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Abstract
Soil organic carbon (SOC) stocks were assessed in different land uses i.e., Cocos nucifera, Anacardium occidentale, Mangifera indica, Casuarina equisetifolia plantations, wasteland and natural forest at Puthupet, Tamil Nadu, India using Walkley and Black’s method. The soil bulk density was found to increase significantly (P< 0.05) with the increase in soil depth in all the sites except natural forest. Highest bulk density was recorded in wasteland and the least was from the forest, which could be due to the compaction of soil. In natural forest, soil is loose due to fine root mats, microbial and other arthropod activities which help in the aeration resulting in low bulk density. The highest percentage of SOC was recorded in the natural forest. This may be because natural forests are undisturbed ecosystems with large litter inputs, high microbial activities and decomposition leading to accumulation of more humus in soil, whereas other land uses receive low litter inputs. The casuarina plantation is a young one and litter in coconut plantation is utilized by stakeholders, which reasons for low detritus input. Soil organic carbon and soil organic matter (SOM) showed a positive correlation with tree density and tree basal area, while they showed a negative correlation with soil bulk density. The present study reveals that the maintenance of tree population for long-term would increase the SOC concentration. 
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INTRODUCTION
The tropical dry forests in the world are under strong and continuous pressure, due to high rates of deforestation and degradation by anthropogenic perturbations, overgrazing, conversion of monoculture plantations and other developmental activities [1]. The landuse change in the tropics has resulted in CO2 emissions of about 1.6 Pg C yr-1 in the 1990s [2]. Land use management is considered to affect the amount of soil organic carbon (SOC) and land use changes can result both in losses and gains of SOC [3]. 

To estimate the ‘C’ credits of afforestation or reforestation in clean development mechanism (A/RCDM) (the net increase in ‘C’ stocks caused by project activities), it is necessary to know the ‘C’ fixation baseline, by assuming the perpetuation of various landscapes. However, soil organic carbon stocks change in various land-use systems and the paucity of baseline data has always interfered with the application and promotion of A/R CDM projects [4]. Land-use changes strongly affect soil C storage [5, 6]. SOC is a large reservoir that can act as a sink or a source for atmospheric CO2 [7]. Therefore, a relatively small change in the soil ‘C’ pool can precipitate a large effect on the ‘global C cycle’.  

However, the effects of human activity on soil C dynamics are not fully understood [8]. Various studies have been conducted to study the effects of land-use change on soil ‘C’ dynamics in tropical regions after land conversion from the forest to a cultivated land [9–11] or a pasture [12–14]. SOC change associated with this type of land use change is a major concern.  

The amount and rate of SOC change were highly dependent on the specific land transition [15]. Decreases in SOC stocks are usually most pronounced in the topsoil, although older plantations have considerable SOC losses below 1m depth [16].  
However, information on comparison of SOC stocks in various land-uses with natural dry tropical forests has been very limited, especially in the Coromandel coasts of India. In fact, the Coromandel coast has unique climatic conditions which support large number of small patches of tropical dry evergreen forests. Although biomass and carbon stocks of woody vegetation of the study area were assessed [17], SOC stocks were not estimated so far. Therefore, the present study was designed with the following objectives: firstly to examine the variation in SOC stocks in different land use systems and secondly to examine the relationship of SOC stock with various edaphic factors.




MATERIALS AND METHODS
Study Area
The study was conducted in different land use systems by means of four plantations (Cocos nucifera, Anacardium ocidentale, Mangifera indica and Casuarina equisetifolia), wasteland and a natural forest at Puthupet, located 15 km north of Pondicherry town (Table 1). The mean annual temperature was 28.5 C and the mean annual rainfall was 1311 mm. The number of mean annual rainy days is 55.5. The mean monthly temperature was 24.1–34.2 C. The climate is tropical dissymmetric with copious rainfall during the northeast monsoon from October to November. Summer prevails from March to May during which there are occasional showers due to southwest monsoon until September [18].

Table 1: Density and Basal Area of Tree Species in Different Land Uses in Puthupet, 
Tamil Nadu, India.
	Name of species
	Location
	No. of individuals/ha
	BA (m2/ha)

	Anacardium occidentale
	N=12° 05’ 627”
E= 79° 85’ 899”
	244
	5.8

	Casuarina equisetifolia
	N=12° 05’ 564”
E= 79° 86’ 794”
	3200
	6.7

	Cocos nucifera
	N=12° 05’ 862”
E= 79° 86’ 32”
	232
	15.8

	Mangifera indica
	N=12° 05’ 376”
E= 79° 86’ 967”
	204
	14.5

	Natural forest
	N=12° 05’ 702”
E= 79° 87’ 148”
	660
	28.1




Soil sampling and laboratory analysis
Soil samples were collected at 0–10, 10–20 and 20–30 cm depth from each site using a core sampler in the months of January and February of the year 2013. Ten sets of samples were collected from each study site and are mixed together to form a composite soil sample, from which six replicate samples were brought to the laboratory for further analysis. Before analysis, soil samples were sieved through a 2 mm mesh and then mixed thoroughly. Walkley and Black’s method [19] was used to estimate SOC. In this method, as only about 60–86% of SOC is oxidized, a standard correction factor of 1.32 was used to obtain the corrected SOC values [20].

For bulk density in each site, six aggregated undisturbed soil cores were taken using a soil corer with an internal diameter of 5 cm. The soil samples were weighed immediately and transported to the laboratory where they were oven-dried at 105 C for 72 h and re-weighed again. In the soils containing coarse rocky fragments, the coarse fragments were separated by sieve and weighed. The bulk density of the mineral soil core was calculated with the help of the formula [21]. SOC stocks were then calculated for each soil layer based on the thickness, bulk density and carbon concentration. The total carbon content upto 30 cm depth was finally estimated by summing the C concentration of all layers [21].

Statistical Analysis
The variation in SOC stocks among the different landuses and soil depths (0–10, 10–20, 20–30 cm) was examined with analysis of variance (ANOVAs). The relationship between SOC stock and 5 variables (soil moisture, soil pH, bulk density, tree density and tree basal area) were assessed with correlation analysis followed by linear regression.

RESULTS
The soil moisture (SM) percent in different landuses of Puthupet ranged from 2.45 (Casuarina plantation) to 8.93 (coconut plantation) up to 30 cm soil depth (Figure1). The soil moisture percent significantly (P< 0.001) varied among the study sites. Coconut plantation showed significantly (P< 0.05) higher soil moisture (8.93%) than the other study sites. On the other hand, the soil pH across these different landuses ranged from 5.33 (cashew nut plantation) to 7.3 (coconut plantation) upto 30 cm soil depth (Figure1). The pH was also significantly (P< 0.001) greater in coconut plantation when compared with natural forest, cashew nut, Casuarina and mango plantations. 




Fig. 1: Soil Moisture and pH in Different Land Uses in Puthupet, Tamil Nadu, India.

The soil bulk density (BD) in these different landuses ranged from 1.19 (forest) to 1.64 (wasteland) upto a depth of 30 cm (Figure 2). The soil bulk density was found to increase significantly (P< 0.05) with increase in soil depth in all the sites except natural forest. Wasteland and mango plantation also showed significantly (P< 0.05) greater bulk density than the other study sites. The mean range of bulk density in different depths was 1.19 (cashew nut plantation) to 1.47 (wasteland) at 0–10cm, 1.12 (forest) to 1.82 (wasteland) at 10–20 cm and 1.21 (forest) to 1.63 (wasteland) at 20–30cm. Significant differences (P< 0.05) were found to exist along the soil profile in all the sites except Casuarina plantation.
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Fig. 2: Soil Bulk Density in Different Land Uses in Puthupet, Tamil Nadu, India.


SOC percent in different landuses (plantations, natural forest and wasteland) ranged from 1.05 (wasteland) to 2.12 (forest) up to 30 cm soil depth (Figure 3). SOC stock percent significantly (P< 0.001) decreased with increase in soil depth in all the sites except cashewnut plantation. Natural forest had significantly (P< 0.05) greater SOC percent than the other sites, which is followed by Casuarina plantation. 

The mean range of SOC percent in different depths was 0.377 (wasteland) to 0.915 (forest) at 0-10cm, 0.172 (mango plantation) to 0.66 (natural forest) at 10–20 cm and 0.25 (mango plantation) to 0.55 (forest) at 20–30cm. 

The soil organic matter SOM (%) in the present study ranged from 3.25 (mango plantation) to 7.12 (forest) in 0–30 cm soil depth (Figure 3). The stock of SOM (%) significantly (P< 0.001) decreased with increase in soil depth in all the sites except cashew nut plantation. Forest had the significantly (P< 0.05) greatest SOM % than the other sites. 

However, the least SOM% was observed in mango plantation.  The mean range of SOM % in different depths was 1.12 (wasteland) to 3.52 (forest) at 0–10 cm, 0.51(mango plantation) to 1.95 (forest) at 10–20 cm and 0.74 (mango plantation) to 1.63 forest) at 
20–30cm.
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	Fig. 3: Soil Organic Carbon (SOC) and Soil Organic Matter (SOM) in Different Land Uses in Puthupet, Tamil Nadu, India.




The total SOC stock (Mg C ha-1) up to 30 cm soil depth in the study sites ranged from 15.66 (cashew nut plantation) to 29.02 (forest; Figure 4).  The mean range of total soil carbon (Mg C ha-1) in different depths was 5.35 (cashew nut plantation) to 14.94 (forest) at 0–10 cm, 2.70 (mango plantation) to 7.56 (Casuarina plantation) at 10–20 cm and 3.71 (mango plantation) to 6.88 (Casuarina plantation) at 20–30 cm. The total carbon stock was significantly (P< 0.001) greatest in forest than the other study sites. 
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Fig. 4: Total Soil Organic Carbon (t/ha) in Different Land Uses in Puthupet, Tamil Nadu, India.

Regression analysis revealed that tree density and basal area showed positive relationship with SOC percent, SOM and total carbon (Mg C ha-1) in different land uses of Puthupet (Figure 5). However, bulk density showed only a negative relationship with SOC percent, SOM and total carbon (Mg C ha-1).


	
	
	

	
	
	

	
	
	

	Fig. 5: Regression of Soil Organic Carbon (SOC), Soil Organic Matter (SOM) and Total Carbon (TC) with Tree Density, Basal Area and Bulk Density in Different Land Uses in Puthupet, 
Tamil Nadu, India.





DISCUSSION
The highest percentage of SOC was recorded in natural forest than all other landuses. This may be due to the fact that natural forests are undisturbed ecosystems with large litter inputs, high microbial activities and decomposition leading to the accumulation of more humus in soil, whereas in contrast, plantations receive low litter inputs. The casuarina plantation is a young plantation and litter in the coconut plantation is utilized by stakeholders, which reasons for low detritus input. 

However, the wasteland had the lowest SOC stock due to lack of vegetation cover and its associated microclimate. Our results are in agreement with the findings of other workers [22–25]. However, our results are lower than the results reported in other works [26, 27]. Our results also indicate that vegetation type has significant effects on the quantity of SOC as it is low in plantations and high in natural forest. Our results are also consistent with other reports [28, 29]. Vegetation types can alter SOC stocks through several key factors, including litter inputs through litterfall and root turnover [23], soil chemistry [30], root exudates and microclimate. 

Soil bulk density showed a positive relationship with increase in soil depth. The highest value of bulk density was recorded in wasteland, while the least was observed in forest. High bulk density in wasteland may be due to compaction of soil which is contrary to the natural forest where the soil is made loose due to fine root mats, microbial and arthropod activities, leading to aeration of the soil. There is a positive correlation of bulk density with soil depth [25].  SOC showed positive correlations with tree density and tree basal area, but a negative relationship with soil bulk density. SOM and the total SOC stocks also showed the same trend. A negative correlation of SOC with bulk density was also reported by others [24, 25]. A positive correlation of tree density with SOC was observed in the subtropical forests of China [28]. The greater tree density results in greater litter accumulation in the forest floor which enhances greater buildup of carbon in the soil.

CONCLUSION
The present study reveals that maintenance of tree populations for a long-term will increase SOC concentration in soils. Litter falling in different landuse systems ought to be allowed to decompose in the site itself as this would enhance carbon sequestration. Instead of mono-cropping systems, mixed cropping would be best suitable as the latter would enhance more carbon storage in soils.
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Log  TC (t C/ha)
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