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Abstract: Soil playc a crucial role in combating climate change and ecological
rectoration through controlling the global carbon cycle. Therefore, mapping of the
carbon otock and gpatial dictribution of coil carbon in coiloare ecoentially needed acit
will be helpful for ctakeholdercand managersin land management decicioncand for
ooil carbon cequectration. The average carbon atock wacfound to be 16.15tC ha ' and
14.71 tC ha" for 015 cm and 15-30 cm depthg, recpectively, in the coiloof Ratnagiri
didtrict in the Konkan region. Total coil carbon cequectration value for the whole
Ratnagiri dictrict wac 49.29 megatonnec of CO, up to 15 cm depth and 45.62

megatonnec of CO, for the next 1530 cm depth. Thuc, coilo can ctore a greater
quantity of atmoopheric CO, and play a vital role in the mitigation of climate change

impacto.
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Introduction

Soil, foreat and atmoophere are potential carbon
oinkcin the terreatrial ecooyotem and play a key role in
the carbon cycle. Anthropogenic greenhouce gacec
(GHGo) emiooiono oince the pre-inductrial era have
driven the global rice in the atmoaopheric concentrationc
of carbon dioxide (CO,), methane (CH,) and nitrouc
oxide (N,O). Between 1750 and 2011, cumulative
anthropogenic CO, emicoionc to the atmoophere were
2040 + 310 Gt CO, out of which about half of an
anthropogenic emicoion hacoccurred in the lact 40 yearc
(IPCC 2014). Global climate change and the warming of
earth have adverce impactc on humanc and natural

oyoctemo.
The ooil icthe largect terrectrial pool of organic
carbon and playcan important role in carbon capture and
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otorage. Soil organic carbon wac ectimated to be
684-724 Pg (1 Pg = 1x10" kg) of C in the upper 30 cm
depth of ooil, 14621548 Pg of C in the upper 100 cm
depth of ooil, and 23762456 Pg of C in the upper 200 cm
depth of ooil (Batjes 1996). Soilchave a finite capacity to
aequecter organic carbon from the atmoogphere and can be
an important mitigation option of climate change.

Soil carbon, both coil organic carbon (SOC) and
ooil inorganic carbon (SIC) icimportant acit determinec
ecooyotem and agro—ecoocyctem functiong, influencing
ooil fertility, water-holding capacity and other ooil
parameterc. Knowledge of coil carbon ctock in termoof
itc amount and quality ic ecoential to cuctain the quality
and productivity of ooilo. Carbon cequectration hacbeen
found to be an important option to reduce the emicoion of
CO.,.
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Carbon cequectration icfixing atmocpheric CO,
by phyaical, chemical or biological procesecinto long—
lived carbon poolc cuch ac the ocean, mil, vegetation
(eapecially foreoto) and geologic formation in a manner
that it ic not re-emitted into the atmoophere in the near
future (Srinivacarao et al. 2013). Thuc, ooil carbon
cequeatration enhancec both ooil organic and inorganic
carbon otocks through judicious land uce and
recommended ooil management practicec. Remote
Sencing (RS) and Geographic Information Syctem
(GIS) had great potential in current ectimation, future
prediction and management of carbon cequectration
potential in terrectrial ecooyctema.

The ooilo of Ratnagiri dictrict moatly belong to
laterite and lateritic typec, derived from gneicoic
baaaltic, granite and gneioorocks The determination of
carbon ctock from top ooilcof Ratnagiri dictrict will give
on information on carbon ctatucof the diatrict that could
help in ectimating and mapping carbon cequectration
potential for fragile ecooyotem of Konkan region of
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Mabharachtra otate, India. The information generated in
thic otudy will be uceful for policy-makerc and
environmentalictc for undertaking appropriate
concervation planc.

Materials and Methods

Ratnagiri diatrict (15°40" and 18°5' N; 73°5" and
73°55'E) and cover an area of 8,461 oq. km.

For effective data collection, the dictrict wac
divided into omaller areacof grid cize of 5 km x 5 km on
uoing ArcGIS ooftware. 242 villagec were celected for
data collection. Soil eamplec were collected at 015 and
15-30 cm depth from each campling village with the help
of a ooil auger for the ectimation of ooil organic carbon
otock from the otudy area (Fig. 1). The ooil parameterc
ouch ac cand (%), ailt (%), clay (%), organic carbon (%)
and bulk dencity (Mg m®) were determined in the coil
organic carbon (%), bulk dencity (Mg m®) and cand (%)
were uced for the ectimation of total carbon ctock of coil.

Legend
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Fig. 1. Soil Sample Collection Point Map of Ratnagiri Dictrict
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The organic carbon (OC) content of coil camplec
wao determined by ucing the wet oxidation method of
Walkley and Black. It ic the moat cuitable method to
calculate OC from the terrectrial biogphere due to high
recovery ratec, low coct and lesstime conouming (Kumar
and Sharma 2015).

The bulk dencity wac determined ucing the
following (Alexander 1980):

BD=1.66—0.308 (OC™)

_ 9o¢C
SOC otock = 100

Corrected bulk denacity = Bulk denaity x

(100-coarce fraction)
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Where BD icbulk denaity of ooil (Mg m*), OC icorganic
carbon, (%)

The SOC otock wac calculated for two depthg,
viz. (015 cm and 15-30 cm). Soil carbon ctockc were
conaidered up to 30 cm ooil depth only ac per the guide
linec of IPCC (Guleria et al. 2014). SOC otock wac
calculated ucing following equationc (Ramachandran et
al.2007)

x Corrected bulk denaity x layer depth x 10°...... (1)

100

Total SOC otock = SOC otock x Area ...... 3)

Where SOC ic il organic carbon in %,
corrected bulk denaity icin Mg m”, layer depth in m,
bulk dendity ic in Mg m°, SOC otock ic ooil organic
carbon atock inMgha, area in ha.

After ectimating the weighted value of SOC
otock for each campling village of Ratnagiri dictrict, a
SOC otock map wacgenerated ucsing ArcGIS.

The amount of carbon dioxide CO, that ic
releaced into the atmoophere ic exprecced in tonnec of
CO, equivalent per year (t CO,) Sequectration on the
other hand concerno iteelf with how much carbon ic
being removed from the atmoophere and then ctored,
and icexprecced in tonnecof Carbon equivalent per year.
To convert from carbon equivalent to CO,, multiplied by
44/12 (EPA2005).

1 metric tonne carbon equivalent = 3.667 metric
tonnec of CO, equivalent

Thus, amount of CO, cequectered by ooil wac
calculated from ooil carbon cotock valuec for each
campling village of Ratnagiri dictrict. Thece valuecwere
acoigned in attribute table in ArcGIS to get map of
amount of CO, cequedtered by coil from each campling
village of Ratnagiri dictrict.

Results and Discussion
Soil organic carbon

Soil organic carbon (SOC) in the ooiloc of
Ratnagiri dictrict ranged from 0.08 to 5.56 % with an
average value of 2.13 % for 015 cm depth. For 1530 cm
ooil depth, SOC ranged from 0.12 to 4.45 % with an
average value of 1.95 %. The average ooil organic carbon
valueo for the celected tehails of Ratnagiri dictrict are
givenin table 1. All the valuecof ooil organic carbon were
entered into the attribute table in ArcGIS to generate the
ooil organic map of dictrict for 015 cm and 15-30 cm coil
deptho (Fig. 2 and Fig. 3). High ooil organic carbon
values were obcerved in foreot landc followed by
horticulture and agricultural landc. The low organic
carbon valuec were obcerved in barren/degraded landc.
Moat agricultural coilo had lower ooil organic carbon
pool due to variouc tillage operationc and it wac found
that loos of organic carbon icproportional to intencity of
tillage. In, general amount of organic carbon ctored in
oil ic varying depending on the ooil groups agro—
ecological zoneos, human interference, natural
vegetation, coil ecooyatemo and poor coil management
interventionc(Batjes1999).
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Table 1. Tehail-wice average ooil organic carbon in Ratnagiri dictrict
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Tehsils 0-15 cm 15-30 cm
SOC (%) Avg. SOC (%) SOC (%) Avg. SOC (%)
1 Dapoli 0.59 —4.78 2.35 0.78 —4.37 2.29
2 Guhaghar 0.66 —4.37 2.38 0.78 —4.29 2.48
3 Mandangad 0.82 —4.41 2.38 0.51 —4.45 1.83
4 Chiplun 0.20-3.24 1.93 0.39-3.12 1.72
5 Khed 0.59 —5.56 2.30 0.59 —4.31 2.08
6 Ratnagiri 0.12-3.98 1.82 0.35 -4.06 1.80
7 Sangamechwar  0.08 —4.47 2.07 0.39 -3.16 1.83
8 Lanja 0.51-4.29 1.89 0.70 -3.90 1.69
9 Rajapur 0.16 =5.03 2.01 0.12-4.10 1.82
Soil Organic Carbon (%) Map of Ratnagiri Soil Organic Carbon (%) Map of Ratnagiri
District t 15 cm Depth District at 30 cm Depth

Legend Legend
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Fig. 2. Soil organic carbon (%) map of Ratnagiri

dictrict (015 cm)

Bulk density

The bulk denaity of the ooilo for the tehailo of
dictrict ranged from 0.93 to 2.42 Mg m” with an average
value of 1.23 Mg m” for 015 cm depth. Similarly, the
bulk denaity valuesfor 15-30 cm ooil depth ranged from

Fig. 3. Soil organic carbon (%) map of
Ratnagiri dictrict (1530 cm)

1.01 to 2.89 Mg m" with an average of 1.26 Mg m". The
bulk denaity for the tehailoof dictrict are given in table 2.

All the valuec of bulk dencity were entered into the
attribute table in ArcGIS to generate the bulk dencity map
of dictrict for 015 cm and 15-30 cm ooil deptho (Fig. 4
and fig. 5).
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Table 2. Tehail-wice average bulk denaity (Mg m") of Ratnagiri dictrict

0-15 cm 15-30 cm
Tehsils Bulk density Avg. Bulk density Avg. Bulk density Avg. Bulk density
(Range) (Mean) (Range) (Mean)
Dapoli 0.99 -1.42 1.20 1.02 -1.39 1.20
Guhaghar 1.02 -1.41 1.20 1.02 -1.39 1.19
Mandangad 1.01 —1.38 1.20 1.01 —1.44 1.26
Chiplun 1.11 —-1.52 1.24 1.12 -1.47 1.27
Khed 0.93 -1.42 1.21 1.02 -1.42 1.23
Ratnagiri 1.05 -2.42 1.35 1.04 -2.89 1.37
Sangamechwar 1.08 —1.57 1.24 1.11 —1.42 1.27
Lanja 1.02 -1.40 1.23 1.05—1.44 1.26
Rajapur 0.97 -1.54 1.24 1.04 -2.89 1.28

Bulk Density (gm/cm3) Map of Ratnagiri
District at 15 cm Depth

e ¥
- [

Fig. 4. Bulk denacity map of Ratnagiri
dictrict (015 cm)

Determination of soil carbon stock

Total coil organic carbon ctock in didtrict wac
13.44 megatonnec for 015 cm depth and 12.35
megatonnec for 15-30 cm depth. The average carbon
otock wacfound to be 16.15tCha ' and 14.71 t C ha" for
015 cm and 15-30 cm depthg, regpectively. The higheot
SOC ctock wacobcerved in Khed tehail (20.46 t C ha')
whereac the loweat SOC otock (12.35 t C ha') wac
obcerved in Lanja tehail for 015 cm depth. Similarly, the

Bulk Density (gm/cm3) Map of Ratnagiri
District at 30 cm Depth

Legend

BD (gm/cm3) 30cm depth

Fig. 5. Bulk denacity map of Ratnagiri
dictrict (1530 cm)

higheat SOC otock (19.21 t C ha') wac obcerved in
Guhaghar tehail and the loweat (10.84 t C ha') in Rajapur
tehail for 15-30 cm depth. The ooil organic carbon otock
map of diatrict wac prepared for 015 cm and 15-30 cm
ooil depthouaing the coil organic carbon and bulk denaity
layercin racter calculator of ArcGIS (Fig. 6 and Fig. 7).
The SOC otocko for the celected tehailo of Ratnagiri
dictrict are given in table 3.

The ooil organic carbon atockes for 015 cm, 15—
30 cm and 0-30 cm ooil depthoin the celected tehailo of
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Ratnagiri didtrict are given in table 4. Soil carbon ctock
map of dictrict wac prepared by ucing the SOC otock
map (Fig. 8, Fig. 9, Fig. 10). Soil carbon ctockc were
found to be more in forect oyctem due to higher leaf litter
and the extencive root oyotem of foreat treec. The
occurrence of higher SOC content in both foreat and
gracoland/open-ccrub can be attributed to the addition of
litterfall from treec and chrubc to the ocurface ooil
(Naabimana et al. 2008; Worku et al. 2014 and Yimer et
al. 2015 ). The forect and gracoland/open-ccrub pocecs

SOC density (t/ha) Map of Ratnagiri
District at 0-15 cm depth

Legend
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Fig.6. SOC otock (t ha') map of Ratnagiri
dictrict (05 cm)
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a higher organic carbon; through dead fine tree and chrub
rootc and the mycorrhizal fungi contribution of organic
matter (Lemma et al. 2006 and Yimer et al. 2007). Low
ooil carbon otock valuec were obcerved in the tehailo
having a large portion of degraded land. Low carbon
atock valueowere aloo obcerved in come tehailohaving a
large area under agricultured land and limited areacunder
foreat. The loos of SOC, ic due to frequent ooil
dicturbance, crop uptake, leaching and curface erocion
looes, and inadequate land management.

SOC density (t/ha) Map of Ratnagiri
District at 15-30 cm depth

Legend
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Fig.7. SOC otock (t ha') map of Ratnagiri

dictrict (15-30 cm)
Table 3. Tehail-wice average SOC otock (t C ha') in Ratnagiri dictrict
0-15 cm 15-30 em
Tehsils SOC stock Average SOC SOC stock Average SOC
range stock range stock
Dapoli 4.15-29.44 15.31 3.94 -24.11 14.38
Guhaghar 6.46 —34.94 17.69 6.51 —33.63 19.21
Mandangad 2.02 -30.76 19.41 1.49 —23.84 13.55
Chiplun 1.82 —29.80 15.34 3.02 -30.70 14.91
Khed 1.94 —56.06 20.46 3.72 —44.39 18.43
Ratnagiri 1.10 —40.23 16.09 2.22-41.24 15.00
Sangamechwar  (0.73 —37.41 15.79 4.72 —34.95 14.27
Lanja 1.43 —20.00 12.35 1.95-18.14 11.83
Rajapur 1.33 -35.09 12.90 0.26 —31.93 10.84




18

S. B. Nandgude et al.

Table 4. Tehail wice ooil organic carbon otock in Ratnagiri dictrict

Soil organic carbon (tonnes)

Tehsil GZ(;ge;agll:)cal 0-15 cm 15-30 cm 0-30cm
Dapoli 91040.47 1393830 1309162 2702992
Guhaghar 69490.4 1229285 1334911 2564196
Mandangad 44667.64 866998.9 605246.5 1472245
Chiplun 111995.3 1718008 1669850 3387858
Khed 102582 2098828 1890586 3989414
Ratnagiri 97700 1571993 1465500 3037493
Sangamechwar 126800 2002172 1809436 3811608
Lanja 75400 931190 891982 1823172
Rajapur 126500 1631850 1371260 3003110

Estimation of amount of CO,sequestered by soil

Amount of CO, cequectered by the ooil in the
celected tehailo of dictrict ranged from 3.18 to 7.70
megatonnec of CO, for 015 cm depth and 2.22 to 6.93
megatonnec of CO, for 1530 cm depth. Total ooil
carbon cequectration for dictrict wac49.29 megatonnec
of CO, for 015 cm depth and 45.62 megatonnec of CO,

at 1530 cm depth. Thug, the ooilo are a large oink of
carbon due to a relatively large area and long recidence

Total Soil Carbon Stock (Mg) of Ratnagiri
District for 0-15 cm depth N

Legend
Total Soil Carbon Stock (Md;
[ <05

[ Jos1-15
B 15-25
[ l26-35
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Fig. 8. Total ooil carbon ctock (015 cm) of
Ratnagiri dictrict

time of organic carbon in the ooil. High valuec of ooil
carbon cequedtration were obcerved in thoce tehalo
having relatively large geographical areac and high
carbon cequectration rates. Tehall-wice ooil carbon
cequectration rate and ooil carbon cequectration for
diatrict are given in tablec5 and 6, reopectively. Soil CO,
Sequectration mapcof dictrict for 0-15 cm and for 15-30
cmdepth are chownin fig. 11 and fig. 12

Total Soil Carbon Stock (Mg) of Ratnagiri
District for 15-30 cm depth N

Legend 4
Total Soil Carbon Stock (Md)
| <15
[ J16-25
B 25-35
[ 136-48
B 49-65
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Fig. 9. Total ooil carbon ctock (15 30 cm)
of Ratnagiri dictrict
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Total Soil Carbon Stock (Mg)

Total Soil Carbon Stock (Mg) of Ratnagiri
District for 0-30 cm depth

Fig. 10. Total coil carbon ctock (0-30 cm) of Ratnagiri dictrict

Soil CO2 Sequestration (t/ha) of Ratnagiri
District for 0-15 cm depth

Legend

Fig. 11. Soil CO, Sequectration map of
Ratnagiri dicdtrict at 015 cm

Soil CO2 Sequestration (t/ha) of Ratnagiri
District for 15-30 cm depth

Legend
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Fig. 12. Soil CO, Sequectration map of
Ratnagiri dicdtrict at 15 30 cm
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Table 5. Tehail-wice average ooil carbon cequectration (t CO, ha') ctock in Ratnagiri dictrict

0-15 cm 15-30 cm
Tehsils Carbon. Average Carbon. Average
sequestration carbon sequestration carbon
range sequestered range sequestered

Dapoli 15.20 —107.96 56.13 14.34-88.42 52.74
Guhaghar 23.70 —128.14 64.85 23.87-123.31 70.73
Mandangad 7.41 —112.78 71.16 5.46-87.42 49.69
Chiplun 6.67 —109.29 56.25 11.06-112.58 54.66
Khed 7.10 —205.56 75.02 13.67162.78 67.57
Ratnagiri 4.02 —147.54 59.00 8.13 —-153..24 58.33
Sangamechwar 2.68 —137.16 57.90 17.31 —128.16 52.32
Lanja 5.24 -73.35 45.28 7.15 -67.54 43.39
Rajapur 4.88 —128.67 47.29 3.97-117.12 39.78

Table 6. Tehail wice carbon cequedtered (tonnec of CO,) by coiloin Ratnagiri dictrict

Carbon sequestered by soil

Sr. No. Tehsil Geographical
area (ha) 0-15 cm 15-30 em 0-30 cm

1 Dapoli 91040.47 5110101.58 480147438 9911575.96
2 Guhaghar 69490.4 4506452.44 4915055.99 9421508.43
3 Mandangad 44667.64 3178549.26 2219535.03 5398084.29
4 Chiplun 111995.30 6299735.62 6121663.09 12421398.72
5 Khed 102582.00 7695701.64 6931465.74 14627167.38
6 Ratnagiri 97700 5764498.33 5698841 11463339.33
7 Sangamechwar 126800 7341964.72 6634176 13976140.72
8 Lanja 75400 3414673.73 3271606 6686279.73
9 Rajapur 126500 5983993.95 5032170 5398084.29
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Conclusion

Total carbon otock in the ooil ic 13.44
megatonnecfor 015 cm depth and 12.35 megatonnecfor
1530 cm depth in didtrict. The amount of CO,
aequectered by ooil i1649.29 megatonnes of CO, at 015
cm depth and 45.62 megatonnec of CO, at 15-30 cm
depth. Significant variationc were obcerved in organic
carbon content among camplec collected from different
placecand ooil deptha. The reaultcindicated that coiloare
an important cink of atmoopheric carbon dioxide and can
play an important role in mitigating the climate change if
protected with cuited concervation meacurec.
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