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I.INTRODUCTION

The planet is warming, and it is considered the most threatening and controversial en-
vironmental issue in this century. Since the industrial revolution, a drastic increment in
atmospheric CO2 and other greenhouse gases has been identified. The contribution of
soil towards reducing atmospheric carbon dioxide concentration through the process
of carbon sequestration has become more prominent with the recognition of its role as
a long-term carbon reservoir. Carbon sequestration means the transfer of atmospheric
CO2 into long-term carbon pools, which are stored steadily without re-emitting in
a short run. Hence soil carbon sequestration refers to the increment of soil organic
carbon (SOC) and soil inorganic carbon (SIC) stocks through careful land use and
recommended management practices Lal (2004). Nearly 1500 Pg of organic carbon
is preserved within soils of the global terrestrial ecosystems, and the quantity is more
than twice that in the atmosphere while 2-3 times greater than that in terrestrial vege-
tation Wang et al. (2007).
The maintenance of SOC ensures that C remains are sequestered in the soil, which
helps reduce carbon emissions and improve agricultural productivity. Soil carbon
sequestration would revitalize the soil quality, thereby enhancing harvest quality via
increasing essential nutrient uptake while restricting pollutants uptake. Carbon seques-
tration would be more beneficial for the tropical soils that exist in a highly weathered
nature, exhibiting very low soil fertility. Therefore, estimates of soil carbon content
'tmd associated soil prol.)c.rtics in tropical ecosystems are highly important for manag-
ing ccosystems that facilitate more carbon to be sequestered in soil. i
:;acc}gz;i[E(g)rg;f:\Lszla;;(\;a)Pl:dgrlr:g\rli:zs {;_v,lrownfls a ‘sltapleo food in most Asian cour?trics:
Lanka. Soil organic ;:arbonyaccumula{,'pro"\lmaiitdy A c ultivated lands in Sri
nounced than in other arable ecosyst i TNpa 2 Aoy ls.fastcr m']d ot v
composition rates are considered sr{nlclrer:sundu i l;f_:cause 'S(‘m b mat.t sl
ditions. Furthermore, high content o‘f silt 'mde::lanaf:ro d Cond}tlons s acr.oblc ot
) g ay in paddy soils than those in upland

soils leads to more considerable SOC accumulation Lal (2002). Studying the C status

and recording them is important regarding two aspects of mitigating global climate

change and managing paddy-growing ecosystems. The current study aimed to identify
the spatial drivers and estimate total soil carbon concentration across the paddy-grow-
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' 2.MATERIALS AND METHODS
The soil samples were collected across the three major clim

mediate, and dry) in the paddy-growing soils of Sy Lank
were used to collect soil samples for mode] calibration an
the Conditioned Latin Hypercube sampling desig

. ' . n was em tlermine cali
bration locations, and a stratified random sampl; e A

validation locations. A total of 987 topsoil samples were ; od i

C01npo§ited soil samples were collected at eacﬁ sar:;lrii;gnsci(t:p :tr?)tleS 1::: :hbl S(;udyl;

level using a soil augur of 5 cm width. The GPS locations of all the sampli Ry

. . pling sites were

recorded using a Garm.m. eTrex 30 handheld GPS receiver. x

In the.lab.oratory, all visible organic debris, plant roots, and stones were removed by
handpicking. Then the soil samples were air-dried at room temperature and sieved
through a 2mrr3 mesh sieve. The chloroform fumigation and extraction method was
used to determine MBC content Anderson and Ingram (1993). Further, the fresh soil
samples were analyzed for soil pH (1:2.5 soil: water suspension) and Electric conduc-
tivity (EC) (1:5 soil: water suspension) Anderson and Ingram (1993). Then the rest of
the soil samples were ground to a less than 0.15 mm powder for the dry soil analyses.
The Permanganate Oxidizable Carbon (POXC) fraction was estimated by the Modified
KMnO4 oxidizable C method Weil et al., (2003), and the Dissolved Organic Carbon
(DOC) fraction was determined using the titration method using acidified ferrous am-
monium sulphate Anderson and Ingram (1993). The available nutrient cations (Ca,
Mg, K, Fe, Mn, Cu, Zn) were determined using Atomic Absorption Spectrophotometer
(GBC 933 AA). Total C and total nitrogen (TN) contents were analyzed by automated
combustion using the 2400 Series II CHN elemental analyzer by using standard labo-
ratory protocols. .
Rainfall, maximum temperature (MXT), mean temperature (MT), clcx'z}tlpn, vapour
pressure deficient (VPD), MODIS enhanced vegetation index (.EVI), minimum 'tcm-
perature (MIT), slope degree, and wetness index dflta were 'conSIdered as the environ-
mental predictors of soil C. Random Forest machine leaming model tra.me\.v(.)rk was
used for the current modelling and mapping work. A noval area of appl:cablh.ty con-
cept was used to identify the reliability of current prediction. Morco"e:; . ‘I}“:,t“'a‘rll?t:
statistical approach (Redundancy analysis) was undcnaker.l to explore.t ¢ r; ationship
between the considered explanatory variables and the variation in soil carbon.

alic regions (wet, inter-
a. Two sampling strategies
d validation purposes. First

P

3.RESULTS AND DISCU.SSlON‘ . 335
Based on the spatial estimates across the paddy-growing feg":/“s'l?}f S:i L;::tap:rglsg f
dicted total soil C concentration varied from 0.92% oto 14.154 ;ty) ?‘ollgwed ey
soil C concentration range was in the wet zon¢ (2.05% to 14. : :1 i dhy ome (0.92%
termediate zone (1.09% to 6.86%), and the lowest Was rep(-)r:ed lin Fig. 1. Soil carbon
to 4.60%). The spatial distribution O_f SOitl, car'tzlof:lllsl\igg}c lfﬂ, eleva.tion, VPD, EVI,
conccateation was Si%niﬁcl?gzgl??; ;a;;::aci lipzlentiﬁ;:s the areas where the app‘lzlscsz}tl;;;n
bty gty dine to the AOA results, the rf10d<:l can be i 4
of model is problemaic. agerir it 29, of the intermediate Zone, and 65% of the
applied to 98% o the dry zone regions, oLl

wet zone of the country (Fig 2)-
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Fig. 1.Spatial distribution of predicted TC concentrations (%) in paddy-growing
soils across Sri Lanka with the major climatic zone boundaries
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Fig. 2: Percentage of Ar-'ea Of Applicability of current soil C prediction for
major climatic zones of Sri Lanka.
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According to the multivariate analysis, the rainfall positively correlated with soil ¢
and its fractions, whereas EVI positively correlated with POXC, MBC, and total C
Moreover, total N, available K, Ca, Fe, Zn, and Cu contents showed positive cor-.
relations with soil carbon and its fractions (Fig.3). Cations that attach to negatively
charged organic surfaces are responsible for cation-mediated soil C stabilization. On
the other hand, significant negative trends were observed between Total C and carbon
fractions with the soil pH, suggesting that higher pH levels negatively affect soil C
stabilization. Interestingly, the factors related to MBC were more or less similar to that
of POXC, indicating similar driving forces for both pools.
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Fig. 3: Redundancy analysis (RDA) biplots of soil parameters versus soil carbon
pools; Abbreviations of response variables; TC: Total Carbon, DOC: Dissolved
Organic Carbon, MBC: Microbial Biomass Carbon, POXC: Permanganate
Oxidizable Carbon

4.CONCLUSION

This study comprises a detailed field sampling campaign to collate ground truth data-
sets and derived the first-ever detailed baseline total C concentration spatial estimates
across the paddy-growing soils in Sri Lanka. The derived AOA outputs can target ad-
ditional samples first to improve the model quality, followed by the s?patlal f.:stlmates.
Further, the study showed that soil carbon could be manipulated by soil chemical prop-
erties such as soil pH and soil N and nutrient cations of K, Ca, Fe, Cu, and Zn. The

outputs generated from this study would provide the necessary information tz noun;h
the country-specific data deficiency on carbon reservoirs and enhance Fhe understan |
s. The findings will provide a successfu

ing of soil carbon drivers of tropical ecosystem : .
Bt i i icti 4 oratin,
initiative to improve the reliability of {uture spatial soil C predictions by incorp g

important soil carbon determinaats.
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