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Abstract. Soil organic carbon (SOC) is an important indicator of both soil productivity and climate 
change mitigation. However, changes in land uses coupled with variability in air temperature, rainfall 
and frequent droughts affect SOC stock and hence people livelihoods. SOC was estimated by 
sampling soils in 0-30 cm soil layers from six dominant land use types like roadside, Oran (sacred 
groves), gauchar, agriculture land, forest and fallow land in 102 villages (10% of total village) 
randomly selected from six panchayat samiti (blocks) namely Aburoad, Bali, Sanchor, Sankada, Bap 
and Baitu situated in Sirohi, Pali, Jalore, Jaisalmer, Jodhpur and Barmer district, respectively in 
Western Rajasthan. Rainfall (197.0- 689.5 mm annually), human (3.6- 11.5 person) and livestock (2– 
11 animals) population per household varied widely between the blocks and influenced soil gravel 
content (3.7- 40.6%), bulk density (1.2- 1.8 g cm-3) and SOC (0.06- 0.64%) concentration. SOC stock 
varied (P<0.05) spatially between 0.66 tons ha-1 in Baitu and 16.33 tons ha-1 in Aburoad. Different 
blocks fell in order Baitu<Sankara<Bap<Sanchor<Bali <Aburoad for soil carbon stock. About 1.63-
fold variations in SOC stock between highest (fallowland) and lowest (roadside) signified the 
importance of differing cultivation. SOC stock enhanced by increased rainfall and compost addition 
in farmland, but negatively affected by increased dune formation (sandy soils), soil gravel and stone 
fraction and increased livestock population per household. This indicates high potential of carbon 
sequestration through re-afforestation and restoration of these degraded lands by minimizing the 
negative factors.  

Key words: Land use, carbon stock, rainfall, relationships.  

1    Introduction 

Soil-based carbon sequestration offers the possibility of large-scale removal of greenhouse gases from the 
atmosphere through plant photosynthesis and its conversion into soil organic carbon under 
decomposition of litter and root turnover. The carbon stored in the soils worldwide exceeds the amount 
of carbon stored in phytomass and the atmosphere [1]. The important strategy to reduce atmospheric 
carbon dioxide is to increase the global storage of carbon in soils, which has an added benefit of 
increased agricultural production [2]. In general, the surface soil layer has the highest level of SOC 
which decreases with depth down the soil profile [3-5]. The actual amount of SOC present in a soil 
depends on a number of factors like rainfall, air temperature, vegetations, soil types and its composition, 
topography, types of land uses, disturbances etc. [6-8], but individual efforts in this direction are more 
important in mitigating the effects of climate change [9].  

Increasing SOC pool is a major challenge in dry areas, which are climatically harsh and crop 
productivity is limited by low availability of water and nutrients [10]. High population density, variable 
rainfall and increasing temperature together with natural resource devastation are promoting the process 
of land degradation and soil carbon loss [11]. The productivity of dry lands vegetation towards varying 
stresses and consequently soil carbon sequestration depends on a variety of factors like severity and 
duration of the stress, vegetation types and growth rates and variations in climatic and edaphic 
conditions [12-15]. Though there are policies and programmes at international, national and regional 
levels to curb the problems of desertification, land degradation and drought, problems remain the same. 
Increasing human population exponentially and livestock population by a power relation and 
corresponding anthropogenic activities further add to the problems of dry areas of Rajasthan, India [16, 
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the winter season it experiences very cold temperatures ranging from -9°C to 30°C. The lowest 
temperatures are recorded in January and begin to rise from March onwards and May and June are the 
hottest months when mean temperatures are above 40°C. Individual day temperature reaches to the 
order of 47 to 51 °C occasionally. This region receives >8 hrs solar radiation per day on annual basis. It 
is 9 to 10 hours per day during summer, 4 to 7 hours per day after monsoon season and 10 hrs per day 
after withdrawal of monsoon (after October). Rajasthan receives solar radiation of about 6.0–7.0 kWh 
m-2 [22]. Because of low rainfall, about 325 days have good sunshine in a year, but in western areas in 
Thar Desert sunshine in a year may extend up to 345–355 days as rains occur only for 10.4–20.5 days in 
a year in the region [22]. Daily average wind speed ranges between 4.58 and 28.62 km hr-1 with an 
average of 13.84 km hr-1 at Jaisalmer, though it reaches up to 50-55 km hr-1 during dust storms 
particularly during April - July months [23].  

Soils of Sanchor and Baitu area are sandy in nature. Soils are very deep and sandy in nature, mostly 
associated with dunes, inter dunes and sandy plains in Baitu block, and sandy loam texture in Sanchor 
block [24]. Predominant texture of soil in Bap block is loamy sand with low silt and clay. Soils of 
Sankada block are sandy to sandy-loam in texture which are porous comprising of more of gravel and 
less silt and clay content. Soils texture in Bali areas is sandy loam to clay loam, whereas in Aburoad 
areas it is fine loamy to coarse loamy in nature. Most of the soils are slightly alkaline in reaction [24]. 
The floristic indicates poor forest resources in Jodhpur, Jaisalmer, Barmer and Jalor, but relatively 
better vegetations are observed in Pali and Sirohi districts. The sparse vegetation of former districts is 
categorized as 'Tropical thorn forest types, whereas in latter two districts it is categorized as 'Tropical 
dry deciduous forest types [25]. Desert districts are largely dominated by Israili babul (Acacia tortilis), 
khezri (Prosopis cineraria), ker (Capparis decidua), the bushes like Aak (Calotropis procera), Arni 
(Clerodendum phlomidides), Murali (Lycium barbarum), and the grasses like Shravan (Lasiurus 
sindicus), Dhaman (Cenchrus ciliaris) etc [26]. In Pali and Sirohi areas, the dominant species are 
Azadirachta indica, Acacia leucophloea, A. nilotica, A. tortilis, A. senegal, Anogeissus pendula, 
Bauhinia racemosa, Boswellia serrata, Salvadora persica, S. oleoides, Maytenus emarginata, Prosopis 
juliflora, Z. mauritiana, Aerva persica, Cassia auriculata, Calotropis procera, Leptadenia pyrotechnica, 
Ziziphus nummularia, Aristida adscensionis, A. funiculata, Crotalaria burhia, Indigofera cordifolia, 
Tephrosia purpurea, Heteropogon contortus, etc [5]. 

2.2   Selection of Village and Land Use 

Total number of villages in this region range from 84 in Aburoad to 324 in Baitu with total 1024 villages 
in the region. Ten per cent of the villages, i.e 10, 32, 9, 14, 17 and 20 villages were selected randomly for 
soil sampling from Aburoad, Baitu, Bali, Bap, Sanchore and Sankara block respectively, making a total 
sum of one hundred two villages. These villages were considered as replicates in analysis work. Five 
major land uses in the region selected for soil sampling are agriculture, forests, Oran/sacred groves, 
pastureland and roadside. However, these five land uses are not available in all the villages. Therefore, 
depending upon the availability of land use types in the selected 102 number of villages soil sampling 
was done for carbon content analysis. In addition to these land uses, fallow lands other than the current 
fallows were also sampled as the control. Thus agriculture land was cropped area plus area under 
current fallow, forest land was forest lands or plantations, pastureland was grass lands plus culturable 
wasteland plus 'Parat' lands used for animal grazing, oran was a vegetated area set aside in name of 
some village deity and sacred in nature, roadside was area between road and agriculture or other lands 
and fallow land other than current fallows was areas left out of cultivation since more than five years. 

2.3   Human and Livestock Population 

Average family size (persons per households) varied from 3.6 in Sanchor to 11.5 in Sankada block with 
an average size of 5.6 in the studied areas (Table 1). It was relatively high as compared to the average 
family size normally taken to be four to five. Villages in Sankada, Bap and Bali blocks showed above 
average family size and were mostly dominated by either by tribal communities or by Muslim 
community. Average male and female individuals per household were 1.2 and 1.1 across the blocks. 
Number of children per household ranged from 1.9 in Sanchor to 7.1 in Sankada areas. Contribution of 
male, female and children to the total population was 20.6%, 20.4% and 59.0%, respectively. Numbers of 
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livestock per household varied from 2 in Sanchor to 11 in Sankada block with an average value of 4.3 
animals per household (Table 1). In this, contributions of cow and goats were 22.1% and 63.5%, 
respectively. Contribution of Buffalo, Ox, Sheep, Camel and Poultry was below <8% with maximum 
share of Buffalo. While goat and sheep population has been observed high in Baitu and Sankada, the 
population of buffalo was greater in Sanchor, Aburoad and Bali blocks. 

Table 1. Human population in the surveyed villages of different blocks of western Rajasthan. 

 Variable Block   
Baitu Sankada Baap Sanchor Aburoad Bali Total % 

House holds 537 220 146 847 329 270 2349   

H
um

an
 

Po
pu

la
tio

n 

Male 471 490 286 740 373 352 2712 20.6 
Female 464 477 270 732 375 367 2685 20.4 
Children 1460 1570 821 1602 1067 1237 7757 59 
Total Pop. 2395 2537 1377 3074 1815 1956 13154 100 
Av per HH 4.5 11.5 9.4 3.6 5.5 7.2 5.6   

Li
ve

st
oc

k 
po

pu
la

tio
n 

Cow 367 434 450 436 176 386 2249 22.1 
Buffalo 11 4 3 451 196 145 810 8 
Ox 0 2 0 6 39 144 191 1.9 
Goat 1839 1751 656 758 591 858 6453 63.5 
Sheep 53 227 2 1 3 0 286 2.8 
Camel 2 1 0 1 0 0 4 0 
Poultry 0 0 0 0 4 169 173 1.7 
Total 2272 2419 1111 1653 1009 1702 10166 100 
Av per HH 4.2 11 7.6 2 3.1 6.3 4.3 - 

2.4   Soil Sampling and SOC Estimation 

Soil samples were collected in top 0-30 cm soil layer in all five major land uses mentioned above by 
using mechanically driven iron auger for soil organic carbon estimation. For soil bulk density, soil 
samples were collected from each land use using a mechanically driven iron corer of fixed volume at 15 
cm soil depth, transported to laboratory, oven dried at 110 0C and weighed [27]. Soil samples for carbon 
estimation were dried and passed through a 2 mm sieve for separation of gravel and fine earth fraction. 
Gravel fraction was calculated on weight/weight basis and used for correction in carbon stock 
calculation. Soil organic carbon (SOC) was determined from fine earth fraction (<2 mm size) following 
standard procedures [28] by using potassium dichromate as the oxidant and ferrous ammonium sulphate as 
the reducing agent [29]. Soil organic carbon (SOC) stock was calculated using the following equation [30]:  
 ( ) 1 *10000Qi CiDiEi Gi= −   

where Qi (tons or Mg C ha-1) is soil organic carbon content in a soil layer i, Ei is soil depth in meters, Ci 
is carbon content in g C g-1 soil, Di is bulk density in Mg m-3, and Gi is volume fraction of coarse (gravel 
or stones of >2 mm size) elements.  

2.5   Statistical Analysis 

The data collected were statistically analyzed using SPSS statistical package version 8.0 for window 
2000. Soil bulk density, gravel fraction, per cent soil organic carbon and soil carbon density were 
analyzed by two way ANOVA, where blocks in different districts and land uses were the fixed factors 
and number of villages were considered as the replicates. To obtain the relationships between different 
soil variables, rainfall and village human and livestock population, Pearson correlation was performed. 
Relationships between different soil variables, rainfall and village human and livestock were also 
developed. The least significant difference test was used to compare land uses as well as spatial 
variations at the P < 0.05 levels.  
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3    Results 

3.1   Soil Physical Properties 

Average gravel content in soils across the blocks and land uses was 13.99%, though it ranged from <10 % 
to even >50 % in the soil. It varied (P<0.05) both due to spatial distribution of blocks and land uses as 
well (Table 2). Soils of Sanchor and Baitu were sandy in nature with least gravel content. Soils of Bap 
and Sankada block were similar in gravel content but differed (P<0.05) with Sanchor and Baitu block 
as well as with Bali and Aburoad block (DMRT), which indicated highest gravel content. Among the 
land uses, lowest amount of gravel was in the soils of agriculture land, whereas it was highest (P<0.05) 
in forest lands, followed by gauchar land. Soils of agriculture land, roadside and fallow land did not 
differ in gravel content. Block × land use interaction term was non-significant (P>0.05). However, it 
was highest in forests of Aburoad and lowest in agriculture land of Sanchor block. Soil bulk density (BD) 
varied from 1.2 g cm-3 to 1.8 g cm-3 with an average value of 1.46 g cm-3 across the blocks and land uses. 
Variation was significant (P<0.05) both due to blocks as well as land uses (Table 2). Among the blocks, 
BD was lowest in Bali block and highest in Bap block. Soils of Baitu, Sanchor and Sankada blocks were 
almost similar (P>0.05) in BD. While considering land uses across the block, BD was highest (P<0.05) 
in fallow land and was lowest in the soils along road side. Block × land use interactions was also 
significant (P<0.05) with highest BD in fallow-lands of Sankada and lowest in forest lands of Bali block 
(Table 2).   

Table 2. Effects of spatial variations and land uses on soil gravel content, organic carbon. values are mean±SE of 
multiple replications. 

Variables Land use Blocks Two-way ANOVA
Bali Baitu Aburoad Sanchor Baap Sankara Mean* Variable F value 

G
ra

ve
l c

on
te

nt
 (

%
) 

Forest 45.6±5.40 6.0±3.87 51.7±2.10 0.8±0.36 3.7±2.05 9.1±4.75 23.9c Block 44.57** 
Oran 40.2±10.7 5.8±2.31 38.6±6.25 0.8±0.13 17.0±9.40 22.8±6.79 20.9bc LU 2.50* 
Pastureland 39.9±5.49 4.7±1.85 42.2±5.28 3.3±2.23 10.6±5.08 11.2±5.74 15.0ab B × LU NS 
Agriculture 31.4±3.93 1.7±0.63 36.4±3.82 0.9±0.16 8.8±3.05 9.4±2.75 10.1a  
Roadside 35.0±3.63 4.6±0.90 37.8±5.27 4.7±2.58 4.4±1.02 4.8±1.48 10.6a   
Fallowland 28.5±0.00 0.6±0.00 23.0±0.00 1.8±0.00 13.7±0.00 4.7±0.00 12.0a   
Mean* 37.9c 3.7a 40.6c 2.54a 8.5b 10.3b    

So
il 

bu
lk

 d
en

sit
y 

(g
 c

m
-3
) 

Forest 1.32±0.02 1.41±0.07 1.45±0.02 1.52±0.03 1.55±0.01 1.49±0.02 1.45a Block 10.32** 
Oran 1.45±0.02 1.47±0.03 1.45±0.02 1.47±0.03 1.55±0.01 1.48±0.02 1.48a LU 4.14** 
Pastureland 1.36±0.03 1.47±0.02 1.45±0.02 1.50±0.01 1.54±0.02 1.51±0.02 1.48a B × LU 1.94** 
Agriculture 1.38±0.04 1.46±0.01 1.42±0.02 1.47±0.02 1.51±0.02 1.47±0.02 1.46a  
Roadside 1.44±0.02 1.46±0.01 1.40±0.02 1.43±0.02 1.45±0.02 1.47±0.01 1.45a   
Fallowland 1.48±0.00 1.50±0.00 1.51±0.00 1.56±0.00 1.56±0.00 1.58±0.00 1.53b   
Mean* 1.39a 1.46c 1.43b 1.47c 1.51d 1.48c    

So
il 

or
ga

ni
c 

ca
rb

on
 (

%
) Forest 0.53±0.08 0.05±0.02 0.70±0.07 0.14±0.04 0.12±0.02 0.12±0.02 0.33c Block 60.36* 

Oran 0.36±0.08 0.05±0.01 0.60±0.10 0.16±0.02 0.12±0.03 0.15±0.01 0.23ab LU NS 
Pastureland 0.41±0.11 0.07±0.01 0.63±0.06 0.17±0.02 0.12±0.01 0.12±0.01 0.22ab B × LU NS 
Agriculture 0.48±0.04 0.09±0.01 0.69±0.15 0.22±0.03 0.14±0.02 0.12±0.01 0.22ab  
Roadside 0.30±0.06 0.04±0.01 0.55±0.10 0.21±0.04 0.19±0.02 0.13±0.02 0.18a   
Fallowland 0.54±0.00 0.06±0.00 0.87±0.00 0.12±0.00 0.12±0.00 0.06±0.00 0.28bc   
Mean* 0.42d 0.06a 0.64e 0.19c 0.14bc 0.13b    

B: block; LU: land use; NS: not significant at P<0.05. 
*Mean value with superscript of different alphabets in a row and column indicates significant difference for a 
particular soil variable between blocks and land use respectively.  
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3.2   Soil Organic Carbon 

Per cent soil organic carbon (SOC) in top 0-30 cm soil layer varied (P<0.05) due to spatially distributed 
blocks (Table 2). It was highest Aburoad and lowest in the soils of Baitu block. Soils of Bap block did 
not differ (P>0.05) in SOC with both Sankada and Sanchor block. Among land uses, SOC did not differ, 
but DMRT indicated significantly (P<0.05) less SOC in pasture land. Soils of fallow land and forest 
lands were similar in SOC, though forest land had highest concentrations of SOC in general. Block x 
land use interactions term was not significant.  

3.3   Soil Carbon Stock 

Soil carbon stock in 0-30 cm soil layer was 7.12±0.33 (mean ±1SE) tons ha-1 across the blocks and land 
uses. It varied (P<0.05) significantly between the blocks, whereas it approached (P=0.071) significant 
value for the land uses (Table 3). Lowest and highest values of soil carbon stock were in the soils of 
Baitu (2.66 tons ha-1) and Aburaod (16.33 tons ha-1) block, respectively. Soils of Bap and Sanchor were 
almost similar (P>0.05) in soil carbon stock. The order of block for soil carbon stock was: 
Baitu<Sankada<Bap<Sanchor<Bali <Aburoad. While considering land uses (across the blocks), the 
lowest carbon stock (6.17 tons ha-1) was in the soils along roadside, but it did not differ (P>0.05) with 
the carbon stock in the soils of Oran, gauchar, agriculture and forest lands. Highest (10.08 tons ha-1) 
amount of carbon stock was in fallow land. The order of land uses for soil carbon stock was: 
Roadside<Oran<gauchar< agriculture land<Forest<Fallow land. Block × land use interaction was not 
significant (P>0.05), though the value of soil carbon stock was highest (30.43 tons ha-1) in fallow land of 
Aburoad and lowest (1.61 tons ha-1) in the soils along roadside of Baitu block.  

Table 3. Effects of spatial variations and land uses on soil carbon stock (tons ha-1) after gravel correction. Values 
are mean±1SE of multiple replications. 

Land use Block  
Bali Baitu Aburoad Sanchor Baap Sankada Mean* 

Forest 11.16±1.69 1.85±0.76 14.42±1.12 6.18±2.12 5.17±0.81 4.86±0.67 8.27ab 
Oran 8.97±2.38 2.16±0.45 16.13±3.19 6.82±0.96 4.56±0.94 5.02±0.51 6.98a 
Pastureland 10.47±3.43 2.9±0.52 16.71±3.27 7.45±0.93 5.09±0.58 4.72±0.59 7.06a 
Agriculture 13.91±1.72 3.77±0.29 18.63±4.43 9.6±1.00 5.68±0.75 4.65±0.26 7.53ab 
Roadside 8.47±2.01 1.61±0.29 14.22±2.43 8.4±1.52 7.87±0.7 5.38±0.68 6.16a 
Fallowland 14.26±0.00 2.69±0.00 30.43±0.00 5.51±0.00 4.83±0.00 2.70±0.00 10.08b 
Mean* 10.85d 2.66a 16.39e 8.15c 5.95b 4.92b  
Two-way ANOVA F value P value  
Block 34.95 0.000  
Land use 2.95 0.071  
Block × land use 1.02 0.444  

*Mean value with superscript of different alphabets in a row and column indicates significant difference for a 
particular soil variable between blocks and land use respectively. 

3.4   Relationship among Different Variables 

Spatial variation in annual average rainfall showed positive correlation with gravel content, per cent 
SOC and soil carbon stock and human and livestock populations (Table 4). However, rainfall was 
negatively correlated with soil bulk density and number of animals per household (cow, goat and sheep). 
Per cent soil organic carbon and carbon stock both were negatively correlated to soil bulk density and to 
livestock per household, but had positive correlations to human populations. Soil bulk density showed a 
decreasing trend with increase in rainfall (Fig 2a). However, rainfall observed related to SOC 
concentration (R2=0.618, P<0.001) and soil organic carbon stock (F2/359 = 127.6, R2=0.415, SE = 5.09, 
P<0.001) by quadratic relationships (Fig 2). Soil carbon stock followed a logarithmic decreasing trend 
(F1/360 = 15.08, R2=0.04, SE = 6.22, P<0.001) with increase in number of livestock per household (Fig 
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5    Conclusion and Recommendations 

Changes in land uses coupled with variability in climatic and edaphic factors affected soil carbon storage 
in western Rajasthan. Spatial variations in rainfall in different blocks (districts) along with livestock 
population and soil characteristics (texture) affected soil bulk density and SOC concentrations causing 
25-fold variations in SOC storage between Baitu and Aburoad blocks. Highest amount of SOC in fallow-
land emphasizes the importance of reduced cultivation on soil carbon storage, but lowest SOC stock 
along roadside indicates the effects of enhanced anthropogenic activities. Increased rainfall and 
corresponding soil water availability and organic manuring in farmland favoured SOC stock, but soil loss 
and increased content of gravel and stone fraction in soil and increased livestock population per 
household played a negative role in soil carbon accumulation. Reducing the negative factors, promoting 
vegetation cover, organic manuring of farmlands and restoration of degraded lands may enhance soil 
carbon storage with increased productivity of these degraded lands.  
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