218 g m
-2 

year
-1

), whereas it is 745 g m
-2 

year
-1 

for Diospyros melanoxylon Roxb. (average of two plots 

where plot A litterfall biomass is 768.5 g m
-2 

year
-1

 and plot B is 698 g m
-2 

year
-1

). There is a 

positive correlation (Figure 1) between the DBH (diameter at breast height) and AGB (above 

ground biomass) of both the species at two plots. Nutrient quality of green leaf is given in 

Table 2. N% in Shorea robusta Roxb. is maximum followed by Diospyros melanoxylon Roxb. 

but P concentration of Diospyros melanoxylon Roxb. is significantly higher than Shorea 

robusta Roxb. whereas for K concentration, it is more for Shorea robusta Roxb. than 

Diospyros melanoxylon Roxb. But N, P and K concentrations of leaves are significantly 

higher in plot A than plot B. Therefore, the mineral component are site-dependent as well as 

between-species differences were found.  
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Table 2. Mean nutrient concentrations with SD in green leaves of two species for Matha 

Protected Forest (MPF) in 3 year period from March 2007 to February 2010. 

 Mean concentration of 

Shorea robusta 

Mean concentration of 

Diospyros melanoxylon 

Plot A Plot B t-test Plot A Plot B t-test 

N (%) 1.297 

(0.080) 

0.901 

(0.078) 

** 1.177 

(0.045) 

0.980 

(0.012) 

** 

P (mg kg
-1

) 215.283 

(5.467) 

203.940 

(2.372) 

** 281.862 

(0.649) 

277.387 

(0.773) 

** 

K (mg kg
-1

) 231.844 

(2.707) 

215.481 

(3.689) 

** 186.676 

(0.507) 

183.423 

(1.228) 

* 

Level of significance, *, p value < 0.01; **, p value < 0.001 

Table 3. Mean nutrient concentrations with SD in leaf litter of two species in Matha Protected 

Forest (MPF) in 3 year period from March 2007 to February 2010. 

 Mean concentration of 

Shorea robusta 

Mean concentration of 

Diospyros melanoxylon 

Plot A Plot B t-test Plot A Plot B t-test 

N (%) 0.966 

(0.010) 

0.838 

(0.024) 

* 0.939 

(0.060) 

0.893 

(0.014) 

ns 

P (mg kg
-1

) 190.396 

(4.028) 

155.778 

(4.557) 

* 259.682 

(0.574) 

253.623 

(1.273) 

* 

K (mg kg
-1

) 222.576 

(1.895) 

192.644 

(6.055) 

* 178.088 

(0.702) 

173.006 

(0.596) 

** 

 
Level of significance, *, p < 0.001; **, p < 0.0001; ns, non-significance 
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Figure 1. Diameter at Breast Height (DBH) and Above Ground Biomass (AGB) of two plant 

species at two plots of Matha Protected Forest (MPF) 

AGB- Above Ground Biomass; DBH- Diameter at Breast Height 

2.3 Nutrient Quality of Litterfall 

Litter production mainly depends on the site fertility, but the other factors such as air 

temperature, soil water and nutrient availability also determine the production of litter 

(Jorgensen et al., 1975). The total litterfall amount was significantly affected by the regional 

features of the studied sites. The litterfall study was concentrated during three major period 

e.g. pre-monsoon, monsoon and post-monsoon and was strongly influenced by the high and 

low range of temperature and soil moisture. A pattern of litterfall in this study was broadly 

comparable to tropical deciduous forest of Mexico (Martinez-Yrizar and Sarukhan, 1990) and 

also comparable to the other predominating species in the tropical dry deciduous forest 

(Biswas and Khan 2011).  

The total nutrient characteristics of the litterfall are summarized in Table 3 and the seasonal 

variations of major nutrient concentration in leaf litter is given in Figure 2. N concentration in 

Shorea robusta Roxb. leaf litter during monsoon is increased than compared to pre-monsoon 

and post-monsoon (p<0.05 at Plot A and p<0.01 at Plot B). Same trend is found in Diospyros 

melanoxylon Roxb. except for Plot B (p<0.05). Likewise, seasonal variation is found for P 

concentration (p<0.05 at Plot A and p<0.01 at Plot B) in both the species. But seasonally K 

concentration in Shorea robusta Roxb. varies as p<0.05 at Plot A and p<0.05 at Plot B 

whereas it is p<0.01 at Plot A and p<0.05 at Plot B for Diospyros melanoxylon Roxb. For 

Shorea robusta Roxb. N (%) in litterfall has recorded the highest value followed by 

Diospyros melanoxylon Roxb. For P, the pattern of concentration in two plant species is 

Diospyros melanoxylon Roxb. > Shorea robusta Roxb. But for K concentration in leaf litter, 

the pattern is different from that of P. Major nutrient pattern in two species at two plots are 

given in Figure 3. 
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Figure 2. Seasonal variations in N, P and K concentrations of leaf litter in Matha Protected 

Forest in 3 year period from March 2007 to February 2011. 
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Figure 3. Major nutrient patterns in leaf and litter with standard error in Matha Protected 

Forest 

3. Discussions 

3.1 Major Nutrient Use Efficiency 

Nutrient use efficiency (NUE) depends on the ability of efficient uptake of nutrients from soil. 

It also depends on transport, storage, mobilization, usage within the plant, and even on the 

environment. Efficient nutrient use is generally characterized by the lower nutrient 

concentration in the litterfall (Vitousek, 1984). In our study, the litterfall nutrient 

concentration is less than green leaf, therefore, NUE is increased. Dry mass / nutrient ratio of 

litterfall is an index of NUE, which has been used to calculate NUE. Nutrient use efficiency 

of dry deciduous forest of MPF is given in Table 4. In our experiment, P use efficiency for 

Shorea robusta Roxb. in both plots (A and B), is enhanced than N and K while for Diospyros 

melanoxylon Roxb., K use efficiency is increased followed by P and N (Figure 4). The forest 

stand has higher within stand efficiency of P and K at plot B than A (Table 4) which is 

related to lower availability of P and K at plot B. This can be inferred that NUE in litterfall 

can be used as an indicator of soil nutrient availability (Vitousek, 1984; Lugo, 1992). But P 

and K use efficiency is decreased in evergreen broad-leaved forest (Xu et al., 2003) and 

tropical rain forest (Vitousek, 1984) compared to our study. Nutrient use efficiency is higher 

at plot B. Likewise, P use efficiency of Shorea robusta Roxb. is greater than Diospyros 

melanoxylon Roxb. while N and K use efficiency of Shorea robusta Roxb. is lower than 

Diospyros melanoxylon Roxb. But the N use efficiency in both the plot for Diospyros 

melanoxylon Roxb. is lower than compared to another predominating species, piyal 

(Buchanania latifolia Roxb.) of tropical dry deciduous forest. Similarly, P and K use 

efficiency of Buchanania latifolia Roxb. is greater in plot B and lower in case of plot A in 

comparison to Diospyros melanoxylon Roxb. (Biswas and Khan, 2011). 
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Figure 4. Nutrient Use Efficiency (NUE) of two species at two different blocks of Matha 

Protected Forest (MPF) 

3.2 Nutrient Dynamics and Retranslocation Efficiency 

The climax stage of any forest ecosystem has important characteristic of retranslocation 

efficiency mainly of essential nutrient (Prescott et al., 1989). Nutrient concentrations of leaf 

litter is significantly decreased than compared to green leaf (Table 2 and Table 3) throughout 

the forest and thus the nutrient retranslocation efficiency is high which suggests nutrient 

limitation. The translocation of N and P can provide the nutrients required for production of 

new leaves and allow independence from soil that provides an option for optimal 

management of the available elements in the forest ecosystem (Mellilo, 1981). The indices 

for retranslocation of nutrients in both the plots are given in Table 4. Throughout the forest N 

retranslocation efficiency is higher than that of P and K, i.e. N is highly remobilized. 

Accordingly, within stands total NRE percent is 40 (Shorea robusta Roxb.) and 33 

(Diospyros melanoxylon Roxb.) in plot A while it is 41 (Shorea robusta Roxb.) and 23 

(Diospyros melanoxylon Roxb.) in plot B. But among the two plots, A shows decreased NRE 

than B, suggesting improper nutrient transfer when nutrient concentration of soil, green 

leaves and leaf litters are considered. 

The extent of retranslocation efficiency of N from the leaves in the present study is 9-20% in 

Diospyros melanoxylon Roxb. whereas it is significantly higher in Shorea robusta Roxb. of 

about 7-25%. Correspondingly, the extent of retranslocation efficiency of P is 11-24% in 

Shorea robusta Roxb. and 8-9% in Diospyros melanoxylon Roxb. K retranslocation 

efficiency is 4-10% in Shorea robusta Roxb. that is considerably lower than in Diospyros 

melanoxylon Roxb. of about 5-6% (vide Table 4 and Figure 5). The values are quite different 

than those reported for subtropical evergreen forest (Palma et al., 2000) and other 

predominating species Buchanania latifolia Roxb. at dry tropics (Biswas and Khan, 2011). 

Above all, we find between-species nutrient difference as well as site-dependent differences 

of nutrients at both plots of the forest. 
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Table 4. Major nutrient use efficiency (NUE) and nutrient retranslocation efficiency (NRE) 

of two different species at two plots of Matha Protected Forest (MPF)  

Nutrients  Shorea robusta Diospyros melanoxylon 

Plot A Plot B Plot A Plot B 

NUE 

(g g
-1

) 

NRE 

(%) 

NUE 

 (g g
-1

) 

NRE 

(%) 

NUE 

(g g
-1

) 

NRE 

(%) 

NUE 

(g g
-1

) 

NRE 

(%) 

N 103 25 119 7 106 20 112 9 

P 5274 11 6479 24 3874 8 3966 9 

K 4505 4 5227 10 5631 5 5817 6 

 

 

 

 

 

 

 

 

 

 

Figure 5. Nutrient Retranslocation Efficiency (NRE) of two species at two different blocks of 

Matha Protected Forest (MPF) 

4. Conclusion 

Matha Protected Forest is dry and a nutrient-poor ecosystem where the amount of nutrient 

retranslocation is very low that certainly retards the growth rate and development of plants. In 

our study, invariably higher leaf litter nutrient concentrations were observed during monsoon 

(rainy season). Peak period of leaf fall in these species occurs during winter season and new 

leaves appear on the onset of rainy season. Consequently, stored nutrients in the branches are 

transferred to the newly expanded foliage mass, which forms litter for rainy season and 

showed higher concentration of nutrients. This may be probable reason for higher nutrient 

concentration in leaf litter during rainy season. Apart from this, sometimes higher variations 

of nutrient concentrations in rainy season in the study area might be due to reflection of insect 

pest that cause premature leaf fall on the site during this period. 

However, it is revealed from the study that P and K are more proficient in the stands. 

Therefore P and K constraint to primary production appears to be worth examining. Naturally 

the nutrient cycling in the forest is poor that reduces the growth and development of the 
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plants mainly at smaller encroached fragmented plot B. Thus proper management of the 

forest is required for the survival of plant species and maintenance of biodiversity in the area. 
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