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ABSTRACT

The rapid rate of urban expansion due to a rise in population and economic growth is causing
land use and land cover changes in Delhi NCR region. The present study assesses the impact
of land use change on climate by estimating the reduction in the soil carbon sequestration
capacity and emission of carbon dioxide (CO2), a major component of greenhouse gas, into
the atmosphere. Soil, the huge pool of earthly carbon retains almost 1500 Pg. organic carbon
in its outermost top one meter. Any small changes in this huge pool may lead to great impacts
on the biogeochemical cycle of carbon (C). Modelling of soil organic carbon (SOC) is an
appropriate method to evaluate the effect of land use and its management on soil carbon
sequestration which one could not assess through the experimental work. The present study
aimed: 1) to evaluate how land use change and season influences soil organic carbon (SOC)
stocks, 2) Simulation of SOC in different land use for next 30 years from the year 2015, with
the help of Rothamsted Carbon Model (RothC) by Coleman and Jenkinson (1996) and 3) to
determine the effect of different fertilizer treatment on SOC retaining capacity in different
soil texture by controlled experiment. To achieve these objectives four different land use,
falling under same climatic area of Delhi NCR region, the Protected forest (PF) and
Unprotected forest (UPF) of the South Central Ridge of Aravallis (28°32'00"N 77°10'40"E)
near Vasant Kunj and Mehrauli in Delhi and the Organic Farming (OF) and Chemical
Farming (CF) fields located in Bulandsahar (Uttar Pradesh state in northern India having
coordinates 28°26°N 77° 50;E), Ghaziabad, UP of India were selected for analysis of soil
organic carbon (SOC) and soil inorganic carbon (SIC) in the upper layer of soil (0-30 cm) in
three seasons of a year. Soil samples were collected in the summer (March), monsoon (July)
and winter (December) seasons of the year 2015 from various depths 0-5, 5-10, 10-15, 15- 20

& 20-30cm. The result showed that statistically significant difference exists among SOC of



the four land use and it follows the order of PF> UPF > OF > CF in all the seasons.
Statistically, an insignificant difference was observed between SIC of organic and chemical
farming fields but SIC in the protected forest was found significantly higher than the
unprotected forest in all the seasons. The statistically significant difference in C/N ratio was
observed in the soil of all land use in all seasons and it follows the order of PF> UPF > OF >
CF. The average SOC (t/ha) in 2015 in PF, UPF, OF & CF were found as 97.78, 72.92, 65.40
& 40.15 respectively. Net emission of COz in the atmosphere per hectare of land was
calculated in terms of the difference in SOC (t/ha) in different land uses. It was observed that
if one hectare of PF gets converted into UPF, 91.24 tons of CO2 would be released into the
atmosphere and if it gets converted into agricultural land then depending on management
practices either as OF or CF field amount of CO2 released in the atmosphere would be 118
tons and 211.50 tons respectively. Similarly if one hectare of unprotected forest gets
converted into agricultural field then according to management practices of OF and CF
management practices the amount of COz released in atmosphere in tons would be 27.60 and
120.26 respectively and if one hectare of OF field gets converted into CF field the amount of
CO2 released in atmosphere would be 92.67 tons. But no significant differences were
observed across the three seasons (summer, monsoon, and winter) in the SOC, TN and C/N
ratio in all the four selected land use. The simulated values of SOC correlated well with
measured data (R?=0.96 to 0.97) for all the four land use, the modelling error (root mean
square error, %RMS) were observed as 2.65, 5.08, 3.90 to 5.32 in surface layer of protected
forest PF, UPF, OF and CF sites respectively indicating a good efficiency of the Roth C
model. The Nash-Sutcliffe model efficiency coefficient (E) which matches predicted and
observed values and varies from “—infinity” to “1”, with the best performance at “E=1" were
found as 0.64, -0.35, 0.65, 0.63 respectively for all four land use. Negative values of ‘E' for

unprotected forest indicates fewer similarities of predicted values with the mean of the

Vi



observed value, this may be due to over disturbance of the selected sites due to concrete work
all around the unprotected forest area which is surrounded from all sides by Jawaharlal Nehru
University, Delhi that may leads to disturbance of natural biological balance of the forest soil.
On the basis of simulated SOC stock for the next 30 years, the PF showed 14.63% increase
and UPF 4.82% increase, the OF 3.729% increase but the CF showed 9.06% decrease, in
SOC stock in 2045 from 2015 stock. The result of controlled experiments shows that if we
shift from Organic manure to Chemical fertilizer treatment in sandy loam, loam or silty clay
soil, the potential of an additional amount of COz2 release in the atmosphere from one-hectare
agriculture land would be 40.10, 40.21, 40.62 tons respectively. These data give the
quantitative estimation of how land use and land management affects the conversion of soil

from sink to source of carbon in the atmosphere.

Keyword: - Soil carbon sequestration, Soil organic carbon, Soil Inorganic Carbon, Carbon

cycle, Organic manure, chemical fertilizer.
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qR

SFRREAT 3R 311fYe faewr & 9fg & SR et fowaR &1 g &R fewel TeftemR &= & yfi
JURT 3R Y HaR H# aRad &1 BRI @l & | TaH T ST HIe- SIehHUT &
T B 3R B SRIHTRIZS (CO,), WETST T &1 U UHW Ucdh, agHeSd H HH Bl

A TSR FAdR] R YH SYIRT URA & THTG BT fThe Pl ¢l Hal, JEe
BT BT fI=TE T TTHT 1500 Py THTE QT & | BIS(D bTai- 30 1a<t MY T Wex H|
=9 fo=ma qa o forsht oft BC aeard ¥ F1e- (¢) & SI9-Im - I R 9gd e UG IS
gardl g | FEt wrefes @1ei (soc) 1 AisferT gt Hre SrIehHul TR YiH IUAhT iR 39®

T & THTT BT Hedidh] B & folU Th UG a1 &, Ford) TaNTTes H1H & H1eH 9

31T -TET b T ST bl § | TAHT LT PT e §: 1) TS eI I & fog fob YfHy
ITRT & gRade SR HgH gl FefAe B1e (Soc) & AR BT B YU HRT ©, 2)
AU FIa Aled P AGE I a8 2015 F 3T 30 TN & for€ Al fEy Suam & vosii
%1 R (RothC) HITH 3R SHfdb-a (1996) 3R 3) GRT fAdfAd wanT gri fafd gt
§ATC H THIMT ST @ B & TR fAfe IaReh IUAR & UHTa D1 Heiid A & e
1 S| B U HRA o [T IR S-S YF IuanT, faeet] TRITSIR &3 o JHH Sidary
&, TRI&A o1 (PF) TR SRTACH & SfaT herd Rl & SRIRFEM o (UPF) & dgd IR (28 f&Uht
32'00 "TF 77 T8t 10 ' 40 %) At & a¥d $o 3R ARG & U 3R FeigeRr H f¥a
HIaeh Wil (OF) 3R HIADH BIHHT (CF) &3 (ST HRA H ITR UG IS4 28026'TH 770 50;
%), TToraTaTe, gut & TH-ad § § YRd &1 Ud a8 & <1 T3 # 7] (0-30 cm) B ST IR d
fAret wrdfe ST (soc) MR ISt s/bTa-es BTeH (sic) & faRas T & forg g1 7mam 1| ga




T AT (@, AR (S[aTs) SR afeal (feer) & Ad & 9 2015 o fafts 1= 9 o-5,
5-10, 10-15, 15-20 3R 20-30 cm H THA fHT MY q| Ffiol ¥ el =al & IR Y& IgaT &
TR & st Iiege i ©0 ¥ Agayqul 3R Hivlg & 3R a8 9t AH ! J Pr> UPF > OF >
CF & 3G BT UTeH Rl g1 RSB ¥U W, Bleid R IRHS Gt & &l &
THIMS T & &9 Uh Hedal 3R 7T T UT AT TRferd STl H Tgamsat gt age o
SRRF&T ST &1 JaT1 | FHIoht AT urar 7am 1| it At & it ofty o ot gt |

C/N SI0Td § iR 1 U J HdqUl SR <l 7T 4T 3R TG PF> UPF > OF > CF & 3R]
T UTH BT 8| PF, UPF, OF & CF H 2015 H 3T SOC (t / ha) SHHRT: 97.78, 72.9 2, 65.40 3R
40.15 % =0 T G177 4T | YfH & Ufd 8CTR ATATaRUT § HTai- SIR3aSs B G STor
T Y& ITTNT & TSR (t/ha) B SR & e T AT &1 715 o | I8 < a1 o1 foh afe
PF %1 U gacdR UPF H TRafdd 81 SIdT &, Y 91.24 & HIe- SRARIRZS drgHSd H SR
foram Smem SR afe g8 Sy Yftr o afkafda 81 Srdr & of Teem Tutsfi o STuR R AT <l cF 8
D AT aRgHS T H SR &1 It 8 HHRT: 118 TF 3R 211.50 T BN | 34 YR TS SRRfe@
I &1 U gacR $1Y & | uRafd g ol § df oF3{R CF TeeH W1l & yae gutsf &

e e H agHed H SR} ST SR3HaEs HHw: 27.60 3R 120.26 B 3R 3R Th
BFRIR & cF & § uRafdd g1 JIdT § argHSd & IR Te- STg3fiadss &1 A 92.67 T
Bt Afe gt TR Tafaa yftr Soae & wgeiedt, du oik It / w srqura # i A (7,
YA SR If) # P15 Aeayul sfaR T8t o1 1| THeidt & srEud g wit IR oA
JUTNT & fore ATAT ST (R 2 = 0.96 § 0.97) & Y 3B de  Yafdd §, AisfeiT Ife (e Al

it Ffe, % SRTHTY) B! Yde TRd | 2.65, 5.08, 3.90 ¥ 5.32 & ¥ H W 74T YT Wferd a7



diuw, giiuw, 3T 3R T A1ge HHRT: RothC ATSH HI Th 3T G&rdl &I Johd od & |
AR-Yefaah Aled qerdT 0N (E) S Hedl &1 A TIdl § SR 1T SIrdl § 3R -
SBfET @ "1 H = §IT 8, "E = 1" H YAIY U= AL 0.64, -0.35, 0.65, 0.63 b FU H
g STt 8 1 9T IR 4l ST & | SRR a9 & [T ' & ARRIAS T ST
T & 31 & 1Y AT Gedi 1 HH GHFdT GRId &, T8 9t uell ¥ foR sRRféra a1 &=

F U 3G HTH & BRI I TIgel B TSTs! b HRUI g1 Jbdl § Saedld g
fayfaemer, foeeh gRT S o7 gt & UTapfaes Sifae Tqe & S=ifd &1 HRUI &9 Tl g
3ATAT 30 AN & oY SFIRETU SOC WP P YR W, PF A 14.63% BT Jig 3R UPF 4.82% Bi
3fa &l B, 3.72 9% B! gl B3, b CF 7 2015 Wlb F 2045 T s0C Wik T 9.06% P HHI
ol | i van & uRume J udl =reddT § fob afe g citel e, ofte ar e fivgt & g
T HEHG We W IAHS Ia® TR H RIFART B 8, o Th gdedR HY Y I

qgHEd H Pla SRAIRISS Railol & ffdRad HET & THTGHT 40.10, 40.21 BIT HHT:
40.62 TAI T 3ffdrg HETES SAM od § b oa Uy ST 3R i Uae gt &
qIATaR0 & HTa & Aid & forg g & FUIaRor & guIfad ol g

o [of (ol (N (ol (N (ol C CoN
dlds: - Hal hIdd 3AqhH, Hal hIdHdh hId-, Hal ADPTd[HP hld-, hldd dd, DldHD

Qe IS IR |
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ACRONYMS AND ABBREVIATIONS

Abbreviation/Acronym  Definition

Avg : Average

C: Carbon

CF: Chemical Fertilizer

CK: Check, without any fertilizer treatment
CO2: Carbon di Oxide

E: The Nash-Sutcliffe model efficiency coefficient
FAO : Food and Agriculture Organization
GHG: Green House Gas

INM : Integrated Nutrient Management
NCR: National Capital Region

OM : Organic Manure

PF: Protected Forest

RothC : Rothamsted Carbon

SD: Standard Deviation

SE: Standard Error

SIC: Soil Inorganic Carbon
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SOC: Soil Organic Carbon

TN : Total Nitrogen
TOC : Total Organic Carbon
UPF : Unprotected Forest

XiX
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