Available online

European Journal of Advances in Engineering and Tdmology, 2015, 2(7): 10-17

i *:'w..a

Research Article ISSN: 2394 - 658X

o ] it
Pl

Organic Carbon Depletion Impact on Future Global Climate

Vijayakumar and Chithirai Pon Selvan M

School of Engineering and Information Technology, Manipal University, DIAC, Dubai, UAE
dr.vk2002@gmail.com

ABSTRACT

Soil organic carbon (SOC) is a very important component of the global carbon cycle, and the fate of SOC will
have an important impact on the future global climate. Moreover healthy soils are not only more productive from
an agricultural point of view, but they also provide other key ecosystem services. Maintaining a healthy level of
OC is essential to maintain or improve soil health and is explicitly mentioned in Global environmental facility
strategy documents. Two thousand five hundred ninety surface soil samples from the entire 232257 ha. area which
covers fifteen soil series of Nagapattinam district, Tamilnadu, India were analyzed to know the strength and
mapping of soil organic pool. The standard procedure was used for the analysis. This study showed that Kutthalam
taluk soils ranged between 0.20 and 0.26% with an average value of 0.23%, Mayiladuthurai taluk soil: min 0.14%
max 0.49% with the mean value of 0.29%, Kilvelur taluk soils: min 0.29% max 0.57% mean value of 0.39%,
Vedaranyam taluk: ranged between 0.21 and 0.37% with an average value of 0.28%, Nagapattinam taluk: ranged
from 0.16% to 0.49% mean- 0.29%. Sirkali taluk soils. from 0.23% to 0.67% mean value - 0.43%, Tharangampadi
Taluk OC level was ranged between 0.30% and 4.56% with the mean value of 1.51% and Thirukkuvalai taluk was
varied from 0.19% to 0.65% with the mean value of 0.36%. The area where the OC pool is low, medium and high
is identified, nutrient index calculated and mapped. The results of present study about organic carbon (OC) of
Nagapattinam district revealed that the range was 0.14 to 4.56 % with the mean value of 0.47%. The low content
organic carbon was 100% in Kutthalam, 83.58% in Mayiladuthurai taluk, 53.70% in Kilvelur taluk, 100% in
Vedaranyam taluk, 90.59% in Nagapattinam taluk, 28.72% in Sirkali, 15.71%in Tharangampadi and 62.86% in
Thirukkuvalai. Out of 232257 ha. area of Nagapattinam District, 152584.5 ha area under low level, 67392.7 ha.
area under medium level and 12279.8 ha area has sufficient quantity of OC. 66.9% of this district under low level
of OC. The inappropriate land use and mismanagement practices including natural calamity are the reason for the
depletion and the land users are urged to adapt with best land use practices to reclaim SOC pool in the soil.
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INTRODUCTION

Atmospheric CQ@is keep increasing due to many factors and thneadethe world as in the form of Ozone layer
depletion, Global Warming, etc. Soil Organic carf®@®DC) is present in soil organic matter (SOM) tisathe
organic constituent of the soil that is made upefomposed animal, plant and microbial organisrhs. drganic C
content is an index of organic matter status ofdbis. Increasing SOC can improve soil health ead help to
reduce atmospheric carbon di oxide. Moreover Sgidnic carbon is very important to improve soitifgy as well.
Particular emphasis will be placed here on the oblmacronutrients [1-2]. It is now widely recoged that SOC
plays an important role in soil biological (prowisiof substrate and nutrients for microbes), chahflwuffering and
pH changes) and physical (stabilisation of solicture) properties. In addition, it improves thegerties of soil
such as water holding capacity, water infiltratighant root growth, plant nutrient uptake, nutrieytcling and
availability, adsorption of pesticides, etc. Comrsidg this wide variety of performance indicatdBs4] pointed out
that soil quality needs to be assessed with retgasghat the soil is used for, as a particular swdly be of high
quality for one function and may perform poorly fomother. Many of which are a function of SOM cont-6],
indicated that SOM was a key indicator of soil kiedlut further suggested that particulate orgaratten (POM)
could be used as an indirect measure of soil healthuse of its short turnover time.

Increasing enough quantity of OC in the degradédtsmugh good practices that improves not ongyquiality but
also possible to mitigate climate change as saits store large amounts of carbon, up to 50-300 penshectare,
which is equivalent to 180-1100 tons of carbon @iex7]. The carbon cycle is essential for life Barth. While
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photosynthesis by plants, algae and cyanobactetizei key mechanism allowing life to capture the'senergy,
carbon dioxide (Cg) respiration is the main mechanism through whigtoophs and heterotrophs use part of the
stored energy to fuel their metabolism. Within tlagbon cycle, the soil acts as a major reservoir.

The soil organic carbon pool is more than twice sfee of the atmospheric carbon pool (ca. 800 d)that it
contains about three times the amount of carbowvemetation [8-9]. Nagapattinam is the one of th&tridit of
Tamilnadu and quite often affected by natural dexasuch as cyclones, heavy rain and water ruetdf,OC in the
soil series of this district is depleted much aegrdded by natural processes and inappropriatentarthgement
practices. The amount of soil organic carbon ctbedncreased such a way to convert atmospherionarb

Study Area and Location

The location of experiment site was Nagapattinastridt, Tamil Nadu that lies on the shores of Bay of Bengal
between Northern Latitude 10.10" and 11.20' Eastgltade 79.15' and 79.50'. This is peninsular del&drict
surrounded by Bay of Bengal on the East, Palk Straithe South and land on the West and Northede. Sihis
District is predominantly, a coastal district hayia large coast line of 141 kilometres. This distis having an area
of 232257 ha in its fold. This district is envelogi8 taluks and 518 revenue villages. The Recosaat®e soil
survey of Nagapattinam district has indicated liBsswies along with Sand, Swamp and Reserve forest

METHODS AND MATERIALS

The process made with the help of Lab manual- 2Q1Q] -Soil testing, Department of Agriculture and
Cooperation, Ministry of Agriculture, Govt. of Iradi A visual survey of the field was made for sampliandomly
[11]. The soil colour, texture, management and gitagp pattern was considered for preparing samplimg A V' -
shape cut was made with a spade to remove 1 to ficenof soil. The surface soil samples were ctélé from O-
15 cm depth by spade and put in a clean bucket.sbhhesamples poured out from the bucket on a piadean
paper and mixed thoroughly. Then spread the seihigvand divided it into 4 quarters. Two oppositeuders were
rejected and mixed the rest of the soil again. Regukthe process till left with about half kg oé téoil, collected it
and put in a clean polythene bag which was propexdyked to identify the sample. Details of the skmpvas
written in the information sheet, one copy was ipuhe bag and tied well. The packed soil samplegevtaken to
the laboratory for air dried. Such samples wemugd with a wooden pestle and mortar so that tileaggregate
are crushed but the soil particles do not breakndow

After grinding, the soil was screened through ar sieve. The practice of passing only a portiorthef ground
sample through the sieve and discarding the reraaiisderroneous. This introduces positive biashengample as
the rejected part may include soil elements wiffedgntial fertility. The entire sample should, teéfre, was passed
through the sieve except for concretions and psbiifienore than 2 mm. The coarse portion on theesséwuld be
returned to the mortar for further grinding. Repéasieving and grinding was done till all aggregadeticles were
fine enough to pass the sieve and only pebblesnargesidues and concretions remain out. Aftersdmaple was
passed through the sieve, it was again mixed thyhgu The soil samples should be stored in cardbdamxes.
These boxes should be numbered and arranged isothsample room for further soil quality analysiy, which
soil chemical parameter OC is made known by thegu€hromic acid digestion method [12].

RESULTS

Kutthalam Taluk (Fig. 1): The organic carbon (OC) status of Kutha taluk soils were analyzed and ranged
between 0.20 and 0.26% with an average value 08%.2The low value (0.20%) was observed from
Kodimangalam, Kokkur, Nallavoor, Sengudi and Thdahgudi villages. Whereas the highest value (0.26/8
recorded from Thiruvaduthurai and Thulasenthirapuréllages. Considering the soils having <0.4% s, 0.4 —
0.75% as medium and >0.75% as high in organic cadbatus [13], the distribution of soil samples enthese
categories was 100% low. None of the samples sladuwes in medium and in high status. Nutrient infel value

is 1 and it shows that low status while compareith wutrient index class considering < 1.5, 1.5 & 2 2.5 were
low, medium and high respectively.

Mayiladuthurai Taluk (Fig. 2): The 335 soil samples taken from Mayildaluti were investigated and ranged from
0.14% to 0.49% with the mean value of 0.29%. Thmilte were showed (Table 4.1.2) that 83.58% saiipdas
under low category (< 0.4 % as critical limit givienTable 3.4) and 16.42 % samples under betwetartd 0.49%
(medium level). The lowest OC value 0.14% was oletfrom Kozhaiyur village and highest OC value@#was
noted from Ivanullur village. The nutrient indexass was deficient (1.16) as its nutrient Index eakas < 1.5,
(tablel)

Kivelur Taluk (Fig. 3): The organic carbon status of Kilvelumutakoils was ranged from 0.29% to 0.57% with the
mean value of 0.39%. The 53.7% soil samples uraerchtegory and 46.3% samples between 0.4 to OtGa®4s
medium level. The lowest OC value was 0.29% obskifvem Radha Mangalam and Karungannii village and
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highest OC value was 0.57% noted from Satiya Kulihge. The nutrient index class was deficient 6}.4s its
nutrient Index value was <1.5, (table

Vedaranyam Taluk (Fig. 4): In Vedaranyam taluk, all the samples wander low category. It ranged between (
and 0.37% with an average value of 0.28%. The lalwes(0.21%) was observed from Vedaranyapuramge and
the highest value (0.37%) was recorded from Ayaké&alam 1 St Sethi village. The nutrient index eali1 and i
shows low status (table 1).
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Nagapattinam Taluk (Fig. 5): The OC status of Nagapattinam taluk was ranged 0.16% to 0.49% with the
mean value of 0.29%\laximum number of (90.59%) soil samples were reedrih low category i.e. < 0.4 %
critical limit given in Table 3.4 and 9.41samples had EC between 0.4 to 0.49% that is mekiveh(Table 4.1.5)
when compared with critical value 0.4 to 0.75%. Taweest OC value 0.16% was observed fThirupugalur and
highest OC value 0.49% was noted from Pappakdiégd. The nutrient ind¢ class was deficient (1.09) as
nutrient Index value was <1.5 (table

Sirkali Taluk (Fig. 6): The organic carbon strength of Sirkali taluk seilss ranged fror0.23% to 0.67% with the
mean value of 0.43%onsiderable number of (.73%) soil samples were recorded in low category aagdimum
number of (71.28%) soil samples had EC betweertd67% (medium level). The lowest OC value 0.2886s
observed fronPachai Peruma Nallur village and highest OC val6&g% was recorded from Tknam Pattinam and
Mahendra Palli villages (Table 3.8) (Table 4.1)e nutrient index class was medium (1.68) asttsient Index
value between >1.5 and < 2.5(tabl

Tharangampadi Taluk (Fig. 7): Tharangampadi Taluk OC level v ranged betweef.30% and 4.56% with the
mean value of 1.51%Considerable number of (15.71%) soil samples wecerded in low category ( < 0.4 ¢

40% soil samples had OC between 0.4 and 0.75% 9% 2bil samples recorded above 0.75%. The lowes

value 0.30% was observed frafilaham and highest OC value 4.56% was noted franagalur villages (Table 3.

(Table 4.1.7). The nutrient index class was med{@M9) as its nutrient Index value was between >n8 <

2.5(tablel).

Thirukkuvalai Taluk (Fig. 8):OC status in Tirukkuvalai taluk was varied from 0.49to 0.65% with the mean
value of 0.36%Low level was 62.86%. Medium status was 37.14%. [Dimest OC value 0.19% was obsen
(table 4.1.8) fromPanangadi and highest OC value 0.65% was noticed odiyalathur vilage. The nutrient index
class was medium (1.37) and nutrient Index was éetve1.5 and < 2.5, (table

Table -1 Spatial Distribution of Organic Carbon

Minimum Maximum | Mean | % of samples | % of Samples | % of samples Nutrient Nutrient
Taluks (%) (%) (%) In Low in Medium In High Index Index Class

Kutthalam 0.20 0.2¢ 0.23 100 Nil Nil 1 low
Mayiladuthurai 0.14 0.4¢ 0.29 83.58 16.42 Nil 1.16 Low
Kilvelur 0.29 0.57 0.39 53.70 46.30 Nil 1.46 low
Vedaranyam 0.21 0.37 0.28 100 Nil Nil 1 Low
Nagapattinam 0.16 0.4¢ 0.29 90.59 9.41 Nil 1.09 Low

Sirkali 0.23 0.67 0.43 28.72 71.28 Nil 1.68 Medium

Tharangambadi 0.30 4.5¢€ 151 15.71 40.0 44.29 2.29 Medium
Thirukkuvalai 0.19 0.6t 0.36 62.86 37.14 Nil 1.37 Low
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DISCUSSION

Particulate organic matter [15] regarded as thgénic fertilizer’ property of SOM. In general, ieeses in SOM
are seen as desirable by many farmers as highelslave viewed as being directly related to bettant nutrition,

ease of cultivation, penetration and seedbed padipar greater aggregate stability, reduced bulisiie, improved
water holding capacity, enhanced porosity and erawiarming in spring [16-18]. It is [18] noted tH&OC’ is the

most important indicator of soil quality and agramo sustainability because of its impact on othbysical,

chemical and biological indicators of soil qualitfven though few soil type found in the Nagapattinsoils,

Researcher studied that the irrespective of spi tiy appears that if SOC contents are below 1%ay not be
possible to obtain good potential yields from cr{is.

The results of present study about organic cart®) (of Nagapattinam district revealed that the eamgs 0.14 to
4.56 % with the mean value of 0.47%. The low conteganic carbon was 100%, 83.58%, 53.70%, 100%6996,
28.72%, 15.71% and 62.86% were Kutthalam, Mayiladrati, Kilvelur, Vedaranyam, Nagapattinam, Sirkali,
Tharangampadi and Thirukkuvali taluks respectivi#ig. 9). The lowest OC value 0.14% was observeanfr
Kozhaiyur village Mayiladuthurai taluk and high€3C value 4.56% was noted from Parasalur.

It was found from the result that 17087 ha. in Kathm taluk, 20464.6 ha. in Mayiladuthurai talu4748.0 ha. in
Kilvelur taluk, 47029 ha. Vedaranyam taluk, 27386&8 in Nagapattinam taluk, 12698.3ha area in Bitahuk,
4355.8 ha in Tharangampadi taluk and 8825.5 ha iardairukkuvalai taluk were low content of orgargarbon
(Table 2) that compared with the critical limit)(4 %) suggested by Muhr et al., [20], Biswas antkhérjee [21]
and also guideline was given in the lab. manueptDa&f agriculture, India. Similar study was takenSharma K.P
et al [22]. There were 152584.5 hectare area (6pa®this Nagapattinam district has low level of @€0.4%
compare to critical limit), 67392.7 ha area i.e%2th medium level (0.4-0.75 %) and 12279.8 ha &%aonly in
sufficient level of OC (>0.75%) out of 232257 haaof Nagapattinam district. This results indidast majority of
soils were found to contain low level organic carpahich in turn reflects on the low fertile andydeded status of
Nagapattinam district that enhancing climate cleaofgthe world. Hence this soil should be treatedts nutrient
value was 1.39 as the limit given [22].

Table - 2 Mapping of Nagapttinam District in Termsof OC level

Sl. No Taluks of Nagapattinam District No. Of Villages Area (ha) of OC content
L M H
1 Kutthalam 55 17087 -
2 Mayiladuthurai 67 20464.6 4020.4
3 Kilvelur 55 14738.0 12707.0 -
4 Vedaranyam 57 47029.0 -
5 Nagapattinam 85 27386.3 2844.7
6 Sirkali 94 12698.3 31515.7 -
7 Tharangambadi 70 4355.8 11090.4 12279.
8 Thirukkuvalai 35 8825.5 52145 -
Total 518 152584.5 67392.7 12279.8

FACTORS INFLUENCING LOSS OF OC

However, historic loss of SOC due to inappropriated use and mismanagement practices has caussdlimedn
soil quality and emission of C into the atmosphéygricultural practices have contributed to the ldépn of the
SOC pool through deforestation and biomass burniliginage of wetlands, ploughing, and removal afpcr
residues, summer fallowing and cultivation.

The loss of SOC was attributed to three main pE®sl) oxidation and mineralization due to theakdewn of
aggregates leading to exposure of carbon, 2) legamd translocation as OC and 3) acceleratedogrtsi runoff
[23-24]. Soil degradation leads to the depletiothef SOC pool and emission of greenhouse gasesdodno the
atmosphere. Physical, chemical and biological désgian lead to a reduction in biomass producticth thie amount
returned to the soil, decline in soil quality amdigsion of trace gases to the atmosphere.

Moderate to severe soil degradation through erog@B] compaction, leaching and loss of biodivegsstructure,
and tilth continues and around the world [26] doigteviously unrecognized consequences of traditisail and
crop management practices (e.g., intensive tillagpsessive nutrient and pesticide applications, amdr-
consumption of fossil fuels). Reports on the stH#teur land suggest that soil (deposited off-sitesediment or
dust), nutrients, and organic matter have beeralosites far exceeding a sustainable level, [2Fhe result is that
traditional agricultural practices have had enorsndirect and indirect consequences on productipitgfitability,
and environmental quality throughout the country.
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Fig. 9 Deficiency and sufficiency status of OC of &apattinam District

RECLAIMING PROCESSES OF ORGANIC CARBON

The main factors employed in the loss of OC in Nadgénam soils were decomposition and leachinggsses. To
effectively increase SOC, the rate of input musteex the rate of loss from decomposition and le@chrocesses.
In most agricultural cases, this is achieved bylsie retention, rotating crops, or the additioroofanic residues
such as animal manure, litter or sewage sludgehdnstudy he [28] showed that SOC of a sandy smildcbe
increased from 0.7 to 0.9% over 6 years by retd@icrap residues, which was associated with a ctergisncrease
in arable crop and sugar beet yields.

Subsequent regular applications of farmyard maiiexeM) increased SOC from 1% to 3.4% whereas lomgite
application of fertilizer N had no measurable effen SOC levels. Similarly, [29] showed in a 304ykmg field
trial that biannual additions of various organiaghom residues (straw, sawdust, green manure, ard) had
positive effects on soil C levels. The highest awalations occurred with sawdust plus N and manuoreraiments.
It was suggested that the quality of the amendmenmts related to these trends as lignin content® \uagh for
sawdust and FYM (30%) and low for straw (15%). Tikish accordance with a study by However, he [28b
showed that green manure had only 6% lignin buttigler C accumulation compared with straw. In ttinis was
related to higher crop productivity and returneplits due to the higher N content supplied by greanure.

STATISTICAL ANALYSIS

In the case of OC, the data have been collecten ftee sampled villages of each taluk and using sime

descriptive statistics have been computed and giveam the table 3, it is seen that for Tharangatnbauk the

average is highest next comes Sirkali taluk. lbisresting to note that the variations are vexy io the case of all
the taluks except Tharangambadi for which the $ D.417 which is the highest. Hence it can be kwled that
even though the average of OC is higher for Thaanmadi taluk, the variations between the villagéh vegard to

the OC values is very high. From the data colletbedanalysis of variance has been carried outlndesults are

iven.
J Table - 3 OC Analysis of Variance and Descriptive tatistics

Taluks Villages | Mean | Std. Deviation | Std. Error 95% Confidence Interval for Mean Minimum | Maximum
Lower Bound Upper Bound

Nagapattinam 85 .29 .06532 .00708 .2823 .3104 .16 .49
Kilvelur 55 .39 .06080 .00820 .3701 4030 .29 .57
Thirukkuvali 35 .36 .13283 .02245 3115 4028 .19 .65
Vedaranyam 57 .28 .05090 .00674 .2832 .3102 .21 .37
Sirkali 94 43 .10647 .01098 4293 4729 .23 .67
Tharangambadi 70 1.51 1.41707 .16937 1.1483 1.8240 .30 4.56
Mayiladuthurai 67 .29 .08042 .00983 .2702 .3095 .14 .49
Kutthalam 55 .23 .01568 .00211 .2238 .2322 .20 .26
Total 518 A7 .65815 .02892 4340 .5476 .14 4.56
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Table - 4 ANOVA - OC

Sum of Squares df Mean Square F Sig.(P)
Between Groups 82.587 7 11.798 42.567 .000
Within Groups 141.355 510 277
Total 223.942 517

It is noted that from the table 4 that is F statisalue is 42.567 with corresponding P = 0. Themefthe null
hypothesis of equal average OC for the differelikiis getting rejected. It implies that the ageraf OC differs
significantly from one taluk to another.

CONCLUSION

Soils play an important part in the global carbgole as they contain about 1550 Pg (picogram) géwoic carbon
and 750 Pg of inorganic carbon (0-100 cm depthiofdingly, the total soil carbon pool of 2300 Pdheee times
that of the atmospheric and 3.8 times that of tieéidopool [17]. The CQ@in the atmosphere can theoretically be
controlled by growing trees.’ [30]. The benefitsintreased SOC stocks by adopting sensible lancagsment
practices extend beyond the much-discussed greeahgas sequestration schemes. In fact, direct ik rodf
increased SOC content to the landowner includeeas®d productivity, sustainability and, aboveiaihroved soil
quality. Therefore, carbonization or greening & thrrestrial biosphere [24] can transfer somehefatmospheric
CGO, into the terrestrial C pool and also offset antliggmic emissions. As the soils of study area hag hav
content of OC, more quantity of OC could be sirbk ithe area is possible.
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