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Spatial heterogeneity of the soil organic carbon density and its driving factors in the water source area of
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Abstract: [Objective] Soil carbon sequestration has great potential in offsetting global greenhouse gas emissions. The soil carbon
storage in the climate transition zone is more rapid and sensitive to climate change. The water source of the Middle Route Project of
South-to-North Water Transfer is located in the transition zone between north subtropical and warm temperate zones in China. The
aim of analyzing the spatial distribution characteristics and driving factors of soil organic carbon density on a large spatial scale in
the water source area of the middle route of South-to-North Water Transfer Project in China is to reveals its spatial differences and
the change law with altitude, soil type, land use and forest type, so as to provide a scientific basis for the rational utilization of land
resources and soil organic carbon (SOC) management in this area, which provides a reference for correctly evaluating the carbon
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cycle of ecosystem under the climate transition zone. The spatial distribution and its driving factors of the soil organic carbon density
(SOCD) were explored to provide scientific basis for the correct assessment of ecosystem carbon cycle in climate transition zone.
[ Method] Based on the comprehensive consideration of spatial factors such as elevation, soil type and land use, the spatial
variations of SOCD in this region were evaluated by field sampling and indoor analysis with the help of GIS, and the main driving
factors affecting the spatial distribution of SOCD in the study area were determined by analyzing the explanatory power of various
influencing factors on soil organic carbon density and the difference of interaction degree between various factors by using
geographic detector model. [Result] @ Results showed that the average SOCD in 0 ~ 20 cm and =20 ~ 40 cm soil layers
were 4.18 kg / m? and 2.67 kg / m? respectively, in which the SOCD of 0 ~ 20 cm soil layer was 56.55 % higher than the national
average level (2.67 kg / m?). @ Over the entire region, the SOCD was higher in forest of the north and south areas, and lower in
farmland and grassland of the middle area. SOCD greater than 10 kg/m? is concentrated in forest land with altitude= 1 500 ~ 2 000
m, and less than 1 kg/m? is concentrated in grassland with altitude < 500 m. The SOCD firstly increased and then decreased with
increasing elevation. The SOCD of 0 ~ 20 cm and = 20 ~ 40 cm soil layers showed peak values (7.32 kg/m? and 4.94 kg/m?) at an
altitude of= 1 500 ~ 2 000 m; In terms of soil types, the average SOCD of limestone soil is the largest and that of cinnamon soils is
the smallest. The SOCD storage of yellow-brown earths and brown earths in 0 ~ 20 cm soil layer are the highest, which are 2.005 Pg
and 0.815 Pg respectively, accounting for 72.83% of the total storage. In terms of land use types, forest and farmland were the main
ways of land use. The SOCD of 0 ~20 cm and = 20 ~ 40 cm soil layers in forest land were 4.87 kg/m? and 3.05 kg/m? respectively,
and that of farmland were 2.75 kg/m? and 2.00 kg/m? respectively which were 77.09% and 52.50% lower than that of forest land and
the SOC storage of forestland accounted for 87.48% of total C storage, followed by farmland (12.02%). & The most powerful
explanation for the spatial distribution of SOCD is altitude (0.25) and land use (0.20), followed by soil clay (0.11). The explanatory
power of different driving factors under interaction is significantly higher than that of single factor. [Conclusion] Altitude and
land use were the main driving factors affecting SOCD spatial pattern in this region. After interaction of different driving factors,
there was a synergistic effect of two factors or a nonlinear synergistic effect of 1 + 1 > 2. SOCD of farmland is significantly lower
than that of forest land. Therefore, ecological engineering construction in the study area should be strengthened, forest land
protection and vegetation restoration should be carried out, and soil carbon storage capacity of water source in the middle route of
south-to-north Water Transfer project should be improved.
Keywords: soil organic carbon density(SOCD); spatial heterogeneity; geographic detector model; the water source area; The Middle
Route of South-to-North Water Diversion Project
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Fig.1 The study region and distribution of sampling sites (A), the land use types (B) and soil types(C) in the water source

area of South-North Water Diversion Project
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Fig.2 Spatial distribution of SOCD in 0~20cm (A) and =20~40cm (B) in the water source area of South-North Water
Diversion Project
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Table 1 The SOCD and carbon storage in different soil types in the water source area of South-North Water Diversion Project

SOCD/(kg « m?) 0~20cm Bfits -
in| 6 - [ 0
SR es HEHk/m MO0 iy e /Py JRELLEBIS
soil type elevation area proportion 0~20cm >20~40cm carbon storage 9
area - percentage
in 0~20cm
I e >1500~2 000 0.058 0.60 50042.27Aa  2310.75Bb 0.029 0.76
dark-brown earths
brovtgiirths 1.565 16.44 5.2142.66 Aa 3.69+2.23 Ba 0.815 21.05
o =1000~1500
. y . 0.097 1.02 3.35+1.71 Ab 2.1540.83 Bb 0.033 0.84
cinnamon soils
ﬁ%i . 0.711 7.46 3.36+1.88 Ab 2.66+1.29 Bab 0.239 6.17
yellow-cinnamon soils
4." K CED j: 0.454 4.77 5.4442 51 Aa 3.20+1.65 Ba 0.247 6.38
limestone soils
ft . 0.636 6.68 3.7241.49 Ab 2.2040.81 Bb 0.236 6.10
skeletal soils
Bk =500~1 000 5.138 53.97 3.93+2.19 Ab 2.49+1.42 Bb 2.005 51.78
yellow-brown earths
7Mﬁi. 0.267 2.81 4.6443.58 Aa 1.8240.80 Bhc 0.124 3.20
paddy soils
it
- . 0.251 2.64 3.5742.55 Ab 1.5040.68 Bc 0.090 2.31
neo-alluvial soils
%@i . 0.152 1.60 3.60+1.15 Ab 2.0240.52 Bb 0.055 1.41
purplish soils

E: AFKGFREFRORA R L ZAENBRE RN ZR R, NE/NG TR 5 SOCD MZER B3 (P<0.05) .
NI, Different capital letters indicate the difference of SOCD in different soil layers, and different small letters indicate the
difference of SOCD in different soil types (P < 0.05). The same below.
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BRI 51.78%A1 21.05%. fiK Ca) +. BEESENUKRE 13R)Z SOCD #m, (I 5B AR 1 H X
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Table 2 The SOCD in different land use types in the water source area of South-North Water Diversion Project

WU FEAR R/ Befs B Ho
1 .} , oy it B HL g5/
w0 e (kg + ) LB (ke + ) 07 2en BRR %
land use " area S0CD variation range S0CD 8 carbon storage
area carbon storage
type percentage . percentage
in 0~20cm
0~20cm =20~40cm 0~20cm =20~40cm
fﬁfgt 736.691 77.38 1.33~ 17.07 0.31~13.75 4.8742.38 Aa 3.05+1.75 Ba 3.59 87.48
iHE M 0.092 0.009 0.60 ~9.91 1.11 ~5.65 4554257 Aa 2.59+1.19 Bb 4.18x10* 0.01
bushwood
crf?)llfnd 179.030 18.81 0.75 ~6.71 0.37~6.11 2.7541.09 Ab 2.0040.93 Bc 0.49 12.02
il 13.901 1.46 0.29~ 6.69 0.21~3.37 1.4541.41 Ac 1.1540.84 Bd 0.022 0.49
grassland
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Fig.3 The SOCD in different elevation gradient and land uses SOCD in different land use types in the water source area of
South-North Water Diversion Project
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Table 3 SOCD in different forest types SOCD in different land use types in the water source area of South-North Water

Diversion Project

AL BEAR RS (kg + m2) BEHIREFE (kg + m2) A5 R %

AR o o o

SOCD variation range SOCD coefficient of variation
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i@ Ik broad-leaf forest 1.47 ~17.07 0.60 ~8.73 5.3532.48 Aa 3.25+41.66 Ba 46.36 51.11
£k coniferous forest 1.87~12.39 0.31~5.87 44322 43 Ab 2.65+1.36 Bb 54.92 51.40
VRAZHK mixed forest 1.68 ~15.22 0.83~13.75 4.5342.36 Aab 2.80+2.03 Bab 52.11 72.68
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Fig.4 The SOCD in different elevation gradient and forest layers SOCD in different land use types in the water source area
of South-North Water Diversion Project
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Table 4 Interaction values and effect of SOCD influencing factors SOCD in different land use types in the water source area
of South-North Water Diversion Project
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L

' IE? LA fz4 LHEER Fioke A bulk
interaction factor land use elevation soil type clay sandy density
#34k elevation 0.357
AL soil type 0.26T 0.3271
FKL clay 0.30T 0.331 0.23
ki sandy 0.29T1 0.321 0.187™ 0.15T
%5 H bulk density 0.271" 0.3411 0.18™ 0.19™  0.2071
pH 0.25T 0.29T 0.211 023 oa8tt o022t
vE: T, WK 7158 Double factor enhancement, T7T.JE£k 114 5% nonlinear enhancement.
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U, NONTHN, L SOCD #ime KRE g Tk, 7K KPR 33 b T O JFUIRES . AR
THVURMAR, [MKFEL SOCD M & . FF LT geFE Ak . ARG s MR, L3R L
FiAR RGNS, My B A PR AL ik 1,000 m 2245 IlAR (Pinus tabuliformis Carr.) SRIN,
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RO I 3R R, I B AN, 2@V 2, 8K 5 BUt AR A4 L 20, R LA 78 X
PETAR L s LA 3R )2 4% SOCD (KT H~F441E 4.18 kg/m?*.
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Wi SOCD e HR B FE (143 A 7). R ZKAL I h 2k TREK UL SOCD 7EH#EK 1,500~2,000 m ik B fE, 4if
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MUT i, BNV R AN TR, $30 SOCD BAk. BEHR T mE, SRR, FAEYIEsh R,
MTAEHRIR, RIS TS, M ESe s, i SOCD Bk T K. 4
RO 22— T, R EERE— D R PR AR AR, AR SRR AR ARSI AR A, RIS AR P RE A
JiiE N, f SOCD T,

2% ik (reference) :

[1] SANTINI N S, ADAME M F, NOLAN R H, et al. Storage of organic carbon in the soils of Mexican temperate
forests[J]. For Ecol Manag, 2019, 446: 115-125. DOI:10.1016/j.foreco.2019.05.029.

[2] LAL R, SMITH P, JUNGKUNST H F, et al. The carbon sequestration potential of terrestrial ecosystems[J]. J Soil Water

Conserv, 2018, 73(6): 145A-152A. DOI:10.2489/jswc.73.6.145a.



[3] ZIMMERMANN M, LEIFELD J, CONEN F, et al. Can composition and physical protection of soil organic matter explain
soil respiration temperature sensitivity?[J]. Biogeochemistry, 2012, 107(1/2/3): 423-436. DOI:10.1007/s10533-010-
9562-y.

[4] DJUKIC I, ZEHETNER F, TATZBER M, et al. Soil organic-matter stocks and characteristics along an Alpine elevation
gradient[J]. J Plant Nutr Soil Sci, 2010, 173(1): 30-38. DOI:10.1002/jpln.200900027.

[5] BBh, SodpR. ZR0 i pki 3 MLk A B 25 (] 4 ARAE (D], AMROlLEE, 2019, 55(5): 11-19. WEL W, DANG K
L. Spatial variation of the density of soil organic carbon in forest land on the southern slope of Qinling mountains[J]. Sci
Silvae Sin, 2019, 55(5): 11-19. DOI:10.11707/7.1001-7488.20190502.

(6] /NN, £30F, 2k, 5. AR IR HLBR AR B AR 0], H3RAR, 2020, 57(6): 1539-1547. WU
X G, WANG W P, LI B, etal. Altitudinal gradient of soil organic carbon in forest soils in the mid-subtropical zone of
China[J]. Acta Pedol Sin, 2020, 57(6): 1539-1547. DOI:10.11766/trxb201909300184.

(7] Lk, WA, w5 drEaa L X R AR (kT e WURR A RN SR s [T]. MBI AR, 2007, 62(11):
1123-1131. YANG Y S, XIEJ S, SHENG H, et al. The impact of land use/cover change on soil organic carbon stocks
and quality in mid-subtropical mountainous area of Southern China[J]. Acta Geogr Sin, 2007, 62(11): 1123-
1131. DOI:10.3321/j.issn:0375-5444.2007.11.001

(8] BR, %%, JaMERE, . LR i E 9 A SRR DX R e SR 3R R - S o 8 % A i R R AIE (7] Bk 5 3R 858,
2020, 48(6): 672-679. LIANG C, AN J, FAN Y Q, et al. Surface soil carbon density and turnover rate of typical
vegetation types in Beijing Songshan national nature reserve[J] . Earth Environ , 2020 , 48(6) : 672-
679. DOI:10.14050/j.cnki.1672-9250.2020.48.086.

[9] WANG L, CHEN W, HUANG G, et al. Changes of the transitional climate zone in East Asia: Past and future[J]. Clim
Dyn, 2017, 49(4): 1463-1477. DOI:10.1007/s00382-016-3400-4.

[10] AR, wi7. L REi[z]. Jbat: Bt R4, 2013. ZHOU J M, SHEN R F. Dictionary of soil
science[Z]. Beijing: Science Press, 2013.

(1] EH, #TFR. LBRELRENMEM]. st BR2ElRst, 2012, ZHANG G L, GONG Z T. Soil survey
laboratory methods[M]. Beijing: Science Press, 2012.

[12] RUBIN D B . Multiple imputation after 18+ years[J] . J Am Stat Assoc , 1996 , 91(434) : 473-
489. DOI:10.1080/01621459.1996.10476908.

[13] Ezh, fRAAR. HOERARMISS: RIS RE]. ISR, 2017, 72(1): 116-134. WANGJ F, XU C D. Geodetector:
Principle and prospective[J]. Acta Geogr Sin, 2017, 72(1): 116-134. DOI:10.11821/d1xb201701010.

(415K Z %, MORRE, AR, S, 2208 K E L A3 - 3 HLR A L X S8 FE A% SR [0]. AR A8 544, 2020, 40(2): 629-639.
ZHANG Y J, YU Y C, NIU J J, et al. The elevational patterns of soil organic carbon storage on the northern slope of Taibai
Mountain of Qinling [J]. Acta Ecologica Sinica, 2020, 40(2): 629-639. DOI:10.5846/stxb201808031659.

[15] fRZEmE, e, MR, 5. AR T E RGN HEESZWEETP]. TEEHR, 2004, 41(5): 687-
699. XIE X L, SUN B, ZHOU H Z, et al. Soil carbon stocks and their influencing factors under native vegetations in
China[J]. Acta Pedol Sin, 2004, 41(5): 687-699. DOI: 10.11766/trxb200312090505

[16] #itg, HEIRAE, #RkeE, 5. WIbE LA PIERTE A LR A E ). SRS EOR, 2018, 41(12): 290-
296. BOHIJ, DONG X H, GUO LF, etal. Vertical distribution and storage estimation of soil organic carbon in Hubei
Province[J]. Environ Sci Technol, 2018, 41(12): 290-296. DOI:10.19672/j.cnki.1003-6504.2018.12.042.

(17] K2, XIHE, RAXR, & LA RK LAY ETITTI]. Bl 2R (EAREERR), 2010, 34(2):
6-10. SONG M Z, LIUQJ, WU ZR, etal. Organic carbon storage of forest soil in Jiangxi Province[J]. J Nanjing For
Univ (Nat Sci Ed), 2010, 34(2): 6-10. DOI: 10.3969/.issn.1,000-2006.2010.02.002.

[18] GHOSH A, BHATTACHARY YA R, MEENA M C, et al. Long-term fertilization effects on soil organic carbon sequestration in
an inceptisol[J]. Soil and Tillage Research, 2018, 177: 134-144. DOI:10.1016/j.stil1.2017.12.006.

[19] HOYLE F C, D’ANTUONO M, OVERHOU T, et al. Capacity for increasing soil organic carbon stocks in dryland agricultural
systems [J]. Soil Research, 2013, 51(7-8): 657-667. DOI:10.1071/SR12373.


Administrator
高亮


[20] g0, DI, fSBE % JORP VR LA YA E S A B AREE]. T8RO R R (E AR ),
2018, 38(3): 108-115. QINHL, JIACJ, LUY, etal. The vertical distribution characteristics of soil organic carbon
stocks and fractions in luofu mountain of Guangdong[J]. J Southwest For Univ (Nat Sci), 2018, 38(3): 108-
115. DOI:10.11929/j.issn.2095-1914.2018.03.016.

211 TVi%, e, FRG, 5. STINUEHES 4 FobA 3G pLoe LRI /AR AR D], ARSI AR, 2012, 21(1):
38-43. DING FJ, GAOY P, ZHOU F J, etal. Soil organic carbon and its distribution characteristics in the soil profile
for four forest types in west Guizhou[J]. Ecol Environ Sci, 2012, 21(1): 38-43. DOI:10.16258/j.cnki.1674-
5906.2012.01.014.

[221LIZW, LIUC, DONGY T, etal. Response of soil organic carbon and nitrogen stocks to soil erosion and land use types in
the Loess hilly-gully region of China[J]. Soil Tillage Res, 2017, 166: 1-9. DOI:10.1016/].still.2016.10.004.

[23] 6%, AR5, TkwL SR, BRI AR E RN T ILEE A RE )] AESEAE, 2004, 23(6): 77-83. LI
Z A, ZOUB, DINGYZ, etal. Key factors of forest litter decomposition and research progress[J]. Chin J Ecol, 2004,
23(6): 77-83. DOI:10.13292/j.1,000-4890.2004.0204.

[24] MK, EMER, BREHBIE. RN TR LA PUREE X S RE Y R R R (D], B st MOk R 2 24 (B AR 22
F), 2015, 39(6): 105-111. XIAO X, WANG X T, OUYANG X Z. The characteristic of soil organic carbon and
relationship with litter quality in Pinus massoniana plantation[J]. J Nanjing For Univ (Nat Sci Ed), 2015, 39(6): 105-
111. DOI:10.3969/j.issn.1,000-2006.2015.06.019.

[25] DING J, LI F, YANG G, et al. The permafrost carbon inventory on the Tibetan Plateau: A new evaluation using deep
sediment cores[J]. Glob Chang Biol, 2016, 22(8): 2688-2701. DOI:10.1111/gcb.13257.

26] Z ke, hxif, RE€, . FENT/NREGOEFE 7O LRGP E D] R EK LR R, 2014(3): 43-
46. LIL, YAOYF, QINF C, etal. Effects of topographic factors on soil organic carbon density in small watershed of
Chifeng City[J]. Soil Water Conserv China, 2014(3): 43-46. DOI:10.14123/j.cnki.swcc.2014.03.016.



